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vA History of the Naval Biodynamics Laboratory

One summer day in 2007, two tractor trailers and a couple of pickup trucks ar-
rived at Fort Rucker, Alabama, to deliver forty tons of magnetic tapes, research 

notebooks, photographs, consent forms, microfiche, paraffin blocks, books, case re-
ports, histology slides, and physiology tracings.  The U.S. Naval Biodynamics Labora-
tory (NBDL) data set had a new home.

NBDL was a remarkable institution that existed from 1971 until 1996.  Over 
the course of its lifetime, NBDL evolved from a cavernous void in NASA’s massive 
Michoud Assembly Facility in New Orleans, Louisiana, to a world-class center for the 
study of human response to impact acceleration.  The story of how twenty-five years 
of ground-breaking science came to arrive at Fort Rucker is the subject of this book.  
However, this book was not written as a tribute to the researchers who contributed 
so much to this field, as noble an endeavor as that would be, nor was it written to 
memorialize what occurred at Michoud during this period.  This book was commis-
sioned for the benefit of current and future researchers in order to provide context and 
perspective to the material those researchers generated.  By fully understanding the 
study objectives, unique equipment, tailored methods, and social and political times 
themselves, future researchers may be able to better interpret the NBDL data set and 
use it to inform current and future research issues.

NBDL was the fruition of Dr. Channing L. Ewing’s dream to establish a labora-
tory dedicated to developing protection standards and strategies for humans exposed 
to impact accelerations.  Toward that aim, the studies performed at this lab focused 
on the head and neck and were designed to yield three principal products:  1) a math-
ematical model of biomechanical dynamics; 2) a biofidelic anthropomorphic test 
device (ATD); and 3) an injury model that could accurately evaluate protective sys-
tems.i  Experiments used human research volunteers (HRV), ATDs, and non-human 
primates (NHP).  Well over 7,000 impact runs were conducted on both horizontal 

i Ewing C.L., Thomas D.J., Sances A., and Larson S.J., eds., Impact Injury of the Head and Spine, (Springfield, 
Illinois: Charles C. Thomas, 1983). 

Foreword



Impact Acceleration and the Human Response

Foreword

vi

and vertical accelerators, over half of them using HRV.  Massive volumes of data were 
collected from these runs, including pre- and post-run medical evaluations of HRV 
and NHP subjects, somatosensory evoked potentials, electroencephalograms, elec-
trocardiograms, and electromyograms.  High-speed video kinematics were obtained 
during Gx, Gy, Gz, and off-axis accelerations.  Reports of these data were published 
in multiple journals, texts, and symposium proceedings, but much went unpublished.

Ewing realized that the complex nature of the impact acceleration problem de-
manded an integrated, multidisciplinary team of “specialists in biomechanics, bio-
engineering, and medical specialties.”ii  As it turned out, he needed even more than 
that—research cinematographers, veterinarians, administrators, technicians, and 
computer scientists, among many others.  This book tells their story too.  It is also an 
account of coordinated efforts with other labs such as the Medical College of Wiscon-
sin, U.S. Army Aeromedical Research Laboratory, Duke University, and University of 
New Orleans.  Oral histories were obtained from key team members, though, sadly, 
Ewing died on September 27, 2011.  These original insights and perspectives impart 
a richness and depth to the text as well as an understanding of the human dimension 
that was so much a part of this organization over the years.

The heritage of this lab, however, extends beyond stories of its people and events.  
The legacy of NBDL lies within the promise of this unique, robust, meticulously 
collected, and irreplaceable data set.  That is why this book is not as much a historical 
account as it is foundational to future impact acceleration research.  It is our hope 
that an understanding of context surrounding the development of these data will be a 
lens through which its value is magnified.  The U.S. Army Aeromedical Research Lab-
oratory is the current custodian of this material.  It is being digitized and organized 
into an electronically accessible system, known as the Biodynamics Data Resource, to 
facilitate its utility for all researchers in this field.  This book is the gateway to that new 
and enduring resource.  As Dr. John P. Stapp wrote of Ewing’s efforts in 1983, “May 
our crusade prosper.”

James S. McGhee, MD, MPH
COL (RET), US Army
USAARL Commander, 2003-2008

ii Ibid.
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Chapter One

the FoundatIons oF Impact  
acceleratIon research, 1917-1966

On January 31, 1974, scientists at the Naval Aerospace Medical Research Labo-
ratory-Detachment (NAMRL-D) strapped a thirty-one-year-old enlisted man 

into a 3,679-pound sled mounted on a 700-foot-long horizontal track.  Secure in his 
seat, the human volunteer stared straight at the 225,000-pound thrust accelerator 
mechanism prepared to propel the sled down the track extending behind him.  There 
was reason to be apprehensive in the moments leading up to the test.  The accelerator 
had been test fired many times but never configured for a human occupant.  But if 
the thought of activating the handheld kill switch flashed through the volunteer’s 
mind, he ignored it.  After completion of a thorough safety protocol, the “all-systems-
go” green lights appeared on the monitoring console.  Engineers initiated the firing 
sequence.  The sled jolted backward:  in a split second it reached a maximum velocity 
of nearly 70 miles per hour.  Although his torso was secured, the volunteer’s head and 
neck were not—they lurched forward during the rapid acceleration to 3.06 G.* For 
just a few seconds, the sled roared down the long track but then decelerated and coast-
ed to a smooth stop.  It was over.  Medical professionals examined the volunteer, and 
an extensive post-run physical found him unharmed.1

The 1974 test was the direct result of an effort begun three years earlier, when, 
tucked away at the National Aeronautics and Space Administration’s highly secure 
Michoud Assembly Facility in New Orleans, Louisiana, NAMRL-D researchers qui-
etly established a first-rate facility to conduct experiments (called “runs”) in the bio-
dynamic response of the human head and neck to impact acceleration.  During the 
intervening years, NAMRL-D researchers had successfully completed runs using test 
dummies and rhesus macaques (Macaca mulatta); the successful human run marked 
the start of a new era of impact acceleration research.  Over the next twenty-two years, 
NAMRL-D (later designated the Naval Biodynamics Laboratory, or NBDL) conduct-
ed another 3,613 human tests.  Along with information obtained from thousands of 
runs using non-human primates and anthropomorphic test devices, the human test 

*This abbreviation represents the force of gravity (32 ft/sec2) multiplied by the number given.
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results created an enormous body of experimental data.  That data is priceless, not 
only because of its broad scope and high quality but also because—given contempo-
rary human and animal testing restrictions—it cannot be duplicated.

This landmark effort rested on firm foundations that extended back not three 
years but more than thirty.  At bedrock was a tradition of crash injury research that 
emerged from World War I.  Twin cornerstones—realization that accurate and action-
able data necessitates use of primates and human volunteers—were laid in the years 
directly following World War II.  The cement that made this foundation firm was the 
determination, arrived at during the 1960s, that the key research question was not 
what happened to a body under direct impact but what happened during indirect im-
pact—when the effects of acceleration or deceleration left a human being vulnerable 
to hazards he or she would otherwise be able to withstand.  These foundations were 
laid by three generations of military researchers, men who had seen the hazards of 
flight firsthand and were determined to do something about mitigating them.2

crash Injury orIgIns

It was a combination of harrowing experience and unusual occupation that set an 
aspiring engineer onto the path to become the father of crash injury research in the 
United States.  Hugh DeHaven was born in 1895 to a well-to-do New York family.  
He studied mechanical engineering at Cornell and Columbia Universities but cut his 
studies short.  As American involvement in the Great War grew more likely, DeHaven, 
like many of his Ivy League brethren, fostered dreams of glory and a dashing officer’s 
career.  DeHaven had his heart set on being a pilot but was rejected by the U.S. Army 
Air Corps.  Instead, in 1917 he volunteered for the Canadian Royal Flying Corps.  
Again, things went wrong—DeHaven was involved in a mid-air collision with an-
other airplane and plummeted 500 feet to the ground.  He miraculously survived.  A 
safety belt might have saved his life, but its poorly designed pointed buckle seriously 
injured his abdominal region.

His flying career over, DeHaven served out his enlistment as a clerk with an un-
usual task—to collect and record the bodies of accident victims less fortunate than he 
had been.  As he began to recognize similarities in injury patterns, he developed what 
would become a lifelong interest in crash injury prevention.  In the 1920s and 1930s, 
based at Cornell Medical College in New York City, DeHaven worked to design safer 
cockpits and pilot restraints.  During World War II, DeHaven and his colleagues at 
Cornell worked with researchers in the Safety Bureau of the Civil Aeronautics Board 
reviewing crash injuries from civil and military airplane accidents.  They determined 
that most serious injuries were sustained at the head and that many of those injuries 
were the result of seat or harness failures upon impact.  From case studies of human 
survival after falls from immense heights, DeHaven postulated that if suitable re-
straints and cockpits could be designed to protect aviators from direct impact, they 
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could survive tremendous forces.3

 With the onset of World War II, however, the locus of crash research shifted 
from DeHaven’s group to the military as part of the burgeoning field of aviation med-
icine.  The scale of the mobilization had brought aviation safety front and center—by 
the time the war was over, U.S. Army Air Force flight training schools had lost some 
15,530 aviators to fatal accidents in the continental United States alone.  It was during 
the war that the Army began to establish the fundamentals of the new discipline of 
“biodynamics.”  Rapid acceleration or deceleration can cause injury or death by pro-
pelling the body into a resistant object (direct impact) or by causing displacements 
beyond the elastic limits of internal organs (indirect impact).  As early researchers 
discovered, the human anatomy is composed of body segments with different stress 
limits.  Variations in how force is applied to the body can elicit changes in dynamic 
response.  Studies in biodynamics seek to predict the effects of mechanical force occa-
sionally on living tissue but are more often done on cadaveric specimens.4

Up until 1945, however, there was little good evidence as to what the limits of 
those effects were, though the general assumption was that humans could not survive 
significant impact.  DeHaven thought that the limits were higher than assumed, and 
during the war, military researchers began to agree that the tolerance of the human 
body to impact forces had been underestimated.  Airplane seats were at the center 
of the debate.  During the war, the standard seat in a military airplane was capable 
of withstanding impact forces up to 15 G.  Above that, the seat was liable to break, 
sending the pilot into collision with physical structures in the cockpit.  When military 
officials recommended that harnesses and seats be designed to withstand at least 40 G, 
airplane manufacturers balked at undertaking expensive comprehensive redesign pro-
grams without solid quantitative evidence showing that humans could survive impact 
forces up to 40 G.

The manufacturers had a point.  Neither DeHaven nor the military had as yet 
conducted the kind of studies that could answer these questions.  Nazi Germany had 
conducted some, and during the war, captured German documents suggested a toler-
ance limit to frontal impact of roughly 18 G.  After 1945, many German biodynamics 
research programs drew to a close.  The initiative was figuratively on the shoulders of 
the United States and literally on the shoulders of the intrepid John Paul Stapp.5

john paul stapp and human Impact experIments

By the end of the war, the Aeromedical Laboratory at the U.S. Army’s Wright-Pat-
terson Air Development Center (WPADC) had become the leading aviation medi-
cine research organization.  Now-famous researchers including Dr. Harry Armstrong, 
Colonel Otis Benson, Colonel W. Randy Lovelace, and David Bruce Dill instilled a 
pragmatic bent into WPADC efforts.  In the aftermath of Pearl Harbor, the Army 
Air Corps gave researchers at WPADC three critical assignments:  develop breathing 
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oxygen equipment usable at up 
to 40,000 feet; produce effective 
suits for personnel in unpressurized 
bombers in the event of catastrophic 
depressurization; and find a way to 
protect pilots from gravitational forc-
es resulting from fighter plane com-
bat maneuvers.  By 1945 WPADC 
had succeeded in producing early 
oxygen-breathing systems and an-
ti-G suits.  Having established an 
enviable reputation during the war, 
WPADC continued to take the lead 
in the postwar years as the expansion 
of civil aviation and the development 
of high-performance jet aircraft made 
the study of biodynamics ever more 
imperative.6

In 1946 Colonel Edward Kend-
ricks, chief of the Biophysics Branch 
at WPADC, selected a young flight 
surgeon, Captain John Paul Stapp, to 

determine human tolerance limits to impact by studying the controlled effects of 
impact acceleration, then commonly known as deceleration.  Over the next decade, 
working at Edwards Air Force Base in California and Holloman Air Force Base in 
New Mexico, Stapp conducted thousands of deceleration studies with test dum-
mies, human volunteer subjects, and chimpanzees.  Along the way he attained a 
measure of national fame, and, as one scholar has noted, if “DeHaven initiated the 
[crash injury research] studies…John P. Stapp brought them into the Space Age.”7

John Paul Stapp was born on July 11, 1910, to missionary parents in Brazil.  The 
Stapps soon returned to their native Texas, where John Paul grew up and, at age thir-
teen, enrolled in the San Marcos Baptist Academy.  He earned an English degree and 
then went on to obtain a master’s in zoology at Baylor University, a Ph.D. in biophys-
ics at the University of Texas, and a medical degree at the University of Minnesota.  
Stapp joined the Army Air Force in 1944 and trained as a flight surgeon at the Army’s 
School of Aviation Medicine at Randolph Field, Brooks Army Air Base in Texas.  If 
anyone had the credentials to undertake the deceleration project, it was John Paul 
Stapp.8

Stapp’s first initiative was Project MX-981 (“Effects of Deceleration Forces of 
High Magnitude on Man”).  He was probably encouraged when WPADC obtained 
a site at Edwards Air Force Base in the Mojave Desert and contracted with Northrop 

Colonel John Paul Stapp (1910-1999) 
pioneered impact research at Edwards and 
Holloman Air Force Bases during the late-1940s 
and 1950s.  (U.S. Air Force)
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Aircraft to build a deceleration device.  He was definitely discouraged when he arrived 
to find “a desolate area with a 2,000-foot track, few buildings, no electricity except 
from a generator, no water except from a tank car, and an interesting crew of people 
from Northrop.”  Administrators at WPADC and Edwards did a poor job of pro-
viding consistent support for the program.  As a result, Stapp admitted to resorting 
to “moonlight requisitioning, horse trading, and personal contributions” to keep his 
program running.  Northrop’s “interesting crew” did a better job, building a deceler-
ation device that consisted of a rocket-propelled 1,500-pound sled mounted on the 
2,000-foot-long track.  Forty-five independent sets of pneumatic brakes effectively 
brought the speeding sled to a sudden stop to simulate impact.9

Project MX-981, like Stapp’s later experiments, utilized a variety of test subjects 
in many different configurations.  Although from the start the study was premised on 
the necessity of human volunteers, Stapp was determined to expand its scope by using 
test dummies and animal subjects, choosing chimpanzees due to their “close approxi-
mation to human masses, dimensions and reactions.”  Human volunteers participated 
in runs in the forward-facing and backward-facing positions; runs with chimpanzees 
were conducted in six different positions.  From April 1947 to June 1951, Stapp’s 
team carried out 222 runs (73 human, 88 chimpanzee, and 61 dummy).  Perhaps 
it was to demonstrate his confidence in the equipment and in the project that Stapp 
himself became the first human to ride the decelerator sled on December 10, 1947.  
But he soon developed a taste for pushing his own limits while determining those of 
humankind.  In the following fifty months, Stapp served as a volunteer subject for 
twenty-five more runs.  On April 6, 1950, Stapp exposed himself to 37.9 G in the for-
ward-facing position and suffered a fractured wrist.  In response, officials at WPADC 
prohibited any more runs in excess of 30 G.  That, Stapp decided, made no sense—his 
assignment had been to test human tolerance to 40 G impacts.  He continued testing 
beyond 30 G deceleration levels, altering the figures in his weekly reports to WPADC 
while meticulously recording his own accurate and unprecedented information on 
human limits.10

In 1953 WPADC reassigned Stapp, then a lieutenant colonel, to Holloman Air 
Force Base to continue the human tolerance experiments.  Northrop reconfigured a 
3,500-foot-long track originally built for testing missiles to accommodate the exper-
iments.  The company also developed a sled that could be powered by up to twelve 
solid fuel rockets, each of which produced 4,500 pounds of thrust for five seconds.  
Water brakes along the track provided abrupt deceleration.  The new sled was capable 
of reaching Mach 1 and could generate up to 100 G of deceleration in anywhere from 
100 G per second to 5,000 G per second.  Appropriately enough, the designers named 
it Sonic Wind.11

On December 10, 1954, Stapp tempted fate once again with a –Gx run (facing 
forward to simulate frontal impact).  Reaching a maximum speed of 638.8 miles 
per hour—faster than a pistol-fired .45 caliber bullet—Stapp overtook and passed 
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the Lockheed Shooting Star jet trainer that was tracking the test overhead.  At the 
beginning of the run, the windblast pressure on the sled exceeded 1,100 pounds per 
square foot.  At the end, the water brakes created deceleration reaching 40 G.  Stapp 
experienced temporary loss of vision and suffered abrasions from the restraint harness, 
but there were no permanent injuries.  The run earned Stapp a spot on the covers of 
Collier’s and Time magazines and national fame as the “Fastest Man on Earth.”  The 
sobriquet stayed with him for the rest of his life.12

  WPADC officials may not have begrudged Stapp the fame gained on Sonic 
Wind, but they were none too happy that he had taken what the Air Force considered 
an unreasonable risk.  It was not merely the 40 G.  Everyone realized that using rocket 
power always created the possibility that an experiment might spin out of control—
indeed, in one instance a sled carrying a chimpanzee subject left the tracks.  And all 
of those rockets were expensive.  What was required was something with neither the 
unpredictability nor the expense of rockets.  The solution, implemented in 1954, was 
the Daisy Decelerator, Stapp’s most lasting legacy to Holloman Air Force Base and 
biodynamics testing.13

Colonel Stapp’s Daisy 
Decelerator at Holloman 
Air Force Base.  This view 
captures a human run in an 
omnidirectional sled.  The 
airgun accelerator mechanism 
was housed in the building to 
the right.  The tower to the left 
held high-speed cameras.   
(U.S. Air Force)

Stapp’s December 10, 1954, run 
aboard the Sonic Wind rocket 
sled.  During the run Stapp 
experienced over 40 Gs and 
earned distinction as the “Fastest 
Man on Earth.   
(U.S. Air Force)
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The Daisy Decelerator used an air gun to accelerate the sled (the name was derived 
from comparison to a popular youth air rifle model produced by Daisy Air Rifle Com-
pany).  It included a 120-foot-long track (later extended to 240 feet) with water brakes 
that could create closely calibrated rates of deceleration up to 200 G and produce 
impact velocities anywhere from 10 to 76 feet per second.  From 1954 to 1970, more 
than 5,000 tests were performed on the Daisy Decelerator using human volunteers, 
anesthetized chimpanzees, and dummies.  In its sixteen-year period of operation, 
many researchers made names for themselves working on the Daisy Decelerator.  More 
than a few of them ended up at NBDL.14

It was also in 1954 that Stapp forged a vital link between two biodynamics re-
search groups.  Along with Don Blanchard of the Society of Automotive Engineers, 
he began planning a conference.  At the May 1955 event, held at Holloman Air Force 
Base, Stapp demonstrated runs using anthropomorphic dummies to an audience of 
both military and civilian researchers.  The event was the first of the annual sympo-
siums on crash injury research that became known as the “Stapp Car Crash Confer-
ences.”  Over the years, a community of like-minded scientists interested in all aspects 
of protective equipment development and crash simulation—NBDL researchers in-
cluded—coalesced around the conferences.  The proceedings, published annually by 
the Society of Automotive Engineers, became the authoritative reference work on 
biodynamics.  Eventually, the participation of NBDL grew to the point that it hosted 
the 1977 conference in New Orleans.15

The research of John Paul Stapp had proven that humans could survive short-du-
ration impact forces up to and beyond 40 G and, in so doing, underscored the need 
for safer harnesses, seats, helmets, and cockpits.  Also, Stapp set a precedent for com-
plex research projects utilizing dummies, chimpanzees, and especially human subjects.  
“John Paul Stapp is the index case for human impact experiments,” noted former 
NBDL deputy director Dr. Daniel J. “Dan” Thomas.  Perhaps most importantly, 
Stapp left his successors with a research agenda.  He was able to measure velocity us-
ing telemetry, for instance, but he could never accurately measure angular movement 
of the head during impact—during the 1950s, neither helmet nor sensor technology 
made it possible.  Advances on that front would await a new day and new technology.  
Fortunately, Stapp had trained a generation of researchers ready to seize both.16

chan ewIng and acel 

In the summer of 1942, the Naval Bureau of Aeronautics expanded the Naval Aircraft 
Factory in Philadelphia into a larger complex called the Naval Air Material Center.  
Just over a year later, on November 30, 1943, the Department of Aviation Medicine 
and Physiological Research was established within the center.  The department’s objec-
tives were broad:  to not only ensure the personal safety of aviators but also to promote 
better performance in the cockpit.  Its methods were wide-ranging as well, including 
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biology, physiology, and human engineering.  During the next decade, the depart-
ment developed into a first-rate research facility, and in January 1954 it was renamed 
the Air Crew Equipment Laboratory (ACEL).  ACEL pioneered studies on oxygen 
masks, thermodynamics, and pressure suits.  The laboratory’s work on helmets and 
ejection seats fed directly into the stream of scientific inquiry that would eventually 
flow through NBDL.17

To the layman, all helmets are “crash” helmets—there only for protection in cri-
sis.  But through the late 1940s, the Navy issued no standard fighter pilot helmet, 
and those employed were usually intended to protect the human head only from 
non-critical impact with the airplane canopy.  Helmets of this variety were called “an-
ti-buffeting” helmets and were distinct from “crash” helmets.  The first standardized 
helmet was the H-1, developed at ACEL in 1948 by Dr. Edwin Hendler and Captain 
John R. Poppen, MC, USN.  This anti-buffeting helmet consisted of a fiberglass shell 
with chamois-covered foam padding on the inside.  The H-1 was designed to accom-
modate goggles, an oxygen mask, and a headset.  Most importantly, however, the H-1 
weighed only 1.75 pounds.  During the course of their work, Hendler and Poppen 
had developed an insight that would be key to all future helmet research:  a helmet 
should be strong, but it must also be as light as possible, not only to prevent fatigue 
from extended wear but also so that, as they wrote, “the load which must be supported 
by the tissues of the head and neck under conditions of positive G is diminished.”18

As Hendler and Poppen worked on helmets, other ACEL researchers were improv-
ing ejection seats.  The effort began in 1946 with the erection of a 105-foot-tall test 
fixture by Martin-Baker Aircraft, Ltd., a pioneer ejection seat manufacturer.  In these 
early experiments, human volunteers were accelerated vertically (+Z) by detonation of 
a powder charge catapult mechanism positioned underneath the seat.  With John Paul 
Stapp’s work only beginning, knowledge of human tolerance to rapid acceleration re-
mained poorly understood, so human volunteers were exposed to increasing accelera-
tions only in small increments.  Velocity was measured using sensors (“accelerometers”) 
attached to the hip, shoulder, and head of the volunteers.  Investigators believed that 
vertebral injuries were likely to occur between 23 and 25 G, so during the forty-eight 
early ejection experiments, the maximum acceleration reached only 22 G, which the 
researchers believed represented “the practical upper limits for seat ejection experi-
ments.”  Drawing on the results of these early tests, ACEL engineers developed an ejec-
tion seat launch mechanism capable of producing a maximum acceleration of 18 to 20 
G.  An aviator later used the device to successfully eject moving at 250 miles per hour.19

By 1955 ACEL had undertaken major studies on the biomechanics of aviation 
crash injuries and human tolerance to parachute opening shock and developed new 
oxygen systems and anti-exposure suits.  Under director Captain Roland A. Bosee, 
MSC, USN, ACEL built up a talented staff of ninety-four civilian employees and 
twenty-five naval researchers.  Among the latter was a young Navy flight surgeon, 
Lieutenant Commander Channing L. “Chan” Ewing.20
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Senior Medical Officer Lieutenant Commander Channing L. Ewing examines a sailor in 
1962 aboard the USS Essex.  (Naval History and Heritage Command)
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Chan Ewing was born on May 28, 1927, in Jefferson City, Missouri, a doctor’s 
son.  Indeed, achievement in medicine was something of a birthright:  when Ew-
ing was two years old, his father Channing B. Ewing served as vice president of the 
American Ophthalmology and Otolaryngology Society.  In the mid-1930s, the family 
moved to East Lake, Florida, where Ewing attended high school.  In 1944, a day after 
his eighteenth birthday, Ewing joined the Navy.  Participating in the Navy’s V-12 
College Training Program, Ewing enrolled in the University of Richmond’s pre-med 
program.  Upon completing his pre-med studies in October 1946, Ewing received 
commission as a Navy Ensign.  After an interlude on active duty, Ewing enrolled at the 
Medical College of Virginia, where he earned his M.D. in June 1952.  Ewing spent a 
year interning at the U.S. Navy Hospital in Portsmouth, Virginia, and then attended 
the School of Aviation Medicine in Pensacola, Florida, to become a flight surgeon.  In 
late 1953 the Navy assigned Lieutenant Junior Grade Ewing to Marine Air Group 14, 
based in Edenton, North Carolina.21

Within a few months, however, the Navy transferred Ewing to Marine Attack 
Squadron (VMA) 211, aboard the aircraft carrier USS Wright, which set sail from Da-
visville, Rhode Island, in early April 1954.  After traveling through the Panama Canal 
and making brief stops at San Diego and Pearl Harbor, the Wright reached Yokosuka, 
Japan, in late May, where aviators in VMA-211 joined the Navy’s Seventh Fleet in 
missions off the coasts of Japan and Korea.  In June a Navy PBM Mariner carrying 
seventeen marines and sailors crashed at Mt. Miyanoura on the Japanese island of 
Yakushima.  Lieutenant Ewing and Captain Joseph C. Toth were flown in by helicop-
ter as first responders.  During the ultimately futile search for survivors, Ewing helped 
identify the remains of twelve Navy servicemen.  After a brief stopover in Hong Kong, 
the Wright arrived in San Diego in late October 1954.  For his service aboard the 
Wright, Ewing received a promotion from Lieutenant Junior Grade to Lieutenant.22

In January 1955 Ewing reported for duty as junior medical officer aboard the USS 
Ticonderoga (CVA-14) with the 3rd Carrier Air Group.  Based in Norfolk, Virginia, 
the Ticonderoga participated in pilot qualification flights and testing with the new 
A4D-1 Skyhawk, F4D-1 Skyray, and F3H-2N Demon fighter planes.  The Ticondero-
ga set sail for the Mediterranean where, on November 23, 1955, an aviator returning 
to the carrier missed the tail hook, skidded across the Ticonderoga’s flight deck, and 
killed six sailors.  In that instance the pilot survived, but in a second instance, wit-
nessed by Ewing around the same time, another pilot who misjudged his landing did 
not survive.  In August 1956 the Ticonderoga returned to Norfolk, and Ewing began a 
one-year surgical residency at Strong Memorial Hospital in Rochester, New York.  In 
July 1957 Ewing moved to Florida to serve in the active reserve as a flight surgeon in 
Jacksonville and to open a general practice in nearby Belleview.23

Chan Ewing was not destined to be a general practitioner, as he had already de-
veloped an abiding interest in aviation injury prevention research.  In December 1955 
the U.S. Navy Medical News Letter reprinted an anonymous Medical Officer’s Report 
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on a recent fatal airplane accident.  The author, not named in the journal, was Ewing.  
The incident he described was almost certainly a crash on the Ticonderoga.  Operating 
on only three hours of sleep, a young pilot misjudged the landing on the flight deck 
of an aircraft carrier and his landing gear struck the barrier.  Upon contact, the aircraft 
flipped over.  The pilot’s helmet was the subject of the bulk of the report, in which Ew-
ing noted that it had been modified and that the chin strap had been worn out from 
earlier use to the point that it could no longer be fastened.  When the plane rolled over, 
the helmet came off, leaving the aviator’s head completely vulnerable.  By the time 
the medical crew was able to extricate him, the pilot had already died of his injuries.  
Based on this experience, Ewing emphasized the importance of regular inspections 
of pilots in their flight gear, with particular reference to harness locks and helmets.24  

The very next year, Ewing submitted 
a list of standard aviation safety tips to 
the Naval Aviation Safety Center, Nor-
folk, Virginia.  The Aviation Safety Cen-
ter deemed the list worthy of inclusion in 
its monthly journal Approach: The Naval 
Aviation Safety Review.  The tips stressed 
the need to properly wear helmets, flight 
suits, oxygen masks, and life-raft lanyards.  
Ewing also warned against flying when 
exhausted or sick.  To underscore Ewing’s 
points with a touch of levity, Approach 
paired each tip with a comic illustration.25

In late 1958 Ewing’s service at Jack-
sonville earned him promotion to the rank 
of Lieutenant Commander.  His interest in 
aviation safety earned him assignment to 
ACEL as an aviation medicine specialist.  
When Ewing arrived at ACEL, the labora-
tory was booming.  The 130,000-square-
foot facility, valued at roughly $5.6 mil-
lion in 1960, included three high-altitude 
chambers capable of simulating levels of 
100,000 feet; a vertical accelerator that 
could reach 200 G; a horizontal accelera-
tor for crash and crew restraint programs 
capable of 43 G; an underwater test tank for research on aircraft emergency escape 
systems; and an acoustic chamber for research on the sound attenuating properties 
of helmets.  At first, Ewing conducted research in a variety of aviation medicine sub-
fields.  He helped develop oxygen masks and published on the dangers of hypoxia 

Ewing’s comic illustration that 
accompanied his tips for oxygen mask use.  
His tip read, “Check that oxygen mask 
before every hop.  Take it apart and clean 
it yourself so that you won’t be afraid of 
it due to ignorance.  If you need help, 
get in touch with the squadron oxygen 
equipment officer, or the flight surgeon.”  
(Source: C. L. Ewing, “Helpful Hints 
from the Flight Surgeon,” Approach 2, 
no. 2 (1956): 39.)
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(oxygen deficiency).  All the while Ewing sharpened his interest in bioengineering 
with a specialization in the prevention of injuries to the head, neck, and spine during 
aircraft ejection and crash situations.26

In August 1960 Ewing took time out to serve as senior medical officer aboard 
the aircraft carrier USS Essex (CV-9).  As the flagship of Carrier Division 18 and 
Antisubmarine Carrier Group 3, the Essex participated in NATO and CENTO 
exercises in the Mediterranean and Arabian Seas in the late summer and fall of 
1960 before returning to port at Naval Station Mayport in Jacksonville, Florida.27

During a follow-on “training cruise” in April 1961, Ewing experienced a close 
brush with an actual shooting war when the Essex steamed off the coast of Cuba in 
support of the failed Bay of Pigs invasion.  Sworn to secrecy in the aftermath of the 
botched landing attempt by CIA-trained anti-Castro rebels, Ewing’s high seas adven-
tures came to an end.  Back ashore, he chose a pursuit more closely related to his pro-
fessional interest—a master of public health degree from Johns Hopkins University.28  

Ewing picked up his diploma in June 1963 and returned to ACEL as a resident in 
Aerospace Medicine. Two months later he was promoted to the rank of Commander.  
In late October, Ewing, along with researchers from the Bureau of Naval Weapons, 
Bureau of Medicine and Surgery, Office of Naval Research, National Aeronautics and 
Space Administration, and Naval Aviation Safety Center, attended a “Symposium on 
Effective Life Support Helmets” sponsored by the Office of Naval Research in Wash-
ington, D.C.  It was an opportunity to move from the backstage into the spotlight of 
his chosen field, and Ewing made the most of it.29

Near the beginning of the conference, ACEL colleague Dino Mancinelli present-
ed a paper written by Ewing and Frank A. Catroppa that documented defects in 
the Navy’s APH-5 helmet (which had become standard issue in 1956).  Ewing and 
Catroppa determined that its nylon chin strap often failed under stress, allowing the 
helmet to loosen or come off entirely during impact or ejection.  They also identi-
fied the APH-5 (which weighed 4 pounds) as a source of pilot fatigue during longer 
flights.  Ewing and Catroppa contrasted the APH-5 with the APH-6 helmet that they 
had developed.  This helmet’s chin straps featured cotton-covered urethane pads—the 
additional comfort was meant to discourage pilots from unbuckling and thus improve 
“retention rates.”  The APH-6 weighed in at 3 pounds 13 ounces.30

Ewing followed up with a paper that discussed the design criteria of helmets in 
broader terms and took issue with one of the Navy’s central tenets of helmet design.  
The Navy’s long-term emphasis on anti-buffeting helmets rather than crash helmets 
was predicated on the assumption that a pilot should be able to eject before crashing.  
Not so, Ewing told the attendees—there were numerous instances where pilots had 
been unable to do so.  As a result, he explained, 86 percent of fatal accidents among 
Navy pilots between 1957 and 1960 occurred during crashes in water.  Therefore, Ew-
ing concluded, helmets should be designed primarily to protect pilots during crashes 
rather than from buffeting during flight.31
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This shift of emphasis would make helmet design more complicated, however, 
because the extra weight needed for a crash helmet threatened not only to increase 
fatigue but also to raise the risk of injury.  Citing Stapp’s research, Ewing noted that 
pilots could withstand 38.6 G at 1,370 G/sec.  But the increased weight of a helmet, 
he noted, would quickly lower that threshold.  “The more weight put on the helmet, 
the more forces will be exerted on your cervical vertebra,” Ewing said.  As the weight 
of the helmet is increased, the human tolerance limit to impact forces decreases.  For 
this reason, he said, “cervical vertebral fracture during deceleration is the main limit 
on weight.”  Ewing recommended that helmets relying solely on the head for support 
(which virtually all were at that time) be kept under four pounds.32

The ensuing discussion suggested that Ewing had hit a nerve.  Captain Richard 
E. Luehrs of the Naval Air Station in Norfolk stated that he had personally witnessed 
eleven instances in which planes crashed near a carrier with the pilot clearly visible 
but making no effort to get out.  “I think he is breaking his neck with the weight of 
the helmet when the moving plane hits the water,” concluded Luehrs.  “They stop 
hard and the G-loading is tremendous.”  Lieutenant Commander Robert Simmons 
of the Naval Aviation Safety Center cautioned, however, that “our information is very 
sketchy.  In many cases, this is a matter of postulation.”  Ewing readily conceded that 
the case was far from closed.  “To understand why cervical vertebral fracture is a mat-
ter of design parameter in crash helmets, we must review the action of the head and 
neck under horizontal crash decelerations,” he concluded.  Ewing had, in effect, laid 
out the research agenda for his remaining life’s work.33

ewIng and project gemInI

Project Mercury had barely begun when, in December 1961, the National Aeronau-
tics and Space Administration (NASA) initiated Project Gemini.  Whereas Mercury 
capsules contained only one astronaut for relatively short-duration missions, Gemini 
spacecraft carried two for extended periods in orbit.  Intended as a steppingstone to 
the Apollo program and the moon landing, the objective of Project Gemini was to 
conduct more lengthy missions including extra-vehicular walks and rendezvous with 
other capsules in space.34

During these rigorous missions, NASA was concerned about the effects of nega-
tive (–Gz) acceleration on astronauts re-entering the earth’s atmosphere, particularly 
the pooling of blood in the soft tissues of the head, face, neck, and chest cavity.  The 
space agency therefore commissioned ACEL to develop better data on human toler-
ance limits in negative acceleration.  ACEL subsequently developed a sled mounted 
on a 386-foot-long horizontal track.  A hydro-pneumatic mechanism capable of pro-
ducing accelerations up to 45 G and a rate of onset of 1,075 G per second supplied the 
input force.  The ACEL device simulated impact at the beginning of the run by rapidly 
accelerating the sled rather than at the end through sudden breaking, as Stapp’s had.35
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Five human subjects, fitted with harness restraints, wearing Project Mercury 
helmets, and placed in a supine position to create negative acceleration forces, were 
exposed to 14.5 G.  These runs were successful—enough for NASA to discontin-
ue the ACEL contract before a better measure of human tolerance limits could be 
established.  Even so, the experience had an important influence upon Ewing.  The 
experiment utilized high-speed photography and sled-mounted accelerometers to pro-
duce unusually precise data.  Ewing would later build these two components into the 
foundation of his work at NBDL.36

Although the acceleration contract was canceled, ACEL continued to develop 
space suits and life support systems for NASA.  It was, for a time, the only facility in 
the country conducting thermodynamics studies for the space program.  Since Ewing 
specialized in development of protective equipment for aviators, he was invaluable 
to the NASA efforts.  As Ewing explained to the press, “Space is not fit for man, so 
man must be fitted for space.”  ACEL research led to the development of the MK IV 
pressurized suit, used by Project Mercury astronauts as well as naval aviators flying 
the high-performance Vought F-8 Crusader, the North American A-3 Vigilante, and 
the McDonnell Douglas F-4 Phantom.  Ewing also helped develop helmet ventilation 
systems for pilots flying in high temperature, high humidity environments.37

Perhaps most importantly, the NASA research gave Ewing the opportunity to 
work with human volunteer subjects in a variety of situations.  During the early 
1960s, the Navy approved the use of human subjects for studies on altitude and oxy-
gen sickness as well as testing of water-cooled suits in support of the space program.  
In the course of an experiment designed to test human adaptability to high altitudes 
employing pure oxygen, a spark touched off a fire that left three human volunteers 
and a monitoring officer with first- and second-degree burns.  The event convinced 
Ewing and other ACEL researchers that even in carefully controlled studies, accidents 
always remained a risk, so when human volunteers were involved, every precaution 
had to be taken.38

In early 1964 the Navy transferred Ewing from ACEL to the Naval School of 
Aviation Medicine in Pensacola, Florida.  Established by the Secretary of the Navy 
in October 1946 and a component command of the Naval Aviation Medical Center 
(NAMC) since April 1957, the School of Aviation Medicine was then providing flight 
surgeons to NASA to monitor astronaut training and physical performance during 
orbital missions.  Ewing’s earlier research for NASA suited him well for this particular 
job, so he joined the Gemini Program.39

 In March 1964 Ewing reported to NASA’s Manned Spacecraft Center near Hous-
ton for an intensive five-day training course designed to familiarize Navy doctors with 
flight schedules, mission planning, spacecraft systems, and Gemini safety equipment.  
After he completed the course, NASA made Ewing an aeromedical flight controller for 
Gemini V.  The mission took place that August, with Ewing serving aboard the NASA 
tracking ship USS Coastal Sentry Quebec, monitoring astronauts Gordon Cooper and 
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Charles “Pete” Conrad while they orbited the Earth for eight days to determine the 
effects of long periods of weightlessness on humans.  That performance earned Ewing 
a return engagement as senior aeromedical flight controller for Gemini IX at NASA’s 
tracking station in Guaymas, Mexico.  During that mission, launched in June 1966, 
Ewing monitored astronauts Tom Stafford and Gene Cernan during a difficult three-
day flight that included docking exercises and a spacewalk.40

Ewing’s time with the Gemini Program was educational in a number of ways, but 
one lesson was less than welcomed.  In 1964 Ewing had opined that the “Navy’s needs 
in research on aviation medical problems are not being met with Navy funding today.”  
By 1966 he had grown increasingly concerned over the state of naval aviation medi-
cine.  The Naval Bureau of Medicine and Surgery (BUMED), it appeared to Ewing, 
was increasingly acting as an investigatory arm for NASA and other agencies rather 
than serving its own aviation community.  By then, in fact, NASA was funding most 
naval research in aerospace medicine.  When it came to the Navy’s research agenda, he 
noted, “a great deal of needed work is not being done because neither the funds nor 
trained personnel are available.”  Ewing could do little about funding decisions, but he 
did recommend that the Navy offer more residencies, train more flight surgeons, and 
detail general medical officers to more routine assignments so that the flight surgeons 
could do research.41

anthropometrIcs and Vertebral Fracture

In between his details to NASA, Ewing carried on an intense program of research on 
head and neck injuries incurred during crashes.  One of the subfields that earned his 
attention during this period was anthropometrics, the scientific measurement of the 
human body.  He surveyed the subject in a review of work undertaken at ACEL by 
Edmund C. Gifford, Joseph R. Provost, and John Lazo published in the Navy Medical 
Newsletter in late 1966.  That team had recently captured precise body measurements 
of 1,549 U.S. Navy aviators in order to reset the baseline for aircraft specifications.42

Military anthropometry got off to an unfortunate start.  Shortly after the war, 
researchers at the Army’s Wright-Patterson Air Development Center tabulated mea-
surements of U.S. Army Air Force aviators who entered service between 1943 and 
1944.  The Navy and aircraft manufacturers then used this data to design safety equip-
ment and cockpits.  What no one took into account was that during those years, the 
U.S. Army Air Force had in place a maximum height limitation of 5 feet 10 inches 
for fighter pilots.  The Air Force had since lifted the restriction, and postwar pilots 
could hardly be expected to come in under it.  As a result, cockpits designed using 
these anthropometric specifications inevitably placed taller pilots at risk.  In order to 
accommodate themselves to their cockpits, taller pilots had to slump—and slumping, 
because it caused the spine to assume a posture less able to handle vertical loads, meant 
that far less impact energy was required to produce injury.43
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Dr. George T. Lodge of the U.S. Naval Aviation Safety Center confirmed these 
findings.  First he established that U.S. Navy pilots were taller on average than the 
specifications around which cockpits for jet aircraft of the late 1950s were designed.  
Lodge then evaluated 680 jet accidents to find that pilots over six feet tall were dis-
proportionately represented.  Drawing upon his own research at the Naval School of 
Aviation Medicine, Ewing confirmed “significant correlation between disparities in 
sitting height accommodation in aircraft and vertebral fracture.”44

Another problem that Ewing identified during his review of vertebral fracture 
injuries was related to the characteristics of ejection seats in use at the time.  Ewing 
found that ejection seats installed in McDonnell F-3 Demon and Grumman TF-9J 
Cougar fighter jets raised the overall seat height to the extent that pilots could not 
maintain good posture and thus normal vertebral alignment.  This was enough of 
a problem in ejection systems in which the canopy lifted and broke away just prior 
to ejection.  But some fighters used a through-the-canopy ejection system in which 
a spike at the top of the ejection seat shattered the canopy glass just before the pilot 
reached it.  Sometimes the spike failed to deploy, leaving the pilot’s helmet to shatter 
the canopy.  Slouching pilots were far more likely to suffer vertebral fractures, especial-
ly during through-the-canopy ejections.  Ewing recommended particularly that pilot 
posture be “forcibly maintained during ejection by a suitable minimum seat angle and 
restraint system.”45

The Navy subsequently made several efforts to rectify the issue.  Orders came 
down to replace through-the-canopy ejection systems with safer lift-away canopies.  
Through-the-canopy ejection remained an option only as a last resort in the event of 
mechanical failure.  In addition, the Bureau of Weapons authorized ACEL to catalog 
the sitting height for every type of aircraft currently used by the Navy.  This was a big 
undertaking, considering that twenty-two different models of Navy jet fighters had 
been introduced between 1945 and 1959.  But the data allowed the Navy to place 
individual aviators in squadrons using aircraft that could safely accommodate them.46

“the startIng poInt”:  concussIon and Vertebral Injury

In December 1966 Ewing published an article titled “Emergency Underwater Escape 
from Aircraft” in the Navy Medical Newsletter.  In the article, Ewing surveyed new 
equipment and flight suits designed to allow pilots trapped in submerged aircraft to 
continue breathing pure oxygen (O2) for a period of time.  In shallow waters at a 
depth of around twenty-five feet, Ewing noted, a pilot could breathe pure oxygen for 
about seventy-five minutes before the effects of oxygen intoxication (hyperoxia) began 
to set in.  In these situations, it appeared that pilots would have ample time to extri-
cate themselves from the aircraft and ascend to the surface.  Most crashes occurred in 
deeper water, however, and then the prospects were bleak.  At a depth of forty feet, 
a panicked or physically exhausted pilot could count on a mere ten minutes of safe 
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breathing.  If able to escape from submerged aircraft in deep water, a pilot then had to 
ascend slowly or face the deadly dangers of decompression sickness, more commonly 
known as the “bends,” in which dissolved gases, chiefly nitrogen, formed bubbles in-
side blood and body tissues during depressurization.47

In any case, Ewing noted, pilots in sinking aircraft had to react quickly if they 
were to have any chance of survival.  Since jet aircraft in use during the 1960s usu-
ally remained afloat for less than sixty seconds before sinking at a rate of about one 
hundred feet per minute, pilots suffering incapacitating injuries during impact were 
essentially doomed.  This accounts for the despair voiced by Captain Luehrs at the Oc-
tober 1963 conference when he recalled seeing pilots make no attempt to escape their 
sinking planes.  Luehrs surmised that the force of impact probably broke their necks.  
Ewing was skeptical.  Remains of aviators killed in crashes at sea were rarely recovered, 
and in the handful of cases when they were, evidence was often compromised during 
autopsy, frequently conducted without pre-autopsy x-rays and performed by general 
pathologists at hospitals nearest the accident site.48

What these autopsies missed, Ewing had suspected for some time, was evidence of 
injury due to “acceleration concussion” that could only be detected by neuropatholog-
ical examination of the central nervous system.  From studies at ACEL and personal 
experience as a fleet flight surgeon, Ewing was aware of the dangers of impact-induced 
central nervous system trauma, or concussion.  Nevertheless, he suspected that the pi-
lots Captain Luehrs described had not suffered a blow to the head.  Instead, they had 
blacked out while fully restrained and with their heads free and uninjured.  Perhaps 
they had suffered some kind of concussion, but they had likely died from drowning.49

Even into the 1960s, the symptomology and effects of concussion were only 
vaguely understood.  Early work, dating back to the 1940s, was based on necropsies 
of brains from concussed animals.  Researchers from a variety of institutions con-
ducted experiments with different types of animals and reviewed tissue samples with 
an eye for microscopic trauma attributable to concussion.  While a consensus was 
never reached, most researchers agreed that neurologic disruptions, including sud-
den traumatic unconsciousness and amnesia following a blow to the head, typified 
concussion in humans.  Ewing was coming to a different definition for a new type of 
concussion—one that could be produced by indirect impact, which he defined as a 
“concussion occurring in an individual with a freely moveable head (i.e., unrestrained 
and not resting against anything) who does not receive a blow to the head and who 
does not suffer cortical injury.”50

Ewing was building upon existing work.  Dr. Reinhard L. Friede had conduct-
ed a study with anesthetized cats at the Wright-Patterson Biomedical Laboratory in 
the early 1960s.  Friede determined that sudden deceleration of the head resulted 
in an abrupt stretching of the neck that produced injuries very much in line with 
those caused by a blow to the head.  In particular, Friede observed matching lesions 
at the first cervical vertebra (C-1) and loss of consciousness.  This “cervical stretch” 
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theory seemed logical to Ewing.  John Paul Stapp had demonstrated that consider-
able head-neck displacement could occur when the unrestrained head experienced 
abrupt deceleration; Ewing’s own research indicated that heavy helmets exacerbated 
this displacement.  Ewing had come to the conclusion that further research on the 
biodynamic response of the human head and neck might answer the lengthening list 
of questions that started with concussions and included vertebral fracture and aircraft 
design.  Years later, Ewing referred to these questions as “the starting point for our 
[NBDL] experiments.”  Dan Thomas agreed, asserting that the NBDL project “was 
always related to concussion.”51

Having recognized a previously little-known hazard, Ewing was determined to 
do something about it.  In the short term, he encouraged the Navy to institute new 
autopsy policies that would allow the Naval Aviation Safety Center to collect informa-
tion from the small percentage of aviators recovered from a fatal crash at sea.  Over the 
long term, he was hoping to establish a research program.  Ewing knew it would not 
be easy, so he started building his case, beginning by compiling data on aviator acci-
dents with a particular eye on restraint system design.  Ewing also tapped connections 
at the Naval Aviation Safety Center to gather statistics on recent jet aircraft accidents.  
The results were alarming—a testament to the toll that the growing use of jet aircraft 
was taking on naval aviators.52

From 1959 to 1963, Ewing documented a “198 percent increase in gross fracture 
rate for jets and a 217 percent increase in the ejection fracture rate, with a continued 
upward trend in both.”  The statistics also burst any remaining illusions that ejection 
was a viable means of escape.  Over the entire period, Ewing found, only 27 percent of 
aviators in trouble ejected or bailed out.  The rest hit ground or water.  “Definition of 
an optimist:  a naval aviator with a savings account,” went a quip popular at the time.  
The Naval Aviation Safety Center statistics only confirmed what most aviators already 
knew.  The task remained of doing something about it.53

dr. ayub ommaya and nIh

Ewing might have set the agenda, but as fate would have it, someone else began the 
research.  Perhaps this was to be expected.  Other scientists had been doing concussion 
research for three decades, and some had long-standing relationships with the Navy.  
During World War II, the Navy funded a number of concussion research projects 
through the Office of Scientific Research and Development.  Its successor, the Office 
of Naval Research (ONR), continued to do so into the late 1950s, supporting studies 
by Arthur G. Gross at Gross Research Laboratories, Inc., and Dr. Arthur A. Ward, Jr., 
at the University of Washington on impact thresholds of brain concussion for use in 
helmet design.  Evidence suggests that sometime around 1964, Ewing submitted a 
proposal to the Naval Air Systems Command (NAVAIR) to study flexion, extension, 
and rotation of the cervical spine and neck during impact to see if concussions result-
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ed.  The Navy recognized the importance of the research but felt that Ewing should 
continue his work for NASA.54

Instead, NAVAIR sponsored collaboration between the National Institutes of 
Health (NIH), Bethesda, Maryland; Naval Medical Research Center, Bethesda, Mary-
land; Naval Air Development Center, Warminster, Pennsylvania; and David Taylor 
Model Basin at the Naval Ship Research and Development Center, Carderock, Mary-
land.  The project’s objective was to collect information on the causes of concussions 
in humans and find means of preventing them.  The fact that the Naval Medical 
Research Center had conducted research on accelerative and decelerative forces in 
aviation since World War II lent credibility to the collaborative effort, but a civilian 
would lead the research, Dr. Ayub K. Ommaya of NIH.55

The concussion study, begun in 1965, investigated experimental head injury us-
ing a variety of primates as subjects to test head and neck protection for naval aviators.  
Its programmatic category was “ADO 43-12X:  Air Crew Impact Injury Prevention,” 
the same under which NBDL would later be approved.  Working with Dr. Arthur 
E. Hirsch from the David Taylor Model Basin, Ommaya conducted impact acceler-
ation experiments with primates in order to establish a concussion threshold level.  A 
key objective of the effort was to determine whether concussion could be produced 
without a direct blow to the head as Friede had postulated.  Ommaya developed a 
reproducible experimental model using lightly anesthetized rhesus macaques because 
their head and neck structures are similar to those of humans.  Like Stapp, Ommaya 
recognized that higher primates would yield results directly applicable to humans.56

Ommaya defined concussion broadly as a condition “indicating injury to the 
nervous system by rapid energy loading and having as its prime index impairment of 
consciousness.”  To detect changes in central nervous system function, Ommaya relied 
on electroencephalogram (EEG) and electrocardiogram (ECG) readings.  He later re-
called that upon review of high-speed film of the impact exposures, he was “struck by 
the significant bending, twisting, and stretching distortions in the neck after frontal 
as well as occipital impacts.”  Accordingly, Ommaya and Hirsch began reducing these 
neck distortions by using cervical collars to check head and neck motion.  The collars 
substantially raised the concussion threshold level.  This finding was profound because 
it got Ommaya thinking about helmet design.57

Ommaya detailed his findings in a 1965 lecture at the Royal College of Surgeons 
of England.  He began by noting that helmets had always been designed to absorb or 
reflect blows, not to secure the head.  “By adding further weight and by shifting the 
center of gravity up and forward, a heavy helmet, such as is worn by pilots and motor-
cyclists, increases the moment of inertia about the cervical pivots,” he found.  In other 
words, heavy helmets can do more harm than good, particularly in cases of indirect 
impact.  With this observation, Ommaya reached the same essential conclusion that 
Ewing had already been coming to.58
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Undaunted by the Navy’s rejection of his proposal, Ewing continued to seek support 
for an experimental program.  In early March 1966, he attended a symposium on the 
prevention of head and neck injuries conducted by the Office of the Chief of Research 
and Development of the U.S. Army.  The attendance list reflected the recent growth 
of the research community.  Colonel Stapp and Dr. Edward J. Baldes were present.  
Ewing accompanied a contingent of Navy officers that he had known since his days 
at ACEL, including Captain Roland Bosee, Dr. Edwin Hendler, and Captain Richard 
Luehrs.  Ommaya and colleagues Arthur E. Hirsch and Fred H. Faas also attended.  
Most importantly, the meeting gave Ewing a chance to talk with researchers from the 
Army.  As it turned out, they were also acutely aware of the dangers inherent in the 
moments after a crash.  Army aviators might not have to escape from a sinking plane, 
but they did have to escape from a hazard of less concern to naval aviators—fire.59

The problem stemmed from the generally different mission types flown by the 
Army aviator.  Since Army aviators most often provided short-range mobility and 
low-level intelligence for ground forces, they relied greatly on rotary-wing aircraft.  
In 1961, more than 50 percent of Army light aircraft were helicopters.  For obvious 
reasons, helicopters did not have ejection seats.  Since they generally flew at low alti-
tude, bailouts were never an option either—helicopter crew members were not issued 
parachutes.  As Major James C. Beyer put it, there was nothing for the average Army 
aviator to do but “to ride his aircraft in.”  That accomplished, fuel tanks often burst 
and deadly fires followed.  From 1967 to 1969, for example, the Army registered 334 
aircraft accidents.  Of these, 206 would have been survivable were it not for post-crash 
fires.  These caused 155 fatalities, an additional 470 casualties, and approximately 
$80 million in damage.60

Another study, by the U.S. Army Board for Aviation Accident Research, put the 
survivability rate much higher—at 97 percent.  But even in the absence of fire, the 
lack of adequate protective equipment caused aviator deaths in otherwise survivable 
crashes.  As the Army readily admitted, it was “no easy task to put a 40-G cockpit in 
a light observation helicopter and still have the aircraft able to get off the ground.”  
Nevertheless, there was more that could be done, particularly to mitigate the effects 
of indirect impact, prompting the Army Surgeon General’s Office and the Board for 
Aviation Accident Research to call, in 1961, for development of an “extensive set of 
data on impact experience.”61

At the beginning of the Vietnam War, Army aviators wore the Navy APH-5 mod-
el helmet.  The Army was no happier with it than Ewing had been, so in subsequent 
years Army technicians worked hard to develop safer helmets designed specifically 
for helicopter crew members.  Helicopter crashes were unique in yet another way.  In 
sharp contrast to conventional aircraft, they came down more vertically than hori-
zontally. Therefore, protective equipment had to be designed to defend against –Gz 



21A History of the Naval Biodynamics Laboratory

Chapter One | The Foundations of Impact Acceleration Research, 1917-1966

acceleration (eyeballs down).  The Army assigned high-priority status to deceleration 
(impact acceleration) studies, particularly those that could develop experimental data 
from human volunteers.62

Ewing recognized an opening when he saw one.  At another time, his affiliation 
with the Navy might have been prohibitive since both service branches had to coordi-
nate approval and reach an agreement on the administration of the project.  But the 
Army, Navy, and Air Force had recently developed an effective collaborative work plan 
for aeromedical research.  Just months earlier, in December 1965, two of the branches 
had created the Joint Army-Navy Coordinating Panel for Flight Medical Research.  
Ewing might have stuck with his service branch despite the opening with the Army if 
not for one other factor:  it was at just this time that he was becoming disillusioned by 
the Navy’s propensity to undertake research on contract—particularly for NASA—at 
the expense of naval aviation.  The time was also right since Ewing’s obligation to the 
Gemini Program would end during the summer of 1966, freeing him to undertake 
the new research program before the Navy could reassign him to another project.  In 
May 1966 Ewing submitted his proposal, entitled “Determination of Human Dy-
namic Response to Impact Acceleration,” to the U.S. Army Medical Research and 
Development Command.  Among other things, it promised to study the displace-
ments of the human head and neck during impact and to collect precise quantitative 
data that could be used in development of helmets and restraints for Army aviators.63

Ewing might have considered his proposal irresistible, but would the Army be 
compelled to fund it?  Here again, Ewing’s timing was fortuitous.  As the Vietnam 
War flared from a police action to full-scale conflict, Americans—and therefore leg-
islators—were becoming skeptical about the value of public investment in military 
research.  Bowing to this pressure, former Ford Motor Company “Whiz-Kid” Robert 
McNamara steered the Department of Defense (DOD) in a new direction.  DOD 
had recently adopted budget classifications favoring applied research programs that 
directly supported short-term military priorities over long-term basic research.  The 
new scrutiny that doomed many research programs gave Ewing’s agenda new life—
after all, he was promising to support a critical military need by producing data that 
would enable the Army to roll back the ever-mounting casualties among Army avia-
tors involved in crashes.  The Joint Army-Navy Coordinating Panel for Flight Medical 
Research assigned the project high- priority status.64

Another recent shift in the nation’s social and political priorities may have en-
couraged contracting officers to reach for the “approved” stamp.  By the mid-1960s, 
automobile crashes were the leading cause of death for Americans under the age of 
forty.  Roughly 49,000 Americans were killed and another 1.8 million were injured in 
automobile accidents in the year 1965.  But these numbers alone did little to shake the 
American insistence on overlooking automobile casualties.  Instead, it was a best seller 
by an unlikely crusader that started the nation on the road to automotive safety.  In 
1965 Ralph Nader published Unsafe at Any Speed, a study that started by detailing the 
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hazards of the Chevrolet Corvair and ended by indicting General Motors for deliber-
ately “cutting corners to shave costs.”  The public outcry led to legislative action, the 
creation of the U.S. Department of Transportation, and industry funding for studies 
on vehicle dynamics and crash simulation.  Had they not been moved by the national 
tide, military appropriators might have looked closer to home.  In 1965 about 40 
percent of the Army’s accident casualties were due to motor vehicles.  Injuries from 
automobile accidents cost the Air Force alone some $17.5 million.65

Appropriately then, the fundamentals of Ewing’s research agenda transcended ser-
vice lines and modes of transportation.  As he summed it up later, the proposal listed 
four central objectives:  “(1) to measure precisely the dynamic response or output of 
the head and neck to input acceleration; (2) to measure precisely that input acceler-
ation; (3) to develop a method of obtaining the data in such a form that automatic 
data processing may be used; and (4) to develop and validate a general method for the 
determination of the bioengineering characteristics of the human body with such pre-
cision, accuracy, and repeatability that a mathematical model of the human dynamic 
response to impact acceleration can be constructed.”  Meeting these goals would re-
quire developing an innovative experimental methodology that utilized state-of-the-
art technology to provide more accurate measures of data than produced by previous 
studies.  It would necessarily involve human volunteers, for like Stapp before him, 
Ewing believed that “the primary instrument for measuring the effects of mechanical 
force on man is man.”  That conviction, eight years later, led a thirty-one-year-old 
enlisted man to take a seat on the NAMRL-D sled to begin the final and most formi-
dable stage of impact acceleration research.66
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In July 1966 the U.S. Army Surgeon General’s Office and the Naval Bureau of 
Medicine and Surgery (BUMED) approved Chan Ewing’s research proposal.  The 

funders may have expected the process they were initiating to be straightforward, 
specifically that Ewing would begin developing more and higher-quality information 
that could be used in designing better helmets and restraints.  But Ewing’s plans were 
more complicated.  In order to succeed—to be able to tell with certainty the limits of 
human endurance under impact acceleration—he would have to put three pillars into 
place.  First, Ewing would need to develop much better measurements of the response 
of human volunteers to acceleration below tolerance limits.  Second, he would need to 
conduct animal studies starting within the same parameters as the human studies and 
then raising them to higher, non-survivable limits.  Third, he would have to develop 
a mathematical model that precisely and accurately correlated the human and animal 
statistics and apply it to determine the threshold of human survivability.  Ewing knew 
that this would take time and effort, and he had no expectation of being able to see his 
destination from the outset.  But he knew that he had to move quickly to create the 
momentum that would help ensure the durability of his new research program:  he 
had to emplace the first pillar.1

wayne state unIVersIty

The immediate task was to prove that it was possible to develop better test informa-
tion, and to do that, Ewing had to buy time on an accelerator somewhere or build one.  
Determined to begin quickly, he began looking around for an existing facility with a 
suitable horizontal accelerator.  Ewing started with a request to his former duty sta-
tion, the Air Crew Equipment Laboratory (ACEL), and got support from colleagues 
Dino Mancinelli and Marvin Schulman, but it was not enough to overcome the fact 
that the ACEL facility was busy with other high-priority projects.  If Ewing wanted to 
begin there, he would have to wait.2

Chapter Two

emplacIng the FIrst pIllar, 
1966-1971
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Ewing could not immediately launch his project on the tide of naval research, 
but there was another road open in the related field of auto safety research.  Wayne 
State University was home to the oldest university biomechanics research program in 
the United States and was staffed with highly regarded medical researchers and engi-
neers.  Dr. Elisha S. Gurdjian and Professor Herbert R. Lissner had begun studying 
impact-induced head injuries at the Detroit-based institution during the early 1940s.  
Their work laid the foundation for the creation of Wayne State’s Biomechanics Re-
search Center in 1964.  By then, one of the leading researchers in the field was Profes-
sor Lawrence M. Patrick.3

As an institution, Wayne State also had close ties to the automobile industry, par-
ticularly General Motors (GM), also headquartered in Detroit.  Beginning in 1963, 
GM and Wayne State partnered on a series of head-on collision studies using cadavers 
and anthropomorphic dummies.  GM supplied the horizontal accelerator for these 
experiments, driven by compressed air and capable of achieving speeds up to 40 miles 
per hour.  Patrick and a promising graduate student named Harold J. Mertz, Jr., 
worked with GM senior researchers Charles K. Kroell and Charles F. Gadd to conduct 
the experiments and publish the results.4

Captain David Schrunk, USAARL, preparing a human research volunteer for a test run at 
Wayne State in 1969.  (Photograph courtesy of Dr. David Gillis)
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By 1967 the Wayne State Engineering Department had begun building its own 
horizontal accelerator.  This one drew upon the design characteristics of the GM ac-
celerator as well as an earlier accelerator design that Patrick called the Wayne Horizon-
tal Acceleration Mechanism (WHAM).  Patrick’s newest accelerator, called WHAM 
II, featured a number of innovations.  Most notably, WHAM II was configured to 
operate in two modes.  Vehicles riding on their own wheels could be accelerated to 
speeds up to 60 miles per hour.  This configuration was extremely useful to automo-
tive safety researchers because it allowed them to compare different car models in read-
ily reproducible crash simulations.  Alternately, the accelerator could accommodate a 
1,500-pound sled riding on a track of about 100 feet in length.  Seats, camera mounts, 
and other monitoring equipment could be bolted to the sled frame, and it could be 
accelerated to reach 60 miles per hour.5

The WHAM II sled was adjustable to accommodate cadavers, dummies, and hu-
man volunteers at different sitting heights and in any directional position along the 
acceleration axis.  The seat harnesses were based on aviation models consisting of a 
lap belt, shoulder straps (of the inverted V design), and a chest safety strap.  The har-
ness system was adjustable to provide optimal safety regardless of sitting height.  The 
WHAM II was equipped with hydraulic brakes and a variable-length cable (“snub-
ber”) to bring the sled to a stop.  The maximum output of the braking system was 
120,000 pounds of force.  Vehicles or a sled with a gross weight of 2,000 pounds could 
achieve deceleration up to 60 G.6

Wayne State had expertise as well as equipment.  Since the 1950s, Wayne State’s 
Neurosurgery and Engineering Departments had been leaders in the study of concus-
sion, much of their work done under sponsorship from the U.S. military.  The work 
was led by Dr. Gurdjian, Professor Lissner, and Dr. John Webster, who subjected 
anesthetized dogs to direct blows to the head to induce concussions.  The Neurosur-
gery Department then conducted necropsies to determine the effects of concussion 
using severity, recovery time, and the number of concussions as variables.  Results of 
the experiments were published in leading medical journals including Science and the 
Journal of Neurosurgery.  Wayne State also had a distinguished record in studies of the 
human vertebral column during +Gz acceleration.7

Ewing and Patrick had likely become acquainted at the annual Stapp Car Crash 
Conferences.  Both attended the Army-sponsored conference on helmet design held 
in March 1966.  Ewing was clearly impressed with Wayne State’s facilities and exper-
tise.  As an added benefit, the +Gz impact acceleration program promised Ewing an 
opportunity to continue peripheral research related to ejection.  During late 1966 and 
early 1967, Ewing and Patrick quietly negotiated an agreement to use the WHAM II 
for the joint Army-Navy project at a cost of $70,000.  As part of the agreement, Pat-
rick obligated Wayne State staff members Frank Du Pont, Kenneth Trosien, and Jerry 
Glinski to provide limited technical support to Ewing’s program.8
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a web oF support

Any ambitious research program necessarily relies on a web of supporting institutions 
and dedicated professionals.  Ewing gathered both as he started up the joint Army-Na-
vy Wayne State project.  The ultimate authority on the Army side was the Army 
Surgeon General’s Office, which delegated control through the U.S. Army Medical 
Research and Development Command (USARMRDC) down to the U.S. Army Aero-
medical Research Unit (USAARU) at Fort Rucker, Alabama.  On the Navy side, the 
Office of Naval Research (ONR) acted through the Naval Bureau of Medicine and 
Surgery (BUMED) and the Naval Aerospace Medical Institute (NAMI) in Pensacola, 
Florida.  NAMI was formerly the Naval Aviation Medical Center’s (NAMC) School of 
Aviation Medicine but had been renamed in August 1965.  Although Ewing himself 
was formally assigned to Pensacola during the Wayne State program, military neces-
sity dictated that Fort Rucker would be the gravitational center of the project.  And 
the Vietnam War ensured that it would be the Army that set the agenda.  Due to the 
buildup in Southeast Asia, that branch had more aircraft, more pilots, and more avi-
ation injuries than the Air Force and Navy combined.  As Ewing had already learned, 
the Army also had more money to fund the research.  The Navy, on the other hand, 
had a more established aviation medicine program and more scientists to devote to 
the work.  It made sense, therefore, to get USAARU and NAMI—complementary 
commands in close proximity—working together.9

USAARU was founded in 1962 by Colonel Spurgeon H. Neel, Jr., and Major 
General Ernest Esterbrook to conduct aeromedical research for the Army.  Fort Ruck-
er was the logical location for the unit.  The Army Accident Review Board, which 

reviewed aircraft accident reports and con-
ducted research related to aircraft design, 
maintenance, standards, and crash safety, 
had already been established there in 1954, 
and in 1957 that board had been renamed 
the U.S. Army Board for Aviation Accident 
Research (USABAAR).  The presence of 
both USAARU and USABAAR therefore 
made Fort Rucker the center of aviation 
medicine research in the Army.10

While the Army, through USAARU, 
provided most of the funding, secured hu-
man volunteers, and made support staff 
available for the Wayne State program, the 
Navy contributed the necessary technical 
expertise through NAMI, then led by Dr. 
Ashton Graybiel.  A pioneer in aviation 

Captain Ashton Graybiel, MC, USN 
(1902-1995).  (Navy Bureau of 
Medicine and Surgery Archives)
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medical research since the 1930s, Graybiel was born in 1902 in Port Huron, Michi-
gan, and graduated from the University of Southern California and Harvard Medical 
School.  From 1936 to 1943, he worked at the legendary Harvard Fatigue Laboratory 
(which developed flight suits and equipment for the unpressurized bomber and fighter 
cabins of World War II), measuring the cardiovascular performance of pilots in stress 
situations.  After the war, Graybiel built NAMC into a widely respected research orga-
nization, and during the 1950s the center conducted physiological research on human 
reactions to heat and vibration stress for NASA.  In the 1960s the lab trained medical 
support staff to participate in the astronaut recovery teams that the Navy provided for 
NASA and also provided flight surgeons, including Ewing, to monitor astronauts in 
the Mercury and Gemini Programs.11

More recently, NAMI had overseen studies on weightlessness and motion sickness 
for NASA as well as other experiments that measured the effects of acceleration on the 
inner ear, circulatory system, and muscle control.  Based on this extensive experience 
in aerospace medical research, NAMI agreed to develop the experimental design for 
the Wayne State project and to provide supporting technical and research personnel.12

Although NAMI and USAARU were the pri-
mary supporting agencies, the Wayne State program 
received a great deal of operational support from 
officials outside the chain of command.  Ewing was 
never comfortable within the constraints of the 
military bureaucracy.  Instead, he routinely called 
upon highly placed contacts in the Army and Navy 
who could apply leverage when and where needed.  
This strategy worked well during the Wayne State 
project because its duration was short.

One such contact, Captain Joseph P. Pollard, 
MC, USN, would prove to be Ewing’s most influ-
ential ally for the next fifteen years.  Pollard had 
earned a bachelor’s degree from the College of Wil-
liam and Mary and attended medical school at the 
University of Virginia, graduating in 1939.  During 
World War II, Pollard served as an aircraft carrier 
flight surgeon, performing heroically at the Battle 
of Midway by remaining aboard the stricken air-
craft carrier USS Yorktown until all of the wounded 
were offloaded from the sinking ship.  After the war Pollard began a long career as a 
military research and development officer.  In the 1950s he served as a research physi-
cian on Project Strato-Lab, a high-altitude balloon flight program that took American 
servicemen to the upper reaches of the stratsphere.  Between May 1960 and Novem-
ber 1964, Pollard worked as the Assistant to the Chief of Naval Research in Medical 

Captain Joseph P. Pollard 
(1913-2006) was one of 
Ewing’s most ardent supporters 
in the Navy.  (Navy Bureau 
of Medicine and Surgery 
Archives)
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and Allied Sciences, BUMED.  From November 1964 until his retirement from mil-
itary service in January 1968, Pollard served as the director of BUMED’s Research 
Division.13

Pollard and Ewing were both participants in a 1963 Office of Naval Research 
Symposium on Effective Life Support Helmets, and Ewing contributed a number of 
insightful comments during the conference, so it would have been hard for Pollard to 
have missed him.  It is difficult to overstate how important Pollard would be to Ew-
ing’s work.  Not only was he an expert executive, a practical administrator, and close 
to the Chief of Naval Research, but as Dan Thomas put it, “Joe Pollard [also] had tre-
mendous credibility within the Department of Defense at a very high level.”  Pollard 
used this credibility to put Ewing in touch with several other influential Navy officers 
at BUMED.  One, Captain Paul E. Tyler, had attended flight school with Thomas in 
the mid-1960s and continued to be a proponent of his work through the mid-1970s.14

Another invaluable ally, Captain Carl E. Pruett, was a close friend of Pollard and 
a staunch supporter of aviation medicine research.  Pruett had earned a medical de-
gree in 1943 and then attended the Naval School of Aviation Medicine in Pensacola.  
During the 1950s he worked as an aviation medical safety specialist, completed two 
tours as the senior medical officer aboard aircraft carriers, and helped establish the 
Pacific Missile Bioscience Office and the Life Science Department at the Naval Missile 
Center, Point Mugu, California, in 1958.  After serving as a medical officer on Project 
Mercury, Pruett became Assistant for Medical and Allied Sciences for the Deputy 
Chief of Naval Operations.15

Following his retirement from the military, Pollard accepted a position as director 
of the Biological Sciences Division at ONR in 1968 and tasked Dr. Arthur B. Callah-
an with providing general support to Ewing.  A former naval officer and World War II 
veteran, Callahan had obtained his bachelor’s degree in biochemistry from Northeast-
ern University and a Ph.D. in biophysics from Boston University.  In 1965 Dr. Calla-
han began working at ONR, where he helped develop and manage a number of large 
intergovernmental and interagency medical research projects, including Ewing’s.  His 
influence would also be invaluable for the Navy’s future impact acceleration research.16

Among Ewing’s most invaluable interservice allies were officials in the Army Sur-
geon General’s Office and USARMRDC.  Lieutenant Colonel Robert T. Cutting well 
understood that the Wayne State program depended on “Army funding and Navy 
talent,” and from his position within USARMRDC he made sure that was forthcom-
ing, starting with the $70,000 to cover the cost of using the WHAM II accelerator at 
Wayne State.  An equally invaluable ally was deputy surgeon general Major General 
Neel.  He provided extra administrative backing for USAARU’s commanding officer, 
Lieutenant Colonel Robert W. Bailey.17

Not all of Ewing’s most valuable contacts were long-standing senior officers.  He 
was fortunate to develop a number of supporters among younger military researchers.  
These included Captain George W. “Woody” Beeler of the U.S. Army Medical Service 
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Corps, who served as the chief of the Physiological Optics Branch at USAARU, and 
aerospace engineer and pilot Captain David G. Schrunk, MC, who had just been 
assigned to USAARU.  All came to play important roles in the Wayne State program.  
Chief among the younger officers to join Ewing’s team, however, was Dan Thomas, a 
twenty-six-year-old flight surgeon assigned by NAMI to work for USAARU at Fort 
Rucker.18

Dan Thomas had attended the Massachusetts Institute of Technology (MIT), 
where he was one of only four undergraduate students permitted to do a senior thesis 
in biophysics, earning his degree in 1959.  He then graduated from Jefferson Medical 
College in Philadelphia in June 1963.  After completing his internship, Thomas en-
tered the Navy under the “Berry Plan” and became a flight surgeon.  He arrived at the 
Naval School of Aviation Medicine, Pensacola, Florida, on July 1, 1964.19

After graduating in January 1965, Thomas served as a physician to Marine avi-
ators and their families at the Marine Air Group in New River, North Carolina.  In 
May 1965 he deployed with the 2nd Marine Division, serving as a helicopter lift crew 
member during the U.S. intervention in the Dominican Republic.  Thomas returned 
with only six months remaining in his service commitment and so escaped assignment 
to Vietnam.  Instead, the Navy offered him the position at Fort Rucker.  The oppor-
tunity to conduct research appealed to Thomas, so he agreed to a six-month service 
extension, lasting until January 1967.  He reported to Fort Rucker in July 1966 to 
serve, although still officially with NAMI, as chief of the Bioengineering Department 
at USAARU.20

A month later, Thomas stumbled upon Ewing in a hallway at NAMI.  Ewing 
introduced himself and explained that he was establishing an experimental program 
to study response of the head and neck to impact acceleration.  Thomas’s interest was 
piqued, and Lieutenant Colonel Cutting encouraged him to get involved.  Since his 
first six-month extension was set to expire in January 1967, Thomas obtained another 
extension in order to help Ewing.  Before long, however, Thomas realized that it would 
take more time and effort to get the program up and running than he had expected.  
Torn, he told Ewing, “I will stay to help you until we get the first experiments off and 
we get the thing going, but then I have to leave, because I’m not going to stay in the 
military.”21

A one-year extension through the Navy was out of the question—it would have 
landed Thomas on the deck of an aircraft carrier.  He tried obtaining yet another six-
month extension through the Navy but was rebuffed.  Instead, Thomas sent his request 
through the Army chain of command, which sent it laterally to the Navy Surgeon 
General.  Thomas was granted two additional six-month extensions at Fort Rucker, 
and Ewing retained the services of an invaluable assistant through June 1968.22

The link with Thomas also provided Ewing access to the technical expertise of 
Captain Beeler and administrative support from USAARU commanding officer Lieu-
tenant Colonel Bailey.  It was Bailey who provided Ewing an opportunity to work on 
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helmet design, referring Ewing and Thomas to Long Island firm Dayton T. Brown, 
Inc., which was developing a fiberglass and polystyrene helmet for Army helicopter 
aviators.  According to Thomas, Ewing’s test data was used to develop a helmet that 
served as the military standard for more than twenty-five years.  The work on heli-
copter helmet design, highly valued by the Army, was an invaluable part of the web 
of support that Thomas and Ewing were weaving beneath the Wayne State project.  It 
raised Ewing’s credibility with the Army, kept Thomas in non-permanent six-month 
extensions on his service, and earned Lieutenant Colonel Bailey a Legion of Mer-
it award.  As he helped Ewing build momentum for his research program, Thomas 
became his mentor’s top lieutenant in designing an experimental protocol and grew 
deeply involved in almost all aspects of the program.23

hrVs:  human research Volunteers

The cornerstone of the Wayne State program was the use of human research volun-
teers (HRVs).  In April 1967, with encouragement from Lieutenant Colonel Cutting, 
the Army Office of Research and Development approved the recruitment of volun-
teers.  To attract them, the Surgeon General’s Office gave Lieutenant Colonel Bailey 
authority to make $150 per month hazardous duty pay available.  Armed with this 
incentive, Thomas began seeking recruits among the enlisted men of the 28th Artillery 
Group, U.S. Army Air Defense Command, based in Detroit.24

The selection protocol that Thomas implemented for Wayne State remained the 
basis for the system later utilized by NAMRL-D and then NBDL.  The first phase 
consisted of a series of screenings carried out at Fort Rucker’s Lyster Army Hospital.  
Thomas and another flight surgeon carefully reviewed each prospective volunteer’s 
medical history, personnel record, and interview responses.  Those who passed the 
first stage of the examination were measured anthropometrically using the U.S. Naval 
Anthropometric Survey of 1964 as a guide.  The highly regarded Anthropometry 
Department at the Aerospace Medical Laboratory, Wright-Patterson Air Force Base, 
under Charles E. Clauser, took seventy to eighty measurements from each volunteer.  
Volunteers with sitting heights corresponding to the 5th, 50th, and 95th percentiles of 
the 1964 survey (in short, servicemen of small, medium, and tall build) proceeded 
to the final battery of tests.  These included examination by specialists in “aerospace 
medicine, dentistry, orthodontics, orthopedics, radiology, otorhinolaryngology, oph-
thalmology, neurology, psychiatry, and vestibular physiology.”  Only volunteers who 
passed through the entire process became human research subjects for the Army-Navy 
joint project.25

The meticulous selection protocol eliminated many healthy enlisted men from 
consideration.  Thirty enlisted men originally applied for the program; only five were 
ultimately selected as human research subjects.  During the entire course of the Wayne 
State program, only seventeen volunteers were ever qualified by the medical staff.  
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And once they were accepted, the testing had only begun.  Before each experiment, 
volunteers underwent a physical examination, complete with a urinalysis.  Post-run 
examinations served to detect changes in vestibular function, cardiac status, and neu-
rological activity.  Twenty-four-hour post-run follow-up surveys were required to clear 
each subject for participation in further tests.  Two USAARU flight surgeons, Cap-
tain Barry Landfield and Captain David Schrunk, conducted the pre- and post-run 
medical examinations.  Thomas and his fellow medical researchers on the project were 
particularly concerned about the use of illicit drugs by volunteers that could produce 
inaccurate results and therefore conducted thorough drug screenings as a part of each 
physical examination.26

man-ratIng the wham II

While the Wayne State crew screened volunteers, another contingent of researchers 
worked to ensure that the accelerator was safe for them to ride.  This task, begun in 
January 1968, was known as “man-rating.”  The man-rating team was led by Lieu-
tenant Commander David Gillis, MC, USN.  A graduate of the University of North 
Carolina Medical School, Gillis had finished flight surgeon school at Pensacola in 
December 1965.  The next year he spent in Vietnam, carrying out medical evacua-
tions and troop insertions with a Marine helicopter squadron.  During one particu-
larly memorable mission, Gillis’s helicopter suffered a catastrophic engine failure and 
crashed into a Vietnamese graveyard.  He survived that harrowing experience and, 
as a result, became interested in aviation crash medicine.  Stateside, Gillis served as a 
flight surgeon at Lemoore Naval Air Station, California.  After six months at Lemoore, 
Gillis received an offer to replace Thomas as the chief of the Biomechanics Branch, 
Aviation Medicine Division, at 
Fort Rucker.  The position would 
be opening up, NAMI officials ex-
plained, because Thomas planned on 
leaving the Navy to attend Harvard.  
“There are fifty-two flight surgeons 
on active duty,” they said, “and there 
are two of those who have either a 
physics degree or an engineering 
degree, and you’re one of the two, 
so would you like to transfer down 
here and do that?”  Gillis accepted 
in November 1967.27

In his new position, Gillis 
worked on several joint Army-Navy 
aviation projects related to helicop-

Dr. David Gillis survived this 1966 helicopter 
crash in Vietnam and began thinking about ways 
to prevent aircrew injuries during such impact 
acceleration events.  (Photograph courtesy of Dr. 
David Gillis)



Impact Acceleration and the Human Response

Chapter Two | Emplacing the First Pillar, 1966-1971

42

ter crashes and fires and routinely traveled to Pensacola, where Ewing was stationed, 
for consultations.  Ewing had good reason to compare data with the helicopter crash 
expert—official statistics confirming the heavy cost of fixed-wing and rotary aircraft 
crashes justified support for the Wayne State project as well as many other military 
research programs.  When Ewing cited those numbers to Gillis and then shared with 
him a list of Navy personnel supposedly killed in non-combat-related helicopter 
crashes obtained from the Naval Aviation Safety Center, Gillis questioned both, since 
the list included the names of servicemen he knew were still alive.  His ensuing inves-
tigation revealed that the Safety Center had made the mistake of assuming that a fatal 
helicopter crash meant that everyone aboard had been killed, inflating a single death 
to multiple ones from the entire crew.  Ewing was chagrined but glad to learn about 
the faulty statistics before being challenged again—and he never was.28

Gillis was as invested 
as anyone could be in the 
man-rating of the WHAM II.  
Having been prequalified by 
BUMED as a human experi-
mental subject, Gillis became 
the first volunteer to ride the 
horizontal accelerator on the 
joint Army-Navy Wayne State 
project.  Among the things he 
tested were the safety features 
necessary for man-rating the 
facility.  Electrical interlocks 
placed in several locations on 
the accelerator system served 
to prevent unintentional fir-
ing.  Four abort switches were 
installed throughout the lab 

that any operator could punch in the event of an emergency.  Two different operators 
also held spring-locked switches, both of which had to be compressed before the sys-
tem would fire.  The human subject also held a palm-compressed abort switch.  He 
could stop a run at any time prior to the onset of acceleration by relaxing his grasp 
on the switch.  All of these switches activated lights on the master control panel.  Red 
lights indicated unsafe conditions, while green lights signified that the system was 
cleared for operation.  All lights on the control panel had to be green before the accel-
erator would fire.29

Standard safety policies also included the use of written countdowns, a warning 
horn, pressure checking at the firing console and accumulator by separate persons, 
and third-party inspection of reported pressures against scheduled pressure levels.  In 

Captain Channing Ewing explains the positioning of 
the head and neck anatomical mounts to volunteers 
during the Wayne State project in 1968.  (Photograph 
courtesy of Dr. David Gillis)
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the event that an issue developed after the system had fired and induced acceleration, 
braking would be provided by the dual hydraulic brake cylinders, which engaged 
brake shoes on both sides of the sled.  Polystyrene foam logs located at the end of the 
tracks served as an extra safety measure in case the hydraulic brakes failed.  The struc-
ture of the sled system and all components were proof tested dynamically, and a two-
to-one safety factor was confirmed before any human runs, meaning that WHAM II 
could sustain double the maximum intended impact load before any potential failure 
might be expected.  With all these safety features in place and repeatedly tested, the 
man-rating process was completed in March.30

runs begIn

On April 4, 1968, Dan Thomas served as the human volunteer subject in the first 
ever experimental run at Wayne State University to measure the biodynamic response 
of the human head and neck to impact acceleration.  Strapped into the WHAM 
II aluminum sled, Thomas experienced a peak acceleration of 2.8 G and came out 
unscathed.  Follow-on human volunteer experiments continued at a steady but delib-
erate pace over the course of the next year.  By April 27, 1969, seventeen human vol-
unteers had completed a total of 236 runs.  Thirty-seven of these were test runs:  the 
volunteer either used a helmet or the measurements were incomplete.  But 199 of the 
runs conducted during the year had produced fully useable data.  In these runs, the 
human research vol-
unteers were strapped 
into the sled-mounted 
seat backward, facing 
the acceleration mecha-
nism.  In this position, 
known as –Gx, the onset 
of acceleration simulat-
ed the effects of frontal 
impact on the unre-
strained human head 
and neck.  In each case, 
an initial acceleration 
impulse was applied 
to the sled to trigger 
corresponding dynam-
ic response.  The ini-
tial acceleration pulse 
(called the “rate of onset”) was an important variable in the Wayne State experiments.  
To track the effects of changes in acceleration pulse levels on dynamic response data, 

Dr. Chan Ewing (located in the back left against the wall) and 
his team prepare a human volunteer for a –Gx run at Wayne 
State University.  In the foreground Army film crew members 
from Walter Reed document the event.  (USAARL)
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the investigators conducted controlled runs at 250 G/sec and 500 G/sec rates of onset.  
Peak sled accelerations were observed in 1 G increments from 3 G up through 10 G.31

the InertIal system

Another innovation in the joint Army-Navy project at Wayne State was the effective 
use of an inertial tracking system to precisely record linear and angular accelerations 
of the head and neck.  Referred to as “transducers,” the tracker packages consisted of 
several accelerometers and rate gyroscopes attached to a mount module.  The idea was 
not new—John Paul Stapp had experimented with helmet-mounted accelerometers 
in 1951 but had been unable to obtain precise readings due to movement of the hel-
met.  ACEL had more success a decade later, but successfully attaching transducers 
firmly yet harmlessly to the human anatomy remained a challenge.  Some researchers 
opted to affix transducers to the sled, thus obtaining general data on the linear veloc-
ity of the sled but at the expense of quality information on the dynamic response of 
the occupant.  Other investigators relied solely on high-speed photography to track 
biodynamic response to acceleration.  Although a great deal of time and expense went 
into the processing of the film, this was an effective substitute—with one exception:  
film could not yield accurate three-dimensional information about angular movement 
of the head.32

A human research volunteer exposed to acceleration impact on the Army-Navy project at 
Wayne State University.  Peak sled acceleration for this run was 6 G with a 250 G/sec 
rate of onset.  Transducer packages are visible at T1, the bregma, and mouth.  (Source: 
Channing L. Ewing, “Discussion,” in E. S. Gurdjian, et. al., eds., Impact Injury and 
Crash Prtoection (Springfield, Ill.: Charles C. Thomas, 1970), 350.)
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The essential problem was that the module mounts had to be rigidly attached to 
the human anatomy and the motion of the transducers had to be held to an absolute 
minimum, yet the mounts also had to be completely safe for the volunteers.  It was 
also necessary to be able to put the mounts on or take them off at short notice.  Lastly, 
the weight of the mounted transducers had to be kept to a minimum, yet they had to 
be sturdy enough to withstand high levels of acceleration.

Ewing and Thomas devised a mounting system that consisted of three modules:  
one attached the mount to the subject, another held the transducer in a standard con-
figuration, and another paired the first two together.  To obtain the best data, Ewing 
and Thomas determined that three modules should be used at all times—one at the 
top of the head, one at the mouth, and one at the upper part of the back.33

To yield precise data, the transducers had to fit each individual perfectly.  The 
mounts at the top of the head were placed at the bregma, the site where the sutures of 
the skull come together.  The human subjects, therefore, had to be shaven and pressure 
molds had to be taken of the bregma area, which were used to shape the head transduc-
er mount.  Navy Dental Corps officers Captain Ralph H. Stowell and Captain Charles 
C. Pruitt meticulously crafted a module for the mouth mount by taking castings of 
the teeth, palate, and upper jaw of each subject.  These castings were attached to a bite 
plate that held the transducer.  To provide extra stability for the instrumentation at 
the mouth and head, Pensacola technician James L. Massey designed a harness that 
compressed the skull between the mouth and head mounts.  To fit the third mount, 
located at the first thoracic (T1) vertebra, technicians first made a pressure mold of the 
area from the subject’s fifth cervical vertebra to the third thoracic vertebra.  This was 
cut down to fit over T1, which was held in place by another Massey-devised harness.  
This mount turned out to be particularly stable during runs because the acceleration 
pulse drove the T1 mount into its spinal anchor point.  Before each run, the transduc-
ers were carefully fitted onto the mounts so that all would be “midsagittal,” that is, at 
the center of the body and on the same plane as the expected acceleration.34

The accelerometers used in the transducer packages were light—0.5 ounce—with 
a maximum nonlinearity error of 0.1 percent full scale.  The gyroscopes included in 
the packages weighed 3 ounces and were rated ± 5,000 degrees per second with a 
maximum error of 0.5 percent full scale.  Beeler and Thomas created a complex data 
acquisition system to collect transducer data from each run.  Output signals from the 
transducers were scaled and amplified by running them through integrated circuit am-
plifiers that were calibrated monthly with switchable resistor networks to ensure that 
the degree of error did not exceed 0.1 percent.  The amplified signals were captured 
on a tape recorder with a 53dB signal-to-noise ratio.  This was the weakest link in the 
data system.  Although the Ampex FR 1800L recorder selected was state-of-the-art 
at the time and used a phase-locked tape speed servo to provide relative short-term 
consistency, it still required frequent recalibration.  The recalibration problem was ex-
acerbated by the fact that other experimenters at NAMI had access to the recorder, so 
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the settings were often changed.  Therefore, Beeler and Thomas loaded a standardized 
calibration sequence prior to each experimental run.  The recorded data from each run 
was played back through another Ampex FR 1800L recorder and sampled at 2,000 
samples/second with a 10-bit accuracy level.  The sampling rate was ten times the esti-
mated maximum frequency of the dynamic response.  In all, data from nine channels 
(eight mount derivative channels and one chair accelerometer channel) was digitized 
in two 100-kHz signal synchronized passes over the recording tape and transferred to 
a UNIVAC 418 computer for processing.35

Data from the inertial track-
ing system was validated by use 
of an interlocking photographic 
system.  The staff affixed pho-
tographic targets to each of the 
transducer packages.  Focused on 
them were two high-precision, 
pin-registered, 16-mm cameras 
mounted to the sled at shoulder 
level to the right and rear of the 
seated subject.  The cameras were 
positioned to document rotations 
of the head and neck around the 
x and z (front to back) axes of 
the torso, as well as the motion 
of the T1 mount in relation to the 

spine.  Each camera was rated at 500 frames per second and timed the shutter opening 
of each film frame to within ±0.1 milliseconds.  By reviewing photography, investigators 
were able to confirm the biodynamic response of the human body at different stages of 
the impact event and ensure that movements of the transducers were miniscule.  The 
film reels from each run represented the best physical record of the experiments, so the 
team used Ektachrome film with a 500-year shelf life to protect against degradation.36

Since photography was a critical part of the experiment, the lighting around the 
accelerator was important.  Ewing’s team had originally intended to duplicate the 
configuration used at the Federal Aviation Agency’s (FAA) accelerator facility in Okla-
homa City, but when it became clear that the expense for that component alone 
would run to about $100,000, the team decided to innovate.  Gillis suggested simply 
mounting small photography lamps on the sled.  The bulb filaments broke during 
initial tests, but once the bulbs were turned perpendicular rather than parallel to the 
acceleration force, the problem was solved at a cost of about $50.37

The photographic system was time-locked to the transducer data so that it could 
be used to determine velocities and accelerations by tracking changes in the coordinate 
system over time during the runs.  The staff of the Mathematical Services Laboratory 

Schematic of the data train system used on the 
Wayne State project.  (Source: C. L. Ewing, et. al., 
“Dynamic Response of the Head and Neck of the 
Living Human to –Gx Impact Acceleration,” Army-
Navy Joint Rept: NAMI-1064, USAARL Serial no. 
69-6, 11.)
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at Eglin Air Force Base gathered the data for position comparison by recording the 
positions of target points on punched cards.  Afterwards, the cards were processed 
against the differential measures obtained from the transducer system.  Photo-data was 
interpolated further to correspond in time to the transducer data.  The final step was 
to develop a plot comparison.  “Since the photographic and transducer data was time-
locked,” recalled Gillis, “the results could be reviewed and compared for validation.”38

results, publIcatIons, and awards:  eVIdence oF success

Every fully documented run conducted at Wayne State produced reported values of 
seventy separate variables at one-half-millisecond intervals.  These early results were, as 
Ewing put it, “precise to a previously unknown degree,” and he was exhilarated when 
describing the program at a research symposium on impact injury and crash protec-
tion at Wayne State.  The Army and Navy were also more than satisfied with the initial 
results.  Rear Admiral Frank B. Voris, who had ultimate authority over the project, 
stated that the “effort is extremely beneficial to both services and has opened up capa-
bilities in both that would have been impossible to achieve on an individual basis.”39

The reputation of the project continued to grow in ensuing months as the Wayne 
State program developed into the largest of several joint Army-Navy medical research 
initiatives.  By October 1968, Ewing’s team had fully reviewed the data from the 
runs completed during that spring and summer.  They were sufficiently confident to 
present a paper at the twelfth annual Stapp Car Crash Conference, conveniently held 
at Wayne State.  The intent of the paper, authored by Ewing, Thomas, Gillis, Beeler, 
and Patrick, was to present a detailed treatment of the experimental design and data 
acquisition systems.  The paper demonstrated conclusively that the experiments were 
producing data of superior quality.  At the next year’s Stapp Car Crash Conference, 
held in Boston, the group presented a second installment that provided the attending 
group of scholars with findings rendered from analysis of processed data from eighteen 
runs utilizing human volunteers.40

Already Ewing’s effort was producing insights of great import—chiefly, that cur-
rent estimates of the human threshold for acceleration-induced concussion were set 
too low.  Drawing upon his research with rhesus macaques, Ayub Ommaya posited 
that “in man, 30 rad/sec angular velocity and 1,800 rad/sec2 angular acceleration are 
needed to produce concussion.” Nevertheless, a 10 G, 250 G/sec run on a 96th per-
centile human research volunteer in Ewing’s program had already returned a peak 
mouth angular velocity of 31.14 rad/sec.  Clinical evaluation revealed that the run had 
not induced concussion.  Ewing’s work was important not only because it called into 
question existing assumptions about human acceleration injury thresholds, but also 
because it suggested that there had been problems with the mathematical models that 
other investigators had used to extrapolate data from primates to humans.41
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obstacles and aspIratIons

The early results brought the Wayne 
State program invaluable recognition, 
earning Dan Thomas an Army Com-
mendation Medal in the spring of 1969 
even as he took time out to earn a master 
of public health degree at Harvard.  But 
that summer, just as the project seemed 
to be hitting full stride, it ran off the 
rails.  Thomas returned to the project 
as a civilian scientist in June.  Within 
a few weeks, a flight surgeon who had 
been scheduled to report to duty as the 
district medical officer for the 17th Na-
val District in Kodiak, Alaska, died in 
a helicopter crash.  Admiral Voris asked 
Ashton Graybiel if NAMI could spare 

Ewing to replace him.  Graybiel, perhaps sensing an opportunity to exile a potential ri-
val, agreed to send Ewing to Kodiak for a year and to take over the Wayne State project 
himself, appointing Thomas as his principal investigator.  Graybiel’s move blindsided 
both Thomas and Ewing.  Ewing was still in uniform and under orders, so he had no 
choice but to comply.  Thomas, however, quit in disgust and went back to Boston.42

With the high-profile and high-priority program in turmoil, ONR’s director of 
Biological Sciences Joe Pollard intervened, along with Professor Ross A. McFarland 
of the Harvard School of Public Health, Lieutenant Colonel Cutting of USARM-
RDC, Commander Tyler of the Naval Medical Research and Development Com-
mand (NMRDC), and BUMED’s Research Division chief Rear Admiral Ralph E. 
Faucett.  After extensive talks held over several days, the arbiters were able to reach a 
settlement.  Ewing had to fulfill his one-year assignment in Kodiak but otherwise got 
everything else he wanted.  He retained control of the Wayne State project, obtained 
full authority over the project’s funding, and stripped NAMI of any overhead respon-
sibility.  Thomas returned from Boston, and he and Ewing were given permission to 
travel freely to meetings with outside investigators.  All Thomas had to do was break 
the news to Graybiel.  Not surprisingly, the two never worked together again, and the 
fissure between Ewing and NAMI never fully healed.43

With Ewing stationed in Kodiak, Thomas flew up from Pensacola for repeated 
visits during late 1969 and 1970.  Perhaps the Alaskan wilderness and the transconti-
nental plane trips provided more time for reflection than either man was used to.  In 
any case, it was during this tenuous period that Ewing and Thomas began to make 
plans to establish a more ambitious, more permanent program.  Ewing had never 

Standing with his wife, Dr. Daniel J. 
Thomas receives the Army Commendation 
Award from Brigadier General Felix Gerace 
in 1969.  (Photograph courtesy of Dr. 
Daniel J. Thomas)
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considered the Wayne State initiative to be more than a steppingstone.  It had allowed 
him to build momentum and to put that first pillar into place—to collect the first 
large and detailed set of quantitative data on human dynamic response—but much 
more needed to be done.  The team had to conduct comparatively documented runs 
with human surrogates (primates).  Then it had to develop a correlative mathemat-
ical model that could allow the data from the non-human primate (NHP) runs to 
be extrapolated to humans.  Finally, the team had to conduct primate runs beyond 
standards safe for volunteers in order to determine the threshold of human injury.  
This was too much for the rented space in Detroit.  Now more fully in control, Ewing 
began to plan the next steps.44

At Wayne State, Ewing and 
Thomas had proven that it was 
possible to get results far superi-
or to anything obtained before.  
But they knew that they could do 
even better.  One of the limiting 
factors was that at about 100 feet 
in length, the WHAM II track 
was not long enough.  The sled 
reached peak velocity after travel-
ing 10 feet.  With only about 90 
feet left on the track, braking had 
to begin immediately, and since in 
acceleration tests the experiment 
was over as soon as the brakes were applied, this made every run on the WHAM 
II unduly short.  Ewing and Thomas recognized that if they could build or ac-
quire an accelerator with a much longer horizontal track, they could fur-
ther improve the quality of the data.  They concluded that a larger and more 
sophisticated biodynamics laboratory was the solution to their problem.45

Ewing soon became fixated on building the new facility and turned to Joe Pollard 
at ONR for help.  Fresh from resolving the conflict with Graybiel, Pollard once again 
backed Ewing and agreed to prepare a cost-benefit analysis showing how critical his 
research was to military aerospace medicine.  Crunching the numbers, Pollard showed 
that the average cost of readying a Navy aviator for combat was $1.5 million (mostly 
in fuel for training missions).  Therefore, he argued that if Ewing’s quantitative data 
on human biodynamic response made possible the creation of new restraint systems 
that saved even one aviator, then that was a $1.5 million savings for the Navy.  Navy 
bean counters could hardly fail to appreciate that value, in his estimation.  Meanwhile, 
Ewing was boosting his reputation even further in military medical circles, co-author-
ing the 1968 edition of the U.S. Naval Flight Surgeon’s Manual and designing in 1969 
a head-neck safety restraint that reduced the incidence of vertebral fracture during 

Drs. Arthur Callahan, Channing Ewing, and 
Daniel Thomas (left to right), in Kodiak, Alaska, in 
late 1969.  (Photograph courtesy of Dr. Daniel J. 
Thomas)
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ejection from jet aircraft.46

With cost-benefit figures in hand and Ewing’s prominence lending instant credi-
bility to the follow-up biodynamics program, Pollard obtained the necessary funding 
for a new laboratory—his first choice was to build it in Pensacola at Corry Field 
hangar.  Graybiel, still raw from his recent bureaucratic defeat, was not interested in 
having a post-Wayne State project beyond his control housed on his turf, so he nipped 
any such discussion in the bud.  With Pensacola eliminated, Ewing looked elsewhere 
in the southeast.  The deputy surgeon general of the U.S. Army, Major General Neel, 
suggested the Georgia Institute of Technology (Georgia Tech) in Atlanta, so in early 
December 1969 Ewing visited the campus to discuss the possibility of establishing 
an impact acceleration program there.  He met with Dr. Walter L. Bloom, who was 
indeed interested in Ewing’s proposal but was unsure if the university was capable of 
hosting a new biodynamics laboratory.47

With Pollard’s help, Ewing got a contract in place for Georgia Tech to do a fea-
sibility study.  One faculty member, Jesse D. Walton, Jr., inspected the accelerator 
at Philadelphia’s Naval Aeronautical Engineering Laboratory for reference.  Anoth-
er, Professor Wilfred H. Horton, went to California to determine whether the engi-
neering firm Monterey Research, Inc. would be able to build an accelerator that met 
Ewing’s requirements.  As negotiations continued during the early spring of 1970, 
representatives from nearby Emory University’s Medical School and Yerkes Primate 
Center expressed interest in partnering with Georgia Tech.48

The plans soon ran aground.  Georgia Tech and Emory were comfortable testing 
primates but not interested in research using cadavers or human volunteers.  It also 
turned out that Monterey Research would not be able to build an accelerator that 
fully met Ewing’s specifications.  It was, perhaps, for the best.  Ewing and Thomas had 
never been fully comfortable working within the university system at Wayne State, 
where unauthorized use of the accelerator had come close to endangering the project 
and classified information appeared to have leaked through the school’s administrative 
channels.  But there was an even better reason to cut the academic connection.  In 
1969 and 1970, turbulence on American college campuses caused by opposition to 
the war in Vietnam was reaching a boiling point.  The result, as scholar Harvey M. 
Sapolsky has put it, was that “the military became increasingly reluctant to support 
university-based research.”49

In 1969 Cornell University divested itself of the Cornell Aeronautical Laboratory.  
MIT followed suit in 1970 by breaking away from its largest research program, the 
Institute of the Charles Stark Draper Laboratory.  Similar actions occurred at Stan-
ford, Columbia, and the University of Michigan.  As the trend grew, ONR finally 
followed suit, terminating the preliminary contract with Georgia Tech in September 
1970.  Ewing kept up the search, and less than a month later a better alternative ap-
peared—there was unoccupied space available at NASA’s Michoud Assembly Facility 
near New Orleans.50
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the mIchoud assembly FacIlIty

The Michoud site had seen its share of boom and bust.  Located on the Intracoastal 
Canal roughly ten miles east of New Orleans, it began life as the Michoud aircraft 
plant.  Built by the federal government’s Defense Plant Corporation at a cost of over 
$31 million and dedicated on October 24, 1943, it was the second largest U.S. as-
sembly facility completed during the war.  The plan was for Higgins Industries, the 
company that developed the landing craft used during the war, to also produce Liberty 
Ships and C-46 cargo planes.  As it turned out, no ships and only two planes were ever 
completed at Michoud.51

The site languished as government surplus property until the Korean War, when 
it was leased to Chrysler for the production of V-12 diesel tank engines.  Beginning 
on November 28, 1951, about 2,200 Chrysler employees were producing engines at 
Michoud under a $30 million contract.  In March 1954 Chrysler made its last deliv-
ery and returned the plant to the Army, which put it on standby status.  The Michoud 
facility was subsequently passed from the Defense Department to the General Services 
Administration and then finally to the Department of Health, Education and Welfare.  
By 1960 the New Orleans Sewage and Water Board was planning to convert Michoud 
into a waste disposal plant.52

NASA ultimately saved 
Michoud from ignominy.  
Dr. Werner von Braun, 
one of the chief architects 
of America’s moon land-
ing program, took a look 
at the facility in mid-1961, 
and by early September it 
was slated to pressurize fuel 
cells for Saturn V rocket 
boosters with 100  percent 
nitrogen.  Michoud began 
a new life as a major aero-
space complex, and in time, 
Chrysler, Boeing, and Mar-
tin Marietta all occupied space at the facility.  But as of early October 1970, when Ew-
ing first took a look, there was room for an additional tenant—specifically, there was 
space in Building 420 available for lease.  NASA had initially built a complex of four 
test cells there for pressuring fuel cells and assembling Saturn V booster rockets.  The 
walls of the cells were blast-proof to protect the rest of the building from accidental 
explosions, and the cells were joined together at the center by a blast-resistant central 
office and control building.  And there were no windows anywhere within the facility.  

An aerial view of the Michoud Assembly Facility complex, 
near New Orleans.  Building 420 is visible in the upper 
left-center of the photo.  (U.S. Navy)
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There had been some chance at the outset that NASA may have needed to develop 
four engines at a time, but as it turned out two were sufficient—the third and fourth 
test cells remained unused.53

Ewing came away from his visit impressed with the advantages that the location 
offered.  NASA had a sizeable computer center at nearby Slidell, Louisiana, meaning 
that his researchers could get ready access to one of the most powerful computers in 
the world at a rate of only $75 per hour.  The site was also in close proximity to Tulane 
University and its Delta Regional Primate Center, which would be vital for animal 
testing.  And it was already equipped internally with a pressurized nitrogen supply sys-
tem, something that would be equally important for operating the new laboratory.  As 
Navy BUMED research chief Captain Lloyd F. Miller observed, “The only substantial 
cost item, which would be acquired at greater cost in Pensacola, is for construction of 
the accelerator track and housing.”  Moreover, the nearby city of New Orleans offered 
many social and cultural attractions for scientific staff and military personnel seeking 
diversions from an intensive impact acceleration program.  Ewing decided that this 
was the place for his new biodynamics laboratory, and he had to have it.54

At 12:30 p.m. on October 29, 1970, Ewing called BUMED’s assistant director 
for Administration and Resources Management, Captain Clifford W. Boggs, MC, and 
bluntly informed him that he had already requested long-term use of Michoud from 
NASA and that he intended to fly from New Orleans to Washington, D.C., the next 
day to “personally hand-walk the letter through BUMED, NAVFAC [Naval Facilities 
Engineering Command], and OPNAV [Office of the Chief of Naval Operations]” for 
official confirmation and endorsement.  Ewing then told Boggs that he had already 
obtained tentative “telephonic approval” from Rear Admiral Oscar Gray, Jr., MC, 
commanding officer, Naval Aerospace and Regional Medical Center, Pensacola; Com-
mandant, Eighth Naval District (COMEIGHT); Commandant, Sixth Naval District 
(COMSIX) and NAVFAC, Southern Region, and that he now desired to obtain writ-
ten approval that very day from “the highest authority” in BUMED and OPNAV for 
the move.  Whether he was awestruck or unnerved by Ewing’s boldness, Boggs im-
mediately processed the request and forwarded it to Ewing’s ally at NMRDC, Com-
mander Tyler, for action.  Other plain-spoken calls within the military bureaucracy 
went similarly well, but it still took some time for the additional paperwork to be 
generated, distributed, and signed.55

Ewing’s initiative and persistence were rewarded on January 15, 1971, when 
NASA officially offered a permit to “use a portion of stage test facility building (no. 
420) and land for test and support facilities” at the Michoud Assembly Facility to the 
Navy for a period of four years with an option for renewal.  The permit provided Ew-
ing with about 10,000 square feet for administrative offices.  It included the roughly 
32,000 square feet of space included in the third and fourth test cells in Building 420.  
To accommodate the construction of a 700-foot-long horizontal accelerator track, the 
permit also included a 90’ x 1,000’ strip of land extending out of the eastern wall of 
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the fourth test cell.  NASA gave the Navy the right, after prior review and approval, to 
make “significant changes, additions, and modifications” to accommodate the accel-
erator and other testing equipment.  NASA also agreed to provide basic maintenance 
and repair services.56

Important FrIends and bIg plans

Ewing’s immediate goal was realized on January 29, 1971, when the Navy officially 
accepted the permit from NASA.  That same day, Navy BUMED formally established 
the Naval Aerospace Medical Research Laboratory-Detachment (NAMRL-D) to con-
duct experiments required for what was dubbed the bureau’s “Human Impact Injury 
Prevention Program.”  Captain Ewing became the first officer-in-charge of NAM-
RL-D, and the Navy authorized a five-year, $7.5 million operating budget, set at 
about $500,000 for fiscal year 1972 and expected to rise to $1 million in fiscal year 
1973.57

Administratively, much had changed since the beginning at Wayne State.  In 1969 
the Army had expanded the research objectives of USAARU and renamed it the U.S. 
Army Aeromedical Research Laboratory (USAARL).  In 1970 the Navy had created 
the Naval Aerospace Medical Research Laboratory (NAMRL) to fund research in aero-
space medicine and to take over the research and development functions of NAMI.  A 
component of the Naval Aerospace Medical Center complex in Pensacola, NAMRL 
was under the direct authority of NAMI.  The commanding officer of NAMRL was 
Captain Newton W. Allebach, MC, USN.  The detachment at Michoud was there-
fore designated as a subordinate command under NAMRL, with Ewing reporting to 
Allebach.  And though NAMRL-D would remain a joint Army-Navy endeavor, the 
branches would essentially switch roles moving forward.  By the early 1970s, the Army 
had spent about $1 million on the Wayne State project and assumed full responsibility 
for obtaining human volunteer subjects.  In late 1972, however, the Army, citing re-
cent “substantial alterations…in the overall Army personnel structure,” indicated that 
it would no longer be able to provide the volunteers.  The Navy therefore took on that 
responsibility and became the primary supporting agency for NAMRL-D.58

Ewing knew that it would not be enough for the Navy and Army to remain firm-
ly behind his project to ensure sustainability—he would also require support from 
Congress.  Fortunately, Michoud was in the constituency of F. Edward Hébert, an 
inveterate cold warrior always willing to back defense appropriations—particularly if 
they created jobs in Louisiana’s First District.  Hébert was among the last generation 
of Democratic congressional leaders who rose to unparalleled heights of influence due 
to the “Solid South” and House seniority system—and from 1971 to 1974 he chaired 
the all-powerful House Armed Services Committee.  So not surprisingly, Hébert was 
pleased to have the Eighth Naval District headquartered in New Orleans—in 1971 
it employed 2,161 people.  As Rear Admiral Robert A. McPherson, commandant 
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of the Eighth Naval District, calculated it, the Eighth Naval District brought some 
$146,523,000 into the area every year during the early 1970s.  This was especially 
welcomed because the economic impact of the space program at Michoud levelled 
off during the late 1960s as the development of the Saturn V booster was completed.  
Representative Hébert exulted over the establishment of NAMRL-D, predicting to 
the Times-Picayune that it would become, “if not the foremost impact acceleration 
program in the United States, at least one of the two leading such laboratories.”59

Ewing knew that it was not sufficient to have only strong allies to secure the future 
for NAMRL-D.  He realized that it would also be helpful to undertake other in-de-
mand research tasks as long as they complemented rather than conflicted with his top 
priority of determining the human limits of impact acceleration.  One such task was 
evaluating crew member response to shock and vibration in high-speed vessels and 
aircraft.  Research on human response to vibration was particularly in demand by 
the Army because of its direct applicability to helicopter crews.  Medical evacuation 
crews operating in adverse weather or combat conditions often encountered severe 
vehicular vibration and motion patterns, as Dave Gillis could personally attest.  When 
they did, pilots instinctively reduced speed, making their craft a better target.  In a 
proposal submitted to the Army during the summer of 1971, Ewing postulated that 
“if means could be developed to protect casualties against the effects of vibration, 
maximum vehicular speed capability could be more nearly approached without det-
rimental effects.”  Vibration studies also had the potential to yield new insights about 
the causes of motion sickness—an illness that particularly afflicted sailors at sea.  Ew-
ing proposed, therefore, to conduct vibration experiments using human volunteers 
and non-human primates to create data for comparison.  Then a mathematical model 
would be applied that would “permit the dynamic response for man subjected to 
non-tolerable durations and amplitudes to be extrapolated from the animal data along 
with the resulting physiological response of man.”60

The work at Wayne State had already gained attention beyond the military, and 
Ewing pledged that further results would be made readily available not only to the 
military but also to the private sector as well.  There were also federal agencies beyond 
the military that were keenly interested in Ewing’s work.  The Department of Trans-
portation (DOT), for example, believed that new data on impact acceleration would 
enable the department to set better standards for automobile design.  On June 17, 
1971, Navy BUMED’s research director Captain Lloyd F. Miller authorized Ewing to 
share data from the Wayne State project with the DOT’s National Highway Traffic 
Safety Administration.  The staff at NAMRL-D spent a significant portion of its time 
during 1971-1972 preparing this data for release.  The result was a long-standing 
relationship between NAMRL-D and the DOT that benefited both parties through 
the 1970s.61
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“the personnel sItuatIon”

In February 1971, Joe Pollard of ONR spoke at a Defense Department conference 
calling attention to staffing problems at naval research facilities.  It was hard enough to 
find qualified personnel, Pollard noted, but too often researchers—seeking higher pay 
and seeing no clear civilian career track in a military setting—cut their service short.  
“Future growth and even survival of the program depends on a favorable resolution of 
the personnel situation,” Pollard warned.  “I submit that this is an extremely critical 
situation.”  Ewing, whose new research program had been approved a month earlier, 
was keenly aware of these challenges.  By then, he had already spent months selecting 
his staff, and it seemed as if the acceleration work provided just the right career paths 
required to attract and keep a cadre of top researchers.62

One of Ewing’s first hires was a mechanical engineer named William H. “Bill” 
Muzzy  III.  After completing his education at Texas Western College, Muzzy had 
worked for the Hercules Powder Company in Salt Lake City on the Minuteman and 
Polaris missile systems.  In the spring of 1967, Muzzy signed on with another defense 
contractor, Dynalectron.  That company was then working for the 6571st Aeromedical 
Research Laboratory at Holloman Air Force Base, which was designing space suits for 
the Apollo mission and seats for the space shuttle, as well as testing restraint devices for 
the automotive industry.  As operator of the venerable Daisy Decelerator and the new-
er Bendix HyGe vertical impact accelerator, Muzzy had already conducted approxi-
mately 3,000 volunteer tests, among them the first human test of an automotive air 
bag.  He had also conducted hundreds of primate runs at Holloman.  Consequently, 
in the summer of 1970, even before securing the Michoud site, Ewing offered Muzzy 
the position of chief mechanical engineer for the upcoming project—and invited him 
for a visit to New Orleans.63

When Muzzy arrived for a brief visit and tour, there were a number of team mem-
bers already in place.  Greeting him was Dan Thomas, who was slated to serve as chief 
of the Human Research Division responsible for managing all human and biological 
research at NAMRL-D.  They would be working very closely together in what was the 
start of a lifelong friendship.  Engineer Edward Becker was also there.  With a master’s 
degree in mechanical engineering from MIT, he would serve as assistant chief to the 
Instrumentation Branch.  Scott N. Morrill, a physiologist at NAMI who had helped 
process data during the Wayne State project, would serve as chief of Physiological 
Instrumentation.  Muzzy also reunited with Bobby Joe Teal, an expert animal han-
dler who had worked at Holloman before signing on at Michoud.  By January 1971, 
Muzzy was in New Orleans permanently and was helping to get the facility up and 
running.  He also helped hire additional staff, including photographer Johnnie Bland 
and facilities and equipment technicians Willard Hunt, Roger Black, Nick Price, and 
Ferris Bolin, all of whom came from Holloman to work at NAMRL-D.64

Another early hire was Gilbert C. Willems, who headed up the Instrumentation 
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Division.  With a master’s degree in electrical engineering from Vanderbilt and exper-
tise acquired from working on missile tracking software at Redstone Arsenal, Willems 
came aboard sometime during the summer of 1970.  Richard Irons and Lieutenant 
Commander Paul Majewski, both of whom had worked on the Wayne State program, 
came from NAMI to join NAMRL-D.  Irons assisted with data processing, and Ma-
jewski served as emergency medical officer.65

If the hiring of Irons and Majewski signaled continuity with Wayne State, another 
hire indicated a clear departure.  Ewing had never even attempted to get permission 
to use non-human subjects at Wayne State.  The objective had been only to establish a 
beachhead by proving that it was possible to obtain data of a high order using human 
volunteers.  Now Ewing would be putting the next pillar of his research into place—
conducting non-human primate runs that yielded equally accurate data.  In order to 
determine the threshold of human survivability, some of those runs would be fatal; 
the team would require a pathologist to identify the fatal effects of impact acceleration 
on non-human primates.

Ewing’s recruit for that position was Dr. Friedrich J. Unterharnscheidt. A native 
of Essen, Germany, Unterharnscheidt had grown up fast as a seventeen-year-old an-
ti-aircraft gunner in the German army during World War II.  He graduated from the 
University of Munich School of Medicine in 1952.  The following year, Unterharn-
scheidt earned a doctorate in medicine at the University of Munster.  Afterwards, he 
completed residencies at the University of Bonn’s Department of Neurology and De-
partment of Neuropathology and served as a senior research fellow at the Max Planck 
Institute for Brain Research, Munich, Germany.  In 1966 Unterharnscheidt accepted 
a position as associate research professor of Pathology and Surgery at the University of 
Texas Medical Branch in Galveston.66

Unterharnscheidt had pursued a research agenda in Galveston that included de-
termining the effects of angular acceleration on the brains of squirrel monkeys.  Ewing 
likely met Unterharnscheidt at the Impact Injury and Crash Protection Symposium 
held at Wayne State in 1968.  He was impressed and gratified to find a neuropathol-
ogist with rare experience in experimental biomechanics, so he was determined to 
hire Unterharnscheidt to perform tissue histology on non-human primates sacrificed 
during impact acceleration tests.  However, since the German scientist was not yet 
a U.S. citizen, it was not until April 1973 that all of the requisite permissions were 
obtained.  Unterharnscheidt joined NAMRL-D as chief of the Department of Neu-
ropathology, and a little over a year later he became a United States citizen, with good 
friend Dan Thomas standing as his witness.67

Among the hires that attested to Ewing’s ability to master the challenge of the “per-
sonnel situation” was that of William R. Anderson.  Anderson had earned a bachelor’s 
degree in electrical engineering from Lehigh University in 1965 and worked in the 
Advanced Sensors Laboratory at Redstone Arsenal.  While earning a master’s degree 
in physics at the State University of New York, Binghamton, Anderson had worked 
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as a programmer at IBM focusing on test data generation, simulation, and advanced 
systems modeling.  At NAMRL-D, Anderson contributed to the development of the 
data acquisition systems and helped analyze the results.  By March 1972 Ewing had 
identified Anderson as “a key member of the research staff”—and, not surprisingly, 
he went on to become head of the Data Systems Department at the future NBDL.68

tulane

As Ewing brought new and old faces to work with him in New Orleans, he also 
reached out to the institutions that he knew he could rely upon for support in upcom-
ing years.  None was more important than Tulane University.  Ever since its founding 
in the nineteenth century as a medical college, Tulane cultivated a reputation as a 
center for research—Tulane scholars had even done work on head injuries for ONR 
during the 1960s.  The university’s biomechanics research program was spearhead-
ed by Dr. Jack Wickstrom, chief of the Department of Orthopedics at the School 
of Medicine, and John L. Martinez and Edward H. Harris of the Department of 
Mechanical Engineering.  Wickstrom’s Orthopedics Department conducted impact 
experiments on monkeys and Belgian hares to study injuries to the cervical spine.  
During the course of this work, they put a great deal of effort into accurately scaling 
data from animals to humans.  Related research ranged from specific work on the ef-
fects of whiplash from automobile collisions to more abstract mathematical modeling 
of the head-neck system.69

Martinez and Harris, meanwhile, had worked on Ayub Ommaya’s concussion 
research project and presented at the 1966 and 1967 Stapp Car Crash Conferences.  
Harris followed this up with research contracts under NAMI and ONR on the inertial 
properties of the human head and neck based on precise anthropometric measure-
ments from twenty male human cadavers.  Harris completed the study with help from 
Dr. Leon B. Walker, Jr., and graduate student Uwe R. Pontius.  Ewing and Thomas 
joined them in presenting their findings at the 1973 Stapp Car Crash Conference.  
By then, noted Ewing, NAMRL-D could rely on Tulane faculty for consultation in 
“physics, mathematics, bioengineering, medicine, anthropology, radiation, and asso-
ciated disciplines.”70

With its pre-existing expertise in biodynamics and its institutional presence, 
Tulane also served as a venue where researchers from NAMRL-D could engage ex-
perts nationwide.  Some spoke at weekly seminars sponsored by the Tulane School 
of Engineering.  In January 1970, for example, Henning von Gierke, head of the 
Biodynamics and Bionics Division of the Aerospace Medical Research Laboratory at 
Wright-Patterson Air Force Base, lectured on the effects of noise, vibration, and shock 
on the human body.  In October 1971 Ewing took the podium to discuss “dynamic 
response of a living human to impact acceleration.”  Two years later, Unterharnscheidt 
gave a talk on head injuries related to boxing.71
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But it was perhaps in more practical matters that Tulane, specifically its Delta 
Regional Primate Center, provided the most palpable assistance.  In 1971 the primate 
center contracted with ONR to support the NAMRL-D research effort.  Maintaining 
lab animals and supporting primate research was a highly complex endeavor, with 
tasks ranging from housing and health care to surgery and quarantine.  This would 
be a substantial undertaking, but it would be critical, because it was only in moving 
beyond human volunteer research to primate experimentation that Ewing would be 
able to put into place the second of the three pillars of his research program, as the new 
NAMRL-D quickly gained momentum in the early 1970s.72
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Chapter Three

buIldIng the machIne–
begInnIng the model, 1971-1975

The work at Wayne State had been foundational.  It had demonstrated the poten-
tial of more rigorous, better documented acceleration experimentation, brought 

the first of a growing team of specialists into Chan Ewing’s orbit, and—perhaps most 
importantly—provided a springboard for the creation of a freestanding program at 
Michoud.  Now, after years of work gaining approval, obtaining funds, and engaging 
personnel for his new operation at Michoud, Ewing found himself, in some respects, 
beginning anew.  He had an enormous empty space that had to be transformed into a 
first-rate research facility.  That done, NAMRL-D detachment had to prove its equip-
ment and protocol by running human volunteer tests of the same nature already con-
ducted at Wayne State but this time capturing measurements in three dimensions.  
These measurements, Ewing hoped, would in turn allow for the construction of a 
digital model of a human head and neck injury prediction, along with a correlated 
non-human primate model—the ambitious third pillar of his research plan.  As an 
ultimate goal, incremental non-human primate tests from sub-injurious to fatal could 
be scaled to provide insight on the limits of human survivability.  NAMRL-D re-
searchers accomplished much during the first four years at Michoud, building the hor-
izontal accelerator device and beginning to gather the information that they hoped, in 
the end, would answer all the questions.

InFrastructure

Chan Ewing knew that everything to come would revolve around one all-important 
piece of infrastructure, the horizontal accelerator.  And he had good reason to want 
to build it right:  “I want to run it so much I want to wear it out,” he told Bill Muzzy, 
whose responsibility it was to devise, construct, and maintain the facility.  Muzzy and 
his team built well, for during a quarter-century of hard use, the horizontal accelera-
tor—with meticulous maintenance—met all challenges from first to last.1

This is all the more remarkable because the Navy initially provided only $250,000 
for construction of the horizontal accelerator.  Ewing called upon his connections to 
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obtain essential equipment from  
NASA’s surplus stocks.  Muzzy cut 
costs everywhere he could.  Construc-
tion and fabrication that would typ-
ically have been contracted out, for 
example, was instead undertaken in 
a NAMRL-D machine shop, wood-
shop, or welding shop.  These shops 
were all outfitted with government 
surplus equipment and staffed by a 
highly resourceful team that included 
Ferris Bolin, Roger Black, and Wil-
lard Hunt, all of whom had worked 
previously with Muzzy at Holloman 
Air Force Base.  This was a “very tal-
ented group of technicians,” Muzzy 

recalled, able to produce “anything you wanted out of wood, fiberglass, [or] any kind 
of metal.”2

It was not an entirely home-grown initiative, of course.  Ewing, Muzzy, and rep-
resentatives from the Southern Division of the Naval Facilities and Engineering Com-
mand (NAVFAC) negotiated technical support agreements with contractors working 
at Michoud for NASA.  Defense contractors Chrysler, Martin Marietta, and Boeing 
all provided important support during construction of the laboratory.

Muzzy brought the heart of the machine with him when he first came to Michoud, 
in boxes containing a disassembled Bendix HyGe model linear horizontal acceler-
ator.  The HyGe accelerator employed a twelve-inch diameter piston rod driven by 
3,000 psi of compressed nitrogen gas.  This was fortuitous because the old test cells at 
Michoud were already outfitted with access valves that could provide a ready supply 
of pressurized, missile-grade nitrogen.  All it took was a utilities contract with NASA 
to provide motive power.  With a yield of 225,000 pounds of thrust, the HyGe could 
produce sled accelerations up to 70 G and rates of onset from 100 to 4,000 g/sec.  The 
HyGe accelerator was far superior to the decelerator devices like those used by John 
Paul Stapp.  In order to simulate impact using a decelerator, a subject must first be 
accelerated and then rapidly decelerated.  The problem with this approach is that it is 
highly unlikely that the tests would be able to replicate the exact location of sudden 
deceleration, making it exceedingly difficult to determine the linear and angular veloc-
ity, acceleration, and location of the head at the moment of impact.  Lacking precise 
measurements of these initial conditions, there was no good way to accurately assess 
the changes imparted by the deceleration pulse.  Use of an accelerator made a high de-
gree of accuracy possible, since the sled and subject were at rest prior to the moment of 
impact, making the initial sled conditions reliably zero.  However, the initial position 

The enclosure for the horizontal impact 
accelerator's 700-foot-track extends into the 
marshy area outside building 420 at Michoud.  
(USAARL)
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of the volunteer’s head was still variable, needed to be carefully determined, and was 
affected by the test protocol conducted.3

The WHAM II accelerator had shared this advantage, but the equipment being 
installed at NAMRL-D provided yet another leap in accuracy because Muzzy was 
building a longer track.  Like most accelerators at the time, the Wayne State facility 
had a track about 100 feet in length.  It was necessary, therefore, to employ brakes to 
rapidly decelerate the sled at the conclusion of each run.  The subject’s response to this 
braking pulse introduced an unnatural dynamic variable, or “artifact,” into the data.  
In essence, the test was over the moment the brakes went on.4

Ewing and Muzzy were determined, therefore, to build a longer track so that the 
subject could coast into recovery from the acceleration.  They were hoping to build a 
1,000-foot track, but the tight budget required them to scale back their aspirations.  
Nevertheless, even at 700 feet, the track was sufficiently long to allow friction forces 
ranging from 2 to 4 meters/sec2 to bring the sled to a stop.  But if the track was shorter 
than Ewing and Muzzy would have liked, it was longer than Test Cell No. 4 could 
accommodate, requiring construction of a climate-controlled extension beyond the 
existing building.  The rails themselves were Teflon-coated, set 39 inches apart, and 
bolted to 16-inch-diameter piles driven 110 feet into the ground.  The entire structure 
rested on a foundation created by 300,000 pounds of concrete.5

The sleds produced for this track were equally innovative, beginning with their 
contact with the rails.  In order to reduce friction to the greatest extent possible, they 
were mounted on sliders, or “pucks.”  The engineering team experimented with some

Left: Construction continues on the 
enclosure and foundation for the long-
track horizontal impact accelerator.  
(USAARL)

Below: Construction on the control 
room at NAMRL-D.  (USAARL)
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commercially available pucks but found that they did not hold up under repeated 
use.  Therefore, with manufacturing and testing assistance from Chrysler employees 
also working at Michoud, the NAMRL-D team produced a set of custom-built pucks 
from a mixture of Teflon and Delrin, a highly crystalline thermoplastic.  The result 
was a slider that was durable, yet produced extremely low friction during the runs.6

The sleds were also positioned low to the ground, making it easier for the engi-
neering technicians to work on them, and they were equipped with retractable rollers 
that could be engaged to roll the sled back up the track.  At first, Willard Hunt and 
Bill Muzzy manually returned the sled into starting position after each run, until 
Muzzy injured his back in doing so.  When he returned to work days later, Muzzy de-
signed an automated return system employing a variable speed 25-horsepower motor 
and 1,400 feet of 1-inch chain.  An added benefit of this automated return system 
was that it served as a safety feature:  Muzzy designed a special holder with a sensor 
for the hitch that connected the chain and the sled.  The sensor prohibited firing 
of the accelerator until the hitch had been disconnected and placed in the holder.7

Although the components were the same, there were two fundamentally different 
sled designs—one for use by human volunteers and one for non-human primates.  
It was imperative that the former never be accelerated beyond human tolerance lev-
els.  Therefore, Muzzy designed a 3.9-foot by 12.1-foot sled that weighed in at 3,680 
pounds, its mass alone ensuring that the HyGe would not be able to push it beyond 
the human threshold.  There was no similar requirement for non-human primate 
runs, so Muzzy produced a smaller sled that weighed about 1,000 pounds fully load-
ed.  This created a different challenge, however.  The light weight and minimal friction 
that would produce runs in excess of human tolerance also threatened to keep the 
sled moving beyond the terminus of the track.  Therefore, Muzzy crafted an arresting 
mechanism using a wire coil to catch and decelerate the sled in emergency situations.  
The arresting mechanism was seldom employed over the years but performed as ex-
pected when emergencies arose.8

By the end of September, construction of the horizontal accelerator was com-
plete, and on October 3, 1972, empty-sled testing began.  During two months of 
runs, the NAMRL-D team confirmed the basic operational integrity of the horizontal 
accelerator while building in new redundant safety features.  These included cutoff 
switches placed at multiple locations around the horizontal accelerator test area and 
an emergency hydraulic braking system.  Midway through this process, on November 
1-2, 1972, Captain John W. Johnson, Commander Joseph L. Graves, and Captain 
Robert E. Kinneman, Jr., of the Naval Bureau of Medicine and Surgery (BUMED) 
performed an inspection at NAMRL-D.  Ewing personally led a tour that included a 
test firing of the horizontal accelerator.  “All were very much impressed with the safety 
precautions employed and the gung ho attitude of Doctor Ewing’s staff,” Kinneman 
reported afterward.  “The accelerator performed flawlessly and has shown exact repro-
ducibility for subsequent runs.”  Johnson agreed, informing the chief of BUMED’s 



73A History of the Naval Biodynamics Laboratory

Chapter Three | Building the Machine–Beginning the Model, 1971-1975

Research Division that the research capabilities at NAMRL-D were worth “far beyond 
the actual money being expended [on them].”9

A month later, runs utilizing anthropomorphic test dummies (ATDs) began.  The 
earliest employed a variety of models produced by manufacturers including Alderson 
Research Laboratories and Sierra Engineering Company.  By the end of 1972, fif-
ty-five empty-sled and five ATD –Gx runs had been completed.10

On January 26, 1973, Ewing hosted an open house for NAMRL-D employees 
and families at Michoud.  The high point of the event came with a demonstration 
firing of the horizontal accelerator.  The most basic elements of the machine were fully 
operational, but man-rating (i.e., ensuring safe operations for human research volun-
teers) of the accelerator could not begin until the entire experimental apparatus—in-
cluding the inertial, photographic, and physiological measurement systems—was in 
place and tested.11

While Muzzy’s team was building the horizontal accelerator, a group under Gil 
Willems, chief of the Bioinstrumentation Division, acquired and installed the inertial, 
photographic, and physiological measurement systems.  Here again, budgetary con-
straints put a premium on patience and adaptability.  As of March 1972, a minimum 
$95,000 investment was required to complete the instrumentation system.  Also on 
the shopping list was expansion of the analog console of the data acquisition system 
(running from $30,000 to $50,000) and rate gyroscopes for the transducer packages 
($4,000 to $7,000 each).  Instead, Willems had to defer purchase of these and other 
essential items from FY 1972 to FY 1973.  The federal acquisition system, with its 

An early –Gx ATD run at NAMRL-D, ca. 1974.  (USAARL)
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long process of obtaining quotes and drafting justification reports, created its own 
unique set of delays—in some cases, it took months to obtain a critical piece of equip-
ment.  As a result, it was not until early 1973 that the data acquisition systems for the 
horizontal accelerator were fully installed and ready for testing.12

Over and above these drawbacks and delays, however, it was the technical require-
ments imposed by Chan Ewing and Dan Thomas that most complicated the instru-
mentation process.  The –Gx runs at Wayne State were measured two-dimensionally, 
but Ewing and Thomas were committed to developing a three-dimensional kinematic 
measurement system that would enable them to determine precisely how much lateral 
head movement occurred during –Gx runs.  There were good reasons for this.  Ewing 
and Thomas suspected that lateral head movement had been negligible all along; if 
they could prove that to be the case, it would further validate the accuracy of the 
data from the Wayne State runs.  Regardless, they recognized that three-dimensional 
data on human dynamic response would be invaluable because it could be paired 
with three-dimensional digital models of airplane cockpits and automobile cabins 
to evaluate safety during a variety of impact situations.  In either case, the inertial, 
photographic, and physiological instrumentation would have to be as consistent and 
accurate as that used at Wayne State, yet far more complex.13

InertIal InstrumentatIon

As at Wayne State, the inertial system was composed of sled-mounted accelerometers, 
subject-mounted biaxial rate gyroscopes, subject-mounted transducers, and related 
calibration and data handling equipment.  The transducer packages at Wayne State 
had included two piezo resistive accelerometers, and in the early runs at NAMRL-D, 
Ewing and Thomas continued to use this original arrangement to make two-dimen-
sional measurements.  However, in 1974 they began testing a new system at Michoud, 
designed by Ed Becker and Gil Willems, that incorporated six accelerometers so that 
they could render angular acceleration measurements in three dimensions.  By 1975 
the old two-dimensional system was phased out in favor of the new three-dimensional 
system based on the six accelerometers, which not only validated the earlier data but 
also ensured more precision.14

The six accelerometers were rigidly attached to aluminum T-plates at the mouth 
and T1 vertebra in a scheme known as a 3-2-1 configuration.  Three accelerometers 
grouped at the base of the T-plate collected data on linear (translational) acceleration.  
Two accelerometers were installed at one end of the horizontal bar of the T-plate, and 
one accelerometer was placed on the other end.  Data collected from the accelerome-
ters located at all three locations on each T-plate provided the information necessary 
to calculate angular (rotational) movement of the head-neck during impact.15

As a quality control measure, NAMRL-D purchased batches of accelerometers 
and tested them in-house.  Only those that performed satisfactorily were sent to  
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Entran Devices, Inc., where they were epoxied to the T-plates within two-thousandths 
of an inch of the prescribed position.  Wires from all six accelerometers were mated 
into single lines and connected to sled-mounted amplifiers.  The accelerometers were 
calibrated regularly using an Inland Controls 800 series rate table coupled with an 
EAI Pacer 600® hybrid computer.  To reduce weight on the head and neck, biaxial 
rate gyroscopes were attached to the T1 and bregma mounts only, rather than at all 
three locations as done at Wayne State.  As a result, the masses of the accelerometers 
were “virtually negligible,” according to Becker and Willems, and the masses of the 
rate gyroscopes ranged from about 80 to 100 grams, depending on the models used.  
Data from the gyroscopes provided an independent measurement of angular velocity 
of the head and neck.16

It was Thomas’s job to develop a theoretical methodology for translating instru-
ment readings into three-dimensional head-neck motion that, in the long run, would 
be able to correlate data from human runs to non-human primate runs.  Thomas 
worked with Dr. Arthur Callahan at the Office of Naval Research (ONR) to con-
tract with computer and information systems firm QEI, Inc. to provide technical 
expertise on mathematical protocols for three-dimensional experiments.  Thanks to 
the commitment of company president Charles Burgess, QEI became an invaluable 
contributor to the research carried out at NAMRL-D.  “Their work was absolutely 
vital to the transmission of the voltage measurements to scaled, anatomically-based 
data,” recalled Thomas.  In a flurry of technical memoranda, Ewing, Thomas, and 
QEI personnel worked successfully to develop an instrumentation configuration that 
would accurately record the linear and angular accelerations registered at the head and 
neck during impact.17

NAMRL-D retained the essentials of the inertial data acquisition system utilized 
at Wayne State.  Information was fed from the transducer packages directly to a set of 
sled-mounted signal conditioning amplifiers.  The amplified data traveled to the hub 
of the system, an analog console that transmitted buffered and amplified analog ac-
celerometer data to a converter for digitization at a rate of 2,000 samples per/sec, per 
channel.  Along with the inertial tracking packages themselves, the data acquisition 
system was calibrated prior to each experiment to provide the highest possible signal-
to-noise ratio.18

The computer capability available at Michoud, however, was a step above the 
Wayne State setup.  After traveling through the analog console, the data could then be 
fed into a UNIVAC 500 DCT terminal installed in the NAMRL-D space.  The next 
stop in the information chain was the NASA Computer Complex at nearby Slidell, 
Louisiana, where a UNIVAC 1108-3G computer processed run data and calculated 
derived variables.  To make plots to present various aspects of run data, NAMRL-D 
staff members utilized a Stromberg-Carlson Model 4020 microfilm printer/plotter 
capable of reading the half-inch magnetic tape produced by the UNIVAC 1108 and 
plotting at a speed of 12,500 points per second.19
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photographIc InstrumentatIon

As one part of the NAMRL-D team was developing this improved inertial data chain, 
another was building up a strong photographic data collection capacity.  This was 
critical because photographic information did not merely provide a pictorial record 
and allow investigators to study individual reactions to acceleration—it was also nec-
essary to validate the kinematic measurements rendered by the transducers.  Much of 
the work was conducted by technicians Roger Black and Ferris Bolin.  They began 
by producing thin, flat fiberglass target plates.  These were painted in a black-and-
white checkered pattern selected to reduce photo reflection and affixed to the sub-
ject-mounted T-plates using wooden supports.20

The cameras used at the outset were Milliken 16-mm high-speed, shock-resistant, 
pin-registered instruments, capable of recording impact experiments at a rate of 500 
frames per second.  Kinoptic 12.5-mm lenses gave each camera a field of view of 80 
cm x 60 cm in the object plane.  Four General Electric Model 4582 sealed beam lamps 

Schematic sketched by NAMRL-D 
staff members to document T-plate 
accelerometer array placement.  
(USAARL)

Accelerometers and rate gyroscopes 
affixed to a T-plate.  (USAARL)

Construction of wood photo-targets 
for each T-plate required meticulous 
detail.  (USAARL)

Pictured here is a functional 
transducer, complete with photo-
targets and telemetry cabling.  
(USAARL)
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provided lighting.  Both cameras and lighting were sled-mounted and controlled by a 
photo-data acquisition console capable of handling 5,600 watts on ten individual cir-
cuits.  Nine camera circuits were available on the console—three for variable voltage 
AC cameras, three for 115-volt AC cameras, and three for 28-volt DC cameras.  Once 
the parameters of the various experiments were programmed into the console, the 
entire array of lights and cameras could be controlled by two separate switches:  one to 
switch on the lights in advance, ensuring that they reached full candlepower well be-
fore the run, and another to activate the cameras just prior to acceleration.  The master 
console switches controlling the lights and cameras could either be operated manually 
or by the same EAI Pacer 600® hybrid computer system used to acquire inertial trans-
ducer data.  The photo-data acquisition console included one other very important 
feature.  So as not to expose human volunteers to impact for no purpose and to avoid 
wasting costly photographic film, the console provided photographer Johnnie Bland 
with the ability to abort a run in the event of a camera or lighting failure.21

As with the inertial instrumentation, precision was of the utmost importance.  The 
cameras, therefore, integrated photo-optical numeric recording devices manufactured 
by L.M. Dearing Associates in which a pulse generated by shutter motion caused time 
and date information to be printed along the edge of each frame following.  A second 
Dearing unit printed IRIG-B codes on each frame.  This highly accurate system of 
presenting date and time information in 10-digit binary code, developed by the U.S. 
military during the 1950s, enabled technicians to precisely match photographic data 
with accelerometer information.  Both photographic time recorders were driven by a 
Datametric SP-400 time code generator synchronized daily, via radio, with National 
Bureau of Standards clocks.  The synchronization of the time code generator ensured 
that the photo-film would be time-locked and chronologically consistent with all oth-
er data collected during each experiment.22

Every test, therefore, involved an extremely complicated process of photography 
and documentation.  One sled-mounted camera provided frontal coverage of each 
run, while another afforded lateral coverage.  Together they collected enough data for 
calculation of the kinematic motion of the head.  The lateral shots also determined the 
motion of T1 in the midsagittal plane.  Since documentation of the exact location and 
orientation of each camera was imperative, the photographer carefully measured and 
noted these factors prior to each run using a complicated and tedious process.  The 
data acquisition system would then generate a report including camera location and 
corresponding run identification information; then, after every run, the photographer 
verified the camera reports.23

As it had during the Wayne State program, the Math Sciences Laboratory at 
Florida’s Eglin Air Force Base continued to process the film now being generated at 
Michoud.  Technicians painstakingly reviewed negatives in order to validate kinemat-
ic data acquired from the accelerometers.  After processing and analysis, photo-film 
records of each run were archived at Michoud on Ektachrome film with a 500-year 
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shelf life.24

Photography proved to be one of the most costly aspects of operations at NAM-
RL-D.  The customized sled-mounted cameras came with an individual price tag of 
around $15,000. Eglin’s charges for processing 375 rolls of black-and-white film ex-
posed between June 18 and December 5, 1975, were more than $5,000.  Costs only 
went up from there—in 1978, a year’s worth of film (about 3,000 rolls) cost more 
than $47,000 to process.25

Because of its capabilities, however, high-speed photography was worth the cost.  
In a paper presented to the Society of Photo-Optical Instrumentation Engineers in 
1975, instrumentation engineer Ed Becker explained that “the images of a number of 
points on a body of known dimensions as captured by a number of cameras located 
in fixed positions in a fixed reference frame may be sufficient to yield the complete 
three-dimensional position and orientation of the body in that same reference plane.”26

physIologIcal measurement systems

The third instrumentation requirement at NAMRL-D was to measure the physio-
logical effects of impact on living subjects, either human volunteers or non-human 
primates.  The medical staff collected data on the electrical activity of the brain us-
ing electroencephalograms (EEGs), monitored heart rates using electrocardiograms 
(ECG), and tracked eye movements using electrooculograms (EOGs).  In instituting 
this physiological measurement program, NAMRL-D relied on expert outside help.  
A NAMRL-D consultant on the ECG system design was Dr. Raphael F. Smith of the 
Vanderbilt University Cardiology Department.  Beginning in August 1972, Smith 
provided information on best practices for placing electrodes and taking ECG read-
ings.  Smith’s system involved sanitizing a subject’s skin at a targeted location and then 
attaching the electrodes there with a conductive cream and an adhesive pad.  Signals 
from the electrodes then passed through a conditioning amplifier and were transmit-
ted to the control room where they were stored on analog magnetic tape.  Recorded 
ECG data could be displayed on oscilloscope monitors located in the track-side con-
trol room or reviewed in a hard copy produced by a conventional pen recorder.27

To help develop, and then conduct, the EEG monitoring program, Ewing hired 
Tulane Medical School assistant professor of psychiatry and neurology Leonard S. 
Lustick to lead the Mathematical Sciences Department at NAMRL-D.  Selection of 
a neurologist to fill a GS-13 applied mathematician position might have appeared 
unorthodox, but Lustick was well qualified for the work.  At Tulane, he had studied 
with famed neurological researcher Dr. Robert G. Heath, taking EEG recordings of 
rhesus macaques and conducting statistical analyses of the results.  From the first days 
at Michoud, Ewing had expected to implement an exhaustive study of acceleration 
impact on non-human primates, so Lustick provided the kind of expertise that the 
program would greatly need.  Lustick was even more uniquely qualified because he 
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had been trained as a mechanical engineer, meaning that he would be able to work 
seamlessly with Bill Muzzy and his fellow engineers.  It was a full year, however, be-
tween early 1973 when Ed Becker recommended Lustick to Ewing and early 1974 
when Lustick arrived at Michoud.  By then the machine had been built, the systems 
had been tested, and the human volunteer experiments were ready to begin in ear-
nest.28

wayne state legacy

As exhilarating as it may have been to build a new program at Michoud, Ewing did 
not lose sight of the value that still lay in the work so recently carried out in Detroit.  
As the new lab took shape at Michoud, his other colleagues located two hundred miles 
to the east at NAMRL in Pensacola were processing and analyzing data previously 
produced at the old lab.  This analysis had been requested by the National Highway 
Traffic Safety Administration (NHTSA) in June 1971 when it asked BUMED for 
access to the results of Ewing’s research at Wayne State.  NHTSA associate adminis-
trator for research and development John A. Edwards indicated that the data would 
be used to develop new performance criteria for the head and neck complex of ATDs.  
The director of BUMED’s Research Division, Captain Lloyd F. Miller, approved the 
transmittal of data.29

It took the better part of the next year to iron out the details, but in April 1972 
NAMRLD and the NHTSA signed a formal interagency agreement.  The arrange-
ment stipulated that the NHTSA would pay NAMRL-D $45,000 to cover the costs 
of providing the run data.  NAMRL-D also promised anthropometric information on 
its Wayne State volunteers, a complete description of its experimental methodology, 
and no less than five hundred plot charts showing sled acceleration, velocity, and 
displacement measurements.  The NHTSA was not the only party interested in data 
from the Wayne State runs.  In conjunction with the Society of Automotive Engineers’ 
Crash Test Dummy Subcommittee, a representative from the General Motors Proving 
Ground, John E. Lahiff, contacted Ewing with a request for data on the elongation of 
the neck during impact.30

With the interagency agreement in place, NAMRL scientists Richard Irons, Betsy 
White, and Sharon Katona in Pensacola went to work processing the Wayne State 
data.  Although the U.S. Army’s contribution to NAMRL-D had been reduced, the 
Army Medical Research and Development Command also provided support, with 
Major Eugene H. Blackstone, M.D., chief of the Cardiovascular Medicine Branch at 
the U.S. Army Aeromedical Research Laboratory, helping to process and plot EEG 
data from the Wayne State runs.31

As it turned out, processing and analyzing the Wayne State data for the NHTSA 
yielded big returns to NAMRL-D itself.   During the course of the work, the staff 
found a number of errors and inefficiencies and, in the course of remedying them, 
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ensured that the data produced at Michoud would be of even higher quality.  To be 
sure, most of the data collected from the experiments at Wayne State was of very 
high quality, but some types of data required further conditioning before it could be 
analyzed.  The data recorded by the sled-mounted accelerometer, for example, was 
excessively noisy because the device was hard-mounted directly to the sled, which 
introduced unwanted resonances into the recordings.  As a fix, technicians developed 
filtration software to reduce the noise level.  This would remain a standard part of the 
data acquisition and processing procedure at NAMRL-D.32

By far the most important aspect of the Wayne State legacy was that it served as 
a point of reference as, early in the Michoud years, the NAMRL-D team and Tulane 
engineers began using the data to develop the long-sought head-neck computer mod-
el.  In mid-1972 Dr. Charles Beck, Dr. Robert Drake, Dr. Harold Sogin, and Profes-
sor Louis Orth of the Tulane School of Engineering worked with Bill Anderson, Gil 
Willems, and Ed Becker from NAMRL-D in a joint effort to use Wayne State project 
data to develop a computer program capable of simulating human head-neck response 
to impact.  This early theoretical work was indispensable in enabling the NAMRL-D 
team to better conceptualize how to collect the three-dimensional data required to 
create an accurate head-neck model.33

The transition to 
three-dimensional measure-
ments required new, more 
complex studies of the dy-
namic properties of the hu-
man head and neck.  One 
big challenge was to relate 
acceleration vectors to the 
geometry and mass param-
eters of the head and neck.  
To do so, Ewing and Thom-
as needed to be able to mea-
sure parameters including 
static mass, center of grav-
ity location, and moment 
of inertia (a term denoting 

the extent to which a body resists angular acceleration).  If they could do that and thus 
establish a functional relationship between different body segments during impact, 
Ewing and Thomas expected to be able to predict dynamic response of particular an-
atomical areas to specified input acceleration levels.34

To assist in this exercise in theoretical kinematics, ONR turned again to Tulane.  
Engineering professors Leon B. Walker, Jr., and Edward H. Harris worked with grad-
uate student Uwe R. Pontius to study the center of gravity, total mass, volume, and 

The stereotaxic jig (pictured on the left), was designed by 
Ed Becker to take anthropometric measurements from 
cadaver heads.  (USAARL)
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mass moment of inertia of the human head-neck complex.  Their findings, drawn 
from studying twenty human cadaver heads at the Tulane University Medical Center, 
were to provide the physical constants that could be used in critical analysis of data 
collected at Michoud.35

Ewing realized that these figures were important, so much so that he had Becker 
replicate the studies on his own, using research facilities at the Anatomy Department 
at Tulane and new samples including six cadaver heads and three cadaver head-necks.  
Becker designed and patented a stereotaxic jig with a tetrahedral frame to position 
and lock the head in place to take measurements to calculate the center of gravity.  To 
determine the moment of inertia, Becker created a trifilar pendulum, suspending the 
heads and head-necks on a disk suspended from three parallel lightweight wires of 
equal length attached to the frame of the jig.  The jig could be hung in ten different 
orientations, each allowing the head to twist back and forth in different planes of 
motion by imparting rotational acceleration to the disk.  By measuring the amount of 
time that a head oscillated back and forth in the different positions, the full three-di-
mensional moment of inertia tensor could be calculated.  Becker’s findings corre-
sponded closely with those of Walker, Harris, and Pontius.  Both studies, for example, 
determined the average position of the center of gravity of the head—the variance 
between the two was only 0.055 centimeters.  As a result, NAMRL-D had a workable 
location of the head center of gravity for the human volunteer tests.36

As the NAMRL-D team got ever closer to launching the first human volunteer 
tests, there remained an additional challenge to be surmounted.  Ewing and Thomas 
designated the human head, first thoracic vertebra, the attached mounts, the transduc-
ers, and the photo-targets affixed to the mounts to be “rigid bodies.”  Unlike soft tis-
sues, rigid bodies are presumed to remain relatively unchanged as they move through 
space.  The kinematic measurements rendered during each experiment are, therefore, 
valid only to the degree that the rigid bodies of the head and neck remain rigid.  The 
rigid bodies were tracked individually using photography and by developing several 
coordinate systems to understand the kinematic movements.  Each coordinate system 
consisted of a series of “fixed” points that served as a reference plane.  A laboratory 
reference coordinate system containing the entire field of movement during the ex-
periment was the most basic (the origin point being located on a target on the sled 
chair).  Within this broader coordinate system, subsystems were developed, including 
instrumentation (including the locations of transducers and photo-targets), anatom-
ical (based on the anatomical landmarks of individual subjects—the spine at T1 and 
the head at the superior edge of each auditory meatus and the infraorbital notches), 
and principal (determined by the center of gravity and principal axes of the moment 
of inertia).  After collecting data for all four coordinate systems, Ewing and Thomas 
devised a means to account for the three-dimensional geometric characteristics of the 
human head during impact.37
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human research Volunteer program 

Testing and calibration 
of the accelerator and in-
strumentation continued 
through the spring and 
summer of 1973.  On No-
vember 5, 1973, a Naval 
Aerospace Medical Institute 
safety committee arrived at 
Michoud for an on-site in-
spection.  As part of the pro-
cess, NAMRL-D conducted 
five runs with 98th percen-
tile ATDs, simulating the 
largest and heaviest poten-
tial human volunteers.  Just 

over two months later, on January 9, 1974, NAMRL commanding officer Captain 
Newton C. Allebach informed Ewing that the Michoud detachment had passed the 
test—the committee determined that all known factors to ensure the safety of human 
volunteer subjects and operators had been accounted for.  With formal approval to use 
the horizontal accelerator in human tests, Ewing turned his attention to the challenge 
of obtaining volunteers, a task that Dan Thomas had been working on for more than 
a year.38

Not only did Thomas have to recruit human volunteer subjects, but he also had to 
get approval to do so from the highest level—the Office of the Secretary of the Navy, 
an office that scrupulously demanded airtight justifications and detailed applications.  
Meeting those requirements, Thomas remembered, “took as much of my attention 
as anything else I did.”  NAMRL-D could be sure of support from Ewing’s allies in 
BUMED and ONR, but first Thomas had to prove that the risks to volunteers were 
acceptably low and develop a comprehensive plan for recruiting and for medical su-
pervision.39

The breadth of Ewing’s research agenda complicated the process of obtaining hu-
man volunteers.  Although the primary impetus behind the establishment of NAM-
RL-D was to conduct impact injury research, Ewing also envisioned expansion into 
tangentially related areas as well, in part to build allies and to buttress support for his 
program.  An early priority was to determine human tolerance of severe vibration 
levels encountered at high speed aboard ships and helicopters.  Because very little 
research had been done on the subject, design engineers had no way to prioritize con-
siderations of severe vibration among other factors.  It was not unusual, for example, 
for severe vibration to force helicopter pilots to reduce speed.  But in Vietnam, this 

Aerial view of the horizontal accelerator and control room, 
preparing for an ATD run.  (USAARL)
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had meant that it took aeromedical evacuation crews extra precious time to evacuate 
wounded soldiers.  Lower speeds also made helicopters much easier targets.  These 
were reasons enough for the Navy to support Ewing’s 1971 proposal to study vehicular 
vibration.  The next year BUMED agreed to provide $575,000 in funding for a six-
year research program.40

As a result, the first human volunteer request, made in February 1972, did not 
even get beyond BUMED.  The problem was that Thomas had requested permission 
to recruit human volunteers for impact and vibration experiments in a single appli-
cation.  The Navy, on the other hand, viewed the two research agendas as separate 
and distinct, and while plans for impact acceleration studies were well developed, the 
vibration research agenda was less than a year old and still in its preliminary stages.  
Captain Miller, chief of BUMED, asked for resubmission, this time in more detail.41

In response, Thomas compiled an information packet for volunteers that ex-
plained the impact and vibration research programs in great detail and carefully distin-
guished between the two, while making it clear that the programs would share volun-
teers.  On December 7, 1973, a month after the safety inspection, the Secretary of the 
Navy approved recruitment of human volunteers, making Ewing directly responsible 
for their safety.  Ewing would rely heavily, therefore, on his medical supervision team 
that included NAMRL-D staff members Dan Thomas, Lieutenant Commander Paul 
Majewski, and Lieutenant Commander William Barry.42

By then Ewing had already submitted a request to establish twenty-one billets 
for human research volunteers at Michoud.  The Navy Bureau of Personnel quickly 
approved the billet request and authorized NAMRL-D to recruit enlisted men from 
the Naval Training Center in Orlando, Florida.  In February 1974 Thomas went to 
Orlando to convene “interest meetings” with enlisted men at the Naval Training Cen-
ter.  He distributed his information packets, answered questions, and showed a film 
of Wayne State runs to give the men an idea of what to expect.  About 34 percent of 
those who attended the interest meeting remained interested after it was over.  Some 
may have welcomed the physical challenge; others may have looked forward to being 
stationed in New Orleans.  It is likely that the hazard pay that Thomas was able to 
offer also made up a few minds.  Thomas conducted interviews with this smaller group 
of recruits and, from those who remained qualified after the interviews, obtained writ-
ten consent for medical screening.43

The process moved quickly after that.  Within twenty-four hours, medical staff 
in Orlando conducted a preliminary screening of dental, medical, and administrative 
records and took x-rays of the spine of each potential volunteer subject.  Those who 
made it through preliminary screening then reported to NAMRL, Pensacola, for two 
weeks of more extensive medical tests administered by specialists in internal med-
icine, neurology, ophthalmology, orthopedics, otorhinolaryngology, audiology, and 
psychology.  Common disqualifiers that arose during this stage included musculoskel-
etal conditions like excessive scoliosis, spondylolysis, and lumbarization.  Stringent 
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dental criteria also resulted in a large number of disqualifications.  Candidates with 
periodontitis (gum disease), severe cavities, missing teeth, or severely misaligned teeth 
were disqualified since those conditions could interfere with correct placement of the 
mouth-mounted transducer packages.  Those who remained were indeed part of a se-
lect group.  Between 1974 and 1976, only 5 percent of the recruits who attended the 
original interest meetings were qualified as human research volunteers and signed on 
for eighteen-month tours at NAMRL-D.  There was further attrition after that, how-
ever, since the volunteers remained free to withdraw from the program at any time, 
even after qualification and selection.  Consequently, of the sixty-three men qualified 
between February 11, 1974, and August 23, 1976, only forty-four completed the full 
term of service as human research volunteers for those years, with nineteen dropping 
out.44

The task of selecting volunteers was complicated for another reason.  Study of the 
kinematics associated with indirect impact indicated to Ewing and Thomas that dy-
namic response most likely varied between different human beings.  Accordingly, the 
extent to which anthropometric differences correlated to changes in dynamic response 
became an important research question.  The twenty-one-man cohort, therefore, had 
to include equal proportions of human volunteers with short, medium, and tall sitting 
heights.  All of the early volunteers fell between the 3rd and 95th percentile in sitting 
height.  But there were factors at work beyond height, particularly circumference of 
the head, so all human volunteers had to be measured anthropometrically.  Ewing 
turned again to expert anthropometric surveyor Charles E. Clauser at Wright-Patter-
son Air Development Center.  Clauser and his team took some seventy measurements 
of every volunteer, which would provide for highly detailed comparisons between 
different subjects.45

The next steps took place at NAMRL-D.  Since every human volunteer had a 
unique physical structure, all measurements and instrumentation had to be tailored to 
that individual.  In effect, each human volunteer had to function as his own control.  
The distances from anatomical landmarks to transducer packages and photographic 
targets had to be known for each individual subject in order to calculate acceleration 
and velocity at specific points.  This information was acquired by taking precise x-rays 
and photographs of each human volunteer with transducer packages and photo-target 
modules in place.46

This documentation was done on site at NAMRL-D by technician Nick Price.  
Each volunteer was positioned in a corner with lead BBs fixed at his orbital ridge and 
auditory meatus.  Radiolucent Plexiglas holders containing lead markers were placed 
on both of the surrounding walls; these printed orientation information on the film 
during the exposures.  A Plexiglas prism containing thirteen lead markers was also 
located in the target area so that at least eight of these markers would show up in each 
of the x-rays and provide the laboratory reference frame.  Two x-ray ultra-high-speed 
Machlett Dynamax Model 67 and 69 tubes driven by a Westinghouse 1000 MA 150 



85A History of the Naval Biodynamics Laboratory

Chapter Three | Building the Machine–Beginning the Model, 1971-1975

KVP machine were positioned 1.5 and 2 meters away from the plate-holders, respec-
tively.  One tube took an x-ray of the subject from the lateral view, and the other 
provided an x-ray from the anterior-posterior position.  Both worked nearly simul-
taneously.  The x-rays utilized Kodak R.P. film that was processed in a ninety-second 
Kodak X-omat.

After the two exposures were examined for quality assurance by a physician, the 
images were digitized, with the position of each of the markers measured in relation 
to the orientation information printed by both of the wall-mounted Plexiglas holders 
using a Wang Laboratories Model 762 X-Y Digitizer (accurate down to 0.25 mm).  
In sum, the x-ray system implemented at NAMRL-D was a highly accurate means of 
determining the geometric relationships between subject-mounted instrumentation 
and the anatomical landmarks at the head and T1.  Each volunteer was also assigned a 
personal subject number.  It was this number that was recorded along with each run, 
ensuring that the subjects retained their anonymity as data was put to use and even 
disseminated beyond the Navy.47

This documentation process was just part of a regime of preparatory procedures 
that were made explicitly clear to volunteers.  Each subject was notified at least a day 
in advance of a run.  The day of the experiment, the subject was interviewed by a 
monitoring physician to identify any medical problems that might have arisen since 
the subject’s last run.  The physician also disclosed the expected acceleration level for 
the upcoming run.  Follow-
ing the interview, the doctor 
administered an examination 
that included a drug test.  Drug 
use was of special concern to 
the researchers at NAMRL-D 
because it added an unknown 
variable to the response data 
that they were collecting and so 
could compromise the quality 
of the entire program.  There-
fore, volunteers testing positive 
for unauthorized drugs were 
immediately disqualified from 
the program.  Between 1974 
and 1976, twelve volunteers 
were lost due to drug use vio-
lations.48

The physicians also had to 
contend with the youthful ex-
uberance and rowdiness of the 

Known as the "Lab Rat Krewe," civilian and enlisted 
personnel at NAMRL-D built and manned floats for 
Mardi Gras parades in New Orleans.  This example is 
from the 1980s.  (USAARL)
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eighteen- and nineteen-year-old young men, fresh out of boot camp, feeling invinci-
ble, and eager to spend their first Navy paychecks in the New Orleans entertainment 
district.  Upon learning that some of the volunteers had been showing their prowess 
on the mechanical bull installed at one of the bars downtown, NAMRL-D issued a 
stern warning about avoiding potentially injurious activities that could put them out 
of the program and on the next bus back to Orlando.  On at least two occasions, vol-
unteers were killed in car accidents—a sobering reminder of why the team was doing 
its work in the first place.  Over time, members of the laboratory’s professional staff 
developed close and enduring friendships with the young military volunteers, affec-
tionately referring to them as “lab rats.”  Photographer Art Prell later reflected that 
“we had a good time with these youngsters coming in there,” and “I got a lot of good 
memories of those kids.”49

After completion of the pre-run medical interview and physical exam, the hor-
izontal accelerator and restraint systems were tested.  To ensure the integrity of the 
restraints, Muzzy insisted that all human and animal runs be preceded by a run using 
a dummy at double the expected acceleration.  A steel seat of the same design used in 
the Wayne State experiments was bolted to the sled, and subjects were restrained to it 
with shoulder straps, a lap belt, and an inverted V pelvic strap.  Restraint straps on the 
upper arms and wrists prevented flailing during impacts.  After a successful dummy 
run, the human volunteer was strapped into the sled-mounted chair and prepared for 
the run.50

A number of persons possessed the means to stop the run.  The monitoring phy-
sician, present for the entire duration of the experiment, could cancel it by activating 
a hand-held abort switch.  The human volunteer also had a hand-held abort switch.  
The palm-compressed units were “dead-man’s” switches:  they had to be held closed—
relaxation of the grip for any reason would halt the run sequence.  A final safeguard 
was the requirement that the monitoring physician had to maintain direct visual con-
tact and communication with the human subject up to the moment of impact.  These 
protocols proved their worth time and again—between 1974 and 1975, they were 
employed to abort twenty-four human runs.51

At the conclusion of the run, the monitoring physician conducted a medical check 
and loosened the restraints before the human subject was permitted to ride with the 
sled as it was pulled back up the track by the return mechanism.  After dismounting, 
the volunteer was escorted to an examination room for a complete post-run physical 
and medical history update.  Despite the fact that the actual impact event lasted only 
milliseconds, the extensive safety protocol dictated that each human run took approx-
imately thirty minutes from the time that the subject was strapped into the sled to the 
end of the post-run medical exam.  After every run, the volunteer had to be cleared 
by the monitoring physician before he could participate in another test.  No subject 
was permitted to make more than one run per day.  If the run had involved a relatively 
low-level acceleration exposure, the volunteer was usually given a two- or three-day re-
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spite.  After higher acceleration runs, which often left volunteers with abrasions from 
the restraints, the resting period was longer.52

Volunteers did not idly await their turns on the accelerator.  Instead, they were 
given administrative or mechanical duties, thus learning skills that helped them prog-
ress with their Navy careers.  Indeed, most of the human research volunteers became 
machine repairmen, electronics technicians, or hospital corpsmen after moving on 
from their initial assignments at NAMRL-D.  The lab also benefitted from this ar-
rangement—volunteer pay came out of the Navy Bureau of Personnel rather than the 
NAMRLD research budget, so funds otherwise spent on staff could be used to build 
up the program.53

There were, of course, other ways to build up the program, such as contributing to 
related research projects.  Ironically, the very first human run conducted at Michoud 
on January 31, 1974, was part of another program entirely.  After his visit to Michoud 
in 1972, Captain Kinneman from BUMED recommended that NAMRL-D might be 
able to contribute baseline data for a small research program on parachute opening 
shock then being carried out at the Naval Aerospace Recovery Facility in El Centro, 
California, by Lieutenant Commander Douglas W. Call (future Naval Biodynam-
ics Laboratory commanding officer), Lieutenant James F. Palmer, and Commander 
Donald H. Reid.  Up until then, there was very little good data on the forces en-
countered by the human body when parachuting.  In contrast to an ejection seat, in 
which the human body is restrained, at the moment that a parachute is deployed, an 
airman’s body can be in any variety of positions, especially if tumbling during free-
fall.  If his body is incorrectly aligned with the axis of the parachute’s resistance, the 
airman can even be injured by the initial jolt, termed “parachute opening shock.”  
By fitting NAMRL-D type transducer packages to the head and neck of test para-
chutists, multi-axis acceleration data could be collected for subsequent analysis.  Ew-
ing and Thomas agreed to produce transducer packages for the paratrooper tests and 
also to take baseline physiological readings from runs on the horizontal accelerator 
at Michoud for subsequent comparison.  Two Navy parachutists volunteered, went 
through the medical screenings, and traveled to NAMRL-D for the accelerator tests.54

 On the day of the first run, Muzzy began with a 6.5 G “check out” run using an 
ATD.  With all systems go, the thirty-one-year-old paratrooper volunteer was strapped 
in for a –3Gx run.  He emerged unscathed.  It was a good start, but the follow-through 
was less successful.  During the next week of testing with the two paratrooper volun-
teers, there was a series of equipment malfunctions and one run had to be aborted.  
By February 7, 1974, the test runs were complete and the data was forwarded to the 
Naval Aerospace Recovery Facility.  The paratroopers also returned to El Centro to 
prepare for the live jumps that would be documented and compared with the baseline 
data.  Dan Thomas flew out to ensure that the attending medical staff knew how the 
equipment worked and how to take the proper measurements.  He personally fitted 
the volunteers with inertial tracking packages.  Although Thomas lamented that he 



Impact Acceleration and the Human Response

Chapter Three | Building the Machine–Beginning the Model, 1971-1975

88

“never really saw the final data and the outcome of the work,” there can be little ques-
tion that by supporting the parachute study even before its own testing had begun, 
NAMRL-D did something to demonstrate the value of its research methodology and 
to build support within the Navy research and development establishment.55

Back at Michoud, the first runs with the Orlando volunteers were beginning, 
putting into place the second pillar of Ewing’s program.  The initial group rode the 
sled during the Wayne State-style two-dimensional test runs, but now it was necessary 
to begin gathering three-dimensional data, measuring, as Ewing put it, “increments of 
peak acceleration, rate of onset of acceleration, duration at peak, for numerous differ-
ent vector directions, and subject sizes up to the limit of voluntary human tolerance 
and then to model the living human response envelope.”56

The initial human runs at NAMRL-D were carried out at low acceleration levels 
in the –Gx vector and essentially validated the work already conducted at Wayne State.  
“We decided to do the safest runs first,” Thomas recalled, adding that “we thought 
the –X runs were the safest, from the point of view [that] we knew more about that 
than anything else.”  The testing was carried out at a brisk tempo, so that by the end 
of 1974, the researchers had conducted 282 human runs.  The tempo significantly 
increased the following year, with another 404 test runs on the accelerator.   By then, 
however, NAMRL-D had finished determining the “living human response envelope” 
and had long since embarked on the next part of its journey, modeling the non-hu-
man primate response.57

non-human prImate research program

It was in developing the non-human primate research program that Ewing was  
closest to starting from scratch; there had been no animal experiments at Wayne 
State.*  Since the ultimate goal was to correlate the human head-neck model with 
that of a non-human primate, the chief requirement was that the animals would make 
effective “human analogs,” with comparable physical structure, particularly makeup 
and mass distribution, as well as biological function.  At the outset, therefore, Ewing 
hoped to use several different species of non-human primates.  Rhesus and Assam ma-
caques, baboons, and chimpanzees all met much of the criteria and had a long history 
of use in biodynamic studies in the United States.  But in addition to physiological 
similarities, availability and cost would also help determine which animals were used 
in experiments at NAMRL-D over the years.58

As he began to make these decisions regarding the logistical aspects of animal 
research, Ewing was fortunate to draw upon the expertise of staff members who had 

*Author’s note:  Although non-human primate testing ended in the U.S. Navy in the early 1990s, the issue is still 
extremely sensitive for those veterinarians and animal neurosurgeons who participated in such studies and experi-
ments at NAMRL-D and NBDL in the 1970s and 1980s, especially those now retired from government service and 
engaged in private practice.  As a result, the surviving members of the former NBDL animal handling staff whom we 
contacted during the research phase of this project declined to participate, leaving large gaps in the recorded history 
of non-human primate research at Michoud, particularly concerning the issue of animal ethics and oversight boards.
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come from Holloman Air Force Base, where researchers had worked with a wide vari-
ety of animal subjects, including chimpanzees and monkeys.  One task was building 
accommodations for the animals.  The facilities at Michoud, therefore, were based 
on drawings of the animal holding cages formerly used at Holloman Air Force Base.  
Since NAMRL-D intended to use several very different species of primates, Muzzy 
began constructing one area to contain rhesus and Assam macaques and another to 
hold both chimpanzees and baboons.  These were not long-term accommodations.  
BUMED and ONR had already contracted with the Tulane Delta Regional Primate 
Center, under director Dr. Peter Gerone, to provide animals from its facility for Ew-
ing’s experiments.  Instead, these were holding facilities where staff at NAMRL-D 
could safely prepare animals for experiments, in accordance with the standards of the 
American Association for Laboratory Animal Care.59

The Air Force provided not only the designs for the holding facilities but also the 
resident primate expert, assigning veterinarian Major Morris Eugene “Gene” Jessop, 
Jr., to be head of animal resources at NAMRL-D.  An active duty officer since 1964, 
Jessop had earned a master’s degree in medical science at Tulane and a doctorate in 
veterinary medicine at the University of Georgia.  When Jessop arrived at Michoud in 
1972, he immediately began working with Muzzy and private contractors to construct 
the track-side animal holding facility at Test Cell 4.  Soon he was also coordinating 
closely with Dr. Gerone at Delta Regional to select the best test subject animals for 
the accelerator runs, and just like their human counterparts, the non-human primates 
underwent an exhaustive screening process including x-rays and blood work.60

Female primates were necessary to maintain the population of experimental an-
imals, so at Delta Regional, as elsewhere, they were highly valuable and only used in 
experiments when necessary.  In nearly all cases, males were chosen to participate in 
the acceleration experiments, and these had to be healthy and free from any physical 
deformities.  From this pool, Jessop selected animals with a wide variety of sitting 
heights.  To ensure these heights did not change during the period of experimenta-
tion, only mature adults were selected, and their body masses were managed through 
carefully planned diets so that their weights remained stable for testing.  By 1973 
Jessop had made the first macaque and chimpanzee selections from the population at 
Delta Regional.  The primate center agreed to transport the animals to Michoud on 
an as-needed basis, where they spent at most a day at the holding facility and engaged 
in experimental runs before being returned to Delta Regional.61

Jessop and the NAMRL-D researchers had to take special precautions after as-
suming responsibility for the selected animal subjects, which behaved far less predict-
ably than the human research volunteers (HRVs).  Rhesus and Assam macaques, and 
especially chimpanzees, are powerful and cunning creatures that can be dangerous—
and even deadly—to humans and to each other.  Consequently, the primates were al-
ways anesthetized before they were taken out of their cages and directly handled.  This 
ensured both the safety of the researchers and the animals during the experiments.
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Once the animal handling procedures were implemented, Jessop then developed 
an experimental protocol that would produce animal data that was as reliable as that 
collected from human subjects.  Specifically, he needed to return data quality compa-
rable to that from the HRV tests so that it could then be scaled up to human level for 
analysis.  Therefore, the instrumentation setups for HRVs and non-human primates 
had to be as similar as possible.62

Because of the physical size differences among the various species used during 
testing, the mounting configurations necessarily varied.  Being the largest primates 
used for testing at NAMRL-D—and the closest to humans in size and physiology—
chimpanzees were outfitted with stainless steel mouth mounts, custom built for each 
test subject from upper jaw castings taken while the animals were anesthetized.  Once 
attached, these mounts were equipped with a variety of different T-plates to hold the 
instrumentation in place, comprised of the same six accelerometer and photo-tar-
get setups that were used for the HRV runs.  These plates were also largely identi-
cal to those used with human volunteers, with the chimpanzees always anesthetized 
throughout their runs and their head positions maintained with external straps.  The 
six accelerometers were later increased to nine, however, “for redundancy to capture 
all the motion,” Bill Muzzy later explained.63

The T-plates were used freely and interchangeably so that different ranges of ac-
celerometers could be used as different acceleration levels were applied during chim-
panzee exposures.  This system proved to be a reliable, dependable, and effective way 
of gathering impact acceleration data, so all three chimpanzees ultimately used at 
NAMRL-D were fitted with mouth mounts.  “With the chimpanzees, we fitted the 
stainless steel mouth mount to them and just ran them in the lateral direction,” said 
Muzzy, but “we never ran any chimps in the fore and aft direction.”  ECG activity was 
measured in the same fashion with animals and humans—electrodes were attached to 
shaven and sanitized points on their bodies.64

The method for capturing motion at T1 on the anesthetized chimpanzees was the 
surgical implantation of mounting plates directly to that vertebra, through incisions 
on the backs of their necks, to which the transducer packages were then attached just 
before tests.  After the experiments were complete, the T1 mounts were always sur-
gically removed from the chimpanzees, and the incisions were closed and left to heal 
properly before the animals were used again in further tests.  Jessop and Muzzy built an 
operating room into the holding facility where these surgeries could be conducted.65

Since the mouths and vertebral columns of the macaques were much smaller than 
those of chimpanzees, they could not be fitted with the same mouth and T1 mounts 
as their larger cousins.  Instead, the researchers used “cranial pedestals,” or skull caps, 
which were mounted to the top of subjects’ heads (or calvarium).  The pedestals held 
small “A-plate” devices, also designed by Muzzy and implanted by Jessop, which held 
the accelerometers in place as well as an array of electrodes that were placed direct-
ly on the rhesus macaques’ brains.  Due to the stability that this A-plate mounting 
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system offered for the instrumentation pack-
ages, Thomas and Jessop declared it as “fool-
proof” for macaque runs.  From a surgical point 
of view, Thomas considered the cranial pedes-
tal and A-plate technology as “the most inno-
vative part of the entire research program.”66

Following the pre-run surgery, the test 
subjects had to be restrained on the primate 
sled.  This is where a significant challenge 
arose.  Human subjects could be counted 
on to sit still in the sled—animal subjects 
could not.  The first attempt to solve this 
problem involved use of a form-fitting fiber-
glass shell.  First, technicians made a mold 
of each individual animal from clavicle to 
toes in the seated position.  This was then cut into two halves like a clamshell.  By plac-
ing the animal in the shell and locking the halves together, the animal would remain at 
rest with the head and neck unrestrained.  It soon became evident, however, that the 
fiberglass shell caused a rise in body temperature, which influenced the physiological 
readings.  The second attempt, devised by technician Ferris Bolin, was to produce a 
Kevlar body harness custom-tailored to fit each individual animal.  The harnesses tight-
ly restrained the torso, pelvis, and limbs and left only the head and neck unrestrained.  
This was the solution used in the majority of the rhesus macaque experiments.67

With this infrastructure in place, before NAMRL-D even had permission to call 
for human research volunteers, the first non-human primate tests began using rhesus 
macaques.  On July 30, 1973, the team conducted three runs.  Two more runs were 
conducted in August, again in a single day.  There were good reasons to do the animal 
testing in blocks.  For one thing, the heavy human volunteer sled had to be removed 
from the track and the lighter primate sled substituted.  For another, surgical implan-
tation of the instrumentation made it far more efficient to conduct multiple tests 
before removing the T1 accelerometers.  Nevertheless, partly due to the difficulties 
of devising an effective restraint system, there were still few animal runs in the early 
years—only forty-three between 1973 and 1975.68

Most of those runs were conducted using rhesus macaques.  Compared to other 
non-human primates, they were more widely available, less costly to maintain, and 
easier to handle.  They were also widely used in many other laboratory environments, 
so their anatomy, neuroanatomy, and neurophysiology were exhaustively document-
ed.  The lab did use three chimpanzees in a series of runs at relatively low acceleration 
levels to evaluate data acquisition and restraint systems, and data from twenty-six +Gy 
chimpanzee runs were provided to the NHTSA under a $200,000 contract.  Eight 
–Gy chimpanzee runs were also carried out between 1974 and 1976.  Those exper-

"A-Plate" used to measure accelerations 
at T1 during non-human primate 
runs.  (USAARL)
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iments only helped convince the team to settle on rhesus macaques—chimpanzees 
were larger, more expensive, stronger, and potentially more dangerous.  They were also 
on the Endangered Species List during the mid-1970s.  In any case, there was plenty 
of work to do in the rhesus macaque program.  “We didn’t want to run the chimps 
until we finished the work with the rhesus,” said Thomas, and also “until we reached 
the points where we had neurophysiological limits on what we were doing in human 
subjects.”  For these reasons, chimpanzees were abandoned as test subjects after 1976, 
and baboons were never used.69

Under Jessop’s guidance, NAMRL-D made every effort to minimize animal dis-
comfort during its research, scrupulously adhering to guidelines laid down by the 
American Association for Laboratory Animal Care and administering analgesics to 
animals thought to be in pain.  In the spring of 1973, even before animal testing 
began, Jessop got help with his expanding duties when Air Force Major Richard A. 
Boster was assigned to the lab.  With a doctorate in veterinary medicine and a Ph.D. 
in physiology, Major Boster served as the head of the Animal Physiology Branch at 
NAMRL-D.  Together, Jessop and Boster monitored all animals closely, making sure 
that they were not needlessly stressed at any point in the testing and keeping detailed 
medical records that could be cross-checked and correlated when necessary.70

From the start, however, it was understood that non-human primates would be 
sacrificed in the course of testing.  In fact, once the living human response envelope 
was modeled and replicated in non-human primates, the next step was always going to 
be to exceed their survivability envelope in a carefully planned and clinical way.  High 
G runs, dangerous to humans, began with Test LX0454 on October 3, 1974, with a 
single rhesus macaque designated Subject Number AO3146.  The specific objective, 
Thomas and Jessop reported later, was to “identify the parameters of fatal injury and 
the approximate sled acceleration level of the injury.”  The point was not to simply 
find the threshold of fatal injury for non-human primates, but to determine through 
scaling these thresholds for humans so that sufficient models could be developed and 
applied in the design and manufacture of life-saving crash and ejection equipment for 
aviators.  Subject Number AO3146 survived eight additional tests in January 1975 at 
increasing G levels, including 109 G and 107 G runs carried out on January 16 and 
January 21, respectively.  However, a fatal separation at the atlanto-occipital joint oc-
curred during a 158 G run on January 23.  As a result, the researchers at NAMRL-D 
had their first measure of a potential injury threshold for the unrestrained head and 
neck in the –Gx direction.  But one fatal run would not be enough to confirm an in-
jury threshold.  More test runs, accounting for many more variables, were necessary.71

By the 1970s, animal testing had become highly controversial—after all, ani-
mals could not provide informed consent.  But like all animal research scientists, the 
NAMRL-D leadership had fully engaged this and other ethical questions.  Dr. Albert 
I. King, founder of the Department of Biomedical Engineering at Wayne State, tack-
led the issue in a volume edited by Thomas and Ewing.  “The use of these surrogates 
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can be justified if one assesses the situation with logic and utilizes commonly accept-
ed values of human life.  Animal life is taken by man for food and other necessary 
reasons.  Surely the elimination of countless needless deaths on American highways 
is an essential reason for their use.”  In the end, King concluded, “The conviction 
that human life is of far greater value than any other life form is an essential aspect of 
biomedical research.”  Looking back a few years later, Ewing himself was quick to cite 
51,000 accidental deaths due to vehicular trauma in 1978 alone as reason enough for 
this work.  Along with his NAMRL-D staff and John Paul Stapp before him, Ewing 
strictly subscribed to the principles well articulated by King.72

early results

Even as they completed the laboratory and began implementing their long-term re-
search agenda, the NAMRL-D staff members remained committed to sharing results 
that could make a difference in the shorter term.  They were regular presenters at 
the annual Stapp Car Crash Conferences and NATO-sponsored Advisory Group for 
Aerospace Research and Development (AGARD) conferences.  As information from 
the first human runs became available in 1974 and 1975, NAMRL-D researchers were 
able to provide some preliminary answers to problems that had bedeviled researchers 
in the field for some time.  The questions were how changes in input force variables 
like rate of onset, the initial position of the head-neck prior to impact, and duration 
at peak acceleration influenced output dynamic response.  These three variables in 
particular had been the subject of much discussion but little quantitative analysis.  
Papers given at the Stapp Car Crash Conferences in 1975 and 1976 addressed all three 
of them.  The initial results, for example, indicated that the rate of onset variable had 
been overstated because restraint systems properly worn greatly attenuated its effect 
on dynamic response.  Any acceleration applied to the sled, Thomas noted, “did not 
get directly transmitted to the human being because he was in a restraint system.  So 
it was not a significant variable.”73

NAMRL-D presenters did stress the importance of the other two variables in 
question:  head-neck initial position and duration at peak acceleration.  A presenta-
tion by Ewing and colleagues compared results from four different initial head-neck 
positions in –Gx human runs—neck up, chin up; neck up, chin down; neck forward, 
chin up; and neck forward, chin down.  They found that measures of angular velocity, 
acceleration, and torque depended entirely on the starting position of the head and 
neck.  They also made clear that duration (defined as the amount of time spent above 
75 percent of peak sled acceleration) was also an important factor in determining 
human response.  Although in all cases the entire measured response occurred in less 
than one second, NAMRL-D researchers were able to break this into short and long 
durations and to show that these differences produced measurable differences in re-
sponse.  To show how quantitative data had been acquired and validated, Ed Becker 
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and Gil Willems presented papers that reviewed the photographic and inertial data 
acquisition systems in use at NAMRL-D.74

One of the most important findings to come out of the early research at Michoud 
was that the ATDs then widely used in the automotive industry had serious limita-
tions.  Although the 1966 National Traffic and Motor Vehicle Act required automak-
ers to put seat belts in all cars manufactured after January 1, 1968, public concern fell 
short of legislative action.  Through the 1970s, not a single state required their use, 
and drivers and passengers generally ignored them.  Indeed, contemporary studies 
found that, on average, only around 25 percent of those with safety belt-equipped 
cars actually used them.  Further, public health officials and social activists charged 
that automakers were only making half-hearted efforts to raise awareness and were not 
developing sufficient buzzer systems to alert passengers that they were not wearing 
their seat belts.  Even in cars equipped with these alert systems, however, there was 
little improvement in seat belt use.75

Ewing had an idea about what was going on.  During the 1960s he had seen pilots 
reject new, safer helmets merely because they were less convenient, less comfortable, 
or simply unfamiliar.  Automobile drivers and passengers were exhibiting the same 
behavior for undoubtedly the same reasons.  Consequently, by the mid-1970s, as the 
potential for airbags to provide some measure of protection even without a seat belt 
became clearer, researchers became ever more determined to obtain good information 
about the relative value of each of these safety measures to change public minds—and 
that raised questions about how effective ATDs were.

Bill Muzzy and Leonard Lustick answered some of these questions at the 1976 
Stapp Car Crash Conference.  They had recently conducted an experiment at NAM-
RL-D to accurately compare dummy response to real human data and found trou-
bling inconsistencies.  For the experiment, the NAMRL-D staff had purchased several 
state-of-the-art General Motors Model Hybrid II ATDs, making sure to test different 
anthropomorphic sizes, and then outfitted them with the same instrumentation used 
on the human volunteers and put through identical –Gx runs.  The results were alarm-
ing, and Muzzy reported that “the kinematic response of the dummy is significantly 
different from that of human subjects in all variables measured.”  The critical result 
was that the linear and angular acceleration levels generated during the runs caused 
greater head-neck extension and flexion in human volunteers than in the Hybrid IIs.  
Although Muzzy and Lustick allowed that the Hybrid II appeared to be an improve-
ment over older ATD models, it clearly did not mirror the response of human subjects 
to impact, and therefore its utility in crash-tests remained limited.  This was the first 
major challenge issued by NAMRL-D to the research conducted by the automotive 
industry, and it would not be the last.76

Even in these early years, the lab’s impact was felt far beyond the Navy and the 
automotive industry.  For instance, NAMRL-D funded head-neck biodynamic mod-
eling studies by Dr. Theodore Shugar at the Naval Civil Engineering Laboratory 
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(NCEL), Port Hueneme, California.  NAMRL-D also underwrote electrode research 
for advanced telemetry units conducted by Dr. Sid Deutsch at Rutgers University.77

Additionally, Ewing acted as the personal emissary for the lab and its research.  He 
was a regular speaker at seminars held throughout the New Orleans area, including 
those hosted by the Eighth Naval District, and regularly entertained visitors, includ-
ing senior BUMED research and development officers.  Some calls came from even 
farther afield.  Dr. Norman H. Watts from the University of Sheffield’s Department 
of Mechanical Engineering and squadron leader David C. Reader from the Royal Air 
Force Institute of Aviation Medicine took particular interest in the research at NAM-
RL-D.  In 1973 Reader visited the laboratory to study the new horizontal accelerator 
and to consult with Muzzy.78

Not surprisingly, then, NAMRL-D contributed to nascent efforts to develop 
broader guidelines for impact injury research.  Leading researchers in the United States 
formed the Ad Hoc Committee on Human Subjects for Biomechanical Research in 
1973, with Dan Thomas serving as the chairman of the Subcommittee on Guidelines 
for the Comparison of Human and Human Analog Biomechanical Data.  During the 
1974 and 1975 meetings of the subcommittee, Thomas worked with Albert I. King, 
Rolf H. Eppinger, Robert P. Hubbard, Herbert M. Reynolds, and D. Hurley Robbins 
to develop a set of guidelines “considered to be the minimum requirement for compa-
rability of databases.”  The development and use of laboratory, anatomical, instrumen-
tation, and right-hand orthogonal coordinate-systems, as well as specification of initial 
conditions for each, made the list.  In the course of their work, Thomas and his coun-
terparts from the University of Michigan Highway Safety Research Institute, National 
Highway Traffic Safety Administration, Wayne State University, General Motors Re-
search Laboratories, Renault-Peugeot, Volkswagen, Southwest Research Institute, and 
West Virginia University were, in essence, creating a common set of standards that 
would turn acceleration studies from a set of disparate and idiosyncratic efforts into a 
strong and unified field with shared tools and a common language.79

In just four short years, the young NAMRL-D was already making its presence 
felt in the field of acceleration impact research and injury prevention, within both 
the military and the public sector.  It had thus far proven to be quite successful in 
engineering state-of-the-art impact acceleration test equipment and developing pro-
cedures for acquiring test subjects and then gathering data through carefully conduct-
ed, measured, and recorded experimental runs.  Chan Ewing and his colleagues had 
high hopes for achieving even greater results and prominence in the years to come for 
their quickly maturing program at Michoud, as they strove to fulfill Ewing’s cherished 
dream of building a mathematical model of the human dynamic response to impact 
acceleration.  Although they were aiming high and ultimate success appeared to be 
just over the horizon, the lab would ultimately come up short and at great cost to 
Ewing and his researchers, as NAMRL-D reached independent command status but 
then faltered in the next stage of its existence.
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In January 1976, after more than thirty years in the Navy, Chan Ewing retired from 
active duty.  To the casual observer, this may have appeared to be a straightforward 

event.  After more than twenty years of full engagement in acceleration impact studies 
and more than a decade of promoting, building, and administering a cutting-edge 
laboratory, Ewing was ready to leave the work to a new generation.  But that observer 
would not have known Chan Ewing, who had no intention of stepping back.  In-
stead, the retirement allowed Ewing to adroitly offload the part of the job he liked 
the least—the administrative and military duties of a naval officer-in-charge.  After 
an extended vacation, Ewing returned to NAMRL-D as civilian scientific director in 
June 1976.1

Exchanging his Navy uniform for a civilian suit and white physician’s coat under-
scored one of Ewing’s particular strengths:  his ability to use contacts and knowledge 
of the Navy bureaucracy to accomplish his goals in an informal, flexible way.  But 
in ceding administrative authority over his work to other naval officers likely to be 
uncomfortable with his approach to leadership and laboratory management, Ewing 
was unknowingly creating a potential source of friction and perhaps cause for conflict.  
The unintended consequences later became apparent when Ewing made another key 
move—getting his lab elevated to an independent command, which brought about 
unanticipated administrative expectations and unwanted levels of accountability from 
higher Navy authorities.  As the lab made the rocky transition to more formal arrange-
ments, Ewing’s old support network broke down, his researchers were left without 
work for months at a time, and he found himself directly opposed to the superiors 
he had expected merely to lighten his administrative load.  Most importantly, the 
transition to independent command status cast unwanted light on a hitherto unex-
posed shortcoming:  Ewing may have built a remarkably innovative and productive 
experimental lab, but he had not yet had the time or capability to transform the raw 
scientific data into mathematical models.  The years between 1976, when Ewing opt-
ed for civilian status, and 1984, when he left the lab for good, were therefore highly 
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productive yet disappointing.  They established the limits of the informal flexibility 
through which Ewing had accomplished so much.

VIbratIon and shIp motIon studIes

These limits were not yet visible in 1976.  Indeed, the 
reorganized NAMRL-D appeared to get off to a good 
start both scientifically and administratively.  During 
the first half of 1976, Dan Thomas served as acting of-
ficer-in-charge of NAMRL-D.  After Ewing returned, 
he filled the slot until the Navy could assign a replace-
ment.  Commander Robert S. Kennedy, who arrived 
in December 1976, most likely met all of Ewing’s ex-
pectations.  A New Yorker who grew up in the Bronx, 
Kennedy joined the Navy in 1959 and went on to earn 
a Ph.D. in experimental psychology from the University 
of Rochester in 1972, majoring in sensation and percep-
tion.  He then dedicated his career to aerospace experi-
mental psychology and studies on motion sickness and 
disorientation.  In fact, just a year earlier while working 
at the Naval Missile Center at Point Mugu, California, 
Kennedy had developed a test that could be used to pre-
dict aviator susceptibility to motion sickness.2

Kennedy and Ewing had known each other since 
the 1960s when they were both stationed at NAMI in 
Pensacola, and they shared a mutual respect.  Kennedy 

was always more interested in research than administrative details.  After coming to 
NAMRL-D, he met regularly with Ewing and Thomas, more often to talk about re-
search than to spread red tape.  He had no desire to micromanage the impact acceler-
ation research.  Instead, Kennedy focused closely on what was, during the late 1970s, 
a growth industry for the laboratory:  vibration, motion sickness, and performance 
evaluation studies, part of a growing body of “human factors” research that studied the 
interactions between individuals and technology in complex systems.3

The earliest NAMRL-D experiments related to vibration began in 1974 to help 
solve a problem created by emerging ship technology.  Combat personnel had always 
been highly vulnerable during transit to and from landing beaches.  In the 1960s, to 
make tactical insertion and casualty evacuation safer and more efficient, the Navy had 
begun developing high-speed vessels called Surface Effect Ships (SES).  An unusual 
combination of hovercraft and catamaran, these vessels were highly prone to severe 
vibration problems.  Although they were capable of reaching speeds up to 100 knots, 
the vessels could rarely achieve them because extreme vibration made operators either 

Commander Robert S. 
Kennedy, an aerospace 
experimental psychologist, 
succeeded the retired 
Dr. Chan Ewing as the 
officer-in-charge of the 
NAMRL-D, serving 
in that role from 1976 
to 1979.  (Photograph 
courtesy of Michael 
Lilienthal)
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sick or physically incapable of controlling the vessel.  This was particularly a problem 
in large SESs, but designers had completely failed to appreciate how increases in mass 
affected the vibration profile.  NAMRL-D’s assignment was to research the effects of 
ship vibration on humans, establish detrimental vibration levels, and then send the 
data to the Naval Sea Systems Command, Naval Air Systems Command, U.S. Marine 
Corps, and Bureau of Medicine and Surgery for use in SES design evaluation.4

The chief concern was the difficulty of casualty evacuation, so NAMRL-D planned 
to measure the vibrations from an SES prototype, reproduce them in the laboratory, 
and expose first animal subjects and then human volunteers in the supine position.  
This was the same basic conceptual methodology as impact acceleration research, but 
instead of reproducing the experience of an aviator hitting the water, it replicated the 
sensation of a casualty being taken off the beach.  “We started vibration research in-
tending the same instrumentation approach,” wrote Thomas.5

The approach and instruments might have been the same, but the prime movers 
were different.  To begin the vibration studies, Ewing obtained the right to use an MB 
Electronics model C-210 vibration system, which was already installed at Michoud’s 
Chrysler Engineering Test Lab.  Used during the early Apollo program to test the Sat-
urn S-1 and S-1B rocket boosters, the C-210 was capable of generating fourteen tons 
of force.  It had a 2,800-pound aluminum “shake table” driven by an audio amplifier 
consisting of three high-power stages that could produce frequencies ranging from 5 
Hz to 2 kHz and oscillating motion ranging from 3 Hz to 2 kHz.  Since it was owned 
by the federal government, NAMRL-D could use the C-210 at low cost.6

Vibration tests on rhesus macaques began in early 1974.  Rhesus Number 3148 
was the first animal subject.  Over the course of one week, it was exposed to vibration 
frequencies from 10 to 40 Hz and acceleration levels from 0.57 to 10 G.  These early 
tests provided an opportunity to troubleshoot and adapt the restraint systems and 
instrumentation originally developed for acceleration impact studies.  Ed Becker and 
Bill Muzzy, for example, produced stiffer T-plate mouth mounts for larger primate 
subjects and human volunteers after detecting an unusual degree of resonance during 
some of the initial vibration tests.7

As work with rhesus macaques continued into 1975, the capabilities of the vibra-
tion program expanded with the installation of a 5,000-pound force capacity electro-
hydraulic vibrator manufactured by Minneapolis Test Systems Corporation (MTS).  
The MTS device allowed NAMRL-D to conduct studies at lower frequencies than 
formerly possible, down to 1 Hz.  The team also developed new equipment and pro-
cedures for use in the MTS experiments.  These included a fiberglass couch specially 
molded to restrain a macaque securely and creation of small Teflon-lined tunnels in 
the craniums of the macaque subjects.  These tunnels allowed the technicians to insert 
pressure transducers through the skull to rest firmly against the dura.

The chief objective was to correlate vibration with intracranial (brain tissue and 
cerebrospinal fluid) pressure changes in the macaques.  Researchers outfitted the rhe-
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sus subjects with three pressure transducers to measure intracranial pressure and three 
accelerometers to measure motion.  High-speed cinematography found that the ac-
celeration of the couch was more or less in line with the rhesus’s restrained torso, so 
the fiberglass couch was also fitted with an accelerometer positioned close to the neck.  
The macaques were exposed to vibration frequencies ranging from 2 to 35 Hz, with 
acceleration amplitudes of 5, 10, 20, and 40 m/s2 on the MTS electrohydraulic shak-
er.  One of the most startling findings from these experiments was that at frequencies 
below 10 Hz and amplitudes below 40 m/s2, acceleration caused the rhesus’s head to 
strike the neck, creating the possibility of spinal injury if prolonged.  The results of 
these first experiments were never deemed reliable enough to use, but the work did 
demonstrate that it would be possible to develop a model to predict response to vi-
bration.8

Ewing’s next step was to recruit Dr. John C. Guignard to spearhead subsequent 
rounds of vibration research.  Born in England, Guignard obtained his medical de-
gree from the University of Edinburgh and conducted human factors research at the 
Royal Air Force Institute for Aviation Medicine and the University of Southampton.  
In 1969 Guignard moved to the United States and conducted research on vibration, 
noise, and human performance under stress for the U.S. Air Force Aerospace Medical 
Research Laboratory in Dayton, Ohio, using a C-5 electrodynamic vibration machine 
similar to the C-210 at Michoud.  While there, Guignard evaluated the International 
Organization for Standardization’s (ISO) boundaries for whole-body vibration expo-
sure.  In Guignard’s study, eight human male volunteers were seated in a “vehicle-driv-
ing posture” and exposed to vertical vibration levels between 8 and 16 Hz.  During the 
vibration tests, which lasted up to eight hours, the seated subjects had their heart rates 
monitored and movements tracked with a mouth-mounted accelerometer.  Guignard 
found that the exposure had “practically no significant effect upon a wide variety 
of physiological indicators or upon several varieties of central and peripheral perfor-
mance,” thus proving the sufficiency of the ISO boundaries.9

Guignard arrived at Michoud in 1975.  A year later, he came under the nom-
inal supervision of Commander Kennedy who, in addition to being named offi-
cer-in-charge, was also designated director of the newly created Human Performance 
Sciences Division at NAMRL-D.  By then the team was preparing to man-rate the 
C-210, fitting the device with numerous failsafe mechanisms and interlocks designed 
to stop the entire system in the event of a malfunction.  These failsafe mechanisms 
worked by cutting off the oscillator signal produced by the amplifier and by remov-
ing power from the vibration exciter and the amplifier.  This instantaneous halting 
of the equipment, however, had the potential to generate an entirely new hazard—a 
system-generated high-voltage electrical transient that could reach the shake table and 
seriously harm the occupant.  Bill Muzzy developed an automatic servo-cycling oscil-
lator, equipped with an interlock circuit, in conjunction with a control signal monitor 
to remedy the problem.  In the event of a loss of power, the interlock circuit allowed 
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the machinery to step down rather than 
stop abruptly, allowing the electrical 
transient to decay.10

By 1977 the C-210 was ready for 
man-rating by an independent team of 
safety technicians and engineers.  They 
pored over documentation, interviewed 
personnel, and tested the machinery at 
a variety of stress levels.  “They would 
deliberately try and stop the test in an 
unauthorized manner and see what 
would happen,” recalled Muzzy, pleased 
that his safety features performed as ex-
pected.  In November 1977 the C-210 
passed the test.  Work with human vol-
unteers could begin.11

The first series of tests focused on 
the inertial response and psychophysi-
ological reactions to whole-body vibra-
tions at 2 Hz (the dominant frequency 
encountered aboard early SES proto-
types) and above.  Navy human research 
volunteers had accelerometer arrays like those used in the impact program mounted 
to their first thoracic vertebra, upper jaw, and pelvis.  Their seats, fixed to the shake 
table, also had a reference accelerometer attached.  The vibration was applied to the 
buttocks and feet of the seated subject in a vertical sinusoidal direction (oscillating up 
and down).  The data measured by the seat reference and subject-mounted transducers 
was recorded initially on analog magnetic tape and later converted to consistent and 
precise digital form.  The human volunteers were exposed to steady-state sinusoidal 
vibration for three minutes and to up-and-down fluctuating frequencies, or sweeps, 
for approximately one minute.12

Guignard was pleased with the accuracy and reliability of these first human sub-
ject vibration tests.  A look at the literature, he told a group at a 1979 Aerospace 
Medical Panel Specialists meeting, indicated that “use of man-mounted inertial in-
strumentation in such a manner that meaningful and repeatable observations of skel-
etal motion can be reliably made, and related to a precise inertial frame of reference, 
has rarely been attempted and even more rarely achieved.”  By then NAMRL-D had 
completed 80 human experiments covering a vibration frequency range of 5 to 32 Hz 
with no one harmed.  The next year the lab undertook 157 vertical axis vibration runs 
with seated human volunteers.  This series of experiments employed a subjective vi-
bration severity rating scale to determine the human threshold of tolerance.  The team 

The C-210 hydraulic shaker in use with a 
human research volunteer.  (USAARL)
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supplied volunteers with a nine-point vibration severity scale that they used to identify 
their level of discomfort.  Although the scale covered increments running from imper-
ceptible motion (level 1) to intolerably severe (level 9), exposure was terminated if any 
volunteer rated a level 6.  But even as the team at Michoud accomplished the “rarely 
achieved,” NAMRL-D staff were working simultaneously on another front to better 
document tolerance to ship vibration.13

It began in early 1973 when Ewing met with officials from the Navy and Bell 
Aerospace Company to discuss results of an intriguing trial.  That March, Bell Aero-
space had outfitted a 1,000-ton production model SES-100B with more than 300 
motion sensors and accelerometers.  The chief of the Naval Material Command, Ad-
miral Isaac C. Kidd, Jr., then rode the 100B for approximately twenty minutes in Sea 
State 2, typically characterized by smooth water conditions with occasional waves 
just over a foot high.  Kidd and his crew exceeded what was considered the voluntary 
tolerance threshold of 2 Hz vibration, and they did so longer than previously believed 
possible.  This finding, Ewing noted subsequently, “raises the question of what the 
correct figures are.”  With no good information on vibrations created by the 1,000-ton 
SES and with the Navy and Bell already anticipating a 2,000-ton model, this brought 
the entire SES program into question.14

Ewing decided that given adequate resources, NAMRL-D could provide the 
needed answers.  First, the team would require access to a better hydraulic shaker—
one that could perform at frequency levels below 1 Hz and produce higher amplitudes 
of motion than the C-210 and even the MTS.  This, in turn, would necessitate new 
instrumentation to provide accurate measurements at lower frequencies.  Finally, to 
effectively capture the human factors aspect of the tests—documenting the long- and 

short-term effects of the vibration exposure far 
beyond the shake table—NAMRL-D would 
need a dedicated cadre of human volunteers un-
affected by impact acceleration testing.15

There was one location where these require-
ments were available, and in late 1973 Ewing pro-
posed to make use of the Office of Naval Research 
(ONR) ship motion simulator (SMS) facility in 
Goleta, California, operated by Human Factors 
Research, Inc. (HFR), for vibration experiments 
in the 0.1 to 0.4 Hz spectrum.  ONR approved 
the proposal, and from July to September 1975 
Ewing worked in Goleta along with several staff 
members and nineteen human research volun-
teers conducting motion simulation experiments 
on the SMS.  The motions were intended to rep-
licate the effects of a 2,000-ton SES running in a 

The ship motion simulator (SMS) 
at Goleta, California, before its 
transfer to NBDL.  (USAARL)
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bow quartering sea in three separate conditions:  1) Sea State 3 at 80 knots; 2) Sea 
State 4 at 60 knots; and 3) Sea State 5 at 40 knots.  Pairs of subjects were exposed for 
forty-eight hours to each of these conditions, with intervals given over to performance 
of tasks representing shipboard activities, resting, and static control.  Sixteen of the 
nineteen human volunteers aborted the runs due to severe nausea or vomiting.  There 
was little consistency in onset; it varied from twelve hours to fifteen minutes.  Only the 
remaining three volunteers could function for the entire duration of the test period.16

Working with HFR staff members Michael E. McCauley and James F. O’Hanlon, 
Kennedy and Guignard used data from the Goleta experiments to develop a mathe-
matical model drawing upon motion frequency, acceleration, and duration of expo-
sure to predict incidence of motion sickness.  The model showed that the frequency 
most likely to induce motion sickness was 0.166 Hz.17

The Goleta experiments paved the way for sustained human factors research at 
Michoud.  Even before Ewing’s sojourn, NAMRL-D’s Paul Majewski had acted brief-
ly as observing medical officer for a series of studies on the SMS.  He documented a 
number of effects of motion sickness, including vomiting, sleep disturbance, fatigue, 
loss of appetite, headache, vision disturbance, and decline in work performance.  It 
was the decline in work performance finding that intrigued Ewing the most and re-
sulted in the shipboard activities element in the 1975 Goleta tests.  Afterward, he 
decided that his team should develop a test battery that, when taken before, during, 
and after ship motion experiments, could determine in greater detail how work per-
formance was affected by motion.  Moreover, Ewing believed, this battery of tests 
could prove useful in a variety of dynamic experiments, including impact research.18

This desire to get into human factors research subsequent to the interlude in 
Goleta strongly suggests that Ewing may have exerted some influence in the process 
of making Commander Kennedy, an expert in human factors, his successor as offi-
cer-in-charge at NAMRLD.  Upon his arrival at Michoud, Kennedy enthusiastically 
advanced a research project ultimately entitled Performance Evaluation Tests for En-
vironmental Research (PETER).  With a team including Dr. Alvah C. Bittner, Jr., 
Lieutenant Commander Robert C. Carter, MSC, USN, and a few research assistants, 
Kennedy reviewed psychological literature to evaluate different types of human volun-
teer performance tests.  Some, like the Halstead-Reitan Battery and the Stroop Test, 
were well known.  Others appeared more appropriate for identifying performance task 
areas that might degrade under ship motion.  The team used the results from NAM-
RL-D vibration tests to, in effect, “test” the various tests.  They then divided the per-
formance tasks that were shown to degrade under motion into two broad categories:  
cognitive tasks (decision-making, information processing, or judgment-related) and 
motor tasks (tracking and reaching).  Each performance test battery was administered 
to human volunteers Monday through Friday for three consecutive weeks, and the re-
sults were carefully reviewed for consistency.  Over the course of the PETER program, 
112 test measures were studied and evaluated based on consideration of the task’s 
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stability and definition.  In the end, 30 of these 112 measures were deemed useful for 
studying the effects of motion on human task performance.19

As the PETER project unfolded at Michoud, the SMS was being disassembled 
in Goleta, since in late 1976 ONR had decided to transfer it to NAMRL-D.  With 
scientific staff as well as human volunteers readily available in Michoud, ONR decid-
ed that the SMS could be operated more efficiently there.  There was understandable 
resistance in Goleta.  Kennedy described “factions with the Navy and outside that 
didn’t want it to go there.”  But in March 1977, the SMS was shipped to the Naval 
Civil Engineering Laboratory in Port Hueneme, California, for refurbishing.  When 
it arrived at NAMRL-D, it remained crated up—there was no funding available for 
the reassembly.  Finally, in the fall of 1980, the SMS was reassembled in Test Cell 3 at 
Michoud by general contractor J.L. Rumold, Inc.  On November 1 it was test operat-
ed for the first time since leaving Goleta.  Now that it was assembled and functional, 
Ewing and his team looked forward to man-rating the SMS.20

expansIon oF Impact acceleratIon research

On March 3, 1972, Mohawk Airlines Flight 405, a twin-engine turboprop, lost power 
while approaching the Albany, New York, airport.  It careened off a street and came 
to rest in a house.  Most of the passenger seats failed on impact, either coming loose 
from their tracks or their legs collapsing.  The loose seats, with occupants still fastened 
in, were thrown together into a forward compartment.  There were seventeen fatalities 
altogether—fourteen passengers, two crew members, and an occupant of the house.  
The National Transportation Safety Board (NTSB) estimated that the G forces gener-
ated during the accident should have been survivable.  The agency recommended that 
the Federal Aviation Administration (FAA) require seats to be built in excess of the 
forces that human beings could endure; however, the FAA rejected the recommenda-
tion.  As aircraft cabin safety questions piled up in the 1970s, Congress decided to act, 
with California Democratic Congressman Norman Mineta leading the investigation.  
Among the experts Mineta consulted was Chan Ewing.  By then Ewing had more than 
a decade of research and testing to draw upon, the most significant of which had been 
conducted during the last four years as the human and non-human primate impact 
studies increased in frequency and variety.21

Ewing made sure that the venture into vibration and human factors research did 
not distract the core staff from its impact acceleration research, particularly the effort 
begun at mid-decade to expand the vectors under investigation.  The first of these 
initiatives was to conduct human runs in the +Gy vector to obtain information on the 
consequences of lateral impacts, such as those encountered when an automobile is hit 
broadside.  There was some foundation work to build upon.  During the early 1960s, 
+Gy experiments using human volunteers had been carried out by John Paul Stapp 
and Major Ellis R. Taylor at Holloman Air Force Base and also by Captain Edmund 
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B. Weis, Jr., Captain Neville P. Clarke, and James W. Brinkley at Wright-Patterson 
Air Force Base.  The data, however, was clearly inadequate for use in mathemati-
cal modeling.  Stapp had employed subject-mounted accelerometers, but the results 
were compromised because the human subjects wore Project Mercury helmets.  The 
Wright-Patterson researchers used no subject-mounted instrumentation at all.22

The NAMRL-D team members were able to adapt the existing instrumentation 
systems to the new configuration, but they had to develop a new restraint configura-
tion that included an additional safety belt wrapped around the chest and a padded 
wooden board mounted on the carriage to stop lateral trunk movement.  Subjects 
were positioned so that the acceleration thrust would hit them on the right side.  
Since force would drive from right to left across the body, the unrestrained head and 
neck would respond by moving laterally to the right.  The +Gy runs began on May 6, 
1976, and remained the primary focus of human impact exposures into the spring of 
1977.  By the fall of 1977, NAMRL-D personnel had conducted one hundred human 
volunteer +Gy runs.  Their most notable preliminary conclusion was that the initial 
position of the head was directly related to the dynamic response output.  When the 
head and neck were bent, for example, forward (or “pitch”) increases were realized in 
angular acceleration and velocity.  The NAMRL-D team members presented these 
findings when they hosted the 21st Annual Stapp Car Crash Conference that October 

Preparing for a +Gy run with 
a human research volunteer.  
(USAARL)

Dr. Gilbert looks on as a human 
volunteer is readied for an off-axis 
G-x+y run.  (USAARL)
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in New Orleans.  In early 1978 the lab began conducting oblique runs in order to 
simulate airplane crashes with the seat pitched upwards.  In these vectors, known as 
G-x+y, human volunteers were positioned 45º to the accelerator.  In both the +Gy and 
G-x+y runs, the NAMRL-D research staff measured the same variables (rate of onset, 
duration at peak acceleration, and initial position of the head) as they had in the –Gx 
runs conducted in 1974 and 1975.23

The most notable medical finding from these rounds of experiments was in regard 
to syncope, the temporary loss of consciousness due to a fall in blood pressure.  A total 
of 1,621 fully instrumented human experiments were carried out between January 31, 
1974, and July 12, 1979.  Following 655 of these runs, the medical staff under Thom-
as noted symptoms including neck pain, headache, restraint abrasions, and syncope.  
There were twenty-nine cases of syncope in all, usually occurring among new volun-
teers on the first or second run.  It seemed likely at the time that the condition had 
been induced in part by tight restraint straps.  In all cases, volunteers were removed 
from the restraints and promptly recovered.  But there was clearly another factor at 
work in these human subjects, later identified by the medical team as “the additional 
stress of his first experiment.”  Sure enough, as volunteers learned how to breathe 
diaphragmatically and to anticipate and adapt to the physical stress, the likelihood of 
syncope decreased.  Only four volunteers suffered more than one syncopal episode.  
On several very rare occasions, intraventricular conduction abnormalities and brady-
cardia showed up on ECG readings.  All of the electrocardiographic abnormalities 
were resolved within three minutes following the run.24

Throughout these years there were 
steady improvements in the original 
instrumentation and equipment.  In 
January 1976, in order to collect infor-
mation on the movement of the hu-
man torso in relation to the head and 
neck, the Engineering Department 
took plaster impressions from each 
volunteer to construct a close-fitting 
fiberglass pelvic ring.  Accelerometers 
and photo-targets were attached to a 
steel mount on the ring.  In order to 
ensure that the mount remained rigid, 
the fiberglass pelvic ring was integrated 

into the restraint system, serving as the fastening point for the standard over-the-
shoulder straps.  The lap belt also fastened to the pelvic ring.  During safety testing, 
the pelvic region of a 220-pound Alderson 95th percentile anthropomorphic test dum-
my (ATD) was replaced with one of the fiberglass rings, and it withstood 17 G runs 
with no deficiency.  This new instrumentation allowed NAMRL-D engineers to study 

An example of the fiberglass pelvic mounts 
devised and used at the lab.  (USAARL)
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the amount of pelvic rotation that occurred during an experiment and to relate that 
information to readings measured at the head and neck.  The pelvic measurements 
also provided more data with which to evaluate the functionality of different restraint 
configurations.25

As the pelvic rings 
proved their utility and 
research in new vectors 
continued, Bill Muzzy 
began developing specifi-
cations for an adjustable 
sled carriage for human 
runs.  This promised not 
only to be a more optimal 
arrangement for multi-vec-
torial runs but would also 
relieve the lab of the task 
of switching out and main-
taining a growing collec-
tion of special-use sleds.  
The accepted maximum acceleration level for human volunteers was 15 G.  For safety, 
Muzzy doubled that number, designing a sled that could handle impact forces up 
to 30 G.  The design included provisions for a rotatable seat that could accommo-
date Gx, Gy, and Gz runs.  The plans also included three onboard cameras that could 
be positioned 1.2 meters from the test subject.  Like the carriages produced earlier, 
the multi-vectorial model was equipped with independent pneumatic brakes.  After 
painstaking negotiations, the contract for the new carriage went to CVC Products, 
Inc. at a value of approximately $45,000.  Construction and man-rating took several 
years.  Dry runs were conducted with 750 pounds of weight in the carriage to account 
for the expected total weight of the human subjects and the additional test equipment.  
NAMRL-D conducted its first runs with the new sled carriage in November 1980.  
The carriage greatly reduced the amount of time and effort required to switch between 
different impact vectors.26

The lab also implemented a system for processing photography during these years 
that was more efficient than previous arrangements.  At first, film exposed during 
runs was mailed to Eglin Air Force Base for developing; it was usually returned within 
three days.  After trimming and quality checking, the film was then “digitized.”  This 
involved using an automatic photo film reader and a computer to record on magnetic 
tape the frame-by-frame position of each photo target along with the associated time 
data.  In 1980 NAMRL-D switched from using developers at Eglin to employing 
two local vendors:  Pan American Films, Inc. and the Naval Support Activity in New 
Orleans.  To better process ever-increasing amounts of photographic data, William 

The omnidirectional sled configured for an off-axis run.  
(USAARL)
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Anderson developed an automatic photo-digitizing system composed of a film reader 
connected to a Nova 800 computer and Tektronix 4051 operating console.  Imported 
photo-data was carefully evaluated to ensure that it matched the inertial data from the 
accelerometers.  Afterward, the digitized photo-data was recorded on magnetic tape 
and kept on file with the original film.  These upgrades enabled the team to analyze all 
photographic and inertial data within five days of an experiment.  They also resulted 
in a cost savings of nearly $50,000 in 1980 alone.27

It was about this time that Congressman Mineta tapped the expertise being de-
veloped at NAMRL-D to help compel the FAA to take action on airplane seat speci-
fications.  Mineta informed Ewing that hearings before the Congressional Committee 
on Public Works and Transportation, which were held in June and September 1980, 
had only produced “conflicting testimony.”  He hoped that Ewing would help resolve 
the conflict by answering a series of incisive questions.  Many were specific to the FAA 
seat question, but Mineta also asked specifically about the limits of human capability 
to withstand inertial forces and the utility of mathematical modeling to identify those 
limits.  Ewing sent back a comprehensive reply in late October, which was included 
in the official record.  The most important question was whether human beings were 
capable of withstanding higher G forces than standard airplane seats could.  “The 
tolerance limits listed,” Ewing insisted, “are far too low and are belied by published 
data.”  The FAA’s limit for frontal impact, for example, was 9 G.  Ewing pointed out 
that human subjects in his experiments had endured 15 G with no harm, thoroughly 
discrediting the FAA’s safety standards.28

While Mineta was calling the FAA to account, Ralph Nader associate Joan Clay-
brook, appointed director of the National Highway Traffic Safety Administration 
(NHTSA) by President Jimmy Carter, was pressuring automakers by pushing for 
tough new regulations, including a requirement for airbags in vehicles.  The auto-
makers, struggling with foreign competition and skyrocketing fuel costs, pushed back 
hard.  President Ronald Reagan’s election in the fall of 1980 resolved the conflict in 
favor of the automakers—for a time—but as Dr. Carol A. MacLennan, a participant 
on the NHTSA side, noted later, the “controversy centered on the issue of scientific 
precision.  Were anthropomorphic dummies sophisticated enough to measure the 
relationship between crash forces and human injuries?”29

Ewing’s answers to Mineta revolved around the same question.  Given the num-
ber of variables involved, as Ewing explained, the only good way to understand the 
dynamics of a seat failure during a crash would be through use of an ATD.  The best 
ATD then available, GM’s Hybrid III, was far from accurate, however.  “This is one of 
the central problems at the U.S. Department of Transportation, as well as the Depart-
ment of Defense, in attempting to specify performance criteria for evaluation of re-
straint/protective systems for ejection seats, crash protective systems for other aircraft, 
and protective systems for automobiles sold in the United States,” Ewing concluded.

But there was good reason for this problem, as the task of developing the required 
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criteria was Herculean.  Ewing informed Mineta that although NAMRL-D research-
ers had data available from 1,759 human volunteer runs in three different vectors, 
they still did not know enough to develop an ATD that would match human dynamic 
response, let alone validate it with a “math model” of a human being.  In the end, 
Ewing could not help putting in a plug for his own work.  Given the required resourc-
es, Ewing assured Mineta, his lab planned not only to develop performance criteria 
but also “to prepare designs and to construct a family of dummies (manikins) which 
will act dynamically as a man does, as measured by comparison to the performance 
criteria.”  Ewing expected to reach that goal by 1987, “depending on availability of 
staff and funds.”  But he never attained it, and Mineta’s efforts, like Claybrook’s, were 
turned back by the change in administration, but only for a time.  In 1988 airplanes 
were finally required by the Department of Transportation to have 16 G seats in-
stalled.30

non-human prImate program expansIon

As the pace of human experimentation increased during the late 1970s, so did the 
extent of non-human primate research.  In non-human primate studies as in human 
impact research, NAMRL-D made innovations both in the vectors of runs and in 
equipment and instrumentation.  Injurious, occasionally fatal high acceleration level 
–Gx non-human primate runs, begun early in the decade to locate an injury threshold, 
were stepped up, and by the early 1980s preliminary results began to appear.  One of 
the most notable findings was that the fatality threshold was similar for both +Gx and 
–Gx runs.  In contrast to forward-facing –Gx runs, +Gx runs replicated a collision from 
behind, inducing a whiplash response from the unrestrained head.  Ewing and Thom-
as had previously considered +Gx runs to be especially dangerous, and there was little 
or no pre-existing human volunteer research in that vector.  There was precedent in 
non-human primate research, however, since Ayub Ommaya had conducted +Gx runs 
with rhesus macaques at NIH during the late 1960s and early 1970s.  Further, since 
NAMRL-D had provisions in place for fatal –Gx runs with non-human primates, 
Ewing decided that the team was prepared to conduct potentially fatal +Gx runs.31

The first step was to set a threshold level for forward impact that would establish 
a basis for comparison.  Based on twenty-three high level (85 to 180 G) –Gx rhesus 
runs, which had produced thirteen fatalities, Dan Thomas and Gene Jessop set the 
threshold for fatal injury at the head-neck junction at acceleration levels between 
110 and 120 G.  This finding roughly corresponded to the threshold set by Thomas 
Clarke and Bill Muzzy years earlier at Holloman, where fatal head-neck injuries were 
observed in baboons around 100 G.  NAMRL-D personnel consulted with Clarke 
on comparability between different species of non-human primates.  The next step 
was to conduct the tests replicating impact from behind.  These first +Gx runs were 
supervised by Thomas and Jessop in the early 1980s.  The results were startling, indi-
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cating that the fatal injury threshold was at a force of around 140 G—far higher than 
anticipated.32

This threshold injury value, however, applied only in impacts where the non-hu-
man primate’s head was aligned with the torso and facing the impact vector.  In runs 
where the head was not positioned straight forward, the fatal threshold was lower.  For 
example, in 1980 an 88 G peak sled acceleration run in which the initial position of 
the primate’s head was displaced by 60º on the Z-axis resulted in a fatal neck injury.  
Human subjects could be instructed how to position their heads during experiments, 
but rhesus behavior could not be controlled to this extent.  The NAMRL-D staff 
worked to develop a “breakaway restraint system” to hold the head in a specific po-
sition until the moment of impact, at which point the impact force would break the 
restraint.  In the end, the team was unable to come up with a device strong enough to 
provide sufficient initial restraint but fragile enough to break on impact without in-
terfering with the dynamic response.  Thomas was deeply disappointed about the lack 
of control over the initial conditions of the animal runs, but NAMRL-D nevertheless 
collected a dataset containing a great deal of information about initial head position.33

Determining non-human primate head position upon impact, wherever it may 
have been, was made easier when the lab developed new photographic procedures 
for collecting data on high G animal runs.  The old Milliken cameras were replaced 
with new 16-mm PhotoSonics, Inc. model 1B cameras that could better withstand 
high acceleration levels.  The frame rate of the PhotoSonics devices was also doubled 
to 1,000 frames per second in order to collect the same quantity of measurements at 
double the acceleration.34

As fatal non-human primate runs increased, histologic research, conducted by 
Dr. Friedrich Unterharnscheidt, became increasingly important to the lab’s work.  If 
the acceleration experiments established when fatalities occurred, it was Unterharn-
scheidt’s study of the patterns of structural tissue damage that explained how they 
occurred.  Unterharnscheidt identified the most common cause of fatal injury in both 
the ±Gx vectors as disarticulation at the atlanto-occipital junction.  He did, however, 
find differences between the patterns of traumatic lesions and hemorrhages caused by 
fatal –Gx and +Gx runs, thus concluding that “each vector direction of impact accel-
eration produces a different and predictable type of injury in regard to quality and 
distribution.”35

Among the most important tasks undertaken by Unterharnscheidt was to prove or 
disprove one of the theories that had been formative to pioneers of impact acceleration 
studies:  the “cervical stretch” theory put forth by Dr. Reinhard L. Friede in the early 
1960s.  This theory held that abrupt stretch and flexion of the cranio-cervical junction 
could cause a concussion that may or may not be fatal.  The idea had once led Ewing 
to postulate that pilots lost after hitting the water may have died not from crash im-
pact but by drowning after losing consciousness.  During the testing at NAMRL-D, 
there were no outward signs of concussion induced by cervical stretch and, most im-
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portantly, no instance in which impact resulted in a temporary loss of consciousness.  
Non-human primates exposed to high G impacts either survived or died.  Unterharn-
scheidt was tasked with looking for internal changes that might be associated with the 
condition.  Existing pathological literature indicated that a concussion could occur 
without leaving any trace of microscopic alteration.  The NAMRL-D team, however, 
believed that more proof was required, so Unterharnscheidt carefully examined tissue 
from the fatalities for microscopic alterations to cellular structure.  In the end, he 
reported “no pathomorphological findings detectable using the classical light micro-
scopical staining techniques,” thus disproving the notion of cervical stretch.36

If NAMRL-D had closed the book on Friede’s theory, the clinical criteria for 
concussion remained open for debate.  Unterharnscheidt’s histological research be-
came an important part of this ongoing debate because it provided information on 
non-human primates that could be compared with the results of autopsies of humans 
killed in airplane and automobile accidents—that is, as long as the latter were detailed 
enough.  Ewing and Unterharnscheidt became strong advocates of new military au-
topsy procedures requiring uniform and careful examination of the spinal cord and 
craniospinal junction.37

somatosensory eVoked potentIals

By the late 1970s, work at Michoud indicated that concussion was not solely pro-
duced by trauma to the brain or spinal cord.  The question remained, how else was it 
caused?  Ewing and his colleagues postulated that impact might cause a temporary dis-
ruption in the central nervous system.  That led to increased focus on neurophysiolog-
ical monitoring on the assumption that it might be possible to detect these temporary 
disruptions to a sustained electrical impulse received from the central nervous system 
during an impact experiment.  These electrical impulses were known as “somatosen-
sory evoked potentials” (SEPs).  To observe changes, Ewing and his team thought 
of stimulating the median nerve percutaneously and monitoring the resulting SEPs 
before, during, and after runs.38

Drs. Marc S. Weiss and Michael Berger spearheaded the SEP research at NAM-
RL-D.  Both men had earned a Ph.D. from the University of Rochester.  Weiss held 
a position in the Department of Psychology at Washington State University before 
coming to NAMRL-D in 1972 to help with data system design, and he stepped up to 
lead the SEP research as it grew from a small initiative into a sizeable program.  Berger 
was a member of the University of Maryland Physiology Department before becom-
ing assistant neurophysiologist under Weiss in September 1973.39

The SEP program is a good example of NAMRL-D working flexibly and in-
formally with outside experts, although it was ONR rather than Ewing that made 
the connection with the pioneering researchers at the Biomedical Engineering and 
Neurosurgery Departments at the Medical College of Wisconsin (MCW) in Mil-
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waukee.  Headed by Drs. Sanford J. Larson and Anthony Sances, Jr., the MCW team 
had extensive experience in electrophysiological monitoring and developing clinical 
applications for SEPs.  Among these applications was using SEPs to monitor patients 
undergoing surgery for spinal injuries.  In order to monitor SEPs with precision, it was 
necessary to implant electrodes directly into the cortex, a task not among the in-house 
capabilities of NAMRL-D.  Jessop, therefore, arranged for non-human primates to be 
transported to MCW, where Drs. Patrick Walsh and Joel Myklebust performed the 
necessary implantation surgeries.  The primates were then flown back to Michoud for 
experimentation.40

In a series of 1977 experiments, 
eight rhesus macaques with implant-
ed cortical reading electrodes were 
exposed to a range of –Gx impact ac-
celerations.  EEG and SEP readings 
were taken from the macaques before, 
during, and after the impact tests.  
Berger and Weiss found that the SEP 
readings were a better indicator of iner-
tial load on the brain than EEG infor-
mation and concluded that it might be 
possible for short-term brain dysfunc-
tion to increase in severity proportional 

to increases in impact acceleration levels.  Furthermore, they postulated that there 
could be a “threshold for the interruption of the transmission of neurophysiological 
signals through the central nervous system of the animal.”  They made these prelim-
inary findings public in a paper presented at a November 1978 International Aero-
space Medical Panel Specialists’ meeting in Paris.41

Berger and Weiss followed up that work with a new set of experiments in 1978 
and 1979 that used SEP information obtained from electrodes implanted in the cervi-
comedullary junction between the skull and brainstem.  These sensors indicated that 
amplitude dropped and latency increased following a non-lethal impact event.  Berger 
and Weiss again found that the higher the peak acceleration, the higher the latency 
shifts in the evoked potential.  Based on these experiments, Berger and Weiss postu-
lated that a threshold for neurophysiological dysfunction in the rhesus might exist in 
the range of 700-800 m/s2. This research involving rhesus macaques held enormous 
potential as a safe means of confirming that low G impact exposures caused changes 
in the functioning of the human central nervous system.  Not only did it support that 
hypothesis, but it also provided a body of data to use as a point of reference in human 
experiments.42

Neurophysiologist Lieutenant Commander David M. Seales, MC, USN, joined 
the NAMRL-D team to lead the transition to human volunteer SEP experimenta-

An NBDL neurophysiologist monitors EEG 
readings.  (USAARL)
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tion.  The first challenge was determining the best means of positioning the electrodes.  
There could be no implantation directly on the brain surfaces of the human subjects, 
so it was expected that human readings were going to be less accurate.  Seales worked 
with human volunteers to come up with an optimal placement scheme for electrodes 
affixed to the skin.43

In 1981 Seales and Weiss began a round of –Gx impact runs with five human 
volunteers during which SEP readings were taken from the top of the head, the bra-
chial plexus (near the left clavicle), the iliac crest of the right hip, and the midline of 
the neck 4 cm from the inion.  Runs were conducted reaching 20, 100, and 150 m/
s² accelerations for each volunteer with SEP readings taken before, during, and after 
each run.  During the entire period, the median nerve running through the left arms 
of the subjects was stimulated percutaneously at the wrist with 5 µV rectangular pulses 
lasting 2ms.  In analyzing the readings, Seales and Weiss looked for disruptions in the 
stimulus-produced SEP caused by acceleration.  They found that the SEP was not 
altered in any clinically significant way during these runs.  This was not unexpected—
rhesus macaques had experienced central nervous system disruptions only at much 
higher accelerations between 700-800 m/sec².  While the findings were negative, these 
first human SEP experiments helped refine placement of electrodes; the restraints, it 
turned out, caused the hip and neck electrodes to create excessive noise.  Seales did not 
remain to continue the work, however.  In 1982 he left NBDL and took a position at 
the Department of Neurology at Louisiana State University, returning direction of all 
SEP research at the lab to Marc Weiss.44

an Independent command

In some respects, 1979 was the high-water mark for the laboratory at Michoud.  The 
first results from the SEP research were coming in, the acceleration impact research 
with both non-human primates and human volunteers was going full bore, vibration 
research was under way, and the ship motion simulator from Goleta was awaiting 
assembly.  Ewing had every reason to be proud of his work and sure of his plans, so 
bolstered by his success, he conceived the idea of having his lab elevated to an inde-
pendent command.  Seeking higher institutional status seemed like a logical next step, 
one that might yield greater visibility and open new funding streams for Ewing’s re-
search programs.  Buried deep within the military organizational structures, both the 
Wayne State and NAMRL-D operations had too often been overlooked.  As a result, 
NAMRL-D was almost entirely dependent upon its parent NAMRL command in 
Pensacola and had difficulty obtaining supplemental funding outside of ONR and 
BUMED.  Further, the civilian scientists at NAMRL-D suffered from lack of recog-
nition by their military counterparts, and Ewing believed that they were not properly 
rewarded or compensated for their hard work.  His mind made up, Ewing began 
working his contacts in ONR and BUMED to make it happen, and by mid-year 
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the process of creating the new command was well under way.  What may have been 
unrealistic was Ewing’s apparent expectation that even as an independent command, 
the laboratory would continue to operate much as it always had—with minimal su-
pervision, maximum flexibility, and an informal culture.45

The first indication that this might not be the case came early when the Navy set 
an important precondition for the transition.  Since Ewing’s lab conducted human 
experiments, protocol required that its ultimate administrator be a medical doctor.  
Commander Kennedy, however, was only a Ph.D. and an aerospace experimental psy-
chologist.  No matter how well he had performed as officer-in-charge of NAMRL-D 
or how well respected he was within his professional field, he could not hold the same 
position in an independent naval command.  Kennedy did not mind.  He was happy 
to transition to a full-time position as head of the Human Performance Sciences Divi-
sion—the job that had formerly occupied most of his time anyway.  In the meantime, 
a new commanding officer would be selected for the billet.46

In August 1979 Captain James E. Wenger arrived at NAMRL-D to assume com-
mand from Kennedy.  Wenger had joined the Navy in 1966, after graduating from the 
Indiana University School of Medicine.  By the time of his assignment to NAMRL-D, 
Wenger had done tours as senior medical officer aboard the USS Bennington (CV-20) 
and USS John F. Kennedy (CV-67).  Wenger had first become familiar with NAM-
RL-D in early 1978 during a stint as a staff medical officer at BUMED and had met 
Ewing, Kennedy, and Thomas while serving on an inspection team.47

On February 28, 1980, while Wenger was still settling in, the Chief of Naval 
Operations officially established NAMRL-D as a separate command under a new 
name—the Naval Biodynamics Laboratory (NBDL).  The official notice stated that 
NBDL was “To be the principal Navy Activity to conduct biomedical research on the 
effects of mechanical forces (motion, vibration, and impact) encountered in ships and 
aircraft on naval personnel; to establish human tolerance limits for these forces; and to 
develop preventive and therapeutic methods to protect personnel from the deleterious 
effects of such forces.”  The commissioning ceremony was held on August 14, 1980, 
with more than three hundred military and civilian personnel in attendance.  Wenger 
was formally named as NBDL’s first commander, while Ewing’s title changed from 
scientific director to chief scientist.48

The reorganization at Michoud was part of a larger ongoing transition within 
BUMED as responsibilities for the administration of research programs were consol-
idated within the Naval Medical Research and Development Command (NMRDC).  
NBDL, now commanded by Wenger, fell under NMRDC in the reshuffled organiza-
tional chart, with Wenger reporting to NMRDC’s skipper, Captain James F. Kelly.  In 
earlier years, organizations outside of BUMED, such as NAVAIR and NAVSEA, had 
communicated directly with Ewing and Kennedy.  But in August 1979, around the 
time of Wenger’s arrival, the Navy Surgeon General informed NAVAIR’s commander 
that medical laboratories were henceforth expected to route communications through 
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the aviation medicine program manager, Cap-
tain Ronald K. Ohslund at NMRDC.  As 
the designated liaison officer, Ohslund would 
then forward all communications to the in-
tended recipients.  The flexible administrative 
system that Ewing had taken advantage of for 
so long was beginning to stiffen.49

Just as NBDL began adjusting to its new 
status, it was left without its top civilian sci-
entific leaders when both Chan Ewing and 
Dan Thomas had to take simultaneous med-
ical leave.  Ewing had developed heart trou-
ble and underwent coronary artery surgery in 
1980.  His recovery required several months 
of hospital care and home bedrest.  Mean-
while, Thomas was severely injured in car 
accident near Michoud and was hospitalized 
for several weeks.  He likewise required an ex-
tended period of recovery and therapy before 
his physicians cleared him to return to work.  
Consequently, their lengthy absences at such 
a critical juncture made NBDL’s transition from a detachment to a command even 
more difficult.50

With both Ewing and Thomas away from NBDL, Wenger had to ease the lab into 
the new administrative structure alone, something that required both tact and patience 
in dealing with the lab’s previously autonomous civilian staff.  Wenger’s stern person-
ality and tough command style worked against him, however, and the researchers 
resented the brusque and unyielding manner in which he imposed the chain of com-
mand over NBDL.  He was a by-the-book administrator, and his vision of a well-de-
fined and tightly controlled operational structure for NBDL clashed with the flexible, 
informal laboratory culture that had flourished under Ewing.  Kennedy’s tenure had 
been placid because he identified more with NBDL’s scientists than his military peers 
and instinctively gave scientific priorities precedence over organizational imperatives.  
Wenger, as long-time NBDL photographer Art Prell put it, “really struggled with the 
professional scientist versus the administrator” relationship.  Consequently, relations 
between the captain and the civilian researchers rapidly deteriorated.  Ewing himself, 
having returned to work after his surgery to find NBDL drastically changed, inevita-
bly grew restless, and finally rebellious, under Wenger’s command.  Rumors began to 
circulate that his days as chief scientist were numbered.51

The talk seemed to be confirmed when Wenger finally took disciplinary action 
against Ewing for insubordination.  The charge, one of the most serious in a military 

Captain James E. Wenger and Dr. 
Chan Ewing were all smiles when 
NBDL was elevated to command 
status in 1980.  In the ensuing 
months their working relationship 
sharply deteriorated.  (USAARL)
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command, was based on Ewing’s refusal to begin his work days at standard mili-
tary early morning hours.  He instead preferred to arrive at Michoud closer to noon 
but then work late into the night, contrary to Wenger’s repeated orders.  Ewing, as 
NBDL’s founder and driving force, had simply ignored his skipper, determined to 
continue running NBDL as he saw fit.  So Wenger moved against him.  Effective 
August 3, 1981, at Wenger’s request, Captain Kelly at NMRDC suspended Ewing for 
two weeks without pay.  Acting executive officer Paul Majewski announced the pun-
ishment at a meeting of NBDL department heads the next day.  Amid the resulting 
outrage, Majewski could do little but insist that Ewing would remain chief scientist, 
despite his temporary suspension.  Ewing stayed home and officially served out his 
punishment, but undeterred, he refused to stop working and remained in daily con-
tact with NBDL using his personal telephone.  He ultimately appealed his suspension 
through bureaucratic channels, and Secretary of the Navy John Lehman eventually 
ordered it struck from his record.52

It was natural for lab veterans to blame the controversy on differing personalities, 
approaches, and, ultimately, Wenger’s inflexibility.  But during these transition years, 
NBDL encountered a host of challenges that turned otherwise negotiable differences 
into insurmountable barriers.  Most importantly, NBDL was suddenly exposed at 
a very bad time.  During the Vietnam years, every branch of the military had been 
amply funded for mission-critical work.  The funding, now more discretionary, still 
flowed for a few years, but by the last half of the decade, the energy crisis, inflation, 
and recession had curtailed much of the Navy’s former “buying power”—even as the 
transition to an all-volunteer force was raising labor costs.  Now out from under the 
protective wing of NAMRL in Pensacola, NBDL had to compete for increasingly 
scarce resources and found itself outmatched.  Wenger had requested $386,130 to 
fund equipment acquisition for FY 1982, but the Navy allocated less than half that 
amount.  During the same funding cycle, BUMED’s dispersal of $815,000 to NBDL 
for the impact program was delayed.  Then the Navy cut the number of billets for ci-
vilian NBDL employees from fifty-eight to forty-eight.  In the end, Wenger managed 
to obtain funding for fifty-three billets, but NBDL was nevertheless essentially in a 
hiring freeze.53

All during 1981 Wenger had been fighting for NBDL on an even more import-
ant front.  In January the Chief of Naval Operations failed to approve billets for 
new human volunteer recruits, the essential components to the biodynamics research.  
Wenger notified his superiors of this new hurdle, but in the fall the problem remained 
unresolved.  NBDL continued human testing until the current crop of volunteers’ 
eighteen-month assignments expired, but without new billets, recruitment of replace-
ments stalled.  In October 1981 Wenger warned NMRDC that “without the volun-
teers, all human research ceases, thereby causing significant programmatic delays.”  
The Navy finally renewed the billets.54

While Wenger fought his superiors for more resources, his subordinates blamed 
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his administration for the holdups caused by the lack of funding.  Gil Willems was 
perturbed to find that a large number of critical supply orders had been delayed, 
despite personal assurances that they were on the way.  As Bill Muzzy remembered, 
“There were long periods there where we couldn’t do anything at all.”  In August 1981, 
at the height of the controversy, an exasperated Leonard Lustick wrote to Commander 
Lewis E. Waldeisen, NBDL director of Plans and Programs:  “We are not doing the 
experiments.  That is the purpose of this laboratory.  We are not running, why not?”  
Work stoppages and delays made it ever more difficult to maintain a coherent research 
plan.55

There was little that Wenger could have done about the external challenges facing 
the lab, but in going ahead with wholesale internal reforms despite the difficulties, he 
clearly made things more difficult for his researchers and himself.  During the Ewing 
and Kennedy years, the structure and responsibilities of the various departments had 
changed little.  Every researcher knew what his duties were and how to carry them 
out.  By bringing about sudden changes in work responsibilities, Wenger changed all 
of that.  As an efficiency measure, Wenger considered moving data processing from 
Lustick’s Math Sciences Department to William Anderson’s Data Systems Depart-
ment.  Anderson vented to acting executive officer Majewski, who had been a Ewing 
confidant for years, although he was now Wenger’s deputy.  “Management has placed 
a very real priority on presenting a good image to the Navy chain of command,” An-
derson wrote, “even to the extent of compromising the efficiency of the research work.  
One gets the very definite impression that laboratory management neither appreciates 
nor understands the people or work being done at this facility.”  Anderson concluded 
that “if the situation is not turned around, this laboratory is going to lose its capacity 
to perform biodynamics research.”56

One of Ewing’s goals in seeking an independent command had been to obtain 
more recognition for civilian scientists.  Instead, as Wenger reshaped the lab to corre-
spond to prevailing expectations about military formality, the civilians began to feel 
slighted.  Several NBDL department heads wrote that they “felt intimidated” because 
they were expected to adhere to Navy protocol and to address senior officers just as if 
they themselves were military men—and to stand up whenever the commanding offi-
cer entered their offices, work areas, and meeting rooms.  Lustick believed that “there 
should be a distinction between military and civilians.”57 Whether Ewing had ex-
pected any of this when he set the lab on the path to independent command is un-
known, but it is clear that the genie could not be put back in the bottle.  In May 1982 
Wenger, ever the outsider, rotated out of NBDL to another posting but died just two 
months later of a heart attack.  Majewski, the veteran insider, departed the lab too.  A 
new command team, Captain Loys E. Williams and Commander Wilton W. McIn-
tosh, took NBDL’s helm and continued the reorganization that Wenger had started.58

Unfortunately, NBDL lost its chief ONR patron in 1982 when Joe Pollard retired 
as director of the Biological and Medical Sciences Division.  Over the years Pollard 
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had negotiated agreements with subcontractors, including the Tulane Delta Regional 
Primate Center, QEI, and MCW, and found the money to support NBDL’s projects.  
His retirement, perhaps forced due to changing times and internecine Navy politics, 
left a gaping hole in the support network that had sustained Ewing’s enterprises since 
Wayne State.59

In 1983 NBDL suffered yet another heavy blow when Dr. Arthur Callahan, who 
had long served as managing liaison between Ewing’s lab and its subcontractors, trans-
ferred from ONR to a position as director of the Biomedical Sciences Department at 
the Naval Submarine Base in Groton, Connecticut.  Callahan had been one of Ewing’s 
fiercest defenders ever since the Wayne State project.  His departure, coming on the 
heels of Pollard’s, effectively left NBDL without ONR protection and vulnerable to 
NMRDC’s budget cuts and scientific meddling.  The stress on Ewing undoubtedly 
became overwhelming.  During this turmoil, he suffered his first heart attack, requir-
ing yet another period of emergency leave just when NBDL needed his leadership and 
iron will the most.  As a result, the Navy was able to set NBDL’s research agenda with 
little regard to Ewing and his civilian scientists, with Captain Williams coming aboard 
as NBDL’s second commander and revising its priorities and reallocating resources.60

mIssIon and modelIng

As a flight surgeon, Captain Williams had undertaken some impressive missions.  He 
was previously the senior medical officer aboard the USS Enterprise (CVN-65) and 
at the Crew Systems Division, NAVAIR.  Now at NBDL, he was intent on aligning 
the mission of the lab more closely with the priorities of the naval establishment.  In 
official terms the mission was: “1) Develop procedures and guidelines to improve the 
health, safety, and well-being of naval personnel; 2) Evaluate the operational capability 
of U.S. Navy combatants in rough seas; and 3) Develop equipment and procedures 
to improve human operation of combat systems under the biodynamic stresses im-
posed by naval operations in adverse weather and sea conditions.”  Unofficially, this 
meant eliminating the vibration program, refining the ship motion simulation work, 
and building up the lab’s non-human primate study capacity.  One mission that Wil-
liams—and his two predecessors and Ewing—had not carried out, however, at least 
in the estimation of an independent evaluation and NMRDC’s Captain Kelly, was 
to make sufficient progress on what was always the lab’s ultimate goal:  mathematical 
modeling.61

Indeed, the creation of the independent command had led the Navy to take a 
closer look at its investment.  One high-level conclusion was that since the Air Force 
and Army both had similar initiatives, funding for the human response to vibration 
program was unnecessary, so Williams ended it.  The decision to terminate was made 
easier when the C-210 electrodynamic device was badly damaged by a water leak at 
Michoud.  In 1983 NBDL returned the C-210 to NASA, cutting its rental expen-
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ditures by about $14,000 per year.  At that point the MTS had finally been certified 
for use, but with the vibration program shelved, it was used primarily to study the 
response of seated humans to shocks caused by underwater explosions.62

The Navy retained high hopes for the ship motion simulation studies at Michoud, 
but the program suffered a few setbacks of its own during the early 1980s.  Although 
NBDL planned to have the SMS assembled and ready to run by 1980, repeated 
equipment failures and the need to acquire computerized data collection equipment 
delayed the man-rating process indefinitely.  Also during that period, the experts who 
were expected to conduct the research departed NBDL.  In 1981 Robert S. Kennedy 
left to conduct human performance work at the Canyon Research Group in Califor-
nia.  His replacement lasted only a year before being reassigned to the Naval Medical 
Research Institute in Maryland.  Lieutenant Commander Robert Carter, principal 
investigator in the PETER program, also rotated out of Michoud, taking invaluable 
institutional memory with him.63

John Guignard, who remained despite the closure of the vibration program, 
helped fill this void, as did another British researcher who arrived in 1984, Dr. Thom-
as G. Dobie.  An Officer of the Order of the British Empire (OBE), Dobie had lived a 
very interesting life up to that point.  He had served as a bomber pilot in the Royal Air 
Force (RAF) during World War II and then developed an interest in motion sickness 
research during the postwar years while serving as a test pilot and working with other 
aviators who had been grounded for exhibiting signs of the disorder.  After earning 
his medical degrees from the University of Leeds and retiring as a group captain from 
the RAF, he had gone on to serve as chief medical officer for Saudi Airlines before he 
was recruited to head up motion sickness research at NBDL.  Dobie soon became the 
mainstay of that program when the SMS finally received its man-rating certification 
in March 1985, while on the side he taught classes in human factors engineering at 
the University of New Orleans.64

Other NBDL staff members undertook a variety of productive tasks while they 
waited out the budget crunches and equipment delays of the early 1980s.  “We did a 
lot of building maintenance,” Bill Muzzy recalled, “and we built soundproof rooms 
up on the third floor for some of the psychology tests.”  One of the most ambitious 
projects in the period was conversion of the animal holding facility from a temporary 
care facility to a long-term vivarium.  In tenor with the times, the move was justified as 
a way to provide semi-permanent care to laboratory animals on a more cost-effective 
basis than was possible when constantly shuttling them between Tulane and Michoud.  
On November 2, 1983, representatives from the American Association for Accredita-
tion of Laboratory Animal Care visited the vivarium for inspection and accreditation.  
Henceforth, NBDL obtained animals through commercial purchase and participation 
in DOD and NIH primate recycling programs.  Ultimately, the initiative resulted in 
an estimated savings of roughly $1,000 per month.65

But there was more than cost savings at stake since the expansion was also directly 
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related to the lab’s 1980s agenda.  NBDL had determined that in order to scale data 
up from rhesus macaques to humans, an intermediate step would be necessary—test-
ing with larger primates.  The plan was to use chimpanzees (Pan troglodytes) or, in the 
event that they became scarce, baboons (Papio) for the next phase of impact accelera-
tion research.  In a work unit summary for FY 1984, NBDL informed Captain Kelly 
that to resume and sustain chimpanzee research would require approximately thirteen 
chimps per year.  Kelly frowned on the request.  Not only were chimps expensive and 
an increasingly endangered species, but Kelly was growing pessimistic about the out-
look for NBDL’s modeling efforts.66

There can be no doubt that construction of a mathematical model of human head 
and neck injury had always been Ewing’s ultimate objective.  But it is equally clear 
that up to the early 1980s, Ewing had applied only a small fraction of his laboratory’s 
resources toward that work.  NBDL, and NAMRL-D before it, had always kept some 
modeling-related initiatives going, but those had generally been left to contractors.  
QEI, Inc. had been there from the beginning, developing the methodology and hard-
ware for the three-dimensional data acquisition upon which successful models would 
depend.  QEI also developed the software package called EZFLOW that was used 
to digitize, compile, and time-lock anthropometric, photographic, and accelerometer 
data from analog tapes.  So dependent was NBDL on QEI, in fact, that when the lab 
faced a contract lapse in early 1983, William Anderson warned that the consequences 
could include delays in digitization of instrumentation film, calibration of photo-
graphic systems, reduction of x-ray anthropometry, and conversion of accelerometer 
data to UNIVAC format.67

While QEI worked to help NBDL improve its data, another pair of researchers 
helped develop information that would be at the center of the mathematical model:  
accurate establishment of the center of gravity, moment of inertia, and mass of the 
human head and neck.  NAMRL-D’s Ed Becker and Tulane professors Leon Walker 
and Edward Harris had done invaluable work on these measurements in the early 
1970s.  But there was one deficiency recognized at the time—the measurements were 
taken from embalmed cadavers.  Becker had been aware of the problem from the be-
ginning, reporting that “the specimens themselves are changed considerably from the 
living state as a result of the embalming procedures.”  To improve upon these results, 
Ewing reached out to Dr. Wolfgang Spann and Dr. Gundolf Beier at the University 
of Munich’s Forensic Institute.  The institute was in the unusual position of having 
access to “fresh,” unembalmed cadavers, mostly car crash victims, and was well known 
in Europe for its unique brand of impact injury research and data collection based on 
the thousands of autopsies it performed over the years.68

Under contract to ONR, Spann and Beier began replicating the earlier work with 
fresh cadavers.  Since prior research had shown that there was no detectable difference 
in brain weight of cadavers kept at 4 to 6º C (39.2 to 42.8º F) during the first one 
hundred hours after death, Spann and Beier took all of their measurements within 
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five days using a stereotaxic jig like the one designed earlier by Becker.  A study of 
twenty-one cadaver heads between 1975 and 1977 determined the mean weight of the 
human head to be 4,305 g, closely conforming to Walker’s finding of 4,376 g.  How-
ever, Spann and Beier noticed a “significant difference” in the form of a 1 cm variation 
in the mean center of gravity located in Walker’s study.  Impressed by the Germans’ 
diligence, Ewing used the updated information on anatomical constants in the impact 
program at NBDL.69

The contractor most directly involved in modeling was Desmatics, Inc., based 
in State College, Pennsylvania.  Starting in 1979, Desmatics began developing sta-
tistically based models using the data from both human and rhesus runs.  Desmatics 
even began grappling with the problem of scaling the experimental results of the –Gx 
rhesus runs to other species.  It had been Desmatics that recommended that NBDL 
undertake chimpanzee testing in the early 1980s after it determined that the effective 
scaling of data from rhesus macaques to humans would require “injury data for at least 
two species of subhuman primates in order to construct a statistical injury prediction 
model for humans.”  By then, Desmatics had helped identify integral variables (initial 
position and rotational forces, in particular), but as yet there was no progress—nor 
even a compelling plan—for scaling a full mathematical model.70

While his lab was working with a variety of contractors, Ewing was in close touch 
with military researchers working on 
another front.  The Naval Air Devel-
opment Center (NADC) Aircraft and 
Crew Systems Technology Directorate 
spent much of the 1970s developing a 
simulator to determine how and when 
a human pilot would make contact with 
structures in the aircraft cockpit during 
crash or ejection.  The effort was im-
mensely collaborative—NADC worked 
with the Naval Engineering Center, the 
Naval Weapons Center, and the FAA on 
the project.  Enormous amounts of data 
were required to create computer mod-
els to study human response within the 
context of an aircraft cockpit.  Required 
input included not only three-dimen-
sional geometric data on the structure 
of the cockpit but also anthropometric 
and dynamic response data, which was 
forthcoming from NBDL.71

The entrance to the Naval Biodynamics 
Laboratory at Michoud.  (USAARL)
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Georg D. Frisch, NBDL’s representative at NADC during the early 1980s, had 
access to NADC computers running crash simulation software produced by Calspan 
Corporation, Ultrasystems, Inc., and Boeing.  His work showed that large pilots were 
most likely to hit the instrument panel, particularly with their feet.  He also found 
that some of the aircraft ejection seats contributed to poor cervical spine alignment, 
which increased the probability of injury.  Most importantly, Frisch compared the 
predicted responses of humans during crashes generated by the NADC software with 
the actual results developed by NBDL.  None of the programs were able to closely 
replicate the test data developed by NBDL.  Whether this was best attributed to the 
shortcomings of the software or the limitations of the informational input was a mat-
ter of contention.72

By the 1980s, however, the lab’s lack of progress in modeling had also become a 
cause for concern, both within and outside NBDL.  Working with its vendors, NBDL 
was building critical components necessary to produce and validate a three-dimension-
al model of human dynamic response to impact.  But more could be done in bringing 
the information together and building potential models for evaluation, and it required 
close and consistent coordination.  William Anderson and Ed Becker routinely inter-
faced with QEI and Desmatics, but neither they nor anyone else at NBDL ever had 
direct responsibility for the modeling effort.  In 1980 Becker resigned, admitting that 
he was “frustrated in that we were collecting lots of data but the intent seemed to be 
creating a resource for study rather than studying that resource directly.”73

Four years later NMRDC commissioned an independent review by the American 
Institute of Biological Sciences (AIBS).  The reviewers led with the good news, laud-
ing what was “probably the most comprehensive and well-documented collection of 
human head and neck data in the world.”  But AIBS also pointed out that “the collec-
tion of data alone is not a biomechanical endpoint for injury-criteria research or for 
manikin development.”  AIBS went on to note that NBDL had apparently conducted 
much of its impact research “in an isolated atmosphere,” making little effort to study, 
let alone use, head-neck models developed at other institutions.  A year later, Captain 
Kelly of NMRDC was even less charitable, questioning the rationale that had under-
pinned Ewing’s project almost from the beginning.  “The entire biodynamics protocol 
pivots upon the establishment of scaling factors,” Kelly wrote.  “While there are obvi-
ous intuitive generalizations which can be made for scaling between rhesus macaques, 
to chimpanzees, to humans, the justification presentation within the protocol itself 
must include a greatly expanded discussion of the scaling issue.”74

Chan Ewing’s lab had been highly productive in the late 1970s, and despite the 
budget cuts and administrative reforms of the early 1980s, it had continued to pile up 
invaluable and ultimately irreproducible data.  Due to time and technological con-
straints, however, Ewing had been unable to bring the same level of systematic effort 
to the modeling process that he did to his experimental regime.  By 1983 his inability 
to put his third and final pillar into place, coupled with the increasingly negative con-
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sequences of NBDL’s elevation to independent command, had raised questions about 
the lab’s future.

As the uncertainties mounted, so did NBDL’s personnel losses.  In July 1983 Fred 
Unterharnscheidt followed Kennedy, Majewski, and Becker out the door, although 
he continued to work for NBDL as a contractor.  In early January 1984, Ewing him-
self retired, still ailing from his heart trouble and fed up with Navy interference and 
criticism of the lab he had done so much to create and lead.  “He just couldn’t put 
up with it anymore,” Dan Thomas later remembered. Similarly frustrated and disil-
lusioned, Thomas exited alongside Ewing.  Once he was out the door, he informed 
Senators Jeremiah Denton of Alabama and Russell Long of Louisiana that “many of 
the scientists have left NBDL in a state of dissatisfaction” due to the “deterioration” 
that had happened since 1980.  “I no longer believe that the Medical Research and 
Development Command (MRDC) is capable of effective internal self-criticism and 
scientific leadership,” Thomas wrote.75

Ewing landed a job as the president of the American Biodynamics Corporation 
and continued promoting his research interests in the private sector for years to come.  
Thomas, for his part, went to work for the Celanese Corporation, also in the private 
sector.  Although they were out of government service, Ewing and Thomas never 
entirely gave up on NBDL.  Now on the outside looking in, but not without some 
influence within Navy and scientific circles, they maintained a strong mutual concern 
for the facility’s precious data and never hesitated to speak out on its behalf.

In the meantime, NBDL faced the second half of the 1980s and the early 1990s 
with lots of data and little institutional memory.  And it remained to be seen whether 
the AIBS assessment would stand as an indicator for forward progress or an inventory 
of past shortcomings as NBDL lurched through the final years of the Cold War and 
toward its ultimate fate in the following era of military lab closures and consolidation.
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declIne and transFer,
1984-1996

When Chan Ewing and Dan Thomas left in January 1984, NBDL suddenly 
lacked overall senior civilian scientific leadership.  The commanding officer, 

Captain Loys Williams, was primarily an administrator and was subject to regular mil-
itary rotation, so he could offer little long-term research direction or planning.  John 
Guignard was the highest level civilian employee remaining, but his expertise was in 
vibration and ship motion research rather than impact acceleration.  No senior phy-
sician, researcher, or engineer could match Ewing’s breadth of vision or management 
experience.  And no one had the personal contacts so crucial to maintaining favor and 
funding from higher naval authority.1

Realizing that he and Ewing were creating a leadership vacuum, Thomas left Wil-
liams some recommendations for reorganizing the lab.  He suggested putting veter-
inarian Eugene Jessop in charge of the upcoming animal experiments and leaving 
physician Norman Gilbert in charge of medical support and assuring the safety of the 
human research volunteers.  “He is the only one capable to do this for impact accelera-
tion,” Thomas wrote.  He recommended that Williams “personally retain supervision” 
of future experimental design decisions and responsibility for the human test subjects.  
Instead, Williams gave mathematician Leonard Lustick responsibility for the impact 
testing program on an acting basis.2

However, Williams was gone within a few months.  His replacement was Captain 
Robert J. Biersner, a research psychologist with an undergraduate degree from Central 
Washington State College and a Ph.D. from McGill University, who took over as CO 
on August 31, 1984.  Biersner had served with the Navy Experimental Diving Unit 
from 1967 to 1970.  After a stint with the Navy Medical Neuropsychiatric Research 
Unit, in 1974 Biersner became a human factors analyst for the Chief of Naval Educa-
tion and Training Support.  Most recently, Biersner had served as the program manag-
er for NBDL on the staff of the Naval Medical Research and Development Command 
(NMRDC).  He well understood the lab’s ongoing challenges, noting shortly after his 
arrival that NBDL was “still trying to get its bearings as the youngest command within 
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the Navy medical research and development community.”3

As the reassigned staff members got their bearings, Biersner made technological 
upgrades a priority.  To improve data acquisition and analysis for the impact acceler-
ation program, he replaced an old EAI Pacer 600 hybrid computer with new Hewl-
ett-Packard 9000/220 and 9000/835 model computers.  The HP9000/835 interfaced 
with an HP9872T plotter.  To provide better information on the effects of motion on 
Navy combat operations, particularly the loading of weaponry, the Ship Motion Sim-
ulator (SMS) was outfitted with a Baltimore Therapeutic Equipment model work sim-
ulator.  Upgrades also included installation of a laser-generated artificial horizon in the 
SMS cabin as well as replacement of outdated Apple II computers with new Zenith 
models.  Among the most important equipment upgrades, however, were NBDL’s 
own efforts to improve anthropomorphic test dummies (ATDs).4

change and contInuIty In the Impact program

Following the departure of Ewing and Thomas, Lustick kept the horizontal impact ac-
celeration program on track, conducting regular human, rhesus macaque, and Hybrid 
III ATD runs throughout 1984.  There were two related priorities:  to develop new 
information on the +Gz vector and to prove the accuracy of the ATDs.  During the 
1984 runs, most human and Hybrid III subjects were placed in the supine position, 
simulating vertical acceleration forces like those encountered during ejection from 
aircraft.  By the summer, Hybrid III tests had proven that the spinal structures in 

Left: Drs. Dan Thomas (left), Chan Ewing (middle), and Norman Gilbert with a human 
research volunteer prepared for a test run in 1979-1980.  Medical supervision of the 
impact accelerator runs fell to Gilbert after Thomas and Ewing left NBDL in January 
1984.  (Photograph courtesy of Dr. Daniel J. Thomas) 

Right: Captain Robert J. Biersner, MSC, USN (USAARL)
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the ATDs were “unequivocably” insufficient for replicating human dynamic response.  
The new data enabled the NBDL team to push forward in creating a validated, state-
of-the-art ATD that accurately represented the biodynamic head-neck response of a 
human being.5

The ATD head-neck design research was part of an ongoing joint effort with 
Georg Frisch at the Naval Air Development Center (NADC), whose three-dimen-
sional crash simulation research won the Scientific Achievement Award from the Navy 
in 1987.  The joint NBDL-NADC effort was focused specifically on designing a more 
accurate head-neck system for use with the body of the Hybrid III.  By June 1988 
Frisch had made progress on development of a 50th percentile male head-neck, but 
his work was cut short after he was diagnosed with terminal lung cancer and died in 
August 1989.6

In January 1986 the space shuttle Challenger disaster led the acceleration experi-
mentation team into a few months of unusual work for NASA.  The post-accident in-
vestigation suggested that an icicle may have punctured one of the Challenger’s external 
rocket booster tanks.  NASA 
subcontractor Martin Marietta 
tried dropping icicles down a 
vertical shaft onto booster tank 
panels, but the experiment was 
inconclusive because the inves-
tigators could not control the 
orientation of the icicles upon 
impact.  Martin Marietta had 
an office at Michoud and called 
upon Bill Muzzy for help.  In 
March 1986, booster tank pan-
els affixed to the front of a light-
weight sled were accelerated at 
varying velocities up to 90 miles 
per hour to make contact with 
icicles suspended by a thread.  Muzzy determined conclusively that icicles could not 
have penetrated the booster tank panels.  Eventually, the cause was identified as a cold 
temperature-induced failure in one of the rubber rings used to seal the tanks.7

Another project more directly related to human impact acceleration was an effort 
to anticipate how the additional mass of night-vision systems or helmet-mounted dis-
plays changed dynamic response.  The work included tests with five human volunteers 
wearing fiberglass helmets during –Gx runs between 3 and 10 G.  The researchers at-
tached weights ranging from 275 to 600 grams to different locations on a rack mount-
ed on top of the helmet to change overall mass and center of gravity of the head.  In 
the end, Lustick and his team found that weighted fiberglass helmets (with attached 

Bill Muzzy (far left) awaits the start of a horizontal 
impact accelerator test to determine if an icicle could 
penetrate space shuttle booster tank panels.   
(USAARL)



Impact Acceleration and the Human Response

Chapter Five | Decline and Transfer, 1984-1996

150

mounts to hold accelerometers) resulted in up to a 30 percent increase in total head 
mass.  At the 30th Stapp Car Crash Conference, held in San Diego in October 1986, 
NBDL personnel presented the findings from ninety-six –Gx runs with human vol-
unteers wearing helmets.  They noted that the additional mass resulted in “increased 
head angular travel, as well as increased torques and forces on the neck.”  The military 
had long understood that pilot helmet mass was directly related to dynamic response, 
but as Muzzy explained, the research at NBDL “provided the first objective data on 
the effects of increased mass on the head-neck response.”8

The highlight of the mid-1980s was the completion of the lab’s first vertical accel-
erator.  This had been years in the making.  Ewing and Muzzy had been considering 
the engineering requirements for a vertical accelerator since 1971, and Ewing had 
worked diligently to fund and build it.  The tower for the accelerator was finished in 
1982, but another four years passed before the entire apparatus was ready for exper-
imentation.  The structure included a Bendix HyGe nitrogen-powered accelerator 
with a six-inch cylinder capable of producing 40,000 pounds of thrust to accelerate a 
sled carriage with a payload in excess of 500 pounds up the 42-foot-tall tower track.  
Perhaps most strikingly, the vertical accelerator, located in Test Cell 4, was designed to 
serve as something of a gigantic x-ray machine.  Outfitted with lead-lined walls and 
a high-speed 35-mm x-ray camera, the apparatus was capable of recording objects in 
motion at a rate of 250 frames per second.  As with the horizontal accelerator, the 
sled carriage was decelerated by gravity and friction forces of 5 m/sec².  Bill Muzzy 

designed locking brakes to keep the sled 
from crashing back down the tracks at the 
end of each run.  The first empty sled runs 
with the vertical accelerator began on July 
31, 1986.9

The vertical accelerator provided an ac-
curate means of simulating ejection forces 
(+Gz) in a realistic military posture without 
the compromise of placing subjects in the 
supine position on the horizontal accelera-
tor.  It also allowed for data from +Gz runs 
on the vertical accelerator to be compared 
to information from earlier +Gz horizontal 
accelerator runs to fully validate those read-
ings.  The vertical accelerator data was also 
available to Frisch at NADC for his ejection 
simulation programming.  In addition, the 
vertical accelerator could be used to simu-
late sudden shocks, like those resulting from 
underwater explosions.10

A human research volunteer in the 
supine position is prepared for a +Gz 
run on the horizontal accelerator.  
(USAARL)
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During the next two years, the vertical accelerator was used primarily for ship 
shock simulations using ATDs.  The tests were intended to estimate the response of 
seated humans to sudden upward ship shock motions (simulating motions resulting 
from underwater explosions) between 3 and 30 G.  After conducting runs with a 
variety of both cushioned and hard seats, NBDL found that cushioned seats could 
“significantly attenuate the shock input into the body.”  The information was sent to 
the Naval Sea Systems Command (NAVSEA) for comparison to data collected during 
ship shock trials at sea.11

In the fall of 1986, Lustick retired, leaving the acceleration impact program to 
Marc Weiss, who served as de facto scientific director until his appointment as chief 
scientist in 1988.  To take over Lustick’s other responsibilities as head of the Mathe-
matical Sciences Department, NBDL hired Dr. Salvadore J. “Sal” Guccione, Jr.  After 
completing a Ph.D. in mathematics at the University of Missouri–Rolla in 1977, 
Guccione taught mathematics at the University of Southwestern Louisiana and the 
University of New Orleans.  After joining NBDL in 1986, Guccione became respon-
sible for analyzing the impact program data.12

In the late 1980s, NBDL continued to set the standard for acceleration impact 
research nationwide.  In a series of presentations and reports released between 1986 
and 1989, Weiss provided guidelines for safe human exposures to impact acceleration 
based on findings at NBDL over many years.  The reports provided a ready resource 
of findings from NBDL’s experiments in multiple vectors.  In the –Gx direction, Weiss 
and his colleagues noted that human volunteers had safely experienced accelerations 
up to 15.9 G with a rate of onset up to 1,522 g/sec.  They reported similar exposures 
up to 11.3 G in the +Gy and 13 G in the –Gx+y vectors.  In 1989 NBDL physicians 
noted that “clinical and radiologic examinations in 45 volunteers two to twelve years 
after impact have revealed no apparent structural neck injuries.”  The publications also 
provided information on how measurements were taken and profiled experimental 
protocols.13

somatosensory eVoked potentIals (sep) research

In SEP research, as with other areas of research, the mid-1980s was a period of re-
building.  Those who left the SEP team included David Seales and long-time assis-
tant researcher Michael Berger.  Newcomers included neurophysiologist Dr. David L. 
Matson.  With a Ph.D. in physiological psychology from the University of California, 
Irvine, Matson became primary collaborator with Weiss in SEP-related studies.14

Their first major challenge resulted from a 1985 review of the impact research 
program at NBDL by the American Institute of Biological Sciences (AIBS).  The 
controversy arose over proper use of anesthesia.  NBDL routinely anesthetized ani-
mals subject to impact exposures on runs where SEP readings were not taken, but in 
conducting SEP experiments, reasoning that anesthesia introduced an uncontrolled 
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variable that could alter SEP data, the lab did not anesthetize its rhesus macaque sub-
jects.  The AIBS reviewers claimed to be “deeply concerned with the impact testing of 
conscious non-human primates” and called for substantial documentation to justify 
the decision not to use anesthesia in SEP research.  One of Lustick’s last projects was 
to determine whether anesthetic agents did indeed affect electrophysiology.  The plan 
was simple—run tests with anesthetized rhesus macaques and compare the results 
with those obtained from runs with unanesthetized macaques.15

In a 1987 study carried out by Matson and Weiss, a group of anesthetized rhesus 
macaques were accelerated to peak levels ranging from 95 to 870 m/sec² in the –Gx 
vector.  Runs were followed by x-rays and medical examinations.  The macaques were 
monitored for twenty-eight days following the tests and were then euthanized.  A 
necropsy report was prepared for each animal.  When Matson and Weiss compared 
this data, they found that it did not differ greatly from data produced by 1984 exper-
iments with unanesthetized macaques, validating the premise that anesthetized ma-
caques could be used for SEP impact research.  NBDL subsequently anesthetized all 
macaques used in this research.16

These experiments also confirmed that nervous system disruptions were evident 
at impact acceleration levels around 550 m/sec² in the –Gx vector.  This was an im-
portant finding because the threshold for detection of SEP disruption was well below 
the point at which actual physical injury could be distinguished, which was 800 m/
sec².  SEPs, therefore, could serve as a predictor of  neuropathological damage before 
such damage occurred.  The experiments also substantiated Dr. Friedrich Unterharn-
scheidt’s earlier finding that the cervico-medullary junction was the site most sensitive 
to stress during impact acceleration.  Overall, the mid-1980s research conducted by 
Weiss and Matson indicated that SEPs continued to hold “promise as an index of 
pre-pathological injury levels in impact research.”17

As the AIBS review suggested, ani-
mal testing became increasingly contro-
versial during the 1980s.  As early as 1985 
there was evidence that the Navy’s stance 
on animal experimentation had shifted.  
When NBDL applied for permission to 
use twelve chimpanzees that it already 
owned in testing, Captain James F. Kel-
ly, the commanding officer at NMRDC, 
flatly told Biersner that “the fact that 
NBDL already owns 12 chimpanzees 
cannot serve as an additional argument 
for their use in this or other potentially 
noxious experiments.”18

Captain Loys E. Williams (far left) and 
Captain James F. Kelly (center) outside 
NBDL at Michoud during the change 
of command ceremony in August 1984.  
(USAARL)
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Whether or not the results justified the testing, Kelly’s use of the term “noxious” 
was apt since the Navy was increasingly wary of the potential political repercussions 
should the non-human primate research become a matter of public debate.  That 
concern was vindicated two years later when the Navy confirmed that three animal 
handlers at NAMRL in Pensacola had contracted the rare and deadly Simian B virus 
from one or more rhesus macaques at the institution’s primate center.  One of the han-
dlers, a thirty-seven-year-old biological technician with thirteen years of experience, 
had also transmitted the virus to his wife through a shared tube of hydrocortizone 
ointment with which she was treating him.  He died from his infection, but she re-
covered.19

The chief of primate research at the NIH Animal Center noted after the event 
that “when you work with these primates like they do and we do, the odds catch up…
it could happen to anybody any time.”  Dr. Norman Bernstein, the infectious disease 
specialist who treated the sick animal handlers, noted that as many as 60 percent of 
rhesus macaques are carriers of the virus.  As a result of the infections, NBDL began 
a policy of blood testing all of its staff members that were likely to come into contact 
with animals.  This was an unusual outbreak of a rare disease—physical injury among 
animal handlers was far more common—but it helped strengthen the case against 
animal testing that was then being built up nationwide.20

As the controversy grew in the late 1980s, animal testing at NBDL waned.  The 
last rhesus macaque run was conducted on July 14, 1989, and in mid-1990 NBDL 
decided to discontinue animal research entirely.  Its animals were dispersed to the 
U.S. Army Medical Research Institute of Infectious Disease at Frederick, Maryland, 
the Armed Forces Radiobiology Research Institute in Bethesda, Maryland, and the 
Centers for Disease Control in Atlanta, Georgia.  With the conclusion of the animal 
program, there was no need to retain veterinary staff members, and those billets were 
terminated.  After being disinfected and painted, the vivarium was turned into storage 
space.  In this case, the lab’s timing was apt.  Less than two years later, in congres-
sional testimony, animal rights activists charged a number of military institutions, 
NBDL among them, with “providing grossly inadequate veterinary care” to research 
animals.21

Whether or not the charges of the activists were entirely warranted, or whether 
the human costs of animal experimentation were justified, there can be no disputing 
that animal testing at Michoud resulted in a trove of invaluable experimental informa-
tion.  Between 1973 and 1989, NBDL conducted four hundred non-human primate 
acceleration test runs.  This constitutes the only set of three-dimensional response data 
on rhesus macaques and chimpanzees ever developed.22

Sal Guccione underscored the importance of the non-human primate data in 
his October 1990 research report entitled “A Statistical Analysis of –X Rhesus Head 
Kinematics” in which he addressed the question of rhesus kinematic behavior and 
developed statistical relationships from a database of fifty-three –Gx rhesus macaque 
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tests from the 1984, 1985, and 1987 series, linking key head kinematic variables to 
anesthetic condition, sled acceleration, and initial head orientation.  Guccione also 
compared qualitative and quantitative kinematic response between humans and rhe-
sus macaques and assessed repeated exposures of the animals and their out-of-plane 
responses.  His analysis ultimately showed that human and rhesus –X head kinematics 
were not only similar in shape but, more importantly, depended on the same sled and 
head initial position parameters.  Guccione also found that the anesthetic state of 
rhesus macaque subjects had no significant statistical effect on their kinematic output, 
based on comparisons of unanesthetized runs in the 1984 series and the anesthetized 
runs of the 1985 and 1987 series.  Thus, it made no difference whether the rhesus 
macaque was asleep or awake during the experiments for the generation of reliable ki-
nematic data.  Moreover, Guccione determined that the effects of repeated tests could 
be reasonably explained through restraint interaction or anatomical constraints in the 
rhesus head-neck areas.23

Perhaps Guccione’s most significant finding was that human and rhesus kine-
matic response curves were remarkably similar.  Consequently, he recommended that 
methods for scaling human and rhesus macaque response be developed and that “fu-
ture human and animal experimental series should be jointly planned to facilitate 
statistical modeling.”  Despite Guccione’s call, due to contemporary legal and ethical 
considerations limiting animal research, it is unlikely that similar experiments will be 
replicated in the near future.24

human sep readIngs

As non-human primate SEP research declined during the mid- to late 1980s, NBDL 
built on these results in an attempt to fine-tune its approach and instrumentation 
for human studies.  The aim was to determine the extent to which impact accelera-
tion compromised human cervico-cortical neural pathways.  While the NBDL team 
had earlier obtained striking results—detecting regular latency shifts in rhesus ma-
caques—the problem was that those shifts occurred at an acceleration of about 550 m/
s², far too high for human exposure.  The goal, therefore, was to adapt the experimen-
tal model in hopes of picking up much smaller latency shifts at far lower acceleration 
levels, with the team anticipating eventually reaching the 15 Gx level.  Rather than 
stimulating the median nerve at the wrist, NBDL transitioned to percutaneous stim-
ulation of the medial phalange of the index and middle fingers on the left hand.  Re-
searchers at the lab also began taking readings from the lower limbs by stimulating the 
posterior tibial nerve at the ankle, a location that Matson wrote was most appropriate 
to “assess the effects of diseases and injury as well as normal functioning.”  In order 
to mitigate the problem that had arisen earlier of excessive noise at the hip electrode, 
the new procedures relocated the electrode to the left kneecap where it would not be 
adversely affected by seat restraints.25
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With these improvements in place, NBDL took SEP measurements during select 
human runs in a variety of vectors between 3 and 15 G.  The SEP data was recorded 
on analog tape, which could be digitized by processing the tape with an 80286-based 
AT-type microcomputer paired with a Data Translation, Inc. DT-2821 A/D converter 
capable of processing 150,000 samples per second.  Digitized output data was saved 
using a Qualstar nine-track tape system at 1,600 BPI.  After high-density 1,600 BPI 
data tapes were produced, the analog tapes were archived.  To analyze EEG data, 
NBDL used a customized evoked potential analysis program called REPANL (Revised 
Evoked Potential Analysis system) run on a Data General Eclipse  computer.26

Despite these initial tests, Weiss and Matson continued to fine-tune their elec-
trode array and auxilary equipment.  In 1990 Matson posited that adding more EEG 
channels would enable the research team to use a “spatiotemporal mapping approach” 
that he hoped would be more sensitive to transient disruptions of the neural path-
ways.  The team also upgraded its digital filtration software in attempts to reduce 
the disparity between averaged SEPs from humans (averages computed every one or 
two minutes) and rhesus macaques (averages computed every two seconds).  Building 
upon some of his own research dating back to the 1970s, Weiss evaluated various 
statistical functions that might be used to better correlate data, with particular focus 
on variations of the Kolmogorov-Smirnov test, commonly used to draw comparisons 
between two samples.27

In the end, however, Weiss and Matson’s team was unable to come up with chang-
es in equipment, procedure, or computation that would enable it to detect latency 
interruptions in humans at acceptable acceleration levels.  In 1989 NBDL physicians 
Russell Grunsten, Norman Gilbert, and Stephen Mawn flatly stated that “no alter-
ation in somatosensory evoked potentials has been found at impact levels up to 15 
G.”  It was unclear whether there really was no effect at all or whether there was an 
effect but the instrumentation was just not sensitive enough to record it, based on the 
technology limitations of the time.  Years later Bill Muzzy mused that “we did a lot 
of EEG work but never got it analyzed to the point that we could say this [impact] 
is affecting the EEG.”  In its efforts to obtain heightened detection of human SEPs, 
the NBDL team most likely helped lay the groundwork for more successful work to 
come.  But its failure to successfully do so most certainly increased the vulnerability 
of a command that was arguably, at this late date, “still trying to get its bearings.”28

crests and troughs In motIon research

By the time non-human primate research stopped and human SEP research stalled, a 
third research priority at NBDL had come to a different, but equally disappointing, 
end.  When he came in as CO, Robert Biersner believed that he had a sure-fire solu-
tion for making NBDL freshly relevant to the Navy’s mission.  He began, almost at 
once, to shift the lab’s priorities more decisively toward ship motion research.  The
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timing seemed good.  The Navy was then 
carrying out President Ronald Reagan’s 
600-ship expansion program, which re-
quired the recruitment, training, and re-
tention of thousands of new sailors and 
officers, many of whom would dread the 
seasickness exacerbated by the develop-
ment of faster and more nimble ocean-
going vessels.  The instrument best suited 
to help quantify and qualify those forc-
es—the SMS—was man-rated about six 
months after Biersner’s arrival, and in 
March 1985 experiments with human re-

search volunteers began by studying the effect of vertical heave motion on cogni-
tive performance.  These and subsequent efforts were underwritten by the more than 
$800,000 that the Navy set aside for NBDL ship motion studies in fiscal year 1985.  
It was a good start.29

At the outset of the program, NBDL, the U.S. Coast Guard (USCG), and the 
David Taylor Naval Ship Research and Development Center, Carderock, Maryland, 
conducted a wide-ranging effort to acquire data on ship motion levels and seasickness 
incidence experienced by fleet sailors.  Between 1984 and 1985, NBDL personnel 
deployed with ships in the Atlantic and Pacific fleets, ultimately collecting data from 
five frigates, six destroyers, three USCG vessels (two monohulls and a Surface-Effect 
Ship), and a commercial Small Waterplane Area Twin Hull, a vessel designed for high 
stability.30

At the same time, construction went forward on a three-axis shake/tilt chair for 
use in motion sickness research under the supervision of Dr. Thomas G. Dobie.  Com-
pleted in 1986, the device, known as the tilt chair or “Dobie Chair,” became a staple 
for motion sickness desensitization research.  In more direct terms, it was work in-
tended to help human volunteers become more tolerant of motion sickness.31

Dobie’s interest in motion desensitization grew out of his experiences in the Royal 
Air Force.  He had noticed that while many people could inevitably adjust to disori-
enting motion—gaining their “sea legs,” so to speak—some never could.  Dobie’s hy-
pothesis was that the problem stemmed not from strictly physical limitations but from 
anxiety and anticipatory fear that rendered its victims unable to adjust to disorienting 
motion.  During an early 1970s experiment, Dobie had provided therapy to fifty air-
men permanently grounded due to severe susceptability to motion sickness.  During 
several weeks of therapuetic sessions, Dobie helped the aircrewmen to come to terms 
with their anxiety and to rebuild their confidence.  By coupling the psychological 
counseling with brief simulations of the coriolis effect (using a rotating drum painted 
with black and white stripes to give the illusion of circular self-motion), Dobie ob-

The freshly painted SMS at NBDL.   
(USAARL)
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tained excellent results:  86 percent of the airmen returned to service and exhibited no 
further significant signs of airsickness.  A lengthy follow-up, carried out over a period 
of seven years, showed that most of the aircrewmen remained desensitized to motion 
sickness.32

After coming to NBDL, Dobie continued his research in cooperation with Dr. 
James G. May from the Psychology Department at the University of New Orleans 
(UNO).  On campus, May had access to a rotating drum similar to the one Dobie had 
devised years earlier.  The drum was five feet in diameter and four feet in height, and 
the inner surface was painted with alternating black and white stripes, each six inches 
wide.  Dobie and May had volunteers sit on the tilt chair and stare at the spinning 
drum to try to induce motion sickness.  Each volunteer was tested twice.  The first 
established a baseline reading for the amount of time that it took to induce nausea.  
After this initial test, each volunteer participated in ten sessions of cognitive-behavior-
al counseling, administered by thirteen specially trained counselors over a period of 
three to four weeks.  During these sessions the counselors worked to promote confi-
dence among the volunteers that they could get over their fears of motion sickness and 
thus be better able to tolerate disorienting motion environments.33

After the counseling sessions, volunteers were tested again with the rotating drum 
and tilt chair.  On average, Dobie and May found that the mean tolerance of volun-
teers improved from about 2.5 minutes of exposure to almost 10.  Volunteers also 
reported less severe nausea in post-counseling tests.  Based on these experiments and 
others, Dobie and May reported that “the most beneficial treatment involved coun-
seling which sought to increase an individual’s confidence in their ability to tolerate 
disorientation during motion, coupled with controlled exposure to such motion to 
reinforce those beliefs.”34

Despite Dobie’s advances in motion sickness research, the lab suffered another set-
back in January 1986 when John Guignard submitted his resignation, dealing a blow 
to human factors research at NBDL.  A letter of recognition submitted by Lustick, 
Muzzy, Weiss, and Gil Willems to Biersner attested to Guignard’s contributions to the 
laboratory.  The four department heads noted that Guignard “made outstanding con-
tributions to laboratory scientific research and program planning as well as perform-
ing key scientific administrative duties within the Laboratory.”  Guignard’s “efforts 
were in no small part responsible for the transfer of the Ship Motion Simulator…to 
NBDL and establishing the current laboratory Ship Motion program.”35

With the departure of Ewing in early 1984, NBDL’s influence and reputation had 
begun to wane.  Guignard’s resignation ensured that the erosion continued.  More 
than any other NBDL researcher, Guignard was internationally recognized as an ex-
pert in his field, and he appeared prominently in high-profile conferences.  Guignard, 
the department heads concluded, “has been instrumental in presenting laboratory 
research to higher and interagency authorities and to the international scientific com-
munity.”  Among his efforts on behalf of NBDL had been helping to bring the 1981 



Impact Acceleration and the Human Response

Chapter Five | Decline and Transfer, 1984-1996

158

annual meeting of the International Organization for Standardization (ISO) to New 
Orleans.  Delegates from twenty-eight countries attended and presented findings on 
human exposure to vibration and shock.  To complement the ISO meeting, Guignard 
organized a three-day international workshop on research methods in human motion 
and vibration studies.36

By 1986 the institutional support for NBDL was beginning to wear thin.  The first 
props to go had been Ewing’s old allies at ONR and BUMED.  By the time Ewing left, 
the Navy research establishment—under pressure from new political priorities and 
ever-tighter budgets—was cooling toward NBDL’s type of basic research, preferring to 
invest in applied research with a quick payoff.  At that point, NBDL’s chief proponent 
was not in the Navy but on Capitol Hill, in the person of Republican Congressman 
Robert Livingston of Louisiana’s 1st District.  Livingston sat on the powerful House 
Appropriations Committee and was doggedly determined to keep Michoud, and the 
jobs that it generated for the East New Orleans area, running full bore.  Livingston, as 
Art Prell put it, “liked the lab.  He believed in the lab and he supported the lab, and 
he did a lot of political maneuvering to keep the lab open.”37

Consequently, in 1984 Livingston began publicly extolling the virtues of NBDL 
to his fellow members of the House Subcommitttee on Department of Defense Ap-
propriations during that year’s budget hearings.  As a defense appropriator, he con-
trolled the Pentagon’s purse strings, and his most useful manuever was to procure 
regular line item funding for NBDL, specifying how much of the Navy’s total allot-
ment had to go to NBDL each year (usually amounting to several million dollars).  
Beginning in 1984, Livingston’s line items were a life line for NBDL but an irritant to 
the Navy program managers who wanted to decide for themselves where the dollars 
should go.  Therefore, quite contrary to Livingston’s intent, they began quietly divert-
ing the dollars to other programs, leaving NBDL chronically short of operational and 
maintenance funds for further impact acceleration and SMS testing.38

Livingston’s subcommittee finally noticed in 1987.  In a report that year, the 
Subcommittee on Department of Defense Appropriations noted that “since fiscal year 
1984 the Navy has ignored Congressional intent and direction regarding funding of 
the Aircrew Impact Injury Prevention project and other projects conducted at the 
Naval Biodynamics Laboratory.”  By that time, NMRDC had already terminated the 
NBDL ship motion program and diverted its funds to the Bone Marrow Registry 
and Transplantation Program, which the Navy deemed to be more important than 
seasickness at that time.39

NMRDC believed that there was good reason for cutting the ship motion pro-
gram.  While the effort to improve sailor performance was laudable on its own merits, 
NMRDC suspected that it was not getting its money’s worth.  As the Navy bureau-
cratically explained, the program had “limited application for materially improving 
the operational readiness of fleet personnel,” and by the tough, quantitative standards 
that the Navy applied, it was not succeeding even in that.  During fiscal year 1986, 
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NBDL produced eight publications on ship motion at an average cost of $100,000 
each.  NMRDC’s other laboratories produced publications at an average cost of 
$77,000 each.  More telling, during 1986 NBDL provided no data to other Navy 
organizations, so it seemed that no one else was benefitting immediately or directly 
from its research.40

The Navy may have been obsessed with efficiency, but Livingston was acutely 
aware of whether or not the Navy dollars he appropriated were getting back home.  
During hearings on the fiscal year 1988 budget, Livingston questioned Secretary of 
the Navy John Lehman directly about funding cuts.  Lehman cited “prudent manage-
ment of limited fiscal resources necessitated investment in high priority, high payoff 
programs.”  The tone was being unequivocally set at the top:  research programs would 
produce quick, high-yield results or they would lose funding.  By then, the possibility 
of shuttering NBDL had been openly broached in Congress and at the highest levels 
of the Navy.  When the Navy’s list of RDT&E priorities was drawn up for fiscal year 
1990, research on blood substitutes, hypothermia, and radiation were all at the top.  
Impact acceleration and ship motion were both at the bottom.  But at that point in 
time there was only so much the Navy could do to counter Livingston’s line items, 
and through the late 1980s he made sure that impact acceleration research retained its 
own specific appropriations.41

The loss of the ship motion program was not the only change at NBDL.  In 
April 1987 commanding officer Biersner left abruptly following a Navy investigation 
into his alleged misallocation of resources 
at NBDL.  He was temporarily replaced by 
Commander Don M. Herron, USN, and then 
by Captain Douglas W. Call, who arrived in 
May 1987.  With a Ph.D. in anatomy from 
the University of Louisville, Captain Call 
had been an aerospace physiologist and test 
parachutist and had been head of the Aircrew 
Systems Department, Naval Air Test Center, 
at Patuxent River, Maryland.  Call had known 
NBDL and its scientific and engineering staff 
for years.  During the 1970s he had worked 
directly with Ewing and Thomas on the para-
chute opening shock tests at the Naval Air 
Recovery Facility in El Centro, California.42

With new leadership in place, NBDL ap-
peared to bounce back out of its trough, with 
NMRDC announcing in 1988 that it would 
resume funding of the ship motion program.  
But the rebound was weak.  Most of the ship 

Captain Douglas W. Call, 
MSC, USN, served as NBDL's 
commanding officer from May 1987 
to May 1992.  (USAARL)
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motion research continued to focus on mo-
tion desensitization, work that Dobie had 
been able to keep going despite the funding 
lapse due to his collaboration with UNO.  
The next year the ship motion research 
program received only 16  percent of the 
$3,214,000 provided to the lab.  In 1990 
the allocation fell to just 10 percent.  It was 
enough to fund a traveling lab, formally 
known as the Mobile Biodynamics Labo-
ratory, a twenty-onefoot-long utility trailer 
hauling a three-axis tilt chair that could be 
transported to any Navy installation wishing 
to conduct motion studies onsite.  Within 
another five years, the impact acceleration 
program would be packing as well—with 
nowhere to go.43

FInal stages oF Impact acceleratIon research at nbdl

On April 7, 1988, an inspection team from NAMRL arrived at Michoud.  This was an 
auspicious occasion:  the inspectors were there to begin the process of man-rating the 
vertical accelerator, which up to this point had only performed non-human primate 
and ATD runs.  The inspectors departed on April 8, leaving behind some homework 
for Bill Muzzy’s team.  The chief concern was the braking system, specifically the 
emergency backstop system to keep the sled from falling back down from the top of 
the tower at the end of each run.  It had to be improved.  Another requirement was 
that NBDL establish an emergency exit floor plan and a formal protocol for training 
the operators of the accelerator.  Perfecting the braking system and satisfying the other 
requirements took months, particularly since Muzzy’s team had to do its work in be-
tween ongoing animal experiments, but on February 8, 1990, the vertical accelerator 
was formally man-rated.44

Between 1990 and 1991, NBDL conducted a series of 129 human +Gz runs rang-
ing from 3 to 12 G on the vertical accelerator intended primarily to measure the ef-
fects of added head mass and changes in the head center of gravity caused by helmets.  
Human research volunteers in the 1990 runs were tested without helmets, but in the 
1991 runs they wore personalized, tight-fitting, fiberglass “skullcaps” with weight-car-
rier frames that could mount adjustable weights in a variety of configurations to 
simulate mass additions caused by night-vision goggles and other common attach-
ments.  Findings by researchers Stephen V. Mawn, James J. Lambert, and Joseph L. 
Catyb, Jr., published in January 1992 in Aviation, Space, and Environmental Medicine 

The motion desensitization chair at 
NBDL.  (USAARL)
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confirmed a correlation between head and 
neck anthropometry and dynamic response.45

James Lambert and Sal Guccione con-
ducted another study, sponsored by NMRDC, 
that was based on those same +Gz vertical im-
pact accelerator tests and augmented by 95th 
percentile Hybrid III manikin runs, in which 
they analyzed linear regression of the kine-
matic responses of humans and ADTs under 
the same conditions.  Lambert and Guccione 
found that the correlations for displacement 
models used for human +Gz tests were low for 
both test series, with two distinct response 
patterns, either a unimodal trace with one 
positive peak or a bimodal trace character-
ized by a negative peak followed by a positive 
peak.  Among the factors contributing to the 
discrepancies in the displacement regressions 
were inherent inaccuracies in estimation of 
the center of gravity within the human re-
search volunteer heads and inertial moments 
of the unencumbered human heads.  Mean-
while, the correlations for displacement models used for manikin +Gz tests were some-
what higher since the Hybrid III manikin neck is not designed to hyperextend and is 
unable to simulate the observed human response of backward rotation, thereby limit-
ing the range of kinematic response.46

Around the same time that these vertical accelerator tests were taking place, 
NBDL was using the horizontal accelerator to simulate aircraft crash dynamics for 
the U.S. Army Aeromedical Research Laboratory (USAARL).  USAARL had deter-
mined that crew members who perished in AH-1 Cobra and AH-64 Apache helicop-
ter crashes were often killed after their heads made contact with the cockpit telescopic 
sighting unit (TSU) or optical relay tube (ORT).  The question was how to stop it.  
NBDL simulated these crashes by conducting 35º impacts at 25 G using instrument-
ed Hybrid III ATDs.  In one round of tests, the ATDs were protected by harnesses 
and crash-activated air bags, while another round used harnesses alone.  The tests 
determined that the air bags kept acceleration at safe levels, minimizing damage from 
contact with instrumentation, and established that restraints alone could not prevent 
potentially lethal impacts.  The research helped confirm to USAARL that air bags were 
a promising means of reducing injuries and deaths from helicopter crashes.47

In mid-1990 Gil Willems completed work under contract for the National High-
way Traffic Safety Administration (NHTSA) on a six-degree of freedom transducer 

An ATD prepared for a run on the 
vertical impact accelerator.   
(USAARL)
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package.  This was the first such transducer developed at NBDL and promised to 
greatly reduce the number of data calculations required.  NBDL had long employed 
six-accelerometer arrays, but the sensor used an array of nine linear Entran Devices, 
Inc. EGA series subminiature accelerometers arranged in a non-coplanar 3-2-2-2 con-
figuration.  To hold the accelerometers, Willems designed an aluminum mount with 
three 2.75-inch arms, and to ensure accuracy he devised a standardized calibration se-
quence.  NBDL tested the new configuration against the traditional setup in sixty-five 
runs on the horizontal accelerator using a range of variables.  The tests confirmed that 
the nine-accelerometer transducer package accurately provided signals directly pro-
portional to angular acceleration levels, relieving technicians of the need to estimate 
angular velocities.48

Willems shared this innovation with biodynamics researchers worldwide at the 
35th Stapp Car Crash Conference held in San Diego in 1991.  Soon afterward, the 
Navy acknowledged Willems with the Meritorious Civilian Service Award for his 
nearly twenty years of work handling the design of the data acquisition systems and 
selection and calibration of accelerometers at NBDL.49

As Willems worked on his transducer, Bill Muzzy was absorbing bad news.  
Muzzy had long been a member of the Tri-Service Working Group on Biodynamics 
(TWG), which brought together researchers from NBDL, Wright-Patterson Air Force 
Base, NADC, and USAARL twice a year.  “We could talk over our projects and our 
problems and progress,” Muzzy recalled, “and it was a good old meeting that we did 
without interference from the COs.”  But one of the 1990 meetings was not so good, 
where Muzzy first heard that plans were being laid to consolidate the research func-
tions of NBDL and USAARL at Wright-Patterson.  Shortly thereafter, the assignment 
of producing a detailed plan for NBDL’s role in the consolidation landed on Muzzy’s 
desk.  He saw it as a clear harbinger of things to come.50

In his twenty years at Michoud, Muzzy had left his stamp on nearly every piece 
of NBDL equipment and took pride in being one of the last remaining members of 
Ewing’s original team.  He had also been a source of stability during the turbulent 
1980s.  But with NBDL’s survival now in doubt, Muzzy made the tough decision to 
take the next big step in his professional life and get out before it closed.  He retired 
from federal service effective January 1, 1991, and became a private industry consul-
tant, joining the forensic engineering firm ARCCA, Inc., founded by former NADC 
researcher Louis D’Aulerio.51

Although consolidation was uncertain officially, it seemed likely to happen given 
the ongoing debate about the fate of NBDL.  As a frustrated Bob Livingston said of 
NBDL in 1988, “Every year there is a battle to shut it down or not to shut it down, 
reduce funding or not reduce funding.”  By the early 1990s, Livingston appeared to 
have lost the battle.  In July 1991, after confirming the plans in a visit to NMRDC 
in Bethesda, Maryland, Captain Call informed the NBDL department heads that the 
command was tentatively expected to transfer its billets and research programs to the 
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Armstrong Aeromedical Laboratory at Wright-Patterson between October 1996 and 
April 1997.  But NBDL was not entirely out of allies.  According to NBDL research 
engineer Andre Rog, at this point Louisiana Congressman William J. Jefferson inter-
vened to block the effort.  He was assisted by Air Force officials who wished neither 
to pay for the relocation of the acceleration equipment nor the modification of the 
existing plant at the Armstrong Aeromedical Laboratory to accept it.  NBDL appeared 
to have a reprieve, if not a new lease on life.52

After May 1992, NBDL had new military leadership as well when Captain Call 
retired after five years as commanding officer, the longest tenure of any of its com-
manders.  He was succeeded by Commander Robert W. Rendin, who had been Call’s 
executive officer since 1990.  With an M.S. degree in environmental health from East 
Tennessee State University, Rendin had joined the Navy in 1974 and had served as 
chief of the Occupational and Preventative Medicine Service at the Naval Regional 
Medical Center in Great Lakes, Illinois, as head of the Environmental Health Service at 
the Navy Environmental and Preventative Medicine Unit No. 2 in Norfolk, Virginia, 
and as a medical administrative officer at the Fourth Marine Division Headquarters.53

Rendin assumed command at a time when the Navy had to come to terms with 
a demographic transformation of naval aviation.  Historically, the data produced by 
NBDL, as well as other testing entities, and utilized by aircraft designers was all de-
rived from young enlisted adult males.  Little, if any, accurate data existed for other 
sectors of the general population, including children, the elderly, and women.  It was 
the latter category that presented a new challenge by the 1990s.  In 1974 the Navy 
qualified its first female aviators.  Nine years later the first female test pilots went on 
duty.  By the early 1990s, the Navy was preparing to deploy female fighter pilots to 
aircraft carriers.  During these years the Navy was aware of a growing problem—that 
female aviators were physiologically different from male aviators—and the aircraft 
they were operating had all been designed for men.  This provided NBDL with an in-
valuable new mission to reproduce the acceleration impact studies already conducted 
with male volunteers using a female cohort and then compare the results.  In 1993 the 
Navy approved eight billets for female research volunteer subjects.  Like the male vol-
unteers, all the female volunteers were selected from the Recruit Training Command 
in Orlando, Florida.54

However, the project soon ground to a halt.  On March 22, 1994, NBDL was 
testing new restraint harnesses designed for females when the horizontal accelerator’s 
load cylinder exploded, hurling fragments of stainless steel across the test cell.  No one 
was seriously injured.  NBDL hired two independent contractors to investigate the 
rupture.  One was ARCCA, and Bill Muzzy led its forensic team.  The official explana-
tion by the team’s metallurgist was that leaking water from overhead air conditioning 
lines had corroded the accelerator’s stainless steel load cylinder and caused the failure.  
But having spent years maintaining the equipment at Michoud before his retirement, 
Muzzy unofficially believed that the true cause was a simple lack of maintenance in his 
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absence.  Willems set immediately to work rebuilding the horizontal accelerator, but 
it was clear from the outset that the process would be lengthy, as he had to procure a 
sizeable inventory of custom-built parts.55

By September, Willems had spent $112,354 on new components.  In December 
he was still awaiting delivery of the most critical part, the new load cylinder.  The man-
ufacturer of the load cylinder could provide no firm delivery date, noting only that 
the delay would be “substantial.”  While slowly rebuilding the horizontal accelerator, 
NBDL’s engineers and maintenance men also repaired the damage to Test Cell 4 itself, 
replacing the windows, doors, and electrical circuit panels that had been damaged by 
the explosion.  The mishap spurred a longer look at the facilities overall, with the team 
repairing other items that had deteriorated over the years.  The close call also prompt-
ed the engineers to construct containment enclosures around both accelerators.  The 
repairs and upgrades took engineering technician Leslie Lorig most of the second half 
of 1994 to complete.56

It was imperative throughout these months that the vertical accelerator stay fully 
operational.  Accordingly, in July 1994 the NBDL team disassembled, cleaned, reas-
sembled, and hydrostatically tested the accelerator by pressurizing the system up to 
4,500 psi (three times the maximum operating pressure level used during runs) for 
twenty minutes.  In August and early September, the vertical accelerator was inspected 
by certified contractor Owensby & Kritikos, Inc.  It passed the inspection.  Between 
September 12 and December 12, 1994, a total of forty runs were conducted, reaching 
acceleration levels up to nearly 23 G.  Upon completion of this series, Roger Black and 
Ferris Bolin again disassembled, inspected, and reassembled the vertical accelerator.57

Meanwhile, retrenchment elsewhere in the Navy obliged the Engineering De-
partment to take on new tasks formerly handled by the Naval Aviation Depot in 
Pensacola.  The depot had long provided critical support to NBDL in the manufacture 
of custom mouth mounts for human volunteers.  In September 1994, word came 
that the depot would be closing, so NBDL began to procure the needed materials 
and machinery in order to manufacture the mouth mounts in-house.  Robin Roth 
and Leslie Lorig fabricated the mounts and kept the impact research experiments 
going.  Roth and Lorig were also drawn into an emergency construction project for 
NBDL’s “sister command,” NAMRL, in Pensacola.  The closure of the Naval Aviation 
Depot left NAMRL in its own bind, unable to replace shock absorbers on its Coriolis 
Acceleration Platform.  The acceleration platform was scheduled to be used by some 
of NAMRL’s international partner institutions in early 1995.  Accordingly, all of the 
fabrication and installation work at NAMRL had to be completed between mid-Oc-
tober and December 1994.  The fact that the deadline was met is a testament to the 
capabilities and skill of NBDL’s remaining engineering technicians and support staff.58

By early 1995, the vertical accelerator was fully rebuilt and had undergone a sec-
ond man-rating process.  On January 11, 1995, just a few months after the first fe-
male fighter pilot had been deployed to the aircraft carrier USS Eisenhower, the first 
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impact acceleration tests with female research volunteers began.  Experiments with 
female volunteers required several adjustments from the male protocol.  Testing re-
vealed that the torso restraint belts used by men were too large, so new ones fitted for 
women’s smaller frames had to be designed and made.  The new women volunteers 
also requested that a female human research volunteer be assigned to the Biomedical 
Support Department and act as a standby in the medical prep room and during the 
experiments.  “The women said everyone acted appropriately,” acknowledged Navy 
Hospital Corpsman Second Class Gail Seaman, “but it was intimidating on the sled 
with so many males and it made it better to have a female there.”  Over the next few 
months, NBDL conducted fifty-nine female runs on the vertical accelerator, reaching 
exposures exceeding +9 G.  During the runs, the female volunteers wore instrumen-
tation at the mouth and at T1.  Runs were also monitored using three high-speed 
cameras at 500 frames per second.59

The project suffered briefly because, even years after Muzzy’s departure, NBDL 
had never adequately restructured its internal chain of command when it came to 
equipment safety issues.  When Muzzy left, Willems had taken on the formal respon-
sibility of overseeing the employees in the Engineering Department’s Photography, 
Maintenance, and Facilities Branches, all the while keeping his former duties.  Since 
Roger Black was the designated command safety officer, Willems expected him to 
deal with safety and maintenance issues and involve him only as needed.  But Black 
clearly believed that equipment safety required more leverage than he personally could 
provide.  In mid-December 1994, Black sent a report on the vertical accelerator to 
Willems recommending the improvement of the pins that prevented premature fir-
ing.  Willems deemed the upgrade unnecessary since fourteen other fail-safes already 
prevented accidental firing.  “This has been found acceptable to the Horizontal Accel-
erator man-rating committee in 1974 and to the Vertical Accelerator one in 1989 and 
I have no plans to make changes now.”60

Concerned with productivity as well as safety, Willems deemed the equipment 
approved by the man-rating committees good enough.  When Black adopted this 
approach himself, however, it ended up shutting down the female runs for an entire 
month.  In early April 1995, Black mentioned to Captain Rendin during a routine 
written communication that there were further safety measures that could be imple-
mented.  But he downplayed their importance, noting that they were not part of the 
current safety protocol and that “the vertical accelerator is as safe as it was the last time 
we ran humans.”  Rendin came down hard in his reply.  “Your memo implies that we 
are not doing everything possible to achieve a safe and professional operation,” Rendin 
wrote.  “We will not run the vertical accelerator again until these issues are addressed.”  
Stung by the skipper’s displeasure, Black and Bolin began making the safety upgrades 
on the vertical accelerator in mid-April, and in May the runs resumed.  The female dy-
namic response tests were concluded on June 6, 1995, when the last run in the series 
was completed and data analysis began.61
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brac and transFer to the unIVersIty oF new orleans

The Navy was not alone in facing ever-diminishing budgetary prospects during the 
late 1980s.  In 1988 Congress instructed the Secretary of Defense to create a biparti-
san commission tasked with making recommendations to Congress for base closures 
and consolidations throughout the armed services.  The selection process was politi-
cally charged, since every cut threatened the economic well-being of some particular 
community, so the bipartisan commission was soon mired in controversy.  In Novem-
ber 1990 Congress passed the Defense Base Realignment and Closure Act that was in-
tended to ensure fairness in the closure of military establishments.  The result was the 
establishment of the Base Realignment and Closure (BRAC) Commission, consisting 
of members appointed by the President to evaluate and recommend bases for closure 
or merger.  The collapse of the Soviet Union just over a year later created even more 
pressure for cuts in defense expenditures, with the Bush administration seeking to 
cash in on the “peace dividend” by slashing defense funding.  In 1993 the succeeding 
Clinton administration announced its intention to strip a further $60 billion from the 
Defense Department budget through fiscal year 1997.62

On February 28, 1995, Secretary of Defense William Perry submitted recom-
mendations for base closures and realignments to the BRAC Commission.  The list 
included 146 military installations, closure of which was expected to save taxpayers 
about $1.8 billion every year, and NBDL was on it.  Closing down the lab at Michoud 
was expected to cost $600,000, but it was anticipated that the step would save the 
government almost $3 million per year.  The termination date was initially set for 
September 1995 but then moved back a year to 1996.  News that NBDL was up for 
closure reached the lab even before Perry’s report reached the BRAC Commission—
there was little reason to be surprised.  As Andre Rog later attested, “NBDL was an 
oddball organization.  It was an offshoot of naval medicine and not really under ONR, 
so the Navy did not see a lot of value in preserving the organization, and no command 
was interested in taking on new facilities at that time.”63

The disposition of the personnel and equipment at NBDL was just as certain as 
its closure.  By all accounts, members of Louisiana’s congressional delegation were de-
termined to see that NBDL’s jobs and resources remained in New Orleans.  A number 
of military installations in the state of Louisiana had already been closed during the 
late 1980s and early 1990s.  In 1987 Livingston and fellow Louisiana Representatives 
Lindy Boggs and Billy Tauzin questioned Navy proposals to close the Naval Investi-
gative Service Regional Office in New Orleans.  Closure of England Air Force Base, 
Alexandria, Louisiana, in 1992 was followed in 1994 by closure of the Army’s New 
Orleans Military Ocean Terminal.  The Navy’s Reserve Readiness Command in New 
Orleans was also identified for closure along with NBDL in September 1996.  If the 
large scale of some of the other closures made a good outcome improbable, in one 
respect at least, the small scale of NBDL gave it an advantage.  Its equipment and 
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research personnel could at least be relocated from the military to another institu-
tional framework locally.  None seemed more appropriate than the University of New 
Orleans (UNO).64

For one thing, UNO’s Engineering Department and NBDL had a history of 
cooperative research programs.  Its personnel already knew well the dynamic testing 
devices, the research programs, and the existing data.  For another, Tom Dobie had 
given lectures and taught courses at UNO as an adjunct professor for years.  Begin-
ning in 1994, as it became evident that NBDL’s days were numbered, UNO faculty 
members Dr. Edit Kaminsky Bourgeois, Dr. Russell Trahan, and Clifford Mugnier, 
among others, visited the lab regularly.  Therefore, the director of NBDL’s Research 
Department, Commander Daniel L. Dolgin, recalled that “when BRAC came down, 
it was already a foregone conclusion that UNO was in the sights.”  On February 7, 
1995, two weeks before Perry’s list became public, Rendin informed his department 
heads and executive officer of the goal to have the “lab readied for transition to UNO 
by 1 Oct.”65

In order to prepare the labora-
tory for transfer to the UNO Engi-
neering Department, Rendin set the 
staff to work cataloging the biody-
namic response dataset (particularly 
the human data) already collected.  
Rendin also hoped to get the hori-
zontal accelerator man-rated in time 
to conduct female –Gx runs that 
could be compared to –Gx male run 
data.  But while equipment and data 
remained, human resources were a 
vanishing asset.  Historically, NBDL 
had maintained about twenty billets 
for human research volunteers.  In 
1992, however, the Navy began scal-
ing them back.  By early 1995, there 
were only eight human research volunteers left at Michoud.  The final human runs on 
the vertical accelerator were conducted on June 6, 1995; female volunteers were never 
run on the horizontal accelerator.  Later in the month, Lieutenant Christopher Miller, 
the only remaining medical officer, departed, precluding any possibility of conducting 
further human experiments.  Between 1971 and 1995, NBDL had collected data 
from 3,430 non-injurious runs with 211 human research volunteers, out of a total 
pool of nearly 300 qualified sailors.66

The mood at Michoud had long since turned dreary.  Ever since the early 1980s, 
NBDL’s personnel had been accustomed to budget cuts and program terminations, 

Lieutenant Christopher Miller (left) and 
Commander Daniel L. Dolgin (right) at 
Michoud.  The departure of Lieutenant Miller, 
NBDL's medical monitoring officer, in June 
1995 effectively ended human testing at 
NBDL.  (USAARL)
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but now they came more quickly than before.  The non-operational horizontal ac-
celerator stood in mute testimony to the inability of the researchers to pursue their 
mission, while the steady decline in publications coming from the lab created a more 
palpable record.  More than anything else, however, the steady stream of staff depar-
tures—with openings filled by temporary investigators—sapped morale.  Not sur-
prisingly, a number of long-time NBDL employees decided that it was time to retire.  
Gil Willems and Ferris Bolin dutifully remained on for several months after the news 
came and then, after decades of distinguished service, retired.  Commander Rendin 
had initially expected to oversee the closure, but ultimately NBDL outlasted him.  
After Rendin left the lab in November 1995, Commander Dolgin was elevated to 
commanding officer.  A native of Chicago, Dolgin had obtained his Ph.D. in psychol-
ogy from the Illinois Institute of Technology and was designated as a naval aerospace 
experimental psychologist.  After serving as head of the Aviation Selection Division, 
NAMRL, Pensacola, he transferred to NBDL in January 1994.67

Surprisingly, Dolgin’s tasks were not limited solely to closure, since funded re-
search at NBDL continued until the very end.  In a continuation of his earlier linear 
regression analysis, Sal Guccione further evaluated human versus Hybrid III response 
to rapid +Gz vertical acceleration, this time for NAVSEA, which wanted to determine 
whether the manikins could be used to produce roughly accurate data on human 
response to shocks from underwater explosions.  In his report, submitted in October 
1996, Guccione noted that the Hybrid III was of limited value because it could only 
simulate certain types of head-neck motion and did not absorb energy as well as the 
human neck.  “These results obviously call into question the ability to assess the po-
tential of head-neck injury to humans in shipshock scenarios based on Hybrid (or any 
purported biofidelic) manikin responses,” Guccione warned.68

But the lab’s main work now was to catalog and ensure the integrity of the equip-
ment and data that would be NBDL’s legacy to UNO.  To begin, Dolgin “talked to 
everyone at NBDL, from the E1 human research volunteer to Dr. Weiss, about what 
the latest information was from NMRDC, ONR, and the University of New Orleans, 
and nothing was held back.”  Dolgin also oversaw in-house efforts to ensure that raw 
photo and sensor data was converted to American Standard Code for Information 
Exchange II (ASCII) and archived on disks.  Responsibility for processing raw data 
was left to UNO.  Dolgin’s administration also assessed and cleaned all of the analog 
tapes containing physiological data, some of which were beginning to deteriorate, 
so that they could be transferred to a new recording format.  After Willems retired, 
much of this work fell to Mark Lotz, the new head of the Technology Department.  
“He got along with everyone,” said Dolgin, “and he was very efficient and extremely 
knowledgeable of the unique NBDL data.”69

Data not only went to UNO but was also made available to military research-
ers at Wright-Patterson Air Force Base and the Naval Air Warfare Center in Warm-
inster, Pennsylvania.  NBDL likewise made some data available to civilian institu-
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tions through the NMRDC Technology Transfer program.  The Federal Technology 
Transfer Act of 1986 provided for “strategic alliances between Federal laboratories and 
universities, nongovernment laboratories, and industry” and allowed NBDL to enter 
into a Cooperative Research and Development Agreement (CRADA) with civilian 
institutions to share federal research assets (excluding money) with value to the ci-
vilian researchers.  The CRADA mechanism allowed NBDL to transfer data to Snell 
Memorial Foundation for use in helmet design and to Harvard Medical School for 
ECG analysis.70

The Snell Memorial Foundation, in particular, had close ties to NBDL.  Snell 
was founded in 1957 after William “Pete” Snell died from head injuries incurred in a 
racing accident despite wearing a helmet.  The non-profit organization, which focused 
on impact injury protection through development of helmets and restraints, grew 
under the direction of Dr. George Snively, and by 1995 Dan Thomas had become 
its president.  Moreover, Chan Ewing, Bill Muzzy, and Ed Becker were all on Snell’s 
board of directors.71

NBDL’s collaboration with Snell had begun in the early 1990s.  Ewing and Thom-
as had remained in touch with Gil Willems and even visited the lab on occasion.  The 
CRADA allowed NBDL to transfer data to the foundation as long as Snell paid for 
all expenses incurred processing the requests.  Data transferred to Snell was used in a 
collaborative effort with the Netherlands Organization for Applied Scientific Research 
(TNO).  NBDL had worked with TNO since the mid-1980s and had hosted a visit by 
TNO official Dr. Jan Thunnissen.  Between 1992 and 1995, Snell and TNO worked 
together to develop new specifications for ATDs and crash helmets.  In addition, the 
two organizations used data from a handful of human impact runs to develop a “two-
link” mathematical model (a theoretical model with two pivots:  one link represents 
the head and neck, and one link the torso) with the hope that it could eventually be 
expanded and validated by including data from all of the human runs at NBDL.  The 
initiative ended in disappointment, however, for after NBDL closed, the models de-
veloped by TNO were never validated.72

By 1996 it was clear that there would be a number of loose threads left hanging 
when the transfer occurred.  In February 1996 Art Prell expressed regret that pathol-
ogy reports produced by Dr. Unterharnscheidt years earlier remained unpublished 
even though they required very little editing.  Prell volunteered to prepare Unter-
harnscheidt’s reports for publication, calling it “our moral responsibility to report on 
as much as we possibly can for the taxpayers’ money we expended.”  But there was 
too much other work to be done, so the reports remain unpublished.  The horizontal 
accelerator also sat idle, with only about 75 percent of the required repairs having been 
completed.  UNO would have to oversee the remainder of the reassembly.73

In August 1996 ONR and UNO reached an agreement by which the university 
would take over NBDL.  The official Navy transfer ceremony took place on Septem-
ber 30, 1996, with both Chan Ewing and Robert Kennedy in attendance along with 
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other current and former employ-
ees.  During the proceedings, Dr. 
John N. Crisp, the dean of UNO’s 
College of Engineering, which 
would now have operational and 
administrative control over the lab, 
named Tom Dobie as NBDL’s new 
director.  Crisp also announced 
that it was being rechristened the 
National Biodynamics Laborato-
ry.  This name change reflected 
NBDL’s new constituencies, both 
nationwide and globally, as antic-
ipated in the transfer agreement.74

As the senior leading scien-
tist at NBDL prior to the transfer, Marc Weiss had expected to make the jump to 
UNO and lead the lab from there as a faculty member.  However, when he learned of 
Crisp’s decision at the ceremony, he was stunned.  “It was like the rug had been pulled 
out from under him,” Dolgin later recalled.  Although Weiss had been with NBDL 
since 1972 and had helped keep it running through the post-Ewing 1980s and early 
1990s, Dobie was an obvious choice for director given his connections to the Navy 
and UNO, his extensive scholarship and publication record, and his standing as an 
internationally renowned scientist.  Disappointed at this outcome, Weiss took a posi-
tion in the Biomedical Engineering Department at Tulane University and later retired 
to the Northeast.75

On October 1, 1996, the Naval Biodynamics Laboratory was officially transferred 
to UNO and became the National Biodynamics Laboratory.  If the acronym remained 
the same, much else had changed in the years between 1984 and 1996 due to internal 
strains created by the revolving door of commanding officers, funding shortfalls, loss 
of key scientists, external threats posed by changes in military research objectives, and 
the end of the Cold War.  Despite these years of turmoil, the lab still made important 
research findings, including work with SEPs, motion desensitization, and production 
of the first precise data set on female dynamic response to +Gz acceleration.  This latter 
asset joined the now imposing body of information at UNO, where it was expected to 
remain.  But anyone who had been paying attention would know that when it came 
to NBDL, the unexpected was a distinct possibility.76

 

The crowd listens to a speech at the NBDL closure 
ceremony in September 1996.  In the background 
is Dr. Tom Dobie's Mobile Biodynamics 
Laboratory.  (USAARL)



171A History of the Naval Biodynamics Laboratory

Chapter Five | Decline and Transfer, 1984-1996

CHAPTER FIVE ENDNOTES

1 Naval Biodynamics Laboratory [hereinafter NBDL], “Command History for Calendar Years 
1984-1985” (New Orleans: NBDL, 1985), 2-4; James Rife Oral History Interview with Dr. 
Daniel J. Thomas, July 12, 2016, 35-38; Obituary for Dr. John Guignard, Aviation, Space, and 
Environmental Medicine 85, no. 6 (June 2014): 686; Memorandum from Dr. John Guignard 
to Civilian Staff Members, NBDL, dated January 24, 1986, Subj: “Message of Farewell and 
Thanks,” Neel Aeromedical Center, USAARL, Fort Rucker, AL.
2 Memorandum from Head of the Biomedical Research Department Dr. DanThomas to Com-
manding Officer Captain Loys Williams, dated January 5, 1984, Subj: “Future Experiments,” 
Neel Aeromedical Center, USAARL. Norman S. Gilbert, M.D., joined NBDL in 1976.  After 
obtaining his medical degree from Louisiana State University (LSU), from 1950-1976 Dr. 
Gilbert worked at the LSU Medical Center.
3 NBDL, “Command History for Calendar Years 1984-1985,” 1-6.  In December 1985 Wil-
liams left the Navy and joined the staff at Jensen Beach Emergency Center located in Florida.  
See “Newsmakers [L. Eugene Williams],” The Palm Beach Post, December 1, 1985, 31.  Evi-
dence of Biersner’s prior visits is found in NBDL, “Initial Command History: Calendar Years 
1980 and 1981” (New Orleans: NBDL, 1982), 50, 53.
4 NBDL, “Command History for Calendar Years 1984-1985,” 13; NBDL, “1989 and 1990 
Command History” (New  Orleans: NBDL, July 1991), 11; Dorothy Francis, “X-Ray An-
thropometry Digitization Program for the Hewlett-Packard 9000/835 Computer,” NBDL-
90R003 (New Orleans: NBDL, 1990), 1; NBDL, “Command History for Calendar Years 
1984-1985,” 20; NBDL, “Command History for Calendar Year 1986” (New Orleans: NBDL, 
1987), 10.
5 NBDL, “Command History for Calendar Years 1984-1985,” 1-2; “NBDL Run Index for 
Human, Primate, and ADT Runs, 1972-1996,” Neel Aeromedical Center, USAARL.
6 “Scientific Achievement Award [Georg D. Frisch],” NADC Reflector (July 1987): 4; Email 
from Daniel J. Thomas to James Rife, dated March 27, 2017; NBDL, “Determination of Hu-
man Dynamic, Injury, and Performance Response to Impact Acceleration & Development of 
Validated Manikin Components,” DD-1498 Form, dated October 1, 1988, Neel Aeromedical 
Center, USAARL; John J. Quartuccio, “Ejection Seat and Body Dynamic Simulation Model 
Considering the Effects of Changing Inertial Properties on the System Dynamics” (master’s 
thesis, Lehigh University, December 5, 1996), iii; Georg D. Frisch Death Notice, US Social 
Security Death Index, Ancestry.com, U.S., Social Security Death Index, 1935-2014 [database 
on-line], Number: 085-36-4039, Issue State: New York, Issue Date: 1962 (Provo, UT:  USA: 
Ancestry.com Operations Inc., 2011).
7 Diane Vaughan, The Challenger Launch Decision: Risky Technology, Culture, and Deviance at 
NASA (Chicago: University of Chicago Press, 1996, 2016); Storer Rowley and Ronald Ko-
tulak, “Weather Prime Suspect in Shuttle Inquiry: Cold Believed Catalyst for Data; ‘Burn-
through,’” Chicago Tribune, February 19, 1986, 1, 4; NBDL, “Command History for Calen-
dar Year 1986,” 9; James Rife Oral History Interview with Bill Muzzy, August 17, 2016, 33-34. 
8 William H. Muzzy III, Marjorie R. Seemann, Gilbert C. Willems, Leonard S. Lustick, and 
Alvah C. Bittner, Jr., “The Effect of Mass Distribution Parameters on Head/Neck Dynam-



Impact Acceleration and the Human Response

Chapter Five | Decline and Transfer, 1984-1996

172

ic Response,” Proceedings of the 30th Stapp Car Crash Conference (Warrendale, PA: Society of 
Automotive Engineers [hereinafter SAE], 1987), 167-168; W. H. Muzzy III, “Summary of 
Current Research in Head Injury Mechanisms at the Naval Biodynamics Laboratory,” in Sym-
posium on Head Injury Mechanisms (Des Plaines, Ill.: American Association for Automotive 
Medicine, 1987), 2; Allison L. Schmidt, Alexandria E. Austermann, Kimberly B. Vasquez, 
Barry S. Shender, and Valeta Carol Chancey, “Establishing the Biodynamics Data Resource 
(BDR): Human Volunteer Impact Acceleration Research Data in the BDR,” USAARL report 
no. 2010-01 (Fort Rucker, AL: USAARL, 2010), 12-13.
9 NBDL, “1989 and 1990 Command History,” 13; G. C. Willems, W. H. Muzzy III, D. 
Knouse, and F. Gilreath, “Dynamic Response of the Hybrid III Dummy to +Gz Simulated 
Ship Shock – Cushioned vs. Hard Seats,” NBDL-91R002 (New Orleans: NBDL, November 
1991), 4; James Rife Oral History Interview with Bill Muzzy, August 17, 2016, 14-15; David 
L. Matson, “Naval Biodynamics Laboratory Research in Human Response to Impact Accel-
eration,” Shock and Vibration 1, no. 11 (November 1991): 9; “NBDL Run Index for Human, 
Primate, and ADT Runs, 1972-1996,” Neel Aeromedical Center, USAARL, Fort Rucker, AL.
10 Allison L. Schmidt et al., “Establishing the Biodynamics Data Resource (BDR): Human Vol-
unteer Impact Acceleration Research Data in the BDR,” 7; James Rife Oral History Interview 
with Bill Muzzy, August 17, 2016, 16, 25-26.  For early mention of the vertical accelerator, 
see Memorandum from W. Muzzy to Capt. Ewing, dated December 14, 1971, Subj: “Six Inch 
Vertical Accelerator Foundation Estimate – Updated,” Neel Aeromedical Center, USAARL.
11 G. C. Willems et al., “Dynamic Response of the Hybrid III Dummy to +Gz Simulated Ship 
Shock – Cushioned vs. Hard Seats,” 20.
12 For Lustick’s retirement, see William H. Muzzy III et al., “The Effect of Mass Distribution 
Parameters on Head/Neck Dynamic Response,” 167; “Alums,” The Times-Picayune, December 
30, 1987, E-4; Bio for Salvadore J. Guccione, Jr., Ph.D., Neel Aeromedical Center, USAARL.  
For Weiss’s promotion to scientific director, see NBDL, “1996 Command History: Final Re-
port,” NBDL-96R002 (New Orleans: NBDL, September 1996), 8.
13 Marc S. Weiss and Leonard S. Lustick, “Guidelines for Safe Human Experimental Exposure 
to Impact Acceleration,” NBDL-86R006 (New Orleans: NBDL, 1986); Marc S. Weiss and 
Leonard S. Lustick, “Safe Human Experimental Exposure to Impact,” Sixteenth International 
Workshop on Human Subjects for Biomechanical Research (Atlanta, GA, October 16-19, 1988), 
135-164; Marc S. Weiss, David L. Matson, and Stephen V. Mawn, “Guidelines for Safe Hu-
man Exposure to Impact Acceleration, Update A,” NBDL-89R003 (New Orleans: NBDL, 
1989), 4; Marc S. Weiss, “Standards for Human and Human Surrogate Impact Testing,” The 
Journal of the Acoustical Society of America 88, Suppl. 1 (Fall 1990): S64; Email from Daniel J. 
Thomas to James Rife, dated February 23, 2017.
14 Matson appears to have come to NBDL in 1985—that is when he first appears in the bib-
liographic listings for NBDL.  The information on Matson’s education is from David L. Mat-
son, “Naval Biodynamics Laboratory Research in Human Response to Impact Acceleration,” 
3-13.
15 American Institute of Biological Sciences, “Report to Department of the Navy: Evaluation of 
the Biodynamics Research Program of the Naval Biodynamics Laboratory, Naval Medical Re-
search and Development Command” (Arlington, VA: American Institute of Biological Scienc-
es, September 19-20, 1984), 12; Memorandum from Leonard S. Lustick, Head, Mathematical 
Sciences Department, to Scientific Staff, dated January 31, 1985, Subj: “Suggested Protocol 



173A History of the Naval Biodynamics Laboratory

Chapter Five | Decline and Transfer, 1984-1996

for Animal Experiments Comparing Anesthetized and Unanesthetized Rhesus Subjects,” Neel 
Aeromedical Center, USAARL.
16 David L. Matson, “Impact Injury and Evoked Potentials: II – Somatosensory Evoked Poten-
tials in Rhesus Monkeys,” NBDL-89R002 (New Orleans: NBDL, November 1990), 2.
17 David L. Matson and Marc S. Weiss, “Evoked Potential Analysis of Impact Acceleration 
Experiments,” in AGARD Conference Proceedings no. 432 on Electric and Magnetic Activity of 
the Central Nervous System: Research and Clinical Applications in Aerospace Medicine (London: 
Technical Editing and Reproduction, Ltd., 1988), 28-1 – 28-13.
18 Letter from James F. Kelly, Commanding Officer, NMRDC, to Commanding Officer, 
NBDL, dated April 15, 1985, Subj: “Experimental Protocol for Biodynamic Research with 
Chimpanzees,” Neel Aeromedical Center, USAARL.
19 Centers for Disease Control and Prevention, “Epidemiologic Notes and Reports B-Virus 
Infection in Humans -- Pensacola, Florida,” in Morbidity and Mortality Weekly Report, May 22, 
1987, 36(19), 289-90, 295-6

 https://www.cdc.gov/mmwr/preview/mmwrhtml/00000920.htm.
20 John Helton, “Sick Lab Workers Show No Change: Doctors Unsure How 2 Got Monkey 
Virus,” Pensacola News Journal, April 7, 1987, 9; “Expert Views Deadly Monkey Disease as 
an Accepted Risk of Doing Research,” Sun Sentinel (Fort Lauderdale, FL), April 19, 1987: 
16A; “Monkey Virus Kills Worker,” Sun Sentinel, April 30, 1987, 20A; “Simian Virus Sends 
Two More People to Hospital,” St. Petersburg Times (St. Petersburg, FL), April 12, 1987, 10B; 
Memorandum from Stephen V. Mawn, Head Biomedical Support Department, to Personnel 
Requiring Herpes B Testing, dated February 27, 1989, Subj: “Venipuncture Schedule,” Neel 
Aeromedical Center, USAARL.
21 See “NBDL Run Index for Human, Primate, and ADT Runs, 1972-1996,” Neel Aero-
medical Center, USAARL; NBDL, “1989 and 1990 Command History,” 33; NBDL, “Na-
val Biodynamics Laboratory 1st Interim Report FY-91: 1 October 1990 – 1 February 1991” 
(New Orleans: NBDL, 1991), 5; Memorandum from G. Willems, Head, Technology Dept., 
to Commanding Officer, dated January 22, 1991, Subj: “Animal Facilities Spaces,” Neel Aero-
medical Center, USAARL; House Committee on Armed Services, The Use of Animals in Re-
search by the Department of Defense: Hearing before the Research and Technology Subcommittee, 
103rd Cong., 2nd sess., 1994, 218.
22 Review of the NBDL run index compiled at the Neel Aeromedical Center, USAARL, shows 
a total of 331 non-human primate impact acceleration test runs; see also Thomas G. Dobie, 
“Archiving and Databasing of Non-Human Primate Impact Data,” Final Technical Report 
(New Orleans: University of New Orleans, November 2001), 2, which gives a figure of 389 
animal runs.  In 2000 a proposal to the Office of Naval Research put the figure at 405. See Na-
tional Biodynamics Laboratory, “Archiving and Databasing of Non-Human Primate Impact 
Data: Proposal to the Office of Naval Research” (New Orleans: University of New Orleans, 
February 3, 2000), 4.
23 Salvadore J. Guccione, Jr., “A Statistical Analysis of –X Rhesus Head Kinematics,” AD-A233 
977 (New Orleans: NBDL, October 1990), iii, 1-7. 
24 Salvadore J. Guccione, Jr., “A Statistical Analysis of –X Rhesus Head Kinematics,” AD-A233 
977 (New Orleans: NBDL, October 1990), 7; Daniel Thomas, “Important Data on Impact 
Injury Prevention Needs Protection and Further Analysis with a Long Term Strategy for this 



Impact Acceleration and the Human Response

Chapter Five | Decline and Transfer, 1984-1996

174

National Treasure,” n.d., 13; Dan Thomas, “Issue Paper (Draft),” unpublished papers in the 
possession of Thomas.
25 William Thomas Oral History Interview with Daniel J. Thomas, March 8, 2016, 14; David 
L. Matson, “Human Short-Latency Somatosensory Evoked Potentials in Impact Acceleration 
Research: Equipment, Procedures and Techniques,” NBDL-89R001 (New Orleans: NBDL, 
October 1990), 1-6.
26 David L. Matson, “Naval Biodynamics Laboratory Research in Human Response to Impact 
Acceleration,” 10-11.
27 David L. Matson, “Human Short-Latency Somatosensory Evoked Potentials in Impact Ac-
celeration Research: Equipment, Procedures and Techniques,” 15; Marc S. Weiss, “Testing 
Correlated ‘EEG-Like’ Data for Normality Using a Modified Kolmogorov-Smirnov Statistic,” 
IEEE Transactions on Biomedical Engineering 33 no. 12 (December 1986): 1114-1120; Marc 
S. Weiss, “Modification of the Kolmogorov-Smirnov Statistic for Use with Correlated Data,” 
Journal of the American Statistical Association 73, no. 364 (December 1978): 872-875; M. 
S. Weiss, “Kolmogorov-Smirnov Goodness-of-Fit Test: Corrected for Use with ‘EEG-Like’ 
Data,” NBDL-84R003 (New Orleans: NBDL, April 1984); M. S. Weiss, “Testing EEG Data 
for Statistical Normality,” Proceedings of the Eleventh International Conference of the IEEE Engi-
neering in Medicine and Biology Society 11, no. 2 (1989): 704-705; David L. Matson, “Impact 
Injury and Evoked Potentials: II – Somatosensory Evoked Potentials in Rhesus Monkeys,” 2.
28 Russell C. Grunsten, Norman S. Gilbert, and Stephen V. Mawn, “The Mechanical Effects of 
Impact Acceleration on the Unconstrained Human Head and Neck Complex,” Contemporary 
Orthopaedics 18, no. 2 (February 1989): 202.  Dr. Grunsten was an associate professor of or-
thopaedics surgery at Tulane University and a consultant at NBDL.  David Matson also report-
ed to members of the Aerospace Medical Association in 1990 from analysis of +Gz human runs 
on the horizontal accelerator that “+Gz impact acceleration up to 12 G does not compromise 
somatosensory pathways”; see D. L. Matson, “+Gz Impact Acceleration Experiments: Human 
Evoked Potentials [abstract],” paper presented at the 61st Annual Meeting of the Aerospace 
Medical Association (New Orleans, LA, May 13-17, 1990), Publication Library, Neel Aero-
medical Center, USAARL; James Rife Oral History Interview  with Bill Muzzy, August 17, 
2016, 26-27.
29 NBDL, “Command History for Calendar Years 1984-1985,” 1-2; U.S. Congress, House of 
Representatives, 100th Cong., 1st sess., 1987, House Reports Nos. 392-432, U.S. Congressio-
nal Serial Set, Document 13809, “Aircrew Impact Injury Prevention,” 231; American Institute 
of Biological Sciences, “Report to Department of the Navy: Evaluation of the Biodynamics 
Research Program of the Naval Biodynamics Laboratory, Naval Medical Research and Devel-
opment Command,” 13; NBDL, “Command History for Calendar Year 1986” (New Orleans: 
NBDL, 1987), 10; House Subcommittee on the Department of Defense, Department of De-
fense Appropriations for 1986: Hearings before a Subcommittee of the Committee on Appropria-
tions, pt. 7, 99th Cong., 1st sess., 1985, 428-429.
30 NBDL, “Command History for Calendar Year 1983” (New Orleans: NBDL, 1984), 8; 
NBDL, “Command History for Calendar Years 1984-1985,” 20.
31 NBDL, “Command History for Calendar Year 1986,” 10.
32 Thomas G. Dobie, “Teaching the Right Stuff – the Heart of the Matter,” Aviation, Space, and 
Environmental Medicine 60 (February 1989): 195-196.



175A History of the Naval Biodynamics Laboratory

Chapter Five | Decline and Transfer, 1984-1996
33 NBDL, “1989 and 1990 Command History,” 17; Thomas G. Dobie and James G. May, 
“Generalization of Tolerance to Motion Environments,” Aviation, Space, and Environmental 
Medicine 61 (1990): 707-711; Thomas G. Dobie and James G. May, “Motion Sickness Preven-
tion: A Course of Instruction in Cognitive-Behavioral Counseling,” Proceedings of the Twelfth 
Psychology Symposium in the Department of Defense (Colorado Springs: United States Air Force 
Academy, April 1990), 87-91; T. G. Dobie, J. G. May, W. D. Fisher, S. T. Elder, and K. A. 
Kubitz, “A Comparison of Two Methods of Training Resistance to Visually-Induced Motion 
Sickness,” Aviation, Space, and Environmental Medicine 58 (1987): A31-41; T. G. Dobie, J. G. 
May, W. D. Fisher, and N. B. Bologna, “An Evaluation of Cognitive-Behavioral Therapy for 
Training Resistance to Visually-Induced Motion Sickness,” Aviation, Space, and Environmental 
Medicine 60 (1989): 307-314; Thomas G. Dobie, “Teaching the Right Stuff – the Heart of the 
Matter,” 195-196.
34 Ibid.
35 Memorandum from Dr. John Guignard to Civilian Staff Members, Naval Biodynamics 
Laboratory (NBDL), dated January 24, 1986, Subj: “Message of Farewell and Thanks,” Neel 
Aeromedical Center, USAARL; Letter from Undersigned Scientific Staff [Lustick, Willems, 
Muzzy, and Weiss], Naval Biodynamics Laboratory, New Orleans, to Commanding Officer, 
Naval Biodynamics Laboratory, dated January 17, 1986, Subj: “Letter of Recognition for Dr. 
John Guignard,” Neel Aeromedical Center, USAARL.
36 Ibid.; NBDL, “Initial Command History for Calendar Years 1980 and 1981,” 19; Citations 
for papers presented by Guignard during his time at NBDL may be found in Mary M. Har-
beson, “Bibliography of NBDL Publications,” NBDL-87R001 (New Orleans: NBDL, 1987). 
37 The records of the House Subcommittee on Department of Defense Appropriations indicate 
that congressional interest for supporting NBDL began in FY 1984.  For example, in 1990 the 
Committee on Appropriations noted, “Since fiscal year 1984, this Committee has expressed 
special interest in and had closely monitored the funding of the Aircrew Impact Injury Pre-
vention project and other research projects conducted at the Naval Biodynamics Laboratory 
(NBDL).”  See House Committee on Appropriations, Department of Defense Appropriations 
Bill, 1991: Report of the Committee on Appropriations, Rpt. No. 101-822, 101st Cong., 2nd sess., 
1990, 181; James Rife Oral History Interview with Art Prell, dated August 18, 2016, 14.
38 Ibid.
39 House Reports nos. 392-432, Serial Set no. 13809, 100th Cong., 1st sess., January 6-Decem-
ber 22, 1987, 231.
40 House Subcommittee on the Department of Defense, Department of Defense Appropriations 
for 1988: Hearings before a Subcommittee of the Committee on Appropriations, 100th Cong., 1st 
sess., 1987, 478.
41 See letter from James N. Woody, Commanding Officer, NMRDC, to Distribution, dated 
March 31, 1989, Subj: “FY90 Program Guidance,” enclosure number six, “List of Tentative 
Medical Requirements by Priority Level,” Neel Aeromedical Center, USAARL; House Sub-
committee on the Department of Defense, Department of Defense Appropriations for 1988: 
Hearings before a Subcommittee of the Committee on Appropriations, House of Representatives, 
100th Cong., 1st sess., 1987, 253-255.
42 James Rife Oral History Interview with Bill Muzzy, dated August 17, 2016, 30; NBDL, 
“1991 and 1992 Command History” (New Orleans: NBDL, August 1993), 1.



Impact Acceleration and the Human Response

Chapter Five | Decline and Transfer, 1984-1996

176

43 NBDL, “Department Head Meeting,” January 8, 1988, Neel Aeromedical Center, US-
AARL; NBDL, “1989 and 1990 Command History,” 5; David L. Matson and Daniel L. 
Dolgin, “Training Program for the Prevention of Motion Sickness,” Navy Medicine 82, no. 2 
(March-April 1995): 7; NBDL, “1994 Command History,” NBDL-95R003 (New Orleans: 
NBDL, March 1995), 15.
44 See chain of correspondence and notes attached to Bill Muzzy, Head, Engineering Div., to 
Distribution, dated March 18, 1988, Subj: “Vertical Accelerator Man-Rating,” Neel Aeromed-
ical Center, USAARL.
45 NBDL, “1991 and 1992 Command History,” 17; Stephen V. Mawn, James J. Lambert, and 
Joseph L. Catyb, Jr., “The Relationship Between Head and Neck Anthropometry and Kine-
matic Response During Impact Acceleration,” Aviation, Space, and Environmental Medicine 
63, no. 1 (January 1992): 32.
46 J. J. Lambert and S. J. Guccione, Jr., “Linear Regression Analysis of Human and Mani-
kin Head Kinematic Response to +Gz Impact Acceleration, NBDL-95R004 (New Orleans: 
NBDL, October 1995), 1, 5-7.
47 NBDL, “1989 and 1990 Command History” (New Orleans: NBDL, July 1991), 35; Nabih 
M. Alem, Dennis F. Shanahan, John V. Barson, and William H. Muzzy III, “The Airbag as a 
Supplement to Standard Restraint Systems in the AH-1 and AH-64 Attack Helicopters and 
Its Role in Reducing Head Strikes of the Copilot/Gunner,” USAARL report no. 91-6, vol. 1 
(Fort Rucker, AL: USAARL, July 1991); Stephen V. Mawn, James J. Lambert, and Joseph L. 
Catyb, Jr., “The Relationship Between Head and Neck Anthropometry and Kinematic Re-
sponse During Impact Acceleration,” Aviation, Space, and Environmental Medicine 63, no. 1 
(January 1992): 32.
48 NBDL, “1989 and 1990 Command History,” 19; Gilbert Willems and Gordon R. 
Plank, “Calibration of a Six-Degree-of-Freedom Acceleration Measurement Device,” DOT-
HS-808-189 (Washington, D.C.: U.S. Department of Transportation, December 1994).
49 NBDL, “1991 and 1992 Command History,” 65.
50 James Rife Oral History Interview with Bill Muzzy, August 17, 2016, 37.  Muzzy’s state-
ments regarding the plan to consolidate NBDL and USAARL with operations at Wright-Pat-
terson are confirmed in the minutes of NBDL department head meetings.  See Douglas W. 
Call, “Department Head Meeting, 11 January 1991,” and Call, “Department Head Meeting, 
19 July 1991,” both documents located at the Neel Aeromedical Center, USAARL.
51 William H. Muzzy III, Alan E. Cantor, Donald K. Eisentraut, Louis A. D’Aulerio, “Seat-
Back Yielding and Collapse: A Danger to Occupants during Real-World Collisions,” in Pro-
ceedings of the 20th Annual Workshop on Human Subjects for Biomechanical Research (Warren-
dale, PA: SAE, 1992), 237.
52 House Subcommittee on the Department of Defense, Department of Defense Appropriations 
for 1989: Hearings before a Subcommittee of the Committee on Appropriations, House of Repre-
sentatives, 100th Cong., 2nd sess., 1988, 811; Douglas W. Call, “Department Head Meeting, 
11 January 1991,” and Call, “Department Head Meeting, 19 July 1991,” Neel Aeromedical 
Center, USAARL; James Rife telephone conversation with Andre Rog, March 27, 2017; Mem-
orandum from Douglas W. Call to Department/Division Heads, dated September 26, 1991, 
Subj: “Department Head Meeting”; and Call, “Department Head Meeting, 19 July 1991,” 
Neel Aeromedical Center, USAARL.



177A History of the Naval Biodynamics Laboratory

Chapter Five | Decline and Transfer, 1984-1996
53 For Call’s retirement, see NBDL, “1991 and 1992 Command History,” 70-71; for Rendin’s 
full bio, see NBDL, “1994 Command History,” 5.
54 On February 22, 1974, Lt. Barbara A. Allen became the Navy’s first designated female avi-
ator.  Mark L. Evans and Roy A. Grossnick, United States Naval Aviation, 1910-2010, vol. 1, 
Chronology (Washington, D.C.: Naval History and Heritage Command, 2015), 406, 443; 
Margaret Conrad Devilbiss, Women and Military Service: A History, Analysis, and Overview of 
Key Issues (Maxwell Air Force Base, AL: Air University Press, November 1990), 21-22.  Ac-
cording to Devilbiss, women began flying as Army aviators (often as helicopter pilots) in 1974.  
The Air Force did not accept female pilots until 1977; Mark L. Evans and Roy A. Grossnick, 
United States Naval Aviation, 1910-2010, vol. 1, Chronology, 506; Traci A. Keegan, “Study 
of Factors Affecting the Retention Decisions of Sea-Going Female Naval Aviators and Naval 
Flight Officers” (master’s thesis, Naval Postgraduate School, May 1999), 4; James Rife Oral 
History Interview with Daniel J. Thomas, July 12, 2016, 61-62; NBDL, “1993 Command 
History,” 17; NBDL, “1994 Command History,” 9; R. W. Rendin and L. W. Schoenberg, 
“Women Volunteers Engage in Impact Acceleration Research,” Navy Medicine 86, no. 4 (Ju-
ly-August 1995): 5-7.
55 Bill Muzzy indicated in his oral history that engineering technician Ferris Bolin may have 
suffered temporary hearing loss.  James Rife Oral History Interview with Bill Muzzy, August 
17, 2016, 20, 39; Memorandum from G.  Willems, Head, Technology Dept., to Research 
Psychologist, dated April 19, 1994, Subj: “Interim Report Inputs,” Neel Aeromedical Cen-
ter, USAARL; Memorandum from Gil Willems, Head, Technology Dept., to Commanding 
Officer, dated December 20, 1994, Subj: “CY-94 Vertical Acceleration Operation and Main-
tenance Summary,” Neel Aeromedical Center, USAARL; NBDL Run Index with Dates, Neel 
Aeromedical Center, USAARL.
56 See memos, Gil Willems, Head, Technology Department, NBDL, to Phillip Cheng, 
NMRDC, dated August 24, 1994, Subj: “‘Pig II’ Project for NAMRL”; Gil Willems, Head, 
Technology Dept., to Commanding Officer, dated September 7, 1994, Subj: “Cost of Hor-
izontal Accelerator Repair”; Memorandum from Gil Willems, Head, Technology Dept., to 
Distribution, dated December 28, 1994, Subj: “Horizontal Accelerator”; S. J. Guccione, Jr., 
Principal Investigator, Impact Acceleration Program, to Distribution, dated December 20, 
1994, Subj: “Input for 4th Incremental Report FY 1994,” Neel Aeromedical Center, USAARL; 
Memorandum from Gil Willems, Head, Technology Dept., to Commanding Officer, dated 
January 13, 1995, Subj: “Restoration of Leave,” Neel Aeromedical Center, USAARL.
57 Memorandum from Gil Willems, Head, Technology Dept., to Commanding Officer, dated 
December 20, 1994, Subj: “CY-94 Vertical Acceleration Operation and Maintenance Summa-
ry,” Neel Aeromedical Center, USAARL.
58 Memorandum from Gil Willems, Head, Technology Dept., to Commanding Officer, dated 
January 13, 1995, Subj: “Restoration of Leave”; R. W. Rendin, Commanding Officer, Naval 
Biodynamics Laboratory, to Defense Finance and Accounting Services, Defense Accounting 
Office/Cleveland Center (ATTN: Code BLN), Charleston, SC, dated January 27, 1995, Subj: 
“Restoration of Annual Leave Hours for Leave Year Ending 7 Jan 95, ICO Mr. Leslie Lorig and 
Mr. Robin Roth,” Neel Aeromedical Center, USAARL.
59 Memorandum from HM2 Gail Seaman to Committee Chairman, Female Human Research 
Volunteer Feasibility Study Committee, dated November 16, 1992, Subj: “Strapping of Fe-
male Subjects,” and “NBDL Run Index for Human, Primate, and ADT Runs, 1972-1996,” 



Impact Acceleration and the Human Response

Chapter Five | Decline and Transfer, 1984-1996

178

Neel Aeromedical Center, USAARL; R. W. Rendin and L. W. Schoenberg, “Women Volun-
teers Engage in Impact Acceleration Research,” 7.
60 Emphasis reproduced from source.  Memorandum from Gil Willems, Head, Technology 
Dept., to Chief, Operations Branch, dated December 14, 1994, Subj: “Vertical Accelerator,” 
Neel Aeromedical Center, USAARL.
61 See series of letters, Roger Black, Command Safety Manager, to Commanding Officer, dat-
ed April 7, 1995, Subj: “Vertical Accelerator Safety”; R. W. Rendin, Commanding Officer, 
to Command Safety Manager, dated April 7, 1995, Subj: “Vertical Accelerator”; and Roger 
Black, Command Safety Officer, to Commanding Officer, dated April 12, 1995, Subj: “Verti-
cal Accelerator Safety”; Memorandum from S. J. Guccione, Jr., Head, Mathematical Sciences 
Division, to CDR Dolgin, dated February 2, 1995, Subj: “Top Ten Goals for NBDL (CY’ 
95),” Neel Aeromedical Center, USAARL.
62 David E. Lockwood and George Siehl, “Military Base Closures: A Historical Review from 
1988 to 1995,” Congressional Research Service Report for Congress (October 18, 2004).
63 United States General Accounting Office, Military Bases: Analysis of DOD’s 1995 Process and 
Recommendations for Closure and Realignment: Report to the Congress and the Chairman, Defense 
Base Closure and Realignment Commission (Washington, D.C.: General Accounting Office, 
1995), 2; James Rife Oral History Interview with Daniel L. Dolgin, January 19, 2017; Andrew 
Feickert and Stephen Daggett, “A Historical Perspective on ‘Hollow Forces,’” Congressional 
Research Service Report for Congress R42334 (January 31, 2012), 10-11; U.S. Congress, 
Defense Base Closure and Realignment Commission Report to the President, 104th Cong.,1st sess., 
1995, H. serial 14300, 6, 81.  BRAC Commission members were former Illinois Senator Alan 
J. Dixon (Chairman), Vietnam veteran and business owner Alton W. Cornella, former direc-
tor of the White House Office Public Liaison Rebecca G. Cox, former finance chairman of 
the Democratic National Committee S. Lee Kling, Wendi L. Steele, General James B. Davis, 
USAF (Ret.), Major General Josue Robles, Jr., USA (Ret.), and Rear Admiral Benjamin F. 
Montoya, USN (Ret.).  James Rife telephone conversation with Andre Rog, March 27, 2017.
64 House Subcommittee on the Department of Defense, Department of Defense Appropriations 
for 1988: Hearings before a Subcommittee of the Committee on Appropriations, House of Repre-
sentatives, 100th Cong., 1st sess., 1987, 256; James Rife Oral History Interview with Daniel 
Dolgin, January 19, 2017, 3, 9, 35; Email from Daniel J. Thomas to James Rife, dated March 
27, 2017; James Rife telephone conversation with Russ Wiley (Chan Ewing’s daughter) and 
Russ Davis (Ewing’s son-in-law), dated March 24, 2017.
65 Memorandum from S. J. Guccione, Head of Research, to Distribution, dated October 10, 
1996, Subj: “1st Meeting on Database Project,” Neel Aeromedical Center, USAARL.  Many of 
the visits to the lab over the years are evidenced by copies of visitor badge requests preserved 
at the Neel Aeromedical Center, USAARL.  James Rife Oral History Interview with Daniel L. 
Dolgin, January 19, 2017, 9; Memorandum from R. W. Rendin, Commanding Officer, Naval 
Biodynamics Laboratory, to XO, Department Heads, Chief Scientist, dated February 7, 1995, 
Subj: “Goal Review,” Neel Aeromedical Center, USAARL.
66 Douglas W. Call, “Department Head Meeting 8 May 92,” Neel Aeromedical Center, US-
AARL; NBDL, “1994 Command History,” 14; Memorandum from R. W. Rendin, Com-
manding Officer, Naval Biodynamics Laboratory, to XO, Department Heads, Chief Scientist, 
dated February 7, 1995, Subj: “Goal Review,” Neel Aeromedical Center, USAARL; NBDL, 
“1996 Command History: Final Report,” 15.  The Command History does note that NBDL 



179A History of the Naval Biodynamics Laboratory

Chapter Five | Decline and Transfer, 1984-1996

could make arrangements to use a NASA-employed physician to provide the necessary tem-
porary medical monitoring support.  However, the NBDL run listing at the Neel Aeromedical 
Center, USAARL, lists June 6, 1995, as the final occasion when humans were run on the 
vertical accelerator.  Based on this evidence, it does not appear that NBDL acted on the option 
to use a NASA physician.  Although almost 300 human research volunteers were qualified, 
211 were exposed to impact.  Allison L. Schmidt et al., “Establishing the Biodynamics Data 
Resource (BDR): Human Volunteer Impact Acceleration Research Data in the BDR,” iii, 8.
67 James Rife telephone conversation with Andre Rog, March 27, 2017; NBDL, “1996 Com-
mand History: Final Report,” 6; James Rife Oral History Interview with Daniel Dolgin, Jan-
uary 19, 2017, 1-2.
68 James Rife Oral History Interview with Daniel Dolgin, January 19, 2017, 14; S. J. Gucci-
one, Jr., “Human vs. Manikin Neck Response to High-Onset +Gz Vertical Acceleration” (New 
Orleans: NBDL, October 15, 1996), 11.
69 James Rife Oral History Interview with Daniel Dolgin, January 19, 2017, 6-7; NBDL, 
“1996 Command History: Final Report,” 13.
70 NBDL, “1996 Command History: Final Report,” 12; Jerry C. Patee, Daniel L. Dolgin, and 
Michael H. Mittelman, “Naval Medical Research and Development Command and Technol-
ogy Transfer,” Navy Medicine 86, no. 1 (January-February 1995): 21, 23.
71 For the Snell Memorial Foundation, see http://www.smf.org/who.
72 Memorandum from Gil Willems, Head, Technology Dept., to Commanding Officer, dat-
ed October 19, 1990, Subj: “Phonecon with Dr. Ewing”; Memorandum from Gil Willems, 
Head, Technology Department, to Commanding Officer, dated October 23, 1990, Subj: 
“Memorandum of Understanding (MOU) NAVBIODYNLAB and Snell Memorial Founda-
tion (SNELL),” Neel Aeromedical Center, USAARL.  For evidence of the visits, see the listings 
of notable visitors in the 1989-1990, 1991-1992, and 1994 Command Histories and in the 
copies of the visitor badge requests to Martin Marietta, preserved at the Neel Aeromedical 
Center, USAARL.  Douglas W. Call, “Department Head Meeting, 7 February 1992,” Neel 
Aeromedical Center, USAARL; Jerry C. Patee et al., “Naval Medical Research and Develop-
ment Command and Technology Transfer,” 23; NBDL, “1994 Command History,” 34; J. 
Thunnissen, J. Wismans, C. L. Ewing, and D. J. Thomas, “Human Volunteer Head-Neck Re-
sponse in Frontal-Flexion: A New Analysis,” in Proceedings of the 39th Annual Stapp Car Crash 
Conference (Warrendale, PA: SAE, 1995), 439-460.  Some of the modeling draws upon earlier 
work completed by Ed Becker while working for QEI, Inc. during the 1980s.  See Edward 
B. Becker, “Head and Neck Kinematics for Frontal, Oblique, and Lateral Crash Impact,” in 
Mechanisms of the Head and Spine, ed. Anthony Sances, Jr., D. J. Thomas, C. L. Ewing, S. J. 
Larson, and F. J. Unterharnscheidt (Goshen, NY: Aloray Publishers, 1986), 117-132; Daniel 
Thomas, “Important Data on Impact Injury Prevention Needs Protection and Further Analysis 
with a Long Term Strategy for this National Treasure,” n.d., 6, 14, paper in the possession of 
Daniel J. Thomas.
73 NBDL, “1996 Command History: Final Report,” 16; Memorandum from Art Prell to 
Commanding Officer, dated February 9, 1996, Subj: “Publish Reports and Other Things We 
Should Accomplish Before the Lab Closes,” Neel Aeromedical Center, USAARL.
74 NBDL, “1996 Command History: Final Report,” 7, 16; James Rife Oral History Interview 
with Daniel Dolgin, January 19, 2017, 3-8, 43-44. 



Impact Acceleration and the Human Response

Chapter Five | Decline and Transfer, 1984-1996

180

75 James Rife telephone conversation with Andre Rog, March 27, 2017; James Rife Oral His-
tory Interview with Daniel Dolgin, January 19, 2017, 11-12; Jack Curry, Jr., “Weiss Left His 
Mark on Cycling,” The Times-Picayune, July 8, 1998.  For Weiss’s affiliation with Tulane, see 
Susan S. Margulies, Q. Yuan, S. J. Guccione, and Marc S. Weiss, “Kinematic Response of the 
Neck to Voluntary and Involuntary Flexion,” Aviation, Space, and Environmental Medicine 69, 
no. 9 (October 1998): 896-903.
76 NBDL, “1996 Command History: Final Report,” 7, 16.



181A History of the Naval Biodynamics Laboratory

Chapter Six

saVIng the legacy,
1996-2017

In the days before the closing ceremony that marked NBDL’s last day as a Navy 
command, Dan Dolgin and John Crisp, dean of the College of Engineering at 

the University of New Orleans (UNO), hammered out a Cooperative Research and 
Development Agreement (CRADA) intended to define a path forward for the soon 
to be rechristened National Biodynamics Laboratory.  Although the Department of 
Defense (DOD) and the Base Realignment and Closure (BRAC) Commission expect-
ed UNO to maintain the lab on an “as-needed” basis, the university had visions of 
an enduring mission comprising three main goals.  The first was preserving, assessing, 
archiving, and transforming the existing NBDL impact acceleration data into an up-
dated National Crash Survival Data Bank for future researchers and modelers.  The 
second was to continue the Ship Motion Simulator (SMS) program under NBDL 
director Dr. Tom Dobie.  The third goal was for UNO to maintain and upgrade as 
necessary all of NBDL’s equipment, including the SMS, the horizontal and vertical 
accelerators, and a host of other devices.  In subsequent months, all of these goals 
would be challenged in one way or another.1

One of the challenges was the result of a cultural shift that had begun about the 
same time that Ewing developed his vision for impact acceleration research.  Animal 
rights activism had its roots in the cultural ferment of the 1960s and began to crystal-
lize as a movement, with the founding of both fringe and mainstream organizations 
in the 1970s.  In the 1980s came escalating protests, malicious break-ins, and a series 
of high-profile campaigns against laboratories that used animals in experiments, most 
notably one in Silver Spring, Maryland, that resulted in criminal charges against a 
researcher, which were later overturned.  While few Americans sympathized with ex-
tremists, a sizeable percentage of the public was unreflective about the need for animal 
research and generally sympathetic toward the movement.  By the early 1990s, this 
broader cultural shift had obliged universities, corporations, and the military to great-
ly tighten restrictions on animal testing.  Therefore, the films from NBDL’s almost 
four hundred test runs, as well as physical specimens, photographs of test animals, 
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veterinary medical records, x-rays, and physiology strip charts, amounted to much 
dynamite with the potential to blow a big hole in the Navy’s reputation.  As he over-
saw the closure of NBDL, Dolgin became acutely aware of this.  “My concern was 
that it would be problematic if these images were released to the public,” he recalled, 
“especially without an appropriate interpretation.”2

The pending transfer made an 
explosion especially likely.  While 
most of the research staff could ex-
pect to relocate to other military or 
university labs, the hourly employ-
ees at Michoud were left high and 
dry—and they were bitter about 
it.  Dolgin was particularly wor-
ried that one of them might turn 
old experimental records over to 
animal rights activists out of spite 
or for profit.  Even if the animal 
testing records made the transfer 
without exposure, Dolgin did not 
believe that the University of New 
Orleans constituted the safest of 

repositories—most of the attacks in the 1990s were on university labs—nor was UNO 
enthusiastic about accepting the data.  At Dolgin’s request, chief of the Office of Na-
val Research (ONR) Rear Admiral Paul G. Gaffney II, accompanied by Navy legal 
counsel, visited Michoud to review samples of the primate test imagery and decide 
how to deal with it.  Although the ONR lawyers never directly suggested disposing of 
the records altogether, that unstated option was clearly on the table.  Dolgin took the 
initiative and argued that the primate films should be preserved since they could never 
be replicated in the future, given the Navy’s tighter regulation of animal and human 
testing in its labs.  Captain Tom Jones at the Naval Medical Research and Develop-
ment Command (NMRDC) in Bethesda, Maryland, backed Dolgin.  Torn between 
protecting the Navy from a potential reputational crisis and the need to preserve ir-
replaceable scientific data, Gaffney decided to “lock it up” at NAMRL in Pensacola, 
away from UNO and out of public reach.3

The decision made, Dolgin began working the phone to get things under way 
before anyone could change their mind.  Everyone along the chain of command un-
derstood the gravity of the situation; every answer was “yes, yes, and yes.”  Dolgin was 
amazed.  It was one of the rare times in the Navy that such a move was actually “fast 
tracked.”  The data at NBDL had always been stored in standard government gray 
filing cabinets protected only by perfunctory locks.  Dolgin invested in two large, 
heavy-duty, fireproof safes as a permanent repository for the animal data.  “They were 

Representatives from the U.S. Navy and 
the University of New Orleans complete the 
lab's transfer and the National Biodynamics 
Laboratory is established.  (USAARL)
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very heavy,” he remembered, “but we were able to get them on one rental truck.”  As 
the truck pulled out from Michoud and turned east onto Interstate 10 toward Pensac-
ola, two hundred miles away, Dolgin and his colleagues took a collective deep breath.4

Three long hours later came word that the truck was at NAMRL and the data was 
in good hands.  Dolgin was ecstatic.  “It was a great phone call to receive,” he later de-
clared, “knowing that everything was fine at the other end, and that it had arrived safe-
ly, because there was no replacing that data.”  Just a few days later, Dolgin handed over 
the keys to what remained behind to John Crisp.  Dolgin was soon reassigned as an 
international sciences programs director for the Navy, based in Arlington, Virginia.5

restartIng research

UNO began its stewardship of NBDL with the best of intentions, with remaining 
staff members, including Dr. Salvadore “Sal” Guccione, Mark Lotz, and Andre Rog, 
taking up quarters in consolidated offices at UNO and Michoud.  The veteran staff 
then launched a comprehensive training program to teach the academic personnel 
how to actually run and maintain the test equipment.  The UNO scientific team next 
evaluated the condition of the equipment, repaired the SMS, and tested the vibration 
platform, which had not been operated in years.  Finally, Dobie prepared a compre-
hensive plan and schedule for deliverables, achieving desired staffing levels, and new 
equipment acquisition.6

NBDL Command group photograph from July 1991.  Seated in the front row are 
Commander Robert W. Rendin (third from the left), Commander Douglas W. Call (fourth 
from the left), Dr. Marc S. Weiss (fifth from the left), and Dr. Thomas G. Dobie (second 
from the right).  Photographer Art Prell stands to the right.  (USAARL) 
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But it soon became clear that, despite expectations, NBDL would not be able to 
perform as expected under the new arrangements—resources available from UNO 
could not make up for the Navy line-item appropriations that had kept the lab going 
for so long.  Even worse, the staffing reductions brought about by BRAC, approxi-
mately 65 percent from 1995 to 1996, crippled NBDL’s ability to resume research and 
testing.  Dobie had only about ten to twelve staff members, including those who had 
transitioned from the Navy to UNO, to bring NBDL back to life.  The dismissal of 
the hourly workers left NBDL with few machinists, mechanics, electricians, or main-
tenance men.  And with Marc Weiss’s departure, there was no one remaining who was 
qualified to supervise human research volunteer and non-human primate test runs on 
the impact accelerators.  But human test runs would have been out of the question 
anyway.  For although the lab had an impressive array of machinery, there were not 
enough people to safely operate it.  As Andre Rog recalled, “There were no test runs—
just occasional shots for maintenance and to retain the capability.”7

Maintenance was a problem, because much of the equipment, including the vi-
bration platform, the photo digitizing system, and the SMS, was in poor condition.  
Although the horizontal accelerator had been repaired over the winter of 1996-1997, 
upgrades and repairs of smaller devices were more expensive and time consuming than 
anticipated.  As of March 1997, few of the test devices were fully operational, and the 
price tag for repairs was an estimated $925,000.8

Dobie was undaunted.  By September 1997, he had augmented his staff with 
students, got the SMS running reliably, and renewed his motion sickness research.  
What Rog called Dobie’s “boundless enthusiasm and energy for his ship motion sick-
ness research” went on to yield a few final academic achievements for NBDL, with 
major academic papers published in 2003 and 2004 about the role of vision in motion 
sickness.  Dobie also presented an important paper entitled “Critical Significance of 
Human Factors in Ship Design” at the 2003 Research Vessel Operators Committee 
meeting, in which he argued that naval architects needed to do a better job of design-
ing vessels with respect to human responses to moving platforms.  A third doctoral 
degree, based on this groundbreaking NBDL work, was forthcoming in 2005 when 
Dobie presented his two-volume research thesis to the University of Leeds entitled 
“Motion Effects on the Human Body.”9

Although the motion research was important from both academic and applied 
engineering perspectives, the greatest accomplishment of NBDL at UNO was expect-
ed to be creation of a National Crash Survival Data Bank (NCSDB).  The intent was 
to build a modern, fully searchable database on the foundation of the vintage 1970s 
and 1980s database developed under Ewing and Thomas.  UNO believed that the 
NCSDB would have real commercial value and planned to offer access to it to clients 
in both the government and private sectors.  This was theoretically true, but there was 
much to be done before any value could be realized, namely, to make sense of—and 
provide access to—some twenty-three tons of medical records, some 10,000 rolls of 
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human research volunteer films, physiologic paper readouts, and bulky analog and 
digitized tapes, all stored in cabinets and boxes covering 399 square feet at Michoud.  
Every bit of this vast amount of material would have to be digitized and entered into 
the new data bank.10

UNO designated Dr. Edit J. Kaminsky Bourgeois as principal investigator for 
the NCSDB.  Bourgeois was an Argentinian electrical engineer specializing in digi-
tal communications and signal and image processing who had worked for Sverdrup 
Technologies and Lockheed Martin before joining the UNO faculty in 1995.  Sal 
Guccione, Andre Rog, and Mark Lotz were slated to assist her.11

In a proposal submitted in December 1996, Bourgeois described the expected 
end-product as “a user-friendly, relational data base for impact acceleration data from 
anthropomorphic mannequins and human volunteers” that contained “all recoverable 
data collected by the Naval Biodynamics Laboratory in the last 25 years.”  The data 
bank was expected to utilize Oracle software and be compatible with the Microsoft 
Windows 95 operating system so that personal computer users could easily access and 
retrieve the data.  The raw digitized data was expected to be archived on tapes and CD 
ROMs.  Additionally, NBDL planned to develop a proprietary impact data analysis 
program called EZFLOW to compute the three-dimensional trajectory of selected 
anatomical segments of test subjects.  The initial cost for the entire archiving and data 
bank project was estimated at $196,626.12

ONR funded construction of the data bank through “Human and Manikin” con-
tract N00014-98-1-0335.  Following delays due to space consolidation, replacement 
of obsolete computers and software, data network reconnection and reorganization, 
and slow staff recruitment, work began on February 1, 1997.  During the next three 
years, Bourgeois and her team made steady progress, even after finding that the mag-
netic coatings on the aging tapes had started to disintegrate and that this data had to 
be first transferred to more stable electronic storage media.  In the meantime, UNO 
established a web address for NCSDB on the Internet, www.nbdl.org, and filed for 
intellectual property copyright protection with the Library of Congress for any data 
digitized by NBDL.13

In May 1999 Bourgeois and Rog introduced the NCSDB to the world at the 
Digital Human Modeling for Design and Engineering International Conference and 
Exhibition in The Hague, Netherlands, with a technical paper entitled “The National 
Crash Survival Data Bank:  A Resource for Modelers.”  In December 1999 UNO dean 
John Crisp asked ONR to formalize a licensing agreement between the Navy and 
UNO allowing the university to move forward with the NCSDB’s public release, with 
customers to be charged based on the level of service required.14

In 2000 UNO sought both permission and funding from ONR to evaluate, pre-
serve, digitize, archive, and enter into the data bank the non-human primate medical 
records in the lab’s possession.  ONR agreed but only if access to the sensitive informa-
tion was restricted to approved onsite NBDL users.  On July 15, 2000, ONR allocat-
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ed $970,000 to enable UNO to integrate the non-human primate information under 
contract N00014-00-1-0546 with a one-year period of performance.  The amount 
was reduced by $4,000 to $966,000 that September.15

NBDL subsequently scanned the clinical medical records for 118 animal sub-
jects—115 rhesus macaques and 3 chimpanzees through 311 test runs—into portable 
document format (PDF) electronic files.  The PDFs were then processed and upload-
ed into the NCSDB, along with 288 sets of sensor data, 283 sets of photographic 
data, and 336 sets of three-dimensional (3D) motion data, all similarly preserved and 
scanned.  The task was completed by November 30, 2001, although a funding short-
fall forced NBDL to work during the last four months on a no-cost extended contract 
basis.  In his final technical report to ONR, Dobie concluded that “with the inclusion 
of non-human primate response to indirect impact, the already valuable NCSDB be-
comes even more valuable to the scientific community.”  This was especially true in his 
estimation because “similar impact tests using non-human primates are not likely to 
be performed today or in the near future due to funding limitations and the concerns 
of using animals in testing programs.”  The concerns were so great that ONR still re-
fused to allow the non-human primate data to be accessed on the Internet.16

leaVIng new orleans

Despite the technical progress in building the NCSDB, UNO’s expectations for com-
mercialization were not met.  NAMRL was the sole customer for the data bank and 
leased the digitized data as it became available.  Continued access restrictions to the 
all-important non-human primate data remained a hurdle for further analysis, while 
the impact accelerators sat quietly in Test Cell 4 at Michoud, producing no new data.  
The only thing of import happening at NBDL was in Test Cell 3 at Michoud, where 
Dobie continued running the SMS and preparing publications on motion sickness.17

Six years after the 1996 transition, it was abundantly clear that NBDL was not 
likely to live up to expectations under UNO control.  Under those circumstances, 
UNO grew weary of maintaining NBDL at Michoud, as operating and maintenance 
costs outstripped NCSDB revenue and ONR funding dried up, with Navy resources 
reallocated to U.S. warfighters overseas during Operations Enduring and Iraqi Free-
dom.  Further congressional appropriations were also out of the question since NBDL’s 
long-time patron, Bob Livingston, had resigned in 1999 due to an exposed extra-mar-
ital affair, and Louisiana Congressman William Jefferson did not have the clout to se-
cure new funding alone.  Therefore, in 2002 UNO instructed Dobie to wind down his 
SMS testing and to begin clearing his equipment and records out of Michoud.  Since 
UNO did not have the space on its campus to store any of this material, permanent 
disposal was authorized.  Dobie was stunned and looked for alternatives.  He called a 
friend at NAMRL, Captain Angus Rupert, to see if the Navy could help.18

Rupert was a highly regarded naval flight surgeon, inventor, and scientist, special-
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izing in studies of spatial disorienta-
tion in aviators and astronauts.  Born 
in Madoc, Ontario, in 1947, Rupert 
had earned a Ph.D. in neurophysiology 
from the University of Illinois, Urbana, 
in 1979 and an M.D. from the Univer-
sity of Toronto in 1982 before joining 
the Navy’s Medical Corps in 1984.  As 
a researcher, Rupert was best known for 
developing a Tactile Situation Awareness 
System, an advanced flight suit designed 
to reduce spatial disorientation accidents 
and to improve the performance of pi-
lots, astronauts, and divers.19

Rupert had spent most of his Navy career at Pensacola and had known Dobie 
for years.  When Dobie’s call came, Rupert immediately grasped the enormity of the 
threat.  “I thought it was just a terrible, terrible tragedy, since there was no place else 
that this work could be carried out,” Rupert recalled.  “It was simply going to go into 
storage in a salt mine somewhere.  I then wanted to find some way to salvage that, so 
it could at least be analyzed.”  Rupert turned for help to Commander Michael Lilien-
thal, an experimental psychologist and action officer working for Dr. Charles Holland 
in the Acquisition, Technology, and Logistics (AT&L) Office of the Deputy Under-
secretary of Defense (Science and Technology) at the Pentagon.  Lilienthal needed no 
convincing and went to colleague Dr. Robert Foster, the director of the BioSystems 
Office of the Deputy Under Secretary of Defense (Science & Technology), for sup-
port.  Foster was also appalled at the prospect of losing the data and promised to bring 
his own DOD resources to bear on the situation.  The orders finally came down to the 
ONR program officer for the Aviation Medicine Program, Lieutenant Commander 
David R. Street, Jr., to authorize and provide funding for NAMRL to transfer the data 
to Pensacola.20

Street allocated $36,000 to pay for the rescue, part of which would be used for 
purchasing NBDL’s digitized human data.  Rupert was not content to just obtain the 
funding and hand the job over to somebody else—he wanted to personally ensure that 
all of the physical data was collected from NBDL and transported back to NAMRL.  
In 2002 he rented two moving trucks, mustered some enlisted personnel to do the 
moving, and accompanied them to New Orleans to pack up the twenty-three tons 
of material and bring it back to NAMRL.  The impact accelerators, SMS, vibration 
fixture, and other supporting laboratory equipment were too large to be disassembled 
on short notice and transported, and NAMRL did not have space for them anyway.  
Rupert expected them to be retrieved at some point in the future once a new home 
could be found elsewhere.21

Captain Angus H. Rupert (right) talks with 
Captain Douglas W. Call (center) during 
one of his early visits to NBDL between 
1987-1992.  (USAARL)
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IIp:  a second chance lost

Rupert realized that getting those twenty-three tons back to NAMRL presented re-
searchers with a golden opportunity.  Not only could the data be reunited with the 
non-human primate films already shipped down by Dolgin, but the evaluation and 
digitization efforts started at UNO could be completed and the mathematical mod-
eling first begun in the late 1970s could be restarted.  Rupert again contacted Lilien-
thal, who arranged for Foster to personally review the data.  Foster was impressed and 
assured Rupert that even though he could not underwrite the work himself, he would 
“try and lean on a few people to provide some funding.”  Foster began with the Army’s 
Military Operational Medicine Research Program at Fort Detrick, Maryland, but re-
search area director Colonel Karl Friedl, unaware of NBDL’s joint Army/Navy origins, 
turned the opportunity down as a Navy concern.  Foster next approached Dr. James 
Sheehy, the chief scientist of the Naval Air Systems Command (NAVAIR) Air-4.6 Hu-
mans Systems Department, based at Patuxent River, Maryland.  Sheehy embraced the 
opportunity, agreeing to provide roughly $400,000 per year to evaluate, digitize, and 
analyze the data under a 6.4 “Medical Engineering and Manufacturing Development” 
line item grant in DOD’s Research, Development, Test, and Evaluation budget.  The 
funding in place, the project was named the Impact Injury Prevention (IIP) program.  
Although undertaken at NAMRL, NAVAIR became its primary sponsor.22

Rupert had made the most of the opportunity; however, he did not have the time 
to supervise the large and complex 6.4 IIP project.  So he hired someone else emi-
nently qualified, Dan Thomas, who had done so much to generate the data in the first 
place.  Thomas had retired from consulting in 2000 and was then serving as president 
of the Snell Memorial Foundation.  In order to be able to continue his work with 
Snell, Thomas agreed to take the position on a half-time basis.  Rupert arranged for 
the creation of a limited GS-14 research medical officer position for Thomas.  Work-
ing twenty hours per week, Thomas would serve as the project’s principal investigator, 
while Rupert would serve as the project’s “figurehead.”23

Thomas came aboard in early September 2004.  That same week he submitted his 
6.4 proposal for organizing and performing the work over a three-year period, which 
NAVAIR approved and which became the IIP program’s governing document.  The 
plan was “to establish a completely analyzed biodynamic database (BDB) at NAMRL 
using all the research data from NBDL and the ancillary research conducted in sup-
port of NBDL.”  As Thomas later explained, the basic purpose was to “get [the data] to 
a form with enough documentation that it could be used by any skillful physiologist 
or engineer in this area of endeavor.”  Further, the data would be “made available to 
all qualified users by NAMRL under procedures appropriate for widespread dissemi-
nation of government research results.”24

Thomas clearly believed that those who created the data were best suited to ana-
lyze it.  The team he put together included Bill Muzzy, Friedrich Unterharnscheidt, 
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Gene Jessop, Ed Becker, David Seales, Robert Kennedy, and Alvah Bittner.  Thomas 
even persuaded Chan Ewing to play a small role in the project, although he was then 
in declining health.  Additionally, Thomas brought into the project the Snell Me-
morial Foundation, the Visual Instrumentation Corporation, and the Bioengineering 
Group from the Medical College of Wisconsin, under long-time non-human primate 
research collaborator Dr. Anthony Sances.  Outside colleagues, such as Dr. Ints Ka-
leps, retired chief of the Acceleration Effects and Escape Branch of the U.S. Air Force 
Research Laboratory, and Professor Jac Wismans of TNO Crash-Safety Research Cen-
tre in the Netherlands, likewise joined the team as consultants.  Information technol-
ogy expert Dr. Carl Cole drew the job of managing IIP’s computer operations and 
integrating UNO’s digitized data into a new database.  NAMRL provided floor and 
office space at its 51 Hovey Road headquarters in Pensacola, while the Navy issued 
a sole-source contract to Muzzy’s consulting firm, WHMuzzy Consulting, LLC, to 
administer the project.25

No sooner had the effort 
gotten under way when nature 
intervened to stop it.  On Sep-
tember 16, 2004, Hurricane 
Ivan crashed ashore across the 
Florida panhandle and dev-
astated Pensacola.  Although 
the NAMRL facility was se-
verely damaged, the IIP team 
had wisely stored its data on 
its upper floors, saving it from 
destruction.  Ivan, however, 
made the 51 Hovey Road site 
all but unlivable.  The building 
was a half-century old, built during Ashton Graybiel’s tenure at Pensacola, and after 
being soaked to the foundations by the storm, it developed a serious mold problem.  
Rupert believed that they had to get the data offsite as soon as possible.  With most 
of Pensacola savaged by the storm, however, that was easier said than done, and the 
IIP team had to make do in the soggy, moldering building, at least for the time being.  
The effort began with an inventory of all the physical data that had been transferred 
from NBDL.  The team then evaluated select digitized samples with somatosensory/
EEG information to determine if it was worth obtaining further electronic data from 
NBDL.26

That process stalled when researchers were unable to make the Oracle database 
compatible with 2004 computer technology.  In early 2005, IT expert Cole traveled to 
UNO and worked directly with Edit Bourgeois and the original digitizers to solve the 
problem.  Cole was ultimately successful in extracting the data, but as Rupert reported 

Scene of wreckage in front of "Admiral Row" at the 
Naval Air Station, Pensacola, caused by Hurricane 
Ivan.  The storm reportedly damaged 90 percent of the 
buildings on the base.  (U.S. Navy)
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to Sheehy and his NAVAIR col-
league Barry Shender in May 
2005, “it was still not in a form 
that one could access as a rela-
tional database to make it use-
ful to ourselves or any custom-
er.”  Nevertheless, given what 
Cole and Bourgeois were able 
to make available, IIP director 
Thomas decided to lease from 
UNO the digitized human an-
thropometric data and the por-
tion of animal data that had also 
been included in the NCSDB.27

This digital setback was fol-
lowed by yet another natural di-
saster when Hurricane Katrina, 

a Category 5 storm with sustained winds of over 175 miles per hour, struck the Gulf 
Coast in late August 2005.  New Orleans was virtually destroyed by severe flooding 
following the failure of its levee system.  Pensacola was again submerged under the 
storm surge.  UNO suffered widespread damage across its campus, but the Michoud 
Test Facility was largely spared due to its heavy-duty construction.  Unfortunately, 
NBDL’s roof was open for repairs when Katrina made landfall, exposing Test Cells 3 
and 4 to the driving rain.  The impact accelerators and the SMS were soaked but not 
destroyed, although in the storm’s chaotic aftermath, looters broke into Michoud and 
stole or damaged some of their custom-built parts.28

Once Katrina dissipated and the roads out of New Orleans became passable again, 
Dobie drove to Michoud to assess the damage.  He found both test cells drained of 
water and the test equipment mostly undamaged, although damp and rusting.  Unfor-
tunately, the equipment would have to remain that way for the time being—UNO’s 
budget was already overextended just getting its campus reopened and classes restart-
ed.  Instead, Dobie and his assistants went around the test cells marking what had to 
be fixed when time and funding returned, which was likely to be no time soon.29

Hurricane Katrina inflicted a second heavy blow to the IIP project farther east, as 
Bill Muzzy’s home and office in Ocean Springs, Mississippi, located near the storm’s 
epicenter, were demolished.  Gone were his records and drawings from his old NBDL 
days, as well as WHMuzzy Consulting’s paperwork for the IIP program in Pensacola.  
“Katrina was a life and lifestyle changer,” said Muzzy.  “Everything is measured from that 
day, before or after.”  The project was again put on hold while Muzzy rebuilt and Pen-
sacola cleaned up for a second time.  Yet another delay occurred four months later when 
Muzzy suffered a heart attack, knocking him out of the project for several more months.30

Damage to the horizontal accelerator building 
enclosure caused by Hurricane Katrina.  (USAARL)
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By June 2006, Muzzy had recovered and the IIP project could finally move ahead.  
The months-long hiatus had not been spent idly, however, since Rupert was able to 
find new space for IIP through one of his colleagues, a vestibular researcher named 
Bill McBride, who owned a new building at 2415 North Pace Boulevard in Pensacola.  
The 3,000-square-foot facility was an ideal data center, and Rupert was able to arrange 
a multi-year lease through the Henry Jackson Foundation, with additional support 
from NAMRL and NAVAIR.  With plenty of floor space now available, Thomas also 
took the opportunity to build up his support staff, hiring independent contractor 
Dottie Dubuisson, who started work in July, and Jan Mauldin, who reported in Au-
gust.  These two professionals came to understand the data’s organization as well as 
anyone else involved in the project.  Thomas also called former colleague Art Prell out 
of retirement to assist in preserving the old film and analyzing the photography data 
that he had helped produce.  Prell’s wife, Margaret, also joined the team to scan the 
xray data and assist with the inventory.  It was a three-hour weekly commute from 
Pearl River, Louisiana, to Pensacola, but Prell was pleased to have another chance at 
making the most of the work to which he had devoted much of his career.31

Ensconced in the new data center, the team began the arduous task of editing and 
digitizing all the data, beginning with 10,000 rolls of film that Thomas personally un-
packed and examined for damage.  The group fell back into their old NBDL routines 
and made major headway.  Rupert later recalled that IIP “was producing material for 
the Naval Air Systems Command, and Dr. Jim Sheehy was quite happy with it.  The 
data was moving very well.”  That fall, Thomas and Rupert entered negotiations with 
dean Russell E. Trahan, Jr., at UNO, who had succeeded dean John Crisp in 2003, 
for NAMRL to merge the NCSDB into the new IIP database.  They also wanted to 
jointly complete data quality control and then release it all to the public using the 
6.4-funded IIP program.  Trahan indicated that UNO was interested in reaching an 
agreement on their proposal.32

Before further discussions took place, the IIP project came to a halt due to a 
dispute between NAMRL’s commanding officer, Commander David Street, and Dan 
Thomas.  Street had recently transferred to Pensacola from ONR, and his mission was 
to prepare NAMRL for transfer to Wright-Patterson Air Force Base at Dayton, Ohio, 
under BRAC 2005 so that it could be merged with BUMED’s Environmental Health 
Effects Laboratory to create a new Naval Medical Research Unit.  Intent on getting 
the move done, he saw the IIP program, being conducted on his base but supported 
by NAVAIR, as a distraction at best.  Working at cross purposes, Thomas’s and Street’s 
professional relationship was strained from the start and worsened throughout 2006.33

In January 2007, the simmering conflict finally boiled over.  Commander Street 
was presiding over an all-hands meeting in cramped quarters at NAMRL.  The group 
of about fifteen was gathered in a circular room that had once housed a centrifuge and 
was now full of boxes, which was a palpable reminder that the move was Street’s main 
priority.  Then, Thomas’s cell phone rang.  As Rupert recalled, “He got up to answer 
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it and walked in front of Dave Street and walked out.”  Thomas may have believed 
that he was being polite, but Street considered it a gross insult for someone to take a 
phone call during a meeting.  As Rupert described it, “His face was just full of anger, 
and I went, ‘Uh-oh.  Here’s a real problem about to happen.’”  Street soon opened 
an administrative investigation, citing a potential conflict of interest in Thomas’s re-
lationship with Snell, the expiration of the UNO digitized data license, and Muzzy’s 
sole-source contract.34

Thomas marshaled formidable forces in defense of himself and IIP, including re-
tired Chief of Naval Research Joe Pollard, retired Dr. Richard G. “Jerry” Snyder (an 
Air Force counterpart who had fought a similar battle to keep from losing his own 
impact acceleration materials), and retired Army Brigadier General Robert T. Cut-
ting (who had originally helped Ewing establish NAMRL-D in 1971), all of whom 
pledged their support.  Ultimately, the administrative investigation went nowhere.  
In November 2007, Captain Kerry Thompson, the commanding officer of the Naval 
Health Research Center in San Diego (and Street’s superior), and his executive officer, 
Captain Gregory Utz, cleared Thomas of any wrongdoing and prepared an official 
letter for the record attesting to his “good standings with NAMRL, Navy R&D, and 
Navy Medicine.”  Thompson also promised to “call some folks at the University to 
state the same.”35

By then it was too late.  Street may not have had the power to fire Thomas out-
right, but he could launch a “reduction-in-force” action, an official downsizing process 
that typically took several months to complete but achieved the same effect.  In May 
2007 Street cancelled the IIP project, abruptly returning NAVAIR’s funding and dis-
appointing Jim Sheehy at NAVAIR.  He also terminated the lease for the data center 
on Pace Boulevard and cancelled Muzzy’s consulting contract.  Street then had the 
data packed up and dispersed throughout Naval Air Station Pensacola and denied 
Thomas and Rupert further access.36

enter usaarl

Appalled at the closure of the IIP project, Rupert began planning his retirement from 
the Navy.  But when it became evident that Street intended to dispose of the impact 
acceleration data rather than ship it to Dayton, he and Thomas sprang into action.  
The only alternative, it appeared, would be to transfer the data to yet another military 
installation where perhaps the project could be restarted.  The Naval Air Station at 
Patuxent River in Maryland seemed like a suitable candidate—NAVAIR, after all, had 
funded the previous effort—but to the regret of Sheehy and Shender, there was not 
sufficient space there to house the materials.  With no other Navy facility interested, 
Thomas suggested that they “send it to where the impact acceleration program began, 
the Army.”  Rupert agreed that this was a fine idea, and they took it with them to the 
meeting of the Aerospace Medical Association held in New Orleans shortly after the 
shutdown.  There he made the proposition to Colonel James S. “Jim” McGhee, com-
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manding officer of the U.S. Army Aeromedical Research Laboratory (USAARL).37

A native of Newport News, Virginia, McGhee was a senior Army flight surgeon 
who held master’s degrees in environmental sciences and engineering from Virginia 
Tech and in public health from The Johns Hopkins University.  In 1998 McGhee was 
appointed consultant to the Army Surgeon General for Aerospace Medicine and dean 
of the U.S. Army School of Aviation Medicine (USASAM), tasked with reinvigorating 
the Army Aerospace Medicine Program.  Five years later he took over command of US-
AARL.  McGhee was now at the right place at the right time to save the NBDL data.38

In New Orleans, Rupert and Thomas explained their dilemma to McGhee over 
coffee.  To their surprise, McGhee took no time to think it over—he immediately 
accepted their proposal.  “We’ve got a big warehouse on our campus, and we’ve got a 
place we can at least put it temporarily, and it’s already in boxes, so it’s not going to 
be a big issue,” McGhee told them.  “If they want to put it in trailers and bring it up 
here, that’s fine with me.”  McGhee was confident that he had the clear authority to 
make such a deal.  “It was a local commander’s decision, as I saw it.”39

Located in Fort Rucker, Alabama, USAARL was convenient, being only three 
hours away from NAMRL.  But despite McGhee’s cooperation, there was more to 
be overcome than distance.  It would take some political skill to wrest the data from 
NAMRL.  Advocates such as Sheehy and Shender at NAVAIR once again began pull-
ing strings.  But no one had more pull than Chan Ewing’s old friend and benefactor, 
Brigadier General Robert T. Cutting, long ago retired but still living in Georgia.  In a 
letter to Vice Admiral Donald C. Arthur, Jr., the surgeon general of the Navy, Cutting 
skillfully played off one service against another.  “I recently learned that one of your 
officers, Commander David Street of Pensacola, may be intending to give all the data 
to the USAF,” he wrote.  “This is doubly unfortunate because the person with intimate 
knowledge and interest in the project, Captain Angus Rupert, has, as a result, hinted 
at retirement from the USN.”  Cutting suggested to Arthur that the best solution was 
to transfer Rupert, along with the data, to Fort Rucker.40

Arthur approved the idea, and in June 2007 Sheehy, Captain Thompson, and 
Commander Street met in Washington to iron out the details.  McGhee also nego-
tiated with Street at the commanders’ level but encountered none of the bad blood 
that had undermined the earlier arrangements.  “He didn’t seem to care, it was fine 
with him,” McGhee later remembered.  Thus, the plans were laid, and in August 
2007 NAMRL shipped the data to USAARL.  McGhee accepted delivery personally.  
“It arrived here in two eighteen-wheeler trailers and two pickup trucks,” he recalled, 
and “was literally about 40 tons.”  As he monitored the unloading of the vehicles, it 
became clear to McGhee that the volume of material was matched only by its lack of 
organization.  It would take years to sort everything out.  Meanwhile, as one team 
saved the informational legacy of NBDL, another secured the equipment.41

While Thomas and Rupert attempted unsuccessfully to make the most of the data 
in Pensacola, Tom Dobie presided over what was left of the National Biodynamics 
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Laboratory.  By 2002, he was doing so in solitude.  His students and colleagues having 
moved on, Dobie was director—and the only staff member.  Therefore, when NASA 
decided to evict NBDL from its historic home at the Michoud Assembly Facility, 
there was little that he could do.  That move was the result of a presidential initiative 
launched in early 2004, in which President George W. Bush had decided that Amer-
icans would return to the moon, presumably by 2020.  He wanted robotic missions 
to begin much earlier though, by 2008.  That left NASA scrambling to find facilities 
capable of building the next generation of moon rockets under the resulting Constel-
lation program, and not surprisingly, the agency soon fixed on Michoud, where the 
booster rockets for the first moon missions had been built.  It would be the perfect 
site for assembling and testing the planned Ares rockets that would launch astronauts 
toward the moon in Orion spacecraft and, later, a new super-heavy lift launch vehicle, 
to be named the Space Launch System (SLS).42

NASA decided it needed every inch of space at Michoud, so it notified UNO 
that NBDL’s long-standing lease was cancelled and that it had two weeks to move all 
the remaining records and test equipment out.  This was easier said than done.  The 
SMS was two stories tall and partially embedded in the thick walls of the facility, 
the two accelerators were large, complex machines, and UNO had neither the funds 
nor the facilities for any of them.  Nevertheless, Dobie recalled, “they were pushing 
us daily to get out.”  Dobie managed to gather up a few smaller pieces of equipment 
and documentation and store it at UNO.  The Mobile Biodynamics Laboratory was 
easiest to move, and Dobie simply parked it outside of the College of Engineering.  
But it was too big of a job to move the rest.  “We’d done all we could,” Dobie recalled, 
“and the thing just folded.”  Word was that NASA would simply scrap the rest of 
the equipment.  Before handing the keys over to NASA, however, Dobie informed 
Thomas about what was happening at Michoud.  He, in turn, contacted Dr. Valeta 
Carol Chancey, a research biomechanical engineer and rising star in USAARL’s Injury 
Biomechanics Branch.43

Born and raised on the family farm in Ozark, Alabama, Chancey had earned 
bachelor’s degrees in applied mathematics and mechanical engineering at Auburn 
University.  During that time, she interned at USAARL under former NBDL re-
searcher Dr. Nahib Alem and with B. Joseph “Joe” McEntire.  Chancey then earned a 
master’s degree in rotor dynamics at Auburn, specializing in neck injuries.  Desiring to 
develop an interest in biology, Chancey enrolled at Duke University in North Caroli-
na to study under former USAARL researcher Jim McElhaney.  She earned a Ph.D. in 
biomechanical engineering and returned to USAARL in early 2005, joining McEntire 
in the Injury Biomechanics Branch.44

Chancey had first learned of the work at NBDL in the early 2000s while research-
ing her Ph.D. dissertation on neck injury as related to air bag interactions.  Among 
her tasks was to build a computational model as well as a finite element rigid body 
model, and to validate those she required data.  Her advisors told her that it had been 
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generated by NBDL in years past, but the challenge was getting access which, despite 
all the effort in building the NCSDB, was close to impossible.  “It really wasn’t quite 
functional at that time,” she recalled, “so finally I had to go and find old papers that 
had been published and then hand-digitize the plots to get the data out of it so that I 
could finish up my Ph.D.”45

With an abiding appreciation of the NBDL legacy, Chancey was the right per-
son for Thomas to call.  She knew that USAARL had to try to save the NBDL test 
equipment.  Having received a similar call from Mark Lotz at UNO, McEntire was 
also onboard.  Together they requested McGhee’s permission to go to New Orleans 
and evaluate the condition of the impact accelerators.  “If we’re going to recover all the 
data, which we’ve already started doing,” McGhee agreed, “then we ought to take the 
equipment that generated it as well.”46

On a Friday in August 2007, Chancey and McEntire rented a passenger van and 
drove to New Orleans for a weekend reconnaissance trip.  Both engineers were as-
tounded during their first look at the Michoud test cells.  Chancey later described the 
scene:  “The facility was just incredible,” she said later, “the size of it alone was enor-
mous.”  But more striking to Chancey was being face to face with “the equipment that

Piles of materials at Michoud, 
as encountered by Dr. Carol 
Chancey and her recovery team 
in 2007.  (USAARL)

Loading the trailers and trucks 
with salvaged NBDL data and 
equipment during one of the 
trips organized by Dr. Carol 
Chancey.  (USAARL)
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had collected this research for decades that we had known about but had never before 
been able to see.”  Once the initial impact wore off, Chancey and McEntire set to work 
inspecting the horizontal and vertical accelerators.  The only significant damage was a 
hole in the metal shielding covering the horizontal accelerator’s 700foot track, caused 
by flying debris during the hurricane.  With the electricity to the test cells long since 
cut off, there were no air conditioners to regulate temperature and humidity, which 
left the accelerators covered with superficial surface rust.  With the impact accelerators 
structurally sound—and NASA happy to have them removed—the decision seemed 
like an easy one to make.47

The following Monday, Chancey and McEntire were in McGhee’s office recom-
mending that USAARL retrieve and refurbish the equipment.  McGhee agreed with 
the idea but believed that the Army would require a second opinion as to whether or 
not the accelerators were in fact recoverable.  Chancey contacted the original man-
ufacturer, HyGe, which arranged for some technicians to visit Michoud and make 
the evaluation.  Having swarmed over Muzzy’s thirty-five-year-old masterpieces, the 
HyGe experts began the conversation by asking what would happen to the equipment 
if USAARL did not take it.  “We knew right then that the equipment was good,” 

Chancey recalled, because they 
clearly wanted the impact accel-
erators for their company.  When 
Chancey pressed for an answer to 
her question, HyGe finally con-
ceded that “there’s nothing wrong 
with them, just some surface rust, 
and it would be no problem to 
get them back in shape again.”48

Second opinion in hand, 
McGhee put together a funding 
package through the U.S. Army 
Medical Research and Develop-
ment Command (USARMRDC) 
and NAVAIR to pay for disas-
sembly and transport of the ac-
celerators.  NAVAIR also agreed 
to provide USAARL with the ser-
vices of Pensacola-based contrac-
tor Dottie Dubuisson, formerly 
of IIP, to provide administrative 
support to the recovery effort.  
As NAVAIR negotiated the dis-
assembly with HyGe, Chancey 

In front of the Neel Aeromedical Science Center 
at Fort Rucker, Alabama, USAARL commanding 
officer Colonel James S. McGhee tries out the 
famous custom built "Liberty bike," plated with 
left-over copper from the Statue of Liberty's 
centennial restoration in 1986.  The motorcycle, 
seen on the television show American Chopper, was 
then on a morale/publicity tour of military bases.  
Several of the soldiers who helped salvage the impact 
accelerators from Michoud stand around it and 
Colonel McGhee.  (USAARL)
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and McEntire began removing as much additional equipment as they could from 
the test cells at Michoud.  “We didn’t have enough money to hire anybody,” Chanc-
ey remembered, so “we had to pretty much do it ourselves.”  Her team consisted of 
herself, McEntire, and four or five others from USAARL, who made the grueling 
five-hour, 300-mile trips back and forth from Fort Rucker to Michoud.  Dubuisson 
located a U-Haul dealer in East New Orleans that had reopened following Katrina 
that provided the trucks used by the team to haul the smaller equipment back to Fort 
Rucker.  Each trip lasted two to three days, with the team working non-stop with little 
assistance and few conveniences in storm-ravaged East New Orleans.  “It was still a 
big mess down there,” she said.  The roads were overgrown with weeds, and “there was 
at that time only one place to stay and only one place to eat.”  The swampy wetland 
around Michoud was treacherous too, as one team member learned when he tried to 
drive a vehicle off the main entrance way around to a better door.  “It just sank down 
to the axles,” Chancey ruefully noted.  Toward the end of the effort, when Chancey’s 
team had exceeded the limits of its freight hauling abilities, Dubuisson hired a long-
haul trucking company to move the larger pieces of equipment using tractor-trailer 
rigs.49

NASA added to Chancey’s worries with its unrelenting demands to remove the 
test cells, telling her each trip that “We are going to kick you out next week.”  She was 
in a clear race against time to recover the equipment since NASA had already con-
tracted with a salvage company to empty the test cells.  Fortunately at the time, every 
salvage company on the Gulf Coast had weeks of backlog, so in that respect, at least, 
Katrina was a blessing.  Nevertheless, every time they pulled away from Michoud, the 
members of Chancey’s team did so with trepidation.  There was no way of knowing 
what would remain when they returned because NASA work crews continuously and 
indiscriminately threw away small items, such as manuals, binders, report copies, and 
books.  During one visit, McEntire encountered a dumpster sitting in the outside 
parking lot, and upon investigation he found important documentation.  McEntire 
and another team member were soon in the dumpster recovering NBDL data.50

Chancey had a more positive experience on one occasion when she met with Dan 
Thomas, Bill Muzzy, and Art Prell for lunch at a nearby sandwich shop.  During the 
ensuing discussion, they recounted the history of NBDL and provided pointers on 
what to look for at Michoud during her recovery mission.  To Chancey, it was “inter-
esting to meet them all in that context, and to get their impressions on work undone.”  
Speaking with the old-timers was also motivating for her.  “To know that we were 
picking up the material and the equipment and the data, and that we had a chance of 
continuing their research,” she added, “kept us going back in there.”51

In January 2008 HyGe disassembled both impact accelerators and transported 
them, as well as three hundred of the original seven hundred feet of track, back to 
Fort Rucker.  The SMS had to remain behind; it was too large to be removed intact 
from Test Cell 3, and USAARL had little use for it.  At USAARL, soldiers unloaded 
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and stored the accelerator pieces in the same warehouse as the data and other materials 
recovered from Michoud.  Colonel McGhee later described the scene:  “The whole 
floor was covered with a mishmash of all sorts of gears and tools and pieces of equip-
ment and boxes of data.”  Meanwhile, Chancey and McEntire made one last visit to 
Michoud to retrieve any remaining moveable items before NASA and Corps of En-
gineers contractors took over the test cells.  It had all been stripped clean, and there 
was nothing left to recover, so Chancey’s immediate mission was accomplished.*  But 
the question remained:  What was to be done with all the disorganized data and rusty 
disassembled equipment now that the Army had it all?52

buIldIng the bdr

Retrieving the accelerators had been something of a categorical imperative and had 
to be done.  But the overriding concern to all involved in the USAARL reclamation 
project—just as it had been for Rupert, Thomas, and Ewing before them—was to put 
the existing data to good use.  Those past efforts, however, had all suffered from an 
excess of ambition.  The intent had been not only to make the raw data available to 
interested researchers, but also to conduct further analysis and to ultimately come up 
with a mathematical model that provided solid information about human responses 
to impact acceleration based on actual animal experiments.  In reaching too far, all 
of those efforts had ultimately foundered before accomplishing the simple goal of 
effectively sharing information.  USAARL intended not to repeat that mistake and to 
succeed where others had failed.

Even before the equipment arrived at Fort Rucker, the coalition that would get 
this done had begun to come together.  In 2007 NAVAIR’s Barry Shender and Jim 
Sheehy visited USAARL to see the rescued data and to discuss the possibility of either 
restarting IIP or initiating a successor project at Fort Rucker.  In 2008, as Chancey 
took on an ever greater role in the effort, she continued to work closely with Shender 
and Sheehy.  The result of their talks was the conception of the Biodynamics Data 
Resource (BDR).  From the outset, the objective was a limited but realizable goal of 
restoring and digitizing physical records and data from the NBDL experiments and 
making it available in a digital archive accessible to researchers.  When complete, the 
BDR should contain sensor, photographic, and physiological data from almost 7,800 
human volunteer, non-human primate, and anthropomorphic test dummy (ATD) 
runs.53

The BDR effort was spearheaded by Dr. Chancey at USAARL with additional 
funding by NAVAIR.  Among the team members was Dottie Dubuisson, who had 
worked with the material at Pensacola and helped make possible its move to Fort 
Rucker.  Starting in early 2008, Dubuisson and other USAARL staff members began 
*In the end, the Obama administration canceled the Constellation program in 2010, and to help cover facility main-
tenance costs, NASA began renting the empty former NBDL site to motion picture studios for filming large-scale 
scenes in major action and science fiction productions.
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going through the material as time allowed.  As with all previous efforts, the first task 
was to take stock.  NBDL, Chancey observed, “did a wonderful job of labeling ev-
erything, labeling it by run, labeling it by subject, so we could put it back together.”  
Unfortunately, however, the labeling on the containers holding those labeled boxes 
was less accurate.  Labels once applied by Dobie or Chancey had often been removed 
by NASA personnel, only to be reapplied by USAARL.  There was nothing to do but 
separate out all of the materials and take a close inventory.  “It took us a considerable 
amount of time just to get it organized again the way it needed to be to know what we 
needed to do,” said Chancey.54

Once USAARL staff could begin processing data, the effort primarily focused on 
the human volunteer data, although non-human primate data documenting impact 
exposures up to 192 G were also included in the BDR.  This data is not likely to be 
replicated in the future and could play a critical role in studies on interspecies scaling 
and head injury neuropathology.  By 2010, enough progress had been made for US-
AARL to publish a preliminary report that provided an overview of human volunteer 
data collected from 3,430 runs using the horizontal and vertical accelerators at NBDL 
in impact exposures up to 15 G.  Still, the cataloging process continued on a very 
limited budget, and the effort moved slowly.  Creating a detailed metadata structure 
for the database so that researchers could locate materials of interest quickly took time 
and careful consideration.55

An unexpected result of the recovery of the NBDL data was the transfer of Angus 
Rupert to USAARL.  “Serendipity and luck,” as he called it, once again placed Rupert 
in a position to help.  After the termination of IIP at NAMRL and retirement from 
military service, Rupert called deputy assistant secretary of the Army for research and 
technology Dr. Thomas H. Killion.  As the Army’s chief scientist, Killion was respon-
sible for about 10,000 researchers in that service branch.  Rupert informed Killion 
that although he had left the Navy, he still retained DOD funding and suggested that 
he might move his work to Fort Rucker.  Killion was amenable and called his Navy 
counterpart, deputy assistant secretary of the Navy for research, development, test 
and evaluation Dr. Michael F. McGrath, and asked for the favor.  “The two of them 
shook hands,” Rupert recalled, and he arrived at USAARL unimpeded by interservice 
politics.56

Rupert was happy to be at Fort Rucker but unhappy about the slow pace of the 
digitization effort.  The death of Chan Ewing on September 27, 2011, in New Orleans 
underscored the fact that decades of institutional knowledge could slip away while the 
digitizing project proceeded as a spare-time effort.** Dan Thomas was having similar 
thoughts.  Unbeknownst to each other, in March 2013 he and Rupert met separately 
with Colonel Dallas C. Hack, a leader in traumatic brain injury research and director 
of the Combat Casualty Care Research Program at USARMRMC at Fort Detrick, 

**Following his death, Dr. Ewing bequeathed his large collection of personal and professional papers to the Snell 
Memorial Foundation, which currently stores and protects them at a secure facility in Harahan, Louisiana.
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Maryland.  Hack soon became a proponent of the work at Fort Rucker.  ”I think that 
one-two punch convinced him,” said Rupert.  Following the meetings, Hack and Dr. 
John Frazier Glenn, principal assistant for Research and Technology, USARMRDC, 
agreed to help Rupert obtain the necessary funding through higher authorities.  In due 
course, Rupert kept Chancey informed of his activities.57

Hack, Glenn, and Rupert contacted DOD and engaged with the director and 
assistant director of the Human Performance, Training, and BioSystems Directorate, 
Dr. Patrick Mason and Dr. Fred Pearce, respectively, convincing them of the BDR’s 
value.  In another round of meetings, Rupert briefed Captain Sean Biggerstaff (USN), 
program director for Medical Modeling and Simulation and Military Operational 
Medicine at the Defense Health Agency (DHA), about the project.  Biggerstaff then 
brought Rear Admiral Bruce A. Doll, the dual-hatted deputy commander of US-
ARMRMC and head of the DHA Research, Development and Acquisition Director-
ate, into the discussion.58

  The culmination of this work came when the representatives from USARM-
RDC, DOD, and DHA all agreed that the BDR was indeed worth developing and 
should be funded in FY 2014.  As a result, Hack and Glenn secured $10 million over 
five years for the BDR, to be alternately funded at $2 million per year by RAD II 
(Combat Casualty Care) and RAD III (Military Operational Medical Research Pro-
gram, or MOMRP).59

The new funding stream led to a more concerted effort and allowed Chancey to 
hire eight to ten staff members and contractors to work on the BDR full time.  The 
staff focused not only on scanning and digitizing but also on creating and linking the 
metadata in the database.  The new funding also allowed USAARL to bring in one 
of NBDL’s long-standing former subcontractors, the Medical College of Wisconsin, 
to help with analysis of medical images and x-rays.  At Rupert’s urging, in 2014 Jim 
McGhee, since retired, returned to USAARL as a civilian research physician to help 
administer the project.60

During his discussions with Thomas and Rupert, Colonel Hack proposed that a 
portion of the funding be set aside for the writing of a formal history of NBDL.  His 
intent was to convey to data users the original mission of NBDL and to provide the 
historical context required to understand the research methodology employed and 
the findings made over the years.  Given the breadth of the complex and innovative 
research carried out at NBDL, Hack also insisted that oral history interviews with 
former lab employees be included in the history.  Hack’s emphasis on the importance 
of oral histories in preserving the institutional memory of NBDL was underscored not 
only by the death of Ewing but also by the recent loss of other lab veterans, among 
them Gilbert Willems, Norman Gilbert, John Guignard, and Leonard Lustick.  In 
2016 and 2017, historians captured the personal insights and experiences of the re-
maining key players in the NBDL story, and the resulting recordings and transcripts 
became a permanent part of the BDR.61
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While Chancey took prime respon-
sibility for the BDR, mechanical engi-
neer Joe McEntire worked to rebuild 
the horizontal and vertical accelerators.  
Funding for this effort also came from 
USARMRDC as a result of McGhee’s 
networking with Hack and Glenn.  The 
first step was to ship both accelerators 
back to HyGe for refurbishing.  When 
the accelerator parts left the base, as 
Chancey later recounted, the enlist-
ed men doing the loading treated the 
pieces as if they were junk because they 
looked it.  When the parts returned, the 
same soldiers were hesitant to handle 
the bright, shiny, and expensive-looking 
hardware.  “Guys, all it was, was sur-
face rust,” Chancey explained to them.  
“Whatever damage you were going to do 
the first time, it’s the same damage you 
do now, so you’ve got to unload it.”62

The reinstallation effort began with 
the 42-foot-tall vertical accelerator.  
During the summer of 2016, McEntire’s team finished rebuilding it in a brand new 
laboratory facility constructed near USAARL.  The lab housed not only the refur-
bished and upgraded accelerator but also x-ray machines and new fabrication shops 
equipped with many of the tools recovered from NBDL.  The Vertical Accelerator 
Tower (VAT), as it is called, is now regularly employed in biodynamic experiments 
with ATDs.  However, on July 20, 2017, the first whole body cadaver test was com-
pleted at USAARL using the VAT, with its cameras and data acquisition systems trig-
gering successfully.  This was a momentous occasion since it was the first time an 
entire human cadaver had ever been tested in an impact acceleration experiment using 
NBDL equipment.  Chancey witnessed the run and was pleased with its outcome. 
She immediately informed USAARL and NAVAIR stakeholders and congratulated 
her staff on the culmination of their recovery and rebuilding efforts: “Today’s test was 
the result of the work of numerous dedicated individuals over the past ten years from 
the time we first learned that the vertical accelerator was scheduled to become scrap 
metal after the hurricanes that hit New Orleans, the University of New Orleans, and 
the NASA Michoud Assembly Facility.  A huge thank you to the current and past 
team members for making this possible! A special thank you to the current team, their 
dedication, and long hours that made this first ever event possible!”63

The recovered and refurbished Vertical 
Acceleration Tower (VAT), now installed at 
USAARL for the continuation of research 
into human response to impact acceleration.  
(USAARL)
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Meanwhile, work continued on refurbishing and reinstalling the horizontal ac-
celerator, which will utilize a 300-foot track instead of the original 700-foot track at 
the former NBDL.  This older machine is expected to come online sometime in the 
next few years.

conclusIon

Pointing to the successful human cadaver test as a major milestone in the modern 
USAARL version of Chan Ewing’s old aircrew injury prevention program, and in 
light of the current regulatory restrictions against human and primate testing, Dr. 
Chancey often describes the original NBDL data as “the gold standard” for validating 
mathematical models of human biodynamic response.  Since no validated model yet 
exists, it is increasingly important that the data be analyzed and released.  Outside of 
the research that NBDL scientists originally published in their papers, the data has 
been mostly inaccessible to researchers worldwide since 1996.  As the only extant set 
of three-dimensional head-neck biodynamic response data on humans, non-human 
primates, and ATDs ever developed, when the BDR is complete, it will serve as a vital 
resource for new generations of bioengineers and researchers who choose to follow the 
same impact injury prevention trail that Ewing and his team members began blazing 
over fifty years ago.

In their pioneering work, Ewing’s generation of impact acceleration researchers 
also created something unique.  Today, “when you say NBDL,” Dr. Chancey points 
out, “everybody is in awe.  They may not know exactly what happened, but they know 
it was one-of-a-kind amazing stuff.”  After many years of uncertainty, NBDL’s “amaz-
ing stuff” will finally be preserved, a public resource at the disposal of any scientist or 
researcher determined—as Chan Ewing once was—to seek answers about the ability 
of humans to survive impact acceleration and to find ways to prevent injuries from 
happening during ejections and high-G crashes.64

It is perhaps fitting to add that the data generated by NBDL is already informing 
current scientists as they tackle present-day issues by reaching back to the original 
research, thereby proving its enduring value.  In 2009 researchers from Southwest Re-
search Institute in San Antonio collaborated with NAVAIR and USAARL to produce 
a study using the NBDL data set, entitled “Modeling Female Response to Impact Ac-
celeration,” the results of which were presented at the 47th Annual SAFE Symposium 
in San Diego, California.  Since then, several other studies have been conducted using 
the BDR data set, with NAVAIR and USAARL scientists spearheading the research 
and analysis.  Later joint efforts focused on head kinematic response to combined 
loading in unhelmeted male volunteers and the effect of posture on head kinematic 
response to rapid +Z acceleration, with the results reported at the 86th and 88th Aero-
space Medical Association Conferences in 2015 and 2017, respectively.65

Most recently, a team of researchers from the University of Virginia (UVA), com-
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prised of biomechanics professors and their students, further demonstrated the BDR’s 
value as a lens through which to evaluate current standards, regulations, and bio-
mechanical concepts.  In their study entitled “Evaluation of Head and Brain Injury 
Risk Functions Using Sub-Injurious Human Volunteer Data,” the UVA team used 
the NBDL data set to confirm previously published information by the original re-
searchers to assist the National Highway Traffic Safety Administration (NHTSA) in 
developing and evaluating new regulations.  Specifically, the UVA researchers looked 
at fourteen existing brain injury risk functions and attempted to predict non-injurious 
response using six degree-of-freedom head kinematics data from 335 human research 
volunteer sled tests conducted at NBDL in the 1970s with relatively low peak loads 
of 16 G.66

The results were striking, with the UVA team reporting that several injury risk 
functions substantially over-predicted the likelihood of concussion and diffuse axonal 
injury.  Among other things, this meant that past modeling of brain injury was very 
poor; that controlled laboratory experiments applicable to humans to either improve 
or validate brain injury models are currently lacking; that the detailed understanding 
of brain injury is still insufficient for improved intervention; and that past disruption 
of impact acceleration research was a serious mistake, considering the extensive length 
of time required to fully understand the epidemiological, clinical, and event data from 
test runs.  “This work is an important first step in assessing the efficacy of existing 
brain risk functions and highlights the need for a more predictive assessment model,” 
the team declared, perfectly echoing Chan Ewing’s arguments some fifty years ago.

Thus, Ewing’s dream of building an accurate mathematical model of the human 
dynamic response to impact acceleration endures through the research of these young 
scientists and their peers.  As the original generation of NBDL passes, the next one is 
already emerging that will carry forth NBDL’s legacy, as that laboratory’s successors in 
science continue Ewing’s cherished quest to save human life from impact acceleration 
injury.67
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Notes About Sources

Although the Naval Biodynamics Laboratory (NBDL) has been closed for many years 
now, it left behind an extensive documentary record through official publications, 
reports, correspondence, internal written communications, and command histories 
that we were able to compile and consult during the preparation of this history.  Much 
has been digitized and preserved in the Biodynamic Data Resource (BDR) at the 
U.S. Army Aeromedical Research Laboratory (USAARL) at Fort Rucker, Alabama.  
Fortunately, we were able to utilize this invaluable resource during our research with 
the assistance of USAARL BDR staff, collecting numerous textual documents and 
photographic images from internal files for use in this book.

For supplemental documentation, we performed research at the National Ar-
chives and Records Administration in College Park, Maryland, and at the Federal 
Records Center in Suitland, Maryland, focusing on the records of the Naval Bureau 
of Medicine and Surgery in Record Group 52.  The Department of Energy’s OpenNet 
database likewise yielded a number of important primary documents and reports con-
cerning the early history of impact acceleration research and human and non-human 
primate testing.  Meanwhile, the Naval History and Heritage Command as well as the 
Navy Medical Department Office of the Historian and Publications also provided im-
portant biographical information and photographs for key early personnel at NBDL, 
including Dr. Channing Ewing and Dr. Ashton Graybiel.

Further, we performed extensive congressional, publication, and periodical re-
search at the Library of Congress and the National Library of Medicine and collected 
a variety of relevant reports as well as news and journal articles from both onsite and 
online databases.  During our local research, we collected material from the New 
Orleans Public Library as well as from the Louisiana Research Collection of the How-
ard-Tilton Memorial Library at Tulane University.  

Several individuals also stepped forward to provide private documents and photo-
graphs for inclusion in the project.  These included Dr. David B. Gillis, Dr. Daniel J. 
Thomas, Dr. Daniel L. Dolgin, and Mrs. Russell E. Wiley.  Dan Thomas in particular 
shared a great deal of information with us though extensive email correspondence and 
telephone calls, and he composed a series of ten detailed personal histories recounting 
the history of NBDL from his perspective as one of its founders and original research-
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ers.  Dan Dolgin, NBDL’s last commanding officer, kindly allowed us to review and 
scan his personal collection of photographs from his brief time there before the 1996 
BRAC.

During the project, we scheduled and conducted ten oral history interviews with 
the following people who had important personal knowledge or insights into NBDL 
and its history:

Dr. Daniel J. Thomas  March 8, 2016 and July 12, 2016
Dr. David B. Gillis   August 16, 2016
William H. Muzzy III  August 17, 2016
Arthur M. Prell   August 18, 2016
Dr. Angus H. Rupert  August 31, 2016
Dr. Valeta Carol Chancey  October 18, 2016
Dr. James S. McGhee, Jr.  October 18, 2016
Dr. Thomas G. Dobie  October 25, 2016
Dr. Daniel L. Dolgin  January 19, 2017
Dr. Robert S. Kennedy   January 20, 2017 

These interviews were transcribed and used during the preparation of this history 
to not only fill gaps in the documentary record but also tell the human story of NBDL 
and to add color and richness to the narrative.

We also conducted telephone interviews with former NBDL research electrical 
engineer Andre Rog, retired Navy aerospace experimental psychologist Michael Lil-
ienthal, and Dr. Ewing’s daughter Russell E. Wiley and son-in-law Russell B. Davis, 
Jr., who were kind enough to share additional information with us about Dr. Ewing 
and his scientific career.  Finally, former NBDL mechanical engineer Edward B. Beck-
er provided key technical information on the laboratory’s early years through an email 
interview.
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Berger, M. D., and M. S. Weiss.  “Effects of Impact Acceleration on Somatosensory Evoked 
Potential.”  In Impact Injury of the Head and Spine, edited by C. L. Ewing, D. J. 
Thomas, A. Sances, Jr., and S. J. Larson, 324-78.  Springfield, Ill.:  Charles C. Thom-
as, 1983.

This chapter contains a detailed discussion of findings from analysis of neurophysiological data 
collected from –Gx impact acceleration runs with rhesus macaques at NBDL.  Somatosensory 
evoked potential (SEP) readings were recorded before, during, and after the runs.  The authors 
observed decreases in the amplitude of cortical SEP readings as a result of indirect impact and 
suggest the existence of an injury threshold at peak sled accelerations around 700-800 m/sec².  
Smaller latency shifts, occurring around 600 m/sec², were viewed as potential evidence of a 
pre-injury condition.  This study is an authoritative source for NBDL’s research objectives, 
methods, and findings with SEP monitoring in non-human primates.

Bishop, B. A., D. A. Francis, and G. L. Jupiter.  “EZFLOW Data Reduction and Analysis 
System:  Operating Procedures for the Hewlett Packard 9000/835 System.”  NBDL-
92R002, Naval Biodynamics Laboratory, New Orleans, July 1992.

This report presents operating procedures for EZFLOW, a software program devised for 
processing, analyzing, and plotting impact acceleration data on a Hewlett Packard model 
9000/835 computer.  EZFLOW processing consisted of updating datasets and executing sev-
eral multi-sequence computer programs to convert photographic and inertial data to calculate 
and plot displacements, linear and angular velocity, and acceleration of each subject’s head and 
neck.  EZFLOW was an important and lasting innovation at NBDL that served as a funda-
mental part of data processing and analysis at the lab.

Bittner, A. C., Jr., and R. C. Carter.  “Repeated Measures of Human Performance:  A Bag 
of Research Tools.”  NBDL-81R011, Naval Biodynamics Laboratory, New Orleans, 
November 1981.

This report describes research tools that relate to evaluation of human performance through 
repeated measures testing.  In the first section of the report, the statistical criteria for task 
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selection are delineated, tools for assessment are described, and examples of applications are 
provided.  In the second section, multiple subject and single-subject analyses of intervention 
experiments are considered, with major focus on the methodological tools.  The third and final 
section summarizes these tools with examples of their utility.

Bittner, A. C., Jr., J. P. Shortal III, and M. M. Harbeson.  “Effects of Head Impact Acceler-
ation on Human Performance:  Overview and Preliminary Battery Identification.”  
NBDL-83R004, Naval Biodynamics Laboratory, New Orleans, May 1983.

This report discusses the results of a review of the effects of impact acceleration on human per-
formance as a part of a larger effort to assemble an experimental test battery.  Tasks were des-
ignated for inclusion in the test battery only if deemed suitable for repeated measures applica-
tions and if sensitive to indirect impact acceleration.  After experimental and clinical research, 
two human performance task tests, Choice Reaction Time and Manikin Spatial Orientation, 
met the accepted criteria and were recommended for inclusion in an impact acceleration test 
battery.

Bittner, A. C., Jr., R. C. Carter, R. S. Kennedy, M. M. Harbeson, and M. Krause.  “Perfor-
mance Evaluation Tests for Environmental Research (PETER):  Evaluation of 112 
Tasks.”  NBDL-84R006, Naval Biodynamics Laboratory, New Orleans, September 
1984.

The goal of the PETER program was to identify a set of measures of human cognitive, percep-
tual, and motor capabilities for use in research on human response to different environments.  
Tasks were evaluated as suitable for repeated measures applications when their intertrial means, 
variances, and correlations were well behaved under constant baseline conditions.  This report 
documents the results of the PETER program at large.  In all, the PETER program identified 
and recommended thirty task measures for use in a performance test battery.  Another fifteen 
measures performed acceptably but were deemed redundant.  Thirty-five tasks were identified 
as having some desirable features, but these were outweighed by flaws.  Finally, thirty-two 
measures were identified as totally unacceptable for inclusion in a performance battery because 
they were characterized by either differential instability or weak reliability.

Bittner, A. C., Jr., and J. C. Guignard.  “Motion Sickness Evaluations in an At-Sea Environ-
ment:  Seakeeping Trials of a USCG Cutter (WMEC 901).”  NBDL-86R002, Naval 
Biodynamics Laboratory, New Orleans, 1986.

This paper reports on the incidence and implications of seasickness during seakeeping trials 
aboard the U.S. Coast Guard cutter Bear (WMEC 901), performed at the David Taylor Naval 
Ship Research and Development Center.  The authors posit that, contrary to common belief, 
seasickness is characterized by two distinct factors:  general motion illness and retching-vom-
iting.  Analysis of data collected from individuals aboard the Bear show that general motion 
illness reflected persistent individual differences and was generally linked with vertical heave 
motion.  Vomiting, on the other hand, was observed to be transitory and associated with high 
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transverse and lower vertical motion that generally accompany ship roll.  Importantly, the 
authors find that periods of rest (even short naps of less than 20 minutes) can help alleviate 
seasickness in some individuals.

Bowman, B. M., and L. W. Schneider.  “Analysis of Head and Neck Dynamic Response of the 
U.S. Adult Military Population.”  Report No. UM-HSRI-82-29, University of Mich-
igan Highway Safety Research Institute, Ann Arbor, MI, and NR 207-280, Naval 
Medical Research & Development Command, Bethesda, MD, July 1982.

This report discusses results from efforts to use human volunteer impact data from NBDL 
to investigate the relationships between dynamic head-neck response and the biomechanical 
properties of the neck.  Data was used in a two-dimensional simulation model to locate the 
kinematic parameters that play the most important roles in dictating head-neck kinematics 
in –Gx impact.  Kinematic parameters of interest were established, and the related degree of 
sensitivity of biodynamic response to variation from each parameter was estimated.  Based on 
findings from the two-dimensional model, preliminary work began on a three-dimensional 
model.  Initial simulations using NBDL +Gy data in the three-dimensional model indicated 
some promise.

Bowman, B. M., L. W. Schneider, L. S. Lustick, W. R. Anderson, and D. J. Thomas.  “Simu-
lation Analysis of Head and Neck Dynamic Response.”  In Proceedings of the Twen-
ty-Eighth Stapp Car Crash Conference, 173-206.  Warrendale, PA: Society of Automo-
tive Engineers, 1984.

This paper presents findings from efforts to use NBDL data from –Gx, +Gy, and G-X+Y runs in 
two-dimensional and three-dimensional simulation models in order to quantify biomechanical 
properties of the human neck.  From the work, the authors noted the mechanical properties of 
the neck could be determined by review of impact data from the –Gx and +Gy vectors.  G-X+Y 
data was deemed less than necessary moving forward because the rendered information closely 
conformed to that provided by the –Gx and +Gy impacts.  However, the authors did anticipate 
that eventual data from the Gz vector would be useful in developing improved parameter val-
ues representing the axial properties of the neck.

Carter, R. C.  “Visual Search with Color.”  NBDL-M005, Naval Biodynamics Laboratory, 
New Orleans, October 1980.

This report profiles experiments that were conducted to discover how rapidly people can find 
a particular target when they know the color of the target.  More than 14,000 searches were 
conducted by 212 subjects.  The subjects searched for a specific colored three-digit number 
among other colored three-digit numbers on a circular display screen that subtended about 
14 degrees of visual angle.  Three factors had a profound effect on search speed.  Search time 
increased dramatically as the number of display items of the target’s color increased.  Search 
time also increased when the number of display items of different colors from the target in-
creased if the color of these items was sufficiently similar to that of the target.  If the color of 
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these background items was dissimilar to that of the target, then the background items had 
no effect on search time.  A color difference calculation was shown to be moderately related 
to the apparent similarity of colors.  An effect of patterned versus random placement of the 
target-colored items was also demonstrated.  There was no consistent effect on search time of 
the target placement, the number of items adjoining the target, or the practice of the search 
task.  None of the individual difference variables studied (parafoveal acuity, foveal acuity, stereo 
acuity, reading speed, age, sex, recent drug or alcohol use, smoking habits, nor color vision) 
were significantly related to differences of search speed.

Carter, R. C., and A. C. Bittner, Jr.  “Jackknife for Variance Analysis of Multifactor Experi-
ments.”  NBDL-82R013, Naval Biodynamics Laboratory, New Orleans, May 1982.

This report presents a method for analyzing effects of multifactor experimental treatments 
on the variance of a dependent variable.  The method is based on the statistical jackknife.  It 
enables the analyst to enhance the power of an analysis by using the degrees of freedom associ-
ated with the random factor (for example, subjects in an experiment) of a multifactor design.  
The method is suitable for investigating hypotheses about trends of variances.  A computer 
program is appended that calculates the jackknife variance estimates and other useful statistics.

Carter, R. C., and M. Krause.  “Reliability of Slope Scores for Individuals.”  NBDL-83R003, 
Naval Biodynamics Laboratory, New Orleans, April 1983.

This article examines reliabilities across fifteen days of repeated measurements for each of six 
human information processing tasks:  high-speed memory scanning, proactive memory inter-
ference, semantic reasoning, letter search, typographic error search, and choice reaction time.  
In each case, the reliability of the slope scores (representing the rate of human information 
processing) proved less than the reliabilities of the mean response times for which the slopes 
were calculated.  This proved especially interesting because the slopes include more data than 
each mean response time.  Finally, the authors posit that in applied experimental research, it is 
generally unnecessary to calculate slope scores for individuals because the more reliable mean 
response times are enough to answer most research questions.

Clarke, T. D., J. F. Sprouffske, E. M. Trout, H. S. Klopfenstein, W. H. Muzzy, C. D. Gragg, 
and C. D. Bendixen.  “Baboon Tolerance to Linear Deceleration (–Gx):  Lap Belt 
Restraint.”  In Proceedings of the Fourteenth Stapp Car Crash Conference.  Warrendale, 
PA:  Society of Automotive Engineers, 1970.

This study reports on findings from experiments on impact tolerance with lap belt restraint 
systems using adult male baboons as subjects.  Impact exposures ranging from 8.6 to 40 G 
were studied, and lethality was used as the tolerance index.  Baboons survived sled decel-
eration levels of approximately 32 G.  The predominant fatal injuries were located at the 
atlanto-occipital junction of the cervical vertebrae.  These studies provided an import-
ant point of reference for later pathological research with non-human primates at NBDL. 
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Clarke, T. D., C. D. Gragg, J. F. Sprouffske, E. M. Trout, R. M. Zimmerman, and W. H. 
Muzzy.  “Human Head Linear and Angular Accelerations During Impact.”  Pro-
ceedings of the Fifteenth Stapp Car Crash Conference, 1K-12K.  New York: Society of 
Automotive Engineers, November 1971.

This paper reports on findings from impact experiments with fourteen adult male human vol-
unteer subjects using three different restraint configurations (lap belt only, Air Force shoulder 
harness, and airbag plus lab belt).  Volunteers were exposed to peak sled deceleration levels 
from 7.7 to 10.3 G.  Results indicated that peak head linear and angular accelerations were 
greater in runs that utilized airbags.  Nevertheless, the study concedes that the elevated acceler-
ations could be less traumatic than the greater degree of head-neck hyperextension and flexion 
encountered with harness and lap belt restraints.

Clauser, E. E., J. T. McConville, and J. W. Young.  “Weight, Volume, and Center of Mass 
Segments of the Human Body.”  Technical Report No. 69-70, Aerospace Medical 
Research Laboratory.  Wright-Patterson Air Force Base, Dayton, OH, 1969.

Using measurements taken from thirteen male cadavers, this study provides center of mass ap-
proximations, information on postmortem changes in body size, differences between standing 
and supine anthropometry, and comparisons of the densities of fresh and preserved human 
cadaver tissues.  This report proved to be an important reference work on the weight, volume, 
and center of mass of different segments of the human anatomy for research carried out at 
NBDL.

Dobie, T. G.  “Teaching the Right Stuff – The Heart of the Matter.”  Aviation, Space, and Envi-
ronmental Medicine 60 (February 1989): 195-96.  Also published as NBDL-90R017, 
Naval Biodynamics Laboratory, New Orleans, January 1991.

This article contains Dobie’s reflections on his approach to treatment of aviators who had been 
grounded due to motion sickness.  Dobie noticed that anxiety was often a contributing factor.  
Based on his observations as a doctor in the Royal Air Force, Dobie implemented a method 
composed of cognitive confidence-building therapy and behavioral reinforcement training.  
Using cognitive-behavioral counseling in combination with sessions of Coriolis stimulus expo-
sure, Dobie reported that 86 percent of a group of fifty grounded airmen were able to return to 
flight.  A follow-up carried out six-seven years afterwards showed that, in general, the airmen 
continued to perform their duties.

Dobie, T. G., and J. G. May.  “Generalization of Tolerance to Motion Environments.”  Avi-
ation, Space, and Environmental Medicine 61 (1990): 707-11.  Also published as 
NBDL-90R010, Naval Biodynamics Laboratory, New Orleans, October 1990.

This article reports on an investigation of the extent to which training tolerance to one mo-
tion stimulus would generalize other motion experiences.  Twenty subjects prone to motion 
sickness were selected and assigned to four groups after a round of pre-testing in a Dichgans 
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and Brandt drum to determine their susceptibility to visually induced apparent motion.  They 
were also tested with a VDT display of an expanding surface and on a revolving/tilting chair.  
Subjects were assigned to groups based on their average tolerance to motion.  Subjects in the 
first group served as controls and received only cognitive counseling regarding their motion in-
tolerance.  Subjects in the other groups received the same counseling coupled with incremental 
exposures to the drum, chair, or VDT, respectively.  Post-tests on each device showed that the 
treatments using the chair and the drum provided noticeable increases in tolerance to the de-
vice used during treatment, and that the treatment involving the chair provided a generalized 
tolerance to visually induced motion.  The authors found that these observations supported 
the concept that there are both specific and general components in learning to tolerate motion 
environments.

Dobie, T. G., J. G. May, W. D. Fisher, and N. B. Bologna.  “An Evaluation of Cognitive Behav-
ior Therapy for Training Resistance to Visually-Induced Motion Sickness.”  NBDL-
89R008, Naval Biodynamics Laboratory, New Orleans, October 1990.

This investigation examined the techniques for reducing visually induced motion sickness.  
On the basis of their responses to a motion sickness history questionnaire, thirty-two subjects 
were selected and assigned to one of four groups based on their ability to tolerate visually in-
duced motion (VM).  One group received ten sessions of desensitization training only (DT); 
a second group received ten sessions of cognitive therapy only (CT); a third group received 
ten sessions of combined desensitization and cognitive therapy treatment (CG); and a fourth 
group, serving as the control, received no treatment.  The results indicated that only the groups 
that received cognitive therapy exhibited significant increases in tolerance to visually induced 
apparent motion when pre-treatment measures were compared to post-treatment measures.  
No significant differences in pre-treatment versus post-treatment measures were observed in 
the desensitization only or control groups.

Ewing, C. L.  “Design Criteria and Parameters of Life Support Helmets.”  In Effective Life 
Support Helmets, 99-121.  Arlington, VA:  Biotechnology, Inc., 1963.

In this paper Ewing discusses the need to focus on development of crash helmets (designed to 
reduce relative velocity between the head and the impact object with a minimum of injury) 
rather than anti-buffeting helmets.  Ewing also warns against the dangers of heavy helmets, 
which by increasing head and neck mass loads contribute to wearer discomfort and can lead 
to dangerous hyperextension and flexion during impact.  Most importantly, it is in this early 
paper that Ewing opines on the theory that the impact force of crashes might be causing con-
cussions and preventing aviators from escaping burning or sinking aircraft.

———.  “A Study of Aviation Medical Education in the U.S. Navy.”  Unpublished manu-
script, 1964.  A copy is located at the Neel Aeromedical Center, U.S. Army Aeromed-
ical Research Laboratory, Fort Rucker, AL.
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This unpublished manuscript contains Channing Ewing’s appraisal of changes in Navy avia-
tion medicine.  While Ewing does discuss the education of flight surgeons, he does so in the 
context of important research opportunities, including but not limited to impact injury and 
ejection.  Ewing also highlights problems hindering the development of aviation medicine in 
the Navy.  These problems included limited funding and the tendency to loan talented research 
personnel to other organizations like NASA.  This text provides important insight into Ewing’s 
early mindset and research interests.

———.  “Vertebral Fracture in Jet Aircraft Accidents:  A Statistical Analysis for the Period 
1959 through 1963, U.S. Navy.”  Aerospace Medicine 37, no. 5 (May 1966): 505-8.

This article examines vertebral fracture incidence in aircraft accidents between fiscal years 1959 
and 1963 from data obtained from the Naval Aviation Safety Center.  The data showed that the 
highest rates of vertebral fracture were associated with jet aircraft ejections.  The F-3 and the 
TF-9J model jets, equipped with multiple catapult seats, had disproportionately high fracture 
rates.  Sitting height accommodations of both the F-3 and TF-9J were below the 70th percen-
tile, and over 94 percent of all ejections were through the canopy.  These findings suggest that 
the combination of seat accommodations and through the canopy ejection contributed to the 
incidence of vertebral fractures.

———.  “A Short Review of Anthropometrics in Naval Aviation.”  US Naval Medical Newslet-
ter 48, no. 12 (December 1966): 17-19.

This article provides a review of the major contemporary anthropometric surveys produced by 
the Army, Navy, and Air Force.  In doing so, the article notes that the Air Force Wright Air 
Development Center (WADC) Technical Report No. 52-321 contained biases that skewed 
the data.  Most of the aviators represented in the report had entered service in the U.S. Army 
Air Force during 1943-1944, and there was a height limit on fighter pilot recruits of 5 feet 
10 inches.  The Navy did not enact this restriction.  A further bias to the WADC report came 
in the form of measurements from non-pilots (truck drivers, bombardiers, and gunners) who 
were lumped into the sample dataset.  As a result, when the WADC report was used to design 
aircraft, taller pilots were placed in a potentially dangerous position.  Based on these concerns, 
the Navy Bureau of Weapons commissioned the Air Crew Equipment Laboratory to conduct 
a survey of 1,659 naval aviators in 1964.

———.  “Emergency Underwater Escape from Aircraft.”  US Naval Medical Newsletter 48, no. 
12 (December 1966): 19-23.

This article highlights the dangers of failure to escape from an aircraft after crashing in water.  
Experiments with jet aircraft showed that they remained afloat for no longer than one minute.  
Innovative oxygen systems may give divers with SCUBA equipment a chance to free trapped 
aviators.  Underwater ejection systems were also developed as a means of escape.  Still, oxygen 
supply was limited, and the underwater ejection systems were hampered by the difficulty of 
jettisoning the canopy.  For aviators submerged in deep waters, intrapulmonary gas expansion 
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in the lungs during ascension to the surface is also a danger.  If an aviator has been knocked 
unconscious or injured during the collision with the water, his chance of survival is even lower.

———, ed.  U.S. Naval Flight Surgeon’s Manual.  Washington, D.C.:  Government Printing 
Office, 1968.

This manual, commissioned by the Navy Bureau of Medicine and Surgery, was published to 
provide up-to-date information on human response to aerospace environments and to describe 
the duties of the flight surgeon.  The massive volume was produced under the direction of 
Channing L. Ewing, who acted as the managing project officer and scientific editor.  As one 
of his crowning achievements, Ewing displayed the breadth of his expertise by authoring or 
co-authoring sections on casualty management and aeromedical evacuation, gas physiology, 
environmental factors, otorhinolaryngology, vision, anthropometry, and emergency escape 
from aircraft.

———.  “Nonfatal Ejection Vertebral Fracture, U.S. Navy Fiscal Years 1959 through 1965:  
Costs.”  Aerospace Medicine 42 (1971): 1226-28.

This article presents a cost analysis of seventy incidents of vertebral fracture resulting from 
non-fatal ejections among designated Navy aviators between fiscal years 1959 and 1965, using 
data obtained from the Naval Aviation Safety Center.  Review of the medical records of the 
injured aviators was completed to ascertain the repercussions of the fractures.  The average an-
nual cost to the Navy (including hospitalization, salary costs associated with lost workdays, and 
replacement costs stemming from disability) between 1959 and 1965 was $6,797,718.  This 
analysis helped serve as an additional reason to do further impact injury research.

———.  “Injury Criteria and Human Tolerance for the Neck.”  In Aircraft Crashworthiness, 
edited by K. Saczalski, G. T. Singley III, W. D. Pilkey, and R. L. Huston, 141-51.  
Charlottesville, VA:  University of Virginia Press, 1975.

In this chapter, Ewing provides a review of important studies of human dynamic response to 
impact acceleration and highlights how the research at NBDL has built upon the pre-existing 
work.  He finds that NBDL’s primary innovation has been its ability to directly measure and 
validate input data to the neck using telemetered sensors.  Following this discussion, Ewing 
closes by articulating the long-term objectives for study of human dynamic response at NBDL.  
As explained, the approach entails exposing human subjects to impact levels up to the limit 
of voluntary human tolerance.  Then, identically instrumented subhuman primate runs up to 
fatal accelerations will be conducted.  The third phase requires mathematical scaling of primate 
data to the human anatomy and extrapolated to locate injurious acceleration levels for humans.

Ewing, C. L., and Frank A. Catroppa.  “Defects of Current Navy Helmets.”  In Effective Life 
Support Helmets, 14-19.  Arlington, VA:  Biotechnology, Inc., 1963.
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This paper addresses problems associated with helmets utilized by Navy aviators by examining 
the APH5 helmet, which became standard issue in 1956.  The APH-5’s poor helmet reten-
tion rate and uncomfortable weight distribution were identified as the biggest flaws.  Design 
was complicated by the need to retain sound attenuation properties as well as provision for 
helmet-mounted communication, respiratory, and optical equipment.  The lighter weight and 
more comfortable APH-6 offered some improvements.

Ewing, C. L., D. J. Thomas, G. W. Beeler, Jr., L. M. Patrick, and D. B. Gillis.  “Dynamic 
Response of the Head and Neck of the Living Human to –Gx Impact Acceleration.”  
In Proceedings of the Twelfth Stapp Car Crash Conference, 429-39.  NY:  Society of 
Automotive Engineers, 1968.

This paper describes the experimental design and early results from research carried out under 
the joint Army-Navy project at Wayne State University.  The discussion includes a description 
of the volunteer selection process and the instrumentation, photographic, accelerator, and data 
acquisition systems.  The publication concludes by profiling results from a human run that reg-
istered a rate of onset of 140 G/sec and a peak sled acceleration of 2.8 G.  Findings presented 
in this paper were reproduced the following year in a report produced in tandem by the Naval 
Aerospace Medical Institute and the U.S. Army Aeromedical Research Laboratory.

Ewing, C. L., and A. Marshall Irving.  “Evaluation of Head Protection in Aircraft.”  Aerospace 
Medicine 40, no. 6 (June 1969): 596-99.

This article studies contemporary methods used to test helmet impact protection.  When eval-
uating protective equipment, three separate requirements must be satisfied:  User acceptance 
(will the intended user wear it); Functionality (does it protect against the anticipated threat); 
and Functional non-interference (does it interfere with the ability of the user to function and 
perform his/her duties).  In testing the functionality of protective helmets, the article suggests 
that testing cover three different types of impact:  situations where a moving object makes con-
tact with the helmet; situations where the moving head strikes a stationary physical structure 
in the cockpit; and situations where impact causes flexion/hyperextension of the head-neck 
but does not result in contact with a physical object.  The article emphasizes that no testing 
method exists for the third type of testing despite the fact that the presence of torso restraints 
makes them the most likely.

Ewing, C. L., D. J. Thomas, L. M. Patrick, G. W. Beeler, Jr., and M. J. Smith.  “Living Human 
Dynamic Response to –Gx Impact Acceleration.  II, Acceleration Measured on the 
Head and Neck.”  Proceedings of the Thirteenth Stapp Car Crash Conference, 400-415.  
NY:  Society of Automotive Engineers, 1969.

This paper reports on eighteen human runs carried out during the joint Army-Navy project at 
Wayne State University.  From human 10 G runs, the authors note that peak acceleration at 
the mouth had been registered at 47.8 G, and peak mouth angular velocity exceeded 30 rad/
sec (31.14) without causing injury or functional impairment.  These findings refute earlier re-
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search by Ayub Ommaya positing that angular velocity of 30 rad/sec and angular acceleration 
of 1,800 rad/sec² were needed to observe concussion in humans.  Findings reported here were 
substantially reproduced in a joint report by the Naval Aerospace Medical Research Laboratory 
and the U.S. Army Aeromedical Research Laboratory the following year.

Ewing, C. L., and D. J. Thomas.  Human Head and Neck Response to Impact Acceleration.  
Joint Report – Naval Aerospace Medical Research Laboratory Monograph No. 21, 
U.S. Army Aeromedical Research Laboratory Serial No. 73-1, Pensacola, FL, August 
1972.

This monograph represents the culmination of the joint Army-Navy project at Wayne State 
University.  It includes a detailed description of the theoretical kinematics and experimental 
design surrounding the impact acceleration research.  In addition, the monograph reviews the 
unique transducer, photographic, data acquisition, and accelerator systems utilized.  Exper-
imental controls, data processing, subject selection procedures, and anthropometry are dis-
cussed.  Finally, the monograph provides an expansive treatment of the results from the runs 
carried out at Wayne State.  Run plots are accompanied by a discussion of variables, repeat-
ability, spectral characteristics, and quality control.  Some important conclusions drawn are 
that the response of the unrestrained human head and neck to –Gx impact acceleration is two 
dimensional in the mid-sagittal plane; the response is characteristic and repeatable; simulta-
neous sensor and photographic measurement of human response permits cross validation; the 
utilization of the theoretical mechanics of rigid body motion is a valid experimental design 
basis for measuring the response of human head and neck motion; and the use of x-ray anthro-
pometry permits X, Y, and Z coordinate description of the position of the center of gravity of 
the head within a head anatomical coordinate system.

———.  “Torque Versus Angular Displacement Response of Human Head to –Gx Impact 
Acceleration.”  In Proceedings of the Seventeenth Stapp Car Crash Conference, 304-42.  
Warrendale, PA:  Society of Automotive Engineers, 1973.

This paper emphasizes the need for researchers in the field to develop and utilize standardized 
anatomically based, three-dimensional coordinate systems so that quantitative comparisons 
can be made between data derived from human impact exposures conducted at different labo-
ratories.  The authors note that differing anatomical definitions of the head and neck complex 
also make comparisons difficult.  Using anatomical research conducted on cadavers by Edward 
Becker and Leon Walker at Tulane University, this paper profiles a set of theoretical anatomi-
cally based coordinate systems that could be used industry-wide.

———.  “Bioengineering Aspects of Spinal Injury in OV-1 (Mohawk) Aircraft.”  AGARD 
Conference Proceedings No. 134 on Escape Problems and Maneuvers in Combat Aircraft, 
A2-1-9.  London:  Technical Editing and Reproduction, Ltd., February 1974.

Based on statistics provided by the U.S. Army Board for Aircraft Accident Research as of 1967, 
Ewing reports a non-fatal ejection vertebral fracture (NFEVF) rate of 56 percent for the OV-1 
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aircraft.  Since this was one of the highest NFEVF rates among aircraft in the U.S. military at 
the time, Ewing and Thomas undertook an investigation to identify contributing factors.  They 
found potential issues with the sitting height accommodation of the OV-1.  Tall aviators might 
be required to slouch (and thus loosen the pelvic restraint lap belt) to operate the aircraft.  
Doing so would put them at greater risk of injury during ejection.  Ewing and Thomas also 
objected to the ejection seat design, which contained a two-inch thick elastic pad over the seat 
pan.  Ejection seat firing would cause the pad to compress and create slack in the pelvic harness 
as the body is pushed down onto the compressed pad.  Finally, a potential issue was also found 
with the restraint harness design.

Ewing, C. L., D. J. Thomas, L. S. Lustick, E. B. Becker, G. C. Willems, and W. H. Muzzy.  
“The Effect of the Initial Position of the Head and Neck on the Dynamic Response 
of the Human Head and Neck to –Gx Impact Acceleration.”  In Proceedings of the 
Nineteenth Stapp Car Crash Conference, 487-512.  Warrendale, PA:  Society of Auto-
motive Engineers, 1975.

This paper presents findings from an investigation designed to quantify the role of initial 
head position on human dynamic response.  Human volunteers were positioned for –Gx runs 
in four different initial condition states:  neck up, chin up (NUCU); neck up, chin down 
(NUCD); neck forward, chin up (NFCU); and neck forward, chin down (NFCD).  From the 
experiments, the authors confirmed that initial head-neck position had a significant impact on 
output dynamic response.  Specifically, it was determined that increasing the neck angle posi-
tion significantly reduces peak angular velocity and angular acceleration.  Likewise, increases 
in head angle (chin down) resulted in significant decreases in peak angular velocity and angular 
acceleration.

Ewing, C. L., D. J. Thomas, L. S. Lustick, W. H. Muzzy, G. C. Willems, and P. L. Majewski.  
“The Effect of Duration, Rate of Onset and Peak Sled Acceleration on Dynamic 
Response of the Human Head and Neck.”  In Proceedings of the Twentieth Stapp Car 
Crash Conference, 3-41.  Warrendale, PA:  Society of Automotive Engineers, 1976.

This study investigated the extent to which variables of duration, rate of onset, and peak sled 
acceleration influenced the dynamic response of humans.  To test the variables, human subjects 
were exposed to –Gx impact in three conditions:  high rate of onset–long duration; high rate of 
onset–short duration; and low rate of onset–long duration at peak acceleration levels of 6, 10, 
and 15 G.  To minimize the effects of initial conditions, each subject was run in the neck-up/
chin-up position.  Review of data recorded at T1 during experiments suggested that peak head 
angular and linear acceleration as well as angular velocity were dependent on the peak and 
duration of acceleration at T1.  The rate of onset at T1 had no measurable effect.

Ewing, C. L., and F. Unterharnscheidt.  “Neuropathology and Cause of Death in U.S. Na-
val Aircraft Accidents.”  AGARD Conference Proceedings No. 190, Recent Advances in 
Aviation Pathology B16: 1-6.  London:  Technical Editing and Reproduction Ltd., 
December 1976.
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This paper discusses the possibility that aviators downed in crashes at sea may be drowning 
because they have been incapacitated by an “acceleration concussion” resulting from hyperex-
tension of the cranio-cervical junction during impact.  In order to investigate this possibility, 
the authors argue for changes to be made to the Navy’s autopsy policies.  In the 10 percent of 
cases where bodies are recovered, the article noted that usually autopsies were not carried out 
in a manner that included a satisfactory neuropathological examination of the central nervous 
system.  The authors continued to argue that these particular autopsies should include a brief, 
but detailed, description of the tissue alterations in the brain and spinal cord deemed to be the 
result of the impact.

Ewing, C. L., D. J. Thomas, L. S. Lustick, W. H. Muzzy III, G. C. Willems, and P. Majewski.  
“Dynamic Response of the Human Head and Neck to +Gy Impact Acceleration.”  In 
Proceedings of the Twenty-First Stapp Car Crash Conference, 477-505.  Warrendale, PA:  
Society of Automotive Engineers, October 1977.

This paper reports on findings from runs with human volunteers in several different sled con-
figurations to test dynamic response to lateral impact acceleration (+Gy).  The authors found 
that for +Gy runs, the head rotates around an axis with a fixed orientation in the mid-sagittal 
plane approximately normal to the neck line between the T1 anatomical origin and the head 
anatomical origin.  It was also found that head linear acceleration in high rate of onset–short 
duration runs was significantly less in the +Gy vector than in –Gx because the effect of duration 
was more pronounced in +Gy runs.

Ewing, C. L., D. J. Thomas, P. L. Majewski, Roger Black, and L. Lustick.  “Measurement of 
Head, T1, and Pelvic Response to –Gx Impact Acceleration.”  In Proceedings of the 
Twenty-First Stapp Car Crash Conference, 509-45.  Warrendale, PA:  Society of Au-
tomotive Engineers, October 1977; also published in SAE Transactions 86 (1978): 
3205-20.

This paper deals with the response of the human head and neck in conjunction with the mo-
tion of the pelvis during –Gx impact acceleration human runs from 2 to 7 G.  To record hip 
measurements, a fiberglass pelvic ring outfitted with an instrumentation mount and photo-tar-
gets was custom made for each volunteer.  A circumferential steel band was imbedded in the 
fiberglass, and the ring was integrated in the restraint harness system.  Tests with and without 
the pelvic mount indicated that the pelvic mount did not cause any substantial differences by 
integrating it into the restraint.  These tests meant that NBDL could continue to record hip 
motion without unintentioonally altering the data being recorded at T1 and the head.  The 
pelvic measurements were useful to biodynamic researchers because it allowed them to see how 
acceleration was transmitted through the human structure to the head and neck.

Ewing, C. L., D. J. Thomas, L. S. Lustick, G. C. Willems, W. H. Muzzy, E. B. Becker, and E. 
M. Jessop, Jr.  “Dynamic Response of Human and Primate Head and Neck to +Gy 
Impact Acceleration.”  Report No. DOT-HS-4-00852, Washington, D.C.:  Depart-
ment of Transportation, 1978.
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This report presents results from the first studies of human and chimpanzee response to lateral 
(+Gy) impact acceleration completed at NBDL.  Measurements were taken with three-dimen-
sional inertial instrumentation located at the head and T1.  Thirty-four human experiments 
at peak sled acceleration levels from 2 to 7.5 G were completed and compared with data from 
twelve chimpanzee runs reaching peak sled acceleration levels of 6 to 20 G.  The authors find 
considerable differences between –Gx and +Gy response.  This report is particularly important 
because it is the only thorough treatment of chimpanzee experiments conducted at the lab.

Ewing, C. L., D. J. Thomas, L. S. Lustick, W. H. Muzzy, G. C. Willems, and P. L. Majewski.  
“Effect of Initial Position on the Human Head and Neck Response to +Y Impact Ac-
celeration.”  In Proceedings of the Twenty-Second Stapp Car Crash Conference, 101-38.  
Warrendale, PA:  Society of Automotive Engineers, 1978.

This study reports on the effect of the initial position of the human head and neck on head 
angular and linear acceleration, velocity, and displacement during +Gy impact acceleration.  
From exposures with human volunteers in several different initial position configurations, the 
authors found that lateral bending of the head-neck in the direction of the motion significantly 
reduced the peak head angular acceleration and velocity and often produced an angular accel-
eration profile with a deceleration peak greater than the acceleration peak.  These observations 
were consistent with findings for –Gx runs.  Increases in angular acceleration and velocity were 
observed in situations where the head and neck were bent forward.  This was the only initial 
condition configuration that the authors felt they might not be able to account for accurately 
in a fixed-axis theoretical model.

Ewing, C. L., D. J. Thomas, and L. S. Lustick.  “Multiaxis Dynamic Response of the Human 
Head and Neck to Impact Acceleration.”  AGARD Conference Proceedings No. 253:  
Models and Analogues for the Evaluation of Human Biodynamic Response, Performance, 
and Protection A5: 1-27.  London:  Technical Editing and Reproduction Ltd., June 
1979.

This paper focuses on data from –Gx and +Gy impact acceleration runs with human volunteers 
carried out at NBDL from 1974-1978.  The relationships of the kinematic variables are graph-
ically presented and statistically analyzed.  A previously suggested head and neck model for 
two-dimensional response is evaluated, as well as the approaches and constraints for a three-di-
mensional model, and the anthropometric effects on the dynamic response are presented.

Ewing, C. L., D. J. Thomas, A. Sances, Jr., and S. J. Larson, eds.  Impact Injury of the Head and 
Spine.  Springfield, Ill.:  Charles C. Thomas, 1983.

This twenty-one chapter edited volume is the primary resource for consulting the major re-
search conducted by NBDL and its affiliated partners.  Broken down into four sections, the 
volume contains works regarding injury mechanisms and tolerances; neurophysiological and 
neurosurgical aspects; human analogues; and injury prevention and epidemiology.
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Francis, D. A.  “General Plot Subroutine Package for the Hewlett-Packard 5451C Fourier An-
alyzer.”  NBDL-84R008, Naval Biodynamics Laboratory, New Orleans, December 
1984.

This paper discusses the programming tool used by NBDL with the Hewlett-Packard 5451C 
system to develop various plots with relative ease.  Data plotting was a critical aspect of the 
work at NBDL because plots are useful in analyzing data and are usually much easier to inter-
pret than tabular printouts.  Paired with an HP-9872T plotter, the program allowed users to 
create plots with labelled axes, textual data, vector information, and graphs from data arrays 
(x and y), with optional scaling of either array and centered symbols denoting the location of 
a data point.

———.  “X-Ray Anthropometry Digitization Program for the Hewlett-Packard 9000/835 
Computer.”  NBDL-90R003, Naval Biodynamics Laboratory, New Orleans, May 
1991.

This report describes a computer program developed by NBDL to calculate instrumentation 
origins and instrumentation-to-anatomy transformation matrices from x-ray anatomical ref-
erence data.  Operational requirements are also described for its use on the Hewlett-Packard 
9000/835 computer interfaced with an HP 9872T plotter/digitizer.

———.  “Operating Procedures for Anthropometry and Initial Conditions Photogrammetric 
Program.”  NBDL-93R010, Naval Biodynamics Laboratory, New Orleans, March 
1994.

This report describes the program used with an IBM Model 486 personal computer to process 
stereoradiographic anthropometry and initial condition run data.  The report describes the 
program’s subroutine operating sequence, functions, and required equipment and, in doing 
so, provides an important reference for users interested in the NBDL data acquisition and 
processing systems.

———.  “Body X-Ray Anthropometry Manual.”  NBDL-94R003, Naval Biodynamics Labo-
ratory, New Orleans, May 1995.

This publication provides documentation of neck x-ray anthropometry data acquisition 
and analysis.  It also documents the anthropometry photogrammetric program used on an 
IBM-compatible 486 personal computer at NBDL.

Friede, Reinhard L.  “The Pathology and Mechanics of Experimental Cerebral Concussion.”  
Technical Report No. 61-256, Wright Air Development Center, Dayton, OH, 
March 1961.
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This report provides theoretical findings regarding the neuropathology of experimental cerebral 
concussion.  The author describes findings from two series of experiments with cats designed to 
simulate direct and indirect impact.  In the most significant tests, Friede restrained the heads of 
cats using a collar and then allowed the unrestrained bodies to suddenly fall about 30 inches, 
inducing rapid neck hyperextension (“cervical stretch”) and flexion.  Histopathological studies 
revealed that these tests caused lesions at the first cervical vertebrae, a finding that Friede linked 
to cellular changes in the brain and the symptomology of concussion.  Friede finds neck hy-
perextension and flexion to be the most important factors in experimental cerebral concussion. 
His hypothesis that neck stretch was the primary factor in acceleration-induced concussions 
was picked up by biodynamics researchers during the 1960s (including Channing Ewing) 
trying to understand the failure of aviators to make attempts to escape after crashing in water.

Frisch, G. D.  “Simulation of Occupant-Crew Station Interaction During Impact.”  In Impact 
Injury of the Head and Spine, edited by C. L. Ewing, D. J. Thomas, T. A. Sances, Jr., 
and S. J. Larson, 485-535.  Springfield, Ill.:  Charles C. Thomas, 1983.

This is a study of the physical interaction between pilots and airplane cockpits (“crew station”) 
during impact.  Cockpits must be designed so they allow pilots to perform their tasks without 
posing a danger during crashes or ejections.  From simulations using NBDL human volunteer 
data and dummy ejection tower tests, the study finds that large individuals are likely to strike 
their toes against the instrument panel during egress.  In addition, the study finds that seats 
with a distance of more than two inches between seat backs and the headrest result in greater 
head rotation during impact.  Higher seat backs are suggested to reduce the likelihood of cer-
vical spine injuries.

Frisch, G. D., J. O’Rourke, and L. D’Aulerio.  “The Effectiveness of Mathematical Models as 
a Human Analog.”  In Society of Automotive Engineers Transactions SP-412, Mathe-
matical Modeling Biodynamic Response to Impact, 61-73.  Warrendale, PA:  Society of 
Automotive Engineers, October 1976.

This paper provides an analysis of data on the dynamic response of the human head and 
neck to –Gx impact acceleration.  Three computerized crash simulation programs (the Calspan 
“3D Computer Simulator of a Motor Vehicle Crash Victim,” the Ultrasystems “Crash Victim 
Simulator – Light Aircraft,” and the Boeing Computer Services “Prometheus”) were used to 
provide estimates of the responses.  Inputs were made as comparable as the different programs 
would allow.  Results from the simulators were compared to each other as well as to the cor-
responding human test run data obtained from NBDL.  Importantly, the authors found that 
the programs failed to adequately replicate human results.  Inclusion of head-neck articulation 
information failed to improve the quality of the simulation output results.

Frisch, G. D., L. A. D’Aulerio, and M. Schultz.  “Simulation of Emergency Egress from Air-
craft Crew Stations.”  NADC Report No. 80059-60, NBDL-80R001, Naval Biody-
namics Laboratory, New Orleans, March 1980.



233A History of the Naval Biodynamics Laboratory

Annotated Bibliography

This report demonstrates the use of the “Bioman” modeling system in evaluating the physical 
compatibility of crew members with crew stations under emergency egress conditions and 
illustrates the usefulness of this approach as both a design and evaluation criterion.  Validated 
results for F-18 aircraft investigations based both on ejection tower and human physiological 
acceptance tests are presented to demonstrate the evaluation process for this crew station.  
These results are contrasted against those obtained from A-4, F-14, and AV-8B simulations, 
and the relative propensity of direct impact (between limbs and crew station interior) and head 
and neck (due to adverse cervical alignment) injuries is discussed.

Gennarelli, T. A., A. K. Ommaya, and L. E. Thibault.  “Comparison of Transitional and Ro-
tation Head Motions in Experimental Cerebral Concussion.”  In Proceedings of the 
Fifteenth Stapp Car Crash Conference, 797–803.  Warrendale, PA:  Society of Auto-
motive Engineers, 1971.

This paper discusses results from indirect impact exposures with squirrel monkeys.  In one 
set of experiments, animal heads were restrained using a “head accelerating device” (HAD) to 
prevent any rotational motion.  In these runs, the authors reported no indication of concus-
sion.  Alternately, in a second series of experiments, heads were left unrestrained to allow for 
translational and rotational motion to act upon the head.  Notably, the authors found that 
in all six cases where the head was allowed to rotate the animals were concussed.  Based on 
this evidence, the authors argued that rotational motion of the head was a more likely mech-
anism to produce cerebral concussion than translational motion; however, they did note that 
translational motion could contribute to brain lesions and thus contribute to injury patterns 
associated with indirect impact.

Gifford, Edmund C., Joseph R. Provost, and John Lazo.  “Anthropometry of Naval Aviators, 
1964.”  Report No. NAEC-ACEL-533, Aerospace Crew Equipment Laboratory, Na-
val Air Engineering Center, Philadelphia, PA, 1965.

This study reports body size data for ninety-six measurements of 1,549 U.S. Navy aviators.  The 
techniques used for the measurements are profiled and accompanied by schematic illustrations.  
Both diametral and surface measurements are included, and the dimensions are given in both 
centimeters and inches.  The purpose of this study was to provide anthropometric data for use 
by engineers designing aircraft and personnel protective material.  The need for this particular 
survey stemmed from a desire to address inconsistencies and biases found in previous surveys.

Gilbert, N. S., S. V. Mawn, S. J. Guccione, Jr., and F. E. Bolin.  “Fabrication and Application 
of a Standardized T1/T2 Mount.”  NBDL-88R001, Naval Biodynamics Laboratory, 
New Orleans, December 1988.

This report profiles the construction and utility of a platform designed for use with sensor 
instrumentation to collect data from subjects during experiments.  The platform consisted 
of an anatomical mount molded from each subject’s cervicothoracic region; a fixture that is 
fastened to the mount and held against the subject by straps; and a T-plate carrying accelerom-
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eters and photo-targets.  The main issue with the platform was that kinematic measurements 
reflected not only the motion of the anatomical section but also any untoward movement 
of the platform itself.  This issue was remedied in animal experiments because the platforms 
were surgically affixed to the desired anatomical segments, thus ensuring rigidity.  In use with 
human subjects, however, the straps were the only steadying agent.  Review of photographs 
from human impact exposures showed that some occasional package movement did occur.  
As a result, a certain degree of error in dynamic head-neck response data was always present.

Guccione, S. J., Jr.  “A Statistical Analysis of –X Rhesus Head Kinematics.”  NBDL-89R006, 
Naval Biodynamics Laboratory, New Orleans, October 1990.

This report discusses the use of a statistical method to predict the head kinematics of rhesus 
macaques to –Gx impact acceleration.  Using data from fifty-three –Gx rhesus runs carried out 
from 1984-1987, the author used statistics to link head kinematic variables to anesthetic state, 
sled acceleration, and initial conditions.  Predictions rendered by the statistical analysis were 
compared to previous predictions made from analysis of human data.  Some conclusions from 
the analysis included:  (1) rhesus mid-sagittal head dynamic responses are repeatable and not 
significantly affected by the use of anesthesia; (2) rhesus and human volunteer head kinematic 
response curves are similar; (3) head angular acceleration and velocity are more sensitive to out-
of-plane dynamic response than linear acceleration.  After noticing some issues with gaps in the 
frame-by-frame photographs taken during the high G level acceleration exposures, Guccione 
recommended that effort be made to keep gaps to an absolute minimum in the future so that 
they do not impede researchers trying to model head-neck displacement.

Guignard, J. C., C. L. Ewing, G. C. Willems, W. R. Anderson, W. H. Muzzy III, D. J. Thom-
as, and P. L. Majewski.  “A Method for Studying Human Biodynamic Responses 
to Whole-Body Z-Axis Vibration.”  AGARD Conference Proceedings No. 267 High-
Speed, Low-Level Flight:  Aircrew Factors 9: 1-7.  London:  Technical Editing and 
Reproduction Ltd., March 1980.

This paper describes the methodology used in experiments to determine the transmissibility of 
mechanical vibration to major axial segments (pelvis, upper torso, head) of the seated human 
body vibrated in the z-axis.  Factors influencing transmissibility are mentioned, and the im-
portance of controlling such factors in experimental determinations of the human biodynamic 
response to vibration is discussed.  The methodology described, adapted from established use 
in human impact studies, includes the use of standardized anatomical coordinate systems for 
data reference so that meaningful comparison of responses measured in different subjects or in 
different conditions of vibration can be conducted.

Hertzberg, H. T. E., G. S. Daniels, and E. Churchill.  “Anthropometry of Flying Personnel 
– 1950.”  Technical Report No. 52-321, Wright Air Development Center, Dayton, 
OH, September 1954.
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This report presents anthropometric data for 132 body size measurements taken from exam-
ination of over 4,000 Air Force flying personnel and includes a discussion of the tabulation 
and use of the statistics.  This survey provided updated information on bodily dimensions on 
Air Force aviators for use in a host of applications.  In the ensuing years, this study became the 
primary resource used in design of crewmember and pilot compartments in aircraft.  During 
the 1960s, researchers from the Navy noticed potential bias in the reported figures.  As a result, 
the Navy subsequently commissioned its own anthropometric surveys.

Hirsch, A. E., S. J. Shaibani, T. T. Nguyen, G. C. Willems, W. H. Muzzy III, and D. R. 
Knouse.  “Response of Seated and Standing Manikin During Shock Trials on U.S.S. 
Mobile Bay (CG53) and U.S.S. Roosevelt (CVN71).”  NBDL-89R005, Naval Bio-
dynamics Laboratory, New Orleans, May 1989. 

This study reports on findings from experiments conducted to measure the effects of shock 
motion on seated and standing manikins during shock trials aboard the USS Mobile Bay and 
the USS Roosevelt.  The authors found that deck motion aboard the Mobile Bay was mostly in 
the upward (+Gz) direction but also reported oscillations around 10 Hz.  The combination of 
oscillatory and upward motion, the authors noted, could compromise the protection offered 
by current seats on the Mobile Bay.  Similar findings were reported for the Roosevelt, where 
large vertical (+Gz), surge (+Gx), and sway (+Gy) deck motions were observed.

Holcombe, F. D., and S. C. Webb.  “Human Factors Assessment of USCG 47-Ft Motor 
Lifeboat.”  NBDL-91R003, Naval Biodynamics Laboratory, New Orleans, October 
1991.

This two-part report provides a detailed assessment of a U.S. Coast Guard lifeboat from a 
human factors perspective.  Part one documents the ergonomic and safety deficiencies not-
ed during an on-site familiarization and inspection of the prototype 47-foot motor lifeboat.  
The following human factors operability and habitability problem areas are addressed:  steps, 
platforms, and railings; doors, hatches, and passageways; controls, instruments and displays; 
workspace; and habitability considerations.  Approaches to problems are indicated in the form 
of suggestions for possible redesign, reconfiguration, relocation, or replacement of equipment.  
Deficiencies fall into these categories:  design of ladders; design and configuration of hatch-
es; location and arrangement of controls, instruments, and displays; design of seating; and 
workspace layout.  Part two contains recommendations for reconfiguration of the problematic 
steering stations.  Mock-ups of the open and enclosed steering stations were constructed for 
the purpose of evaluating alternative configurations of equipment layout.

Kazarian, L. E.  “The Primate as a Model for Crash Injury.”  In Proceedings of the Nineteenth 
Stapp Car Crash Conference.  Warrendale, PA:  Society of Automotive Engineers, 
1975.

This article describes the biomechanical response of the rhesus macaque, baboon, and chim-
panzee to impact in an attempt to establish a basis for a whole body interspecies scaling rela-
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tionship among primates.  In addition, it also provides information on the pathology of spinal 
injuries resulting from identical acceleration inputs across the three different species.  These 
results are then compared with human spinal column structure, known injury patterns, and 
tolerances.  This paper is an important contribution to the broader effort to devise a means to 
use non-human primates as analogs to help draw conclusions regarding human injury.

Kennedy, R. S., A. C. Bittner, Jr., M. M. Harbeson, and M. B. Jones.  “Perspectives in Per-
formance Evaluation Tests for Environmental Research: Collected Papers.”  NBDL-
80R004, Naval Biodynamics Laboratory, New Orleans, November 1981.

The Performance Evaluation Tests for Environmental Research (PETER) program began at 
NBDL in 1977.  This report includes four papers that were written between 1977 and 1980 
describing progress and developments in this program.  “An Engineering Approach to the 
Standardization of Performance Evaluation Tests for Environmental Research (PETER)” de-
lineates the structure of the PETER paradigm, describes representative results, and discuss-
es implications of the results to previous and future research.  “Assessing Productivity and 
Well-Being in Navy Workplaces” explains how Jones’s rate-terminal performance and theory 
of skill acquisition has been applied to the study of complex human performance and abilities.  
Examples from two tests administered under a fifteen-day repeated measures paradigm are 
presented to illustrate the methodological approach employed in the PETER program.  Appli-
cation of these methods to selection and training research is suggested.  “Progress in the Anal-
ysis of a Performance Evaluation Test for Environmental Research (PETER)” describes the 
preliminary results of ten tests that had been completed by October 1978.  “The Development 
of a Navy Performance Evaluation Test for Environmental Research (PETER)” describes the 
earliest plan for developing PETER as it was formulated in 1977 and includes the philosophy 
and principles upon which the PETER program was based.

Kennedy, R. S., A. C. Bittner, Jr., R. C. Carter, M. Krause, M. M. Harbeson, D. B. McCaf-
ferty, R. L. Pepper, and S. F. Wiker.  “Performance Evaluation Tests for Environ-
mental Research (PETER): Collected Papers.”  NBDL-80R008, Naval Biodynamics 
Laboratory, New Orleans, July 1981.

This is a collection of papers about the development of the Performance Evaluation Tests for 
Environmental Research (PETER) project at NBDL.  This research focused on assessment of 
human mental and physical capabilities in unusual environments.  As a result, provision was 
made to take repeated measurements of the performance of subjects before, during, and after 
participation in an experiment.  The authors note that PETER is being developed to provide a 
battery of tests that can be reliably used to measure human performance.  Candidate tests for 
inclusion in PETER were pulled from the existing body of literature on performance testing 
and summarized in the first paper of this collection.  The results of the examinations of candi-
date tests are presented in the second paper in the collection.  The remaining papers deal with 
specific tests, including code substitution, stroop, complex counting, critical tracking, time 
estimation, arithmetic, air combat maneuvering, digit span, four other memory tests, interfer-
ence susceptibility, and item recognition, that are discussed only briefly in the first two papers.  
Overall, this collection of papers describes progress in the PETER project up to November 1980.
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Kilgore, P. D., and J. H. Gottbrath.  “Photodigitizing Procedures.”  NBDL-84R002, Naval 
Biodynamics Laboratory, New Orleans, February 1984.

This report documents the equipment, techniques, and procedures required to operate the 
photographic digitization system used by NBDL and provides a detailed description of the 
processing of photo data as well as an operators manual.  The system was a critical part of oper-
ations at the lab because it digitized photographic data from experiments.  Following digitiza-
tion, the three-dimensional motion from runs could be reviewed and analyzed.  Photo data was 
required to validate readings from the telemetered subject-mounted instrumentation packages.

King, A. I.  “Human Analogs in Biomechanical Research.”  In Impact Injury of the Head and 
Spine, edited by C. L. Ewing, D. J. Thomas, A. Sances, Jr., and S. J. Larson, 381-90.  
Springfield, Ill.:  Charles C. Thomas, 1983.

This article discusses the reasoning behind the selection and use of non-human primates as 
human analogs in biodynamic research programs.  In addition to providing information on 
requirements for anthropometric and anatomical similarities, King’s discussion also includes 
insight into the position of researchers on the ethics of animal testing in the context of growing 
public opposition.  King’s points aptly represent the attitudes subscribed to by the researchers 
working at NBDL and the broader field at large.

Krause, M., and J. C. Woldstad.  “Massed Practice:  Does it Change the Statistical Properties of 
Performance Tests?”  NBDL-83R005, Naval Biodynamics Laboratory, New Orleans, 
June 1983.

This report presents findings from a study to see if massed practice (repeated testing carried out 
with little rest time in between) test scores compared favorably to repeated measures testing 
(carried out with twenty-four-hour breaks in between tasks to reduce fatigue).  Paper-and-pen-
cil and computerized versions of human performance tests known to have high reliability 
measures were examined under massed practice conditions.  The authors found that the pa-
per-and-pencil tests took more time to complete under massed practice conditions but gener-
ally retained high reliability.  Computerized performance tests failed to maintain the statistical 
properties required for repeated measures analysis.  As a result, the authors recommended that 
repeated measures testing with trials separated by at least twenty-four hours be used whenever 
possible.

Kroell, Charles K., and Lawrence M. Patrick.  “A New Crash Simulator and Biomechanics 
Research Program.”  In Proceedings of the Eighth Stapp Car Crash Conference, 185-228.  
Detroit:  Wayne State University Press, 1964.

This paper describes the crash simulator and biomechanics research program that developed 
at Wayne State University during the early 1960s and includes a treatment of experiments 
simulating automobile collisions using human cadavers as subjects.  These experiments utilize 
restraint and measurement (xray, sensor, and photographic) techniques that were carefully 
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honed over years of research at Wayne State and elsewhere.  Within the broader context of 
NBDL, this paper is useful because it provides insight into the ongoing research carried out at 
Wayne State University prior to the start of the joint Army-Navy project.

Lambert, J. J.  “A Method of Photo Data Reduction, with Design Considerations for the 
NOVA 800T® and UNIVAC 1100/83® Computers.”  NBDL-84R001, Naval Biody-
namics Laboratory, New Orleans, January 1984.

Digitized photo data acquired during impact experiments at NBDL had to be scaled and 
converted to a format suitable for analysis.  Once converted, the data required comprehensive 
graphical presentation (plotting) for efficient interpretation.  This report presents a detailed 
description of the software developed to accomplish such tasks in both a production and an 
interactive environment.  Procedures utilizing the design presented were developed and insti-
tuted at NBDL and found to be highly effective.

Lambert, J. J., and S. J. Guccione.  “Linear Regression Analysis of Human and Manikin Head 
Kinematic Response to +Gz Impact Acceleration.”  NBDL-95R004, Naval Biody-
namics Laboratory, New Orleans, 1995.

NBDL carried out +Gz vertical impact acceleration test series to develop mathematical models 
for risk assessment of cervical spine injuries due to whole-body acceleration.  This paper doc-
uments the results of linear regression of the primary peaks of key head kinematic response 
variables on parameters describing sled acceleration input, initial head orientation, head and 
neck anthropometry, and head and helmet inertial properties.

Lodge, George T.  “Pilot Stature in Relation to Cockpit Size:  A Hidden Factor in Navy Jet 
Aircraft Accidents.”  Paper Presented at the Seventy-First Annual Convention of the 
American Psychological Association, Division of Military Psychology, Philadelphia, 
PA, September 4, 1963.

This paper draws attention to the importance of considering anthropomorphic data in the de-
sign of cockpit and crew station geometry.  In comparing anthropomorphic data from surveys 
conducted separately by the Air Force and Navy, Lodge emphasizes the dangerous implications 
of the fact that Navy pilots possessed a taller average height.  If tall Navy aviators operated 
planes that had been designed for smaller men, it placed them at a greater risk of suffering 
injury in the event of crash or egress.  Analysis of 680 jet aircraft accidents found that aviators 
taller than six feet were disproportionately represented in “pilot-factor” accidents.

Lotz, M. L.  “Physiology Data Acquisition System Description.”  NBDL-90R004, Naval Bio-
dynamics Laboratory, New Orleans, October 1990.

This technical report describes the physiological data acquisition system that was used at 
NBDL to acquire, record, and reproduce physiologic responses from human volunteers sub-
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jected to short duration accelerations on horizontal and vertical accelerator devices.  The sys-
tem was used to acquire data including electrocardiograms, electromyograms, and somatosen-
sory evoked potentials.  The equipment used and the interconnection of the equipment are 
reviewed in detail.

Lustick, L. S., and M. R. Seemann.  “Determination of Sensitivity to Error Sources and Target 
Configuration on Kinematic Variables Derived from Cinematography.”  Proceedings 
of the International Society for Optical Engineering 291 (1981): 170-77.

A target configuration attached to a T-plate and affixed to an anatomical segment is acquired 
by at least two cameras, and linear displacement and orientation components are derived from 
this data.  The quality of these cinematographic solutions depends on the number of targets 
and on the geometry of the target configuration relative to the camera axis orientation, as well 
as on errors in camera location and orientation, errors in photo-target location on the T-plate, 
timing errors between cameras, and high frequency noise errors.  This paper presents methods 
for statistically assessing these errors while obtaining the solution for the kinematic variables 
and presents plots of these errors for representative runs in the NBDL database.  The possibility 
of using the method for dynamically eliminating poor quality solutions is also discussed.

Lustick, L. S., and H. G. Williamson.  “Editing of Cinematographic Data.”  Proceedings of the 
International Society for Optical Engineering 291 (1981): 153-60.

This paper presents a method for plotting film coordinate data from cameras in such a way that 
macroscopic errors in the locations of the automatically tracked targets can be easily detected 
and corrected.  This function proved to be yet another example of improvement in the quality 
of NBDL’s photographic data.

Lustick, L. S., and H. G. Williamson.  “Errors in Derived Kinematic Variables Determined 
from a Fixed Accelerometer Configuration.”  ISA Transactions 20 (1982): 35-47.

This paper presents the errors in derived linear and angular kinematic variables consistent with 
the 3-2-1 accelerometer array used for acceleration experiments at NBDL.  Accelerometer 
sensitivity, linearity, and orientation related errors are explained.  The statistics of the errors are 
derived from repetitive calibrations of the transducer packages and are consistent with the cal-
ibration techniques implemented by NBDL.  By extension, some “worst case” combinations 
of the standard deviation errors in sensitivity, linearity, and orientation are presented.  Finally, 
the performance of the 3-2-1 configuration is compared with the least squares solution using 
three triaxial accelerometers.

Lustick, L. S., H. G. Williamson, M. R. Seemann, and J. M. Bartholomew.  “Problems of 
Measurement in Human Analog Research.”  NBDL-82R012, Naval Biodynamics 
Laboratory, New Orleans, May 1982.
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This paper discusses some of the types of problems observed in the measurement of three-di-
mensional dynamic response of human volunteers to short duration (250 millisecond) ac-
celeration profiles.  Potential errors in the sensor and photography systems are discussed, as 
are measures to limit them.  The authors note that use of a three triad (nine-accelerometer) 
transducer configuration can be more stable than the six-accelerometer 3-2-1 configuration in 
use at NBDL.  Further, the three triad configuration also possesses some statistical advantages.  
Even so, the authors point out that the configurations are so close in accuracy that if the 3-2-1 
setup is deemed unreliable, then the nine-accelerometer platform would be as well.

Majewski, P. L., T. J. Borgman, D. J. Thomas, and C. L. Ewing.  “Transient Intraventricular 
Conduction Defects Observed During Experimental Impact in Human Subjects.”  
AGARD Conference Proceedings No. 253:  Models and Analogues for the Evaluation of 
Human Biodynamic Response, Performance and Protection A-6: 1-11.  London:  Tech-
nical Editing and Reproduction Ltd., June 1979.

This paper presents results on electrocardiographic readings taken in 923 of 1,282 human 
impact exposures at the lab since 1974.  Particular focus is directed toward the four individual 
cases when transient intraventricular conduction disturbances were observed.  The authors 
profiled the experimental methodology, data acquisition, and clinical evaluations in use at the 
lab.  In the end, they note that the cause of the intraventricular conduction issues remained un-
known since the volunteer subjects had normal cardiovascular system function prior to impact, 
and no evidence of permanent changes were noticed.  An increase in right ventricular chamber 
pressure coinciding with the acceleration stroke was sighted as a possible cause but would not 
explain left ventricular conduction abnormalities nor changes suggestive of myocardial contu-
sion.  Another postulation was that the disturbances could have been related to the direction 
of the impact exposure.  Despite the small number of cases, the authors did note that three of 
the four conduction defects were observed in a series of 194 –Gx runs.  Only one was noticed 
in the course of 729 +Gy exposures.

Matson, D. L.  “Impact Injury and Evoked Potentials:  I - Somatosensory Evoked Potentials in 
Humans.”  NBDL-86R003, Naval Biodynamics Laboratory, New Orleans, January 
1986.

This report discusses two early experiments with somatosensory evoked potential (SEP) read-
ings conducted at NBDL using human subjects.  The first experimental trial was conducted 
to show that heart rate increases would not confound SEP readings.  The second experiment, 
which involved –Gx impact acceleration exposures, showed that runs up to 10 G did not com-
prise the thalamocortical tract in humans, thus implying that the force was not great enough 
to disrupt the function of the central nervous system.

———.  “Impact Injury and Evoked Potentials:  II - Somatosensory Evoked Potentials in 
Rhesus Monkeys.”  NBDL-89R002, Naval Biodynamics Laboratory, New Orleans, 
1990.
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The purpose of this study was to determine the validity of using anesthetized animals to re-
cord short-latency somatosensory evoked potentials (SEPs) for impact research.  The SEPs 
of anesthetized and unanesthetized animals during –Gx acceleration were compared.  Adult 
male rhesus macaques, seated on a sled and restrained (except for the head and neck), were 
accelerated at peak sled accelerations ranging from 95.5 to 870 m/sec².  Somatosensory stimuli 
were delivered prior to, during, and after impact.  Amplified SEP activity was telemetered and 
recorded on magnetic tape.  The raw SEP data was digitized and analyzed off-line.  Results for 
short-latency SEPs from anesthetized animals were consistent with SEPs from unanesthetized 
animals, showing a threshold for transitory changes in cervical SEP latencies in macaques at 
peak –Gx sled accelerations around 550 m/sec².  This threshold is below the threshold for 
single impact –Gx neuropathological injury in macaques (700 m/sec²) and suggests a role for 
anesthetized animals in establishing injury criteria for humans.

———.   “Human Short-Latency Somatosensory Evoked Potentials in Impact Acceleration 
Research:  Equipment, Procedures and Techniques.”  NBDL-89R001, Naval Biody-
namics Laboratory, New Orleans, October 1990.

This report summarizes the techniques and equipment developed for neurophysiological mon-
itoring of impact acceleration runs and offers some possible directions for future research.  
Matson discusses the electrode recording sites, EEG electrode harness, EEG recording system, 
and control room prepared for neurophysiological monitoring at NBDL.  In the same vein, 
consideration is given to the percutaneous stimulus input and the signal averaging process.  
Importantly, Matson’s remarks include suggestions to improve the quality of the SEP mea-
surements.  In order to reduce the disparity between averaged SEPs from rhesus macaques 
and those from human volunteers, Matson recommended that improvements be made to the 
digital filtering system.  He also notes that adding more EEG channels would enable NBDL to 
use a spatiotemporal mapping approach to detect transient disruptions in the nervous system 
with more sensitivity.

Matson, D. L., and M. S. Weiss.  “Evoked Potential Analysis of Impact Acceleration Experi-
ments.”  AGARD Conference Proceedings No. 432:  Electric and Magnetic Activity of the 
Central Nervous System:  Research and Clinical Applications in Aerospace Medicine 28: 
1-13.  Essex, UK:  Specialized Printer Services Limited, February 1988.

This paper discusses the use of somatosensory evoked potentials (SEPs) as a tool to detect 
transient injury in the central nervous system of rhesus macaques subjected to –Gx impact ac-
celeration.  The authors report on experiments with adult male macaques exposed to peak sled 
acceleration levels between 95.5 m/sec² to 1,039.6 m/sec².  SEP readings were taken prior to, 
during, and after the runs.  From analysis of the SEP data, the authors found reason to believe 
that a threshold for nervous system disruption in rhesus macaques existed at peak –Gx sled 
acceleration levels around 550 m/sec².  This value was significantly under the –Gx threshold 
required to observe neuropathological trauma in macaques (800 m/sec²).  This fact suggested 
that SEP readings could be used as a pre-index to injurious acceleration levels.
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Mawn, S. V., J. J. Lambert, and J. L. Catyb.  “The Relationship Between Head and Neck An-
thropometry and Kinematic Response During Impact Acceleration.”  Aviation, Space, 
and Environmental Medicine 63, no. 1 (January 1992): 32-36.

To investigate the relation between head and neck anthropometry of individuals and linear 
acceleration of the head, tests involving fifteen human volunteer subjects were selected.  An-
thropometric variables, principally different combinations of neck length and circumference, 
were reviewed across runs with identical sled and vector acceleration profiles.  The authors 
found that longer, thin necks generally allowed for a greater peak linear acceleration level along 
the X axis than short, broader necks.  Similar findings were observed in regard to the Z axis 
where short, stocky necks correlated to lower peak acceleration levels.  The correlation of neck 
stockiness to reduced peak acceleration was not as pronounced in the Y axis.  The authors also 
touch on the effects of head mass ratio on dynamic response.  In –Gx run data examined, it was 
found that smaller head mass translated to greater downward acceleration of the head.

Morrison, T. R., S. C. Webb, and R. M. Wildzunas.  “The Effects of Fatigue on 41-Ft Utility 
Boat Crewmembers.”  NBDL-90R012, Naval Biodynamics Laboratory, New Orle-
ans, May 1991.

This report contains findings from study of the effects of fatigue on twenty U.S. Coast Guard 
crew members of a 41-foot utility boat.  Following baseline testing, four-man crews were seat-
ed in the below deck cabin every two hours during sixteen-hour simulated missions in both 
calm and rough seas.  During the testing period, a number of performance tests were admin-
istered including tracking, four-choice reaction, addition, memory and search, and manual 
assembly tasks.  Subjective mood and motion sickness questionnaires were also completed.  
Subsequent analysis of the collected data showed that fatigue and motion associated with the 
below deck cabin environment increased the average amount of time that it took individuals 
to complete tasks.  Increases in motion sickness severity were also observed over time and in 
rough seas.  Overall, the findings supported the USCG policy to limit cumulative crew un-
derway time during a twenty-four-hour period to ten hours for 0-4 foot seas and eight hours 
for 4-8 foot seas.

Morrison, T. R., T. G. Dobie, G. C. Willems, S. C. Webb, and J. L. Endler.  “Ship Roll Stabili-
zation and Human Performance.”  NBDL-90R007, Naval Biodynamics Laboratory, 
New Orleans, January 1991.

The purpose of this study was to assess possible performance enhancements due to roll stabili-
zation.  Psychomotor performance was assessed under no motion, roll stabilized, and non-roll 
stabilized motion conditions in the NBDL ship motion simulator using twelve human re-
search volunteers.  For comparison, real world at sea motion conditions were recorded aboard 
an FFG-7 class frigate outfitted with five roll stabilizers.  Using performance tests and ques-
tionnaires, it was found that subject performance was not affected by roll stabilized motion 
compared to non-roll stabilized motion.  Subjects accurately judged the non-roll stabilized 
motion condition to be greater than the roll stabilized condition but reported no differences in 
motion sickness caused by the two conditions.
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Mugnier, Clifford J.  “Assessment and Evaluation of the Naval Biodynamics Laboratory X-Ray 
Anthropometry System.”  NBDL-93R006, Naval Biodynamics Laboratory, New Or-
leans, December 1993.

This report appraises the accuracy and functionality of the x-ray anthropometry system used by 
NBDL and provides recommendations for potential improvements.  With software composed 
primarily of a series of FORTRAN programs that were developed gradually over the years, the 
assessment praised the implementation of a number of complex analytical photogrammetry 
packages and subsystems to provide a reliable computational mechanism with the capability 
to compute the geometric values with precision.  Recommendations included adding extra 
BB’s to x-ray plate carriers to enhance the ability to compensate for any film shrinkage that 
might result from high development temperatures.  In addition, Mugnier also suggested that 
NBDL purchase and utilize a Back-Lit X-Y digitizer for all x-ray anthropometric applications 
with an accuracy of ±0.001 inches.  This equipment would allow NBDL to digitize the x-rays 
themselves rather than paper tracings produced with a plotter.

Muzzy, W. H. III.  “Ship Motion Generator Upgrade Study.”  NBDL-83R012, Naval Biody-
namics Laboratory, New Orleans, 1983.

This study describes modifications made to the ship motion generator after it was moved from 
Human Factors Research, Inc. in Santa Barbara, CA, and reinstalled at NBDL.  A new heave 
drive piston and casing was installed that reduced system whip and decreased buffer decelera-
tion from 6.5 G to 2 G.  The piston still allowed the motion generator to maintain its original 
head stroke displacement of ±11 feet and retain the 17 ft/sec maximum velocity with a 2:1 
safety factor.  The ship motion generator tower was also increased by nine feet.  In addition to 
discussion of upgrades, this source is also valuable because it provides a technical discussion of 
the device’s design and capabilities.

Muzzy, W. H. III, and L. S. Lustick.  “Comparison of Kinematic Parameters Between Hybrid 
II Head and Neck System with Human Volunteers for –Gx Acceleration Profiles.”  
In Proceedings of the Twentieth Stapp Car Crash Conference, 43-74.  Warrendale, PA:  
Society of Automotive Engineers, 1976.

This paper addresses the results of a study to assess the biofidelity of the Hybrid II head and 
neck system by comparison to data derived from –Gx impact exposures with living human vol-
unteers at 6, 10, and 15 G.  The authors found substantial differences in dynamic response out-
put between the Hybrid II and the human volunteers.  The most evident difference observed 
was a large negative angular acceleration spike that occurs in the dummy but is significantly 
attenuated in human volunteers.  This spike resulted in a much smaller peak head angle value 
in the Hybrid II.  In 6 G runs the Hybrid II registered higher peak horizontal acceleration 
values at T1 than found in human volunteers.  This problem diminished at higher G levels, 
which the authors attributed to the stiff chest of the Hybrid II closely replicating human chest 
characteristics at high rates of onset.
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Muzzy, W. H. III, and A. M. Prell.  “Targets for Three-Dimensional (3-D) Tracking of Human 
Impact Test Subjects.”  Proceedings of the International Society for Optical Engineering 
291 (1981): 106-9.

This paper discusses the photo-targets developed and utilized at NBDL.  Key points focus on 
the purpose, construction, and location of the targets.  As the authors explain, the targets had 
to be capable of being tracked during an experiment by at least two cameras to obtain three-di-
mensional displacement and orientation information.  Since the photo-targets were tracked 
and digitized by a computerized system, attention had to be paid to select a pattern and paint 
scheme that would maximize recognition and minimize crossover confusion.

Muzzy, W. H. III, A. M. Prell, and P. B. Shimp.  “Camera and Site Calibration for Three 
Dimensional (3D) Target Acquisition.”  Proceedings of the International Society for 
Optical Engineering 291 (1981): 161-69.

This paper describes procedures and equipment used for camera calibration, discusses prob-
lems, and compares surveying methods utilized over the years at NBDL to locate and de-
termine camera orientation.  Three camera site/orientation methods of calibration (optical 
rectangle, the nineball method, and the theodolite method) are compared in view of their 
advantages and disadvantages.  This paper serves as a primary resource documenting the evo-
lution of NBDL’s cinematography system over a number of years.

Muzzy, W. H. III, M. R. Seemann, G. C. Willems, L. S. Lustick, and A. C. Bittner, Jr.  “The 
Effects of Mass Distribution Parameters on Head/Neck Dynamic Response.”  In Pro-
ceedings of the Thirtieth Stapp Car Crash Conference, 167-83.  Warrendale, PA:  Society 
of Automotive Engineers, 1986.

This paper discusses results from experiments to investigate the effect of mass distribution 
variations on the dynamic response of the head and neck.  Kinematic responses were measured 
on human volunteer subjects in three conditions:  no mass addition; with a helmet equipped 
with weights; and with the helmet and added weights symmetrically located with response to 
the mid-sagittal plane of the head.  The total mass addition to the head with the weights was 
roughly 30 percent.  Analysis revealed that mass distribution changes resulted in increased 
head angular travel, as well as increased torques and forces upon the neck.

Muzzy, W. H. III, and A. M. Prell.  “Photo Reference Target Array Scheme.”  NBDL-89R004, 
Naval Biodynamics Laboratory, New Orleans, May 1989.

This is a technical note published to document the numbering and pattern conventions used 
by NBDL for reference photo-target arrays.  The reference photo-target location and orienta-
tion was used to identify displacement within a given coordinate system.  One- to five-sided 
photo-targets were employed depending on the specific application and placement.  Photo-tar-
gets were colored in checkered black-and-white patterns.  Theodolites were used to locate the 
position of each target corner, which provided for calculation of each target’s center even when 
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the full target surface was not entirely visible.  The technical note also includes discussion of 
designation of photo-target sides, corners, and centers.

Myklebust, J. B., T. A. Sances, Jr., D. J. Maiman, F. Pintar, M. Chilbert, W. Rauschning, S. J. 
Larson, J. F. Cusick, C. L. Ewing, and D. J. Thomas.  “Experimental Spinal Trauma 
Studies in the Human and Monkey Cadaver.”  In Proceedings of the Twenty-Seventh 
Stapp Car Crash Conference, 149-60.  Warrendale, PA:  Society of Automotive Engi-
neers, 1983.

This paper reports on findings from comparative evaluation of the thoracolumbar region of 
human cadaver and monkey spines.  Compression studies were conducted on the ligamentous 
thoracolumbar spines of fresh human male cadavers by applying force to the posterior upper 
thoracic area of the spine.  Since thoracolumbar flexion injury routinely involves ligament 
failure and vertebral body wedge compression fractures, studies were conducted on single ver-
tebral bodies and isolated ligaments.  For comparison, similar experiments were conducted in 
isolated monkey ligaments.  The authors found that the intact and ligamentous thoracolum-
bar spines failed predominantly in the region of the thoracolumbar junction at forces from 
1,113-5,110 N.  For both the human and monkey cadavers, the anterior longitudinal ligament 
proved the strongest.  Notably, the human ligaments were two to five times stronger than those 
of the monkey.

Ommaya, Ayub K., Arthur E. Hirsch, and John L. Martinez.  “The Role of Whiplash in Ce-
rebral Concussion.”  In Proceedings of the Tenth Stapp Car Crash Conference, 314-24.  
Alamogordo, NM:  Society of Automotive Engineers, 1967.

This paper draws a correlation between potential injury mechanisms associated with whiplash 
and cerebral concussion resulting from indirect impact.  Building upon the earlier work of R. 
L. Friede, the authors present research from impact experiments with rhesus macaques that 
show that use of a neck collar designed to restrict the flexion of the head and neck during im-
pact raises the threshold for experimental cerebral concussion.  From additional impact expo-
sures, the authors also noticed that experimentally induced whiplash (without direct impact) 
can produce disruptions in neural response to external stimuli.  The article suggests that mul-
tiple injury mechanisms, including rotational acceleration of the head, neck hyperextension/
flexion, and intracranial pressure gradients, all contribute to cerebral concussion incidence.

Ommaya, A. K., and P. Corrao.  “Pathologic Biomechanics of Central-Nervous-System Injury 
in Head Impact and Whiplash Trauma.”  In Proceedings of the International Confer-
ence on Accident Pathology, edited by K. M. Brinkhous.  Washington, D.C.:  U.S. 
Government Printing Office, 1970.

This article provides an extensive literature review and theoretical discussion behind the pathol-
ogy of neurophysiological injuries associated with indirect head impact.  A detailed discussion 
is included of the criteria for cerebral concussion and whiplash-related trauma.  Importantly, 
the article contains comments from F. J. Unterharnscheidt which articulate his thoughts that 
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translational and rotational acceleration can be traced to specific lesion patterns and that fur-
ther histological studies should be conducted to link lesions characteristics to the axis of impact.

Ommaya, A. K., and T. A. Gennarelli.  “Cerebral Concussion and Traumatic Unconscious-
ness:  Correlations of Experimental and Clinical Observations on Blunt Head Inju-
ries.”  Brain 97 (1974): 633-54.

In this article the authors present a new hypothesis to help explain cerebral concussion based 
on observations from a series of experiments with squirrel monkeys and rhesus macaques.  
The hypothesis is that a graded set of clinical syndromes following head injury (based on the 
severity of disruptions in consciousness) are caused by mechanically induced strains affecting 
the brain in a centripetal sequence of disruptive effect on function and structure.  The effects 
of this sequence always begin at the surfaces of the brain in mild cases and extend inwards to 
affect the diencephalic-mesencephalic core at the most severe levels of trauma.  Importantly, 
the authors argue that rotational acceleration produces a graded centripetal progression of 
diffuse cortical-subcortical disconnection phenomena, while translational acceleration is only 
significant in causing focal injuries.  This article is important for two reasons.  First, it served as 
a major contribution to the body of literature regarding the pathomorphology of head injuries 
from impact acceleration, which Unterharnscheidt engaged with in his work at NBDL.  Sec-
ond, the article provides insight into the research of Thomas Gennarelli prior to his subsequent 
collaboration with researchers from NBDL.

Patrick, L. M., D. J. Von Kirk, and G. W. Nyquist.  “Vehicle Accelerator Crash Simulator.”  In 
Proceedings of the Twelfth Stapp Car Crash Conference, 402-23.  New York:  Society of 
Automotive Engineers, 1968.

This article provides a description of the second Wayne State University Horizontal Accelera-
tor Mechanism (WHAM II).  Accelerations and decelerations up to 60 G, velocities up to 60 
mph, rates of onset of 200-2,000 g/sec, acceleration differences up to 10 feet, and deceleration 
distances up to 6 feet were attainable on the WHAM II.  Importantly, the article also provides 
a detailed discussion of the device’s built-in safety features.  This linear accelerator was used in 
the joint Army-Navy project at Wayne State University headed by Channing Ewing.

Pittman, M., and C. Mugnier, GPA Associates.  “Photogrammetric Tasks for +Z Vertical Add-
ed Mass Experiments.”  NBDL-93R005, Naval Biodynamics Laboratory, New Orle-
ans, December 1993.

This report provides an evaluation of the x-ray anthropometry system at NBDL.  A new method 
is proposed to analyze the x-rays using a powerful photogrammetric technique and a new Altek 
digitizing tablet.  The anthropometry system pre-processing program (PREP) was rewritten to 
accommodate input from the new tablet.  Evaluation of x-ray procedures and quality led the au-
thors to recommend that a Lucite posing chair be constructed for human research volunteers to 
be strapped into for x-ray.  This chair could be rotated to accommodate different x-ray position 
exposures and eliminate errors sometimes caused by the motion of moving the volunteer freely.



247A History of the Naval Biodynamics Laboratory

Annotated Bibliography

Pollack, J. G.  “Motion Comparison Between a SWATH and a Monohull.”  NBDL-85R001, 
Naval Biodynamics Laboratory, New Orleans, February 1985.

This report contains findings from a comparative study of the seakeeping capabilities of a 64-
foot SWATH and a 65-foot monohull carried out by NBDL personnel over a two-day period 
at the mouth of the Columbia River, in Astoria, Oregon.  The trials measured the hull motions 
of both vessels during approximately identical sea conditions.  The sea conditions were selected 
that were similar to the maximum in which the vessels would normally be expected to conduct 
hydrographic surveying missions.  Measurements of pitch, roll, and vertical and transverse 
acceleration of the hydrographic crew’s work station were collected on each vessel.  The trials 
indicated that the SWATH hull provided a significantly more stable platform for conducting 
hydrographic surveying missions from a human factors perspective.  Compared to the counter-
parts on the monohull, SWATH crew members exhibited a lower incidence of motion sickness 
and better performance response time.

Saltzberg, B., W. D. Burton, Jr., N. R. Burch, C. L. Ewing, D. J. Thomas, M. S. Weiss, M. D. 
Berger, T. A. Sances, Jr., P. R. Walsh, J. B. Myklebust, S. J. Larson, and M. E. Jessop, 
Jr.  “Evoked Potential Studies of Central Nervous System Injury Due to Impact Ac-
celeration.”  AGARD Conference Proceedings No. 322 - Impact Injury Caused by Linear 
Acceleration:  Mechanisms, Prevention and Cost 16: 1-11.  London:  Technical Editing 
and Reproduction, October 1982.

This paper discusses measurements of afferent neural transmission in the rhesus macaque based 
on latency and amplitude variations in somatosensory evoked potential readings taken during 
impact acceleration exposures carried out at NBDL.  The experiments exposed four macaques 
to lateral (Gy) impacts at 10, 30, 70, and 90 G.  Only data from the 30, 70, and 90 G runs 
are presented in this paper because the 10 G runs did not register any significant post-impact 
SEP changes.  The authors found that the collected data showed that neural activity from the 
spinal cord to the sensory-motor cortex was not only subject to severe alteration at high ac-
celeration levels, but the alterations were more pronounced along the right pathway than the 
left pathway.

Saltzberg, B., W. D. Burton, Jr., M. S. Weiss, M. D. Berger, C. L. Ewing, D. J. Thomas, M. E. 
Jessop, Jr., T. A. Sances, Jr., S. J. Larson, P. R. Walsh, and J. B. Myklebust.  “Dynamic 
Tracking on Evoked Potential Changes in Studies of Central Nervous System Injury 
Due to Impact Acceleration.”  In Impact Injury of the Head and Spine, edited by C. 
L. Ewing, D. J. Thomas, T. A. Sances, Jr., and S. J. Larson, 310-23.  Springfield, Ill.:  
Charles C. Thomas, 1983.

This chapter reports on findings from analysis of somatosensory evoked potential measure-
ments recorded from rhesus macaques during –Gx impact acceleration exposures at NBDL.  
The authors found that brief transient latency disruptions occurred during impact runs at 80 
and 100 G.  Amplitude data, however, was not found to be reliable enough to correlate it with 
impact acceleration levels.  Beyond the reported findings, this chapter serves as an important 
source of information on the experimental methodology developed by NBDL and the Medical 
College of Wisconsin for use in impact acceleration run monitoring.  Particularly useful sec-
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tions contain discussion of programs used to analyze averaged evoked potential data.

Sances, A., Jr., D. J. Thomas, C. L. Ewing, S. J. Larson, and F. J. Unterharnscheidt.  Mecha-
nisms of the Head and Spine.  Goshen, NY:  Aloray Publishers, 1986.

This twenty-four-chapter edited volume put together by researchers from NBDL and the Med-
ical College of Wisconsin builds upon the work published in a similar type of volume three 
years earlier.  This volume contains works addressing properties of the head and spine, biome-
chanical and injury tolerance, neurophysiology, and mathematical modeling.  The collection 
of essays is one of NBDL’s major contributions to the field of biodynamics research and a key 
reference work.

Sances, T. A., Jr., R. Weber, J. B. Myklebust, J. F. Cusick, S. J. Larson, P. R. Walsh, T. Chris-
toffel, C. Houterman, C. L. Ewing, D. J. Thomas, and B. Saltzberg.  “The Evoked 
Potential:  An Experimental Method for Biomechanical Analysis of Brain and Spinal 
Injury.”  In Proceedings of the Twenty-Fourth Stapp Car Crash Conference, 63-100.  
Warrendale, PA:  Society of Automotive Engineers, 1980.

This study reports on experiments with rhesus macaques carried out in collaboration between 
the Medical College of Wisconsin and NBDL.  In these experiments, axial forces were applied 
between the shoulders and the skull of eight male rhesus macaques.  Forces ranging from 
556-1,444 N produced noticeable changes in blood pressure, heart rate, and flexion of the 
cervical spinal column.  Somatosensory evoked potentials (SEPs) were recorded at the cortical 
and thalamic areas of the cerebrum.  Following dorsal column or peripheral nerve stimulation, 
alterations in the SEP readings were observed before or during changes in heart rate or blood 
pressure.  Similar findings were observed in the efferent responses recorded from electrodes 
placed on the thoracic spinal cord following stimulation of the sensorimotor cortex.

Sances, T. A., Jr., J. B. Myklebust, J. F. Cusick, R. Weber, C. Houterman, S. J. Larson, P. R. 
Walsh, M. Chilbert, T. Prieto, B. Saltzberg, M. Zyvolski, D. J. Thomas, and C. L. 
Ewing.  “Experimental Studies of Brain and Neck Injury.”  In Proceedings of the Twen-
ty-Fifth Stapp Car Crash Conference, 149-94.  Warrendale, PA:  Society of Automotive 
Engineers, 1981.

In this study, static and dynamic axial tension loads were applied to the intact and isolated 
cervical column of the monkey and human cadaver.  Radioactive microspheres were used 
to evaluate brain and spinal cord perfusion in the monkey.  To determine neural pathway 
damage, somatosensory evoked potentials were recorded with simulation of the spinal cord, 
in spinal cord with stimulation of sensorimotor cortex, and in spinal cord with stimulation of 
cauda equine.  The evoked potential amplitude decreased prior to heart rate and blood pres-
sure changes, presumably due to brainstem distention.  The preliminary studies show: (1) the 
brain and spinal cord were well perfused as measured with the microspheres when the evoked 
potentials decreased, (2) the cervical isolated cadaveric monkey spinal column ligaments failed 
statically at approximately one-half to one-third the force required for dynamic disruption, (3) 
in the intact monkey, the cervical ligaments failed statically at approximately one-half the dy-
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namic failure force, and (4) the isolated human cervical ligaments failed at loads approximately 
three times those observed in the isolated monkey cervical column.

Sances, T. A., Jr., J. B. Myklebust, C. Houterman, R. Weber, J. Lepkowski, J. F. Cusick, S. J. 
Larson, C. L. Ewing, D. J. Thomas, M. S. Weiss, M. D. Berger, M. E. Jessop, Jr., and 
B. Saltzberg.  “Head and Spine Injuries.”  AGARD Conference Proceedings No. 322 
- Impact Injury Caused by Linear Acceleration:  Mechanisms, Prevention and Cost 13: 
134.  London:  Technical Editing and Reproduction Ltd., 1982.

Neurophysiologic and biomechanical methods were used to evaluate axial tension applied to 
the cervical spinal cord and brain during impact or inertial loading.  Because axial forces are 
often implicated in military accidents, these studies were designed to evaluate physiologic 
changes in the brain and spinal cord with cervical axial tension applied to the rhesus (Macaca 
mulatta) monkey.  Both slowly applied (0.1 to 1 cm/s) and rapidly applied loads (greater than 
100 cm/s) were studied in the isolated fresh cadaveric cervical column of the monkey and in 
the intact living and dead monkey.  Similar investigations were conducted on fresh human 
cadaveric skulls and cervical spinal columns and in the fresh human cadaveric torso.  Both axial 
tension and compression were applied to the human preparations.  Thoraco-lumbar sections 
were also tested for failure in compression.  Helmet studies were conducted to determine the 
effects with axial loading.  A mathematical model was developed using a lumped parameter 
torso, head, and helmet capable of simulating displacement and time dependent applied loads.  
The model was compared with photographically studied football injuries for validation.

Sances, T. A., Jr., J. B. Myklebust, D. Kostreva, J. F. Cusick, R. Weber, C. Houterman, S. J. 
Larson, D. J. Maiman, P. R. Walsh, M. Chilbert, F. J. Unterharnscheidt, C. L. Ewing, 
D. J. Thomas, K. Seigesmund, K. Ho, and B. Saltzberg.  “Pathophysiology of Cer-
vical Injuries.”  In Proceedings of the Twenty-Sixth Stapp Car Crash Conference, 41-70.  
Warrendale, PA:  Society of Automotive Engineers, 1982.

Male rhesus macaques were studied with slow application of axial forces to the vertebral col-
umn with forces that produced an approximate 50 percent reduction in the afferent or efferent 
evoked potential amplitude.  Autoradiographic studies with 14C deoxyglucose demonstrated a 
marked reduction in metabolic activity at the cervical-medullary junction and cervical spinal 
column, while other levels of the spinal column were essentially normal.  Examination of the 
neural tissue with light microscopy was unremarkable.  However, in a seven-day survival ma-
caque, damage was observed in the central gray nervous tissue at the cervical level.  Electron 
microscopy studies with similar force application demonstrated shrinkage of the axoplasm 
and disruption of the myelin lamellae in the upper and lower cervical region, while brain and 
thoracic spinal cord tissues were minimally altered.  These preliminary findings suggest that 
the greatest effects occur in the cervical regions with axial distension and that 14C deoxyglucose 
and electron microscopy may be valuable for the evaluation of early physiologic alterations 
following biomechanical trauma to the brain and spinal column.
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Schmidt, Allison L., Alexandra E. Austermann, Kimberly B. Vasquez, Barry S. Shender, and 
Valeta Carol Chancey.  “Establishing the Biodynamics Data Resource (BDR):  Hu-
man Volunteer Impact Acceleration Research Data in the BDR.”  USAARL Report 
No. 2010-1, Fort Rucker, AL:  U.S. Army Aeromedical Research Laboratory, 2010.

This report provides a general overview of the history and objectives of NBDL, as well as a 
thorough profile of the data collected from human impact exposures at the lab.  Particular fo-
cus is given to the experimental methodology, equipment, processing, and physical disposition 
of the data.  The report also discusses the establishment of the Biodynamics Data Resource and 
the ongoing effort to make data from NBDL available to modern researchers.

Schneider, L. W., B. M. Bowman, R. E. Snyder, and L. S. Peck.  “A Prediction of Response of 
the Head and Neck of the U.S. Adult Military Population to Dynamic Impact Accel-
eration from Selected Dynamic Test Subjects.”  UM-HSRI-76-10, Highway Safety 
Research Institute, University of Michigan, Ann Arbor, MI, 1976.

This study reports on research carried out to try to determine the extent to which data on the 
dynamic response of young military enlisted men recorded by NBDL may be representative for 
the head-neck characteristics of the broader general adult population (from eighteen to seven-
ty-five years of age) of the United States.  In order to compare responses, the authors created a 
two-dimensional simulation model using the NBDL dataset of human runs from 6 to 15 G.  
Subsequently, simulations for eighteen- to twenty-four-year-old females at 6 G and 15 G were 
made using data obtained from the Highway Safety Research Institute (HSRI).  Comparison 
of the results from the NBDL male data and the HSRI female data showed substantial congru-
ence.  The main difference was that the females showed an increase in the maximum flexion 
angle of the head by approximately 40 and 25 percent at 6 G and 15 G, respectively.

Schulman, Marvin, George T. Critz, Francis M. Highly, and Edwin Hendler.  “Determination 
of Human Tolerance to Negative Impact Acceleration.”  NAEC-ACEL-510, Naval 
Air Engineering Center, Aerospace Crew Equipment Laboratory, Philadelphia, PA, 
1963.

This report presents results from a research effort carried out at the Air Crew Equipment 
Laboratory to study human tolerance to short-duration –Gz acceleration in conjunction with 
NASA’s Apollo project.  Five human volunteers, placed in the supine position on a linear accel-
erator, served as test subjects.  Measurements were obtained from sled-mounted accelerometers 
and high-speed camera coverage.  Subjects reached acceleration exposures up to 14.5 G with 
a velocity change of 20.6 ft/sec but stopped before ever reaching a tolerance limit.  This study 
served as an important point of reference for subsequent research at NBDL, particularly in re-
gard to simulation of Gz motion by positioning subjects in the supine position on a horizontal 
accelerator.

Seales, D. M., A. C. Bittner, Jr., M. S. Weiss, and S. N. Morrill.  “Short-Latency” Somatosen-
sory Evoked Potentials During Experimentally Induced Biodynamic Stress in Hu-
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mans.”  NBDL-85R002, Naval Biodynamics Laboratory, New Orleans, December 
1985.

In this study, averaged somatosensory evoked potentials (SEPs) were used to monitor the struc-
tural and functional integrity of human nervous system pathways before and after experimen-
tally controlled exposures to impact acceleration. SEPs were obtained from five human research 
volunteers using recording electrodes placed on the scalp and neck and over Erb’s point.  The 
median nerve of the left arm was stimulated percutaneously at the wrist with 5 (0.2 millisecond 
duration) rectangular pulses per second.  Telemetered electrophysiological data was stored on 
magnetic tape and subsequently analyzed.  Results from impact acceleration exposures up to 
150 m/sec² revealed no clinically significant disruptions of central nervous system function.

Seemann, M. R.  “Error in CALSPAN® 3-Dimensional Crash Vehicle Simulation Computer 
Program for the Case of Massless Segments.”  NBDL-83R013, Naval Biodynamics 
Laboratory, New Orleans, December 1983.

This report describes significant errors that NBDL personnel found in the “3-Dimensional 
Crash Vehicle Simulation” computer program designed by Calspan.  The errors resulted in 
situations where the biodynamic response of particular anatomical segments was simulated 
without inclusion of information on the mass of the segment.  NBDL published this report to 
detail the significance of the errors and to make other users aware of the program’s problems.

———.  “Implementation of the Marjorization Program for Computing Optimum Com-
bined Kinematic Variables on the HP9000/835.”  NBDL-95R002, Naval Biody-
namics Laboratory, New Orleans, April 1995.

This report describes the operating procedures for the “Marjorization” computer program de-
signed by Marjorie Seemann at NBDL for use with the Hewlett Packard Model 9000/835 
computer.  The algorithmic program was developed to determine the most likely corrections 
to accelerometer direction cosines and sensitivities and to initial Euler angles.  In the event that 
errors existed, these corrections would be required to bring accelerometer-derived data into 
agreement with corresponding photographic data.  The key underlying assumption on which 
the Marjorization program was situated was that photographic data derived from NBDL’s 
EZFLOW data analysis system was the best source for displacement variables, while acceler-
ometer-derived data was the best source for acceleration variables.

Seemann, M. R., and L. S. Lustick.  “Combination of Accelerometer and Photographical-
ly Derived Kinematic Variables Defining Three-Dimensional Rigid Body Motion.”  
Proceedings of the International Society for Optical Engineering 291 (1981): 133-40.

This paper describes procedures developed by NBDL to measure the dynamic response of 
critical segments of the human anatomy to acceleration.  A configuration of accelerometers 
and photographic targets were mounted on a T-plate that was fixed to the anatomical segment 
to be measured.  The kinematic variables defining the linear displacement and angular orien-
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tation of the rigid body were derived independently from the accelerometer and photographic 
measurements. The procedure for combining the results from both sets of measurements into 
one consistent set of derived variables from acceleration to displacement was applicable to 
non-contiguous photo-derived variables.  The method was ideal because it utilized the high 
frequency resolution capabilities of the accelerometer system while also limiting low frequency 
errors.

Seemann, M. R., L. S. Lustick, and G. D. Frisch.  “Mechanisms of Control of Head and Neck 
Dynamic Response.”  In Proceedings of the Twenty-Eighth Stapp Car Crash Conference, 
207-22.  Warrendale, PA:  Society of Automotive Engineers, 1984.

This paper reports on the observation that human volunteers participating in impact accelera-
tion tests at NBDL could, and did, learn to control the severity of their exposures by bracing 
their head-neck joints in anticipation of sled firing.  The authors found that volunteers who 
had previously participated in +Gy and/or G-X+Y runs exhibited atypical dynamic responses in a 
subsequent series of –Gx runs.  After checking to ensure that this was not a widespread problem 
in previously collected data from the lab, NBDL used this information to develop a procedure 
so that volunteers would have a more difficult time familiarizing themselves with the timing 
of sled firing.

Seemann, M. R., W. H. Muzzy III, and L. S. Lustick.  “Comparison of Human and Hybrid III 
Head and Neck Dynamic Response.”  In Proceedings of the Thirtieth Stapp Car Crash 
Conference, 291-311.  Warrendale, PA:  Society of Automotive Engineers, 1986.

This paper presents findings from assessment of the biofidelity of the Hybrid III head-neck 
system through comparison to data from living human volunteers.  Importantly, the authors 
found the Hybrid III neck to be too stiff to replicate the biodynamic response of living humans 
to –Gx and +Gz impact.  On the other hand, the authors also admitted finding remarkably 
unexpected similarities in the human and Hybrid III head-neck response to +Gy and G-X+Y 
impact.  They also noted that the Hybrid III linkage model developed by General Motors, 
when modified slightly, worked reasonably well to simulate dynamic response of the Hybrid 
III head-neck to –Gx 10 and 15 G accelerations.  A recommended next step was to extend the 
Hybrid III math model to vector directions other than –Gx.

Smith, D. E., and W. R. Anderson.  “Predictive Model of Dynamic Response of the Human 
Head/Neck System to –Gx Impact Acceleration.”  Aviation, Space, and Environmental 
Medicine 49, no. 1, sect. II (January 1978): 224-33.

This article discusses a preliminary mathematical model developed based on motion present at 
T1 to predict human head response to impact.  Data for the model was taken from six human 
volunteer runs at NBDL.  The model was then evaluated against the responses of other volun-
teers under identical impact conditions.  Overall, the model performed well but only took into 
account the motion at T1.
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Snyder, R. G.  “Human Impact Tolerance – State of the Art.”  SAE Paper No. 700398, Society 
of Automotive Engineers, 1970.

This review of impact research discusses research problems that remained largely unaddressed 
around the time of NBDL’s founding.  Tolerance limits for sections of the population outside 
of young, healthy males remained largely unstudied.  Little was known about human response 
in off-axis and lateral impact vectors.  Furthermore, studies of human tolerance were often 
narrowly focused, ignoring the fact that the human body operates as a whole rather than in 
distinct segments.  The problems identified here are a major part of the body of research con-
ducted subsequently by NBDL.

Snyder, R. G., C. C. Snow, J. W. Young, W. M. Crosby, and G. T. Price.  “Pathology of Trau-
ma Attributed to Restraint Systems in Crash Impacts.”  Aerospace Medicine 39, no. 8 
(1968): 812–29.

This study assesses different types of injuries associated with the lap belt, three-point harness, 
single-diagonal belt, double-torso harness, an experimental double-torso inverted-Y yoke with 
inertia reel, and an airbag restraint system.  Sixty experiments were conducted for this purpose 
by the Civil Aeromedical Institute, using baboons on the Daisy Decelerator at Holloman Air 
Force Base.  Results from histologic post-run evaluations are presented, with particular atten-
tion paid to the distinctive trauma patterns caused by specific restraint systems.  This research 
effort served as an important point of reference for subsequent research carried out at NBDL.

Sonntag, R. W., Jr., W. A. Newsom, S. D. Leverett, Jr., and V. E. Kirkland.  “Use of Contoured 
Restraint Systems in Exposure of Large Primates to –150 Gx Impact.”  In Proceedings 
of the Twelfth Stapp Car Crash Conference, 201-6.  New York:  Society of Automotive 
Engineers, 1968.

This paper reports findings from exposures of adult anesthetized chimpanzees on a linear ac-
celerator.  Seated chimpanzees were restrained using straps and a contoured Ensolite mold to 
support the neck, torso, and arms.  Unlike the runs conducted by Stapp and, later, by NBDL, 
for each run a strap was used to hold the head of the chimpanzee firmly against a cushion.  
With the head and body restrained, two chimpanzees survived exposures to –Gx impacts of 
150 G with only minor injuries.  This research demonstrated the enormous protective poten-
tial of restraints.

Stapp, John P.  “Human Tolerance to Deceleration – Summary of 166 Runs.”  Journal of Avi-
ation Medicine 22, no. 1 (February 1951): 42-45, 85.

This article presents early findings from exposures of human volunteer subjects to high-G 
level sudden decelerations.  In a series of –Gx runs, human volunteers were exposed to impacts 
between 10 and 35 G with durations ranging from .42 through .11 seconds.  The maximum 
exposure reportedly reached 35.4 G with a duration of .16 seconds and a rate of onset at 1,200 
G per/sec.  Importantly, none of the runs resulted in any noticeably irreversible or persistent 
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injuries.  The implication of the research was that the limit of human tolerance to impact had 
been significantly underestimated.

———.   “Historical Review of Impact Injury and Protection Research.”  In Impact Injury of 
the Head and Spine, edited by C. L. Ewing, D. J. Thomas, A. Sances, Jr., and S. J. 
Larson, 540.  Springfield, Ill.:  Charles C. Thomas, 1983.

This expansive review focuses on the origins and growth of scientific research on the effects of 
mechanical force on living tissue carried out in German, American, and British laboratories 
dating back to the 1920s.  Diverse and interrelated projects focused on the biomechanics of 
blast, internal hydraulic pressure, impact, vibration, and head-neck injury pathology and mod-
eling are profiled.  As the first chapter in a volume edited by NBDL staff members, it serves as 
an exemplary introduction to the field at large.

Tabler, R. E.  “Nicolet Med-804® Programs in the Naval Biodynamics Laboratory Evoked 
Potential Series.”  Research Report No. NBDL-84R007, Naval Biodynamics Labora-
tory, New Orleans, August 1984.

This report provides a complete description of five computer programs developed and used 
at NBDL to record, analyze, and plot somatosensory evoked potential data with a Nico-
letMed-804® model computer.  Appendices include instructions for wiring the Med-804®, as 
well as flowcharts and printouts for all five programs.

Thomas, D. J.  “Specialized Anthropometry Requirements for Protective Equipment Evalu-
ation.”  AGARD Conference No. 110 on Current Status in Aerospace Medicine, edited 
by Walton L. Jones, C9: 1-8.  London:  Technical Editing and Reproduction Ltd., 
February 1973.

This paper describes a means to provide improvements in protective equipment through uti-
lization of anthropometric measurements.  Thomas notes that anthropometric data required 
to support equipment evaluation can be divided into three major categories:  population de-
scriptors, three-dimensional anatomical descriptors, and mass distribution parameters.  All 
three categories are defined and described.  Importantly, Thomas describes the standardized 
three-dimensional anatomical coordinate system for observations on the human head, as de-
veloped by the Naval Aerospace Medical Research Laboratory, Detachment (NAMRL-D) as 
a useful measure.  The coordinate system, Thomas explains, had been used to determine mass 
distribution parameters of the head and neck through an Office of Naval Research contract 
with Tulane University.

Thomas, D. J., and C. L. Ewing.  “Theoretical Mechanics for Expressing Impact Acceleration 
Response of Human Beings.”  AGARD Conference Proceedings No. 88 on Linear Accel-
eration of Impact Type 12: 1-7.  London:  Technical Editing and Reproduction Ltd., 
1971.
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This paper presents the theoretical requirements for expressing the kinematics of human im-
pact acceleration experimentation, as devised by Ewing and Thomas.  Two basic coordinate 
systems necessary for expression of the kinematic information are identified as: 1) the body 
reference frame, defined in terms of the experimental subject’s anatomy; and 2) the laboratory 
reference frame, selected by the experimenter as required for each experiment.  A general set of 
rules for deriving these coordinate systems is described, and necessary variables and parameters 
are defined in terms of the general set of rules.

Thomas, D. J., D. H. Robbins, R. H. Eppinger, A. I. King, and R. P. Hubbard.  “Guidelines 
for the Comparison of Human Analogue Biomechanical Data:  Report of the Guide-
lines Subcommittee.”  Second Annual International Workshop on Human Subjects for 
Biomechanical Research:  Committee Reports and Technical Session Papers, 21-38.  Ann 
Arbor:  Ad Hoc Committee, 1974.

This paper contains guidelines drafted by the Ad Hoc Committee on Guidelines for the Com-
parison of Human and Human Analogue Biomechanical Data.  A number of NBDL’s innova-
tions were added to the guidelines list for distribution to other biomechanics research institu-
tions.  The guidelines were: (1) use of a right-handed coordinate system; (2) establishment of a 
laboratory-fixed coordinate system; (3) use of an anatomically based subject coordinate system 
[preferably with application across species]; and (4) specification of the initial conditions for 
all four coordinate systems [laboratory, fixture, anatomical, and instrumentation].  The goal of 
these suggestions was to make it more possible to compare data collected at multiple different 
laboratories.

Thomas, D. J., D. H. Robbins, R. H. Eppinger, A. King, R. P. Hubbard, and H. M. Reynolds.  
“Guidelines for the Comparison of Human Analogue Biomechanical Data.” Third 
Annual International Workshop on Human Subjects for Biomechanical Research:  Com-
mittee Reports and Technical Discussions, 17-26.  San Diego, CA:  Ad Hoc Committee, 
1975.

This paper contains guidelines drafted by the Ad Hoc Committee on Guidelines for the Com-
parison of Human and Human Analogue Biomechanical Data.  A number of NBDL’s inno-
vations were added to the guidelines list for distribution to other biomechanics research insti-
tutions.  Building upon the guidelines issued the previous year, the committee recommended 
a sixth guideline:  establishment of a standard anatomical reference position to help define 
anatomical coordinate systems consistently.  Accordingly, the committee advocated use of a 
pelvic anatomical coordinate system, as devised and implemented at NBDL.

Thomas, D. J., P. L. Majewski, J. C. Guignard, and C. L. Ewing.  “Effects of Simulated Surface 
Effect Ship Motions on Crew Habitability – Phase II.  Volume 5:  Clinical Medical 
Effects on Volunteers.”  Technical Report No. 1070-5.  Bethesda, MD:  Department 
of the Navy, May 1977.
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This report discusses findings from a series of 2,000-ton surface effect ship (SES) motion sim-
ulation experiments carried out on the Office of Naval Research-owned ship motion simulator 
located at Human Factors Research, Inc. in Goleta, California, between July and September 
1975.  Nineteen human research volunteers participated in the experiments.  Test motion en-
vironments were selected to simulate conditions encountered by a 2,000-ton SES running at 
80 knots in sea state three, 60 knots in sea state four, and 40 knots in sea state five.  In pairs, 
the subjects were to be exposed to each of the three sea state conditions for forty-eight hours.  
During the simulations, the volunteers performed tasks representative of common shipboard 
activities.  As it turned out, sixteen of the nineteen volunteers aborted during the experiments 
because of vomiting or severe nausea.  The authors reported finding that in all sea state three 
simulations, the percentage of subjects who experienced vomiting was 22 percent.  In sea state 
four and five simulations, the percentage of subjects who experienced vomiting increased to 62 
percent and 73 percent, respectively.

Thomas, D. J., P. L. Majewski, C. L. Ewing, and N. Gilbert.  “Medical Qualification Proce-
dures for Hazardous-Duty Aeromedical Research.”  AGARD Conference Proceedings 
No. 231 on Prospective Medicine Opportunities in Aerospace Medicine, A3: 1-13.  Lon-
don:  Technical Editing and Reproduction Ltd., September 1978.

This paper discloses the procedures used to screen and qualify human research volunteers for 
service at NBDL, carefully profiling the multi-step, multi-disciplinary physical and mental 
medical evaluation process.  The paper notes that from a group of 1,227 prospective vol-
unteers, only 63 were qualified to participate as human research subjects, and of these, only 
44 successfully completed their full tours.  Detailed discussion of the different categories of 
volunteers is provided as well as information on specific recruitment efforts.  This paper is the 
primary resource for information on volunteer qualification at NBDL. 

Thomas, D. J., C. L. Ewing, P. L. Majewski, and N. S. Gilbert.  “Clinical Medical Effects of 
Head and Neck Response During Biodynamic Stress Experiments.”  AGARD Con-
ference Proceedings No. 267 – High-Speed, Low-Level Flight:  Aircrew Factors 15: 1-15.  
London:  Technical Editing and Reproduction Ltd., March 1980.

This paper reports on clinical evaluations of human research volunteers who participated in 
impact acceleration exposures in the –Gx, +Gy, and G-X+Y vectors dating back to 1974.  Major 
categories of symptoms resulting from impact exposures were designated as neck pain, head-
ache, restraint-related musculoskeletal conditions, and syncope.  The nature of the symptoms 
was sometimes related to the direction, peak acceleration level, and duration of the impact 
exposures.  At the time, the lab had conducted a total of 1,621 instrumented experiments with 
sixty-two human volunteers.  Symptoms occurred in 655 (40 percent) of these experiments.

Thomas, D. J., and M. E. Jessop, Jr.  “Experimental Head and Neck Injury.”  In Impact Injury 
of the Head and Spine, edited by C. L. Ewing, D. J. Thomas, T. A. Sances, Jr., and S. 
J. Larson, 177-217.  Springfield, Ill.:  Charles C. Thomas, 1983.
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This chapter contains discussion of fatal head-neck injury mechanisms from –Gx impact ac-
celeration runs with rhesus macaques at NBDL.  From post-run autopsies, the authors found 
atlanto-occipital separation to be the most common injury.  Importantly, associated peak sled 
acceleration threshold for this injury was 110 to 120 G.  However, in experiments where the 
initial position of the head was deviated by 60º or greater, the threshold was much lower.  The 
threshold values and injuries agreed with earlier findings from –Gx runs at Holloman Air Force 
Base with baboons.  This publication is a key reference work because it reports seminal findings 
and provides a detailed review of the experimental methodology developed and used for testing 
with non-human primates at NBDL.

Thunnissen, J., J. Wismans, C. L. Ewing, and D. J. Thomas.  “Human Volunteer Head-Neck 
Response in Frontal Flexion:  A New Analysis.”  In Proceedings of the Thirty-Ninth 
Stapp Car Crash Conference, 439-60.  Warrendale, PA:  Society of Automotive Engi-
neers, 1995.

This paper discusses errors in instrumentation readings collected at T1 in some NBDL data 
and presents a correction protocol.  A detailed analysis of the high-speed films revealed that 
in some cases the volunteer T1 instrumentation mount was not firmly mounted to the spine.  
Untoward movement of the T1 mount introduced inaccuracies into the data.  In this paper, 
the authors address this issue by discussing a correction procedure designed to correct the 
errors in the T1 rotations and to develop a set of new performance requirements that are ex-
pressed relative to a rotated T1 coordinate system.

Unterharnscheidt, Friedrich.  “Translational Versus Rotational Acceleration:  Animal Experi-
ments with Measured Input.”  In Proceedings of the Fifteenth Stapp Car Crash Confer-
ence, 767-70.  Warrendale, PA:  Society of Automotive Engineers, 1971.

This paper addresses the effects of translational and rotational acceleration on the brain in 
closed head injuries.  If impact is directed at the center of mass of a freely movable object, the 
resulting motion is a translational acceleration.  If the impact is directed eccentrically, the result 
is a combined translational and rotational acceleration.  The distinction between the two types 
of acceleration is important in the view of the different physical processes they initiate in the 
brain.  Importantly, Unterharnscheidt notes that pure translational acceleration creates pres-
sure gradients, while pure rotational acceleration produces shear strains and hemorrhages from 
rotation of the skull relative to the brain.  The key component of Unterharnscheidt’s analysis is 
that different injury mechanisms produce different patterns of lesions.

———.  “Neuropathology of Rhesus Monkeys Subjected to –Gx Impact Acceleration.”  In Im-
pact Injury of the Head and Spine, edited by C. L. Ewing, D. J. Thomas, T. A. Sances, 
Jr., and S. J. Larson, 94-176.  Springfield, Ill.:  Charles C. Thomas, 1983.

This chapter serves as a thorough discussion of neuropathological findings from –Gx impact 
acceleration exposures with rhesus macaques at NBDL.  Histological observations showed 
that translational and rotational acceleration each played different and predictable roles in 
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determination of the quality and distribution of injuries.  Unterharnscheidt found that fatal 
injuries from –Gx runs were typified by tissue damage at the atlanto-occipital junction, trau-
matic transection of the spinal cord, ruptures of vertebral arteries, and concomitant basilar 
and spinal subarachnoid and subdural hemorrhages.  In addition to discussion of findings, 
the chapter also contains a valuable treatment of Unterharnscheidt’s theories and work with 
Channing Ewing over the years, including discussion of the findings of R. L. Friede and a 
recommendation that more strenuous autopsy procedures be implemented for naval aviators 
killed in aircraft accidents.

———.  “Pathological and Neuropathological Findings in Rhesus Monkeys Subjected to –Gx 
and +Gx Indirect Impact Acceleration.”  In Mechanisms of Head and Spine Trauma, 
edited by A. Sances, Jr., C. L. Ewing, S. J. Larson, and F. J. Unterharnscheidt, 565-
653.  Goshen, NY:  Aloray Publishers, 1986.

This chapter discusses findings from neuropathological examinations of rhesus macaques after 
exposure to –Gx and +Gx impact acceleration.  Comparison of injury patterns resulting from 
both vectors supports the author’s ongoing theory that the acceleration input direction plays 
a role in producing a different and predictable type of injury.  Accordingly, Unterharnscheidt 
concludes that each mechanical input to the head and neck corresponds to a predictable and 
typical morphological end state.  This source is particularly valuable for its discussion of +Gx 
injury mechanisms.  Based on runs at NBDL, Unterharnscheidt found a threshold for atlan-
to-occipital separations and traumatic transection of the spinal cord at peak sled accelerations 
of 140 G in the +Gx vector.  This level is roughly 35 to 40 G higher than the injury threshold 
levels corresponding to –Gx impact acceleration.

Unterharnscheidt, F., and K. Sellier.  “Mechanics and Pathomorphology of Closed Brain Inju-
ries.”  In Head Injury, edited by W. F. Caveness and A. Walker, 321-41.  Philadelphia:  
J. B. Lippencott Co., 1966.

This chapter contains discussion of research efforts carried out by the authors since 1957.  
Attention is given to a number of subjects, including mechanics, measuring techniques, path-
omorphology of cortical cavitation trauma, distinction between Duret-Berner’s hemorrhages 
as rhectic and diapedetic hemorrhages, respectively, morphological changes from single and re-
peated head impacts, and scaling data from animals to humans.  This particular chapter is use-
ful because it provides insight into the work of Unterharnscheidt prior to his arrival at NBDL.

Unterharnscheidt, Friedrich, and Lawrence S. Higgins.  “Traumatic Lesions of Brain and Spi-
nal Cord Due to Non-Deforming Angular Acceleration of the Head.”  Texas Reports 
on Biology and Medicine 27, no. 1 (Spring 1969): 127–66.

This article discusses pathological findings from autopsies on twenty-five squirrel monkeys 
(Samiri sciureus) killed in impact acceleration experiments.  The experiments were tailored 
specifically to investigate the role of angular acceleration in head injury and possible link to 
concussion.  A complete micro-anatomical study of the brain and spinal cord regions of each 
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animal was conducted, and the location and attributes of lesions were noted.  The authors 
found subdural and subarachnoid hemorrhages, cortical layer tears, and spinal cord rhectic 
hemorrhages.  Unterharnscheidt observed differences in the quality and distribution of hemor-
rhages and lesions resulting from angular acceleration when compared to findings from earlier 
studies on translational acceleration.

Unterharnscheidt, F., and C. L. Ewing.  “Potential Relationship Between Human Central 
Nervous System Injury and Impact Forces Based on Primate Studies.”  AGARD Con-
ference Proceedings No. 253:  Models and Analogues for the Evaluation of Human Bio-
dynamic Response, Performance and Protection A18: 1-8.  London:  Technical Editing 
and Reproduction Ltd., June 1979.

This paper contains a review of previous work from a number of pathological studies carried 
out by Unterharnscheidt using a variety of non-human primates and acceleration variables.  
Particular focus was paid to investigation of the roles that rotational acceleration, translational 
acceleration, and input vector played in the quality and distribution of injuries.  The authors 
found that each acceleration vector produces different and predictable injury patterns, and that 
injuries associated with –Gx impact consists of tissue damage at the atlanto-occipital junction 
and subdural hemorrhages over both cerebral hemispheres.

Walker, Leon B., Edward H. Harris, and Uwe R. Pontius.  “Mass Volume, Center of Mass and 
Mass Moment of Inertia of Head and Neck of the Human Body.”  In Proceedings of 
the Seventeenth Stapp Car Crash Conference, 524-37.  Warrendale, PA:  Society for 
Automotive Engineers, 1973.

This paper reports on a study of the physical properties of twenty preserved human male ca-
daver heads carried out at the Tulane University Medical Center.  Anthropometric values and 
anatomical landmarks were determined with measurements and x-rays.  Using a compound 
pendulum device, the authors recorded values for the mass, volume, center of mass, and mass 
moments of inertia of the head-necks.  This study was completed under contract with the 
Navy to assist the research carried out at the Naval Aerospace Medical Research Laboratory, 
Detachment (NAMRL-D).  Channing Ewing and Daniel Thomas are thanked for their con-
tributions and criticism in the acknowledgments.  The findings from the Tulane researchers 
would be built upon and partially validated by the contemporaneous research carried out by 
Edward Becker.  One potential issue with this study that NBDL would later investigate was 
the extent to which the embalming and preservation process altered the physical properties of 
the head-necks.

Walsh, P. R., and M. E. Jessop, Jr.  “The Evoked Potential in Sled Impact Acceleration:  Meth-
odologic and Neurosurgical Considerations.”  In Impact Injury of the Head and Spine, 
edited by C. L. Ewing, D. J. Thomas, T. A. Sances, Jr., and S. J. Larson, 302-9.  
Springfield, Ill.:  Charles C. Thomas, 1983.



Impact Acceleration and the Human Response

Annotated Bibliography

260

This chapter provides a detailed discussion of the surgical and electrophysiological techniques 
utilized in somatosensory evoked potential research with rhesus macaques at NBDL.  The 
procedures for cranial “pedestal” and spinal electrode implantation are reported in detail.  This 
particular chapter is valuable because it provides insight into the collaborative effort between 
veterinarians at NBDL and surgeons at the Medical College of Wisconsin.

Watkins, T. A., and S. J. Guccione, Jr.  “A Statistical Approach to Human Kinematics Response 
to Impact.”  In Sixteenth Annual International Workshop on Human Subjects for Biome-
chanical Research, 209-25.  Warrendale, PA:  Society of Automotive Engineers, 1988.

This report focuses on the feasibility of using a statistical approach to scaling and modeling 
human and rhesus –Gx head kinematic data.  Using data from fifty-seven human –Gx runs 
from 6 to 15 G, Watkins and Guccione analyzed six response parameters (three measuring 
head linear displacement and rotation in the mid-sagittal plane with respect to the sled, and 
three measuring head linear and angular acceleration in the X-Y plane of the head anatomical 
coordinate system).  Points representing each head kinematic response variable were identified 
through statistical regression for the sled acceleration profile and head orientation parame-
ters.  The results were promising.  Visual comparisons suggested that the observed acceleration 
curves closely approximated the predicted ones.

Weiss, M. S.  “Kolmogorov-Smirnov Goodness-of-Fit Test:  Corrected for Use with “EEG-Like” 
Data.”  NBDL-84R003, Naval Biodynamics Laboratory, New Orleans, April 1984.

This report discusses Weiss’s use of the single-sample Kolmogorov-Smirnov goodness-of-fit-
ness test, which was designed for use with independent data and was proven to be highly 
sensitive to correlated data.  The report notes that standard critical data values for the Kolm-
ogorov-Smirnov statistical test cannot be used with data with known correlations.  For data 
with electroencephalogram-like low-frequency, high-amplitude spectral peaks, an empirically 
derived correction for the Kolmogorov-Smirnov statistic provides the correct critical values.  
The correction is based on a quadratic expression involving a parameter computed from ze-
ro-crossing measurements.

Weiss, M. S., and M. D. Berger.  “The Effect of Impact Acceleration on the Electrical Activity 
of the Brain.”  AGARD Conference Proceedings No. 253:  Models and Analogues for the 
Evaluation of Human Biodynamic Response, Performance and Protection A-20: 1-9.  
London:  Technical Editing and Reproduction Ltd., June 1979.

This paper presents findings from neurophysiological measurements taken from rhesus ma-
caques during impact acceleration runs at NBDL.  In the experiments, eight macaques with 
implanted cortical recording electrodes were exposed to –Gx impact accelerations ranging 
from roughly 28 to 158 G.  Electroencephalogram (EEG) and somatosensory evoked poten-
tial (SEP) readings were collected from each run and analyzed.  The authors found the SEP 
readings to be a more sensitive index of the inertial load on the brain than the EEG.  Obser-
vations during the experiments led Weiss and Berger to suggest the tentative possibility that 
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acceleration levels could cause short-term central nervous system disruptions.

———.  “Neurophysiological Effects of –X Impact Acceleration.”  Aviation, Space, and Envi-
ronmental Medicine 54 (November 1983): 1023-27.

This article reports on results from nineteen runs with eight unanesthetized rhesus macaques.  
The macaques were restrained in the seated position with the head and neck free to move and 
exposed to accelerations from 42 to 963 m/sec².  Somatosensory evoked potential readings 
were measured using electrodes implanted over the cortex.  The input stimulus pulse was 
delivered through electrodes located at L1-L2 on the spine at a rate of 5 Hz.  Readings were 
taken before, during, and after the run and later analyzed.  The analysis revealed a latency in-
crease at acceleration levels around 600 m/sec².  This latency increase was viewed as a possible 
indicator of a central nervous system disruption at an acceleration level below that known to 
cause physical injury.

Weiss, M. S., and L. S. Lustick.  “Guidelines for Safe Human Experimental Exposure to Im-
pact Acceleration.”  NBDL-86R006, Naval Biodynamics Laboratory, New Orleans, 
April 1986.

This report provides some guidelines for fellow researchers working with human volunteers in 
impact acceleration experiments based on findings and procedures from NBDL.  The guide-
lines are specifically suggested for experiments where human volunteers are torso-restrained 
and the head and neck remain free to move.  In the –Gx, +Gx, +Gy, +Gz, –Gz, and G-X+Y, peak 
sled acceleration limits of 15.6 G, 6 G, 11.3 G, 12.5 G, 9 G, and 13 G, respectively, were sug-
gested.  All of these recommendations, except those for the –Gz and +Gx vectors, were based 
on maximum exposures conducted safely at NBDL.

Weiss, M. S., S. J. Guccione, Jr., and T. A. Watkins.  “A Kinematic/Dynamic Model for Pre-
diction of Neck Injury During Impact Acceleration.”  AGARD Conference Proceedings 
No. 471 on Neck Injury in Advanced Military Aircraft Environments 11: 1-6.  Essex, 
UK:  Specialised Printing Services, Ltd., April 1989.

This paper reports on findings for a statistical study of six head kinematic response curves for a 
set of fifty-seven human and twenty-nine rhesus macaque –Gx runs conducted at NBDL.  Ac-
celeration exposures ranged from 6 to 15 G for the humans and 42 to 106 G for the macaques.  
The kinematic responses that were analyzed included the X and Z components of the linear 
acceleration and displacement, as well as the Y axis angular acceleration and displacement.  
Each head kinematic variable was non-linearly regressed along sled acceleration profile and 
head orientation parameters.  Regression equations for macaque and human kinematics had 
the same exponential functional form with correlations ranging from 0.50 to 0.95.  The sta-
tistical goodness-of-fit test returned highly significant measures.  The results of the tests found 
that the rhesus macaque head/neck was a good biomechanical human analog.  Based on this 
confirmation, the authors postulated that the next step would be to devise a validated method 
for scaling kinematic data from macaques to humans.
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Weiss, M. S., D. L. Matson, and S. V. Mawn.  “Guidelines for Safe Human Exposure to 
Impact Acceleration:  Update A.”  NBDL-89R003, Naval Biodynamics Laboratory, 
New Orleans, June 1989.

This report provides some updated guidelines for fellow researchers working with human vol-
unteers in impact acceleration experiments based on findings and procedures from NBDL.  
The updated guidelines are again specifically suggested for experiments where human volun-
teers are torso-restrained and the head and neck remain free to move.  In the –Gx, +Gy, and 
G-X+Y vectors, peak sled acceleration limits of 15.9, 11.3, and 13 G, respectively, were suggest-
ed.  These values were based on the most severe exposures conducted at NBDL, none of which 
resulted in injury.

Weiss, M. S., G. C. Willems, S. J. Guccione, C. J. Mugnier, and M. E. Pittman.  “A New 
Instrumentation System for Measuring the Dynamic Response of the Human Head/
Neck During Impact Acceleration.”  AGARD Conference Proceedings No. 532 – Air-
craft Accidents:  Trends in Aerospace Medical Investigation Techniques 21: 1-6.  Essex, 
UK:  Specialised Printing Services, Ltd., September 1992.

This paper describes the results from tests utilizing a new type of accelerometer (produced by 
Applied Technology Associates) and photogrammetry system (using an Altek® digitizer and 
PREP® and PC-GIANT® software packages) in Hybrid III +Gz impact exposures up to 13 G.  
For comparison, data was collected using the new sensors and the standard NBDL nine-accel-
erometer package in use at the time.  Analysis from the tests showed that the new sensor and 
photogrammetry system compared well with the traditional nine-accelerometer array and the 
direct photographic measurement system.  The new system rendered equivalent and, in some 
cases, more precise measures of acceleration, velocity, and displacement.

Willems, G. C.  “A Detailed Performance Evaluation of Subminiature Piezoresistive Acceler-
ometers.”  Proceedings of Instrumentation in the Aerospace Industry 23 (1977): 531-40.

This paper is a detailed review of accelerometers from the perspective of biomechanics research.  
The authors examined data from hundreds of accelerometer types in the 5 to 500 G range and 
incorporated some general observations into this study.  The paper touches on accelerometer 
linearity, sensitivity, long- and short-term drift, temperature sensitivity, temperature shock sen-
sitivity, axis alignment, warmup characteristics, and hysteresis.  A treatment of calibration and 
data acquisition aspects is also included.

———.  “Some Useful Filter Forms.” NBDL-80R005, Naval Biodynamics Laboratory, New 
Orleans, June 1980.

This report addresses the evolution of a variety of digital and analog filters developed over sev-
eral years at NBDL and presents them in a “design manual format.”  These filters were honed 
and validated through use in conditioning transducer data so that the signal-to-noise ratio is 
optimized.  The presented filters were also designed to prevent misidentification of signal fre-
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quency noise during digitization procedures.

———.   “A Detailed Evaluation of the Endevco Model 7302® Angular Accelerometer.”  
NBDL-83R009, Naval Biodynamics Laboratory, New Orleans, August 1983.

This report reviews the performance of the Endevco Corporation Model 7302® miniature, 
single-axis angular accelerometer, which NBDL purchased in 1982 and performed a compre-
hensive review of its functionality.  Part of this review profiles the development and validation 
of a reliable calibration sequence for automated operation.  The accelerometer is then evaluated 
in regard to linearity, sensitivity, cross-axis response, temperature effects, transient and frequen-
cy response, spectral fidelity, and linear acceleration sensitivity.  The angular accelerometer 
received generally positive marks, and the report contains recommendations that a three-di-
mensional package consisting, in part, of the Endevco accelerometers be developed and tested 
against the transducer packages in use at NBDL.

———.  “Closing the Loop – Or Can the Ship Motion Simulator Simulate Ship Motion?”  
NBDL-89R007, Naval Biodynamics Laboratory, New Orleans, November 1989.

This report documents the procedures developed at NBDL to ensure that the simulator pro-
duces motion environments that approximately replicate those encountered aboard ships in 
the real world.  In the same vein, the report also documents the history of the development of 
the ship motion simulator and cites important research findings associated with its use.  Lastly, 
the report provides a brief description of improvements that were made to the ship motion 
simulator when it was moved to NBDL.

Willems, G. C., and E. B. Becker.  “An Algorithm for Minimizing the Effect of Low Frequen-
cy Errors in Kinematic Variables Derived from Cinematography.”  Proceedings of the 
International Society for Optical Engineering 291 (1981): 119-23.

This paper describes an algorithm devised to minimize the effect of cinematography errors.  
The authors note that errors sometimes result from photo-target visibility problems.  Low fre-
quency error due to camera orientation, location, and calibration constants, as well as errors in 
the target locations on the Tplates, coupled with target visibility issues, could result in discon-
tinuous jumps in the derived kinematic variables.  In contrast to a conventional photographic 
data output filter, the algorithm is an improvement because it operates only on individual tar-
gets and only if an inconsistency occurs.  The downside of the algorithm is that it does require 
careful review of final output data and possibly some editing.

Willems, G. C., W. H. Muzzy III, W. R. Anderson, and E. B. Becker.  “Cinematography Data 
Systems at the Naval Biodynamics Laboratory.”  Proceedings of the International Soci-
ety for Optical Engineering 291 (1981): 90-96.
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This paper presents an overview of the entire NBDL cinematography system.  It describes the 
hardware employed, calibration requirements and procedures, data reduction and analysis, and 
timing systems.  At the time of publication in 1981, the system described had been in use for 
several years and successfully proven to render accurate measurements and validate readings 
from instrumented sensors.

Willems, G. C., and D. R. Knouse.  “A Detailed Evaluation of the ATA Angular Motion Sen-
sor in Realistic Simulated Crash Environments.”  In Proceedings of the Thirty-Fifth 
Stapp Car Crash Conference, 303-34.  Warrendale, PA:  Society of Automotive Engi-
neers, 1991.

This paper presents findings from testing of an angular accelerometer sensor developed by Ap-
plied Technology Associates (ATA).  After review of data collected using the sensor in impact 
runs with the Hybrid III manikin at NBDL, the authors found that the sensor’s acceleration 
and velocity levels compared very well with those registered by two different nine-accelerom-
eter packages, regularly used at the lab.  Even so, the authors also found the new sensors to be 
insensitive to linear acceleration.

Willems, G. C., W. H. Muzzy III, D. R. Knouse, and F. Gilreath.  “Dynamic Response of 
the Hybrid III Dummy to +G, Simulated Ship Shock—Cushioned vs. Hard Seats.”  
NBDL-91R002, Naval Biodynamics Laboratory, New Orleans, November 1991.

This report discusses findings from experiments to see how different seats changed the effects of 
shock motion using Hybrid III dummies.  Hybrid III dummies seated in cushioned and hard 
seats were exposed to accelerations from 3 to 30 G on the NBDL vertical accelerator, and the 
results were compared.  Analysis revealed that the soft seat type provided considerable shock at-
tenuation and kept peak +Gz acceleration at the pelvis at a lower level than the hard seat types.

Willems, G., and G. R. Plank.  “Calibration of a Six-Degree-of-Freedom Acceleration Mea-
surement Device (Final Report).”  Report No. DOT-HS-808-189, Washington, 
D.C.:  U.S. Department of Transportation, December 1994.

This report describes calibration procedures for a six-degree-of-freedom inertial tracking pack-
age for using in measurement of linear and angular acceleration levels during impact tests.  The 
calibrated device consists of nine linear accelerometers arranged in a non-coplanar (3-2-2-2) 
configuration.  This report evidences an important transition from a six-accelerometer package 
to a nine-accelerometer array at NBDL.

Wismans, J., and C. H. Spenny.  “Performance Requirements for Mechanical Necks in Lateral 
Flexion.”  In Proceedings of the Twenty-Seventh Stapp Car Crash Conference, 137-48.  
Warrendale, PA:  Society of Automotive Engineers, 1983.
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This paper presents results from research using NBDL human impact acceleration data to as-
sess biofidelity in anthropomorphic test device (ATD) design.  The authors find that an ATD 
head-neck system built around a two-ball and socket joint configuration would better replicate 
human head-neck response in lateral and forward flexion than other types of designs.  Inves-
tigation of the Hybrid III head-neck system found that it was too stiff to accurately replicate 
human head-neck flexion.

Yarnell, P., and A. K. Ommaya.  “Experimental Cerebral Concussion in the Rhesus Monkey.”  
Bulletin of the New York Academy of Medicine 45, no. 1 (January 1969): 39-45.

This paper presents the evolution of concussion threshold levels following the pre-
liminary research from the joint Army-Navy project at Wayne State University.  The 
authors present a concussion threshold for rhesus macaques at a rotational acceler-
ation level of 40,000 rad/sec² when durations are longer than 5  milliseconds.  This par-
ticular paper also provides a succinct overview of the dynamic testing device and experi-
mental methodology utilized by Ommaya and his associates to simulate indirect impact. 
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The following comprehensive bibliography is comprised of additional textual sources, journal 
articles, reports, books and other studies that were not prepared and published by the Naval 
Biodynamics Laboratory, but are relevant to the research performed there and the data 
generated during its operational history.  Due to the large volume of materials identified and 
listed, the comprehensive bibliography is organized into nine broad sub-categories to enable 
easier access and consultation by interested readers and researchers.  These are:  1) Impact 
Acceleration, 2) Anthropometry, 3) Simulation/Modeling, 4) Experimental Measurements, 
5) Pathology, 6) Performance Evaluation, 7) Protection, Restraints, and Emergency Escape 
Systems, 8) Vibration/ Motion Studies, and 9) General Reference. While several of the listed 
works can be considered multi-disciplinary and may fit in two or more of the sub-categories, 
we have attempted to place them in the most appropriate one based on their primary subject 
matter and focus.
 
Impact Acceleration

Abel, J. M., T. A. Gennarelli, and H. Segawa. “Incidence and Severity of Cerebral Concussion 
in the Rhesus Monkey Following Sagittal Plane Angular Acceleration.” In Proceedings 
of the Twenty-Second Stapp Car Crash Conference, 35–53. Warrendale, PA: Society of 
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Levels.” Final report UMTRI-82-41, University of Michigan Transportation Re-
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geon 103, no. 2 (August 1948): 96-99.
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January 6, 1948.
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Ejection.” Journal of Aviation Medicine 18, no. 6 (December 1947): 533-548.
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Aviation, Space, and Environmental Medicine 59 (1988): 356-358.
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Impact Acceleration.” Paper presented at the Sixty-Fourth Annual Scientific Meeting 
of the Aerospace Medical Association, Toronto, Canada, May 1993.
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(March 1961): 220.

Beeding, Eli L., Jr., and J. E. Cook. “Correlation Tests of Animals and Humans.” In Proceedings 
of the Fifth Stapp Automotive Crash and Field Demonstration Conference, 125-129. 
Minneapolis: University of Minnesota, 1962.

Beeding, Eli L., and R. Hessberg, Jr. “Daisy Track Tests 271-337.” Technical report no. 28-8, 
Air Force Missile Development Center, Holloman Air Force Base, NM, 1958.

Beeding, Eli L., and J. D. Mosely. “Human Decelerator Tests.” Technical note no. 60-2, Air 
Force Missile Development Center, Holloman Air Force Base, NM, January 1960.

———.  “Human Deceleration Tests.” Technical note no. 60-2, Air Force Missile Develop-
ment Center, Holloman Air Force Base, NM, January 1960.

———. “Human Tolerance to Ultra High G Forces.” Aerospace Medicine 31 (1961): 210.

Beeding, Eli L., Jr., J. P. Stapp, and R. R. Hessberg. “Daisy Track Tests – Series of Reports, 
April 1957 through December 1959.” Air Force Development Center, Holloman Air 
Force Base, NM, 1959.

Berger, Michael D. “Covariance and Correlation Studies of Raw Sensory Evoked Potentials.” 
Paper presented at the Sixth Annual Meeting of the Society of Neuroscience, Toron-



269A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

to, Canada, November 7-11, 1976.

———. “Analysis of Sensory Evoked Potential Using Normalized Cross-Correlation Func-
tions.” Medical and Biological Engineering and Computing 21 (March 1983): 149-157.

Berger, M. D., and M. S. Weiss. “Effects of Impact Acceleration on Somatosensory Evoked Po-
tentials.” NBDL-83R002, Naval Biodynamics Laboratory, New Orleans, April 1983.

Berger, Michael D., Marc S. Weiss, Anthony Sances, Jr., Patrick R. Walsh, and Sanford J. 
Larson. “Evaluation of Changes in CNS Function Due to Impact Acceleration.” Pre-
prints of Fiftieth Annual Scientific Meeting, 135-137. Washington, D. C.: Aerospace 
Medical Association, 1979.

Bosio, A. C., and B. M. Bowman. “Analysis of Head and Neck Dynamic Response of the U.S. 
Adult Military Population.” Report UMTRI-86-14, University of Michigan Trans-
portation Research Institute, Ann Arbor, MI, 1986.

Beyer, James C., and Anthony A. Bezreh. “Review and Forecast of Impact Studies: United 
States Army.” In Impact Acceleration Stress: A Symposium, 17-20. Washington, D.C.: 
National Academy of Sciences – National Research Council, 1962.

Bierman, Howard R. “Design for an Impact Accelerator.” Science, New Series, 104, no. 2709 
(November 29, 1946): 510-513.

Braun, W. K., J. D. Rothstein, and P. Foster. Project Apollo Impact Studies. 6571st Aeromedical 
Research Laboratory, Holloman Air Force Base, NM, 1966.

Brinkley, J. W., and H. E. von Gierke. “Impact Acceleration.” Report no. AMRL-TR-73-68, 
Aerospace Medical Research Laboratory, Wright-Patterson Air Force Base, Dayton, 
OH.

Brinkley, J. W., E. B. Weis, N. P. Clarke, and W. E. Temple. “A Study of the Effect of Five 
Orientations of the Acceleration Vector on Human Response.” Memorandum M-28, 
Aerospace Medical Research Laboratory, Wright-Patterson Air Force Base, Dayton, 
OH, February 1963.

Britton, S. W., E. L. Corey, and G. A. Stewart. “Effects of High Acceleratory Forces and their 
Alleviation.” American Journal of Physiology 146 (1946): 33-51.

Brown, W. K., and R. F. Chandler. “AFRL Biodynamics Data Bank: Biological Parameters of 
Impact.” AGARD Conference Proceedings 22, Series no. 2 [Furstenfeldbruck, Germa-
ny], (September, 1965): 395-407.

Brown, W. K., J. D. Rothstein, and P. Foster. “Human Responses to Predicted Apollo Land 
Impacts in Selected Body Orientations.” Aerospace Medicine 36, no. 4 (April 1966): 
394-398.

Call, D. W., J. F. Palmer, and C. L. Ewing. “Further Studies of Human Head and Neck 
Response to Multiaxis Accelerations during Military Parachuting.” Preprints of the 
Forty-Seventh Annual Scientific Meeting, 209-211. Washington, D. C.: Aerospace 
Medical Association, May 1976. 

Call, D. W., R. W. Moynihan, and C. L. Ewing. “Human Response to Multiaxis Accelerations 
during Military Parachuting.” Paper presented at the Forty-Eighth Annual Scientific 
Meeting, Aerospace Medical Association, Las Vegas, NV, May 9-12, 1977.



Impact Acceleration and the Human Response

Comprehensive Bibliography

270

Call, D., W. F. Palmer, and C. L. Ewing. “Human Head and Neck Response to Multiaxis Ac-
celerations during Military Parachuting.” Preprints of the Forty-Sixth Annual Scientific 
Meeting, 112-113. Washington, D.C.: Aerospace Medical Association, 1975. 

Call, D. W., and R. W. Moynihan. “Establishing Human Tolerance Limits to Parachute Open-
ing Shock.” Paper presented at the Twenty-Sixth International Congress of Aerospace 
Medicine, London, England, September 1978.

Chaffee, J. W. “Change in Human Center of Gravity Produced by Change in Direction of 
Acceleration.” ARS Journal (November 1962): 1677-1680.

Chandler, Richard F. “The Daisy Decelerator.” Technical report no. 67-3, 6571st Aeromedical 
Research Laboratory, Holloman Air Force Base, NM, May 1967.

———. “Project MX-981; John Paul Stapp and Deceleration Research.” Stapp Car Crash 
Journal 45 (November 2001): v-xxii.

———. “John Paul Stapp and Deceleration Research, Part II; Windblast and Deceleration 
Tests at Holloman AFB.” Stapp Car Crash Journal 46 (November 2002): v-xxiv.

———. “John Paul Stapp and Deceleration Research, Part III: Project 7850 and Other Re-
search at Holloman Air Force Base.” Stapp Car Crash Journal 47 (October 2003): v-xvi.

Chandler, R. F., C. E. Clauser, J. T. McConville, H. M. Reynolds, and J. W. Young. “Inves-
tigation of Inertial Properties of the Human Body.” Report no. DOT-HS-801-430, 
National Highway Traffic Safety Administration, U.S. Department of Transporation, 
Washington, D.C., 1975.

Clarke, N. P. “Acceleration, Vibration and Impact.” In Bioastronautics – Fundamental and Prac-
tical Problems, 79-88. Hollywood, CA: Western Periodicals Co., 1964.

Clarke, N. P., S. Bondurant, and S. D. Leverett. “Human Tolerance to Prolonged Forward and 
Backward Acceleration.” Journal of Aviation Medicine 30 (1959): 1-21.

Clarke, T. D. “Department of Transportation. Daisy Track Baboon Lethal Tolerance Tests.” 
6571st Aeromedical Research Laboratory, Holloman Air Force Base, NM, 1970.

Clemens, H. J., and K. Burow. “Experimental Investigation on Injury Mechanisms of Cervi-
cal Spine at Frontal and Rear-Front Vehicle Impacts.” In Proceedings of the Sixteenth 
Stapp Car Crash Conference. Warrendale, PA: Society of Automotive Engineers, 1972.

———. “Injury Mechanism of the Cervical Vertebrae.” Technical Report. Institute of Motor 
Vehicles, Technical University of Berlin, 1971.

———. “Experimental Studies on the Mechanism of Cervical Spine Injuries in Frontal and 
Rear Impacts.” Archives of Orthopaedic and Trauma Surgery 74 (1972): 116–145.

Code, C. F., E. H. Wood, R. E. Sturm, E. H. Lambert, and E. J. Baldes. “The Sequence of 
Physiologic Effects in Man during Exposure to Positive Acceleration.” Federation Pro-
ceedings 4 (1945): 14-15.

Coe, J. E., T. H. Calvin, Jr., F. H. Rudenberg, and C. H. Yew. “Concussion-like State Fol-
lowing Cervical Cord Injury in the Monkey.” Journal of Trauma 7 (1967): 512-522.

Colachis, S. C., and B. R. Strohm. “A Study of Tractive Forces and Angle of Pull on Vertebral 
Interspaces in the Cervical Spine.” Archives of Physical Medicine and Rehabilitation 46, 
no. 12 (December 1965): 820–830.



271A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Coles, C. H. “Abrupt Deceleration of Animals.” Report no. TSEAL-6F-181, Air Technical 
Service Command, Army Air Force, Wright Field, Dayton, OH, 1945.

Cook, J. E., and J. D. Mosely. “Visceral Displacement in Black Bears Subjected to Abrupt 
Deceleration.” Aerospace Medicine 31, no. 1 (1960): 1–8.

Cornell Aeronautical Laboratory. Kinematic Behavior of the Human Body during Crash Deceler-
ation (Thin Man Project). Ithaca, NY: Cornell Aeronautical Laboratory, 1950.

———. “Decelerative Forces on Aircrews.” Army Contract W33-038-AC14248, Report no. 
410-d-2, 16 August 1946.

Crocker, J. F., and Lawrence S. Higgins. “Phase IV - Investigation of Strength of Isolated Ver-
tebrae.” Final technical report no. TI1313-66-4, Life Sciences Division, Technology 
Inc., San Antonio, TX, October 1966.

———. “The Investigation of Vertebral Injury Sustained During Aircrew Ejection.” Technical 
report, NASA contract no. NASW-1313, Technology, Inc., San Antonio, TX, 1967.

———. “Impact Deformation of Vertebrae.” Paper presented at the Thirty-Eighth Annual 
Scientific Meeting of the Aerospace Medical Association, 1967.

Crosby, W. M., R. G. Snyder, C. C. Snow, and P. G. Hanson. “ Impact Injuries in Pregnancy: 
I. Experimental Studies.” American Journal of Obstetrics and Gynecology 101, no. 1 
(May 1968): 100-110.

Culver, R. H., M. Bender, and J. W. Melvin. “Mechanisms, Tolerances and Responses Ob-
tained under Dynamic – Inferior Head Impact.” Final report no. 78-21, University 
of Michigan, Highway Safety Research Institute, Ann Arbor, MI, 1978.

DeHaven, H. “Mechanical Analysis of Survival in Falls from Heights of Fifty to One Hundred 
and Fifty Feet.” War Medicine 2 (July 1942): 586-596.

DeHaven, H. “Injuries in Thirty Light Aircraft Accidents.” Report no. 230, Crash Injury 
Project, Committee on Aviation Medicine, National Research Council, November 
17, 1943.

DeHaven, H. “Causes of Injury in Light-Plane Accidents.” Aero Digest 44 (March 1, 1944): 
51-56.

DeHaven, H. “Mechanics of Injury under Force Conditions.” Mechanical Engineering 66 
(April 1944): 264-268.

DeHaven, H. “Crash Deceleration, Crash Energy, and Their Relationship to Crash Injury.” 
Technical report no. 6242, Cornell University Medical College, December 1950.

DeHaven, H. “Accident Survival – Airplane and Passenger Automobile.” Cornell University 
Medical College, January 1952.

DeHaven, H. “Crash Injury Research, Semi-Annual Progress Report.” Cornell Medical Col-
lege, January 31, 1952.

Delahaye, R. P. “The Influence of Aerial Activity on the Spine of Military Pilots in High Per-
formance Aircraft.” Annals of Medicine 9 (1966): 31–34.

Denny-Brown, D., and W. Russell. “Experimental Cerebral Concussion.” Brain: A Journal of 
Neurology 64 (1941): 93-164.

———. “Experimental Cerebral Concussion.” Journal of Physiology 99 (1940): 153.



Impact Acceleration and the Human Response

Comprehensive Bibliography

272

———. “Experimental Concussion (Abstract).” Proceedings of the Royal Society of Medicine 35 
(1940): 691-692.

Denslow, J. S., and J. A. Chace. “Mechanical Stresses in the Human Lumbar Spine and Pelvis.” 
Journal of the American Osteopathic Association 61 (1962): 705–712.

Department of Defense. “A DDC Bibliography: Acceleration Tolerance, Vol. I.” Report no. 
DDC-TAS-68-81, Defense Documentation Center, Alexandria, VA, February 1969.

Dorman, P. J., and R. W. Lawton. “Effect on G Tolerance of Partial Supination Combined 
with the Anti-G Suit.” Journal of Aviation Medicine 27 (1956): 490-496.

Dow, R. S., G. Ulett, and A. Tunturi. “Electroencephalographic Changes Following Head 
Injuries in Dogs.” Journal of Neurophysiology 8 (1945): 161-172.

Draper, G. W. “Altered Vertebral Mechanics in the Atlanto Axial Articulation.” Journal of 
American Osteopathic Association 63 (September 1963): 28–32.

Duane, T. D. , R. L. Wechsler, J. E. Ziegler, and E. L. Beckman. “Effects of Acceleration upon 
the Cerebral Metabolism and Cerebral Blood Flow. Phase II: Studies on Cerebral 
Physiology of Monkeys as 12 Negative G.” Journal of Aviation Medicine 23 (1952): 
479-489.

Duane, T. D., H. Hunter, and J. E. Ziegler. “Human Tolerance to Combined Accelerations.” 
Report no.  MA-L5207, Naval Air Development Center, 1952.

Duane, T. D., Edward L. Beckman, J. E. Ziegler, and H. N. Hunter. “Some Observations on 
Human Tolerance to Exposures of 15 Transverse G.” Report no. MA-5305, Naval Air 
Development Center, July 30, 1953.

Dye, Edward E. “Kinematics of the Human Body under Crash Conditions.” Clinical Ortho-
pedics 8 (1956): 305-310.

Dye, E. R. “Kinematic Behavior of the Human Body in Crash Decelerations.” Preprints of the 
Institute of Aeronautical Sciences 261 (1950).

Edelberg, Robert, James P. Henry, John A. Maciolek, Edwin W. Salzman, and George D. 
Zuidema. “Comparison of Human Tolerance to Accelerations of Slow and Rapid 
Onset.” Aviation Medicine 27, no. 6 (December 1956): 482-489.

Eiband, A. M. Human Tolerance to Rapidly Applied Accelerations: A Summary of the Literature. 
Cleveland, OH: NASA Lewis Research Center, 1959.

Ellis, W. H. B. “Studies of Human Responses to Linear Accelerations During Carrier Take-
Offs and Landings.” Report no. 905, Flying Personnel Research Committee, Air 
Ministry, Great Britain, January 1955. 

Ewing, Channing L. “Helpful Hints from the Flight Surgeon.” Approach 2, no. 2 (August 
1956): 38-41.

Ewing, Channing L. “Physiological Significance of Breathing Pattern Changes as a Means of 
Detecting Hypoxia: A Review.” Report no. NADC-ACEE-407, Air Crew Equipment 
Laboratory, Naval Air Development Center, Philadelphia, PA, 1959.

Ewing, Channing L. “Air Break.” Approach 5, no. 11 (May 1960): 30-31.

Ewing, C. L., D. J. Thomas, G. W. Beeler, Jr., L. M. Patrick, and D. B. Gillis. “Dynamic Re-
sponse of the Head and Neck of the Living Human to -Gx Impact Acceleration. I. 



273A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Experimental Design and Preliminary Experimental Data.” NAMI-1064, USAARL 
Serial no. 69-67, U.S. Army Aeromedical Research Laboratory and Naval Aerospace 
Medical Institute, March 1969.

Ewing, C. L., D. J. Thomas, L. M. Patrick, G. W. Beeler, Jr., and M. J. Smith. “Living Human 
Dynamic Response to -Gx Impact Acceleration: II, Accelerations Measured on the 
Head and Neck.” NAMRL-1122/USAARL 71-11, U.S. Army Aeromedical Research 
Laboratory and Naval Aerospace Medical Research Laboratory, October 1970.

Ewing, C. L. “Voluntary Human Tolerance Levels, Discussion of Article by Stapp.” In Impact 
Injury and Crash Protection, edited by E. S. Gurdjian, W. A. Lange, L. M. Patrick, and 
L. M. Thomas, 350-351. Springfield, IL: Charles C. Thomas, 1970.

Ewing, C. L., A. I. King, P. Prasad, and A. P. Vulcan. “A Method for Increasing Threshold Level 
for Vertebral Fracture Due to +Gz Impact Acceleration.” In Digest of Proceedings of 
the Ninth International Conference in Engineering on Medicine and Biology, 152-154. 
Melbourne, Australia: Conference on Medical and Biological Engineering, 1971.  

Ewing, C. L., A. I. King, and P. Prasad. “Structural Considerations of the Human Vertebral 
Column under +Gz Impact Acceleration.” Proceedings of the AIAA Ninth Aerospace 
Sciences Meeting, paper no. 71-144. New York: American Institute of Aeronautics 
and Astronautics, 1971.

———. “Structural Considerations of the Human Vertebral Column under +Gz Impact Ac-
celeration.” Journal of Aircraft 9, no. 1 (January 1972): 84-90

Ewing, C. L., and D. J. Thomas. “Living Human Dynamic Response to –Gx Impact Acceler-
ation I. Displacements of the Head and Neck.” Paper presented at the Forty-Third 
Annual Meeting of the Aerospace Medical Association, Miami Beach, FL, May 11, 
1972.

Ewing, C. L. “Vertebral Fracture and Military Aviation.” Paper presented at the Twenty-First 
International Congress of Aviation and Space Medicine, Munich, Germany, Septem-
ber 22, 1973.

Ewing, C. L. “Non-Fatal Ejection Vertebral Fracture and its Prevention.” AGARD Conference 
Proceedings no. 110 on Current Status in Aerospace Medicine, edited by Walton L. 
Jones, C2: 1-8. London: Technical Editing and Reproduction, Ltd., 1974.

Ewing, C. L. “Non-Fatal Vertebral Fracture Due to Ejection, U.S. Navy, 1969-1970.” Paper 
presented at the Forty-Sixth Annual Scientific Meeting, Aerospace Medical Associa-
tion, San Francisco, CA, May 1, 1975. 

Ewing, C. L. “Preface to Impact Injury of the Head and Spine.” In Impact Injury of the Head 
and Spine, edited by C. L. Ewing, D. J. Thomas, T. A. Sances, Jr., and S. J. Larson, 
vii-ix. Springfield, IL: Charles C. Thomas, 1983.

Ewing, C. L. “Proposed Human Tolerance Limits for Parachute Opening Shock in Parachut-
ists.” Paper presented at Forty-Eighth Annual Scientific Meeting, Aerospace Medical 
Association, Las Vegas, NV, May 9-12, 1977. 

Ewing, C. L., and D. J. Thomas. “Biomechanical Effects of Environmental Impact Accelera-
tion on the Head and Neck of Volunteers.” Paper presented at the Ninth Neuroelec-
tric Society Meeting, Marco Beach, FL, November 25, 1977.



Impact Acceleration and the Human Response

Comprehensive Bibliography

274

Ewing, C. L., and D. J. Thomas. “Human Dynamic Response to –Gx Impact Acceleration.” 
AGARD Conference Proceedings No. 88 on Linear Acceleration of Impact Type, Section 
11: 1-12. London: Technical Editing and Reproduction, Ltd., 1971.

Ewing, C. L. “Motion Capacities of the Cervical Spine.” Paper presented as a portion of the 
American Academy of Orthopedic Surgeons Courses on “The Neck,” New Orleans, 
LA, April 21-23, 1977. 

Fabricius, B. “Abrupt Acceleration of Auto Occupants as a Results of Rear-end Collision.” 
Dissertation for Doctorate of Engineering, Technical University of Berlin, 1969.

Feder, H. C., and E. H. Root. “Dynamic Response Analysis of +Gx Impact on Man.” Techni-
cal report no. 64-11, 6571st Aeromedical Research Laboratory, Holloman Air Force 
Base, NM, November 1964.

Federal Aviation Administration. “Injury Criteria for Human Exposure to Impact.” Advisory 
Circular no. 21-22, June 20, 1985.

Ferguson, S. A. “Biodynamic Correlates.” Technical report no. 66-2, Aeromedical Research 
Laboratory, Holloman Air Force Base, NM, February 1966.

Gadd, C. W. “Criteria for Injury Potential.”In Impact Acceleration Stress: A Symposium, 141-144. 
Washington, D.C.: National Academy of Science – National Research Council, 1962.

Gadd, C. W., C. C. Culver, and A. M. Nahum. “A Study of Responses and Tolerances of the 
Neck.” In Proceedings of the Fifteenth Sapp Car Crash Conference, 256-268. Warren-
dale, PA: Society of Automotive Engineers, 1971.

Gamble, James L., Jr., and Robert S. Shaw. “Physiological Changes during Negative Acceler-
ation.” Memorandum report no. MCREXD 695-74L, Wright-Patterson Air Force 
Base, Dayton, OH, July 25, 1948.

———. “Animal Studies on Impact Negative Acceleration.” Memorandum report no., 
MCREXD-695-74-G, Air Materiel Command, Wright-Patterson Air Force Base, 
Dayton, OH, March 10, 1948.

Gamble, J. L., Jr., R. S. Shaw, C. H. Gauer, and J. F. Henry. “On Cerebral Dysfunction during 
Negative Acceleration.” Journal of Applied Physiology 2 (1949): 133.

Garcia, D. J. “Investigation of Nonlinearities in the Whiplash Problem.” Ph.D. thesis, Tulane 
University, 1966.

Gay, J. R., and K. H. Abbott. “Common Whiplash Injuries of the Neck.” Journal of the Aero-
space Medical Association 152 (August 29, 1953): 1698-1704.

Gell, C. F. “Comparative Analysis of an Airborne Acceleration Laboratory versus the Human 
Centrifuge.” Journal of Aviation Medicine 22, no. 5 (1951): 375-381.

Gell, C. F., and H.N. Hunter. “Physiological Investigations of Increasing Resistance to Black-
out by Progressive Backward Tilting to the Supine Position.” Journal of Aviation Med-
icine 25 (1954): 568.

Gell, C. F., and Perry W. Gard. “The Problem of Acceleration.” In Aviation Medicine Practice, 
29-47. Washington, D.C.: Navy Bureau of Naval Personnel, 1955.

Gerone, Peter J. “Biomechanical Studies of Impact Acceleration Research.” Delta Regional 
Primate Center, Tulane University, Covington, LA, 1984.



275A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Gilbert, N. S., and T. G. Anderson. “Incidence of Cardia Dysrhythmias in Human Research 
Volunteers Following Impact Acceleration.” Paper presented at the Sixty-Fourth An-
nual Scientific Meeting of the Aerospace Medical Association, Toronto, Canada, May 
1993.

Glaister, D. H. “The Effects of Acceleration of Short Duration.” In A Textbook of Aviation 
Physiology, edited by J. A. Filles. Oxford: Pergamon Press, 1965.

Gold, A. J., H. E. Hance, M. Kornhauser, and R. W. Lawton. “Impact Tolerance of Restrained 
Mice as a Function of Velocity Change and Average Deceleration.” Aerospace Medi-
cine 33 (1962): 204-208.

Goldman, D. E. “Mechanical Forces Acting on Aviation Personnel.” Journal of Aviation Medi-
cine 17, no. 5 (October 1946): 426-430.

Goldsmith, Werner. “The Physical Processes Producing Head Injuries.” Head Injury Conference 
Proceedings, 1966, 350-382.

———. “Biomechanical Activities at some American and European Institutions – I.” Journal 
of Biomechanics 2, no. 3 (1969): 343-347.

———. Biomechanical Activities at some American and European Institutions – II.” Journal 
of Biomechanics 2, no. 4 (1969): 469-475.

———. Biomechanical Activities at some American and European Institutions – III.” Journal 
of Biomechanics 3, no. 1 (1970): 125-129.

———. Biomechanical Activities at some American and European Institutions – IV.” Journal 
of Biomechanics 3, no. 2 (1970): 229-234.

Goldsmith, W. “Biomechanics of Head Injury.” In Biomechanics: Its Foundation and Objectives, 
edited by Y. C. Fung, N. Perrone, and M. Anliker. New Jersey: Prentice-Hall, Inc., 
1972.

Gossman, M., R. White, N. Taslitz, and M. S. Albin. “Electrophysiological Responses Immedi-
ately After Experimental Injury to the Spinal Cord.” Anatomical Record 160 (1968): 473.

Gross, Arthur G. “A New Theory on the Dynamics of Brain Concussion and Brain Injury.” 
Journal of Neurosurgery 15 (1958): 548–561.

Gross, Arthur G. “Impact Thresholds of Brain Concussion.” Aviation Medicine 29 (1958): 
725-732.

Grunsten, R. C., N. S. Gilbert, and S. V. Mawn. “The Mechanical Effects of Impact Accelera-
tion on the Unconstrained Human Head and Neck Complex.” Contemporary Ortho-
paedics 18,  no. 2, (February 1989): 199-202.

Grunsten, R. C., A. M. Prell, and T. G. Anderson. “Response of the Human Cervical Zone 
to –Gx Impact Acceleration.” Paper presented at the Sixty-Fourth Annual Scientific 
Meeting of the Aerospace Medical Association, Toronto, Canada, May 1993.

Gurdjian, E. S. Impact Head Injury; Mechanistic, Clinical and Preventative Correlations. Spring-
field, IL: Charles C. Thomas, 1975.

Gurdjian, E. S., H. R. Lissner, and L. M. Thomas. “High Speed Cinematographic Study of the 
Position and Motions of the Head at Impact.” Transactions of the American Neurolog-
ical Association (1965): 158–161.



Impact Acceleration and the Human Response

Comprehensive Bibliography

276

Gurdjian, E. S., J. E. Webster, and H. R. Lissner. “Studies on Skull Fracture with Particular 
References to Engineering Factors.” American Journal of Surgery 78 (1949): 736–745.

Gurdjian, E. S., J. E. Webster, and H. R. Lissner. “The Mechanism of Skull Fracture.” Radiol-
ogy 54 (1950): 313-319.

Gurdjian, E. S., J. E. Webster, and H. R. Lissner. “The Mechanism of Skull Fracture.” Surgery, 
Gynecology & Obstetrics Supplement: International Abstracts of Surgery 90 (1950): 209-
235.

Gurdjian, E. S., J. E. Webster, and H. R. Lissner. “Observations on Prediction of Fracture Site 
in Head Injury.” Radiology 60 (1953): 226–235.

Gurdjian, E. S., J. E. Webster, and H. R. Lissner. “Observations on the Mechanism of Brain 
Concussion, Contusion and Laceration.” Surgery, Gynecology & Obstetrics 101, no. 6 
(1955): 680–690.

Gurdjian, E. S., J. E. Webster, and H. R. Lissner. “Mechanism of Scalp and Skull Injuries, 
Concussion, Contusion, and Laceration. Symposium on Head Injuries.” Journal of 
Neurosurgery 15 (1958): 125-128.

Haddon, W. A., Jr., and R. A. McFarland. “A Survey of Present Knowledge of the Physical 
Thresholds of Human Head Injury from an Engineering Standpoint.” Commission 
on Accidental Trauma, Armed Forces Epidemiological Board, Department of De-
fense, Washington, D.C., 1957.

Hanrahan, J. S. Research Accomplishments in Biodynamics, Deceleration and Impact at the Air 
Force Missile Development Center 1955-1958. New Mexico: Office of Information 
Services, Holloman Air Force Base, October 1958.

Hanson, P. G. “Maximum Voluntary Ventilation after +Gx Impact in Humans.” 6571st Aero-
medical Research Laboratory, Holloman Air Force Base, NM, November 1965.

Hanson, P. G., and P. Foster. “Urinary Excretion of Vanilmandelic Acid after –Gx Impact in 
Humans.” Technical report no. 66-6, 6571st Aeromedical Research Laboratory, Hol-
loman Air Force Base, NM, March 1966.

Hartley, J. “Modern Concepts of Whiplash Injury.” NY State Journal of Medicine 58 (1958).

Hasbrook, A. H. “Aviation Crash Injury Research.” Journal of Aviation Medicine 26, no. 3 
(June 1955): 180-183.

———.“The Historical Development of the Crash Impact Engineering Point of View.” Clin-
ical Orthopaedics 8 (1956): 268-274.

———. “Gross Pattern of Injury of 109 Survivors of Five Transport Accidents.” Aviation 
Crash Injury Research report no. 5-SS-96, Cornell University, July 1958.

———. “Human Impact Survival at 162 G.” Aviation Crash Injury research paper no. AV-
CIR-58-0-101, Cornell University, March 1959.

———. “Severity of Injury in Light Plane Accidents. Study of Injury Rate, Aircraft Severity, 
Impact Angle and Impact Speed Involving 1,596 Persons in 913 Light Plane Acci-
dents.” Aviation Crash Injury Research 6-SS-105, July 1959. 

———. “Severity of Injury in Light Plane Accidents.” Space Aeronautics, September 1960. 



277A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Hasbrook, A. H., and J. R. Sille. “Structural and Medical Analysis of a Civil Aircraft Accident.” 
Aerospace Medicine 35, no. 10 (1964): 958-961.

Hass, G. M. “Internal Injuries of Personnel Involved in Aircraft Accident.” Journal of Aviation 
Medicine 15 (1944): 77.

———. “Relations between Force, Major Injuries and Aircraft Structure, with Suggestions 
for Safety in Design of Aircraft.” Journal of Aviation Medicine 15 (December 1944): 
395-400.

———. “The Effects of Aircraft Accidents upon the Future Performance of Flying Personnel.” 
Journal of Aviation Medicine 17 (1946): 419-425.

Haynes, A. L., and H. R. Lissner. “Experimental Head Impact Studies.” Proceedings of the Fifth 
Stapp Car Crash Conference, 158-170. Minneapolis: University of Minnesota Press, 
1962.

Hearon, Bernard F., and James W. Brinkley. “Psychomotor Performance after Forward Facing 
Impact.” Aviation, Space, and Environmental Medicine 56, no. 11 (November 1985): 
1043-1051.

Hegenwald, J. F., Jr. “Human Tolerance to Accelerations.” North American Aviation, Inc., 
Report no. NA-54-191, February 1954.

Hegenwald, J. F., Jr., and S. Oishi. “Human Tolerance to Accelerations: A Practical Tool for the 
Engineer.” Report no. NA-57-425, North American Aviation, Inc., 1957.

Henry, J. P., J. L. Gamble, Jr., R. S. Shaw, and O. H. Gauer. “Venous Pressure in the Head 
under Negative Acceleration.” Memorandum report no. MCREXD-695-74-A, 
Wright-Patterson Air Force Base, Dayton, OH, June 16, 1948.

Henry, J. P., J. L. Gamble, R. S. Shaw, O. H. Gauer, E. E. Martin, P. Maher, Jr., and D. G. 
Simmons. “Studies of the Physiology of Negative Acceleration.” Technical report no. 
5953, U.S. Air Force, October 1950.

Henry, J. P., and R. S. Shaw. “The Significance of the Volume of Blood Contained in the 
Legs in Negative Acceleration.” Memorandum report no. MCREXD-695-74-J, 
Wright-Patterson Air Force Base, Dayton, OH, May 11, 1948.

Henzel, J. H., G. C. Mohr, and H. E. von Gierke. “Reappraisal of Biodynamic Implications of 
Human Ejections.” Aerospace Medicine 39, no. 3 (March 1968): 231-240.

Hershgold, E. J. “Roentgenographic Study of Human Subjects During Transverse Accelera-
tions.” Aerospace Medicine 31 (1960): 213-219.

Hess, J. L., and C. F. Lombard. “Theoretical Investigations of Dynamic Response of Man to 
High Vertical Accelerations.” Journal of Aviation Medicine (1958): 66.

Hess, Robert L., Kathleen Weber, and John W. Melvin. “Review of Literature and Regulation 
Relating to Head Impact Tolerance and Injury Criteria.” Report UM-HSRI-80-52-1, 
Highway Safety Research Institute, University of Michigan, Ann Arbor, MI, July 
1980.

Highly, F. M., C. T. Critz, and E. Hendler. “Determination of Human Tolerance to Negative 
Impact Acceleration.” Paper presented at the Thirty-Fourth Annual Meeting of the 
Aerospace Medical Association, Los Angeles, CA, April 29-May 2, 1963.



Impact Acceleration and the Human Response

Comprehensive Bibliography

278

Hodgson, V. R., E. S. Gurdjian, and L. M. Thomas. “The Determination of Response Charac-
teristics of the Head with Emphasis on Mechanical Impedance Techniques.” In Pro-
ceedings of the Eleventh Stapp Car Crash Conference. New York: Society of Automotive 
Engineers, 1967.

Hooker, D. R. “Physiological Effects of Air Concussion.” American Journal of Physiology 67-68 
(1923-1924): 219-274.

Hovgard, P. E. “Biomechanics – A New Approach to Airplane Safety.” Mechical Engineering 
(September 1944): 613-614.

Huelke, Donald F., and Guy S. Nusholtz. “Cervical Spine Biomechanics: A Review of the 
Literature.” Journal of Orthopaedic Research 4 (1986): 232-245.

———. “NCSS Analysis Project Literature Review.” Ann Arbor, Mich.: University of Mich-
igan Highway Safety Research Institute for the National Highway Traffic Safety Ad-
ministration, 1979.

Hume, Robert, ed. Impact Acceleration Stress: A Symposium. Washington, D.C.: National Acad-
emy of Science – National Research Council, 1962.

Joffe, M. H., and F. A. Hitchcock. “Studies on Deceleration.” Federation Proceedings 7 (1948): 
62.

Johns, D. J., P. A. T. Christopher, and A. Simpson, eds. Symposium on Non-Linear Dynam-
ics. Department of Transport Technology, Loughborough University of Technology, 
March 27-28, 1972.

Jones, Walton L. “Biodynamics Bibliography (1966-1969).” In Principles of Biodynamics, chap-
ter IV. North Atlantic Treaty Organization, Advisory Group for Aerospace Research 
and Development, May 1969. 

———. “A Study of Bailouts for a Five-Year Period in the U.S. Navy.” Journal of Aviation 
Medicine 22 (April 1951): 123-131.

Jones, Walton L., William F. Madden, and Gerald W. Luedeman.  “Ejection Seat Accelerations 
and Injuries.” Aerospace Medicine 35, no. 6 (1964): 559-562.

Katayama, K. “Experimental Study of the So-called Whiplash Injury.” Journal of the Japanese 
Orthopaedic Association 44 (1970): 439–453.

Kazarian, L. E., H. E. von Gierke, and G. C. Mohr. “Mechanics of Vertebral Body Injury as a 
Result of Gz Spinal Impact.” Paper presented at the Thirty-Ninth Annual Meeting of 
Aerospace Medical Association, Bal Harbour, FL, 1968.

Kazarian, L. E., H. E. von Gierke, and G. C. Mohr. “The Subhuman Primate as a Tool for 
Spinal Injury Research.” Paper presented at the Twenty-First International Congress 
for Air and Space Medicine, September 1973.

Kazarian, L. E., H. E. von Gierke, and G. C. Mohr. “The Effects of Hypogravic and Hy-
podynamic Environments on the Skeletal System and Acceleration Tolerance.” In 
Symposium on Biodynamic Models and Their Applications, 475-500. Dayton, OH: 
Wright-Patterson Air Force Base, December 1971.

King, A. I. “Biomechanics of the Spine and Pelvis.” In Biomechanics and Its Application to Au-
tomotive Design. Warrendale, PA: Society of Automotive Engineers, 1973.



279A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

———. “Survey of the State of the Art of Human Biodynamic Response.” In Aircraft Crash-
worthiness, 83–120. Charlottesville, Va.: University of Virginia Press, 1975.

Kornhauser, M. “Prediction and Evaluation of Sensitivity to Transient Acceleration.” Journal of 
Applied Medicines 21 (1954): 371.

———. “Impact Protection for the Human Structure.” Paper presented at the American As-
tronautical Society Western Regional Meeting, Palo Alto, CA, August 18-19, 1958.

———. “Impact Tolerance of Mammals.” Paper presented at the Annual Meeting of the New 
Jersey Academy of Science, Rutgers University, March 1959.

———. “Theoretical Prediction of the Effect of Rate-of-Onset on Man’s G-Tolerance.” Aero-
space Medicine 32, no. 5 (May 1961): 412-421.

———. Structural Effects of Impact. Baltimore: Spartan Books, Inc., 1964.

Kornhauser, M., and A. Gold. “Application of the Impact Sensitivity Method to Animate 
Structures.” In Impact Acceleration Stress: A Symposium, 333-344. Washington, D.C.: 
National Academy of Sciences - National Research Council, 1962.

Kornhauser, M., and R. W. Lawton. “Impact Tolerance of Mammals.” Planetary and Space 
Science 7 (1961): 386-394.

———. “Impact Tolerance of Mammals.” In Advances in Ballistic Missile and Space Technology, 
vol. 3, 386-394. Oxford: Pergamon Press, 1961.

Kulowski, J. “Introduction to Supplementary Safety: The Crash-Impact Engineering Point of 
View.” Clinical Orthopaedics 8 (1956): 261-264.

———. “Automotive Crash Injuries to the Spinal and Femoral Linkages; a New Biomechan-
ical Point of View.” American Journal of Surgery 95, no. 6 (June 1958): 908–913.

———. “Residual Spinal Injuries from Automotive Crashes; Biomechanical Consideration of 
Pre-Impact, Impact, and Post-Impact Factors Involved in Their Production.” South-
ern Medical Journal 51, no. 3 (March 1958): 367–372.

———. The Integrated Medical Aspects of Automotive Injuries and Deaths. Springfield, IL: 
Charles G. Thomas, 1960.

Landis, Eugene M. “The Effects of Acceleration and Their Ameliorization.” In Advances in 
Military Medicine, vol. 1, edited by E. C. Andrus, C. S. Keefer, D. W. Bronk, J. S. 
Lockwood, G. A. Carden, Jr., J. T. Wearn, and M. C. Winternitz, 232-260. Boston: 
Little, Brown, and Co., 1948.

Langwiede, K. “Passenger Injuries in Collisions and their Relation to General Speed Scale.” 
Proceedings of the Seventeenth Stapp Car Crash Conference, 1-34. Warrendale, PA: So-
ciety of Automotive Engineers, 1973.

Laskey, I., I. Christofaro, A. W. Siegel, and P. Hight. “Myocardial Serum Enzymes in Con-
trolled Impact and in Accidental Automotive Impact.” Aerospace Medicine 42, no. 7 
(July 1971): 713-722.

Latham, F. “Linear Deceleration Studies and Human Tolerance.” Flying Personnel Research 
Committee Publication no. 1012 (1957).

Latham, F., and P. Howard. “Mechanism of Injury During Whole Body Linear Deceleration.” 
FPRC memo. RAF Institute of Aviation Medicine, Farnborough, 1958.



Impact Acceleration and the Human Response

Comprehensive Bibliography

280

Laughlin, M. Harold, James E. Whinnery, Donald J. Cosgrove, Edward L. Fitzpatrick, and 
Harold N. Keiser. “Vectorcardiographic Results of Human Exposures to +3Gz, +5Gz, 
and +7Gz.” Report no. SAM-TR-80-31, U.S. Air Force School of Aerospace Medi-
cine, Brooks Air Force Base, San Antonio, TX, 1980.

Laurell, L., and A. Nachemson. “Some Factors Influencing Spinal Injuries in Seat Ejected 
Pilots.” Aerospace Medicine 34, no. 8 (August 1963): 726-729.

———. “Some Factors Influencing Spinal Injuries in Seat Ejected-Pilots.” Industrial Medicine 
and Surgery 32 (1963): 27–28.

Lawton, A. H. “Human Factors in the Operations and Design of Aircraft.” Journal of Aviation 
Medicine 23 (1952): 254-258, 306.

Lawton, R. W., L. C. Greene, G. H. Kydd, L. H. Peterson, and R. J. Crosbie. “Arterial Blood 
Pressure Responses to G Forces in the Monkey, Sinusoidal Positive G.” Journal of 
Aviation Medicine 29 (1958): 97-105. 

Lewis, Sidney T. “Test Report on Biodynamics of Human Factors in Aviation – Tests 1-4.” 
Aero Medical Field Laboratory, Holloman Air Force Base, NM, August 1955.

———. “Test Report on Biodynamics in Human Factors in Aviation – Tests 5-12.” Aero Med-
ical Field Laboratory, Holloman Air Force Base, NM, June 1956.

Libber, L. N. “Some Thresholds of Injury from Application of High Linear Accelerative Force 
to Rats.” Journal of Aviation Medicine 28, no. 2 (April 1957): 166-170.

Lissner, Herbert R. “Experimental and Clinical Skull Fractures. Instructional Course Lec-
tures.” American Academy of Orthopaedic Surgery 9 (1952): 277-281.

———. “Biomechanics Research.” Journal of Engineering Education 51 (March 1961): 594-
598.

———. “Biomechanics – What is it?” Mechanical Engineering 85 (January, 1963): 25-29.

Lissner, H. R., and F. G. Evans. “Engineering Aspects of Fractures.” Clinical Orthopaedics 8 
(1956): 310-322.

———. “Effects of Acceleration on the Human Skeleton.” Progress report to Public Health 
Service for grant no. AC-00054-06, October 1963.

Lissner, H. R., and E. S. Gurdjian. “Experimental Cerebral Concussion.” Paper no. 60-WA-
273, American Society of Mechanical Engineers, 1960.

Lissner, H. R., E. S. Gurdjian, and J. E. Webster. “Mechanics of Skull Fracture.” Proceedings of 
the Society of Experimental Stress Analysis 7 (1947): 61-70.

Lissner, H. R., M. Lebow, and F. Gaynor Evans. “Experimental Studies on the Relation be-
tween Acceleration and Intracranial Pressure Changes in Man.” Surgery, Gynecology 
& Obstetrics 111 (1960): 329–338.

Little, V. Z., S. D. Leverett, and B. O. Hartman. “Psychomotor and Physiologic Changes 
during Accelerations of 5, 7, and 9 +Gx.” Aerospace Medicine 39 (1968): 1190-1197.

———. “Towards a Stress Criterion of Injury - An Example in Caudocephalad Acceleration.” 
Journal of Biomechanics 2, no. 2 (May 1969): 145–149.

Lombard, C. F. “Human Tolerance to Forces Produced by Acceleration.” Report no. ES-
21072, Douglas Aircraft Co., Inc., February 27, 1948.



281A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

———. “How Much Force Can Body Withstand?” Aviation Week 50, no. 1 (January 17, 
1949): 20-21; 23-25; 27-28.

Lombard, C. F., P. Close, F. C. Theide, and F. Larmie. “Impact Tolerance of Guinea Pigs 
Related to Orientation and Containment.” Aerospace Medicine 35, no. 1 (January 
1964): 1-6.

Lombard, C. F., W. Robbins, and G. Potter. “Some Factors Contributing to Head and Neck 
Injuries During Whole Body Impact Using Guinea Pig Subjects in ±Gx Orienta-
tions.” In Proceedings of the Twelfth Stapp Car Crash Conference, 338–351. New York: 
Society of Automotive Engineers, 1968.

Lombard, C. F., Smith W. Ames, Herman P. Roth, and Sheldon Rosenfeld. “Voluntary Toler-
ance of the Human to Impact Acceleration of the Head.” Journal of Aviation Medicine 
22, no. 2 (1951): 109-116.

Lustick, L. S., and R. G. Heath. “Comparative Study of Intracranial Electrodes for Stimulation 
and Recording.” Abstract, Biophysics Journal 11, supplement (1971): 165a.

Maciolek, J. A., E. W. Salzman, and G. D. Zuida. “Comparison of Human Tolerance to Ac-
celerations of Slow and Rapid Onset.” Journal of Aviation Medicine 27 (1956): 482.

Mahone, R., P. Corrao, A. Ommaya, E. Hendler, and M. Schulman. “A Theory of the Me-
chanics of Whiplash Produced Concussion in Primates.” Presented at the Fortieth 
Annual Meeting of the Aerospace Medical Association, San Francisco, CA, May 5-8, 
1969.

Margaria, R. “Wide Range Investigations of Acceleration in Man and Animals.” Journal of 
Aviation Medicine 29 (1958): 855-871.

Martin, E. E., and J. P. Henry. “The Supine Position as a Means of Increasing Tolerance to Ac-
celeration.” Technical report no. 6025, Wright Air Development Center, OH, 1950.

Martinez, J. L. “Study of Whiplash Injuries in Animals.” Paper no. 63-WA-281, American 
Society of Mechanical Engineers, New York, 1963.

Martinez, J. L. “Acceleration-Produced Head and Neck Injuries.” Proceedings of the Annual 
Meeting of the American Society for Engineering Education, 1-10. East Lansing: Mich-
igan State University, June 19-22, 1967.

Martinez, J. L., J. K. Wickstrom, and B. T. Barcelo. “The Whiplash Injury - A Study of Head-
Neck Action and Injuries in Animals.” Paper presented at Human Factors Division, 
American Society for Mechanical Engineers Meeting, Chicago, IL, 1965.

———. “Tulane University Studies of Acceleration Injuries in Animals.” Proceedings of the 
Ninth Stapp Car Crash Conference, 129–141. Minneapolis: University of Minnesota 
Press, 1966.

Mathewson, J. H. “Dynamics of Car Crashes.” International Record of Medicine 169 (1956): 
29–30.

Matson, D. L.“Naval Biodynamics Laboratory Research in Human Response to Impact Accel-
eration.” Shock and Vibration Technology Review 1, no. 11 (November 1991): 3-12.

Mawn, S. V. “Epidemiological Data for Cervical Stress Injury.” Presented at the Naval Re-
search Advisory Committee Study Panel Meeting: Aviator Physical Stress, Washing-
ton, D.C., June 1990.



Impact Acceleration and the Human Response

Comprehensive Bibliography

282

McDonald, R. K., and V. C. Kelley. “The Type and Degree of Injury Resulting from Abrupt 
Deceleration: The Quantitative Determination of Pulmonary Hemorrhage.” Project 
no. 494, Report no. 1, USAAF School of Aviation Medicine, Randolph Field, TX, 
June 11, 1947.

McDonald, R. K., V. C. Kelley, and R. Kaye. “The Type and Degrees of Injury Resulting from 
Abrupt Deceleration; The Etiology of Pulmonary Hemorrhage in Cats Exposed to 
Abrupt Deceleration.” Project no. 494, Report no. 2, USAAF School of Aviation 
Medicine, , Randolph Field, TX, August 21, 1947.

McElhaney, J. H., D. H. Robbins, A. W. Henke, and V. L. Roberts. “Car Crash Tests.” Report 
no. FH-11-6962, Highway Safety Research Institute, University of Michigan, Ann 
Arbor, MI, July 1, 1971.

McElhaney, J. H., R. L. Stalnaker, and V. L. Roberts. “Biomechanical Aspects of Head Injury.” 
In Human Impact Response Measurement and Simulation, edited by W. F. King and 
Mertz, 85–110. New York: Plenum Press, 1973.

McElhaney, J. H., R. L. Stalnaker, and V. L. Roberts. “Door Crashworthiness Criteria.” In 
Proceedings of the Fifteenth Stapp Car Crash Conference, 489–517. Warrendale, PA: 
Society of Automotive Engineers, 1971.

McFarland, R. A. Human Factors in Air Transport Design. New York: McGraw-Hill, 1946.

McKeever, D.C. “The Mechanics of the So-Called Whiplash Injury.” Orthopedics 2 (1960): 
3–6.

McKenney, William R. “Human Tolerance to Abrupt Accelerations: A Summary of the Liter-
ature.” Report no. 70-13, Dynamic Science, Inc., Phoenix, AZ, 1970.

McKenzie, J. A. “An Analysis of Automobile Rear-End Accident Induced Injuries to the Head 
and Neck.” Master’s thesis, University of Melbourne, 1971.

McKenzie, J. A., and J. F. Williams. “The Dynamic Behavior of the Head and Cervical Spine 
During Whiplash.” Journal of Biomechanics 4 (1971): 477–90.

Melvin, J. W. “Human Neck Injury Tolerance.” In The Human Neck: Anatomy, Injury, Mech-
anisms, and Biomechanics, 45-46. Warrendale, PA: Society of Automotive Engineers, 
1979.

Melvin, J. W., P. M. Fuller, R. P. Daniel, and G. M. Pavilscak. “Human Head and Knee Toler-
ance to Localized Impacts.” Chicago: Society of Automotive Engineers, 1969.

Melvin, J. W., D. Mohan, and R. L. Stalnaker. “Occupant Injury Mechanisms and Impact 
Tolerance.” Transportation Research Record 587 (1976): 11-22.

Merkle, Andrew C., Michael Kleinberger, and O. Manuel Uy. “The Effects of Head-Supported 
Mass on the Risk of Neck Injury in Army Personnel.” Johns Hopkins APL Technical 
Digest 26, no. 1 (2005): 75-83.

Mertz, H. J. “Neck Injury.” In Biomechanics and Its Application to Automotive Design, 1-29. 
New York: Society of Automotive Engineers, 1973.

———. “The Kinematics and Kinetics of Whiplash.” Ph.D. Dissertation, Wayne State Uni-
versity, Detroit, 1967.

Mertz, H. J., Jr., and L. M. Patrick. “Investigation of the Kinematics and Kinetics of Whip-



283A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

lash.” In Proceedings of the Eleventh Stapp Car Crash Conference. New York: Society of 
Automotive Engineers, 1967.

———. “Strength and Response of the Human Neck.” In Proceedings of the Fifteenth Stapp 
Car Crash Conference, 207-255. New York: Society of Automotive Engineers, 1971.

Meyer, J. M., and D. Denny-Brown. “Studies of Cerebral Circulation in Brain Injury: II. 
Cerebral Concussion.” Electroencephalography and Clinical Neurophysiology 7 (1955): 
529-544.

Miller, C. O. “Synthesis of Impact Acceleration Technology for Aviation Crash Injury Pre-
vention (Project SIAT).” Report no. 63-31A, U.S. Army Transportation Research 
Command, Fort Eustis, VA, June 1963.

Miller, Earl F., II, and Ashton Graybiel. “Thresholds for the Perception of Angular Acceleration 
as Indicated by Oculogyral Illusion.” Report no. 1168, Naval Aerospace Medical 
Research Laboratory, Pensacola, FL, June 1973.

Mohr, G. C., J. W. Brinkley, L. E. Kazarian, and W. W. Millard. “Variations of Spinal Align-
ment in Egress Systems and Their Effect.” Aerospace Medicine 40 (September 1969): 
983–988.

Moseley, H. G. “Aeromedical Investigation of Aircraft Accidents.” Aeronautical Engineering 
Review 16, no. 8 (August 1957): 74-76.

Moseley, H. G.“Aircraft Accident Injuries in the U.S. Air Force.” Journal of Aviation Medicine 
29 (April 1958): 271-282.

Moseley, H. G., F. M. Townsend, and V. A. Stembridge. “Prevention of Death and Injury in 
Aircraft Accidents.” Archives of Industrial Health 17 (1958): 111-117.

Moseley, H. G., and A. F. Zeller. “Relation of Injury to Forces and Direction of Deceleration 
in Aircraft Accidents.” Journal of Aviation Medicine (1958): 739.

Mosley, J. D., and James E. Cook. “Visceral Displacement in Black Bears Subjected to Abrupt 
Deceleration.” Aerospace Medicine 31 (1960): 1.

Nahum, A. M., J. D. Gatts, C. W. Gadd, and J. Danforth. “Impact Tolerance of the Skull and 
Face.” In Proceedings of the Twelfth Stapp Car Crash Conference, 302–316. Detroit: 
Society of Automotive Engineers, 1968.

Nahum, A. M., R. Smith, F. Raasch, and C. C. Ward. “Intracranial Pressure Relationships in 
the Protected and Unprotected Head.” In Proceedings of the Twenty-Third Stapp Car 
Crash Conference, 615–636. Warrendale, PA: Society of Automotive Engineers, 1979.

Nahum, A. M., R. Smith, and C. C. Ward. “Intracranial Pressure Dynamics during Head Im-
pact.” In Proceedings of the Twenty-First Stapp Car Crash Conference, 339–366. War-
rendale, PA: Society of Automotive Engineers, 1977.

Nakalsuka, T., and et al. “Dynamical Considerations on Whiplash Motion of an Occupant 
Caused by Rear-End Collision.” Report from Vehicle Dynamics and Safety Lab, Isu-
zu Motors, Ltd., 1969.

Nichols, G. “Analysis and Biodynamics of Selected Rocket-Sled Experiments. Part II, Dynam-
ic Response of Restrained Subject during Abrupt Deceleration.” School of Aviation 
Medicine, Brooks Air Force Base, TX, 1964.



Impact Acceleration and the Human Response

Comprehensive Bibliography

284

Nielsen, J. M. “Whiplash Injury with Amnesia for Life Experiences.” Bulletin of the Los Angeles 
Neurological Society 24 (March 1959): 27-30.

Nusholtz, G. S., J. W. Melvin, and N. M. Alem. “Head Impact Response Comparisons of 
Human Surrogates.” In Proceedings of the Twenty-Third Stapp Car Crash Conference, 
499–541. Warrendale, PA: Society of Automotive Engineers, 1979.

Nusholtz, G. S., D. F. Huelke, P. Lux, N. M. Alem, and F. Montalvo. “Cervical Spine Injury 
Mechanisms.” In Proceedings of the Twenty-Seventh Stapp Car Crash Conference, 179-
198. Warrendale, PA: Society of Automotive Engineers, 1983.

Nusholtz, Guy S., Paula Lux, Patricia Kaiker, and Miles A. Janicki. “Head Impact Response 
– Skull Deformation and Angular Acceleration.” In Proceedings of the Twenty-Eigth 
Stapp Car Crash Conference, 41-74. Warrendale, PA: Society of Automotive Engi-
neers, 1984.

Oelker, C. E., F. H. Primiano, and H. C. Wooding. “The Investigation of the Parameters of 
Head Injury Related to Acceleration and Deceleration.” Technology, Inc., Annual 
report under Contract DA-49-193-MD-2610 (TI 2610-66-4), Dayton, OH, 1966.

Ommaya, A. K.  “Mechanical Properties of the Tissues of the Nervous System.” Journal of 
Biomechanics 1, no. 2 (July 1968): 127-138.

Ommaya, A. K.  “Biomechanics of Head Injury: Experimental Aspects.” In Biomechanics of 
Trauma, edited by Alan M. Nahum, and John Melvin, 245-269.  Norwalk, Con-
necticut: Appleton-Century-Crofts, 1985.

Ommaya, A. K., F. Faas, and P. Yarnell. “Whiplash Injury and Brain Damage: An Experimen-
tal Study.” Journal of the American Medical Association 204 (1968): 285-289.

Ommaya, A. K., F. J. Fisch, R. M. Mahone, P. Carrao, and F. Letcher. “Comparative Toleranc-
es for Cerebral Concussion by Head Impact and Whiplash Injury in Primates.” New 
York: Society of Automotive Engineers, 1970.

Ommaya, A. K., and T. A. Gennarelli. “Experimental Head Injury.” In Handbook of Clinical 
Neurology, vol. 23, edited by P. J. Vinken and G. W. Bruyn. New York: Elsevier, 1975.

Ommaya, A. K., and A. E. Hirsch. “Protection of the Brain from Injury during Impact: Exper-
imental Studies in the Biomechanics of Head Injury.” In AGARD Conference Proceed-
ings No. 88 on Linear Acceleration of Impact Type, 7: 1-19. London: Technical Editing 
and Reproduction, Ltd., 1971.

———. “Tolerances for Cerebral Concussion from Head Impact and Whiplash in Primates.” 
Journal of Biomechanics 4 (1971): 13–22.

Ommaya, A. K., S. David Rockoff, Maitland Baldwin, and Walter S. Friauf. “Experimental 
Concussion: A First Report.” Journal of Neurosurgery 21 (1964): 249-267.

Patrick, L. M. “Caudo-Cephaled Static and Dynamic Injuries to the Vertebrae.” In Proceedings, 
Fifth Stapp Automotive Crash and Field Demonstration Conference, 171-181. Minne-
apolis: University of Minnesota, 1962.

Patrick, L. M. “Fundamental Aspects of Impacts to the Human Body.” Journal of Environmen-
tal Sciences 7 (October 1964); Conference on the Effects of Shock and Vibration on 
the Human Body, Dept. of Electrical Engineering, University of Denver and Colora-
do Chapter, Institute for Environmental Sciences, March 1964.



285A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Patrick, L. M. “Cadaver Windshield Impact Research.” Plastic and Reconstructive Surgery 37, 
no. 4 (1966).

Patrick, L. M., W. A. Lange, and V. R. Hodgson. “Facial Injuries – Causes and Prevention.” In 
Proceedings of the Seventh Stapp Car Crash Conference, edited by Derwyn M. Severy. 
Springfield IL: Charles C. Thomas, 1965.

Patrick, L. M., H. J. Mertz, Jr., and C. K. Kroell. “Cadaver Knee, Chest, and Head Impact 
Loads.” In Proceedings of the Eleventh Stapp Car Crash Conference, 168-182. Warren-
dale, PA: Society of Automotive Engineers, 1967.

Patrick, L. M., H. J. Mertz, Jr., and C. K. Kroell. “Impact Dynamics of Unrestrained, Lap 
Belted, and Lap and Diagonal Chest Belted Vehicle Occupants.” In Proceedings of the 
Tenth Annual Stapp Car Crash Conference, 46-93.  New York: Society of Automotive 
Engineers, 1967.

Payne, C. F., and R. A. Bosee. “The Mechanism and Cause of Vertebral Injuries Sustained 
on Ejection from U.S. Naval Aircraft.” Paper presented at the Thirty-Third Annual 
Meeting of the Aerospace Medical Association, Atlantic City, NJ, April, 9-12, 1962.

Payne, C. F., and R. A. Bosee. “Study of Physiological Stresses with Ejection Loads: The Mech-
anism and Cause of Crash Landing and Ejection Vertebral Injuries in U.S. Naval Avi-
ation.” Report no. NAEC-ACEL-467, Air Crew Equipment Lab, Naval Air Material 
Center, Philadelphia, PA, 8 July 1963.

Payne, P. R., and S. Barrett. “Response of Linear Damped Dynamic System to Selected Accel-
eration Inputs.” Technical report no. 65-40, Aerospace Medical Research Laboratory, 
Wright-Patterson Air Force Base, OH, April 1965.

Perry, D. R., and L. C. Dyer. “Incidence, Nature, and Extent of Injury in Crash Landings and 
Bailouts.” Artic Aeromedical Lab., Ladd Air Force Base, Alaska, 1956.

Pierce, Marlyn R. “Earning Their Wings: Accidents and Fatalities in the United States Army 
Air Force During Flight Training in World War Two.” Ph.D. dissertation, Kansas 
State University, 2013.

Pince, Bruce W., and Norman L. Barr. “Some Responses of Squirrel Monkeys to High G – 
Brief Duration Acceleration Profiles.” Aerospace Medicine 34 (1963): 752-757.

Pollard, Joseph P. “Inflight Problems in the Air Transportation of Patients,” Journal of Aviation 
Medicine 23, no. 1 (1952): 15-18.

———. “Some Aspects of Physiology Training in Naval Aviation,” Military Medicine 126, no. 
2 (February 1961): 133-139.

———. “Experiences of a Medical Officer in the Air Transport of Patients by the Naval Air 
Transport Service.” U.S. Naval Medical Bulletin 47, no. 4 (November-December 
1947): 1000-1004.

Portnoy, Harold D., Durand Benjamin, Michael Brian, Lowell E. McCoy, Bruce Pince, Robert 
Edgerton, and Joseph Young. “Intracranial Pressure and Head Acceleration During 
Whiplash.” In Proceedings of the Fourteenth Stapp Car Crash Conference, 152-168. 
Warrendale, PA: Society of Automotive Engineers, 1970.

Poppen, J. R. “Support of Upper Body Against Accelerative Forces in Aircraft.” Journal of Avi-
ation Medicine 29, no. 1 (January 1958): 76-84.



Impact Acceleration and the Human Response

Comprehensive Bibliography

286

———. “High Acceleration of Short Duration.” Military Surgeon 103, no. 1 (July 1948): 30-32.

———. “Notes on Study of Back Injuries in Case of Nose Gear Failures.” Memo no. EM-364, 
Enclosure 8, Report E.-553, Chance-Vought Aircraft, Inc., Dallas, Texas, 1 February 
1956.

———. “Introduction and History of the Aircraft Escape Problem.” Journal of Aviation Med-
icine 28, no. 1 (February 1957): 57-59.

Prasad, P., A. I. King, and C. L. Ewing. “The Role of the Articular Facets During +Gz Accel-
eration.” Paper presented at the Twenty-Fifth Annual Conference on Engineering in 
Medicine and Biology, Miami Beach, FL, October 4, 1972.

———. “Role of the Articular Facets During +Gz Acceleration.” Journal of Applied Mechanics 
41, no. 2 (June 1974): 321-326.

Presman, G. J. “Appraisal of Hazards to Human Survival in Airplane Crash Forces.” Technical 
note no. 2996, National Advisory Committee for Aeronautics, 1953.

Preston, G. M., and G. J. Presman. “Acceleration in Transport-Airplane Crashes.” Technical 
note no. 4158, National Advisory Committee on Aeronautics, Washington, D.C., 
February 1958.

Rendin, R. W., and L. W. Schoenberg. “Female Volunteers Engage in Impact Acceleration 
Research.” Navy Medicine 86, no. 4 (1995): 5-7.

Richmond, D. R., I. G. Bowen, and C. S. White. “Tertiary Blast Effects: Effects of Impact 
on Mice, Rats, Guinea Pigs and Rabbits.” Aerospace Medicine 32, no. 9 (September 
1961): 789-805.

Robbins, D. H. Impact Head Injury Data Base. Ann Arbor: University of Michigan High-
way Safety Research Institute for the National Institute for Occupational Safety and 
Health, 1980.

Robinson, F. R., R. L. Hamlin, W. M. Wolff, and R. R. Coermann. “Response of the Rhesus 
Monkey to Lateral Impact.” Aerospace Medicine 34, no. 1 (January 1963): 56-62.

Rothstein, J. D., and W. K. Braun. “Feasibility Study: Lateral Impact with Standard Aircraft 
Harness Configuration.” ARL-TR-66-3. Holloman Air Force Base, NM, February 
1966.

Rothstein, J. D., and P. G. Hanson. “Cardiac Rate Changes in Humans after Abrupt Deceler-
ation.” Journal of Applied Physiology 22, no. 4 (April 1967): 645-647.

Ruff, S. “Brief Acceleration: Less than One Second,” in German Aviation Medicine in World 
War II, vol. 1 (Washington, D.C.: Government Printing Office, 1950).

———. “Concerning Human Tolerance of Acceleration as it Applies to Certain Jerking types 
of Acceleration which Occur in Flying.” Paper presented at the German Academy of 
Aviation Development on October 31, 1941.

———. “Internal Injury Produced by Abrupt Deceleration of Small Animals.” Research proj-
ect 241, Report no. 1, U.S. Army Air Force School of Aviation Medicine, Randolph 
Field, TX, September 1944.

———. “Crash Injuries in Experimental Animals (Motion Picture).” Federation Proceedings 5, 
no. 90 (February 1946).



287A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

———. “The Changes in Pressure in the Peritoneal Cavity Produced by Sudden Deceleration 
of Experimental Animals.” Report no. 472-1, U.S. Army Air Force School of Avia-
tion Medicine, Randolph Field, TX, 1946.

———. “The Changes in Pressure in the Peritoneal Cavity Produced by Sudden Deceleration 
of Experimental Animals.” Journal of Aviation Medicine 18, no. 2 (1947): 199-206.

Ryan, E. A., W. K. Kerr, and W. R. Franks. “Some Physiological Findings on Normal Man 
Submitted to Negative Acceleration.” Journal of Aviation Medicine 21, no. 3 (June 
1950): 173-194.

Ryan, G. A., and J. W. Garnett. “A Quantitative Scale of Impact Injury.” Report no. VJ-
1823-R34, Cornell Aeronautical Laboratory, October 1968.

Ryan, J. J. “Reduction in Crash Forces.” In Proceedings of the Fifth Stapp Automotive Crash and 
Field Demonstration Conference, 48-89. Minneapolis: University of Minnesota Center 
for Continuing Study, 1962.

Saigo, K. “Photo-elastic Study on the Stress Distribution in the Cervical Spine with Various 
Head Positions.” Journal of the Japanese Orthopaedic Association 45 (1971): 65–79.

Sandover, J. “Some Current Biomechanical Research in the United Kingdom, as Related to 
the Effects of Impact and Vibration in Man.” Technical report no. 71-29, Aerospace 
Medical Research Laboratory, Wright-Patterson Air Force Base, Dayton, OH, 1971.

Schneider, L. W., and B. M. Bowman. “Prediction of Head/Neck Dynamic Response of Se-
lected Military Subjects to –Gx Acceleration.” Aviation, Space, and Environmental 
Medicine 49, no. 1, sect. II (January 1978): 211-223.

Schneider, L. W., D. R. Foust, B. M. Bowman, R. G. Snyder, D. B. Chaffin, T. A. Adbelnour, 
and J. K. Baum. “Biomechanical Properties of the Human Neck in Lateral Flexion.” 
In Proceedings of the Nineteenth Stapp Car Crash Conference, 455-485. Warrendale, 
PA: Society of Automotive Engineers, 1975.

Sekuler R., P. D. Tynan, and R. S. Kennedy. “Source Book of Temporal Factors Affecting In-
formation Transfer from Visual Display.” NBDL-81R007, Naval Biodynamics Labo-
ratory, New Orleans, June 1981.

Severy, D. M., J. H. Mathewson, and C. D. Bechtol. “Controlled Automobile Rear-End Col-
lisions; an Investigation of Related Engineering and Medical Phenomena.” Canadian 
Services Medical Journal 11 (1955): 727.

———. “Controlled Automobile Rear-End Collisions: An Investigation of Related Engineer-
ing and Medical Phenomena.” In Medical Aspects of Traffic Accidents. Montreal: Sun 
Life Assurance Co. of Canada, 1955.

Shaw, R. S. “Human Tolerance to Acceleration in Downward Seat Ejection.” Memorandum 
report no. TSEAA 695-74C, Engineering Division, Air Materiel Command, Wright 
Field, Dayton, OH, December 1947.

———. “Ruptured Intervertebral Disk from Positive Acceleration.” Journal of Aviation Medi-
cine 19, no. 4 (August 1948): 276–278.

———. “Human Tolerance to Negative Acceleration of Short Duration.” Journal of Aviation 
Medicine 19, no. 1 (February 1948): 39-44.



Impact Acceleration and the Human Response

Comprehensive Bibliography

288

Simons, D. G., and J. P. Henry. “Electronancephalographic Changes Occurring during 
Negative Acceleration (Headward Centrifugal Force).” Technical report no. 5966, 
Wright-Patterson Air Force Base, Dayton, OH, May 1950.

Simula, Inc. “The Naval Aircraft Crash Environment: Aircrew Survivability and Aircraft Struc-
tural Response.” Technical report no. 88490, Air Vehicle & Crew Systems Technolo-
gy Department, Naval Air Development Center, Warminster, PA, 1988.

Slattenschek, A. “Behavior of Motor Vehicle Windshields in Impact Tests with a Phantom 
Head.” Automobile Engineering Magazine 70, no. 7 (July 1968): 233–241.

Snyder, R. G. “Human Impact Tolerance.” Society of Automotive Engineers, New York, 1970.

Snyder, R. G. “Occupant Restraint Systems of Automotive, Aircraft, and Manned Space Ve-
hicles: An Evaluation of the State-of-the-Art and Future Concepts.” In Impact Injury 
and Crash Protection, edited by E. S. Gurdjian, W. A. Lange, L. M. Patrick, and L. M. 
Thomas, 496–563. Springfield, IL: Charles C. Thomas, 1970.

Snyder, R. G. “Human Tolerances to Extreme Impacts in Free-Fall.” Aerospace Medicine 34, no. 
8 (August 1963): 695-709.

Snyder, R. G. “A Case of Survival of Extreme Vertical Impact in Seated Position.” Report no. 
62-19, Federal Aviation Agency, Aviation Medical Service, Oklahoma City, October 
1962. 

Snyder, R. G. “Human Tolerance Limits in Water Impact.” Aerospace Medicine 36, no. 10 
(1965): 940-947.

Snyder, R. G. “Fatal Injuries Resulting from Extreme Water Impact.” Aerospace Medicine 38, 
no. 8 (August 1968): 779-783.

Snyder, R. G. “A New Approach to the Problem of Increasing Human Tolerance to High De-
celerative Forces.” Journal of the Arizona Academy of Science 1, no. 2 (1959): 68-71.

Snyder, R. G. “Terminal Velocity Impacts into Snow.” Military Medicine 131, no. 10 (October 
1966): 1290-1298.

Snyder, R. G. “Impact.” In Bioastronautics Data Book, edited by Parker, J. F., Jr., and V. R. 
West. Washington, D. C.: Scientific and Technical Information Office, National 
Aeronautics and Space Administration, 1973.

Society of Automotive Engineers. “Human Tolerance to Impact Conditions as Related to Mo-
tor Vehicle Design.” In SAE Handbook 1968, 911–913. New York: Society of Auto-
motive Engineers, 1968.

———. Human Tolerance to Impact Conditions as Related to Motor Vehicle Design. SAE Hand-
book Supplement J885 APR80. New York: Society of Automotive Engineers, 1980.

———. “Instrument Panel Laboratory Impact Test Procedures.” In SAE Handbook 1966, 
862–865. New York: Society of Automotive Engineers, 1966.

Sperry, E. G., Henry P. Nielson, and Ira M. Barash. “Downward Ejections at High Speeds and 
Altitudes.” Journal of Aviation Medicine 26, no. 5 (October 1955): 356-372.

Stalnaker, R. L., J. L. Fogle, and J. H. McElhaney. “Driving Point Impedance Characteristics 
of the Head.” ASME 70-BHF-14, American Society of Mechanical Engineers, New 
York, 1970.



289A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Stalnaker, R. L., and J. H. McElhaney. “Head Injury Tolerance for Linear Impacts by Mechan-
ical Impedance Methods.” ASME 70-WA/BHF-4, American Society of Mechanical 
Engineers, New York, 1970.

Stalnaker, R. L., V. L. Roberts, and J. H. McElhaney. “Side Impact Tolerance to Blunt Trau-
ma.” In Proceedings of the Seventeenth Stapp Car Crash Conference, 377–408. New 
York: Society of Automotive Engineers, 1973.

———. “MSC Tolerance Curve for Head Impacts.” ASME Paper no. ul-WA/BHF-10, Amer-
ican Society of Mechanical Engineers, New York, 1971.

Stalnaker, R. L., J. W. Melvin, G. S. Nusholtz, N. M. Alem, and J. B. Benson. “Head Impact 
Response.” In Proceedings of the Twenty-First Stapp Car Crash Conference, 303–335. 
New Orleans: Society of Automotive Engineers, 1977.

Stalnaker, R. L., D. Mohan, and J. W. Melvin. “Head Injury Evaluation: Criteria for As-
sessment of Field, Clinical and Laboratory Data.” In Nineteenth Conference of the 
American Association for Automotive Medicine Proceedings, 168–178. San Diego, CA: 
American Association for Automotive Medicine, 1975.

Stapp, J. P. “Human Exposure to Linear Deceleration. Part I, Preliminary Survey of Aft-Facing 
Seated Position.” Report no. AF-TR-5915, Aeromedical Laboratory, Wright-Patter-
son Air Force Base, OH, June 1949.

———. “The Problem: Biomechanics of Injury.” In The Prevention of Highway Injury, 159-
164. Ann Arbor, Michigan: Highway Safety Research Institute, University of Mich-
igan, 1967.

Stapp, J. P. “Whole Body Tolerance to Impact.” In Environmental Biology, edited by P. L. Alt-
man and D. S. Dittmer, 228-242. Bethesda, MD: Federation of American Societies 
for Experimental Biology, 1966.

Stapp, J. P. “Human Exposures to Linear Deceleration Part II, The Forward Facing Position 
and the Development of a Crash Harness.” Report no. WADC-TR-5915, Wright Air 
Development Center, OH, December 1951.

Stapp, J. P. “Human Criteria for Protection from Vehicle Crash Impact.” International Auto-
motive Engineering Congress, SAE Paper 690104, January 1969.

Stapp, J. P.“Trauma Caused by Impact and Blast.” Clinical Neurosurgery 12 (1964): 324-343.

Stapp, J. P.“Human Exposure to Linear Decelerative Forces in the Backward and Forward Fac-
ing Seated Positions.” Military Surgeon 109 (July-December 1951): 106–108.  

Stapp, J. P.“Human Tolerance to Severe, Abrupt Deceleration.” In Gravitational Stress in Aero-
space Medicine, edited by Otto H. Gauer and George D. Zuidema, 165–88. Boston: 
Little, Brown & Co., 1961.

Stapp, J. P.“Tolerance to Abrupt Deceleration.” In Collected Papers on Aviation Medicine, 122–
139. London: AGARD, Butterworths Scientific Publications, 1955.

Stapp, J. P.“Human and Chimpanzee Tolerance to Linear Decelerative Forces.” Conference 
on Problems of Emergency Escape in High-Speed Flight, Wright Air Development 
Center, Wright-Patterson Air Force Base, OH, Sept. 29-30, 1952.  

Stapp, J. P.“Methods of Research in Aviation Medicine.” Activities Report 6 (3), Research and 
Development Associates, Food and Container Institute, Inc., October 1954.



Impact Acceleration and the Human Response

Comprehensive Bibliography

290

Stapp, J. P.“Human Tolerance to Deceleration.” American Journal of Surgery 93, no. 4 (April, 
1957): 734-740.

Stapp, J. P.“Man’s Mission in Space.” Astronautics 4, no. 11 (November 1959): 28-29, 130-
131. 

Stapp, J. P.“Human Factors of Applied Space Technology.” Proceedings of Space Technolo-
gy Lecture Series, 1:113-36, WADC TR-59-732, Wright Air Development Center, 
Wright-Patterson Air Force Base, Dayton, OH, 1959.

Stapp, J. P. Nothing Ordinary. Unpublished memoir, circa 1959.

Stapp, J. P.“Human Tolerance to Acceleration of Space Flight.” In Physics and Medicine of the 
Atmosphere and Space, edited by O. O. Benson and H. Strughold, 464-477. New 
York: John Wiley & Sons, 1960.

Stapp, J. P.“Accelerations of Space Flight.” In Bioastronautics, edited by William H. Pickering, 
Section VII. Alexandria, VA: Defense Documentation Center, 1960.

Stapp, J. P.“The Work of the Aero-Medical Laboratory U.S. on Crash Injury and Forces.” Re-
search into Road Safety (1960): 27-31.

Stapp, J. P.“Military Uses of Man in Space.” Air University Quarterly Review 12, no. 3-4 (1961).

Stapp, J. P.“Acceleration Review.” Space Flight Report to the Nation, American Rocket Society, 
New York, October 1961.

Stapp, J. P.“Effects of Linear Acceleration.” In Aerospace Medicine, edited by H. G. Armstrong. 
Baltimore: Williams & Wilkins, 1961.

Stapp, J. P.“The ‘G’ Spectrum in Space Flight.” Lectures in Aerospace Medicine, Brooks Air 
Force Base, TX, 1961.

Stapp, J. P.“After Seat Belts – What?” In Proceedings of the Fifth Stapp Automotive and Field 
Demonstration Conference, 259-263. Minneapolis: University of Minnesota, 1962.

Stapp, J. P.“Medical Problems of Space Flight.” Journal of the Mississippi State Medical Associa-
tion 3, no. 9 (September 1962): 404-412.

Stapp, J. P.“Biodynamics of Manned Space Flight.” Air University Quarterly Review 10, no. 2 
(1958): 47-52.

Stapp, J. P.“Accelerations in Space Flight.” Preprint no. 700-58, American Rocket Society, New 
York, 1958.

Stapp, J. P.“Problems of Human Engineering in Regard to Sudden Decelerative Forces on 
Man.” Military Surgeon 103, no. 2 (August 1948): 99-102.

Stapp, J. P.“Biodynamics of Deceleration, Impact, and Blast.” In Aerospace Medicine, 2nd ed., 
edited by H. W. Randel, 118-166. Baltimore: Williams & Wilkins, 1971.

Stapp, J. P.“Work of the United States Aeronautical Laboratory on the Forces Set in Motion 
and Wounds Induced by Collisions.” Seminar of Medical Professionals 37, France, 
December 2, 1961: 839-840.

Stapp, J. P.“Review of Air Force Research on Biodynamics of Collision Injury.” In Proceedings 
of the Tenth Stapp Car Crash Conference, 325-342. New York: Society of Automotive 
Engineers, 1967.



291A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Stapp, J. P.“Voluntary Human Tolerance Levels.” In Impact Injury and Crash Protection, edited 
by E. S. Gurdjian, W. A. Lange, L. M. Patrick, and L. M. Thomas, 308-350. Spring-
field, IL: Charles C. Thomas, 1970.

Stapp, J. P.“Research on Human Factors of Aerial Warfare.” Journal of the American Medical 
Association 312, no. 21 (November 1958): 1744-1747.

Stapp, J. P.“Biodynamics of Space Flight.” In Man in Space, edited by Kenneth F. Gantz, 63-
69. New York: Duell, Sloan, and Pearce, 1959.

Stapp, J. P.“Acceleration: How Great a Problem?” Astronautics 4, no. 2 (February 1959): 38-39, 
98-100.

Stapp, J. P.“Jolt Effects of Impact on Man.” In Impact Acceleration Stress: A Symposium, 123-
130. Washington, D.C.: National Academy of Sciences-National Research Council, 
1962.

Stapp, J. P.“WHOOOOOOOOSH.” Flying Safety Journal 10, no. 6 (June 1954): 2-7.

Stapp, J. P.“Track Testing the Brain of the Weapons Systems.” Holloman Air Force Base, NM, 
1954. 

Stapp, J. P.“Biodynamics – The Key to Flight.” Aviation, Space, and Environmental Medicine 
57, no. 10, Part II (October 1986): A32-36.

Stapp, J. P.“Effects of Mechanical Force on Living Tissues: I. Abrupt Deceleration and Wind-
blast.” Journal of Aviation Medicine 26, no. 4 (August 1955): 268-288.

Stapp, J. P., and C. D. Hughes. “Effects of Mechanical Force on Living Tissues. II: Supersonic 
Deceleration and Windblast.” Journal of Aviation Medicine 27, no. 5 (1956): 407-
413.

Stapp, J. P., and H. P. Nielsen. “Proposed Tests for Escape from Very High Velocity Aircraft.”  
Holloman Air Force Base, NM, 1953.

Stapp, J. P., and W. C. Blount. “Effects of Mechanical Force on Living Tissue: III. A Com-
pressed Air Catapult for High Impact Forces.” Journal of Aviation Medicine 28, no. 3 
(June 1957): 281-291.

Stapp, J. P., E. R. Taylor, and R. F. Chandler. “Effects of Pitch Angle on Impact Tolerance.” In 
Proceedings of the Seventh Stapp Car Crash Conference, edited by Derwyn M. Severy, 
500-502. Springfield, IL: Charles C. Thomas, 1965.

Stapp, J. P., E. R. Taylor, and R. F. Chandler.“Analysis and Biodynamics of Selected Rock-
et-Sled Experiments.” USAF School of Aerospace Medicine, Brooks Air Force Base, 
TX, July 1964.

Stapp, J. P., E. R. Taylor, and R. F. Chandler.“Apollo Landing Impact Tests.” NASA Technical 
Report, 1967.

Stapp, J. P., and S. T. Lewis. “Effects of Mechanical Force on Living Tissues: IV – Time Motion 
Studies on Escape from Air Transport following Exposure to Crash Forces.” Aviation 
Medicine (April 1956): 172.

Stapp, J. P., J. D. Mosely, and C. F. Lombard. “Megaboom” Linear Windblast Tests on Subjects 
and Protective Equipment.” Northrop Space Laboratories, Hawthorne, CA, 1962.



Impact Acceleration and the Human Response

Comprehensive Bibliography

292

Stapp, J. P., J. D. Mosely, C. F. Lombard, and A. Nelson. “Analysis of Biodynamics of Selected 
Rocket-Sled Experiments. Part I, Biodynamics of Maximal Decelerations.” School of 
Aerospace Medicine, Brooks Air Force Base, TX, 1964.

Stapp, J. P., and E. R. Taylor. “Space Cabin Landing Impact Vector Effects on Human Physi-
ology.” Aerospace Medicine 35, no. 12 (December 1964): 1117-1133.

States, K. D., M. W. Korn, and J. M. Massengil. “The Enigma of Whiplash.” NY State Journal 
of Medicine 70 (1970): 2971-2978.

Stauffer, Floyd H., and Chester Hyman. “Fluid Shifts During Exposure to Acceleration: Rapid 
Local Changes under Negative G.” American Journal of Physiology 153, no. 1 (April 
1948): 64-70.

Stech, E. L. “The Variability of Human Response to Acceleration in the Spinal Direction.” 
Technical Report 122-109, Contract No. AF 33(657)-9514, Aerospace Medical Lab-
oratory, Bioastronautics Division, Wright-Patterson Air Force Base, OH, May 1963. 

Stech, E. L., and P. R. Payne. “The Effect of Age on Vertebral Breaking Strength Spinal Fre-
quency and Tolerance to Acceleration in Human Beings.” Report No. 122-101, Con-
tract No. AF 33 (657)-9514, Aerospace Medical Laboratory, Bioastronautics Divi-
sion, Wright-Patterson Air Force Base, OH, January 1963. 

Stewart, W. K. “An Investigation into the Effect of a Reclining Posture on the Ability to With-
stand High ‘G.” FPRC Report no. 212, Flying Personnel Research Committee, Air 
Ministry, London, 1940. 

Swearingen, J. J., A. H. Hasbrook, R. G. Snyder, and E. B. McFadden. “Kinematic Behavior of 
the Human Body During Deceleration.” Federal Aviation Agency, Civil Aeromedical 
Research Institute, Oklahoma City, OK, June 1962.

Swearingen, J. J., J. D. Garner, E. B. McFadden, and J. G. Blethrow. “Human Voluntary Tol-
erance to Vertical Impact.” Aerospace Medicine 31, no. 12 (1960): 989-998.

Swearingen, J. J., E. B. McFadden, J. D. Garner, J. G. Blethrow, and W. Reed. “Protection of 
Shipboard Personnel Against the Effects of Severe Short-Lived Upward Forces Re-
sulting from Underwater Explosions.” NA ONR 104-51, Office of Naval Research, 
Washington, D.C., 1960. 

Taliaferro, E. H., R. R. Wempen, and W. J. White. “The Effects of Minimal Dehydration upon 
Human Tolerance to Positive Acceleration.” Aerospace Medicine 36 (1965): 922-926.

Tarriere, C., and C. Sapin. “Biokinetic Study of the Head to Thorax Linkage.” In Proceedings 
of the Thirteenth Stapp Car Crash Conference. New York: Society of Automotive En-
gineers, 1969.

Taylor, A. R. “The Mechanism of Injury to the Spinal Cord in the Neck without Damage to 
the Vertebral Column.” Journal of Bone and Joint Surgery 33 B (1951): 543.

Taylor, E. R. “Biodynamics: Past, Present and Future.” Report no. ARL-TDR-63-10, Project 
no. 7850, 6571st Aeromedical Research Laboratory, Holloman Air Force Base, NM, 
March 1963.

Taylor, E. R. “The Mechanism of Injury to the Spinal Cord in the Neck Without Damage to 
the Vertebral Column.” Journal of Bone and Joint Surgery 33B (1951): 543–47.



293A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Taylor, E. R., R. F. Chandler, L. W. Rhein, R. H. Edwards, and V. L. Carter. “The Effects of 
Severe Impact on Bears.” Paper presented at the Thirty-Fourth Annual Meeting of the 
Aerospace Medical Association, Los Angeles, April 29 – May 2, 1963.

Thomas, D. J., L. S. Lustick, M. E. Jessop, W. H. Muzzy, and C. L. Ewing. “Dynamic Re-
sponse of the Primate Head and Neck to +Gy Impact Acceleration.” Paper presented 
at the Ninth Neuroelectric Society Meeting, Marco Beach, FL, November 25, 1977. 

Thomas, D. J., and M. E. Jessop, Jr. “Experimental Head and Neck Injuries in the Rhesus 
Monkey from +X Impact Acceleration.” Paper presented at the Symposium on Mech-
anisms of Head and Spine Trauma, Marco Beach, FL, November 15-20, 1983.

Thomas, D. J., and M. E. Jessop, Jr. “Experimental Head and Neck Injuries from Inertial 
Forces.” Abstract, Proceedings of the Thirty-Seventh Annual Conference of Engineering 
in Medicine and Biology, 291. Bethesda, MD: The Alliance for Engineering in Med-
icine and Biology, 1984.

Thomas, L. M., V. L. Roberts, and E. S. Gurdjian. “Impact-Induced Pressure Gradients along 
Three Orthogonal Axes in the Human Skull.” Journal of Neurosurgery 22 (1967): 
316-321.

———. “Experimental Intracranial Pressure Gradients in the Human Skull.” Journal of Neu-
rology, Neurosurgery, and Psychiatry 29 (1966): 404-411.

Thompson, A. B. “A Proposed New Concept for Estimating the Limit of Human Tolerance 
to Impact Acceleration.” Journal of Aerospace Medicine 33, no. 11 (November 1962): 
1349-1355.

Torvik, Peter J. “An Analysis of the Pressure Wave Generated in Seated Spinal Impact,” Aero-
space Medical Research Laboratory, Wright Patterson Air Force Base, Dayton, OH, 
December 1971.

U.S. National Highway Traffic Safety Administration. Head Injury Criterion for Federal Motor 
Vehicle Safety Standard No. 208. Washington, D.C.: NHTSA, 1972.

Vanderbeek, R. D. “Period Prevalence of Acute Neck Injury in U.S. Air Force Pilots Exposed 
to High G-Forces.” Aviation, Space, and Environmental Medicine 59 (1988): 1176-
1180.

Verriest, J. P., F. Martin, and P. Vivani. “Changes in the Dynamic Behaviour of the Baboon’s 
Head and Neck System Subjected to a Frontal Deceleration (-Gx), Related to the 
Action of Cervical Muscles.” In Proceedings of the 1975 International IRCOBI Con-
ference on the Biomechanics of Impact, 207-219. Bron, France: International Research 
Council on the Biokinetics of Impact, 1975.

Viano, D. C. “Thoracic Injury Potential.” In Third International Meeting on the Simulation and 
Reconstruction of Impacts in Collisions Proceedings, 142–156. Lyon, France: Interna-
tional Research Committee on the Biokinetics of Impacts, 1978.

Viano, David C., and Charles W. Gadd. “Significance of Rate of Onset in Impact Injury 
Evaluation.” In Proceedings of the Nineteenth Stapp Car Crash Conference, 807–819. 
Warrendale, PA: Society of Automotive Engineers, 1975.

Von Gierke, H. E. “Biodynamic Response of the Human Body.” Applied Mechanics Review 17, 
no. 12 (December 1964): 951–958.



Impact Acceleration and the Human Response

Comprehensive Bibliography

294

Von Gierke, H. E. “On the Dynamics of some Head Injury Mechanisms.” Head Injury Confer-
ence Proceedings, edited by W. F. Caveness, and A. E. Walker, 383-396. Philadelphia, 
PA: Lippincott Co., 1966.

 Von Gierke, H. E. “Physiological and Psychological Factors in Aircraft Operations – An 
Overview.” AGARD Conference Proceedings on Aircraft Operational Experience and Its 
Impact on Safety and Surivability, 23: 1-14. London: Technical Editing and Repro-
duction, Ltd., 1977.

Von Gierke, H. E. “On the Relation Between Steady State Response and Impact Response 
of the Human Body.” Paper presented at Symposium on Biomechanics of Body Re-
straint and Head Protection, U.S. Navy Air Material Center, Philadelphia, PA, June 
14-15, 1961.

Von Gierke, H. E. “Dynamic Characteristics of the Human Body.” Perspectives in Biomedical 
Engineering, edited by R. M. Kenedi, 193-202. London: MacMillan, 1973.

Von Gierke, H. E. “On the Dynamics of Some Head Injury Mechanisms.” In Head Injury, 
edited by W. F. Caveness and A. E. Walker. Philadelphia and Toronto: J. B. Lippen-
cott Co., 1966.

Von Gierke, H. E. “Theory of Impact Injury Mechanisms in the Human Body.” Paper present-
ed at the Bioengineering Symposium on Impact Injury and Crash Protection, Wayne 
State University, 1968.

Von Gierke, H. E. “Biomechanics of Impact Injury.” In Impact Acceleration Stress: A Sympo-
sium, 121-122. Washington, D.C.: National Academy of Sciences-National Research 
Council, 1962.

Von Gierke, H. E. “Biomechanics: Body Motions under External Forces and Internal Con-
trol.” Paper presented at the Fifth Congress of the Duetsche Gesellschaft fuer Kyber-
netik, Nurenberg, Germany, 28-30 March 1973.

Von Gierke, H. E. “Response of the Body to Mechanical Forces – An Overview.” In Lectures in 
Aerospace Medicine, Sixth Series, 325-344. San Antonio, TX: Brooks Air Force Base, 
School of Aerospace Medicine, 1967.

Von Gierke, H. E. “Lumped Parameter Dynamic Models of the Spine.” Workshop on Bioen-
gineering Approaches to Problems of the Spine, Division of Research Grants, NIH, 
DHEW, September 1970.

Vulcan, A. P., A. I. King, and G. S. Nakamura. “Effects of Bending on the Vertebral Column 
During +Gz Acceleration.” Aerospace Medicine 41 (1970): 294–300.

Wahl, N. E., and A. A. Whiting. “Head Impact Investigation.” Report no. OG-537-D-9, 
Cornell Aeronautical Lab., December, 1948.

Walker, A. E. “Coexistence of Head and Neck Involvement in Impact Injuries.” In Neckache 
and Backache, edited by E. S. Gurdjian, and L. M. Thomas, 154–163. Springfield, 
IL: Charles C. Thomas, 1970.

Ward, J. W., L. H. Montgomery, and S. L. Clark. “A Mechanism of Concussion: A Theory.” 
Science 107, no. 2779 (April 2, 1948): 349-352.

Waters, R. L., J. Morris, and J. Perry. “Translational Motion of the Head and Trunk During 
Normal Walking.” Journal of Biomechanics 6 (1972): 167–172.



295A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Webb, M. G., and R. F. Gray. “Human Tolerance to High Acceleration Stress (Mayo Tank).” 
Technical report no. TED-ADCAE-1411, Naval Air Development Center, Johns-
ville, PA, May 1958.

Weis, Edmund B., Jr., Neville P. Clarke, and James W. Brinkley. “Human Response to Several 
Impact Acceleration Orientations and Patterns.” Aerospace Medicine 34, no. 12 (De-
cember 1963): 1122-1129.

Weis, E. B., Jr., P. J. Martin, and N. P. Clarke. “Analysis of Force and Acceleration Data from 
Human Impact Experiments.” Proceedings of the Sixteenth Annual Conference on En-
gineering in Medicine and Biology, 1963.

Weis, E. B., and F. P. Priamano. “The Motion of the Human Center of Mass and its Relation-
ship to the Mechanical Impedance.” Aerospace Medical Research Laboratory tech-
nical report no. 65-50, Wright-Patterson Air Force Base, Dayton, OH, June 1966.

Weiss, H. S., R. Edelberg, P. V. Charland, and J. O. Rosenbaum. “Animal and Human Reac-
tions to Rapid Tumbling.” Journal of Aviation Medicine 25 (1954): 5-22.

Weiss, M. S., and L. S. Lustick. “Safe Human Experimental Exposure to Impact.” Sixteenth 
Annual International Workshop on Human Subjects for Biomechanical Research, 135-
164. Washington, D.C.: U.S. Department of Transportation, National Highway 
Traffic Safety Administration, 1988.

Weiss, M. S., S. S. Margulies, Q. Yuan, and S. J. Guccione. “Kinematic Response of the Neck 
to Voluntary and Involuntary Flexion.” Aviation, Space, and Environmental Medicine 
69, no. 9 (1998): 896-903.

Whinnery, James E., and Richard J. Hamilton. “Naval Air Development Center Standards 
for Research Subjects Exposed to Hazardous Aerospace Environments.” Report no. 
91035-60, Air Vehicle and Crew Systems Technology Directorate, Naval Air Devel-
opment Center, Warminster, PA, February 1991.

Whitsett, Charles Edward, Jr. “Some Dynamic Response Characteristics of Weightless Man.” 
Technical report. no. 63-18, Behavioral Sciences Laboratory, Wright-Patterson Air 
Force Base, Dayton, OH, April 1963.

Wickstrom, J. K., J. L. Martinez, D. Johnston, and N. C. Tappen. “Acceleration-Deceleration 
Injuries of the Cervical Spine in Animals.” In Proceedings of the Seventh Stapp Car 
Crash Conference, edited by Derwyn M. Severy, 284–301. Springfield, IL: Charles C. 
Thomas, 1965.

Williams, M., and H. R. Lissner. Biomechanics of Human Motion. Philadelphia, PA: W. B. 
Saunders Co., 1962.

Winquist, P. G. “Animal Exposures to Abrupt Deceleration – Tolerance and Survival Limits for 
Hogs.” Technical report no. 53-15, Wright Air Development Center, Dayton, OH, 
December 1952.

Wismans, J. “Head-Neck Response in Frontal Flexion.” In Proceedings of the Twenty-Eighth 
Stapp Car Crash Conference, 161-171. Warrendale, PA: Society of Automotive Engi-
neers, 1984.

Wismans, J., H. van Oorschot, and H. Woltring. “Omni-Directional Human Head-Neck 
Response.” In Proceedings of the Thirtieth Stapp Car Crash Conference, 313-331. War-
rendale, PA: Society of Automotive Engineers, 1986.



Impact Acceleration and the Human Response

Comprehensive Bibliography

296

Yoganandan, Narayan, Frank Pintar, Anthony Sances, Jr., Gerald Harris, Kendar Chintapalli, 
Joel Myklebust, Dale Schmaltz, John Reinartz, John Kalbfleisch, and Sanford Larson. 
“Steering Wheel Induced Facial Trauma.” In Proceedings of the Thirty-Second Stapp 
Car Crash Conference, 45-69. Warrendale, PA: Society of Automotive Engineers, 
1988.

Yoganandan, N., F. A. Pintar, D. J. Maiman, J. F. Cusick, A. Sances, Jr., and P. R. Walsh. “Hu-
man Head-Neck Biomechanics under Axial Tension.” Medical Engineering & Physics 
18, no. 4 (1996): 289-294.

Yoganandan, Narayan, Frank A. Pintar, and Sanford J. Larson. “Frontiers in Head and Neck 
Trauma: Clinical and Biomechanical.” Report no. MCW-NS-980615, Madison Col-
lege of Wisconsin, Milwaukee, WI, 1998.

York, E., R. G. Oleynik, and R. M. Patton. “Human Acceleration Experience at the Aerospace 
Medical Research Department, U.S. Naval Air Development Center, Johnsville, 1 
January 1961 – 30 December 1965.” Aerospace Medicine 39, no. 1 (1968):  68-71.

Ziffer, D., F. Bruckner, R. Henn, and W. Spann. “Kinematics of Cervical Spine Injuries on 
Impacting Different Types of Safety Glass.” In Proceedings of Eleventh American Asso-
ciation Automotive Medicine. Springfield, IL: Charles C. Thomas, 1970.

Anthropometry

Advisory Group for Aerospace Research and Development. “Anthropomorphic Dummies for 
Crash and Escape System Testing.” AGARD Advisory Report 330, Quebec: Canada 
Communication Group, July 1996.

Alderson, Samuel W. “The Development of Anthropomorphic Test Dummies to Match Spe-
cific Human Responses to Accelerations and Impacts.” In Proceedings of the Eleventh 
Stapp Car Crash Conference, 62–67. New York: Society of Automotive Engineers, 
1967.

Armstrong Aerospace Medical Research Laboratory, Naval Air Development Center, Naval 
Aerodynamics Laboratory, U. S. Air Force School of Aerospace Medicine, and U. S. 
Army Aeromedical Research Laboratory. “Anthropometry and Mass Distribution for 
Human Analogues. Volume 1: Military Male Aviators.” Tri-Service Committee of 
the Tri-Service Aeromedical Research Panel. AAMRL-TR-88-010/NAMRL-1334/
NADC-88036-60/NBDL-87R003/USAFSAM-TR-88-6/USAARL Report no. 88-5.

Barter, J. T. “Estimation of the Mass of Body Segments.” Technical report no. 57-260, Wright 
Air Development Center, Dayton, OH, April 1957.

Bartol, Aileen M., Vernon L. Hazen, Joseph F. Kowalski, Brian P. Murphy, and Richard P. 
White, Jr. “Advanced Dynamic Anthropomorphic Manikin (ADAM): Final Design 
Report.” Technical report no. 90-023, Armstrong Aerospace Medical Research Labo-
ratory, Wright-Patterson Air Force Base, Dayton, OH, 1990.

Bittner, A. C., Jr., and W. F. Moroney. “Estimation of Comprehensive Anthropometric Data 
from Limited Information.” Proceedings of the Human Factors and Ergonomics Society 
Annual Meeting 28, no. 2 (October 1984): 176-178.



297A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Brinn, J., and S. E. Staffeld. “The Effective Displacement Index - an Analysis Technique for 
Crash Impacts of Anthropometric Dummies.” In Proceedings of the Fifteenth Stapp 
Car Crash Conference, 817–24. Warrendale, PA: Society of Automotive Engineers, 
1971.

Byars, E. F., D. Haynes, T. Durham, and H. Lilly. Craniometric Measurement of Human Skulls. 
New York: American Society of Mechanical Engineers, 1970.

Chandler, R. F., and R. A. Christian. “Comparative Evaluation of Dummy Performance Under 
–Gx Impact.”In Proceedings of the Thirteenth Stapp Car Crash Conference, 61-75. New 
York: Society of Automotive Engineers, 1969.

Clark, W. S., K. O. Lange, and R. R. Coermann. “Deformation of the Human Body to Uni-Di-
rectional Forced Sinusoidal Vibration.” Human Factors (October 1962): 255-274.

Clemens, H. J. “Weight of the Head In Man - A Biomechanical Problem.” Archives of Ortho-
paedic and Trauma Surgery 73 (1972): 220–228.

Coermann, R. R., G. H. Ziegenruecker, A. L. Wittwer, and H. E. von Gierke. “The Passive 
Dynamic Mechanical Properties of the Human Thorax-Abdomen System and of the 
Whole Body System.” Journal of Aviation Medicine 31, no. 6 (June 1960): 443-455.

Coermann, R. R. “Comparison of the Dynamic Characteristics of Dummies, Animals and 
Man.” In Impact Acceleration Stress: A Symposium, 173-184. Washington, D.C.: Na-
tional Academy of Science – National Research Council, 1962.

Coermann, R. R. “The Mechanical Impedance of the Human Body in Sitting and Standing 
Positions at Low Frequencies.” Human Factors 4 (1962): 227-253.

Culver, C. C., R. F. Neathery, and H. J. Mertz. “Mechanical Necks with Humanlike Respons-
es.” In Proceedings of the Sixteenth Stapp Car Crash Conference. Warrendale, PA: Soci-
ety of Automotive Engineers, November 1972.

Daniels, G. S. “The ‘Average Man’?” Technical note no. 53-7, Wright Air Development Center, 
Dayton, OH, December 1952.

De La Pen, A., and J. W. Goldzieher. “Clinical Parameters of the Normal Baboon.” In The 
Baboon in Medical Research: Proceedings of the First International Symposium on the 
Baboon and Its Use as an Experimental Animal, vol. II, edited by Harold Vagtborg, 
379-389. Austin, TX: University of Texas Press, 1967.

Dempster, P. R. “The Anthropometry of Body Action.” Annals of the New York Academy of 
Science 63 (1955): 559–85.

Dempster, W. T. “Space Requirements of the Seated Operator – Geometrical Kinematic, and 
Mechanical Aspects of the Body with Special Reference to the Libs.” Technical report 
no. 55-159, Wright Air Development Center, Dayton, OH, July 1955.

Dempster, W. T., and G. R. L. Gaughran. “Properties of Body Segments Based on Size and 
Weight.” The American Journal of Anatomy 120, no. 1 (January 1967): 33-54.

Du Bois, E. “Limits of Factors of Safety in the Human Body. Mechanical Engineering.” Cornell 
Crash Injury Research (July 1946): 625-627.

Evans, F. G. “Some Basic Aspects of Biomechanics of the Spine.” Archives of Physical Medicine 
51 (1970): 214–226.



Impact Acceleration and the Human Response

Comprehensive Bibliography

298

———. “Studies of Femoral Deformation.” Stanford University Bulletin 6 (1948): 374-381.

———. “Studies in Human Biomechanics.” Annals of the New York Academy of Science 63 
(1955): 586-615.

———. “Studies in Human Biomechanics: Dynamic Anthropometry.” Annals of the New York 
Academy of Science 64 (1955): 609-611.  

———. Stress and Strain in Bones: Their Relation to Fractures and Osteogenesis. Springfield, Ill.: 
Charles C. Thomas, 1957.

Foster, J. K., J. O. Kortge, and M. J. Wolamin. “Hybrid III - A Biomechanically-Based Crash 
Test Dummy.” In Proceedings of the Twenty-First Stapp Car Crash Conference, 975–
1014. Warrendale, PA: Society of Automotive Engineers, 1977.

Foust, D. R., D. B. Chaffin, R. G. Snyder, and J. K. Baum. “Cervical Range of Motion and 
the Dynamic Response and Strength of the Cervical Muscles.” In Proceedings of the 
Seventeenth Stapp Car Crash Conference, 285-308. Warrendale, PA: Society of Auto-
motive Engineers, 1973.

Gall, Jessica, Tim Michnay, David Winkelbauer, and Suzanne Phillips. “The Anthropomor-
phic Test Device (ATD) or Test Dummy.” MGA News 18, no. 4 (March 2004): 1-4.

Gifford, Edmund C. “Compilation of Anthropometric Measures on U.S. Navy Pilots.” Report 
no. NAMC-ACEL-437, Air Crew Equipment Laboratory, Naval Air Material Cen-
ter, Philadelphia, PA, July 1960.

Grumman Aircraft Engineering Corporation. “Proposal for a Human Simulator.” 64-26N, 
Bethpage, NY, April 15, 1964.

Haffner, M. P., and M. P. Cohen. “Progress in the Mechanical Simulation of Human Head-
Neck Response.” In Human Impact Response and Simulation, edited by W. F. King 
and H. J. Mertz, 289-320. New York: Plenum Press, 1973.

Hanovan, E. P., Jr. “A Mathematical Model of the Human Body.” Technical report no. 64-102, 
Aerospace Medical Research Laboratory, Wright-Patterson Air Force Base, Dayton, 
OH, October 1964.

Haughton, S. “On Hanging, Considered From a Mechanical and Physiological Point of View.” 
Philosophical Magazine 31, no. 2 (1866): 23–34.

Herron, R. E., J. R. Cuzzi, and J. Hugg. “Mass Distribution of the Human Body Using Bios-
tereometrics.” Technical report no. 75-18, Aerospace Medical Research Laboratory, 
Wright-Patterson Air Force Base, Dayton, OH, June 1976.

Hertzberg, H. T. E. “The Anthropology of Anthropomorphic Dummies.” In Proceedings of the 
Thirteenth Stapp Car Crash Conference, 201-214. New York: Society of Automotive 
Engineers, 1969.

Hodgson, V. R., M. W. Mason, and L. M. Thomas. “Head Model for Impact.” In Proceedings 
of the Sixteenth Stapp Car Crash Conference. Warrendale, PA: Society of Automotive 
Engineers, 1972.

Hubbard, R. P., and D. C. McLeod. “A Basis for Crash Dummy Skull and Head Geometry.” 
In Human Impact Response: Measurement and Simulation, 129–152. Warren, MI: Ple-
num Press, 1973.



299A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Huelke, D. F., and J. W. Melvin. “Anatomy, Injury Frequency, Biomechanics, and Human 
Tolerances.” Warrendale, PA: Society of Automotive Engineers, 1980.

Jones, Walton L., and Edmund C. Gifford. “Anthropometry of U.S. Navy Pilots.” Aerospace 
Medicine 33 (November 1962): 1296-1303.

Kaleps, I., C. E. Clauser, J. W. Young, and R. F. Chandler. “Investigation into the Mass Dis-
tribution Properties of the Human Body and its Segments.” Ergonomics 27, no. 12 
(1984): 1225-1237.

King, A. I. “Bioengineering Measurement.” Final report to the Office of Naval Research, De-
partment of Mechanical Engineering, Wayne State University, Detroit, MI, March 
1977.

Liu, Y. K., and J. K. Wickstrom. “Estimation of the Inertial Property Distribution of the 
Human Torso from Segmented Cadavenic Data.” In Perspectives in Biomedical En-
gineering, edited by R. M. Kenedi, 203-213. London: MacMillan Press, Ltd., 1973.

Liu, Y. K., W. C. Van Buskirk, and J. M. Laborde. “Inertial Properties of a Segmented Cadaver 
Trunk: Their Implications in Acceleration Injuries.” Aerospace Medicine 42 (1971): 
650.

McAdams, H. T. “The Repeatability of Dummy Performance.” In Human Impact Response 
Measurement and Simulation, edited by W. F. King and H. J. Mertz, 35–68. New 
York: Plenum Press, 1973.

McElhaney, J. H., P. I. Mate, and V. L. Roberts. “A New Crash Test Device – “Repeatable 
Pete.” In Proceedings of the Seventeenth Stapp Car Crash Conference, 467–507. Warren-
dale, PA: Society of Automotive Engineers, 1973.

McLeod, D. C., and C. W. Gadd. “An Anatomical Skull for Impact Testing.” In Human Impact 
Response Measurement and Simulation, edited by W. F. King and Mertz, 153–63. New 
York: Plenum Press, 1973.

Melvin, J. W., J. H. McElhaney, and V. L. Roberts. “Development of a Mechanical Model 
of the Human Head - Determination of Tissue Properties and Synthetic Substitute 
Materials.” In Proceedings of the Fourteenth Stapp Car Crash Conference, 221–240. 
Warrendale, PA: Society of Automotive Engineers, 1970.

———. “Evaluation of Dummy Neck Performance.” In Human Impact Response Measurement 
and Simulation, edited by W. F. King and Mertz, 247–261. New York: Plenum Press, 
1973.

———. “Improved Neck Simulation for Anthropometric Dummies.” In Proceedings of the 
Sixteenth Stapp Car Crash Conference. Warrendale, PA: Society of Automotive Engi-
neers, 1972.

Mertz, H. J., R. F. Neathery, and C. C. Culver. “Performance Requirements and Characteris-
tics of Mechanical Necks.” In Human Impact Response Measurement and Simulation, 
edited by W. F. King and Mertz, 263-289. New York: Plenum Press, 1973.

Moroney, William F., Robert S. Kennedy, Edmund C. Giford, and Joseph R. Provost. “Select-
ed Anthropometric Dimensions of Naval Personnel.” NAMRL-1141, Naval Aero-
space Medical Research Laboratory, Pensacola, FL, August 1971.



Impact Acceleration and the Human Response

Comprehensive Bibliography

300

Muzzy, W. H., III, L. S. Lustick, W. R. Anderson, and G. C. Willems. “Human vs Manikin 
Head and Neck Response to +Gz Acceleration.” Proceedings of the Thirty-Seventh An-
nual Conference on Engineering in Medicine and Biology, 294. Bethesda, MD: The 
Alliance for Engineering in Medicine and Biology, Bethesda, MD, 1984.

Naab, K. N. “Measurement of Detailed Inertial Properties and Dimensions of a 50th Percentile 
Anthropometric Dummy.” In Proceedings of the Tenth Stapp Car Crash Conference, 
187-195. New York: Society of Automotive Engineers, 1967.

Neathery, R. F., H. J. Mertz, R. P. Hubbard, and M. R. Henderson. “The Highway Research 
Safety Institute Dummy Compared with General Motors Biofidelity Recommenda-
tions and the Hybrid II Dummy.” In Proceedings of the Third International Conference 
on Occupant Protection, 357–383. Troy, Michigan: Society of Automotive Engineers, 
1974.

Newman, James A., and Brian M. Gallup. “Biofidelity Improvements of the Hybrid III Head-
form.” In Proceedings of the Twenty-Eighth Stapp Car Crash Conference, 87-99. War-
rendale, PA: Society of Automotive Engineers, 1984.

Patrick, L. M. “Comparison of Dynamic Response of Humans and Test Devices (dummies).” 
In Human Impact Response Measurement and Simulation, edited by W. F. King and H. 
J. Mertz, 17–34. New York: Plenum Press, 1973.

Patrick, L. M., and K. R. Trosien. “Volunteer, Anthropometric Dummy and Cadaver Re-
sponses with Three and Four Point Restraints.” Paper presented at the Automotive 
Engineering Congress, Detroit, Michigan, January 11-15, 1971.

Payne, Peter R., and Edward G. U. Band. “A Four-Degree-of-Freedom Lumped Parameter 
Model of the Seated Human Body.” Working paper no. 59101-6, Wyle Laboratories, 
Payne Division, November 25, 1969.

———. “Development of a Dynamic Analog Anthropomorphic Dummy for Aircraft Es-
cape System Testing.” ARML-TR-70-10, Aerospace Medical Research Laboratory, 
Wright-Patterson Air Force Base, OH, August 1971.

Pittman, M. “Evaluation of the Anthropometry System.” NBDL-93R007, Naval Biodynamics 
Laboratory, New Orleans, December 1993.

———. “Manual of Close-Range Photogrammetric Techniques for the Naval Biodynamics 
Laboratory.” NBDL-93R008, Naval Biodynamics Laboratory, New Orleans, Decem-
ber 1993.

———. “Camera Network Design for Head Anthropometry and Initial Condition Determina-
tion.” NBDL-93R009, Naval Biodynamics Laboratory, New Orleans, December 1993.

Purkey, G. F. “Acceleration and Velocity Measurements Obtained during Pilot – Dum-
my Ejection from a TF-80C Airplane.” Memo report no. MCREXA3-45341-4-2, 
Wright-Patterson Air Force Base, OH, 1 September 1949.

Quartuccio, John J. “Ejection Seat and Body Dynamic Simulation Model Considering the 
Effects of Changing Inertial Properties on the System Dynamics.” Master’s thesis, 
Lehigh University, 1996.

Schultz, A. B., H. Larocca, J. O. Galente, and T. P. Andriacchi. “A Study of Geometrical Rela-
tions in Scolrotic Spines.” Journal of Biomechanics 5 (1972): 409–20.



301A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Schwartz, M. “Comparative Study of Body Displacements in Both Humans and Anthropo-
morphic Dummies When Simultaneously Subjected to Controlled Vertical Impact 
Type Decelerations.” Report No. NADC-AC-6808, Naval Air Development Center,  
Johnsville, PA, April 1968.

Searle, J. A., and C. M. Haslegrave. “Anthropometric Dummies for Crash Research.” Motor 
Industry Research Association Bulletin (October 1969): 25-30.

Seiffert, U. W., and E. L. Heinz. “Dynamic Dummy Behavior under Different Temperature 
Influence.” In Proceedings of the Twentieth Stapp Car Crash Conference, 133-158. War-
rendale, PA: Society of Automotive Engineers, 1976.

Severy, D. M. “Human Simulations for Automotive Research.” SP-266, Society of Automotive 
Engineers, New York, January 1965.

Society of Automotive Engineers. “Anthropomorphic Test Device for Dynamic Testing.” In 
SAE Handbook 1969, 977–980. New York: Society of Automotive Engineers, 1969.

Spittle, Eric K., Buford W. Shipley, Jr., Ints Kaleps, and Donna Jo Miller. “Hybrid II and 
Hybrid III Dummy Neck Properties for Computer Modeling.” Technical report no. 
1992-0049, Air Force Systems Command, Wright-Patterson Air Force Base, Dayton, 
OH, 1992.

Sprouffske, J. F., W. H. Muzzy, C. D. Gragg, and T. D. Clarke. “Data Reproducibility During 
Impact of a Rebuilt Dummy.” In Proceedings of the Fifteenth Stapp Car Crash Confer-
ence. Warrendale, PA: Society of Automotive Engineers, November 1971.

Stanley Aviation Corporation. “A Study of the Dynamic Model Technique in the Analysis of 
Human Tolerance to Acceleration.” Prepared by Stanley Aviation Corporation, Den-
ver, CO; NASA Technical Note TN-D-2645, 210 pages, March 1965.

Starkey, J. A., J. W. Young, W. D. Horn, W. J. Sobkow, S. W. Alderson, W. G. Cichowski, M. 
T. Krag, Jule H. Auerbach. “The First Standard Automotive Crash Test Dummy.” 
Society of Automotive Engineers Technical Paper no. 690218, New York, 1969.

Swearingen, John J. “Design and Construction of a Crash Dummy for Testing Shoulder Har-
ness and Safety Belts.” Civil Aviation Administration, Aeromedical Center, Oklaho-
ma City, OK, April 1951.

———. “Determination of Centers of Gravity of Man.” Report no. 62-14, Federal Aviation 
Agency, Oklahoma City, OK, August 1962.

———. “Tolerances of the Human Face to Crash Impact.” Report no. AM65-20, Civil Aero-
medical Research Institute, Federal Aviation Agency, Oklahoma City, OK, July 1965.

———. “Injury Potentials of Light-Aircraft Instrument Panels.” Report no. AM-66-12, Fed-
eral Aviation, Agency, Oklahoma City, OK, 1966.

———. “General Aviation Structures Directly Responsible for Trauma in Crash Decelera-
tions.” Report no. 71-3, Civil Aeromedical Institute, Federal Aviation Administra-
tion, Oklahoma City, OK, 1971.

Tennant, J. A., R. H. Jensen, and R. A. Potter. “GM-ATD 502 Anthropomorphic Dummy 
– Development and Evaluation.” In Proceedings of the Third International Conference 
on Occupant Protection, 394–420. Troy, Michigan: Society of Automotive Engineers, 
1974.



Impact Acceleration and the Human Response

Comprehensive Bibliography

302

U.S. National Center for Health Statistics. Skinfolds, Body Girth, Bio-Cromial Diameter, and 
Selected Anthrometric Indices of Adults: United States, 1960-1962. 11 35. Washington, 
D.C., 1970.

Von Gierke, H. E. “Dynamic Characteristics of the Human Body.” Perspectives in Biomedical 
Engineering, edited by R. M. Kenedi, 193-202. London: MacMillan, 1973.

Walker, Leon B. “Determination of Some Physical Measurements of the Head and Neck of 
Human Cadavers,” Final report, Tulane University, 1974.

Webb Associates, ed. “Anthropometric Source Book Volume III: Annotated Bibliography of 
Anthropometry.” NASA Reference Publication 1024, Scientific and Technical Infor-
mation Office, NASA, 1978. 

Webb, S. C. “ASVAB and Demographic Profiles of Enlisted Navy Males in a Biodynamics 
Research Program: A Comparison of Program Completers and Noncompleters.” Ab-
stract, Proceedings of the Twelfth Psychology Symposium in the Department of Defense, 
368. Colorado Springs, CO: United States Air Force Academy, April 1990.

Wood, E. H., E. J. Baldes, and C. F. Code. “The External Appearance of the Human Being 
during Positive Acceleration.” Air Surgeon’s Bulletin 2 (1945): 117-121.

Simulation/Modeling

Aquino, C. F. “A Dynamic Model of Lumbar Spine.” Journal of Biomechanics 3 (1970): 473-
486.

Belytschko, T., and E. Privitzer. “A Three-Dimensional Discrete Element Dynamic Model of 
the Spine.” AGARD Conference Proceedings no. 253 on Models and Analogues for the 
Evaluation of Human Biodynamic Response, Performance, and Protection, A9: 1-15. 
London: Technical Editing and Reproduction, Ltd., 1979.

Belytschko, T., and E. Privitzer. “Refinement and Validation of a Three-Dimensional Head-
Spine Model.” Technical report no. 78-007, Aerospace Medical Research Laboratory, 
Wright-Patterson Air Force Base, Dayton, OH, October 1978.

Belytschko, T., J. Williams, and M. Rencis. “Head-Spine Structure Modeling: Enhancements 
to Secondary Loading Path Model and Validation of Head-Cervical Spine Model.” 
Technical report no. 85-019, Armstrong Aerospace Medical Research Laboratory, 
Wright-Patterson Air Force Base, Dayton, OH, 1985.

Belytschko, T., L. S. Schwer, and A. B. Schultz. “A Mode for Analytic Investigation of Three-Di-
mensional Spine-head Dynamics.” Technical report no. 76-10Aerospace Medical Re-
search Laboratory, Wright Patterson Air Force Base, Dayton, OH, April 1976.

Belytschko, T., L. Schwer, and E. Privitzer. “Theory and Application of a Three Dimensional 
Model of the Human Spine.” Aviation Space and Environmental Medicine 49, no. 1, 
sect. II (January 1978): 158-165.

Bittner, A. C., Jr., and M. M. Ayoub. “Equipment Handling Modeling.” Proceedings of the 
Human Factors and Ergonomics Society Annual Meeting 23 (October 1979): 63.

Bowman, B. M., and D. H. Robbins. “Parameter Study of Biomechanical Quantities in An-
alytical Neck Models.” In Proceedings of the Sixteenth Stapp Car Crash Conference, 
14-44. New York: Society of Automotive Engineers, 1972.



303A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Bowman, B. M., L. W. Schneider, P. R. Rohr, and D. Mohan. “Simulation of Head/Neck 
Impact Responses for Helmeted and Unhelmeted Motorcyclists.” In Proceedings of 
the Twenty-Fifth Stapp Car Crash Conference, 13-68. Warrendale, PA: Society of Au-
tomotive Engineers, 1981.

Brinkley, J. W., and J. T. Shaffer. “Dynamic Simulation Techniques for the Design of Escape 
Systems: Current Applications and Future Air Force Requirements.” In Symposium 
on Biodynamic Models and their Applications, 71-104. Dayton, OH: Wright-Patterson 
Air Force Base, December 1971.

Burns, Kevin C., and D. E. Smith. “Statistical Impact Acceleration Injury Prediction Models 
Based on –Gx Accelerator Data and Initial Head Conditions.” Technical report no. 
112-13, Desmatics, Inc., State College, PA, May 1983.

Burns, Kevin C., Carl A. Mauro, and Dennis E. Smith. “Final Report on Statistical Impact 
Acceleration Injury Prediction Models Based on –Gx Accelerator Data.” Technical 
report no. 126-1, Desmatics, Inc., State College, PA, October 1986.

Burns, M. L., I. Kaleps, and L. E. Kazarian. “Analysis of Compressive Creep Behavior of 
the Vertebral Unit Subjected to a Uniform Axial Loading Using Exact Parametric 
Solution Equations of Kelvin-Solid Models – Part I. Human Intervertebral Joints.” 
Journal of Biomechanics 17, no. 2 (1984): 113-130.

Chaffin, D. B. “A Computerized Biomechanical Model - Development and Use in Studying 
Gross Body Actions.” Journal of Biomechanics 2 (1969): 429–441.

Chaffin, D. B., R. K. Schutz, and R. G. Snyder. “A Prediction Model of Human Volitional 
Mobility.” Warrendale, PA: Society of Automotive Engineers, 1972.

Chan, H. S. “Mathematical Model for Closed Head Impact.” In Proceedings of the Eighteenth 
Stapp Car Crash Conference, 557–578. Warrendale, PA: Society of Automotive En-
gineers, 1974.

Chan, H. S. “Mathematical Model of Head Injury Due to Axisymmetric Impact.” Techni-
cal report no. 74-27, Aerospace Medical Research Laboratory,Wright-Patterson Air 
Force Base, Dayton, OH, November 1974.

Croft, T. J., J. S. Brodkey, and F. E. Nulsen. “Reversible Spinal Cord Trauma: A Model for 
Electrical Monitoring of Spinal Cord Function.” Journal of Neurosurgery 36 (1972): 
402-406.

Dauvilliers, F., F. Bendjellal, M. Weiss, F. Lavaste, and C. Terriere. “Development of a Finite 
Element Model of the Neck.” In Proceedings of the Thirty-Eigth Stapp Car Crash Con-
ference, 77-92. Warrendale, PA: Society of Automotive Engineers, 1994.

Edberg, S., J. Rieker, and A. Angrist. “A Study of Impact Pressure and Acceleration in Plastic 
Skull Models.” Laboratory Investigation 12 (1963): 1305-1311.

Ewing, C. L., W. H., Muzzy, and P. W. Seal. “Development of a High Fidelity Vibration Simu-
lator for Human Experimentation on Surface Effect Ship Problems.” Paper presented 
at AGARD Conference, Oslo, Norway, April 1974.

Fleck, J. T., and F. E. Butler. “Development of an Improved Computer Model of the Human Body 
and Extremity Dynamics.” Technical report no. AMRL-TR-75-14, Aerospace Med-
ical Research Laboratory, Wright-Patterson Air Force Base, Dayton, OH, July 1975.



Impact Acceleration and the Human Response

Comprehensive Bibliography

304

Frisch, G. D. “A Human Body and Crew Station Modeling System for Motion Studies.” 
AGARD Conference Proceedings No. 253: Models and Analogues for the Evaluation of 
Human Biodynamic Response, Performance and Protection, A-21: 1-13. London: Tech-
nical Editing and Reproduction Ltd., June 1979.

Frisch, G. D. “A Human Body and Crew Station Modelling System for Motion Studies.” 
AGARD Conference Proceedings No. 253: Models and Analogues for the Evaluation of 
Human Biodynamic Response, Performance and Protection, A-21: 1-13. London: Tech-
nical Editing and Reproduction Ltd., June 1979.

Frisch, G. D. “Manikin Response Requirements for Safety Equipment Testing.” In Proceedings 
of the Thirty-Seventh Annual Conference on Engineering in Medicine and Biology, 293. 
Bethesda, MD: The Alliance for Engineering in Medicine and Biology, 1984.

Frisch, G. D. “Mathematical Simulation of Adverse Altitude and High Speed Escape from 
Stricken Aircraft.” Science and Engineering Symposium 7, 217-229. Dayton, OH, Oc-
tober 1981.

Frisch, G. D. “Mathematical Simulation of Adverse Altitude and High Speed Escape From 
Stricken Aircraft.” Science and Engineering Symposium 7, 217-229. Dayton, OH, Oc-
tober 1981.

Frisch, G. D. “Occupant Ejection Response Analysis of Front vs. Rear Crew Station in TF-18 
Aircraft.” NBDL-81R004, Naval Biodynamics Laboratory, New Orleans, 1981.

Frisch, G. D. “Simulation of Emergency Egress from AV-8A and AV-8B Crew Stations, Phase 
II.” NBDL-80R002 (NADC no. 81184-60), Naval Biodynamics Laboratory, New 
Orleans, January 1981.

Frisch, G. D. “Simulation of Emergency Egress from AV-8A and AV-8B Crew Stations, 

 Phase I.” NBDL-80R002 (NADC no. 81184-60), Naval Biodynamics Laboratory, 
New Orleans,  January 1981.

Frisch, G. D. “Simulation of Occupant-Crew Station Interaction During Impact.” NBDL-
81R005, Naval Biodynamics Laboratory, New Orleans, 1981.

Frisch, G. D., and C. W. Cooper. “Mathematical Modeling of the Head and Neck Response to 
–Gx Impact Acceleration; (Minimum Articulation Requirements).” Aviation, Space, 
and Environmental Medicine 49, no. 1, sect. II (January 1978): 196-204.

Frisch, G. D., J. O’Rourke, and L. D’Aulerio. “Mechanism of Head and Neck Response to Gx 
Impact Acceleration: A Math Modeling Approach.” Aviation, Space and Environmen-
tal Medicine 48 (March 1977): 223-230.

Frisch, G. D. and L. A. D’Aulerio. “Bioman-An Improved Occupational-Crew Station Com-
pliance Modeling System.” Aviation, Space, and Environmental Medicine 51 (1980): 
160-167.

Frisch, G. D. and L. A. D’Aulerio. “Instrumentation Requirements for Assessing Occupant 
Response to Three Dimensional High Acceleration Environments.” AGARD Confer-
ence Proceedings No. 322- Impact Injury Caused by Linear Acceleration: Mechanisms, 
Prevention and Cost, 15: 1-9. London: Technical Editing and Reproduction, Ltd., 
October 1982.



305A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Frisch, G. D., L. A. D’Aulerio, and M. Schultz. “Crew Station Assessment Using the Bioman 
Modeling System.” AGARD Conference Proceedings No. 267 - High Speed, Low-Level 
Flight: Aircrew Factors, 24: 1-16. London: Technical Editing and Reproduction Ltd., 
March 1980.

Frisch, G. D., L. D’Aulerio, and C. Cooper. “Modeling of Living Human Head and Neck In-
ertial Response to Impact Acceleration.” Paper presented at the Ninth Neuroelectric 
Society Meeting, Marco Beach, FL, November 25, 1977.

Gadd, C. W., and L. M. Patrick. “System versus Laboratory Impact Tests for Estimating Injury 
Hazard.” Paper no. 680053, New York: Society of Automotive Engineers, 1968.

Gennarelli, T. A., J. H. Adams, and D. I. Graham. “Acceleration Induced Head Injury in the 
Monkey I: The Model, its Mechanistic and Physiological Correlates.” Acta Neuro-
pathologica Suppl. 7 (1981): 23-25.

Golomb, S. W. “Mathematical Models – Uses and Limitations.” Astronautics and Aeronautics 
1 (January 1968): 57-59.

Gromov, A. P. “[Modeling Vertebral Injuries During Measured Dynamic Loads.]”Sud. Med. 
Ekspert (Russian)  [Forensic Medical Expertise] 13 (1970): 6–12.

Guccione, S. J., and M. S. Weiss. “The Reliability of Human Head/Neck Torque Estimation.” 
In Proceedings of the Thirty-Ninth Stapp Car Crash Conference. Warrendale, PA: Soci-
ety of Automotive Engineers, 1995.

Guccione, S. J., Jr., T. A. Watkins, M. S. Weiss, and D. W. Call. “A Kinematic Model for 
Predicting the Effects of Helmet Mounted Systems [abstract].” Aviation, Space, and 
Environmental Medicine 62 (May 1991): 477. 

Hess, John L. “The Approximation of the Response of the Human Torso to Large Rapidly Ap-
plied Upward Accelerations by that of an Elastic Rod and Comparison with Ejection 
Data.” Report no. ES 26472, Douglas Aircraft Company, Inc., November 26, 1956.

Hodgson, Voigt R., and L. Murray Thomas.  “The Development of a Model for the Study of 
Head Injury.” In Proceedings of the Eleventh Stapp Car Crash Conference. New York: 
Society of Automotive Engineers, 1967.

Hodgson, V. R., and L. M. Patrick. “Dynamic Response of the Human Cadaver Head Com-
pared to a Simple Mathematical Model.” In Proceedings of the Twelfth Stapp Car Crash 
Conference, 280–301. New York: Society of Automotive Engineers, 1968.

Hudson, D. E. “Scale Model Principles.” In Shock and Vibration Handbook, vol. 2, chapter 27. 
New York: McGraw-Hill Book Co., 1961.

Huston, J. C., and S. H. Advani. “Three Dimensional Model of the Human Head and Neck 
for Automobile Crashes.” In Mathematical Modeling Biodynamic Response to Impact, 
9-20. Warrendale, PA: Society of Automotive Engineers, 1976.

Huston, R. L. “Three-Dimensional, Gross-Motion, Crash-Victim Simulators.” Department of 
Engineering Analysis, University of Cincinnati, 1976.

Jex, H. R., R. J. DiMarco, and W. F. Clement. “Effects of Simulated Surface Effect Ship Mo-
tions on Crew Habitability – Phase II. Volume 3: Visual-Motor Tasks and Subjective 
Evaluations.” Technical report no. 1070-3. Bethesda, MD: Department of the Navy, 
1977.



Impact Acceleration and the Human Response

Comprehensive Bibliography

306

Kaleps, I. L. E. Kazarian, and M. L. Burns. “Analysis of Compressive Creep Behavior of the 
Vertebral Unit Subjected to a Uniform Axial Loading Using Exact Parametric Solu-
tion Equations of Kelvin-Solid Models – Part II, Rhesus Monkey I/V Joints.” Journal 
of Biomechanics 17, no. 2 (1984): 131-136.

Kazarian, L. E., H. E. von Gierke, and G. C. Mohr. “The Validation of Biodynamic Models.” 
AGARD Conference Proceedings no. 253: Models and Analogues for the Evaluation of 
Human Biodynamic Response, Performance and Protection, A13-1 – A13-14. London: 
Technical Editing and Reproduction, Ltd, 1979.

Kenedi, R. “The Mechanical Characteristics of Skin and Soft Tissue and its Modeling.” In 
Symposium on Biodynamic Models and Their Applications, 383-402. Dayton, OH: 
Wright-Patterson Air Force Base, December 1971.

Kennedy, R. S., L. H. Frank, M. E. McCauley, A. C. Bittner, Jr., R. W. Root, and T. A. Binks. 
“Simulator Sickness: Reaction to a Transformed Perceptual World, VI. Preliminary 
Site Surveys.” AGARD Conference Proceedings No. 372: Motion Sickness: Mechanisms, 
Prediction, Prevention and Treatment, 34:1-11. London: Technical Editing and Re-
production, Ltd., 1984.

Khalil, T. B., and R. P. Hubbard. “Parametric Study of Head Response by Finite Element 
Modeling.” Journal of Biomechanics 10, no. 2 (1977): 119–31.

Korr, A. L., and Paul Hyer. “A Trifilar Pendulum for the Determination of Moments of Iner-
tia.” Report R-1653, Research and Development Group, Pitman-Dunn Laborato-
ries, Frankfort Arsenal, Philadelphia, PA, August 1962.

Krause, H. E., H. L. Oestreicher, H. L. Vogt, and H. T. Mohlman. “Minimization Methods 
in the Development of Biodynamics Models.” Paper presented at the Twenty-First 
International Congress of Aviation and Space Medicine, Munich, Germany, Septem-
ber 17-21, 1973.

Li, T. F., S. H. Advani, and Lee, Y. C. “The Effect of Initial Curvature on the Dynamic Re-
sponse of the Spine to Axial Acceleration.” In Symposium on Biodynamic Models and 
their Applications, 553-569.  Dayton, OH: Aerospace Medical Research Laboratory, 
1971.

Liu, Y. K. “The Biomechanics of Spinal and Head Impact: Problems of Mathematical Simula-
tion.” In Symposium on Biodynamic Models and their Applications, 701-736. Dayton, 
OH: Aerospace Medical Research Laboratory, 1971.

Liu, Y. K., H. Cramer, and D. U. von Rosenberg. “A Distributed Parameter Model of the In-
tertially Loaded Human Spine: A Finite Difference Solution.” AFAMRL TR 73-065, 
Tulane University, New Orleans, November 1973.

Liu, Y. K., S. C. Cowin, D. U. von Rosenberg, and K. A. Adams. “A Continuum Model of the 
Primate Body Response to Impact.” Technical report no. 71-99, Aerospace Medical 
Research Laboratory, Wright-Patterson Air Force Base, Dayton, OH, January 1972.

Martinez, J. L., and D. Garcia. “A Model for Whiplash.” Journal of Biomechanics 1 (1968): 
23–32.

McHenry, R. R. “Mathematical Models for Injury Prediction.” In Impact Injury and Crash 
Protection, edited by E. S. Gurdjian, W. A. Lange, L. M. Patrick, and L. M. Thomas, 
214-233. Springfield, Ill.: Charles C. Thomas, 1970.



307A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

McHenry, R. R., and K. N. Naab. “Computer Simulation of the Crash Victim – A Validation 
Study.” In Proceedings of the Tenth Stapp Car Crash Conference, 126-163. New York: 
Society of Automotive Engineers, 1967.

Mitchell, E. E. L., and A. E. Rogers. Auaternion Parameters in the Simulation of a Spinning 
Rigid Body.” In John McLeod, ed., Simulation. New York, San Francisco, Toronto, 
London, and Sydney: McGraw-Hill Book Co., 1968.

Nahum, A. M., and R. W. Smith. “An Experimental Model for Closed Head Impact Injury.” 
In Proceedings of the Twentieth Stapp Car Crash Conference, 783–814. Warrendale, PA: 
Society of Automotive Engineers, 1976.

National Aeronautics and Space Administration. “A Study of the Dynamic Model Technique 
in the Analysis of Human Tolerance to Acceleration.” NASA-TN-D-2645, Stanley 
Aviation Corporation, Denver, CO, March 1965.

Obergefell, Louise A., and Ints Kaleps. “Simulation of Body Motion During Aircraft Ejec-
tion.” Mathematical Computer Modeling 11 (1988): 436-439.

Ommaya, A. K., A. E. Hirsch, E. S. Flamm, and R. M. Mahone. “Cerebral Concussion in the 
Monkey: An Experimental Model.” Science 153 (1966): 211-212.

Ommaya, A. K., A. E. Hirsch, E. H. Harris, and P. Yarnell. “Scaling of Experimental Data on 
Cerebral Concussion in Subhuman Primates to Concussive Threshold for Man.” In 
Proceedings of the Eleventh Stapp Car Crash Conference, 73-80. New York: Society of 
Automotive Engineers, 1968.

Orne, D., and Y. K. Liu. “A Mathematical Model of Spinal Response to Impact.” Journal of 
Biomechanics 4 (1971): 49–71.

Panjabi, M., and A. A. White. “A Mathematical Approach for Three-Dimensional Analysis of 
the Mechanics of the Spine.” Journal of Biomechanics 4 (1971): 203-212.

Patrick, L. M., H. J. Mertz, Jr., and C. K. Kroell. “Forces on the Human Body in Simulated 
Crashes.” In Proceedings of the Ninth Stapp Car Crash Conference, Minneapolis: Uni-
versity of Minnesota Press, 1965.

Patrick, L. M., and R. S. Levine. “Injury to Unembalmed Belted Cadavers in Simulated Colli-
sions.” In Proceedings of the Nineteenth Stapp Car Crash Conference, 79-115. Warren-
dale, PA: Society of Automotive Engineers, 1975.

Peterson, John J., and Dennis E. Smith. “A General Statistical Approach for Using Auxiliary 
Information in the Development of an Impact Acceleration Injury Prediction Mod-
el.” Technical report no. 112-6, Desmatics, Inc., State College, PA, 1980.

Pontius, U. R., Y. K. Liu. “Neuromuscular Cervical Spine Model for Whiplash.” In Mathe-
matical Modelling Biodynamic Response to Impact, 21-30. Warrendale, PA: Society of 
Automotive Engineers, 1976.

Roberts, V. L., C. T. Terry, and E. L. Stech. “Review of Mathematical Models Which Describe 
Human Response to Acceleration.” Paper 66-WA/BHF-13, Winter Annual Meeting 
and Energy Systems Exposition, American Society of Mechanical Engineers, New 
York, November 27 – December 1, 1966.

Robinson, Alfred C. “On the Use of Quaternions in Simulation of Rigid Body Motion.” Techni-
cal report no. 58-17, Wright Air Development Center, Dayton, OH, December 1958.



Impact Acceleration and the Human Response

Comprehensive Bibliography

308

Rushmer, R. F. “Comparison of Experimental Injuries Resulting from Decelerative Forces 
Applied to the Ventral and Dorsal Aspects of Rabbits During Simulated Aircraft 
Accidents.” Research project no. 301, Report no. 1, U.S. Army Air Force School of 
Aviation Medicine, Randolph Field, TX, 1944.

Schultz, A. B., and J. O. Galente. “A Mathematical Model for the Study of the Mechanics of 
the Human Vertebral Column.” Journal of Biomechanics 3 (1970): 405-16.

Shannon, R. H., M. Krause, and R. C. Irons. “Attribute Requirements for a Simulated Flight 
Scenario Microcomputer Test.” Proceedings of the Human Factors and Ergonomics So-
ciety Annual Meeting 26, no. 11 (October 1982): 959-963.

Shannon, R. H., M. Krause, and R. C. Irons. “Attributes of a Simulated Flight Scenario Mi-
crocomputer Test.” NBDL-82R004, Naval Biodynamics Laboratory, New Orleans, 
January 1982. 

Shapland, D. J. “Dynamic Models for Determining Human Tolerance to Abrupt Accelera-
tions.” Paper presented at the Thirty-Third Annual Meeting of the Aerospace Medical 
Association, Atlantic City, NJ, April 9-12, 1962.

Shapland, D. J. “The Dynamic Model – An Engineering Approach to the Problem of Toler-
ance to Abrupt Accelerations.” Paper presented at the Symposium on Impact Accel-
eration Stress, San Antonio, TX, November  27-29, 1961.

Shapland, D. J. The Use of Mathematical Models to Investigate the Effect of Protective Sup-
ports on the Human Body during Abrupt Accelerations.” Stanley Aviation Report 
No. 781, Denver, CO, September 1961.

Shugar, T. A. “A Finite Element Head Model, Vol. I.” Technical report no. R854-I, Navy Civil 
Engineering Laboratory, CA, July 1977.

Shugar, T. A. “A Finite Element Head Model, Vol. II.” Technical report no. R854-II, Navy 
Civil Engineering Laboratory, CA, July 1977.

Shugar, T. A. “Transient Structural Response of the Linear Skull-Brain System.” In Proceedings 
of the Nineteenth Stapp Car Crash Conference, 581-614. Warrendale, PA: Society of 
Automotive Engineers, 1975.

Smith, D. E. “An Examination of Statistical Impact Acceleration Injury Prediction Models 
Based on –Gx Accelerator Data from Subhuman Primates.” Technical report no. 102-
6, Desmatics, Inc., State College, PA, 1978.

Smith, D. E. “Research on Construction of a Statistical Model for Predicting Impact Acceler-
ation Injury.” Technical report no. 102-2, Desmatics, Inc., State College, PA, 1976.

Smith, D. E., and David Aarons. “Research on the Development of a Statistical Impact Ac-
celeration Injury Prediction Model from –Gx Accelerator Runs.” Technical report 
112-11, Desmatics, Inc., State College, PA, 1982.

Smith, D. E., and J. J. Peterson. “An Examination of Statistical Impact Acceleration Injury 
Prediction Models Based on Torque and Force Variables.” Technical report no. 112-1, 
Desmatics, Inc., State College, PA, July 1979.

Smith, D. E., and J. J. Peterson. “Statistical Inference Procedures for a Logistic Impact Accel-
eration Injury Prediction Model.” Technical report no. 102-7, Desmatics, Inc., State 
College, PA, 1978.



309A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Smith, D. E., and J. J. Peterson. “Statistical Procedures for Extracting Optimal Predictor Vari-
ables for Use in an Impact Acceleration Injury Prediction Model.” Technical report 
no. 112-2, Desmatics, Inc., State College, PA, 1979.

Smith, D. E., and R. L. Gardner. “A Study of Estimation Accuracy When Using a Logistic 
Model for Prediction of Impact Acceleration Injury.” Technical report no. 102-5, 
Desmatics, Inc., State College, PA, 1978.

Smith, D. E., and W. R. Anderson. “A Linear Model of the Human Head-Neck System for -Gx 
Impact Acceleration.” Preprints of the Forty-Sixth Annual Scientific Meeting, 64-65. 
Washington, D. C.: Aerospace Medical Association, May 1975.

Soechting, J. F., and P. R. Paslay. “A Model for the Human Spine During Impact Including 
Musculature Influence.” Journal of Biomechanics 6 (1973): 195-203.

Stalnaker, R. L., N. M. Alem, and J. B. Benson. “Validation Studies for Head Impact Injury 
Model.” University of Michigan Highway Safety Research Institute for the National 
Highway Traffic Safety Administration, Ann Arbor, MI, 1977.

Stech, E. L., and P. R. Payne. “Dynamic Models of the Human Body.” AMRL Technical Re-
port 66-157 (AD 701383), Wright-Patterson Air Force Base, Ohio, 1968.

Stech, E. L., and P. R. Payne. “Human Body Dynamics Under Short-Term Acceleration.” Re-
port 115-2, Frost Engineering Development Corp., Denver, June 1962.

Stockman, G. C., and S. H. Kopstein. “The Use of Models in Image Analysis.” AFAMRL TR 
78-117, Wright-Patterson Air Force Base, OH, December 1978.

Terry, C. T., and V. L. Roberts. “A Viscoelastic Model of the Human Spine Subjected to +Gz 
Accelerations.” Journal of Biomechanics 1 (July 1968): 161–68.

Thomas, D. J., P. L. Majewski, C. Spence, and C. L. Ewing. “The Medical Effects of an At-
tempted Simulation of Surface Effect Ship Motion.” Paper presented at AGARD 
Conference, Olso, Norway, April, 1974.

Thomley, K. E., R. S. Kennedy, and A. C. Bittner, Jr. “Development of Postural Equilibrium 
Tests for Examining Simulator Aftereffect.” Perceptual and Motor Skills 63 (1986): 
555-564.

Tjerina, L., and P. Treaster. “Exploring the Utility of Micro SAINT Models: Predictive Simula-
tion with CIWS Load Operation Model Under Normal and MOPP/IV Conditions.” 
NBDL-93R002, Naval Biodynamics Laboratory, New Orleans, August 1993.

Trautman, E., J. G. Pollack, and P. Gilreath. “Task and Environmental Considerations for 
Laboratory Simulation of the Dead Reckoning Tracer Crew Station.” Report no. 
NPRDC-F50-TN86-2, Navy Personnel Research and Development Center, San Di-
ego, CA, February 1986.

Unterharnscheidt, F. “30 Plus Years of Head and Neck Injuries – Primate and Human Models’ 
Responses to Energy Load and Forces.” In Head and Neck Injuries in Sports, edited 
by Earl F. Hoerner, 177-204. Philadelphia, PA: American Society for Testing and 
Materials, 1994.

Von Gierke, H. E. “Biodynamic Models and Their Applications.” Journal of the Acoustical So-
ciety of America 50, no. 6 (1971): 1397-1413.



Impact Acceleration and the Human Response

Comprehensive Bibliography

310

Von Gierke, H. E. “Man to Model or Model to Man?” Paper presented at the Twenty-First 
International Congress of Aviation and Space Medicine, Munich, West Germany, 
1973.

Ward, C. C. “Analytical Brain Models for Head Impact.” In Third International Conference on 
Impact Trauma Proceedings, 389-398. Berlin: International Research Committee on 
the Biokinetics of Impacts, 1977.

Ward, C. C., and R. B. Thompson. “The Development of a Detailed Finite Element Brain 
Model.” In Proceedings of the Nineteenth Stapp Car Crash Conference, 641–674. War-
rendale, PA: Society of Automotive Engineers, 1975.

Watkins, T. A., and S. J. Guccione, Jr. “A Consistent Statistical Model for Human Kinematic 
Response to Impact Acceleration.” In Proceedings of the Seventeenth Annual Interna-
tional Workshop on Human Subjects for Biomechanical Research, 117-132. Warrendale, 
PA: Society of Automotive Engineers, 1989.

Watkins, T. A., M. S. Weiss, D. W. Call, and S. J. Guccione, Jr. “A Kinematic Model for Pre-
dicting the Effects of Helmet-mounted Systems.” AGARD Conference Proceedings No. 
517 on Helmet Mounted Displays and Night Vision Goggles, 7:1-7. Essex, UK: Special-
ized Printing Services Ltd., 1991.

Weber, Robert, Joel Myklebust, Chris Houterman, Anthony Sances, Joseph Cusick, Sanford 
Larson, Thomas Prieto, Michael Chilbert, Channing Ewing, and Daniel Thomas. 
“Experimental and Theoretical Models of Cervical Injury.” Journal of Biomechanics 
15, no. 4 (1982): 345.

Weiss, M. S., S. J. Guccione, Jr., and T. A. Watkins. “Statistical Modelling of Human Kine-
matic Response to Impact Acceleration.” Abstract, Aviation, Space, and Environmen-
tal Medicine 60 (May 1989): 488.

Williams, J., and T. Belytschko. “A Dynamic Model of the Cervical Spine and Head.” Tech-
nical report no. 81-5, Aerospace Medical Research Laboratory, Wright-Patterson Air 
Force Base, Dayton, OH, 1981.

Wittman, T. J. “An Analytical Model to Duplicate Human Dynamic Response to Impact.” 
Paper no. 66-WA/BHF-12, American Society of Mechanical Engineers, New York, 
1966. 

Experimental Measurement

Albe-Fessard, D. Somatosensory Systems. New York: Springer-Verlag, 1973.

Aldman, B. “Photogrammetric Method for Determination of Short-time Decelerations.” 
Svensk lantmateritidskrift 3 (1960): 2-5.

Allemandi, Robert J., and John Harman Busser. “Biomechanical Measurements.” Measure-
ments and Data Home Study Courses 13 (January-February, 1969): 49-64.

Anderson, W. R., and R. Martin. “Design of a Digital Filter to Eliminate High Frequency 
Noise from Noncontiguous Film Coordinate Data.” Proceedings of the International 
Society for Optical Engineering 291 (1981): 110-118.



311A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Arment, D. E., and R. C. Lenz. “Kinetic Measurements on a Pilot Dummy Ejected from a P-61 
Airplane in Flight, Detailed Analysis of Data.” Serial no. TSEAC12A/4303-45-1, Air 
Materiel Command, Wright Field, Dayton, OH, 17 October 1946.

Barrett, S., and P. R. Payne. “The Response of a Linear Damped Dynamic System to Select-
ed Acceleration Inputs.” Frost Engineering Development Corporation, Englewood, 
CA., 1965.

Becker, Edward B. “Cutting Pipe Intersections.” Machine Design (April 10, 1980): 133-134.

———.  “Head and Neck Kinematics for Frontal Oblique and Lateral Crash Impact.” In 
Mechanisms of the Head and Spine, edited by A. Sances, Jr., D. J. Thomas, C. L. 
Ewing, S. J. Larson, and F. J. Unterharnscheidt, 117-132. Goshen, NY: Aloray Pub-
lishers, 1986.

Beckman, E. L., L. H. Peterson, and J. Parnell. “Development of Biological Research Appa-
ratus for Use in Acceleration and Deceleration Studies. Phase I. The Evaluation of 
Pressure Transducer Systems.” Report no. NADC-MA-5206, Aviation Medical Ac-
celeration Laboratory, Naval Air Development Center, Johnsville, PA, 1953.

Beier, G., M. Schuck, E. Schuller, and W. Spann. “Determination of Physical Data of the 
Head, I. Center of Gravity and Moments of Inertial of Human Heads.” Arlington, 
VA: Office of Naval Research, April 1979.

Bender, M., J. W. Melvin, and R. L. Stalnaker. “A High-Speed Cineradiographic Technique for 
Biomechanical Impact.” In  Proceedings of the Twentieth Stapp Car Crash Conference, 
767-81. Warrendale, PA: Society of Automotive Engineers, October 1976.

Bendixen, C. D. “Measurement of Head Angular Acceleration During Impact.” Report no. 
ARL-TR-70-5, Holloman Air Force Base, NM, March 1970.

Bierman, Howard R., and Victor R. Larsen. “Reactions of the Human to Impact Forces Re-
vealed by High Speed Motion Picture Technique.” Journal of Aviation Medicine 17 
(October 1946): 407-412.

Carmichael, J. B., Jr., J. H. Henzel, G. C. Mohr, H. E. von Gierke. “On the Measurement 
of the Transmission of External Force through Fluid Systems in Primates.” Aerospace 
Medicine 38, no. 3 (March 1967): 282-285. 

Carter, R. C., and J. C. Woldstad. “Repeated Measurements of Spatial Ability with the Man-
ikin Test: Change and Stability of Skill Across Time and Task.” Human Factors 27 
(1985): 209-219.

Chandler, Richard F. “Determination of Equivalent Natural Frequency Indicated by Acceler-
ometers Mounted over the Sternum during Human Impact in the -Gx Direction.” 
Technical documentary report no. 62-29, Air Force Systems Command, Holloman 
Air Force Base, NM, December 1962.

Clark, D. S., and G. Datwyler. “Stress-Strain Relations under Tension Impact Loading.” Pro-
ceedings of the American Society of Testing Materials 38, Pt. II (1938): 98-111.

Clarke, N. P., W. M. Wolff, J. J. Gokelman, and H. E. von Gierke. “Simulation of Aerospace 
Flight Acceleration and Dynamic Pressure Environments for Biodynamics Research.” 
Journal of Spacecraft 4, no. 6 (June 1967): 751-757.



Impact Acceleration and the Human Response

Comprehensive Bibliography

312

Clauser, C. “An Inquiry into the Ranges of Values Existing in the U.S. Navy Acceleration 
Study.” 6570th Aerospace Medicine Research Laboratory, Wright-Patterson Air Force 
Base, Dayton, OH, June 17, 1969. 

Clauser, C., and K. Kennedy. “An Inquiry into the Ranges of Values Existing in the U.S. Navy 
Acceleration Study.” 6570th Aerospace Medical Research Laboratory, Wright-Patter-
son Air Force Base,  Dayton, OH, April 1975.

Coburn, K. R. “Physiologic Endpoints in Acceleration Research.” Aerospace Medicine 41 
(1970): 5-11.

Cullen, K. C., R. D. Rampp, J. G. May, and T. G. Dobie. “Measures of Auditory Evoked Po-
tentials During Optokinetic Stimulation.” Aviation, Space, and Environmental Medi-
cine 58 (1987): A129-AI32.

Cullen, K. C., R. D. Rampp, J. G. May, and T. G. Dobie.  “Measures of Auditory Evoked 
Potentials During Optokinetic Stimulation.” NBDL-87R005, Naval Biodynamics 
Laboratory, New Orleans, October 1990.

D’Angelo, C. M., J. C. Van Gilder, and A. Taus. “Evoked cortical Potentials in Experimental 
Spinal Cord Trauma.” Journal of Neurosurgery 38 (1973): 332-336.

Denzin, E. C. “Decelerator for Human Experimentation.” Technical report no. 5973, Aero-
medical Laboratory, Wright-Patterson Air Force Base, Dayton, OH, February 1950.

Deutsch, Sid. “A 15-Electrode Totally Implanted Time-Multiplex Telemetry Unit.” IEEE 
Transactions on Communications 24, no. 10 (October 1976): 1073-1078.

Dobie, T. G. “Archiving and Databasing of Non-Human Primate Impact Data.” New Orleans: 
University of New Orleans, November 2001.

Epstein, C. M., and M. R. Andiola. Introduction to EEG and Evoked Potentials. Philadelphia, 
PA: Lippincott, 1983.

Ewing, C. L. “A Method for Evaluation of Head or Helmet-Mounted Weapons Systems 
Comp.” Unpublished Report, 1972.

Gadd, C. W. “Use of a Weighted Impulse Criterion for Estimating Injury Hazard.” In Proceed-
ings of the Tenth Stapp Car Crash Conference, 164-174. New York: Society of Automo-
tive Engineers, 1967.

Gadd, C. W. “Tolerable Severity Index in Whole-Head, Nonmechanical Impact.” In Proceed-
ings of the Fifteenth Stapp Car Crash Conference, 809-816. Warrendale, PA: Society of 
Automotive Engineers, 1971.

Gell, C. F.  “Table of Equivalents for Acceleration Terminology, Recommended for General 
International Use by the Acceleration Committee of the Aerospace Medical Panel, 
AGARD.” Aerospace Medicine 32, no. 12 (December, 1961): 1109-1111.

Gerlough, D. L. “Instrumentation for Automobile Crash Injury Research.” Journal of the In-
strumentation Society of America 1, no. 12 (December 1954): 29-32.

Ginsburg, A. P., A. C. Bittner, Jr., R. S. Kennedy, and M. M. Harbeson. “A Methodological In-
vestigation of Three Psychophysical Techniques for Rapid Measurement of Contrast 
Sensitivity.” Proceedings of the Human Factors and Ergonomics Society Annual Meeting 
27, no. 2 (October 1983): 264-268.



313A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Glaister, David H., ed. “A Catalog of Current Impact Devices.” AGARD report no. 658. Lon-
don: Technical Editing and Reproduction, Ltd., 1977.

Greenberg, R. P., D. J. Mayer, and D. P. Becker. “The Prognostic Value of Evoked Potentials in 
Human Mechanic Head Injuries.” In Head Injuries, edited by R. L. McLaurin. New 
York: Grune and Stratton, 1976.

Gross, Arthur G. “Dynamic Force Distance Data Recording – A Method.” In Proceedings of 
the Seventh Stapp Car Crash Conference, edited by Derwyn M. Severy. Springfield, IL: 
Charles C. Thomas, 1965.

Gruner, Heinz. “Elements of Photogrammetric Optics.” In Manual of Photogrammetry, 3rd 
ed., edited by M. M. Thompson, chapter III. Falls Church, VA: American Society of 
Photographers, 1934.

Guignard, J. C., and D. J. Thomas. “Toward Standard Biodynamic Coordinate Systems.” 
NBDL-84R005, Naval Biodynamics Laboratory, New Orleans, 1984.

Gurdjian, E. S., W. G. Hardy, H. R. Lissner, and J. E. Webster. “Repeated Loading Tests of the 
Lumbar Spine, a Preliminary Report.” Surgical Forum 9 (1959): 690-695.

Gurdjian, E. S., V. R. Hodgson, L. M. Thomas, and L. M. Patrick. “High Speed Techniques in 
Head Injury Research.” Medical Science 18, no. 11 (1967): 45-56.

Gurdjian, E. S., V. R. Hodgson, L. M. Thomas, and L. M. Patrick. “Significance of Relative 
Movements of Scalp, Skull, and Intracranial Contents during Impact Injury of the 
Head.” Journal of Neurosurgery 29, no. 1 (1968): 70-72.

Gurdjian, E. S., and H. R. Lissner. “Mechanism of Head Injury as Studied by the Cathode 
Ray Oscilloscope, Preliminary Report.” Journal of Neurosurgery 1 (November 1944): 
393-399.

———.  “Deformation of the Skull in Head Injury, A Study with the “Stresscoat” Technique.” 
Surgery, Gynecology & Obstetrics 81 (December 1945): 679-687. 

———. “Deformation of the Skull in Head Injury Studied by the “Stresscoat” Technique, 
Quantitative Determinations.” Surgery, Gynecology & Obstetrics 83 (1946): 219–233.

———. “Deformations of the Skull in Head Injury as Studied by the “Stresscoat” Technique.” 
American Journal of Surgery 73, no. 2 (1947): 269-281.

———. “Mechanism of Concussion.” In Biomechanical Studies of the Musculo-Skeletal System, 
edited by F. G. Evans, 192-208. Springfield, Ill.: Charles C. Thomas, 1961.

———. “Photoelastic Confirmation of the Presence of Shear Strains at the Craniospinal Junc-
tion in Closed Head Injury.” Journal of Neurosurgery 18 (1961): 58-60.

———. “The Position and Motion of the Head at Impact.” In Proceedings of the Eighth Stapp 
Car Crash and Field Demonstration Conference, 128–133. Detroit, MI: Wayne State 
University Press, 1966.

Hack, W. F. “Hyge Shock Test Facility at 6571st Aeromedical Research Laboratory.” Technical 
report no. ARL-TDR-62-22, Holloman Air Force Base, NM, September 1962.

Hain, K. “Acceleration in Planar Mechanisms.” In Applied Kinematics, 2nd ed., translated by D. 
R. Raichel, chapter 6. New York: McGraw-Hill, 1967.



Impact Acceleration and the Human Response

Comprehensive Bibliography

314

Hanson, P. G. “Radiographic Studies of Cardiac Displacement during Abrupt Deceleration.” 
In Proceedings of the Tenth Stapp Car Crash Conference, 137-145. New York: Society 
of Automotive Engineers, 1966.

Harbeson, M. M., R. S. Kennedy, M. Krause, and A. C. Bittner, Jr. “Repeated Measures of 
Information Processing.” Proceedings of the Human Factors and Ergonomics Society 
Annual Meeting 26, no. 9 (October 1982): 818-822.

Harbeson, M. M., and R. S. Kennedy. “Repeated Measures of Information Processing: Com-
parison of Four Tasks.” NBDL-82R014, Naval Biodynamics Laboratory, New Orle-
ans, 1982.

Hardy, W. G., H. R. Lissner, J. E. Webster, and E. S. Gurdjian. “Repeated Loading Tests of the 
Lumbar Spine. A Preliminary Report.” Surgical Forum 9 (1959): 690-695.

Hawrylewicz, E. J., and W. H. Blair. “Biochemical Measure of Impact Stress in Chimpanzees.” 
Aerospace Medicine 37, no. 4 (April 1965): 369-371.

Heath, Robert G., Aris W. Cox, and Leonard S. Lustick. “Brain Activity during Emotional 
States.” The American Journal of Psychiatry 131, no. 8 (August 1974): 858-862.

Hiatt, E. P. Principles of Safety Monitoring of Hazardous Research on Acceleration Utilizing Hu-
man Subjects. Washington, D.C.: National Academy of Sciences/National Research 
Council, 1961.

Higgins, L. S., and R. A. Schmall. “A Device for the Investigation of Head Injury Effected by 
Non-Deforming Head Accelerations.” In Proceedings of the Eleventh Annual Stapp 
Car Crash Conference, 35-46. New York: Society of Automotive Engineers, 1967.

Hixson, W. C., J. I. Niven, and M. J. Correia. “Kinematics Nomenclature for Physiological 
Accelerations with Special Reference to Vestibular Applications.” Monograph no. 14, 
Pensacola, FL., Naval Aerospace Medical Institute, 1966. 

Hiyama, K. “Deep EEG Pattern in Experimental Whiplash Injury - The Deep EEG Pattern 
in Experimental Circulatory Insufficiency of the Vertebro-basilar Arteries.” Journal of 
the Japanese Orthopaedic Association 45 (August 1971): 617-628. 

Hodgson, V. R., H. R. Lissner, and G. Nakamura. “Design of Miniature Pressure Transducer 
using Semi-conductor Strain Gages.” Paper presented at the European Symposium 
on Medical Electronics, September 1965.

Hodgson, V. R., and G. S. Nakamura. “Mechanical Impedance and Impact Response of the 
Human Cadaver Zygoma.” Journal of Biomechanics 1, no. 2 (July 1968): 73-78.

Hodgson, Voigt R., and L. Murray Thomas.  “Experimental Skull Deformation and Brain 
Displacement Demonstrated by Flash X-Ray Technique.” Journal of Neurosurgery 25, 
no. 5 (1966): 549-552.

Hubick, H. O., H. W. Schuette. D. J. Palughi, A. C. Powell, F. J. Schroeder. “Design of AMRL 
Impact Facility Sled, Propulsion Unit and Decelerator.” Technical report no. AM-
RL-TR-74-118, Aerospace Medical Research Laboratory, Wright-Patterson Air Force 
Base, Dayton, OH, January 1975.

Kalish, Leslie A., and Dennis E. Smith. “Optimal Designs for Estimation of the Two-Param-
eter Logistic Function.” Technical report no. 112-4, Desmatics, Inc., State College, 
PA, January 1980.



315A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Kalish, Leslie A., and Dennis E. Smith. “Optimal Augmentation of Experimental Designs for 
Estimation of the Logistic Function.” Technical report no. 112-5, Desmatics, Inc., 
State College, PA, 1980.

Kaufman, B., A. M. Rog, and D. L. Matson. “Developing Evaluation Criteria for Estimation 
of Short Latency Somatosensory Evoked Potentials.” Proceedings of the Annual In-
ternational Conference of IEEE Engineering in Medicine and Biology Society 15 no. 1 
(1993): 440-441.

Kaufman, B., A. V. Sahakian, and J. B. Myklebust. “Analysis of the SEP Using the Hilbert 
Transform.” Proceedings of the Annual International Conference of the IEEE Engineer-
ing in Medicine and Biology Society 12, no. 2 (1990): 887-888.

King, A. I., A. J. Padganokar, and K. W. Krieger. “Measurement of Angular Acceleration of a 
Rigid Body Using Linear Accelerations.” Ann Arbor, Mich.: International Ad Hoc 
Committee on Human Subjects for Biomechanical Research, 1974. 

Kong, X., L. Zhu, B. Kaufman, and A. Rog. “Adaptive Estimation of Evoked Potential Latency 
Under Low SNR Conditions.” Proceedings of the Sixteenth Annual International Con-
ference of IEEE Engineering in Medicine and Biology, CD-ROM, 1994.

Krause, M. “Repeated Measures on a Choice Reaction Time Task.” Proceedings of the Human 
Factors and Ergonomics Society Annual Meeting 26, no. 4 (October 1982): 359-363. 
Also published as NBDL-82R006, Naval Biodynamics Laboratory, New Orleans, 
August 1982.

Larson, S. J., A. Sances, Jr., and P. C. Christenson. “Evoked Somatosensory Potentials in Man.” 
Archives of Neurology (Chicago) 15 (1966): 88-94.

Larson, S. J., A. Sances, Jr., J. F. Cusick, T. Swionteck, G. A. Meyer, and J. Myklebust. “Experi-
mental and Clinical Studies with Spinal Cord Implant Systems.” In Electrotherapeutic 
Sleep and Electroanesthesia, vol. 5, edited by F. M. Wageneder and R. H. Germann. 
Graz: Universitat Graz, 1978.

Larson, S. J., A. Sances, Jr., D. Hemmy, E. Millar, and P. R. Walsh. “Physiological Histological 
Effects of Cerebellar Stimulation.” Applied Neurophysiology 40 (1977/78): 160-174.

Larson, S. J., P. R. Walsh, A. Sances, Jr., J. F. Cusick, D. C. Hemmy, and H. Mahler. “Evoked 
Potentials in Experimental Myelopathy.” Spine 5 (1980): 299-302.

Liberati, D., P. Brandazza, L. Casagrande, A. Cerini, and B. Kaufman. “Detection of Transient 
Single-Sweep Somatosensory Evoked Potential Changes via Principal Components 
Analysis of the Autoregressive-with-Exogenous-Input Parameters.” Proceedings of the 
Annual Conference of the IEEE Engineering in Medicine and Biology Society 14 (1992): 
2454-2455.

Losh, M. W. “High Performance Continuous and Simultaneous Acquisition and Disk Storage 
of Event Related Data.” Proceedings of the Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society 13, no. 1 (1991): 413-414.

Lustick, L. S., H. G. Williamson, M. R. Seemann, and J. M. Bartholomew. “Problems of Mea-
surement in Human Analog Research.” Eighth International Workshop on Human 
Subjects for Biomechanical Research, U. S. Department of Transportation, National 
Highway Traffic Safety Administration, Washington, D.C., 1980. 



Impact Acceleration and the Human Response

Comprehensive Bibliography

316

Mackie, Robert R., Laurence Morehouse, and Donald A. Clegg. “Measurement of Forces Af-
fecting Human Bodies in Aircraft Accidents.” Technical report no. 2, Contract no. 
N-ONR-152700, Human Factors Research, Inc., February 1956.

Managan, R. F., K. C. Flagg, N. P. Clarke, and J. H. Duddy. “Evaluation of Two Cyclic-Strain 
Impact Attenuators.” Technical report no. 66-221, Aerospace Medical Research Lab-
oratory, Wright Patterson Air Force Base, OH, May 1967.

Marotzsky, H. J. “Isometric Energy Measurements on the Head-Neck System in Younger and 
Older People.” Archives of Orthopaedic and Trauma Surgery 74 (1972): 42-62.

Matson, D. L. “Impact Acceleration and the Effects of Heart Rate of Short-Latency Somato-
sensory Evoked Potentials.” Psychophysiology 22 (October 1985): 603.

Matson, D. L.“Evoked Potential Indices for Predicting Motion Sickness Susceptibility.” Psycho-
physiology 23 (1986): 450-451.

Matson, D. L.“Somatosensory Evoked Potentials During +Z Impact Acceleration.” Abstract, 
Aviation, Space, and Environmental Medicine 60 (May 1989): 487.

Matson, D. L.“Sensory Event Related Potentials or Indicators of Motion Sickness.” Paper pre-
sented at the Fourth International Brain Research Organization World Congress of 
Neuroscience, Kyoto, Japan, July 1995.

Matson, D. L., and J. V. Urbas. “An Artificial Neutral Network for Detecting Abnormal 
Evoked Potentials During Impact Acceleration.” Paper presented at the Sixty-Fourth 
Annual Scientific Meeting of the Aerospace Medical Association, Toronto, Canada, 
May 1993.

Miller, Earl F., II. “Evaluation of Otolith Organ Function by Means of Ocular Counter-Roll-
ing Measurements.” Vestibular Function on Earth and Space, Wenner-Gren Symposium 
No. 15. Oxford and New York: Pergamon Press, 1970.

Morrison, G., R. J. Lorig, J. S. Brodkey, and F. E. Nulsen. “Electrospinogram and Spinal and 
Cortical Evoked Potentials in Experimental Spinal Cord Trauma.” Journal of Neuro-
surgery 43 (1975): 737-741.

Mucciardi, A. N., J. D. Sanders, and R. H. Eppinger. “Prediction of Brain Injury Measures for 
Head Motion Parameters.” In Proceedings of the Twenty-First Stapp Car Crash Confer-
ence, 369-415. New Orleans: Society of Automotive Engineers, 1977.

Muzzy, W. H., III, and E. B. Becker. “Shearless T-1 Instrumentation Mount.” Proceedings of 
the Thirteenth Annual International Workshop on Human Subjects for Biomechanical 
Research, 75-77. Arlington, VA, 1985.

Muzzy, W. H., III. “Summary of Current Research In Head Injury Mechanisms at the Na-
val Biodynamics Laboratory.” In Symposium on Head Injury Mechanisms, 96-99. Des 
Plaines, IL: American Association for Automotive Medicine, 1987.

Muzzy, W. H., III., and T. G. Anderson. “An Innovative Technique for Conducting a Site Sur-
vey of an Aircraft Accident.” Paper presented at the Sixty-Fourth Annual Scientific 
Meeting of the Aerospace Medical Association, Toronto, Canada, May 1993.

Muzzy, W. H., C. L. Ewing, and P. W. Seal. “Industrial Electrodynamic Vibrator for Human 
Experimentation Feasibility Study.” Paper presented at the Human Response to Vi-
bration Conference, University of Salford, UK, September 19, 1973.



317A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Muzzy, W. H., III, G. C.Willems, and D. R. Knouse. “Portable Instrumentation and Data 
Acquisition Package for Measurement of Manikin Response to Ship Shock.” Paper 
presented at Live Fire Test/Crew Casualty Assessment Workshop, Groton, CT, Oc-
tober 1988.

Padgaonkar, A.J., K.W. Kreiger, and A. I. King. “Measurement of Angular Acceleration of a 
Rigid Body Using Linear Accelerometers.” Paper presented at the American Society 
of Mechanical Engineers Applied Mechanics Summer Conference Symposium on 
Biomechanics, Rensselaer Polytechnic Institute, Troy, New York, June 1975.

Prell, A. M., and T. G. Anderson. “Photo Documentation of Impact Acceleration Experiments 
Involving Manikins and Human Research Volunteers.” Paper presented at the Six-
ty-Fourth Annual Scientific Meeting of the Aerospace Medical Association, Toronto, 
Canada, May 1993.

Riemer, T. E., M. S. Weiss, and M. W. Losh. “Discrete Clipping Detection by Use of a Signal 
Matched Exponentially Weighted Differentiator.” Proceedings of the Twelfth Annual 
International Conference of the IEEE Engineering in Medicine and Biology Society, 245-
248. New York: The Institute of Electrical and Electronics Engineers, Inc., 1990.

Roberts, V. L., and H. R. Lissner. “A Correlation between Cadaver and in Vivo Results.” In 
Proceedings of the Eighth Stapp Car Crash and Field Demonstration Conference, 134-
146. Detroit: Wayne State University Press, 1966.

Robinson, F. R., R. L. Hamlin, and R. R. Coermann. “Electrocardiographic and Roetgeno-
graphic Response of the Heart to Lateral Impact.” Technical report, Aerospace Med-
ical Research Laboratory, Wright-Patterson Air Force Base, OH, 1967.

Rog, A. “Time Delay Estimation of Noisy Signals using Spatial Altitude Distribution Analy-
sis.” Paper presented at the One Hundred and Twenty-Fourth Annual Meeting of the 
Acoustical Society of America, October 31, 1992.

Rog, A., and B. Kaufman. “Application of LMS Adaptive Filters to Signal Estimation for 
Tracking Transient Latency Changes in Short Latency Somatosensory Evoked Poten-
tials.” Proceedings of the Sixteenth Annual International Conference of IEEE Engineering 
in Medicine and Biology, CD-ROM, 1994.

Saltzberg, Bernard, Leonard S. Lustick, and Robert G. Heath. “Detection of Focal Depth 
Spiking in the Scalp EEG of Monkeys.” Electroencephalography and Clinical Neuro-
physiology 31, no. 4 (1971): 327-333. 

Saltzberg, В., and L. S. Lustick. “Signal Analysis: An Overview of Electroencephalograph-
ic Application.” In Brain Function and Malnutrition: Neuropsychological Methods of 
Assessment, edited by J. W. Prescott, M. S. Read, and D. B. Courin, 129-140. New 
York, London, Chichester, Sidney, and Toronto: John Wiley and Sons, 1975.

Sances, Anthony, Jr. “Biomedical Influences on Spinal Cord Function.” Final report, Medical 
College of Wisconsin, Milwaukee, WI, June 14, 1989.

Sances, Jr., A., S. J. Larson, J. F. Cusick, J. Myklebust, C. L. Ewing, R. Jodat, J. Ackmann, 
and P. Walsh. “Early Somatosensory Evoked Potentials.” Electroencephalography and 
Clinical Neurophysiology 45 (1978): 505-514.

Sances, T. A., Jr., R. Weber, J. B. Myklebust, J. F. Cusick, S. J. Larson, P. R. Walsh, T. Chris-
toffel, C. Houterman, C. L. Ewing, D. J. Thomas, D. J., B. Saltzberg. “The Evoked 



Impact Acceleration and the Human Response

Comprehensive Bibliography

318

Potential: An Experimental Method for Biomechanical Analysis of Brain and Spinal 
Injury.” In Proceedings of the Twenty-Fourth Stapp Car Crash Conference, 63-100. War-
rendale, PA: Society of Automotive Engineers, 1980.

Sances, T. A., Jr., J. B. Myklebust, S. J. Larson, J. F. Cusick, R. C. Weber, and P. R. Walsh. 
“Bioengineering Analysis of Head and Spine Injuries.” CRC Critical Review of Bioen-
gineering 5, no. 2 (1981): 79-122.

Severy, D. M. “Photographic Instrumentation for Collision Injury Research.” Journal of the 
Society of Motion Picture and Television Engineers 67 (1958): 69-77.

Shaffer, J. T. “The Impulse Accelerator: An Impact Sled Facility for Human Research and 
Safety Systems Testing.” AMRL-TR-76-8, Wright-Patterson Air Force Base, Dayton, 
OH, August 1976.

Singer, J. M., G. V. Russell, and J. E. Coe. “Changes in Evoked Potentials after Experimental 
Cervical Spinal Cord Injury in the Monkey.” Experimental Neurology 29 (December 
1970): 449-461.

Sipple, W. C., and B. D. Polis. “The Electrocardiogram as an Indicator of Acceleration Stress.” 
IRE Transactions on Bio-Medical Electronics 8 (July 1961): 189-191.

Slattenschek, A., and W. Tauffkirchen. “Critical Evaluation of Assessment Methods for Head 
Impact Applied in Appraisal of Brain Injury Hazard, in Particular in Head Impact on 
Windshields.” SAE Technical paper no. 700426, Society of Automotive Engineers, 
1970.

Slattenschek, A., W. Tauffkirchen, and G. Benedikter. “The Quantification of Internal Head 
Injury by Means of the Phantom Head and the Impact Assessment Methods.” In Pro-
ceedingsof the Fifteenth Stapp Car Crash Conference, 742-766. Warrendale, PA: Society 
of Automotive Engineers, 1971. 

Smith, Richmond W., Jr., and David A. Keiper. “Dynamic Measurement of Viscoelastic Prop-
erties of Bone.” American Journal of Medical Electronics (October-December 1965): 
156-160.

Stapp, J. P. “Methods of Research in Aviation Medicine.” Activities Report, Third Quarter, 
Holloman Air Force Base, NM, October 1954. 

Stapp, J. P. “Measurement for Survival.” Ordnance 40, no. 216 (1956): 975-979.

Stapp, J. P. “Rocket Sleds as Biological Test Vehicles.” Journal of the American Rocket Society 
(September 1954) (also see Jet Propulsion, 1954).

Stapp, J. P. “The Use of Rocket Sleds in Experimental Wind Blast Tests.” In Second Experimen-
tal Track Symposium (1955): 45. 

Stapp, J. P., and W. C. Blount. “Holloman AFB Short Track Facility.” Holloman Air Force 
Base, NM, 1953.

Stapp, J. P., and S. T. Lewis. “Experiments Conducted on a Swing Device for Determining Hu-
man Tolerance to Lap Belt Type Decelerations.” Report AFMDC TN-57-1, 6571st 
Aeromedical Research Laboratory, Holloman Air Force Base, New Mexico, 1957.

Stapp, J. P., S. T. Lewis, and J. J. Ryan. “Preliminary Investigations of a Hydraulic Bumper 
and Roll-Over Structure.” Report no. AFMDC TN 58-5, Holloman Air Force Base, 
NM, 1958.



319A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Starr, J. B., S. C. Webb, H. R. Day, and R. Frey. “Aptitude Measurement in U.S. Subcultures.” 
International Journal of Intercultural Relations 15 (1991): 149-161.

States, J. D. “Trauma Evaluation Needs.” In Human Impact Response Measurement and Simu-
lation, edited by W. F. King and H. J. Mertz, 3-16. New York: Plenum Press, 1973.

Taylor, Ellis R. “Problems and Techniques of Human Sled Subject Selection.” Technical Doc-
umentary Report ARL-TDR-63-5, 6571st Aeromedical Research Laboratory, Hollo-
man Air Force Base, NM, March 1963.

Tennyson, S. A., N. K. Mital, and A. I. King. “Electromographic Signals of the Spina Muscu-
lature during +Gz Impact Acceleration.” Orthopedic Clinics of North America 49, no. 
1, section II (January 1978): 211-223.

Van Kirk, D. J., and W. A. Lange. “A Detailed Injury Scale for Accident Investigation.” In 
Proceedings of Twelfth Stapp Car Crash Conference, 240-259. New York: Society of 
Automotive Enginers, 1968.

Van Eck, Peter J., Don B. Chaffin, David R. Foust, Janet K. Baum, and Richard G. Snyder. “A 
Bibliography of Whiplash and Cervical Kinematic Measurement.” Report UM-HS-
RI-BI-73-6, University of Michigan Highway Safety Research Institute, November 
1973.

Versace, J. “A Review of the Severity Index.” In Proceedings of the Fifteenth Stapp Car Crash Con-
ference Proceedings, 771–796. Warrendale, PA: Society of Automotive Engineers, 1971.

Vogt, L. H., H. E. Krause, H. Hohlweck, and E. May. “Mechanical Impedance of Supine Hu-
mans Under Sustained Acceleration.” Aerospace Medicine 44, no. 2 (February 1973): 
123-128.

Von Gierke, H. E., and E. Steinmetz. Motion Devices for Linear and Angular Oscillation and for 
Abrupt Acceleration Studies on Human Subjects (Impact). Washington, D.C.: National 
Academy of Sciences - National Research Council, 1961.

Walsh, P. R., S. J. Larson, A. Sances, C. L. Ewing, D. J. Thomas, M. Weiss, M. Berger, J. 
Myklebust, and J. F. Cusick. “Experimental Methods for Evaluating Spinal Cord 
Injury during Impact Acceleration.” In Electrotherapeutic Sleep and Electroanesthesia, 
edited by F. M. Wageneder and R. H. Germann, 435-443. Graz: R. M. Verlag, 1978.

Walton, J. D., Jr., W. H. Horton, S. B. Chyatte, and H. Warner. “An Engineering Study of the 
Requirements for an Acceleration Facility for Bioengineering Research and the Fea-
sibility of Establishing such in the Atlanta Area.” Final report prepared for the Office 
of Naval Research, September 1970.

Ward, J. W., and S. L. Clark. “The Electroencephalogram in Experimental Concussion and 
Related Conditions.” Journal of Neurophysiology 11 (1948): 59-74.

Ward, W. C., Jr. “Live Subject Ejection Tower Testing to Determine Human Tolerance to an 
Increased Onset Rate of Acceleration.” Report no. NADC-79244-60, Aircraft and 
Crew Systems Technology Directorate, Naval Air Development Center, Warminster, 
PA, October 31, 1979.

Weis, E. B., N. P. Clarke, J. W. Brinkley, and J. P. Martin. “Mechanical Impedance as a Tool 
in Research on Human Response to Acceleration.” Aerospace Medicine 35, no. 10 
(October 1964): 945-950.



Impact Acceleration and the Human Response

Comprehensive Bibliography

320

Weis, Edmund B., Jr., Neville P. Clarke, Henning E. von Gierke. “Mechanical Impedance as a 
Tool in Biomechanics.” Aerospace Medical Research Laboratory technical report  no. 
66-84, Wright-Patterson Air Force Base, Dayton, OH, June 1966.

Weis, Edmund. B., Jr., and George C. Mohr. “Cineradiographic Analysis of Human Visceral 
Response to Short Duration Impact.” Aerospace Medicine 38, no. 10 (October 1967): 
1041-1044.

Weiss, M. S. “Evoked Potentials and Background Activity - Extent of Linear Interaction.” 
Electroencephalography and Clinical Neurophysiology 27 (1969): 690.

———. “An Inexpensive Wideband High Gain Physiological Amplifier.” Physiology and Be-
havior 8, no. 6 (1972): 1183-1184.

———. “Non-Gaussian Properties of the EEG during Sleep.” Electroencephalography and 
Clinical Neurophysiology 32, no. 2 (1973): 200-202.

———. “Safe, Constant-Current, Electric-Shock Simulator.” Medical & Biological Engineering 
11, no. 4 (1973): 506-508. 

———. “Modification of the Kolmogorov-Smirnov Statistic for Use with Correlated Data.” 
Journal of the American Statistical Association 73, no. 364 (December 1978): 872-875.

———. “Testing Correlated “EEG-Like” Data for Normality Using a Modified Kolmogor-
ov-Smirnov Statistic.” IEEE Transactions on Biomedical Engineering 33, no. 12 (De-
cember 1986): 1114-1120.

———. “Testing EEG Data for Statistical Normality.” Proceedings of the Annual International 
Conference of the IEEE Engineering in Medicine and Biology Society 11, no. 2 (1989): 
704-705.

———. “Scope of Current Biomechanics Research.” In Injury Biomechanics, 31-35. Warren-
dale, PA: Society of Automotive Engineers, 1987.

———. “Standards for Human and Human Surrogate Impact Testing.” Journal of the Acousti-
cal Society of America 88, suppl. 1 (Fall 1990): S64.

Weiss, M. S., J. S. Sobolewski, and P. S. Kreager. “A Temperature Monitor and Proportional 
Direct Current Controller.” Medical & Biological Engineering 8, no. 2 (1970): 213-
215.

Weiss, M. S., John S. Sobolewski, and Robert Drury. “A Multipurpose Electronic Filter and 
Integrating Level Detector.” IEEE Transactions on Biomedical Engineering 19, no. 5 
(September 1972): 395-397.

Weiss, M. S., and M. D. Berger. “Impact Acceleration Related Changes in Brain Electrical 
Activity.” Paper presented at the Ninth Neuroelectric Society Meeting, Marco Beach, 
FL, November 25, 1977.

———. “Neurophysiological Effects of -X Impact Acceleration.” AGARD Conference Proceed-
ings No. 322 - Impact Injury Caused by Linear Acceleration: Mechanisms, Prevention 
and Cost, 14:1-7. London: Technical Editing and Reproduction Ltd., October 1982.

Willems, Gilbert C. “Maneuvering Requirements and Minimum Miss Distances for Homing 
Missiles in a Restricted Set of Anti-Tank Engagements.” Advanced Sensors Laborato-
ry, U.S. Army Missile Command, Redstone Arsenal, AL, May 17, 1963.



321A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

———. “A Note on PACTOLUS.” Simulation 3, no. 5 (1964): 3-4.

———. “High Sensitivity Sample-and-Hold Circuit.” Simulation 4, no. 3 (1965): 140-141.

———. “Statistical Determination of Angular Rate Requirements for Tracking Certain Tar-
gets.” Electromagnetics Laboratory, U.S. Army Missile Command, Redstone Arse-
nal, AL, December 17, 1965.

———. Optimal Controllers for Homing Missiles. Advanced Sensors Laboratory, Research and 
Engineering Directorate (Provisional) report no. RE-TR-68-15, U.S. Army Missile 
Command, Redstone Arsenal, AL, September, 1968.

———. Optimal Controllers for Homing Missiles with Two Time Constants. RE-TR-69-20, 
Redstone Arsenal, AL: Advanced Sensors Laboratory, Research and Engineering Di-
rectorate (Provisional) U.S. Army Missile Command, 1969.

———. Statistical Detection of Pulse Trains. Redstone Arsenal, AL: Advanced Sensors Labora-
tory, Research and Engineering Directorate (Provisional) U.S. Army Missile Com-
mand, October 15, 1969.

Willems, G. C., W. H. Muzzy, III, W. R. Anderson, and E. B. Becker. “Cinematography Data 
Systems at the Naval Biodynamics Laboratory.” Proceedings of the International Society 
for Optical Engineering 291 (1981): 90-96.

Willems, G. C., and D. R. Knouse. “A Simplified Digital Filtering Technique.” Personal Engi-
neering and Instrumentation News, November 1991.

———. “A Detailed Evaluation of the ATA Angular Motion Sensor in Realistic Simulated 
Crash Environments.” In Proceedings of the Thirty-Fifth Stapp Car Crash Conference, 
303-334. Warrendale, PA: Society of Automotive Engineers, 1991.

———. “A Simple Step Procedure Finds the Time Response of Filtered Data.” EDN-Design 
Feature (December 9, 1993): 139-142.

Winquist, P. G., P. W. Stumm, and R. Hanson. “Crash Injury Experiments with the Monorail 
Decelerator.” U.S. Air Force Flight Test Center technical report no. 53-7, Edwards 
Air Force Base, CA, April 1953.

Wolfe, James W. “Technique for Chronic Head Restraint and Electrophysiologic Recording in 
the Awake Rhesus Monkey.” Physiology and Behavior 13 (1974): 461-464.

Wurzel, Edward M., Lewis J. Polansky, and Earle E. Metcalfe. “Measurements of the Loads 
Required to Break Commercial Aviation Safety Belts as an Indication of the Ability of 
the Human Body to Withstand High Impact Forces.” Project NM-001-006-X-630 
report no. 12, Naval Medical Research Institute, Bethesda, MD, March 1948.

Zhu, L., K. Kong, B. Kaufman, and A. Rog. “Estimation of Latency Changes for Evoked 
Potentials with Morphological Variations.” Proceedings of the Seventeenth Annual In-
ternational Conference of IEEE Engineering in Medicine and Biology, CD-ROM, 1995.

Zimmerman, F. T., and T. J. Putnam. “Relation between Electroencephalographic and Histo-
logic Changes Following the Application of Graded Force to the Cortex.” Archives of 
Neurology and Psychiatry, Chicago 57 (1947): 521-546.



Impact Acceleration and the Human Response

Comprehensive Bibliography

322

Pathology

Aikawa, Y. “Experimental Study on Spinal Cord Injuries.” Iryo 21 (May 1967): 542–549.

Aiken, D. W. “Intestinal Perforation and Facial Fractures in Automobile Accident Victims 
Wearing a Seat Belt.” Journal of the Louisiana State Medical Society 115 (1963): 235-
236.

Akasaka, K. “Experimental Study on Etiological Mechanism of So-Called Cervical Syndrome 
– On the Development of Cervical Spondylosis Caused by Cervical Intervertebral 
Disc Injuries.” Journal of the Japanese Orthopaedic Association 40 (April 1966): 1-21.

Albin, M. S., R. J. White, D. Yashon, and L. C. Massopust, Jr. “Functional and Electrophys-
iological Limitations of Delayed Spinal Cord Cooling After Impact Injury.” Surgical 
Forum (1968): 423–424.

Albin, M. S., R. J. White, D. Yashon, and L. S. Harris. “Effects of Localized Cooling on Spinal 
Cord Trauma.” Journal of Trauma 9, no. 12 (1969): 1000–1007.

Albin, M. S., R. J. White, G. Acosta-Rua, and D. Yashon.  “Study of Functional Recovery Pro-
duced by Delayed Localized Cooling After Spinal Cord Injury in Primates.” Journal 
of Neurosurgery 29 (1968): 113–120.

Allen, A. R. “Remarks on the Histopathological Changes in the Spinal Cord Due to Impact. 
An Experimental Study.” Journal of Nervous and Mental Disease 41 (1914): 141-147.

Alvik, I. “Biomechanics of the Spine.” Journal of the Norwegian Medical Association 89 (1969): 
1340–1344.

Anonymous. “Injuries Associated with Parachute Escapes.” Air Surgeon’s Bulletin 1 (May 
1944): 8-9.

Barber, H. “Effect of Trauma, Direct and Indirect on the Heart.” Quarterly Journal of Medicine 
13 (1944): 137-167.

Barber, H. “Electrocardiographic – Changes Due to Trauma.” British Medical Journal 4, no. 3 
(1942): 83-90.

Barbour, A. B. “Injuries in Flying.” British Medical Journal 2, no. 4735 (October 6, 1951): 
854.

Barcikowski, W. “Effect of Acceleration on the Bones and Joints of the Spine.” Chir Narzadow 
Ruchu Ortop Pol 33 (1967): 137–144.

Barnes, R. “Cervical Spine Injuries.” Manitoba Medical Review 47 (1967): 385–393. 

Barnes, R. “Mechanism of Cord Injury Without Vertebral Dislocation.” The Journal of Bone 
and Joint Surgery 33B (1951): 494-495.

Barton, J. A. “Investigation of Back Injuries Sustained by Pilots in Event of Nose Gear Failure 
on Landing.” Report E-533, Chance-Vought Aircraft, Inc., Dallas, TX, February  13, 
1956.

Bavies, J. “The Problem of Back Fractures During Ejection from USAF Aircraft. Period: 1 Au-
gust 1949 thru 31 March 1956.” Publication no. 2-57, Air Force report no. 190-16, 
Norton Air Force Base, CA, January 1957.

Beatson, T. R. “Fractures and Dislocations of the Cervical Spine.” Journal of Bone and Joint 



323A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Surgery 45B (1963): 21–35.

Bechtoldt, W. “On the Problem of Damage to the Spine Due to Excessive Stress in Degener-
ation of the Intervertebral Disc.” Journal of Orthopaedics 106 (March 1969): 5–32.

Beckman, E. L., J. E. Ziegler, T. D. Duane, and H. N. Hunter. “Some Observations on Hu-
man Tolerance to Accelerative Stress. Phase II. Preliminary Studies on Primates Sub-
jected to Maximum Simple Accelerative Loads.” Journal of Aviation Medicine 24, no. 
5 (October 1953): 377-392.

Beckman, Edward L. “The Influence of Footward Acceleration Upon the Fluid Systems of the 
Intracranial Cavity.” Master’s thesis, University of Southern California, 1950.

Beckman, Edward L., and H. L. Ratcliffe. “A Post-Mortem Study of Rhesus Monkeys at Inter-
vals after Single or Repeated Exposure to Negative Acceleration.” Journal of Aviation 
Medicine 27, no. 2 (April 1956): 117-130.

Beckwith, C. G. “Vertebral Mechanics.” Journal of the American Osteopathic Association 43 
(1944): 226-231.

Bierman, E. O. “Trauma Following Ejection from Jet Aircraft: A Case Report.” American Jour-
nal of Ophthalmology 48, no. 3, part I (September 1959): 399.

Bierman, Howard R., Russell M. Wilder, and Harper K. Hellems. “The Physiological Effect 
of Compressive Forces on the Torso.” Report no. 8, Project X-630, Naval Medical 
Research Institute, Bethesda, MD, December 19, 1946.

Biersner, R. J. “Emotional and Physiological Effects of Nitrous Oxide and Hyperbaric Air 
Narcosis.” Aviation, Space, and Environmental Medicine 58 (1987): 34-38.

Billig, H. E. “The Mechanism of Whiplash Injuries.” International Record of Medicine 169 
(1956): 3-7.

Bohannon, Richard L. “What is Being Done About Collision Injuries in the Armed Forces.” 
In Proceedings of the Tenth Stapp Car Crash Conference, x-xiv. New York: Society of 
Automotive Engineers, 1967.

Bondurant, S., et al. “Human Tolerance to Some of the Accelerations Anticipated in Space 
Flight.” U.S. Armed Forces Medical Journal 9 (1958): 1093-1105.

Bosee, R. A., and C. F. Payne. “Theory on the Mechanism of Vertebral Injuries Sustained 
on Ejections from Aircraft.” A Paper Presented to Advisory Group for Aeronautical 
Research and Development, NATO, Air Crew Equipment Laboratory, Naval Air 
Material Center, Philadelphia, PA, 1961.

Braunstein, P. W., J. O. Moore, and P. A. Wade. “Preliminary Findings of the Effect of Au-
tomotive Safety Design on Injury Patters.” Surgery, Gynecology and Obstetrics 105 
(1957): 257-263.

Braunstein, Paul W. “Medical Aspects of Automotive Crash Injury Research.” Journal of the 
American Medical Association 163, no. 4 (January 26, 1957): 249-255.

Breig, A. “Overstretching of and Circumscribed Pathological Tension in the Spinal Cord – A 
Basic Cause of Symptoms in Cord Disorders.” Journal of Biomechanics 3 (1970): 7-9.

Breig, A. Biomechanics of the Central Nervous System: Some Basic Normal and Pathologic Phe-
nomena. Stockholm: Almqvist and Wiksell, 1960.



Impact Acceleration and the Human Response

Comprehensive Bibliography

324

Breig, A., and A. F. El-Nadi. “Biomechanics of the Cervical Spinal Cord. Relief of Contact 
Pressures on and Overstretching of the Spinal Cord.” Journal of Radiology 4 (1966): 
602-624.

Brinn, J., and S. E. Staffeld. “Evaluation of Impact Test Accelerations: A Damage Index for the 
Head and Torso.” In Proceedings of the Fourteenth Stapp Car Crash Conference, 188-
220. Warrendale, PA: Society of Automotive Engineers, 1970.

Brown, G. W., M. L. Brown, and H. M. Hines. “Cardiovascular and Respiratory Changes As-
sociated with Experimental Concussion in Dogs.” Technical report no. 6737, Wright 
Air Development Center, Dayton, OH, October 1951.

Brown, G. W., M. L. Brown, and H. M. Hines. “Changes in Blood Flow Arterial Pressure 
and Cardiac Rate Associated with Experimental Concussion and Electroconvulsive 
Shock.” Technical report no. 52-265, Wright Air Development Center, Dayton, OH, 
October 1952.

Brown, T., R. J. Hansen, and A. J. Yorra. “Some Mechanical Tests on the Lumbosacral Spine 
with Particular Reference to the Intervertebral Discs.” Journal of Bone and Joint Sur-
gery 39A (1957): 1135-1164.

Budzilovich, G. N. “On Pathogenesis of Primary Injury Lesions in Blunt Head Trauma with 
Special Reference to the Brain Stem Injuries.” In Head Injuries, edited by R. L. Mc-
Laurin. New York: Grune and Stratton, 1976.

Cairns, H. “Raised Intracranial Pressure: Hydrocephalic and Vascular Factors.” British Journal 
of Surgery 27 (1939): 275-294.

Cameron, B. M., and C. M. Cree. “A Critique of the Compression Theory of Whiplash.” 
Orthopedics 2 (1960): 127-129.

Cammack, K. V. “Whiplash Injuries to the Neck.” American Journal of Surgery 95 (1957): 
663-666.

Cammasso, M. E., and G. Marotti. “Mechanical Behavior of Articular Cartilage under Com-
pressive Stress.” Journal of Bone and Joint Surgery 44A (1962): 699–709.

Campbell, Horace E. “Detroit – Acceleration and Death.” Car Life 4, no. 2 (February 1957): 
42, 72-73.

Cannon, W. B. “Cerebral Pressure Following Trauma.” American Journal of Physiology 6 (1901): 
91-121.

Caveness, William F., and A. Earl Walker, eds. Head Injury Conference Proceedings. Philadel-
phia, PA: J. B. Lippincott, 1966.

Celentano, J. T., H. B. Kelly, and W. I. Lilley. “Acclimatization Versus Tolerance to Stress: An 
Annotated Bibliography, Vol. I.” Technical report no. 67-95-VOL I, U.S. Air Force 
School of Aerospace Medicine, Aerospace Medical Division, Brooks Air Force Base, 
TX, September, 1967.

Charles, John P. “Fractured Vertebrae in U.S. Navy Aircraft Accidents.” Journal of Aviation 
Medicine 24 (1953): 483-490.

Chason, J. L., B. F. Haddad, J. E. Webster, and E. S. Gurdjian. “Alterations in Cell Structure 
Following Sudden Increases in Intracranial Pressure.” Journal of Neuropathology and 
Experimental Neurology 16 (1957): 102-107.



325A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Chason, J. L., W. G. Hardy, J. E. Webster, and E. S. Gurdjian. “Alterations in Cell Structure 
of the Brain Associated with Experimental Concussion.” Journal of Neurosurgery 15, 
no. 2 (1958): 135-139.

Christ, W. “On Stress on the Human Spine in the Use of Agricultural Tractors.” The Medical 
World (Die Medizinische Welt) 5 (February 1961): 227-231.

Christ, W., and H. Dupuis. “Über die Beanspruchung der Wirbelsäule unter dem Einfluß 
sinusförmiger und stochastischer Schwingungen [On the Stressing of the Spine Un-
der the Effect of Sinusoidal and Stochastic Vibrations].” Int Z Angew Physiol Einschl 
Arbeitsphysiol 22 (July 1966): 258–278.

Christoffel, T. S. “The Effect of Controlled Static Stretch on the Ligamentous Cervical Spine of 
the Rhesus Monkey.” Master’s thesis, Marquette University, June 1980.

Chubb, R. M., W. H. Davidson, and W. D. Gable. “The Pathology of Ejection Failure.” Aero-
space Medicine 34, no. 11 (November 1963): 1050-1054.

Chubb, R. M., W. R. Detrick, and R. H. Shannon. “Compression Fracture of the Spine 
During USAF Ejections.” Aerospace Medicine 36 (1965): 968-972.

Ciccone, R., and R. M. Richman. “The Mechanism of Injury and the Distribution of Three 
Thousand Fractures and Dislocations Caused by Parachute Jumping.” Journal of Bone 
and Joint Surgery 30A, no. 1 (1948): 77-97.

Clark, C. C., and D. Faubert. “A Chronological Bibliography on the Biological Effects of 
Impact.” Engineering report no. 11953. Martin Co., Baltimore, MD, September 27, 
1961.

Code, C. F., M. D. Williams, E. J. Baldes, and R. K. Ghormley. “Are the Intervertebral Discs 
Displaced During Positive Acceleration?” Journal of Aviation Medicine 18 (June 
1947): 231-236.

Cohen, S. I., A. J. Silverman, and G. D. Zuidema. “Skin Resistance Changes during Acceler-
ation.” Technical note no. 56-397, Wright Air Development Center, Dayton, OH, 
April 1958.

Crompton, M. R. “Brainstem Lesions Due to Closed Head Injury.” Lancet (April 3, 1971): 
669-679.

Dagradi, A., and F. Marini. “Exaggeration of the Cranio-Cervical Dynamics Due to Traffic 
Accidents. Features of Biomechanics.” Chirurgia Italiana 17 (February 1965): 1–13.

Delahaye, R. P., and H. Mangin. “[Traumatic Cervical Lesions in Pilots].” In Vol Chir Spec., 
1964.

Denny-Brown, D. “Delayed Collapse After Head Injury.” Lancet 1 (1941): 371-375.

Denny-Brown, D.  “Sequelae of War Head Injuries.” New England Journal of Medicine 227 
(1942): 771-813.

Denny-Brown, D.  “Cerebral Concussion.”  Physiological Review 25 (1945): 296-325.

Dohrman, G. J., and M. M. Panjabi. “Standardized” Spinal Cord Trauma: Biomechani-
cal Trauma: Biomechanical Parameters and Lesion Volume.” Surgical Neurology 6 
(1976): 263-267.

Dohrmann, G. J. “Experimental Spinal Cord Trauma. A Historical Review.” Archives of Neu-



Impact Acceleration and the Human Response

Comprehensive Bibliography

326

rology 27 (December 1972): 468-473.

Eggleston, A. A. “An Osteopathic Appraisal of Biomechanical Stress in the Cervical and Upper 
Thoracic Areas. Physiologically Centered Differential Diagnosis.” Journal of Osteopa-
thy 70 (March 1963): 21-30.

Emminger, E. “Whiplash Injury of the Cervical Spine. Pathologic-Anatomic Findings.” Med-
ical Clinic 61 (June 1966): 893.

Evans, F. G., and H. R. Lissner. “Biomechanical Studies on the Lumbar Spine and Pelvis.” 
Journal of Bone and Joint Surgery 41A (1959): 278-290.

Evans, F. G., and H. R. Lissner. “Deformation Studies of the Adult Human Pelvis under Dy-
namic Loading.” Paper presented at the Meeting of American Association of Anato-
mists, Department of Engineering Mechanics, Wayne State University, 1953.

Evans, F. G., and H. R. Lissner. “Engineering Aspects of Fractures.” Clinical Orthopaedics 8 
(1956): 310.

Evans, F. G., and H. R. Lissner. “Stresscoat” Deformation Studies of the Femur Under Static 
Vertical Loading.” Anatomical Record 100 (1948): 159-190.

Evans, F. G., and H. R. Lissner. “Studies of Pelvic Deformation and Fractures.” Anatomical 
Record 121 (1955): 141.

Evans, F. G., and H. R. Lissner. “Studies on the Energy Absorbing Capacity of Human Lum-
bar Intervertebral Discs.” In Proceedings of the Seventh Stapp Car Crash Conference, 
edited by Derwyn M. Severy, 386-402. Springfield, IL: Charles C. Thomas, 1965.

Evans, F. G., and H. R. Lissner. “Tensile and Comprehensive Strength of Human Parietal 
Bone.” Journal of Applied Physiology 10 (1957): 493-497.

Evans, F. G., and H. R. Lissner. “The Use of the “Stresscoat” Method in Studying the Femur.” 
American Journal of Physics and Anthropometry (1947): 5.

Evans, F. G., and Milton Lebow. “Stregnth of Human Compact Bone as Revealed by Engi-
neering Techniques.” American Journal of Surgery 83, no. 3 (1952): 326-331.

Evans, F. G., E. S. Gurdjian, W. G. Hardy, L. M. Patrick, and H. R. Lissner. “Intracranial Pres-
sure and Acceleration Accompanying Head Impacts in Human Cadavers.” Surgery, 
Gynecology, and Obstetrics 113 (August 1961): 185-190.

Evans, F. G., H. R. Lissner, and L. M. Patrick. “Acceleration - Induced Strains in the Intact 
Vertebral Column.” Journal of Applied Physiology 17, no. 3 (1962): 405-409.

Evans, F. Gaynor, H. R. Lissner, and Milton Lebow. “The Relation of Energy, Velocity, and 
Acceleration to Skull Deformation and Fracture.” Surgery, Gynecology & Obstetrics 
107 (1958): 593-601.

Faas, F., and A. K. Ommaya. “Brain Tissue Electrolytes and Water Content in Experimental 
Cerebral Concussion in the Monkey.” Journal of Neurosurgery 28 (1968): 137-144.

Fan, W. R. S. “Internal Head Injury Assessment.” In Proceedings of the Fifteenth Stapp Car Crash 
Conference, 771-796. Warrendale, PA: Society of Automotive Engineers, 1971.

Farfan, H. F. “Effects of Torsion on the Intervertebral Joints.” Canadian Journal of Surgery 12 
(1969): 336-341.

Fasola, A. F., Rollo C. Baker, and Fred A. Hitchcock. “Anatomical and Physiological Effects of 



327A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Rapid Deceleration.” Technical report no. 54-218, Wright Air Development Center, 
Dayton, OH, 1955.

Fasola, Alfred. Anatomical and Physiological Effects of Rapid Deceleration. Master’s thesis, Ohio 
State University, 1950.

Feiss, H. O. “The Mechanics of Lateral Curvature.” American Journal of Orthopaedic Surgery 
5 (1908): 152.

Ferraro, A. “Experimental Medullary Concussion of the Spinal Cord in Rabbits.” Archives of 
Neurological Psychiatry 18 (1927): 357-373.

Fiala, E., H. J. Clemens, and K. Burow. “Mechanism of Injury of the Cervical Vertebrae.” 
Technical report, Institute of Motor Vehicles, Technical University of Berlin, 1970.

Fiser, Z. “[Study on the Strength and Elasticity of the Ligaments of the Cervical Spine. Ap-
plication to the Knowledge of Injuries to the Cervical Spine and Spinal Cord].” Cas. 
Lek. Cesk [Journal of Czech Physicians] 107 (1968): 1196-1202.

Foltz, E. L., F. L. Jenkner, and A. A. Ward, Jr. “Experimental Cerebral Concussion.” Journal of 
Neurosurgery 10 (1953): 342-352.

Foltz, E. L., R. P. Schmidt, L. B. Thomas, and A. A. Ward, Jr. “Studies on the Physiologic 
Bases of Cerebral Concussion.” Report no. 55-111, School of Aviation Medicine, 
Randolph Air Force Base, TX, 1957.

Forsyth, H.F. “Extension of Injuries of the Cervical Spine.” Journal of Bone and Joint Surgery 
46A (1964): 1792-1797.

Forsyth, H.F., E. Alexander, C. Davis, and R. Underdal. “The Advantages of Early Spine Fu-
sion in the Treatment of Fracture-Dislocation of the Cervical Spine.” Journal of Bone 
and Joint Surgery 41A (1959): 17-36.

Frank, E. “An Accurate, Clinically Practical System for Spatial Vectorcardiography.” Circula-
tion 13 (1956): 737-749.

Frankel, C. J. “Medical-Legal Aspects of Injuries to the Neck.” Journal of the Aerospace Medical 
Association 169 (January 7, 1959): 216-223.

Frankland, J. M. “Effects of Impact on Simple Elastic Structure.” Report no. 481, Navy De-
partment, David Taylor Model Basin, Washington, D.C., April 1942.

Freeman, L. W., and T. W. Wright. “Experimental Observations of Concussion and Contusion 
of the Spinal Cord.” Annals of Surgery 137 (1953): 433-443.

Friede, R. L. “Die Genese der sogenannten Contre-Coup-Verletzungen [The Genesis of the 
So-Called Contre-Coup Injury].” Zbl. Neurochir. [Central European Neurosurgery] 15 
(1955): 73-83.

Friede, R. L. “Experimental Concussion Acceleration: Pathology and Mechanics.” Archives of 
Neurology 4 (1961): 449-462.

Friede, R. L. “Registrierung intrakranieller Druckschwankungen in den basalen Zysternen bei 
Schadeltraumen [Registration of Intracranial Pressure Variation in the Basal Cisterns 
with Head Trauma].” Monatsschr. Unfallh. 58 (1955): 361-365.

Friede, R. L. “Specific Cord Damage at the Atlas Level as a Pathogenic Mechanism in Cerebral 
Concussion.” Journal of Neuropathology & Experimental Neurology 19 (1960): 266-



Impact Acceleration and the Human Response

Comprehensive Bibliography

328

270.

Friede, R. L. “Transport of Oxidative Enzymes in Nerve Fibers,” Experimental Neurology 1 
(1959): 441-446.

Gable, W. D., and F. M. Townsend. “An Analysis of Cardiovascular Injuries Resulting from 
Accelerative Force.” Aerospace Medicine 34 (1963): 929.

Gamble, James L., Jr., and Robert S. Shaw. “Pathology in Dogs Exposed to Negative Acceler-
ation.” Memorandum report no. TSEAA-695-74B, Air Materiel Command, Wright 
Field, Dayton, OH, August 1947.

Gelfan, S., and I. M. Tarlov, “Physiology of Spinal Cord and Nerve Root and Peripheral Nerve 
Compression.” American Journal of Physiology 185 (1956): 217-299.

Gennarelli, T. A., and L. E. Thibault. “Biomechanics of Acute Subdural Hematoma.” Journal 
of Trauma 22 (1982): 680-686.

Gennarelli, T. A., J. M. Abel, H. Adams, and D. Graham. “Differential Tolerance of Frontal 
and Temporal Lobes to Contusion Induced by Angular Acceleration.” In Proceedings 
of the Twenty-Third Stapp Car Crash Conference, 563–586. Warrendale, PA: Society of 
Automotive Engineers, 1979.

Gennarelli, T. A., L. E. Thibault, and A. K. Ommaya. “Pathophysiological Responses to Ro-
tational and Translational Accelerations of the Head.” In Proceedings of the Sixteenth 
Stapp Car Crash Conference, 296-308. Warrendale, PA: Society of Automotive Engi-
neers, 1972.

Gennarelli, T. A., L. E. Thibault, J. H. Adams, D. I. Graham, C. J. Thompson, and R. P. 
Marcincin. “Diffuse Axonal Injury and Traumatic Coma in the Primate.” Annals of 
Neurology 12 (1982): 564-574.

Gerber, A., and L. E. Miller. “Management of Chronic Cervical Sprain and Strain Due to 
Whiplash Mechanism.” Journal of American Osteopathic Association 60 (November 
1960): 212-216.

Githens, T. S., and S. J. Meltzer. “Phenomena Following Indirect Concussion of the Skull.” 
American Journal of Physiology 49 (1919): 120.

Gluck, G. S., and S. V. Mawn. “The Klippel-Feil Syndrome: Implications for Naval Service.” 
Military Medicine 157 (June 1992): 318-322.

Goff, C. W., J. O. Alden, and J. H. Aldes. Traumatic Cervical Syndrome and Whiplash. Phila-
delphia, PA: Lippincott, 1967.

Goggio, A. F. “The Mechanism of Contrecoup Injury.” Journal of Neurology and Psychiatry 
(London) 4 (1941): 11.

Gordon, Stephen L. “Analysis of Head Impact.” Report no. NADC-73065-40, Naval Air De-
velopment Center, Warminster, PA, April 1, 1973.

Gosch, H. H., E. Gooding, and R. C. Schneider.  “Mechanism and Pathophysiology of Exper-
imentally Induced Cervical Spinal Cord Injuries in Adult Rhesus Monkeys.” Surgical 
Forum 21 (1970): 455-457.

Gosch, H. H., E. Gooding, and R. C. Schneider. “An Experimental Study of Cervical Spine 
and Cord Injuries.” Journal of Trauma 12 (July 1972): 570-576.



329A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Gosch, H. H., E. Gooding, and R. C. Schneider. “Cervical Spinal Cord Hemorrhages in Ex-
perimental Head Injuries.” Journal of Neurosurgery 33 (1970): 640-645.

Got, C., A. Patel, C. Tarriere, and G. Walfisch. “Results of Experimental Head Impacts on Ca-
davers: The Various Data Obtained and Their Relations to Some Measured Physical 
Parameters.” In Proceedings of the Twenty-Second Stapp Car Crash Conference, 57-99. 
Warrendale, PA: Society of Automotive Engineers, 1978.

Govons, S. R. “Experimental Head Injury Produced by Blasting Caps.” Surgery 15 (1944): 
606-620.

Gray, J. A. B., and J. M. Ritchie. “Effects of Stretch on Single Myelinated Nerve Fibers.” Jour-
nal of Physiology 124 (1954): 84.

Greenberg, R. P., D. P. Becker, J. D. Miller, and D. J. Mayer. “Evaluation of Brain Function 
in Severe Human Head Trauma with Multimodality Evoked Potentials. Part II: Lo-
calization of Brain Dysfunction and Correlation with Posttraumatic Neurological 
Condition.” Journal of Neurosurgery 47 (1977): 163-177.

Greenfield, A. D. M. “Effects of Acceleration on Cats, With or Without Water Immersion.” 
Journal of Physiology 104 (1945): 5P.

Groat, R. A., and J. S. Simmons. “Loss of Nerve Cells in Experimental Concussion.” Journal 
of Neuropathology and Experimental Neurology 9 (1950): 150-163.

Groat, R. A., H. W. Magoun, F. L. Dey, and W. F. Windle. “Functional Alterations in Motor 
and Supranuclear Mechanisms in Experimental Concussion.” American Journal of 
Physiology 141 (1944): 117-127.

Groat, R. A., W. A. Rambach, Jr., and W. F. Windle. “Concussion of the Spinal Cord.” Ana-
tomical Record 88 (1944): 434.

Groat, R. A., W. A. Rambach, Jr., and W. F. Windle. “Concussion of the Spinal Cord - An 
Experimental Study and a Critique of the Use of the Term.” Surgery, Gynecology & 
Obstetrics 81 (1945): 63-74.

Groat, R. A., W. F. Windle, and H. W. Magoun. “Functional and Structural Changes in the 
Monkey’s Brain during and after Concussion.” Journal of Neurosurgery 2 (1945): 26-
35.

Grossman, M., R. J. White, N. Taslitz, and M. S. Albin. “Electrophysiological Responses Im-
mediately After Experimental Injury to the Spinal Cord.” The Anatomical Record 160 
(1968): 473.

Grossman, R. G. “Electrophysiologic Evaluation of the Central Nervous System after Trauma.” 
In Central Nervous System Trauma Research, Status Report, edited by G. L. Odom. 
Bethesda, MD: National Institute of Neurological and Communicative Disorders 
and Stroke, 1979.

Gurdjian, E. S., and H. K. Schawan. “Management of Skull Fracture Involving the Frontal 
Sinus.” Annals of Surgery 95 (1932): 22-32.

Gurdjian, E. S., and J. E. Webster.  “Experimental and Clinical Studies on the Mechanism of 
Head Injury.” In Trauma of the Nervous System Research Publ. Association for Research 
in Nervous and Mental Disease, vol. 24, 48-97. Baltimore: Williams & Wilkins, 1945.

Gurdjian, E. S., and J. E. Webster. “Acute Physiologic Responses in Experimental Head Injury 



Impact Acceleration and the Human Response

Comprehensive Bibliography

330

with Special Reference to the Mechanism of Death soon after Trauma.” Surgery 16 
(1944): 381-398.

Gurdjian, E. S., and J. E. Webster. “Experimental Head Injury with Special Reference to the 
Mechanical Factors in Acute Trauma.” Surgery, Gynecology and Obstetrics 76 (1943): 
623-634.

Gurdjian, E. S., and J. E. Webster. “Linear Acceleration Causing Shear in the Brain Stem in 
Trauma of the Central Nervous System.” Mental Advances in Disease (1945): 24-28.

Gurdjian, E. S., and J. E. Webster. “Mechanism of Scalp and Skull Injuries, Concussion, 
Contusion, and Laceration.” Paper presented at the Second International Congress 
of Neuropathology, London, 1955.

Gurdjian, E. S., and J. E. Webster. “Recent Advances in the Knowledge of the Mechanism, 
Diagnosis, and Treatment of Head Injury.” American Journal of the Medical Sciences 
226 (1953): 214–220.

Gurdjian, E. S., and J. E. Webster. “The Mechanism and Management of Injuries of the Head.” 
Journal of the American Medical Association 134 (1947): 1072-1076.

Gurdjian, E. S., and J. E. Webster. “Traumatic Intracranial Hemorrhage.” American Journal of 
Surgery 75 (1948): 82-98.

Gurdjian, E. S., and J. E. Webster. Head Injuries: Mechanisms, Diagnosis and Management. 
Boston: Little, Brown & Co., 1958.

Gurdjian, E. S., and N. H. Schlafer. “Fracture of the Skull with Injury of the Brain.” Archives 
of Neurology and Psychiatry 26 (1931): 583-592.

Gurdjian, E. S., H. R. Lissner, and J. E. Webster. “The Mechanism of Production of Linear 
Skull Fractures: Further Studies on Deformation of the Skull by the “Stresscoat” 
Technique.” Surgery, Gynecology & Obstetrics 85 (1947): 195–210.

Gurdjian, E. S., H. R. Lissner, F. G. Evans, L. M. Patrick, and W. G. Hardy. “Intracranial Pres-
sure and Acceleration Accompanying Head Impacts in Human Cadavers.” Surgery, 
Gynecology & Obstetrics 113 (1961): 185–190.

Gurdjian, E. S., H. R. Lissner, F. R. Latimer, B. F. Haddad, and J. E. Webster. “Concussion – 
Mechanism and Pathology.” In Proceedings of the Seventh Stapp Car Crash Conference, 
edited by Derwyn M. Severy, 470-482. Springfield, IL: Charles C. Thomas, 1965.

Gurdjian, E. S., H. R. Lissner, F. R. Latimer, B. F. Haddad, and J. E. Webster. “Quantitative 
Determination of Acceleration and Intracranial Pressure in Experimental Head Inju-
ry; Preliminary Report.” Neurology 3, no. 6 (June 1953): 417–423.

Gurdjian, E. S., H. R. Lissner, F. R. Latimer, B. F. Haddad, and J. E. Webster. “Studies on 
Experimental Concussion; Relation of Physiologic Effect to Time Duration of Intra-
cranial Pressure Increase at Impact.” Neurology 4 (1954): 674-681.

Gurdjian, E. S., H. R. Lissner, V. R. Hodgson, and L. M. Patrick. “Mechanism of Head Inju-
ry.” Clinical Neurosurgery 12 (1964): 112-128.

Gurdjian, E. S., J. E. Webster, and H. Arnkoff. “Acute Craniocerebral Trauma: Surgical and 
Pathologic Considerations based upon 151 Consecutive Autopsies.” Surgery, St. Louis 
13 (1943): 333-353.



331A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Gurdjian, E. S., L. M. Thomas, and V. R. Hodgson. “Comparison of Species Response to 
Concussion.” In Proceedings of the Ninth Stapp Car Crash Conference, 363-382. Min-
neapolis: University of Minnesota, 1966.

Gurdjian, E. S., V. L. Roberts, and L. M. Thomas. “Tolerance Curves of Acceleration and In-
tracranial Pressure Protective Index in Experimental Head Injury.” Journal of Trauma 
6, no. 5 (1966): 600-604.

Haddad, B. F., H. R. Lissner, J. F. Webster, and E. S. Gurdjian. “Experimental Concussion: 
Relation of Acceleration to Physiologic Effect.” Neurology 5 (1955): 798-800.

Hanson, P. G. “Cardiac Displacement and Thoracic Vascular Trauma Resulting from Abrupt 
Deceleration of Dogs.” Aerospace Medicine 38, no. 12 (December 1967): 1259-1263.

Heilig, D. “Whiplash Mechanics of Injury; Management of Cervical and Dorsal Involvement.” 
Journal of American Osteopathic Association 63 (1963): 113-120.

Hensinger, R. N. “Congenital Anomalies of the Atlanto-Axial Joint.” In The Cervical Spine, 
155-160. Philadelphia, PA: The Cervical Spine Research Society & Lippincott, 1983.

Henzel, J. H. “Acceleration Profile Associated with Thoracic Vertebrae Compression.” Journal 
of Trauma 6 (1966): 756-66.

Henzel, J. H. “The Human Spinal Column and Upward Ejection Acceleration: An Appraisal 
of Biodynamic Implications.” Technical report no. 66-233, Aerospace Medical Labo-
ratory, Wright-Patterson Air Force Base, Dayton, OH, September 1967.

Henzel, J. H., N. P. Clarke, G. C. Mohr, and E. G. Weis. “Compression Fractures of Thoracic 
Vertebrae Apparently Resulting from Experimental Impact, A Case Report.” Aero-
space Medical Laboratory, Wright-Patterson Air Force Base, Dayton, OH, August 
1965.

Higgins, L. S., and F. J. Unterharnscheidt. “Pathomorphology of Experimental Head Inju-
ry Due to Rotational Acceleration.” Journal of Neuropathology (Berlin) 12 (January 
1969): 200-204.

Higgins, L. S., R. A. Schmall, C. P. Cain, P. E. Kielpulski, F. P. Primiano, T. W. Barber, and J. 
A. Brockway. “The Investigation of the Parameters of Head Injury Related to Accel-
eration and Deceleration.” Report no. 118-67-1, Technology Inc., San Antonio, TX.

Higgins, L. S., S. A. Enfield, and R. J. Marshall. “Studies on Vertebral Injuries Sustained 
During Aircrew Ejection.” Final report to the Office of Naval Research, Washington, 
D.C.: Technology Inc., May 1965.

Hill, I. R. “The Historical Background to Aerospace Pathology.” Aviation, Space, and Environ-
mental Medicine 53, no. 1 (1982): 1-5.

Hinz, P. “Morphological Findings in Experimentally Induced Whiplash Injuries.” Booklets for 
Traumatology 108 (1971): 29-31.

Hiranuma, H. “Experimental Study on the Arteries of the Head and Neck Regions in Whip-
lash Injuries.” Journal of the Japanese Orthopaedic Association 45 (1971): 161–172.

Hirsch, A. E., A. K. Ommaya, and R. M. Mahone. “Tolerance of Subhuman Primate Brain to 
Cerebral Concussion.” In Impact Injury and Crash Protection, edited by E. S. Gurd-
jian, W. A. Lange, L. M. Patrick, and L. Murray Thomas, 352-369. Springfield, IL: 
Charles C. Thomas, 1970.



Impact Acceleration and the Human Response

Comprehensive Bibliography

332

Hirsch, C. “Biomechanics in Orthopedic Surgery, An Account of Aims and Methods.” In 
Impact Injury and Crash Protection, edited by E. S. Gurdjian, W. A. Lange, L. M. 
Patrick, and L. Murray Thomas, 125-140. Springfield, IL: Charles C. Thomas, 1970.

Hirsch, C. “The Reaction of Intervertebral Discs to Compression Forces.” Journal of Bone and 
Joint Surgery 37A, no. 6 (1955): 1188–1196.

Hirsch, C., and A. Nachemson. “Back Injuries After Catapult Ejection.” Messages from the 
Air and Naval Medical Committee - National Board for Aerospace and Naval Medical 
Research 12 (1963): 1-4.

Hirsch, C., and A. Nachemson. “Clinical Oberservations on the Spine in Ejected Pilots.” Aero-
space Medicine 34 (July 1963): 629–632.

Hodgson, V. R. “Tolerance of the Facial Bones to Impact.” American Journal of Anatomy 120 
(January 1967): 113-122.

Hodgson, V. R. Head Impact Response of Several Mammals Including the Human Cadaver. Ph.D. 
dissertation, Wayne State University, Detroit, June 1968.

Hodgson, V. R., and L. M. Thomas. “Acceleration Induced Shear Strains on a Monkey Brain 
Hemisection.” In Proceedings of the Twenty-Third Stapp Car Crash Conference, 589–
611. Warrendale, PA: Society of Automotive Engineers, 1979.

Hodgson, V. R., and L. M. Thomas. “Comparison of Head Acceleration Injury Indices in 
Cadaver Skull Fracture.” In Proceedings of the Fifteenth Stapp Car Crash Conference 
Proceedings, 190–206. Warrendale, PA: Society of Automotive Engineers, 1971.

Hodgson, V. R., and L. M. Thomas. “Effect of Long-Duration Impact on Head.” In Proceed-
ings of the Sixteenth Stapp Car Crash Conference, 292–295. Warrendale, PA: Society of 
Automotive Engineers, 1972.

Hodgson, V. R., and L. M. Thomas. “Head Injury Tolerance.” In Aircraft Crashworthiness, 175-
193. Charlottesville, VA: University of Virginia Press, 1975.

Hodgson, V. R., G. Nakamura, and R. Talwalker. “Response of the Facial Structure to Im-
pact.” In Proceedings of the Eighth Stapp Car Crash Conference. Detroit: Wayne State 
University Press, 1964.

Hodgson, V. R., H. R. Lissner, and L. M. Patrick. “The Effect of Jerk on the Human Spine.” 
Paper presented at American Society of Mechanical Engineers Winter Annual Meet-
ing, November 1963.

Hodgson, V. R., J. Brinn, L. M. Thomas, and S. W. Greenberg. “Fracture Behavior of the Skull 
Frontal Bone against Cylindrical Surfaces.” In Proceedings of the Fourteenth Stapp Car 
Crash Conference, 341-355. Warrendale, PA: Society of Automotive Engineers, 1970.

Hodgson, V. R., L. M. Thomas, and J. Brinn. “Concussion Levels Determined by HPR Wind-
shield Impacts.” In Proceedings of the Seventeenth Stapp Car Crash Conference, 171-
190. Warrendale, PA: Society of Automotive Engineers, 1973.

Hodgson, V. R., L. M. Thomas, and P. Prasad. “Testing the Validity and Limitations of the 
Severity Index.” In Proceedings of the Fourteenth Stapp Car Crash Conference, 169-87. 
Warrendale, PA: Society of Automotive Engineers, 1970.

Hodgson, V. R., L. M. Thomas, E. S. Gurdjian, O. U. Fernando, S. W. Greenberg, and J. L. 
Chason. “Advances in Understanding of Experimental Concussion Mechanisms.” In 



333A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Proceedings of the Thirteenth Stapp Car Crash Conference, 18-37. New York: Society of 
Automotive Engineers, 1969.

Hodgson, V. R., W. Lange, and R. K. Talwalker. “Injury to the Facial Bones.” In Proceedings of 
the Ninth Stapp Car Crash Conference, 145–163. Minneapolis: University of Minne-
sota, Nolte Center for Continuing Education, 1966.

Hodgson, Voigt R. “Tolerance of the Head and Neck to –Gx Inertial Loading of the Head.” 
Technical report no. 11, Bioengineering Center, Wayne State University, Detroit, 
MI, March 9, 1981.

Holbourn, A. H. S. “Mechanics of Brain Injuries.” British Medical Bulletin 3, no. 6 (1945): 
147-149.

Holbourn, A. H. S. “Mechanics of Head Injuries.” Lancet 242, no. 6267 (October 9, 1943): 
438-441.

Holbourn, A. H. S. “The Mechanics of Trauma with Special Reference to Herniation of Cere-
bral Tissue.” Journal of Neurosurgery 1 (1944): 190-200.

Holcomb, G. A., and M. J. Huheey. “A Minimal Compression Fracture of T-3 as a Result of 
Impact.” In Impact Acceleration Stress: A Symposium, 191–194. Washington, D.C.: 
National Academy of Sciences-National Research Council, 1962.

Holdsworth, F. W. “Fractures, Dislocations and Fracture-Dislocations of the Spine.” Journal of 
Bone and Joint Surgery 45B (1963): 6–20.

Hollister, N., W. P. Jolley, and R. G. Horne. “Biophysics of Concussion.” Technical report no. 
58-193, Wright Air Development Center, Dayton, OH, September 1958.

Hollister, N., W. P. Jolley, and R. G. Horne. “Investigations of the Mechanics of Concussion.” 
Technical report no. 58-130, Wright Air Development Center, Dayton, OH, 1958.

Horton, W. G. “Further Observations on the Elastic Mechanism of the Intervertebral Disc.” 
Journal of Bone and Joint Surgery 40B (1958): 552–557.

Howland, W. J., J. L. Curry, and C. B. Buffington. “Fulcrum Fractures of the Lumbar Spine.” 
Journal of the American Medical Association 193 (1965): 204-241.

Hurwitt, E. S., and C. E. Silver. “A Ventral Hernia Following an Automotive Crash.” Journal 
of the American Medical Association 194 (1965): 829-831.

Italiano, P. “Interpretation of Mechanisms of Fracture in Jet Plane Pilots Ejected with their 
Seats, with Special Reference to F-104-G Aircraft.” Journal of Aeronautical and Space 
Medicine 29 (June 1966): 193–228; (December 1966): 407-410.

Italiano, P. “Vertebral Fractures of Pilots in Helicopter Accidents.” Journal of Aeronautical and 
Space Medicine 29 (December 1966): 577–602.

Janes, J. M., and H. Hooshmand. “Severe Extension-Flexion Injuries of the Cervical Spine.” 
Mayo Clinic Proceedings 40 (1965): 353-369.

Jellinger, K. “On the Morphology and Pathogenesis of Spinal Lesions with Injury to the Cer-
vical Vertebrae.” Journal of Neuropathology 3 (1964): 451–468.

Joffee, M. Anatomical and Physiological Effects of Abrupt Deceleration. Ph.D. dissertation, Ohio 
State University, 1949.

Kazarian, L. E. “Classification of Simple Spinal Column Injuries.” In Impact Injury of the Head 



Impact Acceleration and the Human Response

Comprehensive Bibliography

334

and Neck, edited by C. L. Ewing, D. L. Thomas, A. Sances, Jr., and S. J. Larson, 72-
93. Springfield, Ill.: Charles C. Thomas, 1983.

Kazarian, L. E. Dynamic Response Characteristics of the Human Vertebral Column: An Exper-
imental Study on Human Autopsy Specimens. Washington, D.C.: Defense Technical 
Information Center, 1972. 1973. 

Kazarian, L. E., D. D. Boyd, and H. E. von Gierke. “The Dynamic Biomechanical Nature 
of Spinal Fractures and Articular Facet Derangement.” Technical report no. 71-17, 
Aerospace Medical Research Laboratory, Wright-Patterson Air Force Base, Dayton, 
OH, August 1971.

Kazarian, L. E., J. W. Hahn, and H. E. von Gierke. “Biomechanics of the Vertebral Column 
and Internal Organ Response to Seated Spinal Impact in the Rhesus Monkey (Ma-
caca Mulatta).” In Proceedings of the Fourteenth  Stapp Car Crash Conference. Warren-
dale, PA: Society of Automotive Engineers, 1970.

Kihlberg, J. K. “Flexion-Torsion Neck Injuries in Rear Impacts.” Proceedings of the 13th Ameri-
can Association for Automotive Medicine Conference, 1-16. Morton Grove, IL: Ameri-
can Association for Automotive Medicine, April 1969.

King, A. I. “Tolerance of the Neck to Indirect Impact.” Technical Report 9, N00014-
75-C-1015, Wayne State University, Bioengineering Center, Detroit, 1979.

King, A. I., P. Prasad, and C. L. Ewing. “Mechanism of Spinal Injury due to Cauodecephalad 
Acceleration.” Orthopedic Clinics of North America 6, no. 1 (January 1975): 19-31.

King, A. J., A. P. Vulcan, and L. K. Cheng. “Effects of Bending on the Vertebral Column 
of the Seated Human During Caudocephalad Acceleration.” In Proceedings of the 
Twenty-First Annual Conference on Engineering in Medicine and Biology, vol. 10, 32.3. 
Houston, TX, 1968.

Kingsley, H.D., and R. F. Rushmer. “Effects of Abrupt Deceleration on the Electrocardiogram 
(Lead II) in the Cat in the Supine Position.” Report no. 459-1, Army Air Force 
School of Aviation Medicine, Randolph Field, TX, 1945.

Klement, M. “On Mechanical Problems of Wedge Fractures of Vertebral Bodies of the Thora-
columbal Transition.” Perspectives in Surgery 47 (July 1968): 433-440.

Klopfenstein, H. W. “Compression Fracture of the Seventh Thoracic Vertebra Caused by Ex-
perimental Impact: A Case Report.” Paper presented at the Fortieth Annual Scientific 
Meeting of the Aerospace Medical Association, San Francisco, CA, May 5-8, 1969.

Knudson, R., D. McMillan, D. Doucette, and M. Seidel. “A Comparative Study of G-induced 
Neck Injury in Pilots of the F/A-18, A-7 and A-4.” Aviation, Space and Environmental 
Medicine 59 (1988): 758-760.

Kobayaski, T. “Experimental Study on Pathological Phases of Whiplash Injury.” Journal of the 
Japanese Orthopaedic Association 42 (1968): 1-12.

Kosicki, Z. “Fractures of the Spine Caused by Automobile Injuries: Relative Incidence and 
Types.” In Proceedings of the Sixth Stapp Car Crash Conference, 68–72, 1962.

Krause, H. E., and M. Shirazi. “The Transverse Response of the Lumbar Spine Under Longi-
tudinal Loads.” Technical report no. 71-29, Aerospace Medical Research Laboratory, 
Wright-Patterson Air Force Base, Dayton, OH, 1971.



335A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Krems, A. D., G. M. Schoepfle, and J. Erlanger. “Nerve Concussion.” Proceedings of the Society 
of Experimental Medical Biology 49 (1942): 73-75.

Lange, W. “Mechanical and Physiological Response of the Human Cervical Column to Severe 
Impacts Applied to the Torso.” Technical Report, 1971.

LeMire, J. R., D. E. Earley, and C. Hawley. “Intra-Abdominal Injuries Caused by Automobile 
Seat Belts.” Journal of the American Medical Association 201 (1967): 109-111.

Letcher, F. S., P. G. Corrao, and A. K. Ommaya. “Head Injury in the Chimpanzee. Part 2: 
Spontaneous and Evoked Epidural Potentials as Indices of Injury Severity.” Journal of 
Neurosurgery 39 (1973): 167-177.

Life, J. S., B. W. Pince, M. Brian, J. W. Gesink, and P. J. Heberlein. “Comparative Response 
of Live-anesthetized and Dead-Embalmed Organisms Exposed to Impact Stressing. 
Phase I: The Squirrel Monkey.” Technical report no TR-66-107, Space/Defense 
Corp., Birmingham, MI, September, 1966.

Life, J. S., L. E. McCoy, M. Brian, and B. W. Pince. “Comparative Response of Live Anes-
thetized and Dead-Embalmed Organisms Exposed to Impact Stressing. Phase Two: 
The Rhesus Monkey.” Technical report no. TR-67-107, Space/Defense Corporation, 
Birmingham, MI, May, 1967.

Life, J., and B. Pince.  “Comparative Response of Small and Medium Sized Primates (Both 
Live and Embalmed) to Impact Stress.” In Proceedings of the Eleventh Stapp Car Crash 
Conference, 214-232. New York: Society of Automotive Engineers, 1967.

Life, J., and B. Pince. “Response of the Canine Heart to Thoracic Impact During Ventricular 
Diastole and Systole.” Technical report no. 67-121, Space/Defense Corp., Birming-
ham, Michigan, October, 1967.

Lindenberg, R., and E. Freytag. “Brainstem Lesions Characteristic of Traumatic Hyperexten-
sion of the Head.” Archives of Pathology 90, no. 6 (1970): 509-515.

Lindenberg, R., and E. Freytag. “The Mechanism of Cerebral Contusions: A Pathologic-Ana-
tomic Study.” Archives of Pathology 69 (1960): 440-469.

Lindgren, S. O. “Studies in Head Injuries: Intracranial Pressure Patterns During Impact.” 
Lancet 1 (1964): 1251-1253.

Lipow, E. G. “Whiplash Injuries.” Southern Medical Journal 48 (1955): 1304-1311.

Lombard, C. F., S. D. Bronson, F. C. Theide, P. Close, and F. M. Larmie. “Pathology and Phys-
iology of Guinea Pigs Under Selected Conditions of Impact and Support Restraint.” 
Aerospace Medicine 35, no. 9 (1964): 860–866.

Lottes, J. A., A. M. Luh, s. M. Leydig, J. H. Fries, and D. O. Burst. “Whiplash Injuries of the 
Neck.” Missouri Medicine 56 (1959): 645-650.

MacNab, I. “Acceleration Injuries of the Cervical Spine.” Journal of Bone and Joint Surgery 46A 
(1964): 1797-1799.

Magoun, H. I. “Whiplash Injury: A Greater Lesion Complex.” Journal of American Osteopathic 
Association 63 (1964): 524-535.

Mair, W. G. P., and R. Druckman. “The Pathology of Spinal Cord Lesions and their Relation 
to the Clinical Features in Protrusion of Cervical Intervertebral Discs (a report of 



Impact Acceleration and the Human Response

Comprehensive Bibliography

336

four cases).” Brain 76 (1953): 70.

Mason, J. K. “Pathological Findings Following Unsuccessful Ejection from High Speed Air-
craft.” Journal of Forensic Medicine (Johannesburg, South Africa) 5, no. 4 (Octo-
ber-December 1958): 173-184.

Mason, J. K. “The Importance of the Histological Examination in Death from Accidental 
Trauma.” Medical Services Journal, Canada 21 (1965): 316.

Mason, J. K. “The Microscopic Appearance of Trauma.” In Aviation Accident Pathology. A Study 
of Fatalities, 99-100 . London: Butterworths, 1962.

Mather, B. S. “Observations on the Effects of Static and Impact Loading on the Human Fe-
mur.” Journal of Biomechanics 1, no. 4 (December 1968): 331-336.

Matthews, B., and T. C. D. Whiteside. “Tendon Reflexes in Free Fall.” Proceedings of the Royal 
Society 153 (1960): 195.

McDonald, R. K., V. C. Kelley, and R. Kaye. “Etiology of Pulmonary Hemorrhage in Cats 
Exposed to Abrupt Deceleration.” Journal of Aviation Medicine 19, no. 3 (June 1948): 
138-145.

McElhaney, J. H., and E. F. Byars. “Dynamic Response of Biological Materials.” In Biome-
chanics Monograph, 192-222. New York: American Society of Mechanical Engineers, 
1967.

McElhaney, J. H., J. L. Fogle, J. W. Melvin, V. L. Roberts, and N. M. Alem. “Mechanical 
Properties of Cranial Bone.” Journal of Biomechanics 3, no. 5 (1970): 495–511.

McElhaney, J. H., J. W. Melvin, V. L. Roberts, and H. D. Portnoy. “Dynamic Characteristics 
of the Tissues of the Head.” In Perspectives in Biomedical Engineering, 215-222. Lon-
don: Macmillan Press, 1973.

McElhaney, James H. “Dynamic Response of Bone and Muscle Tissue.” Journal of Applied 
Physiology 21, no. 4 (1966): 1231-1236.

McNab, I. “Whiplash Injuries of the Neck.” Manitoba Medical Review 46 (March 1966): 172-
174.

McVeigh, J. F. “Experimental Cord Crushes, With Special References to the Mechanical Fac-
tors Involved and Subsequent Changes in the Areas of the Cord Affected.” Archives 
of Surgery 7 (1923): 573.

Melvin, J. W., and F. G. Evans. “A Strain Energy Approach to the Mechanics of Skull Frac-
ture.” In Proceedings of the Fifteenth Stapp Car Crash Conference, 666-685. Coronado, 
CA: Society of Automotive Engineers, 1971.

Metz, H., A. K. Ommaya, and J. H. McElhaney. “A Comparison of the Elasticity of Live, 
Dead, and Fixed Brain Tissue.” Journal of Biomechanics 3, no. 4 (1970): 453–58.

Nachemson, A., and J. Evans. “Some Mechanical Properties of the Third Human Lumbar 
Interlaminar Ligament.” Journal of Biomechanics 1 (1968): 211.

Neely, Samuel E., and Robert H. Shannon. “Vertebral Fractures Among USAF Aircraft Acci-
dent Survivors.” Report M-4-58, Directorate of Flight Safety Research, Norton Air 
Force Base, CA, February 25, 1958.

Neely, Samuel E., and Robert H. Shannon. “Vertebral Fractures in Survivors of Military Air-



337A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

craft Accidents.” Journal of Aviation Medicine 29, no. 10 (October 1958): 750-753.

Nicholas, J. A., P. D. Wilson, and R. Frieberger. “Pathological Fractures of the Spine. Etiology 
and Diagnosis. A Review of One Hundred and Five Cases.” Journal of Bone and Joint 
Surgery 42A (January 1960): 127-137.

Nickerson, J. L., M. Drazic, R. Johnson, H. Udesen, and K. Turner. “A Study of Internal 
Movements of the Body Occuring on Impact.”  In Proceedings of the Eleventh Stapp 
Car Crash Conference. New York: Society of Automotive Engineers, 1967.

Nusholtz, G. S., J. B. Axelrod, J. W. Melvin, and C. C. Ward. “Comparison of Epidural Pres-
sure in Live Anesthetized and Postmortem Primates.” In Seventh International Work-
shop on Human Subjects for Biomechanical Research Proceedings, 175-200. Coronado, 
California: Highway Traffic Safety Administration, 1979.

Ommaya, A. K.  “Cerebrospinal Fluid Rhinorrhea.” Neurology 14, no. 2 (February 1964): 
106-113.

Ommaya, A. K.  “Head Injuries: Aspects and Problems.” Medical Annals D.C. 32 (1963): 18-
22; 38.

Ommaya, A. K. “Trauma to the Nervous System: A Clinical and Experimental Study.” Annuals 
of the Royal College of Surgeons 39 (1966): 317–347.

Ommaya, A. K., and P. Yarnell. “Subdural Hematoma after Whiplash Injury.” Lancet 2 (1969): 
237-239.

Ommaya, A. K., and T. A. Gennarelli.  “A Physiologic Basis for Noninvasive Diagnosis and 
Prognosis of Head Injury Severity.” In Head Injuries, edited by R. L. McLaurin. New 
York: Grune and Stratton, 1976.

Osterholm, J. L. The Pathophysiology of Spinal Cord Trauma. Springfield, IL: Charles C. Thom-
as, 1978.

Parmley, L. F., W. C. Manion, and T. W. Mattingly. “Nonpenetrating Traumatic Injury of the 
Heart.” Circulation 18 (1958): 371-396.

Patrick, L. M. “Studies of Hyperextension and Hyperflexion Injury in Volunteers and Human 
Cadavers.” In Neckache and Backache, edited by E. S. Gurdjian, and L. M. Thomas, 
92–107. Springfield, IL: Charles C. Thomas, 1970.

Pedersen, H. E., F. G. Evans, H. R. Lissner. “Deformation Studies of the Femur under Various 
Loadings and Orientations.” Anatomical Record 103, no. 2 (February 1949): 159-
185.

Piotrowski, J. P. “The Effects of Low-Level Sub-Injury Impacts on the Heart Rates of Hu-
mans.” Master’s thesis, State University of New York at Buffalo, January 1968.

Pletcher, K. E. “Human Factors in Aerospace Pathology.” Aerospace Medicine 32 (1961): 6-11.

Portnoy, H. D., H. McElhaney, J. W. Melvin, and P. P. Croissant. “Mechanism of Cervical 
Spine Injury in Auto Accidents.” Proceedings of the Fifteenth American Association for 
Automotive Medicine, 58-83. Morton Grove, IL: American Association for Automo-
tive Medicine, 1972.

Quartuccio, John J., and Phillip E. Whitley. “Head and Neck Injury Issues in Naval Aviation.” 
In Frontiers in Head and Neck Trauma: Clinical and Biomechanical, edited by Narayan 



Impact Acceleration and the Human Response

Comprehensive Bibliography

338

Yoganandan, Frank A. Pintar, and Sanford J. Larson, 230-240. Milwaukee: Medical 
College of Wisconsin, 1998.

Rambach, W. A., Jr. “A Study of Edema Following Brain Concussion.” Quarterly Phi Beta Pi 
42 (1945): 119-128.

Rapp, R., and P. Yodkofsky. “Microcirculatory Effects of Tilting and Acceleration.” Federation 
Proceedings 16 (March 1957): 140.

Raulston, Burrell O., and Charles F. Lombard. “Physiological, Biochemical and Anatomical 
Effects of Acceleration on the Body Relative to Pilot Position in High-Speed Air-
craft.” Final Report M-35-51, April 9, 1946 to August 31, 1950, Department of 
Aviation Medicine, University of Southern California, July 10, 1951.

Reid, J. D. “Effects of Flexion-Extension Movements of the Head and Spine Upon the Spinal 
Cord and Nerve Roots.” Journal of Neurology, Neurosurgery and Psychiatry 23 (1960): 
214-221.

Ripperger, E. A. “The Mechanics of Brain Injuries.” In Handbook of Clinical Neurology, vol. 
23, edited by P. J. Vinken, and G. W. Bruyn, 91-107. Amsterdam: North-Holland 
Publishing Co., 1975.

Roaf, R. “A Study of the Mechanics of Spinal Injuries.” Journal of Bone and Joint Surgery 42B, 
no. 4 (November 1960): 810–823.

Roberts, V. L. “Biomechanics of Snowmobile Spine Injuries.” Journal of Biomechanics 4 (1971): 
569–577.

Roberts, V. L., V. R. Hodgson, and L. M. Thomas. “Fluid Pressure Gradients Caused by Im-
pact to the Human Skull.” In Biomechanics Monograph, 223-35. New York: American 
Society of Mechanical Engineers, 1967.

Roberts, V. L., V. R. Hodgson, and L. M. Thomas. “Fluid Pressure Gradients Caused by Im-
pact to the Human Skull.” Proceedings of the Human Factors Division, American 
Society of Mechanical Engineers, Paper 66-HUF-1, 1966.

Rockoff, S. D., and A. K. Ommaya. “Experimental Head Trauma: Cerebral Angiographic 
Observations in the Early Post-Traumatic Period.” American Journal of Roentgenology 
91 (1964): 1026.

Rosenfeld, Sheldon, and Charles F. Lombard. “Cardiovascular Pressor Reflex Mechanism and 
Cerebral Circulation Under Negative G – Head-to-Tail Acceleration.” Journal of Avi-
ation Medicine 21, no. 4 (August 1950): 293-303.

Rowbotham, G. F. Acute Injuries of the Head. Baltimore: Williams and Wilkins Co., 1942.

Rushmer, R. F., and G. M. Hass. “Comparison of Crash Injuries in Man and Laboratory Ani-
mals.” American Journal of Surgery 76, no. 1 (March 1948): 44-50.

Rushmer, R. F., Earl L. Green, and H. D. Kingsley. “Internal Injuries Produced by Abrupt 
Deceleration of Experimental Animals.” Journal of Aviation Medicine 17 (December 
1946): 511-525.

Russell, L. W. “Whiplash Injuries of the Spine.” Journal of the Florida Medical Association 43 
(1957): 1099-1104.



339A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Russell, W. R. “Cerebral Involvement in Head Injury. A Study Based on the Examination of 
Two Hundred Cases.” Brain 55 (1932): 549-603.

Russell, W. Ritchie. “Some Reactions of the Nervous System to Trauma.” British Medical Jour-
nal 2, no. 5406 (Aug. 15, 1964): 403-407.

Sances, T. A., Jr., D. J. Thomas, C. L. Ewing, S. J. Larson, F. J. Unterharnscheidt, eds. Mecha-
nisms of Head and Spine Trauma. Goshen, NY: Aloray Publisher, 1986.

Sances, T. A., Jr., J. B. Myklebust, D. J. Maiman, S. J. Larson, J. F. Cusick, and R. W. Jo-
dat. “The Biomechanics of Spinal Injuries.” CRC Critical Review of Bioengineering 11 
(1984): 1-76.

Schneider, R. C., and A. M. Nahum. “Impact Studies of Facial Bones and Skull.” In Proceed-
ings of the Sixteenth Stapp Car Crash Conference, 186-203. Warrendale, PA: Society of 
Automotive Engineers, 1972.

Schneider, R. C., G. Cherry, and H. Pantek. “The Syndrome of Acute Central Cervical Spinal 
Cord Injury with Special Reference to the Mechanism involved in Hyperextension 
Injuries of the Cervical Spine.” Journal of Neurosurgery 11 (1954): 546.

Scott, W. W. “Physiology of Concussion.” Archives of Neurology and Psychiatry, Chicago 43 
(1940): 270-283.

Seales, D. M., R. D. Torkelson, R. M. Shuman, V. S. Rossiter, and J. D. Spencer. “Abnor-
mal Brainstem Auditory Evoked Potentials and Neuropathology in ‘Locked-in’ Syn-
drome.” Neurology 31, no. 7 (July 1981): 893-896.

Selecki, B. R. “Cervical Spine and Cord Injuries. Mechanisms and Surgical Implications.” 
Medical Journal of Australia 1 (1970): 838-40.

Sellier, K., and F. Unterharnscheidt. “Pathomorphology of Nonpenetrating Brain Injuries.” 
Proceedings of the Third International Congress of Neurological Surgery, Copenhagen, 
August 23-28, 1965. Abstract, Excerpta Medica Internat. Congress Series 110 (1965): 
93-103. 

Sellier, K., and F. Unterharnscheidt. “The Mechanics of the Impact of Violence on the Skull.” 
Proceedings of the Third International Congress of Neurological Surgery, Copenhagen, 
August 28, 1965. Abstract, Excerpta Medica Internat. Congress Series 110 (1965): 
87-92.

Sellier, K., and F. Unterharnscheidt. Mechanik and Patho-morphologique der Hirnschaden nach 
Stumpfer Gewalteinwirkung auf den Schadel [Mechanics and Patho-Morphology of 
Brain Damage after Blunt Trauma to the Skull] (Berlin: Springer-Verlag, 1963).

Smith, F. P. “Experimental Biomechanics of Intervertebral Disc Rupture Through A Vertebral 
Body.” Journal of Neurosurgery 30 (1969): 134-39.

Smith, F. P. “Experimental Biomechanics of Transvertebral Disc Rupture.” Journal of Neuro-
surgery 19 (1962): 594.

Smith, J. W., and R. Walmsley. “Experimental Incision of the Intervertebral Disc.” Journal of 
Bone and Joint Surgery 33, no. B (1951): 612-25.

Snyder, R. G., D. B. Chaffin, and R. K. Schutz.  “Link System of the Human Torso.” Report 
no. AMRL-TR-71-88, Wright-Patterson Air Force Base, OH, August 1972. 



Impact Acceleration and the Human Response

Comprehensive Bibliography

340

Snyder, R. G., D. B. Chaffin, and R. K. Schutz. “Joint Range of Motion and Mobility of the 
Human Torso.” Society of Automotive Engineers, 1970.

Sonntag, R. W. “Intracranial Pressure in Macaca Speciosa During Controlled Abrupt Deceler-
ation.” Preprints of the Thirty-Eighth Annual Scientific Meeting of the Aerospace Medical 
Association, 162-163. Washington, D.C.: Aerospace Medical Association, April 1967.

Spiegel, E. A., M. Spiegel-Adolf, H. T. Wycis, M. Marks, and A. J. Lee. “Subcortical Changes 
in Cerebral Concussion.” Journal of Neuropathology and Experimental Neurology 7 
(1948): 162-171.

Spiegel-Adolf, M., H. T. Wyeis, and E. A. Spiegel. “Cerebrospinal Fluid Studies in Cerebral 
Concussion.” Journal of Nervous and Mental Disease 106 (1947): 359-368.

Spiller, W. G. “A Critical Summary of Recent Literature on Concussion of the Spinal Cord 
with some Original Observation.” American Journal of the Medical Sciences 118 
(1899): 190.

States, John D., and David J. States. “The Pathology and Pathogenesis of Injuries Caused by 
Lateral Impact Accidents.” In Proceedings of the Twelfth Stapp Car Crash Conference, 
72-93. New York: Society of Automotive Engineers, 1968. 

Stauffer, Floyd H. “Further Evidence of Fluid Translocation During Varied Acceleration Stress-
es: Gross Pathological Findings and Weight Changes in Specific Tissues.” Final Re-
port, April 9, 1946 – August 31, 1951, Department of Aviation Medicine, University 
of Southern California, July 10, 1951.

Stech, E. L. “Calculation of Human Spinal Frequency from Cadaver Data and Comparison with 
Tests on Live Human Subjects.” Frost Engineering Development Corporation, 1963.

Stevens, Peter J. Fatal Civil Aircraft Accidents: Their Medical and Pathological Investigation. 
Bristol, England: John Wright & Sons, Ltd., 1970.

Stoll, Alice M., and John D. Mosely. “Physiologic and Pathologic Effects in Chimpanzees 
during Prolonged Exposures to 40 Transverse G.” Journal of Aviation Medicine 29 
(August 1958): 575-586.

Strich, S. J. “Shearing of Nerve Fibers as a Cause of Brain Damage Due to Head Injury: A 
Pathological Study of Twenty Cases.” Lancet 2 (1961): 443-448.

Symonds, C. “The Interrelation of Trauma and Cervical Spondylosis in Compression of the 
Cervical Cord.” Lancet 264 (1953): 45.

Symonds, C. P. “Concussion and Contusion of the Brain and their Sequelae.” In Injuries of 
the Skull, edited by S. Brock. Baltimore, MD: William Wood and Company, 1940.

Symonds, C. P., “Concussion and its Sequelae.” Lancet (1962): 1-5.

Tarlov, I. M. Spinal Cord Compression – Mechanism of Paralysis and Treatment. Springfield, IL: 
Charles C. Thomas, 1957.

Taylor, A. R., and W. Blackwood. “Paraplegia in Hyperextension Cervical Injuries with Nor-
mal Radiographic Appearances.” Journal of Bone and Joint Surgery 30B (1951): 245.

Taylor, E. R. “Thrombocytopenia Following Abrupt Deceleration.” ARL-TDR-62-30, Project 
7850, Task 785001, 6571st Aeromedical Research Laboratory, Holloman Air Force 
Base, NM, December 1962.



341A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Taylor, E. R., and L. W. Rhein. “Physiologic Effects of Abrupt Acceleration. I. Relative Brady-
cardia.” Aerospace Medicine 33, no. 1 (December 1962): 1442-1445.

Taylor, E. R., L. W. Rhein, and G. R. Beers. “Effect of Atropine Upon Relative Bradycardia 
Associated with Impact.” Project 7850, Task 785001, Technical Documentary Re-
port no. ARL-TDR-62-13, 6571st Aeromedical Research Laboratory, AMD (AFSC), 
Holloman Air Force Base, NM, August 1962.

Teare, D. “Post-Mortem Examination on Air Crash Victims.” British Medical Journal 2 (1951): 
707-708.

Tedeschi, C. G. “Cerebral Injury by Blunt Mechanical Trauma. Special Reference to the Effects 
of Repeated Impacts of Minimal Intensity; Observations on Experimental Animals.” 
Archives of Neurology and Psychiatry, Chicago 53 (1945): 333-354.

Tisserand, M., and A. Wisner. “Behavior of the Cervical Vertebral Column During Dorsal 
Impact.” Work Physiology Center of the National Institute of Safety, 1966.

Torres, F., and K. Shapiro. “Electroencephalographic Abnormalities Associated with Whiplash 
Injury: A Comparison with the Abnormalities Present in Closed Head Injuries.” Ar-
chives of Neurology 5, no. 1 (July 1961): 2835.

Unterharnscheidt F., and E. A. Ripperger, “Mechanics and Pathomorphology of Impact-Re-
lated Closed Brain Injuries.” In Dynamic Response of Biomedical Systems, edited by N. 
Perrone, 46-83. New York: American Society of Mechanical Engineers, 1970.

Unterharnscheidt, F. “About Boxing: Review of Historical and Medical Aspects.” Texas Reports 
on Biology and Medicine 28 (1970): 421-495.

Unterharnscheidt, F. “Die gedeckten Schaden des Gehirns. Experimentelle Untersuchungen 
mit einmaliger wiederholter und gehaeufter Gewalteinwirkung auf den Schadel,” 
Monographien aus dem Gesamtgebiete der Neurologie und Psychiatrie, Heft 103. 
Berlin: Springer-Verlag, 1963.

Unterharnscheidt, F. “Experimentelle Untersuchungen ueber die Schadigung des ZNS durch 
gehaufte stumpfe Schadeltraumen.” Zentralblatt fur die gesamte Nurologie ud Psychi-
atrie 147 (1958): 14.

Unterharnscheidt, F. “Injuries due to Boxing and Other Sports.” In Handbook of Clinical Neu-
rology, vol. 23, edited by P. J. Vinken and G. W. Bruyn, 527-593. Amsterdam and 
Oxford: Elsevier Science Publishing Co., Inc., 1975.

Unterharnscheidt, F. “Morphological Findings in Rhesus Monkey Undergoing –Gx Impact 
Vector Direction.” The Cervical Spine Research Society, December 7-10, 1983, pp. 
26-28.

Unterharnscheidt, F. “Neuropathology of Rhesus Monkeys Subjected to –Gx Impact Ac-
celeration.” ADA-089829, Report to the Office of Naval Research under contract 
N00014-78-C-0800. New Orleans: Naval Biodynamics Laboratory, 1977.

Unterharnscheidt, F. “Translational versus Rotational Acceleration: Animal Experiments with 
Measured Input.” Scand. J. Rehabil. Med. 4 (1972): 24-26.

Unterharnscheidt, F. J. “Boxing Injuries.” In Sports Injuries: Mechanisms, Prevention, and Treat-
ment, edited by R. C. Schneider, J. C. Kennedy, and M. L. Plant, 462-495. Williams 
& Wilkins: Baltimore, 1985.



Impact Acceleration and the Human Response

Comprehensive Bibliography

342

Unterharnscheidt, F. J. “Mechanics and Pathomorphology of Closed Head Injuries, Discus-
sion.” In Impact Injury and Crash Protection, edited by E. S. Gurdjian, W. A. Lange, 
L. M. Patrick, and L. M. Thomas, 43-62. Springfield, Ill: Charles C. Thomas, 1970. 

Unterharnscheidt, F. J. “Neuropathology of the Rhesus Monkey Undergoing -Gx Impact Ac-
celeration.” AGARD Conference Proceedings No. 322 on Impact Injury Caused by Lin-
ear Acceleration: Mechanisms, Prevention and Cost, edited by J. L. Haley, Jr., 17: 1-34. 
London: Technical Editing and Reproduction Ltd., October 1982.

Unterharnscheidt, F. J. “Potential Relationship between Human Central Nervous System In-
jury and Impact Forces based on Primate Studies.” Paper presented at the Ninth 
Neuroelectric Society Meeting, Marco Beach, FL, November 25, 1977. 

Unterharnscheidt, F. J. “Traumatic Alterations in the Rhesus Monkey Undergoing –Gx Impact 
Acceleration.” Neurotraumatology (Tokyo) 6 (1983): 151- 167.

Unterharnscheidt, F. Pathology of the Nervous System VII: Trauma of the Brain and Spinal Cord. 
Berlin, Heidelberg, New York, London, Paris, Tokyo, Hong Kong, Barcelona, and 
Budapest: Springer-Verlag, 1992.

Unterharnscheidt, F., and K. Sellier. “Mechanik und Pathomorphologie der Hirnschaden nach 
stumpfer Gewalteinwirkung auf den Schadel.” Heft zur Unfallheilkunde, Heft 76, 
Springer, Berlin, 1963.

Unterharnscheidt, F., and L. S. Higgins. “Neuropathologic Effects of Translational and Rota-
tional Acceleration of the Head in Animal Experiments.” In The Late Effects of Head 
Injury, edited by A. Earl Walker, William F. Caveness, and Macdonald Critchley, 
158-167. Springfield, IL: Charles C. Thomas, 1969.

Unterharnscheidt, F., C. L. Ewing, D. J. Thomas, M. E. Jessop, Jr., W. Rogers, and G. C. Wil-
lems. “Preliminary Report on the Neuropathological Findings in Rhesus Monkeys 
Undergoing Short Duration -Gx Acceleration.” Paper no. 201, Sixth International 
Congress of Neurological Surgery, World Federation of Neurological Surgery, Sao 
Paulo, Brazil, 19-25 June 1977: p. 80.

Unterharnscheidt, Friedrich., and Lawrence S. Higgins. “Pathomorphology of Experimental 
Head Injury Due to Rotational Acceleration.” Acta Neuropathologica 12 (1969): 200-
204.

Venable, J. R., R. E. Flake, and D. J. Kilian. “Stress Fracture of the Spinous Process.” Journal 
of the American Medical Association 190 (December 1964): 881–885.

Voigt, G. “Traffic Medicine. 3. Head and Neck Injuries in Frontal Collisions.” Lakartidningen 
68 (1970): 1866-80.

Vulcan, A. P. Response of the Lower Vertebral Column to Caudocephalad Acceleration. Ph.D. Dis-
sertation, Wayne State University, Detroit, 1969.

Walker, A. E. “The Syndrome of Cerebral Concussion.” Clinics 4 (1945): 361-395.

Walker, A. E., J. J. Kollros, and T. J. Case. “Electroencephalographic Alterations following Ce-
rebral Concussions.” Transactions of the American Neurological Association 70 (1944): 
149-151.

Walker, A. E., J. J. Kollros, and T. J. Case. “Physiology of Concussion.” Archives of Neurology 
& Psychiatry 52 (1944): 78-79.



343A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Walker, A. E., J. J. Kollros, and T. J. Case. “The Physiological Basis of Concussion.” Journal of 
Neurosurgery 1 (1944): 103-116.

Ward, Arthur A., Jr. “Physiological Basis of Concussion.” Journal of Neurosurgery 15 (1958): 
129-134.

Webster, J. E., and N. E. Freeman. “Studies on the Cerebrospinal Fluid Pressure in Unanesthe-
tized Dogs.” Annals of Surgery 113 (1941): 556-571.

White, J. C., J. R. Brooks, J. C. Goldthwait, and R. D. Adams. “Changes in Brain Volume 
and Blood Content after Experimental Concussion.” Annals of Surgery 118 (1943): 
619-633.

White, J. E. “Biomechanical Analysis of Traumatically Induced Cervical Occipital Lesions.” 
Journal of American Osteopathic Association 64 (1965): 938–39, 984–86.

Whitehouse, A. C., W. K. Brown, P. Foster, and H. F. Scherer. “Quantitative Effects of Abrupt 
Deceleration on Pulmonary Diffusion in Man.” Technical report no. 66-12, Hollo-
man Air Force Base, NM, 1966.

Whiting, A. A. “Head Impact Investigation.” Report no. OG-537-D-9, Cornell Aeronautical 
Laboratory, December 1948.

Wickstrom, J. “Effects of Whiplash Injury.” Journal of the American Medical Association 194 
(1965): 40.

Wickstrom, J. K., J. L. Martinez, and R. P. Rodriguez. “Experimental Production of Acceler-
ation Injuries of the Head and Neck.” In Accident Pathology, edited by K. M. Brink-
hous, 185-188. Washington, D.C.: U.S. Government Printing Office, 1970.

Wickstrom, J. K., J. L. Martinez, R. P. Rodriguez, and D. M. Haines. “Hyperextension and 
Hyperflexion Injuries to the Head and Neck of Primates.” In Neckache and Backache, 
edited by E. S. Gurdjian, and L. M. Thomas, 108-117. Springfield, IL: Charles C. 
Thomas, 1970.

Wickstrom, J., J. Martinez, and R. Rodriguez. “Cervical Sprain Syndrome: Experimental 
Acceleration Injuries of the Head and Neck.” In The Prevention of Highway Injury, 
edited by M. L. Selzer, P. W. Gikas, and D. F. Huelke, 182-187. Ann Arbor, MI: 
Highway Safety Research Institute, 1967.

Williams, D., and D. Denny-Brown. “Cerebral Electrical Charges in Experimental Concus-
sion.” Brain 64 (1941): 223-238.

Windle, W. F. “Damage to Myelin Sheaths of the Brain after Concussion.” Anatomical Record 
100, no. 4 (April 1948): 725.

Windle, W. F. “Experimental Studies on Concussion.” In Advances in Military Medicine, vol. 
1, edited by E. C. Andrus, C. S. Keefer, D. W. Bronk, J. S. Lockwood, G. A. Carden, 
Jr., J. T. Wearn, and M. C. Winternitz, 168-175. Boston: Little, Brown, and Co., 
1948.

Windle, W. F., and H. W. Magoun. “Disappearance of Nerve Cells after Concussion.” Anatom-
ical Record 93 (1945): 201-209.

Windle, W. F., and H. W. Magoun. “Functional and Structural Changes in the Central Ner-
vous System during and after Experimental Concussion.” Transactions of the American 
Neurological Association 70 (1944): 117-119.



Impact Acceleration and the Human Response

Comprehensive Bibliography

344

Windle, W. F., H. M. Schamp, and R. A. Groat. “Destruction and Disappearance of Brain 
Stem Neurons in Guinea Pigs Receiving Repeated Concussion.” Federation Proceed-
ings 4 (1945): 78.

Windle, W. F., R. A. Groat, and C. A. Fox “Structural Alterations in the Brain in and after 
Experimental Concussion.” Federation Proceedings 3 (1944): 53.

Windle, W. F., R. A. Groat, and C. A. Fox. “Experimental Structural Alterations in the Brain 
during and after Concussion.” Surgery, Gynecology, and Obstetrics 79, no. 6 (Decem-
ber 1944): 561-572.

Windle, W. F., W. A. Rambach, Jr., M. I. Robert De Ramirez De Arellano, R. A. Groat, and 
R. F. Becker. “Water Content of the Brain After Concussion and its Noncontributory 
Relation to the Histopathology of Concussion.” Journal of Neurosurgery 3 (1946): 
157-164.

Wirsching, M. “Relations of Form, Severity and Localization of Spinal Injuries to the Mechan-
ics of Injury.” Archives of Orthopaedic and Traumatic Surgery 74 (1972): 63-90.

Wolman, L. “The Neuropathology of Traumatic Paraplegia: A Critical Historical Review.” 
Paraplegia 1 (1964): 233-251.

Wood, J. L. “Dynamic Response of Human Cranial Bone.” Journal of Biomechanics 4 (1971): 

 1-12.

Wright, P. B., and L. P. Brady. “An Anatomic Evaluation of Whiplash Injuries.” Clinical Ortho-
pedics 11 (1958): 120-131.

Wycis, H. T. “Mechanical Role of the Cerebrospinal Fluid in Cerebral Concussion.” Confinia 
Neurology 8, no. 5 (1947): 292-299.

Yacovone, D. W., and R. Bason. “Cervical Injuries during High G Maneuvers: A Review of 
Naval Safety Center Data, 1980-1990.” Aviation, Space and Environmental Medicine 
59, no. 8 (1988): 758-760.

Zuckerman, S., and A. N. Black. “The Effects of Impacts on the Head and Back of Monkeys.” 
Report RC-124, Ministry of Home Security, England, 1940.

Performance Evaluation

Bason, R. and D. R. Stroop. “Pulmonary Function Testing in Military Personnel: A Prelimi-
nary Study.” Report no. 1217, Naval Aerospace Medical Research Laboratory, Pen-
sacola, FL, May 28, 1975.

Bittner, A. C., Jr., R. S. Kennedy, M. M. Harbeson, and  N. C. Lundy. “Apparatus Testing 
for Aviation Performance Assessment and Selection: A Technology Ready to Come 
of Age.” Paper presented at the Twenty-Eighth International Congress of Aviation, 
Space, and Environmental Medicine, Montreal, Canada, September 1980.

Bittner, A. C., Jr., R. S. Kennedy, and M. E. McCauley. “Time Estimation: Repeated Measures 
Testing and Drug Effects.” In Proceedings of the Seventh Psychology Symposium in the 
Department of Defense, 445-450. Colorado Springs, CO: United States Air Force 
Academy, April 1980.



345A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Bittner, Alvah C., Jr. “Maximizing Design Accommodations for Composite User Populations: 
Methodology Applicable to Mixed Male and Female Populations.” Proceedings of the 
Human Factors and Ergonomics Society Annual Meeting 22 (October 1978): 450-455.

———. “Toward a Computerized Accommodated Percentage Evaluation (9CAE) Model for 
Automotive Vehicle Interiors.” Society of Automotive Engineers Transactions 87 (1979): 
1285-1294.

———. “Statistical Tests for Differential Stability.” Proceedings of the Human Factors and Ergo-
nomics Society Annual Meeting 23 (October 1979): 541-545.

———. “Use of Proportion-of-Baseline Measures in Stress Research.” In Machine Pacing and 
Occupational Stress, edited by Gavriel Salvendy, and M. J. Smith, 177-183. London: 
Taylor & Francis Ltd., 1981.

———. “Averaged Correlations Between Parallel Measures: Reliability Estimation.” In Pro-
ceedings of the Eighth Psychology Symposium in the Department of Defense, 321-327. 
Colorado Springs, CO: United States Air Force Academy, April 1982.

Bittner, A. C., Jr., and D. C. Chatfield. “A Signal Detection Theory Function for Relating 
Sensitivity to Standard and Comparison Magnitudes.” In Proceedings of the Hu-
man-Machine Systems Symposium IEEE International Conference on Cybernetics and 
Society, 978-984. New York: The Institute of Electrical and Electronics Engineers, 
Inc., October 1980.

Bittner, A. C., Jr., R. C. Carter, and M. Krause. “Performance Tests for Repeated Measures: 
Moran and Computer Batteries.” NBDL-81R012, Naval Biodynamics Laboratory, 
New Orleans, November 1981. 

Bittner, A. C., Jr., R. S. Kennedy, M. M. Harbeson, and  N. C. Lundy. “Apparatus Testing 
for Aviation Performance Assessment and Selection: A Technology Ready to Come 
of Age.” Paper presented at the Twenty-Eighth International Congress of Aviation, 
Space, and Environmental Medicine, Montreal, Canada, September 1980.

Bittner, A. C., Jr., R. S. Kennedy, and M. E. McCauley. “Time Estimation: Repeated Measures 
Testing and Drug Effects.” In Proceedings of the Seventh Psychology Symposium in the 
Department of Defense, 445-450. Colorado Springs, CO: United States Air Force 
Academy, April 1980.

Bittner, A. C., Jr., M. B. Jones, R. C. Carter, R. H. Shannon, D. C. Chatfield, and R. S. Ken-
nedy. “Statistical Issues in Performance Testing: Collected Papers.” NBDL-81R010, 
Naval Biodynamics Laboratory, New Orleans, September 1981.

Bittner, A. C., Jr., W. Dunlap, and M. B. Jones. “Averaged Correlations with Differentially-Sta-
ble Variables: Fewer Subjects Required for Repeated Measures.” Proceedings of the 
Human Factors and Ergonomics Society Annual Meeting 26 (October 1982): 349-353.

Bittner, A. C., Jr., J. C. Guignard, J. C. Woldstad, and R. C. Carter. “Vibration Effects on 
Digit Symbol Coding.” In Proceedings of the Eighth Psychology Symposium in the De-
partment of Defense, 60-76. Colorado Springs, CO: United States Air Force Academy, 
April 1982.

Bittner, A. C., Jr., N. C. Lundy, R. S. Kennedy, and M. M. Harbeson. “Performance Evalua-
tion Tests for Environmental Research (PETER): Spoke Tasks.” Perceptual and Motor 
Skills 54 (1982): 1319-1331.



Impact Acceleration and the Human Response

Comprehensive Bibliography

346

Bittner, A. C., Jr., R. C. Carter, M. Krause, R. S. Kennedy, and M. M. Harbeson. “Perfor-
mance Tests or Repeated Measures: Moran and Computer Batteries.” Proceedings of 
the Human Factors and Ergonomics Society Annual Meeting 26, no. 8 (October 1982): 
747-751.

Bittner, A. C., Jr., J. C. Guignard, J. C. Woldstad, and R. C. Carter. “Vibration Effects on Dig-
it Symbol Coding.” Journal of Low Frequency Noise and Vibration 2 (1983): 169-175.

Bittner, A. C., Jr., R. C. Carter, M. Krause, R. S. Kennedy, and M. M. Harbeson. “Performance 
Evaluation Tests for Environmental Research (PETER): Moran and Computer Bat-
teries.” Aviation, Space, and Environmental Medicine 54 (October 1983): 923-928.

Bittner, A. C., Jr., R. C. Carter, R. S. Kennedy, M. M. Harbeson, and M. Krause. “Perfor-
mance Evaluation Tests for Environmental Research (PETER): The Good, Bad, and 
Ugly.” Proceedings of the Human Factors and Ergonomics Society Annual Meeting 28, 
no. 1 (October 1984): 11-15.

Bittner, A. C., Jr., M. G. Smith, R. S. Kennedy, C. F. Staley, and M. M. Harbeson. “Automated 
Portable Test (APT) System: Overview and Prospect.” Behavior Research Methods, 
Instruments, and Computers 17 (1985): 217-221.

Bittner, A. C., Jr., and D. L. Damos. “Demonstration of a Statistical Method for Isolating 
Timesharing Components.” NBDL-86R001, Naval Biodynamics Laboratory, New 
Orleans, January 1986.

Bittner, A. C., Jr., R. C. Carter, R. S. Kennedy, M. M. Harbeson, and M. Krause. “Perfor-
mance Evaluation Tests for Environmental Research (PETER): Evaluation of 114 
Measures.” Perceptual and Motor Skills 63 (1986): 683-708.

Brown, John L., and Marian Lechner. “Acceleration and Human Performance: A Survey of 
Research.” Journal of Aviation Medicine 27 (1956): 32-49.

Carter, E. C., and R. C. Carter. “Color and Conspicuousness.” Journal of the Optical Society of 
America 71 (June 1981): 729-732.

———. “High Contrast Sets of Colors.” Applied Optics 21 (1982): 2936-2939.

———. “CIE L*u*v* Equations for Self-Luminous Display.” Color Research and Applications 
8 (1983): 252-253.

Carter, R. C. “Visual Search with Color Coding.” Proceedings of the Human Factors and Ergo-
nomics Society Annual Meeting 23 (October 1979): 369-373.

———. “Physiological and Performance Measurements: A Time-Series Model.” Preprints of 
the Fiftieth Annual Scientific Meeting, 161-162. Washington, D. C.: Aerospace Med-
ical Association, May 1980.

———. “A Design Tool for Color Displays.” Proceedings of the Human Factors and Ergonomics 
Society Annual Meeting 26, no. 6 (October 1982): 589.

———. “Search Time with a Color Display: Analysis of Distribution Functions.” Human 
Factors 24 (1982): 203-212.

———. “Visual Search with Color.” Journal of Experimental Psychology 8 (1982): 127-136.

———. “Time Series Models of Human Factors Dynamic.” Human Factors 26 (1984): 83-95.

Carter, R. C., R. S. Kennedy, and A. C. Bittner, Jr. “Selection of Performance Evaluation Tests 



347A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

for Environmental Research.” Proceedings of the Human Factors and Ergonomics Soci-
ety Annual Meeting 24 (October 1980): 320-324.

———. “Grammatical Reasoning: A Stable Performance Yardstick.” Human Factors 23 (Oc-
tober 1981): 587-591.

Carter, R. C., and A. C. Bittner, Jr. “Progress in the Analysis of a Performance Evaluation Test 
for Environmental Research (PETER).” Proceedings of the Human Factors and Ergo-
nomics Society Annual Meeting 22 (October 1978) 29-35.

Carter, R. C., M. Patsfall, and R. H. Shannon. “A Job Analysis of the Aegis Combat Sub-
modes.” NBDL-82R002, Naval Biodynamics Laboratory, New Orleans, January 
1982.

Carter, R. C., and H. E. Sbisa. “Human Performance Tests for Repeated Measurements: Al-
ternate Forms of Eight Tests by Computer.” NBDL-82R003, Naval Biodynamics 
Laboratory, New Orleans, January 1982.

Carter, R. C., D. A. Stone, and A. C. Bittner, Jr. “Repeated Measurements of Manual Dex-
terity: Applications and Support of the Two-Process Theory.” Ergonomics 25 (1982): 
829-838.

Carter, R. C., M. Krause, and M. M. Harbeson. “Beware of the Reliability of Slope Scores for 
Individuals.” Human Factors 28 (1986): 673-683.

Carter, R. C., R. S. Kennedy, A. C. Bittner, Jr., and M. Krause. “Item Recognition as a Per-
formance Evaluation Test for Environmental Research.” Proceedings of the Human 
Factors and Ergonomics Society Annual Meeting 24 (October 1980): 340-343.

Chambers, Randall M., and Lloyd Hitchcock, Jr. “Effects of Acceleration on Pilot Perfor-
mance.” Report no. NADC-MA-6219, Naval Air Development Center, Johnsville, 
PA, March 26, 1963.

Clark, Carl C. “Human Control Performance and Tolerance Under Severe Complex Wave-
form Vibration with a Preliminary Historical Review of Flight Simulation.” Engi-
neering report no. 12406, Life Sciences Department, Martin Co., Baltimore, MD, 
April 1962.

Damos, D. L., R. S. Kennedy, and A. C. Bittner, Jr., and M. Harbeson. “Performance Evalu-
ation Test for Environmental Research (PETER): Critical Tracking Test.” Preprints of 
the Fiftieth Annual Scientific Meeting, 33-34. Washington, D.C.: Aerospace Medical 
Association, May 1979.

Damos, D. L., and T. E. Smist. “Individual Differences in Dual-Task Performance.” 
NBDL-M006, Naval Biodynamics Laboratory, New Orleans, November 1980.

Damos, D. L., and T. E. Smist. “Individual Differences in Multi-Task Response Strategies.” 
Proceedings of the Human Factors and Ergonomics Society Annual Meeting 25 (October 
1981): 291-295.

Damos, D. L., R. S. Kennedy, A. C. Bittner, Jr., and M. M. Harbeson. “Effects of Extended 
Practice on Dual-Task Tracking Performance.” Human Factors 23 (October 1981): 
627-631.

Damos, D. L., T. E. Smist, and A. C. Bittner. “Individual Differences in Multiple-Task Perfor-
mance as a Function of Response Strategy.” Human Factors 25 (April 1983): 215-226.



Impact Acceleration and the Human Response

Comprehensive Bibliography

348

Damos, D. L., A. C. Bittner, Jr., R. S. Kennedy, M. M. Harbeson, and M. Krause. “Per-
formance Evaluation Tests for Environmental Research (PETER): Critical Tracking 
Test.” Perceptual and Motor Skills 58 (1984): 567-573.

Dixon, D. J., M. G. Copeland, and C. G. Holcomb. “Psychomotor Battery Approaches to 
Performance Prediction and Evaluation in Hyperbaric, Thermal and Vibratory Envi-
ronments: Annotated Bibliographies and Integrative Review.” NBDL-M002, Naval 
Biodynamics Laboratory, New Orleans, October 1980.

Dunlap, W. P., M. B. Jones, and A. C. Bittner, Jr. “Averaged Correlatiots vs Correlated Averag-
es.” Bulletin of the Psychonomics Society 21 (March 1983): 213-216.

Dunlap, W. P., N. C. Silver, R. E. Hunter, and A. C. Bittner, Jr. “Averaged Cross-Correlations: 
A Method for Validity Assessment in Small Sample.” In Trends in Ergonomics/Human 
Factors, vol. 2, edited by R. Eberts and C. G. Eberts, 13-21. Amsterdam:  Elsevier 
Science Publishers, 1985.

Dunlap, W. P., N. C. Silver, and A. C. Bittner, Jr. “Estimating Reliability with Small Samples: 
Increased Precision with Averaged Correlations.” Human Factors 28 (1986): 685-690.

Harbeson, M. M., M. Krause, R. S. Kennedy, and A. C. Bittner, Jr. “The Stroop as a Per-
formance Evaluation Test for Environmental Research.” Journal of Psychology 111 
(1982): 223-233.

Harbeson, M. M., R. S. Kennedy, and A. C. Bittner. “A Comparison of the Stroop Test to 
Other Tasks for Studies of Environmental Stress.” Proceedings of the Twelfth Annual 
Meeting of the Human Factors Association of Canada, 21:1-9. Bracebridge, Ontario, 
Canada, 6-8 September 1979.

Harbeson, M. M., M. Krause, and R. S. Kennedy. “Comparison of Memory Tests for Envi-
ronmental Research.” Proceedings of the Human Factors and Ergonomics Society Annual 
Meeting 24, no. 1 (October 1980): 349-353.

Harbeson, M. M., A. C. Bittner, Jr., R. S. Kennedy, R. C. Carter, and M. Krause. “Perfor-
mance Evaluation Tests for Environmental Research (PETER): Bibliography.” Per-
ceptual and Motor Skills 57 (1983): 283-293.

Hawkes, Russell. “Human Factors Approaching Maturity.” Aviation Week 66, no. 9 (February 
25, 1957): 201-202.

Headley, R. N., J. W. Brinkley, G. Lokatos, and R. F. Managan. “Human Factors Respons-
es during Ground Impact.” Technical report no. 60-590, Wright Air Development 
Center, Dayton, OH, November 1960.

Holcombe, F. D. “HFE at the Naval Biodynamics Laboratory.” The Aerospace Experimental 
Psychologist Bulletin 1, no. 2 (June 1992): 4-7.

———. “A Taxonomic Approach to Forecasting Military Performance Under Stress.” Paper 
presented at the Fourteenth Biennial Applied Behavioral Sciences Symposium, U.S. 
Air Force Academy, Colorado Springs, CO, April, 1994.

Irons, R. C., and P. V. Rose. “Naval Biodynamics Laboratory Computerized Cognitive Test-
ing.” Neurobehaviorial Toxicology and Teratology 7 (1985): 395-397.



349A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Jackson, J. L., and L. Tijerina. “Identification of Emerging Research Trends and Issues in 
Maritime Human Factors: A Interim Report.” NBDL-95R003, Naval Biodynamics 
Laboratory, New Orleans, April 1995.

Jones, M. B. “Convergence-Divergence with Extended Practice: Three Applications.”  Proceed-
ings of the Human Factors and Ergonomics Society Annual Meeting 24 no. 1 (October 
1980): 359-362.

———. “Stabilization and Task Definition in A Performance Test Battery.” NBDL-M001, 
Naval Biodynamics Laboratory, New Orleans, October 1980.

———. “Stabilization and Task Definition in a Performance Test Battery.” Proceedings of the 
Human Factors and Ergonomics Society Annual Meeting 23 (October 1979): 536-540.

Jones, M. B., R. S. Kennedy, and A. C. Bittner, Jr. “Video Games and Convergence or Di-
vergence with Practice.” In Proceedings of the Seventh Psychology Symposium in the 
Department of Defense, 465-469. Colorado Springs, CO: United States Air Force 
Academy, April 1980.

Jones, M. B., R. S. Kennedy, and A. C. Bittner, Jr., “A Video Game for Performance Testing.” 
American Journal of Psychology 94 (1981): 143-152.

Jones, M. B., W. P. Dunlap, and I. McD. Bilodeau. “Factors Appearing Late in Practice.” Or-
ganizational Behavior and Human Performance 33 (1984): 153-173.

———. “Comparison of Video Game and Conventional Test Performance.” Stimulation and 
Games 4 (1987): 435-446.

Kaleps, I. “Thoracic Dynamics during Blunt Impact.” In Aircraft Crashworthiness, edited by K. 
Saczalski, G. T. Singley, III, W. D. Pikey, and R. L. Huston, 235-252. Charlottesville, 
VA: University of Virginia Press, 1975.

———. “Prediction of Whole-Body Response to Impact Forces in Flight Environments.” 
AGARD Conference Proceedings no. 253: Models and Analogues for the Evaluation of 
Human Biodynamic Response, Performance and Protection, A1-14. London: Technical 
Editing and Reproduction, Ltd., 1979.  

Kennedy, R. S., and A. C. Bittner, Jr. “Progress in the Analysis of Performance Evaluation 
Tests for Environmental Research (PETER).” Proceedings of the Twenty-Second Annu-
al Meeting of the Human Factors Society, 29-35. Santa Monica, CA: Human Factors 
Society, 1978. 

Kennedy, R. S. “Bioelectric Indicants of Diver’s Ability to Perform Useful Work.” In Monitor-
ing Vital Signs in the Diver, edited by C. E. G. Lundgren. Bethesda, MD: Undersea 
Medical Society, March 1978.  1978.

Kennedy, R. S., and A. C. Bittner, Jr. “The Stability of Complex Human Performance for 
Extended Periods: Applications for Studies of Environmental Stress.” Preprints of the 
Forty-Eighth Annual Scientific Meeting, 168-169. Washington, D.C.: Aerospace Med-
ical Association, May 1978. 

Kennedy, R. S., A. C. Bittner, Jr., and M. M. Harbeson. “Research Developments in a Perfor-
mance Evaluation Test for Environmental Research (PETER).” Abstract, Undersea 
Biomedical Research, Supplement to 6, no. 1 (1979): 441.



Impact Acceleration and the Human Response

Comprehensive Bibliography

350

Kennedy, R. S., and A. C. Bittner, Jr. “Progress in the Development of a Performance Evalua-
tion Test for Environmental Research (PETER).” Paper presented at the First Infor-
mal Office of Naval Research Contractor’s Conference, Stanford University, January 
18-20, 1978.

Kennedy, R. S., A. C. Bittner, and M. M. Harbeson. “The Performance Evaluation Tests for 
Environmental Research (PETER): Paradigm.” Paper presented at the Thirtieth An-
nual Meeting of the Psychonomic Society, Phoenix, AZ, Nov. 8-10, 1979.

Kennedy, R. S., Bittner, A. C., Jr., and M. B. Jones. “Development of Performance Evaluation 
Tests for Environmental Research (PETER): Air Combat Maneuvering Test.” Pa-
per presented at the Rocky Mountain Psychological Association Meeting, Las Vegas, 
April 16-19, 1979.

Kennedy, R. S., A. C. Bittner, Jr., and M. M. Harbeson. “An Engineering Approach to the 
Standardization of Performance Evaluation Tests for Environmental Research (PE-
TER).” Paper presented at the Eleventh Annual Conference of the Environmental 
Design and Research Association (ERDA), Charleston, SC, March 1980.

Kennedy, R. S., and A. C. Bittner, Jr. “Development of Performance Evaluation Tests for En-
vironmental Research (PETER): Complex Counting Test.” NBDL-80R003, Naval 
Biodynamics Laboratory, New Orleans, October 1980.

Kennedy, R. S., A. C. Bittner, Jr., and M. B. Jones. “The Utility of Commercially Available 
Television-Computer Games for Assessing Performance and Other Applications.” 
Preprints of the Fifty-First Annual Scientific Meeting, 163-164.  Washington D.C.: 
Aerospace Medical Association, May 1980. 

Kennedy, R. S., R. C. Carter, and A. C. Bittner, Jr. “A Catalogue of Performance Evaluation 
Tests for Environmental Research.” Proceedings of the Human Factors and Ergonomics 
Society Annual Meeting 24, no. 1 (October 1980): 344-348.

Kennedy, R. S., M. B. Jones, and M. M. Harbeson. “Assessing Productivity and Well Being 
in Navy Workplaces.” In Proceedings of the Thirteenth Annual Meeting of the Canada 
Human Factors Association, 108-113. Ontario, Canada: Human Factors Association 
of Canada, September 1980.

Kennedy, R. S., D. A. Andrews, and R. C. Carter. “Performance Evaluation Tests for Environ-
mental Research (PETER): A Microcomputer Game as a Memory Test.” Preprints of 
the Scientific Program Aerospace Medical Association 1981 Annual Scientific Meeting, 
240-241. Washington, D.C.: Aerospace Medical Association, May 1981.

Kennedy, R. S., A. C. Bittner, Jr., and M. B. Jones. “Video-Game and Conventional Tracking.” 
Perceptual and Motor Skills 53 (1981): 310.

Kennedy, R. S., A. C. Bittner, Jr., M. M. Harbeson, and M. B. Jones. “Television Computer 
Games: A New Look in Performance Testing.” Aviation, Space, and Environmental 
Medicine 53 (January 1982): 49-53.

Krause, M., and R. S. Kennedy. “Performance Evaluation Tests for Environmental Research 
(PETER): Interference Susceptibility Test (IST).” Proceedings of the Seventh Psychology 
Symposium in the Department of Defense, 459-464. Colorado Springs, CO: United 
States Air Force Academy, April 1980.



351A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Lowry, R. D., and W. M. Wolff. “Description and Performance Evaluation of the Aerospace 
Medical Research Laboratories Vertical Accelerator.” ASD Technical report no. 61-
743, Wright-Patterson Air Force Base, OH, December 1961.

Mackaman, S. L., A. C. Bittner, Jr., M. M. Harbeson, R. S. Kennedy, and D. A. Stone. “Per-
formance Evaluation Tests for Environmental Research (PETER): Wonderlic Person-
nel Test.” Psychological Reports 51 (1982): 635-644.

McCafferty, D. B., A. C. Bittner, Jr., and R. C. Carter. “Performance Evaluation Tests for Envi-
ronmental Research (PETER): Auditory Digit Span Task.” Proceedings of the Human 
Factors and Ergonomics Society Annual Meeting 24, no. 1 (October 1980): 330-334.

McCauley, M. E., R. S. Kennedy, and A. C. Bittner, Jr. “Development of a Performance Evalu-
ation Test for Environmental Research (PETER): Time Estimation Test.” Proceedings 
of the Human Factors and Ergonomics Society Annual Meeting 23 (October 1979): 
513-517.

———. “Time Estimation: Repeated  Measures Testing and Drug Effects.” Proceedings of the 
Seventh Psychology Symposium in the Department of Defense, United States Air Force 
Academy, Colorado Springs. CO, April 1980.

———. “Development of a Performance Evaluation Tests for Environmental Research (PE-
TER): Time Estimation.” Perceptual and Motor Skills 51 (1980): 655-665. Also pub-
lished as Research Report No. NBDL-80R007, Naval Biodynamics Laboratory, New 
Orleans, December 1980.

Pepper, R. L., R. S. Kennedy, A. C. Bittner, Jr., and S. F. Wiker. “Performance Evaluation 
Tests for Environmental Research (PETER): Code Substitution Test.” Proceedings of 
the Seventh Psychology Symposium in the Department of Defense, 451-457. Colorado 
Springs, CO: United States Air Force Academy, April 1980.

Pepper, R. L., R. S. Kennedy, A. C. Bittner, Jr., S. F. Wiker, and M. M. Harbeson. “Perfor-
mance Evaluation Tests for Environmental Research (PETER): Code Substitution 
Test.” Perceptual and Motor Skills 61 (1985): 735-745.

———. “Biomechanical Problems of the Lumbar Spine.” Impact Acceleration Stress: A Sympo-
sium, 25-26. Washington, D.C.: National Academy of Sciences, National Research 
Council, 1962.

Seales, D. M., R. S. Kennedy, and A. C. Bittner. “Performance Evaluation Test for Environ-
mental Research (PETER): Arithmetic Computation.” Proceedings of the Human Fac-
tors and Ergonomics Society Annual Meeting 23 (October 1979): 508-512

Seales, D. M., R. S. Kennedy, and A. C. Bittner, Jr. “Development of Performance Evaluation 
Test for Environmental Research (PETER): Arithmetic Computation.” Perceptual 
and Motor Skills 51 (1980): 1023-1031.

Shannon, Richard H. “Manual Materials Handling Injuries of Naval Civilian Workers.” Paper 
presented at the Human Factors and Industrial Design in Consumer Products Sym-
posium, Medford, MA, May 1980.

———. “The Utility of Task Analytic Techniques to Research in Unusual Environments.” Pre-
prints of Fifty-First Annual Scientific Meeting, 165-166. Washington, D.C.: Aerospace 
Medical Association, May 1980.



Impact Acceleration and the Human Response

Comprehensive Bibliography

352

———. “Performance Evaluation Tests for Environmental Research (PETER): Using Tasks 
Analysis.” Paper presented at the Twenty-Eighth International Congress of Aviation, 
Space, and Environmental Medicine, Montreal, Canada, September 1980.

———. “A Factor Analytic Approach to Determining Stability of Human Performance.” Pro-
ceedings of the Thirteenth Annual Meeting of the Canada Human Factors Association, 
114-116. Ontario, Canada: Human Factors Association of Canada, September 1980.

———. “Task Analytic Approach to Human Performance Battery Development.” Proceedings 
of the Human Factors and Ergonomics Society Annual Meeting 24, no. 1 (October 
1980): 354-358.

———. “The Validity of Task Analytic Information to Human Performance Research in Un-
usual Environments.” Proceedings of the Human Factors and Ergonomics Society Annual 
Meeting 24, no. 1 (October 1980): 325-329.

———. “Determination of Efficient Methods of Lift by Comparing Trained and Untrained 
Male and Female Lifters.” NBDL-M004, Naval Biodynamics Laboratory, New Or-
leans, October 1980.

———. “Biomechanical Analysis of Manual Material Handling Techniques.” NBDL-82R001, 
Naval Biodynamics Laboratory, New Orleans, February 1982.

———. “Translation of Functional Tasks of a Navy Workstation to Structured Job Elements.” 
NBDL-82R007, Naval Biodynamics Laboratory, New Orleans, March 1982.

Shannon, R. H., and R. C. Carter. “A Comparison of Tactical Naval Work Stations Within the 
Air and Sea Environments.” Preprints of the Fifty-Second Annual Scientific Meeting, 
238-239. Washington, D.C.: Aerospace Medical Association, May 1981.

———. “Task Analysis and the Ability Requirements of Tasks: Collected Papers.” NBDL-
81R009, Naval Biodynamics Laboratory, New Orleans, September 1981.

Smith, M. G., M. Krause, R. S. Kennedy, A. C. Bittner, Jr., and M. M. Harbeson. “Per-
formance Testing with Microprocessors: Mechanization Is Not Implementation.” 
Proceedings of the Human Factors and Ergonomics Society Annual Meeting 27, no. 8 
(October 1983): 674-678.

Smith, M. G., M. Krause, R. S. Kennedy, A. C. Bittner Jr., and M. M. Harbeson. “Perfor-
mance Testing with Microprocessors: Mechanization Is Not Implementation.” In 
Proceedings of the Annual Meeting of the Human Factors Society 27, no. 2 (1983): 
674-78. 

Wamsley, B. W., A. C. Bittner, Jr., N. S. Gilbert, and L. S. Lustick. “Dynamic Variable Tempo-
rary Injury Correlation for Human and Neck Impact Experiments.” NBDL-86R007, 
Naval Biodynamics Laboratory, New Orleans, 1986.

Wickens, C. D., S. J. Mountford, and W. Schreiner. “Task Dependent and Individual Dif-
ferences in Dual Task Performance.” NBDL-M003, Naval Biodynamics Laboratory, 
New Orleans, October 1980.

Wiker, S. F., R. S. Kennedy, and R. L. Pepper. “Performance Evaluation Tests for Environ-
mental Research (PETER): Navigational Plotting Task.” Preprints of the Fifty-Second 
Annual Scientific Meeting, 242-243. Washington, D. C.: Aerospace Medical Associ-
ation, May 1981. 



353A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

———. “Development of Performance Evaluation Tests for Environmental Research (PE-
TER): Navigational Plotting.” Aviation, Space, and Environmental Medicine 54 (Feb-
ruary 1983): 144-149.

Protection, Restraints, and Emergency Escape Systems

Aldman, B. “Biodynamic Studies on Impact Protection,” Acta Physiologica Scandinavica 56, 
Supplementum 192 (January 1962): 1-80.

Aldman B. “Neck Injuries in Traffic Accidents - Can They Be Prevented. 1. Background and 
Some Biomechanical Views.” Lakartidningen 69 (June 1972): 3250–3253.

Anonymous. “The Shoulder Harness.” Air Surgeon’s Bulletin 1, no. 10 (1944): 8-9.

Anonymous. “Injuries Associated with Parachute Escapes.” Air Surgeon’s Bulletin 1 (May 
1944): 8-9.

Anonymous. “An Investigation of Lap Type Safety Belts and Shoulder Harnesses.” Report no. 
M-4851, Naval Aircraft Factory, Philadelphia, PA, June 1, 1949.

Armstrong, R. W., and H. P. Waters. “Testing Programs and Research on Restraint System.” 
Paper no. 690247, Society of Automotive Engineers, Warrendale, PA, 1969.

Armstrong, Richard W., Hal P. Waters, and John P. Stapp. “Human Muscular Restraint during 
Sled Deceleration.” In Proceedings of the Twelfth Sapp Car Crash Conference. New 
York: Society of Automotive Engineers, 1968.

Baldes, E. J., and J. J. Ryan. “Crashworthiness of Aircraft and Crash Injury Prevention.” Jour-
nal of Aviation Medicine 23, no. 5 (1952): 433-438.

Barwood, A. J. “The Maintenance of Correct Ejection Posture.” Aerospace Medical Journal 34, 
no. 7 (July 1963): 618-621.

Bastiannse, J. C., and A. A. Boiromon. “Statistical Study: Effectiveness (of ) Seatbelts.” Report 
RA1-TNO, Instituut Voor Wegtransport Middelen, Netherlands, 1966.

Bezreh, A. A. “Army Experience with Crash Injuries and Protective Equipment.” Paper pre-
sented at the Symposium on Biomechanics of Body Restraint and Heat Protection, 
Naval Air Material Center, Philadelphia, PA, June 1961.

Bierman, Howard R. “The Protection of the Human Body from Impact Forces of Fatal Mag-
nitude.” The Military Surgeon 100 (February 1947): 125-35.

———. “Test and Evaluation of Experimental Harness under Controlled Crash Conditions.” 
Naval Medical Research Institute, Bethesda, MD, 10 April 1947.

———. “Static Loading Tests of Lap Safety Belts and Shoulder Harnesses.” Report no. 1, 
Project X-630, Naval Medical Research Institute, Bethesda, MD, August 28, 1945.

———. “Static Loading Tests of Lap Safety Belts and Shoulder Harnesses.” Report no. 2, 
Project X-630, Naval Medical Research Institute, Bethesda, MD, October 27, 1945.

Bierman, H. R., and H. K. Hellems. “Increased Protection to Impact Forces Brought about 
by a Larger Area of Distribution.” Report no. 3, Project NM001006, Naval Medical 
Research Institute, Bethesda, MD, November 30, 1945.



Impact Acceleration and the Human Response

Comprehensive Bibliography

354

Bierman, Howard R., and Victor R. Larsen. “Distribution of Impact Forces on the Human 
Body through Restraining Devices.” Report no. 4, Project X-630, Naval Medical 
Research Institute, Bethesda, MD, March 21, 1946.

Bierman, Howard R., Russell M. Wilder, and Harper K. Hellems. “Protection of the Human 
Body: Principles as Applied in a Restraining Harness for Aircraft Pilots.” Journal of 
the American Medical Association 133 (February 22, 1947): 522-526.

———. “The Principles of Protection of the Human Body as Applied in a Restraining Harness 
for Aircraft Pilots.” Report no. 6, Project X-630, Naval Medical Research Institute, 
Bethesda, MD, May 10, 1946.

Biotechnology, Inc., ed. Effective Life Support Helmets: Proceedings of an Invited Symposium held 
at the International Inn in Washington, D.C. on 31 October and 1 November 1963. 
Arlington, VA: Office of Naval Research and Biotechnology, Inc., 1963.

Blechschmidt, C., C. Clark, and F. Gordon. “Impact Protection by the Airstop Restraint Sys-
tem.” Aerospace Medicine 36, no. 2 (1965): 137.

Bohlin, N. I. “A Statistical Analysis of 28,000 Accident Cases with Emphasis on Occupant 
Restraint Value. In Proceedings of the Eleventh Stapp Car Crash Conference. New York: 
Society of Automotive Engineers, 1967.

———. “Studies of Three-Point Restraint Harness Systems in Full-Scale Barrier Crashes and 
Sled Runs.” In Proceedings of the Eighth Stapp Car Crash and Field Demonstration 
Conference, 258-319. Detroit: Wayne State University, 1966.

Bosee, R. A. “Accessory Equipment Testing Problems: Problems of Escape from High Perfor-
mance Aircraft.” Journal of Aviation Medicine 28, no. 1 (February 1957): 83-90.

Bosee, R. A., and W. C. Buhler. “Escape from Vertical Take-Off Aircraft.” Journal of Aviation 
Medicine 26, no. 4 (1955): 319-322.

Brinkley, James W. “Development of Aerospace Escape Systems.” Air University Review (Ju-
ly-August 1968).

———. “Application of a Biodynamic Model to Predict Spinal Injuries from Use of Aircraft 
Ejection Seats.” Paper presented at the Eleventh Air Force Systems Command Sci-
ence and Engineering Symposium, October 7, 1971.

Brinkley, J. W., G. C. Mohr, and H. C. Russell. “Impact Tests of a Near-Production Air Cush-
ion Restraint.” Technical report no. 75-47, Aerospace Medical Research Laboratory, 
Wright-Patterson Air Force Base, Dayton, OH, 1977.

Brunius, U. and S. Lindgren. “The Effectiveness of Safety Belts. An Analysis of 210 Belt Cas-
es.” Nordic Medicine 66 (1961): 1500-1503.

Bunn, H. R. “The Problem of Ejection Parachuting.” Aeroplane 70 (1946): 483.

Bynum, James A. “User Evaluations of Two Aircrew Protective Helmets.” Report no. 69-1, 
U.S. Army Aeromedical Research Unit, Fort Rucker, AL, August 1968.

Cairns, H. “Crash Helmets.” British Medical Journal 2, no. 4470 (Sept. 7, 1946): 322-323.

Cairns, H. “Head Injuries in Motorcyclists: The Importance of the Crash Helmet.” British 
Medical Journal 2 (1941): 465-471.



355A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Cairns, H., and H. Holbourn. “Head Injuries in Motorcyclists.” British Medical Journal 1 
(1943): 591-598.

Campbell, B. J., and J. K. Kihlberg. “Seat Belt Effectiveness in the Non-Ejection Situation.” In 
Proceedings of the Seventh Stapp Car Crash Conference, edited by Derwyn M. Severy. 
Springfield, IL: Charles C. Thomas, 1965.

Campbell, H. E. “The Automotive Seat Belt and Abdominal Injury.” Surgery 119 (1964): 
591-592.

Carroll, D. F., J. A. Collins, J. L. Haley, Jr., and J. W. Turnbow. “Crashworthiness Study for 
Passenger Seat Design – Analysis and Testing of Aircraft Seats.” AvSER Memoran-
dum Report no. 67-4, NASA Contract NSR33-026-003, May 1967.

Chandler, R. F., and R. A. Christian. “Crash Testing of Humans in Automobile Seats.” In Safe-
ty Conference Compendium, 112-132. New York: Society of Automotive Engineers, 
1970. 

Cichowski, W. G. “A New Laboratory Device for Passenger Car Safety Studies.” SAE Transac-
tions 72 (1964): 363-374.

Clark, C. C., C. Blechschmidt, and Fay Gordon. “Impact Protection with the “Airstop” Re-
straint System.” In Proceedings of the Eighth Stapp Car Crash and Field Demonstration 
Conference, 79-113. Detroit: Wayne State University Press, 1966.

Clark, Carl C., and C. Blechschmidt. “The Analytical Performance of an Airstop Restraint Sys-
tem in an Automobile Crash.” Engineering report no. 14005, Martin Co., Baltimore, 
MD, October 1965.

———. “Human Transportation Fatalities and Protection Against Rear and Side Crash Loads 
by the Airstop Restraint.” In Proceedings of the Ninth Stapp Car Crash Conference, 19-
64. Minneapolis, MN: University of Minnesota Press, 1966.

Clarke, N. P. “Biodynamic Response to Supersonic Ejection.” Aerospace Medicine 34 (1963): 
1089-1094.

Clarke, T. D, J. F. Sprouffske, E. M. Trout, C. D. Gragg, W. M. Muzzy, and H. S. Klopfen-
stein. “Baboon Tolerance to Linear Deceleration (-Gx): Air Bag Restraint.” In Pro-
ceedings of the Fourteenth  Stapp Car Crash Conference, 263-278. New York: Society of 
Automotive Engineers, 1970. 

Clarke, T. D., D. C. Smedley, W. H. Muzzy, C. D. Gragg, R. E. Schmidt, and E. M. Trout. 
“Study of Impact Tolerance and Resulting Injury Pattern in the Baboon: Air Force 
Shoulder Harness – Lap Belt Restraint.” In Proceedings of the Sixteenth Stapp Car 
Crash Conference, 365-411. Warrendale, PA: Society of Automotive Engineers, 1972.

Cocke, W. M., Jr., and K. K. Meyer. “Splenic Rupture Due to Improper Placement of Au-
tomotive Safety Belt.” Journal of the American Medical Association 183 (1963): 693.

Cofer, F. S., H. M. Sweeney, and C. E. Preiner. “History of Development Since 1941: USAF 
Ejection Seats.” Report no. TSEAC 11-45341-1-2, Engineering Division, Air Mate-
riel Command, Wright Field, Dayton, OH, August 1946. 

Collins, Thomas A., Charles H. Sawyer, Victor J. Ferrari, and Robert H. Shannon. “Five-year 
Injury Experience in Escape from USAF Ejection Seat Equipped Aircraft.” Aerospace 
Medicine 39 (June 1968): 627-632.



Impact Acceleration and the Human Response

Comprehensive Bibliography

356

Cooper, K. H., and F. M. C. Holmstrom.  “Injuries during Ejection Seat Training.” Aerospace 
Medicine 34 (1963): 139-141.

Dahnke, J. W., J. F. Palmer, and C. L. Ewing. “Results of Parachute Opening Forces Test 
Program.” Technical report no. 2-76, National Parachute Test Range, El Centro, CA, 
April 1976.

Davies, J. “Problem of Back Fractures during Ejection from USAF Aircraft (August 1, 1949 – 
March 31, 1956).” Flight Safety 2-57 (January 1957).

DeHaven, H. “Crash Research from the Point of View of Cabin Design.” Aeronautical Engi-
neering Review 4, no. 6 (June 1946).

DeHaven, H. “Crash Injury Research, Current Safety Considerations in the Design of Passen-
gers Seats for Transport Aircraft.” Cornell University Medical College, June 1952.

DeHaven, H. “Protective Design in Forward and Rearward Facing Seats in Transport Aircraft.” 
Paper no. 29, Society of Automotive Engineers, New York, 1953.

DeHaven, H., and A. H. Hasbrook. “Use and Effectiveness of Shoulder Harness in Surplus 
Military Aircraft Flown by Civilian Pilots.” Air Force technical report no. 6461, Air 
Materiel Command, Dayton, OH, February 1951.

———., “Shoulder Harness: Its Use and Effectiveness.” Cornell University Medical College, 
November 1, 1952.

DeHaven, H., B. Tourin, and S. Macri. “Aircraft Safety Belts: Their Injury Effect on the Hu-
man Body.” Cornell University Medical College, 1953.

Du Bois, E. F. “Safety Belts Are Not Dangerous.” British Medical Journal 2 (1952): 605.

Dye, E. R. “Protection of the Human Head from Blows Delivered by a Flat Surface.” Safety 
Education 32 (April 1953): 8-11.

Ebbetts, S., Jr. “Seat Bests and Cervical Spondylosis.” Practitioner 188 (1962): 802.

Eiband, A. M. “Accelerations and Passenger Harness Loads Measured in Full Scale Light Air-
plane Crashes.” Technical note no. 2991, National Advisory Center for Aeronautics, 
August 1953.

Engberg. A. “Injuries Caused by Safety Belts. A Contribution to the Discussion with Reference 
to an Unusual Case.” Svensk. Lakartidin. 58 (1961): 884-886.

Ewing, Channing L. “Headheaded Use of the Hardhat.” US Navy Medical Newsletter 26, no. 
12 (December 1955): 34-35.

Ewing, C. L. “Head Clearance Envelope for Ejection Seat During -Gx Impact Acceleration.” 
AGARD Conference Proceedings No. 134 on Escape Problems and Maneuvers in Combat 
Aircraft, A3: 1-3. London: Technical Editing and Reproduction, Ltd., February 1974.

Finwall, P. E. “Analytical Evaluation of Restraining Harness Materials.” Proceedings of the 
Seventh Stapp Car Crash Conference, edited by Derwyn M. Severy. Springfield, IL: 
Charles C. Thomas, 1965.

Fish, J., and R. H. Wright. “The Seat Belt Syndrome – Does it Exist?” Journal of Trauma 5 
(1965): 746-750.

Fisher, P. “Injury Produced by Seat Belts: Report of Two Cases.” Journal of Occupational Med-
icine 7 (1965): 211-212.



357A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Fletcher, B. D., and B. C. Bragdon. “Seat-Belt Fractures of the Spine and Sternum.” Journal of 
the American Medical Association 200 (1967): 177-178.

Freeman, H. E., W. C. Boyce, and C. F. Gell. “Investigation of a Personnel Restraint System 
for Advanced Manned Flight Vehicles.” AMRL Technical report no. 62-128, Life 
Support Systems Laboratory, Chance Vought Corporation, Dallas, TX, December 
1962.

Friedman, M. M., L. Becker, J. P. Reichmister, and J. S. Neviaser. “Seat Belt Spinal Fractures.” 
The American Journal of Surgery 35 (September 1969): 617–618.

Frisch, G. D. and L. A. D’Aulerio.  “A Standardized Instrumentation Methodology for As-
sessing Ejection Seat Performance.” In Proceedings of the Nineteenth SAFE Association 
Conference, 55-61. Van Nuys, California: SAFE Association, 1981.

Frost, R. F. “Engineering Problems in Escape from High Performance Aircraft.” Journal of 
Aviation Medicine 28, no. 1 (February 1957): 74-77.

———. “Escape from High-Speed Aircraft.” Aeronautical Engineering Review 14, no. 9 (Sep-
tember 1955): 35-45.

Fryer, D. I. “Aircraft Passenger Seat Design and Crash Survival.” Flying Personnel Research 
Committee report no. 1055, Air Ministry, London, England, 1958.

Fung, Y. B. “Biomechanics: Its Scope, History, and Some Problems of Continuum Mechanics 
in Physiology.” Applied Mechanics Review 21, no. 1 (1968): 1-20.

Gabb, J. E. “Protection of the Head.” Industrial Medicine and Surgery 32 (February 1963): 
76-78.

Garrett, J. W. and P. W. Braunstein. “The Seat Belt Syndrome.” Journal of Trauma 2 (1962): 
222-238.

Gerritsen, R., A. S. Brobese, and P. J. Pezzi. “Unusual Abdominal Injuries Due to Seat Belts.” 
Journal of the Albert Einstein Medical Center 14 (1966): 63-66.

Gilson, J. C., W. K. Stewart, and E. Pekarek. “Prevention of Injury in Aircraft Crashes.” Flying 
Personnel Research Committee no. 556, RAF Physiological Laboratory, Air Ministry, 
London, England, December 1943.

Goldsmith, W. “Some Aspects of Head and Neck Injury and Protection.” In Progress in Bio-
mechanics, edited by N. Akkas, 333-337. The Netherlands: Sijthoff and Noordhoff, 
1979.

Gottlieb, S. “Report on Static and Dynamic Tests of a Typical Fighter Pilot’s Seat Installation 
for a 40G Crash Condition.” Report no. ASL NAM24103, Part I, March 5, 1948, 
and NAM24102, Part II, September 1948, Naval Air Material Center, Philadelphia, 
PA.

Gragg, C. D. “Velocity Tolerance of Escape Systems.” Technical report 80-59, 6585th Test 
Group, Test Track Division, Holloman Air Force Base, NM, 1980.

Gragg, C. D., C. D. Bendixen, T. D. Clarke, H. S. Klopfenstein, and J. F. Sprouffske. “Evalu-
ation of the Lap Belt and Pre-Inflated Air Bag during Impact with Human Sled Sub-
jects.” Paper presented at the Eighth Symposium of the Survival and Flight Equip-
ment Association, Las Vegas, NV, September 1970.



Impact Acceleration and the Human Response

Comprehensive Bibliography

358

———. “Evaluation of the Lap Belt, Air Bag, and Air Force Restraint System during Impact 
with Living Human Sled Subjects.” In Proceedings of the Fourteenth Stapp Car Crash 
Conference, 1970. New York: Society of Automotive Engineers, 1970.

Griffith, Wendell H., ed. “Summary of Conference: A Study of Military Implications of Pro-
tective Devices Designed to Prevent or Ameliorate the Head and Neck Injuries.” 
Prepared for the Life Sciences Division, Army Research Office, under U.S. Army 
contract no. DA-49-092-ARO-70, Washington, D.C.: Federation of American Soci-
eties for Experimental Biology, September 12, 1966.

Grime, G. “Seat Harness. Effect of a Harness on the Movement of the Occupant of a Car 
during a Head-on Collision.” Auto Engineer 53, no. 1 (1963): 12-18.

Grush, E. S., S. E. Henson, and O. R. Ritterling. Restraint System Effectiveness. Dearborn, MI: 
Ford Motor Co., 1971.

Gurdjian, E. S., V. R. Hodgson, and W. G. Hardy, L. M. Patrick, and H. R. Lissner. “Evalu-
ation of the Protective Characteristics of Helmets in Sports.” Journal of Trauma 43, 
no. 3 (1964): 309-324.

Gurdjian, E. S., H. R. Lissner, and L. M. Patrick. “Protection of the Head and Neck in Sports.” 
Journal of the American Medical Association 182, no. 5 (November 3, 1962): 509-512.

Haas, G. M. “Relations Between Force: Major Injuries and Aircraft Structure with Suggestions 
for Safety in the Design of Aircraft.” Journal of Aviation Medicine 15 (1944): 305.

Haley, J. L. “Personnel Restraint Systems Study: Basic Concepts.” Technical report no. 62-94, 
U.S. Army Transporation Research Command, Fort Eustis, VA 1962.

———. “Effect of Rapid Loading Rates on the Stress-Strain Properties of Restraint Webbing.” 
Proceedings of the Tenth Stapp Car Crash Conference, 219-226. New York: Society of 
Automotive Engineers, 1966.

Haley, J. L., Jr., J. W. Turnbow, S. Macri, G. J. Walhout. “Helmet Design Criteria for Im-
proved Crash Survival.” Technical report no. 65-44, U.S. Army Aviation Materiel 
Laboratory, Fort Eustis, VA, January 1966.

Haley, J. L., and J. W. Turnbow. “Test Results – Hemispherical Specimens. Supplement II to 
Helmet Design Criteria for Improved Crash Survival.”  Technical report no. 65-44B, 
U.S. Army Aviation Materiel Laboratory, Fort Eustis, VA, January 1966.

———. “Impact Test Methods and Retention Harness Criteria for U.S. Army Aircrewman 
Protective Gear.” Technical report 66-29, U.S. Army Aviation Laboratory, 1966.

Hasbrook, A. H., and J. C. Earley. “Failure of Rearward Facing Seat-Backs and Resulting Inju-
ries in a Survivable Transport Accident.” U.S. Civil Aeromedical Research Institute 62, 
no. 7 (April 1962): 1–11.

Hecht, K. R., E. G. Sperry, and F. J. Beaupre. “Downward Crew Ejection Seat Tests from 
the B-47B Airplane.” Technical report no. 53-443, Wright Air Development Center, 
Dayton, OH, November 1953.

Hegenwald, J. F., Jr., and W. V. Blockley. “Survivable Supersonic Ejection, Case Study to Cor-
relate Analytical, Experimental and Medical Data by Reconstruction of an Incident.” 
Report no. NA 56:452, North American Aviation, Inc., Los Angeles, CA, 1956.



359A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Hendler, E., and J. R. Poppen. “Protective Helmet for Pilots of High Speed Aircraft.” Journal 
of Aviation Medicine 19, no. 6 (1948): 420-425.

Henry, J. P. “Use of the Anti-G Suit to Aid in the Relief of Fighter Pilot Discomfort.” Memo-
randum report no. TSEAA 689-2s, Wright-Patterson Air Force Base, Dayton, OH, 
September 22, 1947.

Herbert, D. C. “Injury Reduction by Diagonal and Other Safety Belts.” Medical Journal of 
Australia 1 (1964): 1.

Hiroshige, Y., and L. E. Hackman. “The Dynamics of Crash Restraint Harnesses.” Technical 
report no. 55-24, Air Force Flight Test Center, Edwards Air Force Base, CA, Septem-
ber 1955.

Hirsch, A. E. “Current Problems in Head Protection.” In Head Injury Conference Proceedings, 
edited by William F. Caveness. Philadelphia, PA: Lippincott, 1966.

Hirsch, A. E., and A. K. Ommaya. “Protection from Brain Injury: The Relative Significance 
of Translational and Rotational Motions of the Head After Impact.” In Proceedings 
of the Fourteenth Stapp Car Crash Conference, 299–328. Warrendale, PA: Society of 
Automotive Engineers, 1970.

Hitchcock, F. A. Physiology of Safety Belts and Harnesses. Columbus, OH: Ohio State Univer-
sity, October 9, 1947.

Hodgson, Voigt R., and L. Murray Thomas. “Mechanisms of Cervical Spine Injury during Im-
pact to the Protected Head.” Technical report no.12, Bioengineering Center, Wayne 
State University, Detroit, MI, March 9, 1981.

Huelke, D. F., and P. W. Gikas. “Ejection – The Leading Cause of Death in Automobile Ac-
cidents.” In Proceedings of the Tenth Stapp Car Crash Conference, 260-294. New York: 
Society of Automotive Engineers, 1966.

Kalogeris, J. G. “Torso Harness Solves Ejection Problems.” Aviation Age 27, no. 3 (March 
1957): 133-142.

Keating, Charles E. “40 G Ditching Seats.” Report no. 664., Century England, Inc., April 26, 
1954.

Kiel, F. W. “Hazards of Military Parachuting.” Military Medicine 130 (1965): 512-521.

Kulowski, J., and W. B. Rost. “Intra-Abdominal Injury from Safety Belt in Auto Accident; 
Report of a Case.” Archives of Surgery 73 (1956): 970-971.

Lange, W. “Severe Frontal Collisions and Resulting Injuries with and without Restraining 
Devices.” AGARD Conference Proceedings No. 88 on Linear Acceleration of Impact Type. 
C5: 1-10. London: Technical Editing and Reproduction, Ltd., 1971.

Latham, F. “A Study in Body Ballistics: Seat Ejection.” Proceedings of the Royal Society 147B 
(1957): 121-139

Levy, P. M. “Ejection Seat Design and Vertebral Fractures.” Aerospace Medicine 35, no. 6 (June 
1964): 545-549.

Lewis, S. T., and J. P. Stapp. “Experiments Conducted on a Swing Device for Determining 
Human Tolerance to Lap Belt Type Decelerations.” 6571st Aeromedical Research 
Laboratory, Holloman Air Force Base, NM, 1957.



Impact Acceleration and the Human Response

Comprehensive Bibliography

360

———. “Human Tolerance of Aircraft Seat Belt Restraint.” Journal of Aviation Medicine 29 
(March 1958): 187-196.

———. “A Crash Restraint Demonstrator.” Technical note no. HADC-TN-57-9, Holloman 
Air Force Base, NM, June 1957.

Lindgren, S., and E. Warg. “Seat Belts and Accident Prevention.” Practitioner 188 (1962): 
467-473.

Lister, R. D., and B. M. Milson. “Car Seat Belts: An Analysis of the Injuries Sustained by Car 
Occupants.” Practitioner 191 (1963): 332-340.

Lombard, C. F. “Comparison of the Protective Value of Anti-Blackout Suit on Subjects in 
Airplane and Mayo Centrifuge.” Journal of Aviation Medicine 21 (February 1950): 
28-37.

Lombard, C. F., and S. H. Advani. “Impact Protection by Isovolumetric Containment of the 
Torso.” Proceedings of the Tenth Stapp Car Crash Conference, 196-206. New York: So-
ciety of Automotive Engineers, 1967.

Lombard, C. F., A. Roy, J. M. Bettie, and S. H. Advani. “The Influence of Orientation and 
Support Restraint upon Survival from Impact Acceleration.” Technical report no. 
66-20, Aeromedical Research Laboratory, Holloman Air Force Base, NM, November 
1966.

Lovelace, W. R., E. Baldes, and V. J. Wulff. “The Ejection Seat for Emergency Escape from 
High Speed Aircraft.” Report no. TSEAL-3-696-74C, Aeromedical Laboratory, 
Wright Field, Dayton, OH, August 31, 1945. 

Margarita, R., T. Gualtierotti, and D. Spinelli. “Protection Against Acceleration Forces in An-
imals by Immersion in Water.” Journal of Aviation Medicine 29, no. 6 (June 1958): 
433-437.

Marsh, H. O., and D. J. Bailey. “Seat Belt Fractures. Chance Fractures Caused by Seat Belts: 
Presentation of Three Cases.” Journal of the Kansas Medical Society 71 (September 
1970): 361-365.

Martin, J. “Ejection from High Speed Aircraft.” Journal of the Royal Aeronautical Society 60, no. 
550 (October, 1956): 659-668.

Martinez, J. L. “Headrest and Seat Back Design Proposals.” Proceedings of the Twelfth Stapp Car 
Crash Conference. New York: Society for Automotive Engineers, 1968.

McElhaney, J. H., V. L. Roberts, J. W. Melvin, W. Skelton, and A. J. Hammond. “Biomechan-
ics of Seat Belt Design.” In Proceedings of the Sixteenth Stapp Car Crash Conference, 
321-344. Warrendale, PA: Society of Automotive Engineers, 1972.

McHenry, R. R. “Analysis of the Dynamics of Automotive Passenger Restraint Systems.” Au-
tomotive Crash Injury Research report no. V5-1823-R1, Cornell Aeronautical Labo-
ratory, Cornell University, Buffalo, New York, 1963.

Melvin, J. W., and J. H. McElhaney. “Deployable Head Restraints.” Report no. DOT/HS 800 
515, National Highway Traffic Safety Administration, June 1971.

Michelson, Irving, Bertil Aldman, Boris Tourin, and Jeremy Mitchell. “Dynamic Tests of Re-
straining Devices for Automobile Passengers.” Public Health Reports (1896-1970) 79, 
no. 2 (February 1964): 125-135.



361A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Mohrlock, H. R., Jr. “Aircraft Performance Systems Related to Escape Systems.” Journal of 
Aviation Medicine 28 (February 1957): 59-64.

Moseley, H. G.“U.S. Air Force Experience with Ejection Seat Escape.” Journal of Aviation 
Medicine 28, no. 1 (1957): 69-73.

Muzzy, W. H., and P. W. Seal. “Whole Body Vibration Restraint System.” Paper presented at 
the United Kingdom Informal Group on Human Response to Vibration Conference, 
Southampton, England, September 18-19, 1975.

Muzzy, W. H., III, N. S. Gilbert, and R. C. Grunsten. “Reconfigured Lap Restraint Offers 
Tolerance Increase in +Gz Acceleration.” Proceedings of the Twenty-Sixth Annual Sym-
posium of the SAFE Association, 305-307. Newball, CA: SAFE Association, December 
1988.

Noble, R., E. S. Mendelson, and D. T. Watts. “Dynamic Responses in the Ejection Seat Sys-
tem.” TED NAM 256005, Report no. 5, Naval Air Experimental Station, Philadel-
phia, PA, August 7, 1947.

Patten, Robert E. van. “A Restraint System for Applications in Rz and –Gx Acceleration Envi-
ronments with Emphasis upon Knee and Lower Leg Restraints.” AMRL-TR-64-144, 
Biophysics Laboratory, Air Force Systems Command, Wright-Patterson Air Force 
Base, OH, December 1964.

Patrick, L. M. “Prevention of Instrument Panel and Windshield Head Injuries.” In The Preven-
tion of Highway Injury. Ann Arbor: University of Michigan, 1967. 

Patrick, L. M., H. R. Lissner, and E. S. Gurdjian. “Survival by Design-Head Protection.” In 
Proceedings of the Seventh Stapp Car Crash Conference, edited by Derwyn M. Severy, 
483–499. Springfield, IL: Charles C. Thomas, 1965.

Payne, Peter R. “An Analog Computer Which Determines Human Tolerance to Acceleration.” 
In Impact Acceleration Stress: A Symposium, 271-300. Washington, D.C.: National 
Academy of Science – National Research Council, 1962.

———. “Optimizations of Human Restraint Systems for Short-Period Acceleration.” Publica-
tion no. 63-WA-277, American Society of Mechanical Engineers, 1963.

———. “The Mathematical Theory of Restraint System Dynamics.” Frost Engineering Devel-
opment Corporation, Englewood, Colorado, January 1963.

———. “The Dynamics of Human Restraint Systems.” In Impact Acceleration Stress: A Sym-
posium, 195-258. Washington, D.C.: National Academy of Science – National Re-
search Council, 1962.

———. “Personnel Restraint and Support System Dynamics.” AMRL Technical Report 65-
127, Aeromedical Research Laboratory, Wright Patterson Air Force Base, OH, Oc-
tober 1965.

Pearson, R. G. “Injury Severity as Related to Seat Tie-Down and Belt Failure in Lightplane Ac-
cidents.” TREC Technical report no. 61-96, Aviation Crash Injury Research, Phoe-
nix, AZ, August 1961.

Pletcher, K. E., and S. E. Neely. “USAF Emergency Escape Experience,1950-1959.” Aerospace 
Medicine 32, no. 6 (June 1961): 524-534.



Impact Acceleration and the Human Response

Comprehensive Bibliography

362

Provost, E. L., and D. J. Schrum. “Dynamic Research of Passenger Restraining Devices.” In 
Proceedings of the Eighth Stapp Car Crash and Field Demonstration Conference, 346-
353. Detroit: Wayne State University, 1966.

———. “Dynamic Research of Upper Torso Restraints.” In Proceedings of the Ninth Stapp Car 
Crash Conference, 83–92. Minneapolis: University of Minnesota Press, 1966.

Rayne, J. M., and K. R. Maslen. “Factors in the Design of Protective Helmets.” Journal of 
Aviation Medicine (June 1969): 631-637.

Reader, D. C. The Restraint Afforded by the USAF and Proposed RAF-IAM Seat Harnesses for the 
F-111 Under High Forward and Lateral Decelerations. Great Britain: Flying Personnel 
Research Committee, Royal Air Force Institute of Aviation Medicine, September 
1967.

Robbins, D. H., and V. L. Roberts. “Michigan Injury Criteria Hypothesis and Restrain System 
Effectiveness Index.” In Proceedings of the Fifteenth Stapp Car Crash Conference Pro-
ceedings, 686-709. Warrendale, PA: Society of Automotive Engineers, 1971.

Robbins, W. A., G. L. Potter, and C. F. Lombard. “The Influence of Support-Restraint in Sur-
vival from +Gx and +Gz Impacts Using an LD50 Criterion with Guinea Pig Subjects.” 
Thirty-Ninth Annual Aerospace Medical Association Meeting, 147-149. Bal Harbor, 
FL, 6-9 May, 1968.

———.“Development of Support and Restraint Technology.” Technical report no. 68-136, 
Aerospace Medical Research Laboratory, Wright-Patterson Air Force Base, OH, April 
1969.

Roberts, J. B., and E. H. Hygh. “A Comparison of Methods for Evaluation of Protective Head-
gear.” Aerospace Medicine 35 (1964): 1044.

Robertson, Leon S. “Safety Belt Use in Automobiles with Starter-Interlock and Buzzer-Light 
Reminder Systems.” American Journal of Public Health 65, no. 12 (December 1975): 
1319-1325.

Roman, J. A., and J. R. Prine. “The Semi-Rigid Envelope as a Means of Protection from Im-
pact-Preliminary Tests on Rabbits.” Technical report no. 58-123, USAF Aero Medi-
cal Laboratories, Wright-Patterson Air Force Base, OH, 1958.

Rothwell, Walter S., and Edward G. Sperry. “Escape from Aircraft by Downward Ejection.” 
Journal of Aviation Medicine 24, no. 4 (August 1953): 322-327.

Roxburgh, H. L. “Biological Problems of Escape at High Altitudes.” In Escape and Survival: 
Clinical and Biological Problems in Aerospace Medicine, edited by P. Bergeret. New 
York: Pergamon Press, AGARDograph 52, ASTIA AD 261881, 1961.

Rushmer, R. F., E. L. Beckman, and D. Lee. “Protection of the Cerebral Circulation by the 
Cerebrospinal Fluid under the Influence of Radial Acceleration. American Journal of 
Physiology 151, no. 2 (December 1947): 355-365.

Ryan, J. J. “Human Crash Deceleration Tests of Seat Belts.” Aerospace Medicine 33 (1962): 
167-174.

Santi, Gino P. “Flight Tests of Downward and Rearward Ejected Seats Conducted with a B-29 
Airplane.” Technical report no. 53-360, Wright Air Development Center, Dayton, 
OH, October 1953.



363A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Santi, G. P. “Acceleration Problems in Ejection-Seat Design,” Supplement to Shock and Vibra-
tion Bulletin, no. 22, Office of the Secretary of Defense, Research and Development, 
Washington, D.C., July 1955.

Santos, F. R. “Medical Problems of Emergency Escape from High Speed Aircraft (Problemas 
Medicos da Saida de Emergencia Avioes de Grande Velocidade).” Imprensa Medica 
(Rio de Janeiro) 27 (February 1951): 81-92.

Savely, H. E. “Human Problems in Escape from High Speed Aircraft.” Air University Quarterly 
Review 5 (Spring 1952): 65-67.

Savely, H. E., W. H. Ames, and H. M. Sweeney. “Laboratory Tests of Catapult Ejection Seat 
Using Human Subjects.” Memorandum report no. TSEAA 695-66C, Engineering 
Division, AMC, Wright Field, Dayton, OH, October 1946.

Scherberg, Max G., and Harry Ferguson. “Investigation of the Acceleration and Jolt Histories 
during Escape from High Speed Aircraft.” Technical report no. 52-278, Wright Air 
Development Center, Wright-Patterson Air Force Base, OH, October 1952.

Schneider, J. “Protective Measures for the Prevention of Injuries – Especially Spinal Fractures 
– In Aircraft on Skids.” In German Aviation Medicine, World War II, Vol. 1. Washing-
ton, D.C.: Government Printing Office, 1950. 

Schulman, Marvin, and James McElhenney. “Inflatable Body and Head Restraint.” Report 
no. NADC-77176-40, Crew Systems Department, Naval Air Development Center, 
Warminster, PA, 1977.

Severy, D. M., H. Brink, and J. Baird. “Vehicle Design for Passenger Protection from High-
Speed Rear-End Collisions.” In Proceedings of the Twelfth Stapp Car Crash Conference, 
94–163. Society of Automotive Engineers, 1968.

Shannon, Robert H. “An Analysis of Injuries Incurred During Emergency Ejection/Extraction, 
Combat and Non-Combat.” Paper presented at the Seventh National Flight Safety, 
Survival, and Personal Equipment Symposium, Las Vegas, October 27-30, 1969.

———. “USAF Seat Ejections, 1 January 1959 – 31 December 1959.” Report no. M-10-60, 
Directorate of Flight Safety Research, Norton Air Force Base, CA, July 1960.

Shaw, R. S., and J. P. Henry. “The Pressurized Helmet as a Negative ‘g’ Protective Device.” 
Memorandum report no. TSEAA-660-100, Air Materiel Command, Wright Field, 
Dayton, OH, May 4, 1946.

Sieker, H. O. “Devices for Protection against Negative Acceleration.” Technical report no. 
52-87, Part I, Wright Air Development Center, Wright-Patterson Air Force Base, 
Dayton, OH, 1952.

Smiley, J. R., “RCAF Ejection Experience Decade 1952-1961.” Technical memorandum no. 
64-TM-1, Institute of Aviation Medicine, Royal Canadian Air Force, Toronto 12, 
Ontario, Canada, 1964.

Smith, G. R., S. S. Hurite, A. J. Yanik, and C. R. Greer. “Human Volunteer Testing of GM Air 
Cushions.” Detroit: Society of Automotive Engineers, 1972.

Smith, W. S., and H. Kaufer. “A New Pattern of Spine Injuries Associated with Lap Type Seat 
Belt: Preliminary Report.” University of Michigan Medical Center Journal 33 (May-
June 1967): 99–104.



Impact Acceleration and the Human Response

Comprehensive Bibliography

364

———. “Patterns and Mechanisms of Lumbar Injuries Associated with Lap Seat Belts.” Jour-
nal of Bone and Joint Surgery 51, no. A (1969): 239–54.

Snively, G. C. “Impact Survival Levels of Head Acceleration in Man.” Aerospace Medicine 32 
(1961): 316.

Snyder, R. G. “A Survey of Automotive Occupant Restraint Systems: Where We’ve Been, 
Where We Are and Our Current Problems.” SAE Paper no. 690243, Society of Au-
tomotive Engineers, 1969.

Snively, G. C., and C. O. Chichester. “Evaluation and Design Criteria of Protective Headgear.” 
In Proceedings of the Fifth Stapp Car Crash Conference. Minneapolis: University of 
Minnesota, 1962.

Snyder, R. G. “Bracing Man for Space Flight.” Paper presented before the American Anthro-
pological Association and Sociedad Mexicana de Antropologia, Mexico City, Mexico, 
December 1959.

Snyder, R. G. Advanced Techniques in Crash Impact Protection and Emergency Egress from Air 
Transport Aircraft. London: Technical Editing and Reproduction, Ltd., June 1976.

Snyder, R. G., J. Ice, J. C. Duncan, A. S. Hyde, and S. Leverett, Jr. “Biomedical Research 
Studies in Acceleration, Impact, Weightlessness, Vibration, and Emergency Escape 
Restraint Systems: A Comprehensive Bibliography.” Joint Report of the Federal Avi-
ation Agency, and USAF Aerospace Medical Division, Report no. 63-30, December 
1963.

Snyder, R. G., J. Ice, A. S. Hyde, and S. Leverett, Jr. “Biomedical Research Studies in Acceler-
ation, Impact, Weightlessness, Vibration, and Emergency Escape Restraint Systems: 
A Comprehensive Bibliography: Supplement 1.” Joint Report of the Federal Aviation 
Agency and USAF Aerospace Medical Division, 1966.

Snyder, R.G., W. M. Crosby, P. Hanson, C. C. Snow, R. Chandler, and J. Fineg. “Impact 
Injury to the Pregnant Female and Fetus in Lap Belt Restraint.” In Proceedings of 
the Tenth Stapp Car Crash Conference, 249-259. New York: Society of Automotive 
Engineers, 1967.

Snyder, R. G., C. C. Snow, and J. W. Young. “Experimental Impact Protection with Advanced 
Automotive Restraint Systems: Preliminary Primate Tests with Air Bag and Inertia 
Reel/Inverted-Y Yoke Torso Harness.” In Proceedings of the Eleventh Stapp Car Crash 
Conference, 271-285. New York: Society of Automotive Engineers, 1967.

Snyder, R. G., C.C. Snow, J. W. Young, and P. Hanson. “Seat Belt Injuries in Impact.” In The 
Prevention of Highway Injury, 188-210. Ann Arbor, MI: Highway Safety Research 
Institute, University of Michigan, 1967.

Sonntag, R. W., Jr., W. A. Newsom, S. D. Leverett, Jr., and V. E. Kirkland.  “Contoured 
Restraint Helped Chimpanzees Survive -150G.” SAE Journal 77, no. 9 (September 
1969): 62-63.

Sprouffske, J. F., T. D. Clarke, C. D. Gragg, E. M. Trout, and W. H. Muzzy. “Evaluation of 
the Lap Belt, Air Force Shoulder Harness – Lap Belt and Air Bag Plus Lap Belt Re-
straints During Impact with Anthropomorphic Dummies.” Aerospace Medicine 43, 
no. 4 (April 1972): 368-371.



365A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Stapp, J. P. “Medical Aspects of Safety Seat Belt Development.” In Proceedings of the Sixth Stapp 
Car Crash and Field Demonstration Conference, 160-166. Ann Arbor: University of 
Michigan, 1963.

Stapp, J. P. “Human Factors and Design Aspects of Transportation Safety.” Paper presented at 
the One Hundred and Thirty-Fourth Meeting of the American Association for the 
Advancement of Science, New York, NY, December 30, 1967.

Stapp, J. P.“Human Factors of Supersonic Escape.” Preprint no. 748, Society of Automotive 
Engineers, New York, 1956.

Stapp, J. P.“Escape from Aircraft.” In Medical Aspects of Flight Safety, edited by E. Evard, P. 
Bergeret, and P. M. Van Wulfften Palthie, 213-221. London: Pergamon Press, 1959.

Stapp, J. P.“Human Tolerance Factors in Supersonic Escape.” Journal of Aviation Medicine 28, 
no. 1 (February 1957): 77-82.

Stapp, J. P.“Crash Protection in Air Transports.” Aeronautical Engineering Review 12, no. 4 
(1953): 71-78.

Stapp, J. P.“Crash Injury Prevention.” Part 1. Cincinnati Journal of Medicine 39, no. 1 (January 
1958): 1-5.

Stapp, J. P.“Analysis of Injuries Sustained and Evaluation of Protective Equipment used by 
Pilot in TF 80-C, No. 48-358 Major Accident of 8 September 1948.” Report no. 
MBEC-1303, Muroc Air Force Base, CA, 1948.

Stapp, J. P., R. J. Heymans, and R. M. Stanley. “Progress is Steady Toward Solution of Acute 
Pilot-Escape Problems.” SAE Journal 64, no. 13 (December 1956): 44-48.

Stapp, J. P., and S. T. Lewis. “Human Tolerance to Aircraft Seat Belt Restraint.” Journal of 
Aviation Medicine 29 (1958): 187-196.

Stapp, J. P., and S. T. Lewis. “A Crash-Restraint Demonstrator.” Technical Note 57-9, Hollo-
man Air Development Center, Holloman Air Force Base, NM, June 1957.

Stapp, J. P., and D. L. Enfield. “Lap Belts Need Sound Design.” SAE Journal 66, no. 9 (1958): 
30-31.

———. “Evaluation of Lap-Type Automobile Safety Belt with Reference to Human Toler-
ance.” SAE paper no. 580336, Society of Automotive Engineers, New York, 1958.

Stapp, J. P., and S. T. Lewis. “Human Factors of Crash Protection in Automobiles.” SAE Trans-
actions 65 (1957): 488-492.

Stapp, J. P., and S. T. Lewis. “Criteria for Crash Protection in Armed Forces Ground Vehicles.” 
HADC Technical Note, Holloman Air Development Center, Holloman Air Force 
Base, NM, April 1956.

Stapp, J. P., and S. E. Neely. “High Speed and Thunderstorm Effects on USAF Ejections, 
1949-1960.” Publication no. 20-61, Deputy Inspector for Safety, Norton Air Force 
Base, CA, April 1961.

Stapp, J. P., S. E. Neely, and B. A. Nutt. “Crash Protection of Air Transport Passengers.” Pro-
ceedings from the Thirty-Second Annual Meeting of the Aerospace Medical Association, 
April 1961, 42-98.



Impact Acceleration and the Human Response

Comprehensive Bibliography

366

States, J. D., and D. M. Ryan. “Restraint System Effectiveness in Racing Accidents.” Proceed-
ings, Annual Meeting of the American Association for Automotive Medicine. Philadel-
phia, October 21, 1967.

Stech, E. L. “A Review of Restraint Systems Test Methods.” ASME Paper no. 63-WA-297, 
American Society of Mechanical Engineers, New York, January 1964. 

Stech, E. L. “The Use of a Subjective Acceleration Severity Index in Restraint System Tests.” 
Technical Report 122-102, Aerospace Medical Laboratory, Bioastronautics Division, 
Wright-Patterson Air Force Base, OH, January 1963.

Strand, O. T. “Protective Helmet Impact Testing Equipment.” Technical report no. 5820, Air 
Materiel Command, OH, 1949.

———. “Impact Effect of Two Types of Protective Helmets.” Technical report no. 6020, Air 
Materiel Command, OH, May 1950.

Tarriere, C. “Analysis of Interrelation of Vehicle to Seat Belt as a Function of Rigidity of the 
Vehicle.” In Proceedings of the Twelfth Stapp Car Crash Conference. New York: Society 
of Automotive Engineers, Inc., 1968.

Thomas, D. J., J. C. Guignard, and G. C. Willems. “The Problem of Defining Criteria for 
Protection of Crewmen from Low-Frequency Ship Motion Effects.” Preprints of the 
Twenty-Fourth Defense Research Group  (DRG) Seminar, 9:1-52. Toronto, Canada: 
North Atlantic Treaty Association,  May 1983.

Tolins, S. H. “An Unusual Injury Due to the Seat Belt.” Journal of Trauma 4 (1964): 397-399.

Turnbow, J. W. “Impact Test Methods for Helmets. Supplement I to Helmet Design Criteria 
for Improved Crash Survival.” Technical report no. 65-44A, U.S. Army Aviation Ma-
teriel Laboratory, Fort Eustis, VA, January 1966.

Turnbow, J. W., V. E. Rothe, G. M. Bruggink, and H. F. Roegner. Crash Injury Evaluation. 
Military Troop Seat Design Criteria.” Technical report no. TREC-TR-62-19, U.S. 
Army Transportation Research Command, Fort Eustis, VA, November 1962.

Tyburski, J. J., G. D. Frisch, and L. A. D’Aulerio. “Low Level, Adverse Attitude Escape Using a 
Vertical Seeking Ejection Seat.” AGARD Conference Proceedings No. 267-High Speed, 
Low-Level Flight: Aircrew Factors, 28: 1-10. London: Technical Editing and Repro-
duction Ltd., March 1980. 

U.S. House of Representatives Committee on Public Works and Transportation. Cabin Safety 
“SAFER Committee” Update (Aircraft Passenger Seat Structural Design): Hearings Before 
the Subcommittee on Oversight and Review of the Committee on Public Works and Trans-
portation, June 3-5, and September 10, 1980. 96th Congress, 2nd Session, Washington, 
D.C.: Government Printing Office, 1980.

U.S. National Transportation Safety Board. Safety Effectiveness Evaluation of the National High-
way Traffic Safety Administration’s Rulemaking Process. Vol. II: Case History of Federal 
Motor Vehicle Safety Standard 208: Occupant Crash Protection. Washington, D.C., 
1979.

Von Bahr, V., and E. Ericksson. “Injuries Caused by Safety Belts.” Svensk. Lakartidin. 58 
(1961): 141-143.



367A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Von Beckh, Harald J. A. “Multi-directional G Protection in Space Flight and During Escape. A 
Theoretical Approach.” Journal of Aviation Medicine 29 (May 1958): 335-341.

Voyls, Donald W. “Dynamic Test Criteria for Aircraft Seats.” Report no. NA-69-5 (DS-69-
10), National Aviation Facilities Experimental Center, Federal Aviation Administra-
tion, Atlantic City, NJ, October 1969.

Vykukal, H. C., R. P. Gallant, and G. W. Stinnett. “An Interchangeable, Mobile Pilot-restraint 
System, Designed for use in a Moderately High Acceleration Field.” Aerospace Medi-
cine 33, no. 3 (March 1962): 279-285.

Vykukal, H. C., and E. G. Lyman. “Human Restraint Systems Development for use in Accel-
eration Research.” Report no. TMX54780, National Aeronautics and Space Admin-
istration, 1965.

Watts, D. T., E. S. Mendelson, H. N. Hunter, A. T. Cornfield, and J. R. Poppen. “Tolerance 
to Vertical Acceleration Required for Seat Ejection.” Journal of Aviation Medicine 18, 
no. 6 (1947): 554–564.

Watts, D. T., E. S. Mendelson, and A. T. Kornfield. “Human Tolerance to Accelerations Ap-
plied from Seat to Head During Ejection Seat Tests.” Naval Air Materiel Center, 
Philadelphia, PA, January 1947.

Watts, D. T., E. S. Mendelson, and J. R. Poppen. “Laboratory Test of Aviator’s Ejection Seat.” 
Science 105, no. 2735 (1947): 583-585.

Whiting, A. A.. “Head Impact and Helmet Investigation.” Report no. OG-675-D-5, Cornell 
Aeronautical Laboratory, April 1951.

Wiesehofer, H. “The Ejection Seat for Emergency Escape from High-Speed Aircraft.” TSEAL 
3-696-74C, USAAF, August 31, 1945.

Wilbur, C. E. “U. S. Navy Operational Experience with Ejection Seat Escape.” Journal of Avi-
ation Medicine 28 (February 1957): 64-68.

Williams, J. S. “The Nature of Seat Belt Injuries.” In Proceedings of the Fourteenth Stapp Car 
Crash Conference, 44-65. Warrendale, PA: Society of Automotive Engineers, 1970.

Wolf, R. A. “The Discovery and Control of Ejection in Automobile Accidents.” Journal of the 
American Medical Association 180 (1962): 114.

Woodward, C. “Investigation, Design and Development of an F7U-3 Ejection Seat Ener-
gy-Absorption for Reduction of Crash Force Loads.” Air Crew Equipment Labo-
ratory report no. 335, Naval Air Material Center, Philadelphia, PA, June 24, 1957.

Yacovone, D. W., R. Bason, and M. S. Borowksy. “Through the Canopy Glass: A Comparison 
of Injuries in Naval Aviation Ejections through the Canopy and after Canopy Jetti-
son, 1977 to 1990.” Aviation, Space, and Environmental Medicine 63, no. 4 (1992): 
262-266.

Young, Joseph W. “1966 Recommendations for Restraint Installation in General Aviation Air-
craft.” Report 66-33, Office of Aviation Medicine, Federal Aviation Administration, 
February 1966.

———. “A Functional Comparison of Basic Restraint Systems.” Report 67-13, Office of Avi-
ation Medicine, Federal Aviation Administration, June 1967.



Impact Acceleration and the Human Response

Comprehensive Bibliography

368

Zaborowski, A. V. “Lateral Impact Studies: Lap Belt Shoulder Harness Investigations.” In Pro-
ceedings of the Ninth Stapp Car Crash Conference, 93-127. Warrendale, PA: Society of 
Automotive Engineers, 1966.

———. “Human Tolerance to Lateral Impact with Lap Belt Only.” In Proceedings of the Eighth 
Stapp Car Crash Conference, 34-71. Detroit: Wayne State University Press, 1966.

Zeller, A. F. “Physiologic Factors in Escape.” Journal of Aviation Medicine 28 (1957): 90-95.

Vibration/Motion Studies

Anderson, Roland C., and Michael F. Smith. “A Study of the Kaman Dynamic Antiresonant 
Vibrator Isolator.” USAAVLABS technical report 65-75, U.S. Army Aviation Mate-
riel Laboratories, Fort Eustis, VA, January 1966.

Anderson, W. R., R. A. Boster, and G. C. Willems. “Empirical Model of Intracranial Pressure 
and Head Motion Resulting from a Vibrating Seated Rhesus.” Aviation, Space, and 
Environmental Medicine 49, no. 1, sect. II (January 1978): 240-252.

Anderson, W. R., G. C. Willems, and J. C. Guignard. “Analysis of Head Motion During 
Simulated, Rough Water Operation of a 2200 Ton Surface Effect Ship.” AGARD 
Conference Proceedings No. 372 on Motion Sickness: Mechanisms, Prediction, Prevention 
and Treatment, 38:1-14. London: Technical Editing and Reproduction, Ltd., 1984.

Bard, Philip. “Motion Sickness.” In Advances in Military Medicine, vol. 1, edited by E. C. An-
drus, C. S. Keefer, D. W. Bronk, J. S. Lockwood, G. A. Carden, Jr., J. T. Wearn, and 
M. C. Winternitz, 278-295. Boston: Little, Brown, and Co., 1948.

Benson, Robert W. “Experimental Bone and Tissue Vibrator Assembly.” Technical report no. 
65-11, Aerospace Medical Research Laboratory, Biophysics Laboratory, Wright Pat-
terson Air Force Base, Dayton, OH, April 1965.

Berthoz, A., A. Laville, and A. Wisner. “Biomechanical and Electromyographic Study of Head 
Movements in Humans Subjected to Low Frequency Vibrations.” Journal of Physiol-
ogy (Paris) 57, no. 5 (October 1965): 556.

Bittner, A. C., Jr., and J. C. Guignard. “Engineering Principles for Minimization of Adverse 
Ship Motion Effects: Theory and Practice.” The Naval Engineers Journal 97, no. 4 
(May 1985): 205-213.

Burns, Kevin C. “Motion Sickness Incidence: Distribution of Time to First Emesis and Com-
parison of Some Complex Motion Conditions.” Technical report no. 112-15, Des-
matics, Inc., State College, PA, August 1983.

Calcaterra, P. C., and D. W. Schubert. “Research on Active Vibration Isolation Techniques for 
Aircraft Pilot Protection.” Technical report no. 67-138, Aerospace Medical Research 
Laboratory, Wright-Patterson Air Force Base, Dayton, OH, October 1967.

Chaney, Robert E. “Subjective Reaction to Whole-Body Vibration.” Technical report no. D3-
6474, The Boeing Company, September 1964.

Chaney, R. E., and D. L. Parks. “Tracking Performance during Whole-Body Vibration.” Tech-
nical report no. D3-3512-6, The Boeing Company, November 1964.



369A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Clarke, N. P., C. G. Mohr, J. W. Brinkley, J. H. Henzel, H. E. von Gierke, P. J. Martin, and H. 
C. Wooding. “Evaluation of Peak vs RMS Acceleration in Periodic Low Frequency 
Vibration Exposures.” Technical report no. 65-67, Aerospace Medical Research Lab-
oratory, Wright-Patterson Air Force Base, Dayton, OH, November 1965.

Clarke, N. P., E. B. Weiss, Jr., J. W. Brinkley, and W. E. Temple. “Lateral Impact Tolerance 
Studies in Support of Apollo. Report I.” Memorandum no. M-29, Aerospace Medical 
Research Laboratory, Wright-Patterson Air Force Base, Dayton, OH, February 1963.

Coermann, Rolf. “Effect of Vibration and Noise on the Human Organism.” Library trans-
lation no. 121, British Royal Aircraft Establishment, Farnborough, UK, October, 
1946.

Colwell, J. L. “Human Factors in the Naval Environment: A Review of Motion Sickness and 
Biodynamic Problems.” Technical memorandum no. 89-220, Defense Research Es-
tablishment Atlantic, Canada, September 1989.

Conwell, S. L., and D. F. Holcombe. “The Motion Sickness Symptomatology Checklist.” Avi-
ation, Space, and Environmental Medicine 65 (May 1994): 440.

Cooper, Bruce, Carl Blechschmidt, Keith McCloskey, and Carl Clark. “Human Vibration and 
Impact Isolation with a Full Length Airbag Restraint System.” Research memoran-
dum no.146, Martin Space Systems Division, Baltimore, MD, March 1963.

Cope, F. W. “Problems in Human Vibration Engineering.” Ergonomics 3, no. 1 (January 1960): 
35-43.

Dieckman, D. “A Study of the Influence of Vibration on Man.” Ergonomics (1958): 345-355.

DiMarco, R. J., and H. R. Jex. “Effects of Simulated Surface Effect Ship Motions on Crew 
Habitability – Phase II. Volume 2: Facility, Test Conditions, and Schedules.” Techni-
cal report no. 1070-2, Systems Technology, Inc., Hawthorne, CA, 1977.

Dobie, T. G., J. G. May, W. P. Dunlap, and M. E. Anderson.  “Reduction of Visually Induced 
Motion Sickness Elicited by Changes in Illumination Wavelength.”  NBDL-89R009, 
Naval Biodynamics Laboratory, New Orleans, October 1990.

Dobie, T. G., J. G. May, W. P. Dunlap, and M. E. Anderson. “Reduction of Visually-Induced 
Motion Sickness Elicited by Change in Illumination Wavelength.” Aviation, Space, 
and Environmental Medicine 60 (August 1989): 749-754.

Dobie, T. G., J. G. May, W. D. Fisher, and M. S. Bologna. “An Evaluation of Two Main 
Elements of Cognitive-Behavioral Therapy as a Method of Training Resistance to 
Visually-Induced Motion Sickness.” Aviation, Space, and Environmental Medicine 60 
(April 1989): 307-314.

Dobie, T. G., and J. G. May. “Parametric Studies of Factors Influencing Visually-Induced Mo-
tion (Abstract).” Aviation, Space, and Environmental Medicine 60 (May 1989): 491.

———. “Motion Sickness Prevention: A Course of Instruction in Cognitive-Behavioral 
Counseling.” Proceedings of the Twelfth Psychology Symposium in the Department of 
Defense, 87-91. Colorado Springs, CO: United States Air Force Academy, 1990.

———. “Cognitive-Behavioral Management of Motion Sickness.” Aviation, Space, Environ-
mental Medicine 65, no. 10, Section II (October 1994): C1-20.



Impact Acceleration and the Human Response

Comprehensive Bibliography

370

Dobie, T. G., J. G. May, W. D. Fisher, S. T. Elder, and K. A. Kubitz. “A Comparison of Two 
Methods of Training Resistance to Visually-Induced Motion Sickness.” Aviation, 
Space, and Environmental Medicine 58 (1987): A31-A41.

———. “A Comparison of Two Methods of Training Resistance to Visually-Induced Motion 
Sickness.” Aviation, Space, and Environmental Medicine 58 (1987): A34-A41. Also 
published as NBDL-87R004, Naval Biodynamics Laboratory, New Orleans, Octo-
ber 1990.

Dobie, T. G., J. G. May, C. A. Gutierrez, and S. S. Heller. “The Transfer of Adaptation Be-
tween Actual and Simulated Rotary Stimulation.” Aviation, Space, and Environmental 
Medicine 61 (December 1990): 1085-1091.

———. “The Transfer of Adaptation between Actual and Simulated Rotary Stimulation.” 
NBDL-90R015, Naval Biodynamics Laboratory, New Orleans, April 1991.

Dobie, T. G., J. G. May, C. A. Gutierrez, and S. M. Scott. “The Transfer of Adaptation Be-
tween Actual and Simulated Rotary Stimulation (Abstract).” Aviation, Space, and 
Environmental Medicine 61 (May 1990): 506.

Edwards, R. G., and K. O. Lange. “A Mechanical Impedance Investigation of Human Re-
sponse to Vibration.” Technical report no. 64-91, Aerospace Medical Research Labo-
ratories, Wright-Patterson Air Force Base, Dayton, OH, 1964.

Fowler, R. C. “Damage to Animals Due to Vibration.” Shock and Vibration Bulletin 22, Sup-
plement (1955): 16-19.

Frank, L. H., R. S. Kennedy, R. S. Kellog, A. C. Bittner, Jr., M. E. McCauley, and R. W. Root. 
“Simulator Sickness: Sensorimotor Disturbances in Flight Simulators.” Proceedings of 
the 1984 IMAGE Conference III, 417-426. Phoenix, AZ, June 1984.

Franke, E. K. “Response of the Human Skull to Mechanical Vibrations.” Journal of the Acous-
tical Society of America 28, no. 6 (November 1956): 1277-1284.

Franke, Ernst K. “The Response of the Human Skull to Mechanical Vibrations.” Technical 
report no. 54-24, Wright Air Development Center, Dayton, OH, November 1954.

Getline, G. L., “Vibration Tolerance Levels in Military Aircraft.” Shock and Vibration Bulletin 
22, Suppl. (1955): 24-27. 

Glenn, Thomas H. “Testing and Evaluation with Human Volunteers.” In Vehicle Safety Re-
search Integration Symposium. Washington, D.C.: U.S. Department of Transporta-
tion, 1973.

Goldman, D. E., and H. E. von Gierke. “The Effects of Shock and Vibration on Man.” Report 
no. 60-3, Lecture and Review Series, Naval Medical Research Institute, Bethesda, 
MD, 1960.

Goldman, David W., and Henning von Gierke. “Effects of Shock and Vibration of Man.” In 
Shock and Vibration Handbook, vol. 3, edited by Harris and Crede, 44: 1-51. New 
York: McGraw-Hill Book Co., 1961.

Goldman, D. E. “A Review of Subjective Responses to Vibratory Motion of the Human Body 
in the Frequency Range 1-70 Cycles Per Second.” Report no. 1, Project NM004-01, 
Naval Medical Research Institute, Bethesda, MD, 1948.



371A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Guignard, J. C. “Vibration.” In A Textbook of Aviation Physiology, edited by A. Gillies, 813-
894. New York: Pergamon Press, 1965.

———. “Evaluation of Exposure to Vibrations.” In Patty’s Industrial Hygiene and Toxicology, 
vol. 3, edited by L. V. Cralley and L. J. Cralley, 465-524. New York: Wiley, 1979.

———. “Aspects of Consensus Standards Development in Biodynamics.” In Trends in Ergo-
nomics/Human Factors V, edited by F.  Aghazadeh, 495-503. Amsterdam: Elsevier 
Science Publishers, 1988.

Guignard, J. C., A. C. Bittner, Jr., and R. C. Carter. “Methodological Investigation of Vibra-
tion Effects on Performance of Three Tasks.” Proceedings of the Human Factors and 
Ergonomics Society Annual Meeting 25 (October 1981): 342-346. 

———. “Methodological Investigation of Vibration Effects on Performance of Three Tasks.” 
Journal of Low Frequency Noise and Vibration 1 (1982): 12-18.

Guignard, J. C., A. C. Bittner, Jr., S. W. Einbender, and R. S. Kennedy. “Performance Evalua-
tion Tests for Environmental Research (PETER) Landolt C. Reading Test.” Proceed-
ings of the Human Factors and Ergonomics Society Annual Meeting 24 (October 1980): 
335-339.

Guignard, J. C., A. C. Bittner, Jr., and M. M. Harbeson. “Current Research at the U.S. Naval 
Biodynamics Laboratory on Human Whole-Body Motion and Vibration.” NBDL-
83R008, Naval Biodynamics Laboratory, New Orleans, July 1983.

———.  “Mechanisms of Whole-Body Vibration Effects on Human Performance.” Proceed-
ings of the Human Factors and Ergonomics Society Annual Meeting 27, no. 6 (October 
1983): 472.

Guignard, J. C., and Elsa Guignard. “Human Response to Vibration, A Critical Survey of 
Published Work.” I.S.V.R. Memo no. 37, Human Factors Unit, University of South-
ampton, UK, 1970.

Guignard, J. C., and A. Irving. “Effects of Low Frequency on Man.” Engineering 60 (1960): 
364-367.

Guignard, J. C., and P. E. King. “Aeromedical Aspects of Vibration and Noise.” AGARDo-
graph no. 151, North Atlantic Treaty Organization, Advisory Group for Aerospace 
Research and Development, 1972.

Guignard, J. C., G. J. Landrum, and R. E. Reardon. “Experimental Evaluation of Human 
Long-Term Vibration Exposures Permitted by the Current International Standard 
ISO 2631, 1974.” Preprints of the Forty-Seventh Annual Scientific Meeting, 252-253. 
Washington, D.C.: Aerospace Medical Association, May 1976.

Guignard, J. C., P. L. Majewski, and W. H. Muzzy III. “Determining Thresholds of Human 
Response to Vibration Using Acceleration Sweeps at Constant Velocity.” In Human 
Factors in Transport Research, vol. 2, edited by D. J. Osborne and J. A. Levis, 149-157. 
New York: Academic Press Inc., November 1980.

Guignard, J. C., and M. E. McCauley. “Motion Sickness Incidence Induced by Complex 
Periodic Waveforms.” Final Report to the Office of Naval Research, December 1976.



Impact Acceleration and the Human Response

Comprehensive Bibliography

372

———. “Motion Sickness Incidence Induced by Complex Periodic Waveforms.” Proceedings 
of the Human Factors and Ergonomics Society Annual Meeting 21, no. 3 (October 
1977): 197-201.

———. “Motion Sickness Incidence Induced by Complex Periodic Waveforms.” Aviation, 
Space, and Environmental Medicine 53 (1982): 554-563.

———. “The Accelerative Stimulus for Motion Sickness.” In Motion and Space Sickness, edited 
by George H. Crampton, 123-152. Boca Raton, FL: CRC Press, Inc., 1990.

Guignard, J. C., G. C. Willems, and W. R. Anderson. “Experimental Methods for the Stan-
dardized Measurement of the Human Dynamic Response to Whole-Body Vibration 
and Some Results Obtained.” Preprints of the Fiftieth Annual Scientific Meeting, 129-
130. Washington, D.C.: Aerospace Medical Association, 1979.

Guillemin, V., and P. Wechsberg. “Physiological Effects of Long Term Repetitive Exposure to 
Mechanical Vibration.” Journal of Aviation Medicine 24 (1953): 208-221.

Hanes, R. M. “Human Sensitivity to Whole-Body Vibration in Urban Transportation Sys-
tems: A Literature Review.” Report no. APL/JHU-TPR 004, Applied Physics Labo-
ratory, Johns Hopkins University, Baltimore, MD, May 1970.

Harris, C. M., and C. E. Crede, eds. Shock and Vibration Handbook., vol. 1. New York: Mc-
Graw-Hill Book Company, 1961.

Hewett, P. “Injuries of the Head.” In System of Surgery, vol. 1, edited by T. Holmes, 601-607. 
Philadelphia, PA: Lea’s Con & Co. 1881.

Hirsch, A. E. “A Comparison of the Responses of Men and Dummies to Ship Shock Motions, 
Part 1 & 2.” In Impact Acceleration Stress: A Symposium, 185-190. Washington, D.C.: 
National Academy of Science – National Research Council, 1962.

———. “Man’s Response to Shock Motions.” Report no. 1797, David Taylor Model Basin, 
Washington, D.C., January 1964.

Hopkins, G. R. “The Dynamic Response of the Human Body to Low Frequency Vibration.” 
Master’s thesis, University of Kentucky, 1961.

Jex, H. R., J. F., O’Hanlon, and C. L. Ewing. “Simulated Rough Water Operations during 
Long Cruises in a 2000 Ton Surface Effect Ship, Phases 1 and 1A.” Technical report 
no. 1057-2, Systems Technology, Inc., Hawthorne, CA, February 1976.

Krause, H. “The Mechanical Vibration Behavior of the Spinal Column.” International Journal 
of Applied Physiology 20 (1962): 125-155.

 ———. “Vibration Mechanics of the Spinal Column, Environmental Physiology and Psy-
chology.” Aerospace Medicine 35, no. 6 (June 1964).

Lange, K. O., and R. G. Edwards. “Force Input and Thoraco-Abdominal Strain Resulting 
from Sinusoidal Motion Imposed on the Human Body.” Aerospace Medicine (May 
1970): 538-543.

Lippert, S., ed. Vibration Research – A Collection of Articles sponsored by the Human Factors 
Society. New York: Macmillan Co., 1963.

Magid, E. B., R. R. Coermann, and G. H. Ziegenruecker. “Human Tolerance to Whole Body 
Sinusoidal Vibration.” Journal of Aviation Medicine (1960): 915.



373A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Matson, D. L.“Chronic Motion Sickness Treated with Cognitive-Behavioral Training.” CSE-
RIAC Gateway 4, no. 2 (1993): 16-17.

Matson, D. L., B. Kaufman, F. D. Holcombe, and S. L. Conwell. “The Effects of Ship Motion 
on Energy Expenditure During Standing and Walking Tasks.” Aviation, Space, and 
Environmental Medicine 65 (May 1994): 471.

Matson, D. L., and D. L. Dolgin. “Training Program for the Prevention of Motion Sickness.” 
Navy Medicine 86, no. 2 (1995): 6-8.

Mattingly, T. E., J. R. Felder, and C. F. Lombard. “Investigation of Vibration and Impact 
Protection of the Human Head and Neck.” Technical report no. 69-112, Northrop 
Corporate Laboratories, Hawthorne, CA, December 1969.

Maurer, H. J. “Accident Mechanism and Vertebral Injuries – Catamnestic Radiographic 
Study.” Booklets for Traumatology 108 (1971): 13–29.

Mauro, C. A., and D. E. Smith. “A Statistical Analysis of Motion Sickness Incidence Data.” 
Aviation, Space, and Environmental Medicine 54 (1983): 253-257.

McCauley, Michael E., Jackson W. Royal, James F. O’Hanlon, Robert R. Mackie, and C. Den-
nis Wylie. “Motion Sickness Incidence: Exploratory Studies of Habitation, Pitch and 
Roll, and the Refinement of a Mathematical Model.” Report no. 1733-2, Human 
Factors Research, Inc., Goleta, CA, April 1976.

Morrison, T. R., T. G. Dobie, G. C. Willems, S. C. Webb, and J. L. Endler. “Effect of Roll 
Stabilization on Human Performance.” Abstract,  Aviation, Space, and Environmental 
Medicine 61 (May 1990): 477.

Morrison, T. R., S. C. Webb, E. E. Swensen, and R. M. Wildzunas. “Fatigue Effects on Perfor-
mance of U.S. Coast Guard Boat Crew .” Abstract, Aviation, Space, and Environmen-
tal Medicine 62 (May 1991):  451.

Morrow, C. T., and R. B. Muchmore. “Shortcomings of Present Methods of Measuring and 
Simulating Vibration Environments.” Journal of Applied Mechanics (September 
1955): 367-371.

Mozell, M. M., and D. C. White. “Behavioral Effects of Whole Body Vibration.” Journal of 
Aviation Medicine (1958): 716.

Muzzy, W. H., and G. C. Willems. “Human Response to Vibration and Shock.” Paper presented 
at the Forty-Ninth Vibration Symposium, Washington, D.C., October 17-19, 1978.

Nicholson, A. N., and J. C. Guignard. “Electrocorticogram during Whole Body Vibration.” 
Electroencephalograpy and Clinical Neurophysiology 20 (1966): 494-505.

Nickerson, J. L., and R. R. Coermann. “Internal Body Movements Resulting from Externally 
Applied Sinusoidal Forces.” Report no. AMRL-TDR-62-81, Aerospace Medical Lab-
oratory, Wright-Patterson Air Force Base, OH, July 1962.

Nickerson, John L., and Milana Drazic. “Internal Body Movement Along Three Axes Re-
sulting from Externally Applied Sinusoidal Forces.” Report no. AMRL-TR-66-102, 
Wright-Patterson Air Force Base, OH, May 1970.

O’Hanlon, J.F., and M. E. McCauley. “Motion Sickness Incidence as a Function of the Fre-
quency and Acceleration of Vertical Sinusoidal Motion.” Report no. 1733-1, Human 
Factors Research, Inc., Goleta, CA, September 1973.



Impact Acceleration and the Human Response

Comprehensive Bibliography

374

———. “Motion Sickness Incidence as a Function of the Frequency and Acceleration of Ver-
tical Sinusoidal Motion.” Aerospace Medicine 45 (1974): 366-396.

O’Hanlon, J. F., J. C. Miller, and J. W. Royal. “Effects of Simulated Surface Effect Ship Mo-
tions on Crew Habitability – Phase II. Volume 4: Crew Cognitive Functions, Physi-
ological Stress, and Sleep.” Technical report no. 1070, Human Factors Research, Inc., 
Goleta, CA, May 1977.

Phillips, Norman S. “Research on Human Responses to Complex Vibrations and Design 
Principles for Body Support, Restraint and Vibration Isolation Systems.” Final re-
port under Contract no. AF 33(557)-1894, Aerospace Medical Research Laboratory, 
Wright-Patterson Air Force Base, OH November 1967.

Phillips, N.S., R. S. Scranton, and R. W. Carr. “Impact and Vibration Test Equipment Design 
and Experimentation.” Technical report no. AMRL TR 71-62, Aerospace Medical 
Research Laboratory, Wright-Patterson Air Force Base, OH, December 1971.

Pradko, F., R. A. Lee, and J. D. Greene. “Human Vibration-Response Theory.” Biomechanics 
monograph no. 65-WA/HUF-19, American Society of Mechanical Engineers, 1967.

Reason, J.T., and J.J. Brand. Motion Sickness. London, NY & San Fran.: Academic Press, 1975.

Riopelle, A. J., M. Hines, and M. Lawrence. “The Effects of Intense Vibration.” Report no. 
358, U.S. Army Medical Research Laboratory, Ft. Knox, KY, 1958.

Roman, J. “Effects of Severe Whole Body Vibration on Mice and Methods of Protection from 
Vibration Injury.” Technical report no. 58-107, Wright Air Development Center, 
Dayton, OH, 1958.

Roman, J. A., R. Coermann, and G. Ziegenruecker. “Vibration, Buffeting and Impact Re-
search.” Journal of Aviation Medicine 30, no. 118 (1959): 113.

Schubert, Dale W., Jerome S. Pepi, and Frank E. Roman. “Investigation of the Vibration Isola-
tion of Commercial Jet Transport Pilots During Turbulent Air Penetration.” Langley 
Research Center, NASA Contractor Report NASA CR-1560, July 1970.

Shoenberger, Richard W. “Human Performance as a Function of Direction and Frequency of 
Whole-Body Vibration.” Aerospace Medical Research Laboratory, Wright-Patterson 
Air Force Base, OH, October 1970.

Slonim, A. R. “Some Vibration Data on Primates Implanted with Accelerometers on Upper 
Thoracic & Lower Lumbar Spine: Results in Baboons.” Report no. AMRL TR 83-
091, Wright-Patterson Air Force Base, OH, March 1984.

Speakman, Jerry D., and Justus F. Rose. “Crew Compartment Vibration Environment in the 
B-52 Aircraft during Low – Altitude High Speed Flight.” Technical report no. AM-
RL-TR-71-12, Wright-Patterson Air Force Base, OH, March 1971.

Suggs, C. W., C. F. Abrams, and L. F. Stikeleather. “Application of a Damped Spring-Mass 
Human Vibration Simulator in Vibration Testing of Vehicle Seats.” Ergonomics 12, 
no 1 (1969): 79-90.

Teare, Robert J., and D. L. Parks. “Visual Performance During Whole-Body Vibration.” Tech-
nical report no. D3-3512-4, Boeing Company, 1963.

Thomas, D. J., P. L. Majewski, C. Spence, and C. L. Ewing. “The Medical Effects of an At-
tempted Simulation of Surface Effect Ship Motion.” Paper presented at AGARD 



375A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Conference, Olso, Norway, April, 1974.

Thomas, D. J., P. L. Majewski, J. C. Guignard, and C. L. Ewing. “Clinical Medical Effects 
on Volunteers Undergoing 48-hour Simulations of the Modeled 2000 Ton SES Mo-
tion.” Preprints of the Forty-Ninth Annual Scientific Meeting, 186-187. Washington, 
D.C: Aerospace Medical Association, May 1978. 

Tjerina, L., and N. Browning. “Measurement of Ship Motion Effects on Human Cognitive 
Performance at Sea.” NBDL-93R003, Naval Biodynamics Laboratory, New Orleans, 
August 1993.

Tjerina, L., and E. Lauber. “A Taxonomic Approach to the Assessment of Ship Motion Ef-
fects on Human Cognitive Performance at Sea.” NBDL-93R004, Naval Biodynamics 
Laboratory, New Orleans, August 1993.

Trautman, E., J. G. Pollack, and S. C. Webb. “Task and Environmental Considerations for 
Ship Motion Simulation in the FFG 7.” Technical note no. 71-86-13, Human Fac-
tors and Organizational Systems Laboratory, Navy Personnel Research and Develop-
ment Center, San Diego, CA, June 1986. 

Von Gierke, H. E., and R. R. Coermann. “The Biodynamics of Human Response to Vibration 
and Impact.” Industrial Medicine and Surgery 32, no. 1 (1963): 30-32.

Vykukal, Hubert C. “Dynamic Response of the Human Body to Vibration when Combined 
with Various Magnitudes of Linear Acceleration.” Aerospace Medicine 39, no. 11 (No-
vember 1968): 1163-1166.

White, G. H., K. O. Lange, and R. R. Coermann. “The Effects of Simulated Buffeting on the 
Internal Pressure of Man.” Human Factors 14 (1963): 275-290.

Wiker, S. F., R. S. Kennedy, M. E. McCauley, and R. L. Pepper. “Reliability, Validity and Ap-
plication of an Improved Scale for Assessment of Motion Sickness Severity.” Preprints 
of the Fiftieth Annual Scientific Meeting, 113-115. Washington, D.C.: Aerospace 
Medical Association, May 1979. Also US Coast Guard Report no. CG-D-29-79.

———. “Susceptibility to Seasickness Influence of Hull Design and Steaming Direction.” 
Aviation, Space, and Environmental Medicine 50 (1979): 1046-1051.

Wilson, K. P., and J. G. Pollack. “Effect of Vertical Heave Motion on Cognitive Performance.” 
Proceedings of the Tenth Psychology Symposium in the Department of Defense, 344-348. 
Colorado Springs, CO: United States Air Force Academy, 1986.

Wilson, K. P., J. G. Pollack, and M. T. Wallick. “The Effects of Ship Motion on Human 
Performance: An Update.” ANSE Symposium - 1986: Destroyer, Cruiser and Frigate 
Technology, 347-395. Alexandria, VA: American Society of Naval Engineers, 1986.

Woldstad, J. C., A. C. Bittner, Jr., and J. C. Guignard. “A Methodological Investigation of 
Subject Input/Output Related Error During Vibration.” Proceedings of the Human 
Factors and Ergonomics Society Annual Meeting 26, no. 6 (October 1982): 533-537.

Woods, A. G. “Human Response to Low Frequency Sinusoidal and Random Vibration.” Air-
craft Engineering 39 (July 1967): 6-14.

Ziegenruecker, G. H., and E. B. Magid. “Short-time Human Tolerance to Sinusoidal Vibra-
tions.” WADD-TR-59-391, Wright Air Development Division, Dayton, OH, 1959.



Impact Acceleration and the Human Response

Comprehensive Bibliography

376

General Reference

American Institute of Biological Sciences. “Report to the Department of the Navy: Evaluation 
of the Biodynamics Research Program of the Naval Biodynamics Laboratory, Naval 
Medical Research and Development Command.” Arlington, VA: American Institute 
of Biological Sciences, 1984.

Anonymous. “Inflight Physiological and Psychological Reactions to the Supine Position.” Na-
val Air Development Center, Philadelphia, PA, December 31, 1955.

Anonymous. “Physiology of Flight, Human Factors in the Operation of Military Aircraft.” 
Manual 25-2, U.S. Army Air Force, Washington, D.C., March 15, 1945.

Anonymous. Survey of Research Projects in the Field of Aviation Safety. New York: The Daniel 
and Florence Guggenheim Aviation Center, January 1, 1953.

———. USS Enterprise (CVN 65) WestPac Cruise Book 1978. n.p.: American Yearbook Com-
pany, 1978.

———. USS John F. Kennedy, 1975-1976 Cruisebook. n.p., n.d.

Arkin, William M., and Joshua Handler. Neptune Paper No. 3: Naval Accidents 1945-1988. 
Washington, D.C.: Greenpeace/Institute for Policy Studies, June 1989.

Armstrong, H. G., ed. Principles and Practice of Aviation Medicine. Baltimore: Williams & 
Wilkins Co., 1939.

Beaven, C. L. “Chronological Notes on Aviation Medicine.” Army Medical Bulletin 51 (Janu-
ary 1940): 49-64.

Bell, H. S., and S. P. Chunn. “Summary and Evaluation of Aircraft Accidents and Fatalities.” 
Aerospace Medicine 35, no. 6 (June 1964): 553-559.

Bergeret, P., ed. Escape and Survival: Clinical and Biological Problems in Aerospace Medicine. 
New York: Published for Advisory Group for Aeronautical Research and Develop-
ment, North Atlantic Treaty Organization by Pergamon Press, 1961. 

Berry, Frank B. “The Story of “The Berry Plan.” The Bulletin of the New York Academy of Med-
icine 52, no. 3 (March-April, 1976): 278-282.

Biersner, R. J., and P. O. Davis. “Needed: Chemical Warfare Defense Doctrine.” U.S. Naval 
Institute Proceedings 112 (1986): 116-120.

Biersner, R. J., and H. E. von Gierke. “DOD Biomechanical Research.” NBDL-86R005, Na-
val Biodynamics Laboratory, New Orleans, May 1986.

Box, G. E. “Some Theorems on Quadratic Forms Applied in the Study of Analysis of Variance 
Problems.” Annals of Mathematical Statistics 25 (1954): 67.

Burch, Neil, and H. L. Altshuler. Behavior and Brain Electrical Activity. New York: Plenum 
Press, 1975.

Burns, Kevin C., Carl A. Mauro, and Dennis E. Smith. “Final Report: Statistical Research 
on Problems of Biodynamics.” Technical report no. 112-19, Desmatics, Inc., State 
College, PA, July 1985.

Bushnell, D. “Origin and Operation of the First Holloman Track, 1949-1956.” In History of 
Tracks and Track Testing at the Air Force Missile Development Center, Vol. 1. ASTIA 



377A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

231907, 1956.

Carlson, Walter A. “Aviation and its Medical Problems.” Army Medical Bulletin 53 (July 1940): 
11-20.

Carter, R. C., and R. J. Biersner. “U.S. Navy Enlisted Jobs - An Analysis.” NBDL-82R010, 
Naval Biodynamics Laboratory, New Orleans, September 1982.

———. “Job Requirements Derived from P. A. Q. Validated Using Medical Aptitude Test 
Scores.” Journal of Occupational Psychology 60 (1987): 311-321.

Christy, R. L., Jr. “The Navy Program for Aircraft Escape.” Journal of Aviation Medicine 22, no. 
5 (October 1951): 408-417.

Civilian Production Administration. War Industrial Facilities Authorized, July 1940-August 
1945: Listed Alphabetically by Company and Plant Location. Washington, D.C.: In-
dustrial Statistics Division, Civilian Production Administration, July 30, 1946.

Clemente, Carmine D. “In Memoriam: William Frederick Windle.” Experimental Neurology 
90 (1985): 1-20.

Contini, R., and R. Drillis. “Biomechanics.” Applied Mechanics Review 7 (1954): 49-52.

Compere, E. “The Mechanism of Injury and Orthopaedic Treatment of the Cervical Syn-
drome.” Wiederherstellungschir Traum 7 (1963): 111–123.

Davis, A. G. “Injuries of the Cervical Spine.” Journal of the American Medical Association 127 
(1945): 149-156.

Davis, D., H. Bohlman, A. E. Walker, R. Fisher, and R. Robinson. “The Pathological Findings 
in Fatal Craniospinal Injuries.” Journal of Neurosurgery 34 (1971): 603-613.

DeMuth, W. E., Jr., A. E. Baue, and J. A. Odom. “Contusions of the Heart.” Journal of Trauma 
7 (1967): 443-455.

DeHaven, H. The Site, Frequency and Dangerousness of Injury Sustained by 800 Survivors of 
Light Plane Accidents. New York: Department of Public Health and Preventative 
Medicine, Cornell University Medical College, July 1952.

DeHaven, H. “Beginnings of Crash Injury Research.” In Proceedings of the Thirteenth Stapp 
Car Crash Conference, 422-428. New York: Society of Automotive Engineers, 1969.

Denslow, J. S. “Analysis of Variability on Spinal Reflex Thresholds.” Journal of Neurophysiology 
7 (July 1944): 207–215.

Devilbliss, M. C. Women and Military Service: A History, Analysis, and Overview of Key Issues. 
AL: Maxwell Air Force Base, 1990.

Drake, C. G. “Cervical Spinal Cord Injury.” Journal of Neurosurgery 19 (1962): 487.

Du Bois, Eugene F. “The Study of Crash Injuries and Prevention of Aircraft Accidents.” In 
Science in World War II: Advances in Military Medicine, vol. 1, edited by E. C. Andrus, 
C. S. Keefer, D. W. Bronk, J. S. Lockwood, G. A. Carden, Jr., J. T. Wearn, and M. 
C. Winternitz, 222-231. Boston: Little, Brown, and Co., 1948.

Du Bois, E. F. “Suggestions for Studies of Crashes in Surplus Planes.” Cornell Crash Injury 
Research Project, Cornell University Medical College, January 1945.



Impact Acceleration and the Human Response

Comprehensive Bibliography

378

Ducker, T. B. “Experimental Injury of the Spinal Cord.” In Handbook of Clinical Neurology, 
vol. 25, edited by P. J. Vinken, and G. W. Bruyn, 9-26. Amsterdam: North-Holland 
Publishing Co., 1976.

Ducros, E., and R. Gregoire. “Spine Injuries in Flight Accidents of the French Air Force.” 
Aviation Medicine 9, no. 4 (1954): 483–487.

Eden, K., and J. W. A. Turner. “Loss of Consciousness in Different Types of Head Injury.” 
Proceedings of the Royal Society of Medicine 34 (1941): 639-656.

Eie, N. “Load Capacity of the Low Back.” Journal of the Oslo City Hospital 16 (1966): 73.

Emme, Eugene M. Aeronautics and Astronautics: An American Chronology of Science and Tech-
nology in the Exploration of Space, 1915-1960. Washington, D.C.: Government Print-
ing Office, 1961.

Fallenstein, G. T., V. D. Hulce, and J. W. Melvin. “Dynamic Mechanical Properties of Human 
Brain Tissue.” Journal of Biomechanics 2, no. 3 (1969): 217–226.

Feickert, Andrew, and Stephen Daggett. “A Historical Perspective on “Hollow Forces.” 
R42334, Congressional Research Service Report for Congress, January 31, 2012.

Fick, R. Handbook of Anatomy and Mechanics of the Joints. Jena: G. Fisher, 1911.

Flight Safety Foundation, Inc. “United States Army Aviation Crash Survival Research Summa-
ry Report.” Technical report no. 66-43, U.S. Army Aviation Materiel Laboratories, 
Fort Eustis, VA, June 1966.

Foley, Joseph M. “Derek Ernest Denny-Brown, 1901-1981.” Annals of Neurology 11, no. 4 
(1982): 413-419.

Folk, G. Edgar. “The Harvard Fatigue Laboratory: Contributions to World War II.” Advances 
in Physiology Education 34 (September 2010): 119-127.

Fulton, John F. “Altitude Decompression Sickness.” In Advances in Military Medicine, vol. 1, 
edited by E. C. Andrus, C. S. Keefer, D. W. Bronk, J. S. Lockwood, G. A. Carden, 
Jr., J. T. Wearn, and M. C. Winternitz, 318-330. Boston: Little, Brown, and Co., 
1948.

Gagge, A. P. “The War Years at the Aeromedical Lab: Wright Field (1941-46).” Aviation, Space 
and Environmental Medicine 57, no. 10, pt. II (1986): A6-12.

Gangloff, Amy. “Safety in Accidents: Hugh DeHaven and the Development of Crash Injury 
Studies.” Technology and Culture 54, no. 1 (January 2013): 40-61.

Gatling, F. P., E. M. Wunzel, and J. H. Briton. “Trends in Naval Aviation Injury Patterns.” 
Report no. AM-3-59, U.S. Naval Aviation Safety Center, Norfolk, Virginia, 1959.

Geiger, Roger L. “Science, Universities, and National Defense, 1945-1970.” Osiris 7 (1992): 
26-48.

Goldstein, A. Biostatistics. New York: The MacMillan Co., 1964.

Goldstein, Herbert. Classical Mechanics. 5th ed. Massachusetts: Addison-Wesley Publishing 
Co., Inc., 1957.

Gooding, C. A., and et al. “Growth and Development of the Vertebral Body in the Pres-
ence and Absence of Normal Stress.” American Journal of Roentgenology 93 (February 
1965): 388–394.



379A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Govaerts, A. Biomechanics - New Method for the Analysis of Movement. Brussels: University of 
Brussels Press, 1962.

Graybiel, A. “Aerospace Medicine and Project Mercury: Navy Participation.” Aerospace Medi-
cine 33 (October 1962): 1193-1198.

Grow, Malcolm C. “Research in Aviation Medicine.” Army Medical Bulletin 32 (July 1935): 
48-53.

Hacker, Barton C., and James M. Grimwood. On the Shoulders of Titans: A History of Project 
Gemini. Washington, D.C.: Government Printing Office, 1977.

Haddon, William, Jr. “Perspective on a Current Public Health Controversy.” American Journal 
of Public Health 65, no. 12 (December 1975): 1342-1344.

Harbeson, M. M. “Bibliography of Naval Biodynamics Laboratory Publications.” NBDL-
87R001, Naval Biodynamics Laboratory, New Orleans, 1987.

Henriksson, N. G., C. R. Pfaltz, N. Torok, and W. Rubin. A Synopsis of the Vestibular System. 
Basel, Switzerland: Gasser & Cie, AG, September 1972.

Ho, R. W. “Significance of Disk Thickness.” Journal of American Osteopathic Association 63 
(1964): 638–646.

Hoag, J. M., and P. Rosenberg. “Physics of the Intervertebral Disc.” Journal of American Osteo-
pathic Association 52 (1953): 327–334.

Hoff, E. C., and J. F. Fulton. A Bibliography of Aviation Medicine. Springfield, IL, and Balti-
more, MD: Charles C. Thomas, 1942.

Hoff, P. M., E. C. Hoff, and J. F. Fulton. A Bibliography of Aviation Medicine: Supplement. 
Menasha, Wisc.: George Banta Publishing Co., 1944.

Hubbard, R. P. Flexure of Cranial Bone. Urbana: University of Illinois for the National Institute 
of Neurological Diseases and Stroke, 1970.

Jacobius, Arnold J., Roman Kenk, Leroy D. Davis, Elizabeth G. Koines, Kistallo Pappajohn, 
Ilga M. Terauds, and Paul E. Spiegler. “Aerospace Medicine and Biology: An Anno-
tated Bibliography, Vol. VI., 1957 Literature.” Co-sponsored by National Aeronau-
tics and Space Administration, U.S. Air Force, and U.S. Federal Aviation Agency. 
Washington, D.C., 1963.

Judd, John, and George Fox Lang. “MB Electronics – A Nearly Forgotten Important Piece of 
Our History.” Sound and Vibration 47 (April 2014): 10-15.

Kao, R., and N. Perrone. Stresses in Spherical Shells Due to Local Loadings. Washington, D.C.: 
The Catholic University of America, 1970.

Kendricks, Edward J., and A. P. Gagge. “Aeromedical Aspects of Jet Propelled Aircraft.” Bulle-
tin of the U.S. Army Medical Department 9, no. 6 (June 1949): 497-503.

Kendricks, Edward J., and A. P. Gagge. “Aeromedical Aspects of Jet Propelled Aircraft: II. 
Problems of High Speed Flight.” Bulletin of the U.S. Army Medical Department 9, no. 
7 (July 1949): 552-562.

Kendricks, Edward J., and A. P. Gagge. “Aeromedical Aspects of Jet Propelled Aircraft: III. 
Problems of Safety in Flight.” Bulletin of the U.S. Army Medical Department 9, no. 8 
(August 1949): 660-667.



Impact Acceleration and the Human Response

Comprehensive Bibliography

380

King, A. I., and A. P. Vulcan. “Elastic Deformation Characteristics of the Spine.” Journal of 
Biomechanics 4 (1971): 413-29.

Krull, Andrea R., Bruce H. Jones, Ann M. Dellinger, Michelle M. Yore, and Paul J. Amoroso. 
“Motor Vehicle Fatalities among Men in the U.S. Army from 1980 to 1997.” Mili-
tary Medicine 169, no. 11 (2004): 926-931.

Lamb, L. E., H. C. Green, J. J. Combs, S. A. Cheeseman, and J. Hammond. “Incidence of 
Loss of Consciousness in 1,980 Air Force Personnel.” Journal of Aerospace Medicine 
31 (1960): 973-988.

Linder, Raymond. Data Aid. San Jose, CA: Girl Friday Letter Shop, 1965.

Livingston, W. K., and H. W. Newman. “Spinal Cord Concussion in War Wounds.” Western 
Journal of Surgery 54 (1946): 131-139.

Lucas, D. B. “Mechanics of the Spine.” Bulletin of the Hospital for Joint Diseases 31 (1970): 
115-131.

Lucas, D. B., and B. Bresler. “Stability of the Ligamentous Spine.” Technical report, Biome-
chanics Laboratory, University of California San Francisco & Berkeley, 1961.

MacLennan, Carol A. “From Accident to Crash: The Auto Industry and the Politics of Injury.” 
Medical Anthropology Quarterly, new ser., 2, no. 3 (September 1988): 233-250.

Magoun, H. W. The Ascending Reticular System and Wakefulness in Brain Mechanisms and Con-
sciousness. Oxford: Blackwell, 1954.

Manto, Cindy Donze. Images of America: Michoud Assembly Facility. Charleston, SC: Arcadia 
Publishing, 2014.

Mayer, K. S. “Bibliography of [NAMRL] Scientific Publications, 1975-1993.” Pensacola, FL: 
Naval Aerospace Medical Research Laboratory, 1994.

McGarity, Thomas O. Freedom to Harm: The Lasting Legacy of the Laissez Faire Revival. New 
Haven, CT: Yale University Press, 2013.

Meader, John W. “The Naval Air Material Center, Philadelphia, Pennsylvania.” Journal of Ap-
plied Physics 15 (March 1944): 273-277.

Messer, Linda M. “Annotated Bibliography of USAARL Reports, 1 June 1963 – 30 September 
1977.” Special Bibliography no. 7, Supplement no. 2, U.S. Army Aeromedical Re-
search Laboratory, Fort Rucker, AL, October 1977.

Messerer, O. Elasticity and Strength of Human Bones. Stuttgart: J. G. Cotta, 1880.

Mettler, F. A., and H. Liss. “Functional Recovery in Primates After Large Subtotal Spinal Cord 
Lesions.” Journal of Neuropathology & Experimental Neurology 18 (October 1959): 
509–516.

Miles, Walter R., and Detlev W. Bronk. “Visual Problems.” In Advances in Military Medicine, 
vol. 1, edited by E. C. Andrus, C. S. Keefer, D. W. Bronk, J. S. Lockwood, G. A. 
Carden, Jr., J. T. Wearn, and M. C. Winternitz, 261-277. Boston: Little, Brown, and 
Co. 1948.

Miller, G. G. “Cerebral Concussion.” Archives of Surgery, Chicago 14 (1927): 891-916.

Morse, Philip M., and H. Feshbach. Methods of Theoretical Physics. New York, Toronto, Lon-
don: McGraw-Hill Book Co., Inc., 1953.



381A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Muller, J. T. “Transients in Mechanical Systems.” Bell Systems Technical Journal (October 
1948): 657-683.

Myers, David A. “A New Medical Research Laboratory.” Army Medical Bulletin 40 (July 1937): 
87-92.

Nachemson, A. “In-Vivo Measurements of Intradiscal Pressure.” Journal of Bone and Joint 
Surgery 46, no. A (1964): 1077–1092.

———. “The Load on Lumbar Discs in Different Positions of the Body.” Clinical Orthopaedics 
45 (1966): 107-122.

Nader, Ralph. Unsafe at Any Speed: The Designed-In Dangers of the American Automobile. New 
York: Grossman Publishers, 1965.

Nahum, A. M., and John W. Melvin, eds. Accidental Injury: Biomechanics and Prevention. New 
York: Springer-Verlag, 1993.

National Research Council. “The Feasibility of a National Biomechanics Data Bank: Report of 
Working Group 87.” Washington, D.C.: National Academy Press, 1981.

National Transportation Safety Board. “Aircraft Accident Report, Mohawk Airlines, Inc., Fair-
child Hiller, FH-227Bm N7818M, Albany, New York, March 3, 1972.” Report no. 
NTSB-AAR-73-8, April 11, 1973.

Neel, H. “Medical Aspects of Military Parachuting.” Military Surgeon 108 (1951): 91-105.

Naval Biodynamics Laboratory. Naval Biodynamics Laboratory Initial Command History: Cal-
endar Years 1980 and 1981. New Orleans: Naval Biodynamics Laboratory, 1982.

———. Command History for Calendar Year 1982. New Orleans: Naval Biodynamics Labo-
ratory, 1983.

———. Command History for Calendar Year 1983. New Orleans: Naval Biodynamics Labo-
ratory, 1984.

———. Command History for Calendar Years 1984 and 1985. New Orleans: Naval Biodynam-
ics Laboratory, 1986.

———. 1986 Command History. New Orleans: Naval Biodynamics Laboratory, 1987.

———. 1989 and 1990 Command History. New Orleans: Naval Biodynamics Laboratory, 
July 1991.

———. 1991-1992 Command History. New Orleans: Naval Biodynamics Laboratory, Sep-
tember 1993.

———. 1993 Command History. New Orleans: Naval Biodynamics Laboratory, May 1994.

———. 1994 Command History. New Orleans: Naval Biodynamics Laboratory, March 1995.

———.  Naval Biodynamics Laboratory: 1996 Command History. New Orleans: Naval Biody-
namics Laboratory, September 1996.

———. “Anthropometry and Mass Distribution for Human Analogues, Vol. 1: Military Male 
Aviators.” NBDL-87R003, Naval Biodynamics Laboratory, New Orleans, March 
1988.

———. “Bibliography of NBDL Publications.” NBDL-87R001, Naval Biodynamics Labora-
tory, New Orleans, January 1987.



Impact Acceleration and the Human Response

Comprehensive Bibliography

382

———. “Bibliography of Scientific Publications of the Naval Biodynamics Laboratory: 1980-
1990.” NBDL-90R005, Naval Biodynamics Laboratory, New Orleans, September 
1990.

———. “Bibliography of Scientific Publications of the Naval Biodynamics Laboratory 1980-
1991.” NBDL-92R003, Naval Biodynamics Laboratory, New Orleans, June 1992.

———. “Bibliography of Scientific Publications of the Naval Biodynamics Laboratory 1980-
1992.” NBDL-93R001, Naval Biodynamics Laboratory, New Orleans, June 1993. 

———. “Bibliography of Scientific Publications of the Naval Biodynamics Laboratory: 1980-
1993.” NBDL-94R001, Naval Biodynamics Laboratory, New Orleans, January 1994.

———. “Bibliography of Scientific Publications of the Naval Biodynamics Laboratory: 1980-
1995.” NBDL-95R001, Naval Biodynamics Laboratory, New Orleans, 1995.

Ogg, Richard N. “Pilot Describes Stratocruiser Ditching.” Aviation Week 66, no. 12 (March 
25, 1957): 133-142.

Patee, J. C., D. L. Doglin, and M. H. Mittleman. “Naval Medical Research and Development 
Command and Technology Transfer.” Navy Medicine 86, no. 1 (1995): 21-24.

Patsfall, M. “Implications of Dual-Task Performance Variables for Design of Generic Work-
stations: Literature Review.” NBDL-81R014, Naval Biodynamics Laboratory, New 
Orleans, November 1981.

Perrone, Nicholas, ed. Dynamic Response of Biomechanical Systems. New York: American Soci-
ety of Mechanical Engineers, 1970.

Piekarski, K. “Fracture of Bone.” Journal of Applied Physics 41 (1970): 215-223.

Pollard, Joseph P., Norman L. Yood, and Joseph G. McWilliams. “Transportation of Patients 
by Naval Air Transport Service.” U.S. Naval Medical Bulletin 44, no. 5 (June 1945): 
1213-1220

Rawling, L. B. “Fractures of the Skull.” Lancet 1 (1904): 973–79, 1034-39, 1097-1102.

Rein, Conrad L. “Defense Plant Conversion and Leading Sector Industrial Development in 
the Postwar South: The Slow Take-off of the Space Program in New Orleans.” Busi-
ness and Economic History 28, no. 2 (Winter 1999): 223-233.

Reinartz, Eugen G. “The Advance of the Flight Surgeon into Space Medicine.” Aerospace Med-
icine 33 (1962): 432-435.

Ringler, Jack K., and Henry I. Shaw, Jr. “U.S. Marine Corps Operations in the Dominican 
Republic, April-June 1965.” Occasional Paper, Historical Division, Headquarters, 
U.S. Marine Corps, Washington, D.C., 1970.

Roos, C. A. “Bibliography of Space Medicine.” U.S. Armed Forces Medical Journal 10, no. 2 
(February 1959): 172-217. 

Rosholt, Robert L. An Administrative History of NASA, 1958-1963. Washington, D.C.: Gov-
ernment Printing Office, 1966.

Rubel, Robert C. “The U.S. Navy’s Transition to Jets.” Naval War College Review 63, no. 2 
(Spring 2010): 49-59.

Ryan, Craig. Sonic Wind: The Story of John Paul Stapp and How a Renegade Doctor Became the 
Fastest Man on Earth. New York and London: Liveright Publishing Corporation, 2015.



383A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Sapolsky, Harvey M. Science and the Navy: The History of the Office of Naval Research. Prince-
ton, NJ: Princeton University Press, 1990.

Savage, James D. “The Administrative Costs of Congressional Earmarking: The Case of the 
Office of Naval Research.” Public Administration Review 69, no. 3 (May-June, 2009): 
448-457.

Shanahan, Dennis F. “Basic Principles of Helicopter Crashworthiness.” Report no. 93-15, Im-
pact, Tolerance, and Protection Division, U.S. Army Aeromedical Research Labora-
tory, February 1993.

Shilling, Charles W. History of the Research Division Bureau of Medicine and Surgery, U. S. 
Department of the Navy. Washington, D.C.: Navy Bureau of Medicine and Surgery, 
1975.

Siegfried, Margaret. “Bibliography of Research Projects Issued by the Biophysics Branch.” 
Wright Air Development Center, OH, January 1957.

Simmons, Carroll F. Strength of the Human Neck. Paramount, CA: North American Aviation, 
Inc., September 1965.

Simmons, Carroll F., and David N. Herting. “Strength of the Human Neck.” SID 65-1180, 
Life Sciences Department, Space and Information Systems Division, North Ameri-
can Aviation, Inc., September 22, 1965.

Stapp, J. P.“Industry Reports on Automobile Safety.” SAE Paper no. 560310, Society of Auto-
motive Engineers, New York, 1956.

Stapp, J. P.“The Role of the Air Force Veterinarian in Research.” Military Medicine 120, no. 3 
(March 1957): 205-209.

Stapp, J. P.“On Top of the World.” Astronautics 2, no. 8 (August 1957): 56-59.

Stapp, J. P.“The First Space Man.” Astronautics 2, no. 11 (November 1957): 30-34.

Stapp, J. P.“Twenty-Five Years of Stapp Car Crash Conferences.” In Proceedings of the Twen-
ty-Fifth Stapp Car Crash Conference, 3-10. Warrendale, PA: Society of Automotive 
Engineers, 1981.

Sinnamon, E. G., and W. S. Wray. “Bibliography of Aviation Medical Laboratory Publications, 
1950-1960.” NADC-MA-6211, U.S. Naval Air Development Center, Johnsville, 
PA, September 27, 1962.

Stine, Jeffrey K. A History of Science Policy in the United States, 1940-1985. Science Policy Study 
Background Report no. 1, Report Prepared for the Task Force on Science Policy Commit-
tee of Science and Technology, House of Representatives, Ninety-Ninth Congress, Second 
Session, Serial R. Washington, D.C.: Government Printing Office, 1986.

Strughold, Hubertus. “Compendium of Aerospace Medicine, Vol. II.” SAM-TR-79-5, USAF 
School of Aerospace Medicine, Brooks Air Force Base, TX, January 1979.

Tewinkel, G. C. “Basic Mathematics of Photogrammetry.” Chapter II of Manual of Photogram-
metry, 3rd ed., American Society of Photographers, 1934. 

Tobin, W. J., R. Ciccone, J. T. Vandover, and C. S. Wohl. “Parachute Injuries.” Army Medical 
Bulletin 66 (1943): 202.



Impact Acceleration and the Human Response

Comprehensive Bibliography

384

Tuttle, Warren D. “USAF Experience in Aircraft Accident Survivability.” Paper presented at 
the Aircraft Crashworthiness Symposium, Cincinnati, OH, October 6, 1975.

U.S. Air Force, Office of the Directorate of Personnel Program Actions. Air Force Register, Vol-
ume 1: Active Lists. Washington, D.C.: Government Printing Office, 1968.

U.S. Army Research and Development Department. Proceedings of the United States Army 
Human Factors Research & Development Sixteenth Annual Conference. Fort Bliss, TX: 
U.S. Army Defense Center, October 1970.

U.S. Department of the Navy. RDT&E Management Guide. Washington, D.C.: Government 
Printing Office, 1983.

U.S. House of Representatives Committee on Armed Services. The Use of Animals in Research 
by the Department of Defense: Hearing before the Research and Technology Subcommit-
tee. 103rd Congress, 2nd Sess., 1994, Washington, D.C.: Government Printing Office, 
1994.

U.S. House of Representatives. Utilization of Government-Owned Plants and Facilities: Hear-
ings Before the Subcommittee for Special Investigations of the Committee on Armed Ser-
vices – Eighty-Fifth Congress, Second Session Under the Authority of H. Res. 67, Hearings 
Held December 2-3, 1958. Washington, D.C.: Government Printing Office, 1959.

Vaughan, Diane. The Challenger Lauch Decision: Risky Technology, Culture, and Deviance at 
NASA. Chicago: University of Chicago Press, 1996, 2016.

Viidik, Andrus. “F. Gaynor Evans – A Short Biography.” Journal of Biomechanics 20, no. 11-12 
(1987): 1015-1017.

Von Beckh, Harald, J. “The Beginnings of Aeromedical Acceleration Research.” Report no. 
NADC-81281-60, Aircraft and Crew Systems Technology Directorate, Naval Air 
Development Center, Warminster, PA, September 30, 1981.

War Assets Administration. Plant Finder: Listing of Government-owned Industrial Plants, Sep-
tember, 1946. Washington, D.C.: Office of Real Property Disposal, War Assets Ad-
ministration, 1946.

Webb, S. C. “500 Years of Hispanic Heritage 1492-1992: A Cultural Mosaic.” Hispanic Heri-
tage Month (April 1991): 1-18.

Werrell, Kenneth P.  “Those Were the Days: Flying Safety during the Transition to Jets, 1944-
1953.” Air Power History (Winter 2005): 40-43.

Westerborn, A., and O. Olsson. “Mechanics, Treatment and Prognosis of Fractures of the Dor-
so-Lumbar Spine.” Scandinavian Journal of Surgery 102 (1951): 59–83.

White, A. A., and M. M. Panjabi. Clinical Biomechanics of the Spine. Philadelphia, PA: Lip-
pincott, 1978.

Wright, Richard. D. “Concussion and Contusion.” Surgery 19 (1946): 661-667.

Yamada, M. D. Human Biomechanics. Kyoto, Japan: Kyoto Prefectural University of Medicine, 
1963.

Yamada, H., and F. G. Evans, eds. Strength of Biological Materials. Baltimore, MD: Williams 
and Wilkins Co., 1970.



385A History of the Naval Biodynamics Laboratory

Comprehensive Bibliography

Zember, Richard J. “Bibliography of Research Reports and Publications Issued by the Bio-
dynamics and Bioengineering Division, 1944-1984.” Aerospace Medical Research 
Laboratory Technical report no. 85-031, Wright-Patterson Air Force Base, Dayton, 
OH, April, 1985.

Zember, Richard J., and Joan Canby Robinette. “Bibliography of Research Reports and Publi-
cations: Impact, Vibration, Windblast, and Escape, 1942-1976.” Aerospace Medical 
Research Laboratory Technical report no. 76-120, Wright-Patterson Air Force Base, 
Dayton, OH, July 1977.

Zilioli, Armand E., and Jay C. Bisgard. “Crash Injury Economics: Injury and Death Costs in 
Army UH-1 Accidents in Fiscal Year 1969.” Report no. 71-18, U.S. Army Aeromed-
ical Research Laboratory, Fort Rucker, AL, 1971.





387A History of the Naval Biodynamics Laboratory

Index

A

A4D-1 Skyhawk, 10
Acceleration. See also Deceleration; Human 

impact acceleration; Impact acceleration
biodynamic response to, 44
forces of, 19
human impact studies and, 2, 3, 110, 
148, 149
negative, research, 13–14

Acceleration concussion, 17
Acceleration Effects and Escape Branch of 

the U.S. Air Force Research Laboratory, 
189

Accelerators. See also Impact acceleration 
research
horizontal, 33, 34–35, 69–70, 72, 73, 
147, 161, 163, 164
HyGe, 55, 70, 72, 150, 196, 197
research on, 45–46
vertical, 150–151, 164–165

ACEL. See Air Crew Equipment Laboratory 
(ACEL)

Ad Hoc Committee on Human Subjects for 
Biomechanical Research, 95

Aeromedical research, 21–22
Aerospace Medical Association, 192

conferences of, 202
Aerospace Medical Panel Specialists, 113
Aerospace medicine, cost-benefit analysis 

in, 49
AIBS. See American Institute of Biological 

Sciences (AIBS)
Air Crew Equipment Laboratory (ACEL)

ejection seats at, 8

Ewing, Chan, and, 7–13, 33
helmet research at, 8
MK IV pressurized suit development at, 
14
negative acceleration research at, 13–14
pioneering of studies on oxygen masks, 
thermodynamics and pressure suits at, 8
sitting height for Naval aircraft and, 16
transducer research at, 44–47
work with NASA, 14

Aircrew Impact Injury Prevention projects, 
funding of, 158

Airplane seats. See also Ejection seats
human impact acceleration and, 3
specifications for, 116, 121

Alderson Research Laboratories, 73
Alem, Nahib, 194
Allebach, Newton W., 53
American Association for Laboratory Animal 

Care, 89, 92, 131
American Biodynamics Corporation, Ewing, 

Chan, as president of, 135
American Institute of Biological Sciences 

(AIBS), review of impact research pro-
gram by, 134, 135, 151–152

American Ophthalmology and 
Otolaryngology Society, Ewing, 
Channing B., as vice president of, 10

American Standard Code for Information 
Exchange II (ASCII), 168

Ampex FR 1800L recorder, 45–46
Anderson, William R.

automatic photo-digitizing system and, 
119–120



Impact Acceleration and the Human Response

Index

388

as head of Data Systems Department at 
Naval Biodynamics Laboratory, 56–57, 
129
interface with QEI and Desmatics and, 
134

Anesthesia in animal research, 7, 89, 
151–152, 154

Animal research, 88–93. See also Non-hu-
man primate research; specific species
anesthesia and, 7, 89, 151–152, 154
care of animals in, 131
as controversial, 92–93, 152–153
decision to discontinue, 153
Dolgin’s concerns over, 182
expansion of, 121–123
handling procedures in, 90
holding cages in, 89, 131
human costs of, 153
Jessop, Gene, as head of, at Naval 
Aerospace Medical Research Laboratory 
Detachment, 89–92
King, Albert, and, 92, 93
logical aspects of, 88–89
in the National Crash Survival Data 
Bank, 190
Navy’s regulation of, 152, 183, 184
need for, 181
obtaining of animals in, 131
photography in, 181–182, 188
provision of veterinary care in, 153
scanning of clinical medical records in, 
186
scheduling of, 160
tightening of restrictions on, 181
transfer of records in, 183
value of human life and, 93
waning of, 153
Animal rights activism, 153, 181
Anthropometrics, 15
vertebral fracture and, 15–16
Anthropometric test dummies (ATDs)
dynamics of seat failure and, 120–121
head-neck design research for, 149
Hybrid III run and, 148–149, 161, 168
Muzzy, William, and, 87
pelvic rotation and, 118
ship shock simulation using, 151
start-up of research using, 73

Anti-buffeting helmets, 8, 12
Anti-exposure suits, Air Crew Equipment 

Laboratory studies on, 8
APH-5 helmets, 12, 20
APH-6 helmets, 12
Approach: The Naval Aviation Safety Review, 

11
ARCCA, Inc., 162, 163
Armed Forces Radiobiology Research Insti-

tute, 153
Armstrong, Harry, 3
Army. See also U.S. Army entries
Accident Review Board, 36
Aerospace Medicine Program, 193

closure of New Orleans Military Ocean 
Terminal, 166
Medical Research and Development 
Command in, 79
Military Operational Medicine Research 
Program of, 188
School of Aviation Medicine at Ran-
dolph Field, Brooks Army Air Base, 4
setting of agenda for biomedical research, 
36
Surgeon General for Aerospace Medi-
cine, 193

Arthur, Donald C., Jr., 193
Assam macaques. See also Animal research; 

Non-human primate research
research using, 88, 89

ATDs. See Anthropometric test dummies 
(ATDs)

Automatic servo-cycling oscillator, 112–113
Automobile crashes, 21–22
Automobile industry. See also Chrysler; 

General Motors (GM); Stapp Car Crash 
Conferences
Wayne State University ties with, 34

Autopsies, military policies on, 18, 123
Aviation, Space, and Environmental Medi-

cine, 160–161
Aviation injury prevention research, 10–11
Aviation medicine, 3, 7, 11–12, 187
Aviation Safety Center, aviation injury pre-

vention research and, 10–11



389A History of the Naval Biodynamics Laboratory

Index

B

Baboons. See also Animal research; Non-hu-
man primate research
research using, 88, 89, 132

Bailey, Robert W., 38, 39–40
Baldes, Edward J., 20
Baltimore Therapeutic Equipment model 

work simulator, 148
Barry, William, 83
Base Realignment and Closure (BRAC) 

Commission, 166–170, 181, 184
Bays of Pigs invasion, 12
Beck, Charles, 80
Becker, Edward

creation of trifilar pendulum by, 81
as instrumentation engineer, 55, 74, 78, 
79, 80, 81
interface with QEI and Desmatics, 134
research of, 93–94, 111, 132, 189
retirement of, 135
at Snell Memorial Foundation, 169

Beeler, George W. “Woody,” 38–39, 45–46, 
47

Beier, Gundolf, 132–133
Belgian hares, 57
Bell Aerospace, outfitting of SES-100B with 

motion sensors and accelerometers, 114
Bendix HyGe accelerator impact accelerator, 

55, 150
Bends, 17
Benson, Otis, aviation medicine research 
and, 3
Berger, Michael, somatosensory evoked 

potentials research and, 123, 124, 151
Bernstein, Norman, 153
Berry Plan, 39
Beyer, James C., 20
Biersner, Robert J.

as commanding officer, 147–148
departure of, 159
on Guignard, John’s, contributions, 157
impact acceleration program and, 148
motion research and, 155–156

technological upgrades as priority for, 
148
use of chimpanzees in research and, 152

Biggerstaff, Sean, 200
Biodynamic research, 3, 6, 7, 8, 44, 128

Naval Aerospace Medical Research Lab-
oratory Detachment funding of head-
neck, 94–95

Biodynamics Data Resource (BDR), 
198–202

Biomedical research, value of human life 
and, 93

Bittner, Alvah C., Jr.
human volunteer performance testing 
and, 115
research data analysis and, 189

Black, Roger, 55, 70, 76, 164, 165
Blackstone, Eugene H., 79
Blanchard, Don, 7
Bland, Johnnie, 55, 76
Blood substitutes, research on, 159
Bloom, Walter L., 50
Boeing, 70, 134
Boggs, Clifford W., 52
Boggs, Lindy, 166
Bolin, Ferris

as equipment technician, 55, 70, 76, 91
retirement of, 168
vertical accelerator research and, 164, 
165

Bone Marrow Registry and Transplantation 
Program, funding of, 158

Bosee, Roland A., 8, 20
Boster, Richard D., 92
Bourgeois, Edit J. Kaminsky, 167, 185, 189
Braun, Werner von, 51
Breakaway restraint systems, 122
Brinkley, James W., 117
BUMED. See Naval Bureau of Medicine 

and Surgery (BUMED)
Bureau of Medicine and Surgery, surface 

effect ships and, 111



Impact Acceleration and the Human Response

Index

390

Burgess, Charles, 75
Bush, George H. W., 166
Bush, George W., 194

C

C-5 electrodynamic vibration machine, 112
C-210 vibration system, man-rating of, 

112–113
Cadaver research, 132–133, 202
Call, Douglas W., 87, 159, 162–163
Callahan, Arthur B., 38, 75, 130
Calspan Corporation, 134
Canadian Royal Flying Corps, 2
Carter, Jimmy, 121
Carter, Robert C., 115, 131
Catroppa, Frank A., 12
Catyb, Joseph L, Jr., 160–161
Celanese Corporation, 135
Centers for Disease Control (Atlanta), 153
Cernan, Gene, 15
Cervical stretch theory, 17–18
Cervical vertebral fracture during decelera-

tion, 13
Cervico-medullary junction, research on, 

152
Challenger disaster, 149
Chancey, Valeta Carol, 194–200
Chimpanzees. See also Animal research; 

Non-human primate research
Biersner, Robert, on use of, in research, 
152
on Endangered Species list, 92, 132
Kelly, James, and, 132
research using, 5, 7, 88, 89, 90, 91, 132, 
152

Chrysler
as defense contractor, 70
lease of Michoud Assembly Facility to, 
51

Civil Aeronautics Board, Safety Bureau of, 2

Clark, Thomas, 121
Clarke, Neville P., 117
Clauser, Charles E., 40, 84
Claybrook, Joan, 120-121
Clinton, Bill, 166
Cognitive performance, effect of vertical 

heave motion on, 156
Cold War, 135
Cole, Carl, 189–190
COMEIGHT, 52
COMESIX, 52
Concussion

acceleration, 17
cervical stretch in inducing, 122
defined, 19
determining effects of, with necropsies, 
35
human threshold for acceleration-in-
duced, 47
indirect impact and, 17
research on, 16–19
trauma to brain or spinal cord and, 123

Congressional Committee on Public Works 
and Transportation, 121

Conrad, Charles “Pete,” 15
Cooper, Gordon, 14
Cooperative Research and Development 

Agreement, 169, 181
Coriolis Acceleration Platform, 164
Coriolis effect, 156
Cornell Aeronautical Laboratory, 50
Cost-benefit analysis in military aerospace 

medicine, 49, 50
Crash injury research, 2–3, 7
Crash simulation, studies on, 22
Crisp, John N., 170, 181, 183, 185, 191
Cutting, Robert T., 38, 39, 40, 192, 193
CVC Products, 119



391A History of the Naval Biodynamics Laboratory

Index

D

Daisy Decelerator, 6–7, 55
D’Aulerio, Louis D., 162
David Taylor Naval Ship Research and De-

velopment Center, 19, 156
Dayton T. Brown, Inc., 40
Dead-man’s switches, 85
Dearing, L. M., Associates, 77
Deceleration. See also Acceleration

cervical vertebral fracture during, 13
effects on human beings, 2, 3
horizontal crash, 13
research on, 4, 5, 19, 21

Deceleration pulse, 70
Decompression sickness, 17
Defense, U.S. Department of, 181

research programs under, 21
Defense Base Realignment and Closure Act 

(1990), 166
DeHaven, Hugh, crash injury origins and, 2–3
Delrin, 72
Delta Regional Primate Center at Tulane 

University, 52, 58, 89, 130
Denton, Jeremiah, 135
Desmatics, 133, 134
Deutsch, Sid, 95
Digital Human Modeling for Design and 

Engineering International Conference 
and Exhibition, 185

Dill, David Bruce, 3
Direct impact, 3
Dobie, Thomas G.

comprehensive planning of, 183, 184
motion desensitization and, 131, 
156–157, 160, 186
National Biodynamics Laboratory and, 
170, 193–194
research thesis of, 184
Rupert, Angus, and, 187
Ship Motion Simulator program and, 
181, 186
at University of New Orleans, 167
Dobie Chair, 156

Dolgin, Daniel L.
animal testing and, 182
closure of Naval Biodynamics Laboratory 
and, 182
as commanding officer, 167, 168
Cooperative Research and Development 
Agreement and, 181
preservation of primate films and, 
182–183, 188
reassignment as international as sciences 
programs director for Navy, 183
transfer to Naval Biodynamics Labora-
tory, 168

Doll, Bruce A., 200
Drake, Robert, 80
Drug use as concern for human research 

volunteers, 85
Dubuisson, Dottie, 191, 196–197, 198–199
Dummies. See also Anthropometric test 

dummies (ATDs)
research using, 7

Du Pont, Frank, 35

E

Edwards, John A., 79
Edwards Air Force Base, 4, 5
Eglin Air Force Base, 119

Mathematical Services Laboratory at, 
46–47, 77

Ejection seats. See also Airplane seats
Air Crew Equipment Laboratory re-
search on, 8
vertebral fracture injuries and, 16
as viable means of escape, 18

Emory University Medical School, primate 
testing at, 50

Empty-sled testing, 72
Endangered Species List, chimpanzees on, 

92, 132
England Air Force Base, closure of, 166
Entran Devices, Inc., 75, 162
Esterbrook, Ernest, 36
Ewing, Channing L “Chan”



Impact Acceleration and the Human Response

Index

392

at Air Crew Equipment Laboratory, 
7–13
aircrew injury prevention program of, 
202
assignment to Pensacola during Wayne 
State program, 36
biodynamic laboratory at Michoud 
Assembly Facility and, 51–53
as board member of Snell Memorial 
Foundation, 169
as chief scientist at Naval Biodynamics 
Laboratory, 136
as civilian scientific director at Naval 
Aerospace Medical Research Laboratory 
Detachment, 109
as co-author of U.S. Naval Flight Sur-
geon’s Manual, 49–50
on concussions, 19
creation of independent command at 
Naval Aerospace Medical Research Labo-
ratory, 125–130
creation of Michoud Assembly Facility 
program and, 69–70
death of, 199, 200
departure of, 157
dream of building mathematical model 
of impact acceleration, 203
on dynamics of seat failure during crash, 
120–121
early life of, 10
elevation to independent command, 109
engineering requirements for vertical 
accelerator and, 150
establishment of Naval Aerospace Med-
ical Research Laboratory Detachment 
and, 192
Graybiel as rival of, 48
helmet research and, 12–13, 19–22, 
39–40
hosting of open house for Naval Aero-
space Medical Research Laboratory 
Detachment employees at Michoud 
Assembly Facility, 73
human acceleration injury threshold 
research of, 47
on human dynamic response to impact 
acceleration, 95
human factors research and, 81, 82–83, 
110, 136
informal flexibility and, 109–110
instrumentation configuration develop-
ment and, 75

interest in anthropometrics and vertebral 
fracture, 15–16
interest in aviation injury prevention 
research, 10–12
knowledge of Wayne State facilities and 
expertise at, 35
leadership vacuum created by, 147, 148
logistical aspects of animal research and, 
88–89
medical leave of, 127
medical studies of, 10
on military autopsy procedures, 123
mounted transducers and, 45
parachute opening shock tests and, 159
on performance criteria, 121
personal contacts of, 147
as personal emissary of Naval Civil Engi-
neering Laboratory, 95
Pollard, Joseph P. as ally of, 37–38
as president of the American Biodynam-
ics Corporation, 135
productivity of lab of, 134–135
Project Gemini and, 13–15
recruitment of Guignard, John, and, 112
research program of, 11, 16–19, 33–40, 
47, 48–49, 71, 74, 93, 184, 189
retirement from active duty, 109
retirement of, 135
Stapp Car Crash Conferences and, 35
stationing of, in Kodiak, 48–49
strengths of, 109
support network of, 38–40, 69–70, 109, 
125
transfer of Naval Biodynamics Labora-
tory to University of New Orleans and, 
169–170
transfer to Marine Attack Squadron, 
211, 10
transfer to Naval School of Aviation 
Medicine, 14
at Tulane, 57–58
use of WHAM II for joint Army-Navy 
project and, 35
vibration studies and, 111–112, 116–
117
vision for impact acceleration research, 
181
Wenger’s disciplinary action against, for 
insubordination, 127–128
work with NASA’s Manned Spacecraft 
Center, 14–15



393A History of the Naval Biodynamics Laboratory

Index

EZFLOW, 132, 185

F

F3H-2N Demon fighter planes, 10
F4D-1 Skyray, 10
Faas, Fred H., 20
Fast tracking, 183
Faucett, Ralph E., 48
Federal Aviation Administration (FAA)

accelerator facility of, 46
airplane seat specifications and, 116, 121
frontal impact limits and, 121
Naval Air Development Center (NADC) 
work with, 133

Federal Technology Transfer Act (1986), 169
Females

acceleration impact studies involving, 
163, 165
deployment of fighter pilots to aircraft 
carriers, 163

Fire, dangers of, 20
Fort Rucker

as gravitation center of Wayne State 
Program, 36
Thomas, Daniel, at, 39
USAARU and USABAAR at, 36

Foster, Robert, 187, 188
Friede, Reinhard L.

cervical stretch theory of, 122, 123
head deceleration research of, 17–18, 19

Friedl, Karl, 188
Frisch, Georg D.

anthropometric test dummies head-neck 
design research and, 149
availability of vertical accelerator data to, 
150–151
representation of Naval Biodynamics 
Laboratory at NADC, 134

G

+G acceleration, studies of human vertebral 
column during, 35

Gadd, Charles F., 34
Gaffney, Paul G., II, 182
General Motors (GM)

collision studies and, 34
Model Hybrid II anthropometric test 
dummies, 94
research laboratories at, 95

Georgia Institute of Technology, primate 
testing at, 50

Gerone, Peter, 89
Gierke, Henning von, 57
Gilbert, Norman

death of, 200
impact acceleration research and, 147
somatosensory evoked potential research 
and, 155

Gillis, David
man-rating program and, 41–43
photographic system and, 46–47
research published by, 47
vehicular Vibration patterns and, 54

Glenn, John Frazier, 200
Glinski, Jerry, 35
Graves, Joseph L., 72
Gray, Oscar, Jr., 52
Graybiel, Ashton, 36–37, 48, 49, 50, 189
Gross, Arthur G., 18
Gross Research Laboratories, Inc., 18
Grumman TF-9J Cougar fighter jets, ejec-

tion seats in, 16
Grunsten, Russell, 155
Guccione, Salvadore J. “Sal”

on Hybrid III, 168
impact research and, 151, 161
on importance of non-human primate 
research, 153–154
kinematic research and, 154
stewardship of Naval Biodynamics Labo-
ratory and, 183
work with National Crash Survival Data 
Bank and, 185

Guignard, John C.
death of, 200
Ewing’s recruitment of, 112



Impact Acceleration and the Human Response

Index

394

at Michoud Assembly Facility, 112–113
resignation of, 157
skill of, in presenting laboratory research, 
157–158
vibration research and, 112–113, 131, 
147

Gurdjian, Elisha S., 34, 35
-Gx run (facing forward to simulate frontal 

impact), 5

H

Hack, Dallas C., 199, 200
Halstead-Reitan Battery, 115
Harris, Edward H., 57, 80–81, 132
Harvard Fatigue Laboratory, Graybiel’s work 

at, 37
Harvard Medical School, Naval Biodynam-

ics Laboratory transfer of data to, 169
Head and neck injuries

preventing, 20
study on displacement, 18

Heath, Robert G., 78
Hébert, E. Edward, 53–54
Helicopters

crashes of, 20–21
helmets for pilots of, 40

Helmets
accelerometers mounted on, 44
anti-buffeting, 8, 12
APH-5, 12, 20
APH-6, 12
crash, 8, 13
Ewing’s paper on design criteria of, 12
failure of chin straps, 12
H-1, 8
helicopter, 40
research on, 8, 12–13, 19–22, 39–40
weighted fiberglass, 149–150
weight of, 13, 19

Hendler, Edwin, 8, 20
Hercules Powder Company, 55
Herron, Don M., 159
Higgins Industries, 51

High-speed cinematography, 112
Hirsch, Arthur E., 19, 20
Holloman Air Force Base

Daisy Decelerator and, 6, 70
+G experiments using human volunteers 
at, 116
human tolerance experiments at, 4, 5
non-human primate research at, 55
6571st Aeromedical Research Laboratory 
at, 55

Horizontal accelerator, 33, 34–35, 69–70, 
72, 73, 161
accident involving, 163, 164
man-rating of, 73, 165

Human dynamic response, three-dimension-
al data on, 74

Human impact acceleration. See also Impact 
acceleration
Stapp, John Paul, and, 3–7
studies on, 2, 3, 110, 149

Human Impact Injury Prevention Program, 
53

Human Performance, Training, and BioSys-
tems Directorate, 200

Human research volunteers, 82–88
abort switches for, 86
administrative or mechanical duties of, 
87
backward-facing positions and, 5
billets for, 128
custom mouth mounts in, 164
determining location of head center of 
gravity in tests, 81
drug use as concern, 85
effects of weightlessness on, 15
Ewing’s opportunity to work with, 14
fitting of inertial tracking packages for, 
87–88
fitting of transducers to, 45
forward-facing positions and, 5
+G experiments using, 35, 116–117
guidelines for safe exposures to impact 
acceleration, 151
helmet-mounted displays and, 149–150
medical evaluation of subjects, 1, 83–84, 
86
Navy’s regulation of, 183, 184
night-vision systems and, 149



395A History of the Naval Biodynamics Laboratory

Index

pace of, 121
pay for, 87
performance testing of, 115–116
recruitment of, 82, 84
research using, 7
similarity of response curves of Rhesus 
macaques to, 154
skullcaps for, 160
sled design for, 72
somatosensory evoked potentials and, 
124–125, 154–155
steady-state sinusoidal vibration and, 
113
studies of vertebral column during +G 
acceleration, 35
Thomas, Dan, as, 43–44
time of test, 86
vibration experiments using, 54, 111
Williams, Loys, responsibility for, 147

Human tolerance
experiments at Holloman Air Force Base, 
5
helmet weight and, 13

Hunt, Willard, 55, 70, 72
Hurricane Ivan, 189
Hurricane Katrina, 190, 197, 201
Hybrid II anthropometric test dummies, 94
Hybrid III anthropometric test dummies, 

148–149, 161, 168
HyGe accelerator, 55, 70, 72, 150, 196, 197
Hyperoxia, 16
Hypothermia, research on, 159

Hypoxia, dangers of, 11–12

I

Impact acceleration. See also Acceleration; 
Human impact acceleration
American Institute of Biological Sciences 
(AIBS) review of, 151–152
Belgian hares in, 57
creation of user-friendly data-base for, 
185
evaluation of condition of, 195
Ewing’s vision for, 181
expansion of, 116–121
experiments with primates, 19

foundations of, 1–22
non-human primates in, 57
at Naval Biodynamics Laboratory, 
160–165
research involving females, 163, 165
research on, 21, 39, 110, 149

Impact Injury Prevention (IIP) program, 
188–192

Indirect impact, 3
Inertial instrumentation at Michoud Assem-

bly Facility, 74–75
Initial acceleration pulse, 43
Institute of the Charles Stark Draper Labo-

ratory, 50
Intellectual property copyright protection, 

185
International Aerospace Medical Panel Spe-

cialists (1978, Paris), 124
International Organization for Standardiza-

tion
annual meeting of, 158
boundaries for whole-body vibration 
exposure, 112

IRIG-B codes, 77
Irons, Richard, 79

J

Jackson, Henry, Foundation, 191
Jefferson, William J., 163, 186
Jessop, Morris Eugene “Gene”

as head of animal resources at Naval 
Aerospace Medical Research Laboratory 
Detachment, 89–92
non-human primate research and, 121, 
147
research data analysis and, 189
somatosensory evoked potentials research 
and, 124

Johns Hopkins University, 193
Johnson, John W., 72–73
Joint Army-Navy Coordinating Panel for 

Flight Medical Research, 21
Joint Army-Navy medical research initia-



Impact Acceleration and the Human Response

Index

396

tives, 47
Joint Army-Navy Wayne State project, 35-

36, 40, 42, 44–47
Jones, Tom, 182

K

Kaleps, Ints, 189
Katona, Sharon, 79
Kelly, James E.

chimpanzee research and, 132
as commanding officer at Naval Medical 
Research and Development Command, 
126, 152
mathematical modeling and, 130
questioning of rationale by, 134
suspension of Ewing and, 128
use of term “noxious” by, 153

Kendricks, Edward, as chief of the Biophys-
ics Branch at Wright-Patterson Air De-
velopment Center, 4

Kennedy, Robert S.
as director of Human Performance 
Sciences Division at Naval Aerospace 
Medical Research Laboratory Detach-
ment, 110, 112–113, 136
as expert in human factors, 115
human performance work research and, 
131
interests in research, 110
at Michoud Assembly Facility, 115
research data analysis and, 189
research on aviator susceptibility to mo-
tion sickness, 110
retirement of, 135
transfer of Naval Biodynamics Labora-
tory to University of New Orleans and, 
169–170

Kidd, Isaac C., Jr., as chief of the Naval 
Material Command, 114

Killion, Thomas H., 199
Kinematics, theoretical, 80–81
King, Albert I., animal research and, 92, 93
Kinneman, Robert E., Jr., 72, 87
Kodak R. P. film, 85

Kodiak, Ewing at, 48–49
Kolmogorov-Smirnov test, 155
Korean War, 51
Kroell, Charles K., 34

L

Lahiff, John E., 79
Lambert, James J., research findings of, 

160–161
Landfield, Barry, 41
Larson, Sanford J., somatosensory evoked 

potentials research and, 124
Lehman, John

Ewing’s suspension and, 128
funding cuts and, 159
Library of Congress, UNO filing for in-
tellectual property copyright protection 
with, 185

Lift-away canopies, 16
Lilienthal, Michael, 187, 188
Lissner, Herbert R., 34, 35
Livingston, Robert

close of Naval Investigative Service Re-
gional Office in New Orleans and, 166
resignation of, 186
support for Naval Biodynamics Labora-
tory, 158, 159, 162–163

Lockheed Martin, 185
Lockheed Shooting Star jet trainer, 6
Lodge, George T., 16
Long, Russell, 135
Lorig, Leslie, 164
Lotz, Mark

as head of Technology Department, 168
saving of NBDL test equipment and, 
195
stewardship of Naval Biodynamics Labo-
ratory and, 183
work with National Crash Survival Data 
Bank and, 185

Lovelace, W. Randy, aviation medicine 
research and, 3



397A History of the Naval Biodynamics Laboratory

Index

Luehrs, Richard E., 13, 17, 20
Lustick, Leonard S.

death of, 200
delays and, 129
electrophysiology and, 152
Guignard, John, and, 157
impact testing program and, 147
Math Sciences Department under, 
78–79, 129
retirement of, 151
Stapp Car Crash Conferences and, 94
weighted fiberglass helmet research and, 
149–150

M

Machlett Dynamax Model 67 and 69 tubes, 
84

MacLennan, Carol A., 121
Majewski, Paul

as acting director of Naval Biodynamics 
Laboratory, 128
departure from lab, 129
as emergency medical officer, 56, 83
medical studies on the Ship Motion 
Simulator, 114
retirement of, 135

Mancinelli, Dino, 12, 33
Man-rating

of C-210, 112–113
defined, 73
of horizontal accelerator, 73, 165
of Ship Motion Simulator program, 131
of vertical accelerator, 160, 164–165
of WHAM II, 41–43

Marine Attack Squadron (VMA) 211, 10
Martin-Baker Aircraft, Ltd., 8
Martinez, John L., 57
Martin Marietta, as defense contractor, 70, 

149
Mason, Patrick, 200
Massey, James L., 45
Mathematical modeling, 95, 121, 130, 132, 

169
Matson, David L.

somatosensory evoked potential research 
and, 151, 152, 154
spatiotemporal mapping approach and, 
155

Mauldin, Jan, 191
Mawn, Stephen

research findings of, 160–161
somatosensory evoked potential research 
and, 155

May, James G., 157
McBride, Bill, 191
McDonnell F-3 Demon, ejection seats in, 

16
McElhaney, Jim, 194
McEntire, B. Joseph “Joe,” horizontal and 

vertical accelerators and, 194, 195–196, 
197, 200

McFarland, Ross A., 48
McGhee, James S. “Jim,” 192–193, 195, 

201
McGrath, Michael F., 199
McIntosh, Wilton W., as director of Naval 

Biodynamics Laboratory, 129
McNamara, Robert, 21
McPherson, Robert A., 53–54
Medical College of Wisconsin (MCW), 

123, 130
Bioengineering Group, 189, 200

Medical Modeling and Simulation and Mil-
itary Operational Medicine at the De-
fense Health Agency, 200

Medical Research and Development Com-
mand (MRDC), 135

Mertz, Harold J., Jr., 34
Michigan, University of, Highway Safety 

Research Institute, 95
Michoud Assembly Facility, 72

budget cuts and program terminations 
and, 167–168
building new program at, 79
Chrysler Engineering Test Lab at, 111
computer capability available at, 75
creation of freestanding program at, 69
data produced at, 80



Impact Acceleration and the Human Response

Index

398

film generation at, 77
Guignard, John, at, 112–113
hosting of open house for Naval Aero-
space Medical Research Laboratory 
Detachment employees at, 73
hourly employees at and, 182
human research volunteer program at, 
82–88
inertial instrumentation at, 74–75
Kennedy, Robert, at, 115
man-rating at, 73
NASA and, 1, 50, 51–53, 194, 200
non-human primate research program 
at, 88–93
Performance Evaluation Tests for Envi-
ronmental Research at, 115–116
photographic instrumentation at, 76–78
physiological measurement at, 78–79
research accomplishment of Naval 
Aerospace Medical Research Laboratory 
Detachment at, 69
research stored at, 185
role of Muzzy, William, in maintaining 
facility, 69–70
ship motion simulation studies at, 131
somatosensory evoked potentials research 
at, 123–125
test facility at, 190
water leak at, 130

Military autopsy procedures, 18, 123
Miller, Lloyd F., 52, 54, 79, 83
Mineta, Norman, 116, 121
Minneapolis Test Systems Corporation 

(MTS), 111, 131
MK IV pressurized suit development, 14
Mobile Biodynamics Laboratory, 160, 194
Mohawk Airlines Flight 405, investigation 

of crash of, 116
Monkeys. See also Assam macaques; Ba-

boons; Chimpanzees; Non-human pri-
mate research; Rhesus macaques
impact experiments on, 57

Monterey Research, 50
Morrill, Scott N., 55
Motion sickness

effects of, 114
research on, 110, 114, 155–160

tilt chair in inducing, 157
vibration studies and, 54

Mugnier, Clifford, 167
Munich, University of, Forensic Institute, 

132
Muzzy, William H. “Bill”

anthropometric test dummies and, 87
building of horizontal accelerator and, 
73
Challenger disaster investigation and, 149
Chauncey, Valeta C., and, 197
as chief mechanical engineer, 55
conversion of animal holding facility 
and, 131
cost cutting and, 70
departure of, 165
design of locking brakes and, 150
development of automatic servo-cycling 
oscillator, 112–113
engineering requirements for vertical 
accelerator and, 150
on Guignard, John’s contributions and, 
157
heart attack of, 190–191
joining of ARCCA, Inc., 162, 163
maintenance of Michoud facility and, 
69–70, 131
as member of board of Snell Memorial 
Foundation, 169
as member of Tri-Service Working 
Group on Biodynamics, 162
non-human primate research and, 121
pelvic ring research and, 119
research program and, 71, 72, 79, 90, 
150, 188
retirement of, 162
service problems and, 129
somatosensory evoked potential research 
and, 155
Stapp Car Crash Conferences and, 94
vibration studies and, 111

Myklebust, Joel, somatosensory evoked 
potentials research and, 124

N

NADC. See Naval Air Development Center 
(NADC)

Nader, Ralph, 21–22, 121



399A History of the Naval Biodynamics Laboratory

Index

NAMI. See Naval Aerospace Medical Insti-
tute (NAMI)

NAMR-D. See Naval Aerospace Medical Re-
search Laboratory-Detachment 
(NAMR-D)

NAMRL. See Naval Aerospace Medical 
Research Laboratory (NAMRL)

National Aeronautics and Space Administra-
tion (NASA)
Air Crew Equipment Laboratory work 
with, 14
Apollo program at, 13, 111
assembling of Saturn V booster rockets 
and, 51–52
Challenger disaster and, 149
Computer Complex at Slidell, 52, 75
concerns over effects of negative (-Gz) 
acceleration, 13
eviction of Naval Biodynamics Labora-
tory from home at Michoud Assembly 
Facility, 194
Manned Spacecraft Center of, 14
Michoud Assembly Facility and, 1, 50, 
51–53, 194, 200
Naval Biodynamics Laboratory return of 
C-210 to, 130–131
Naval Bureau of Medicine and Surgery 
and, 15
obtaining essential equipment from 
surplus stocks at, 70
Project Gemini and, 13–15, 21, 37
Project Mercury and, 13, 14, 37, 117
research on human reactions to heat and 
vibration stress, 37

National Biodynamics Laboratory, 170, 181
Dobie, Thomas G., and, 193–194

National Crash Survival Data Bank 
(NCSDB), 181
animal research in the, 190
Bourgeois, Edit Kaminsky, as investiga-
tor for, 185
commercial value of, 184–185
Guccione, Salvadore, and, 185
Lotz, Mark, and, 185
Rog, Andre, and, 185

National Highway Traffic Safety Administra-
tion (NHTSA), 95
Claybrook, Joan, as director of, 121
NBDL data set and, 203

sharing of data from Wayne State project 
and, 54, 79
transducer research and, 161–162

National Institutes of Health (NIH)
Ommaya, Ayub, and research of, 18–20
primate recycling programs, 131

National Traffic and Motor Vehicle Act 
(1966), 94

National Transportation Safety Board 
(NTSB), investigation of Mohawk Air-
lines Flight 405 crash, 116

NATO-sponsored Advisory Group for Aero-
space Research and Development 
(AGARD) conferences, 93

NAVAIR. See Naval Air Systems Command 
(NAVAIR)

Naval Aeronautical Engineering Laboratory, 
50

Naval Aerospace Medical Center complex 
(Pensacola), 53

Naval Aerospace Medical Institute (NAMI), 
36, 57
access to Ampex FR 1800L recorder, 
45–46
studies on weightlessness and motion 
sickness for NASA and, 37

Naval Aerospace Medical Research Labora-
tory (NAMRL)
biodynamic database at, 188–189
Simian B virus in animal handlers at, 
153
transfer of data to Pensacola, 187
transfer to Wright-Patterson Air Force 
Base, 191–192

Naval Aerospace Medical Research Labo-
ratory-Detachment (NAMR-D). See also 
Naval Biodynamics Laboratory (NBDL)
accuracy and, 71
Animal Physiology Branch at, 92
concussion research and, 122–123
development of breakaway restraint 
system by, 122
difficulty of casualty evacuation and, 111
emergency construction project at, 164
establishment of, 1, 22, 53, 54, 192
Ewing as director at, 53, 54, 109
freestanding program at, 69
funding of head-neck biodynamic  



Impact Acceleration and the Human Response

Index

400

modeling studies, 94–95
guidelines for impact injury research at, 
95
hosting of Stapp Car Crash Conference 
by, 117–118
human research volunteer program and, 
40, 81, 82–88, 113–114, 117
impact of, on acceleration impact re-
search and injury prevention, 95–96
independent command at, 125–130
inertial instrumentation and, 74–75
Irons, Richard, at, 56
Jessop, Morris’ guidance a, 92
Kennedy, Robert S., as director of Hu-
man Performances Science Division at, 
110, 112–113, 136
machine shop at, 70
Majewski, Paul, at, 56
Mathematical Sciences Department at, 
78–79
momentum at, 58
pelvic ring research and, 118–119
photographic instrumentation and, 
76–78, 94
research accomplishments at Michoud 
Assembly Facility, 69
research on syncope, 118
runs in, 1
Seales, David M. and somatosensory 
evoked potentials research at, 124–125, 
151
as separate command under Naval Bio-
dynamics Laboratory, 126
somatosensory evoked potentials research 
at, 123, 124
staff at, 55, 56–57
Thomas, as acting officer in charge of, 
110
transfer of animal data to, 183
Unterharnscheidt, Friedrich, at, 56
U.S. Army’s contributions to, 79
vibration experiments at, 110–116
Wenger’s assumption of command at, 
126

Naval Aerospace Recovery Facility (El Cen-
tro, CA), 87

Naval Air Development Center (NADC), 
19, 149
Aircraft and Crew Systems Technology 
Directorate, 133
work with Naval Engineering Center, 

Naval Weapons Center and FAA, 133
Naval Air Material Center, expansion of 

Naval Aircraft Factory into, 7
Naval Air Recovery Facility (El Centro, CA), 

parachute opening shock tests at, 159
Naval Air Station at Patuxent River, 192
Naval Air Station Pensacola, 192
Naval Air Systems Command (NAVAIR), 

188, 196
research at, 18–19
Surface Effect Ships and, 111

Naval Air Test Center Aircrew Systems 
Department, 159

Naval Air Warfare Center, data availability 
and, 168

Naval Aviation Depot, closure of, 164
Naval Aviation Medical Center (NAMC) 

School of Aviation Medicine, 36
Naval Aviation Safety Center, 13, 42

Ewing’s submission of aviation safety tips 
to, 11

Naval Biodynamics Laboratory (NBDL), 
185
allies of, 163
animal rights charges against, 153
animal testing at, 153
blood testing of animal handlers, 153
budget cuts and program terminations 
and, 167–168
cancellation of lease, 194
chimpanzee testing and, 132, 133, 152
closure of, 181, 182
competition for resources, 128–129
cooperation of with UNO’s Engineering 
Department and, 167
Cooperative Research and Development 
Agreement with civilian institutions, 
169, 181
cushioned seats research and, 151
decline in influence and reputation, 157
decline in institutional support for, 158
dependence on QEI, 132
equipment safety issues at, 165
films of test runs at, 181–182
funding of research at, 159–160, 
162–163
human research volunteer program and, 40



401A History of the Naval Biodynamics Laboratory

Index

human somatosensory evoked potential 
research and, 154–155
human tests conducted by, 1
impact acceleration research at, 151, 
160–165
improvement of anthropomorphic test 
dummies, 148, 149
inability to resume research and testing 
and, 184
joint Army/Navy origins of, 188
lack of senior civilian scientific leadership 
at, 147
legacy of, 195
Livingston, Robert, as proponent of, 
158, 159, 162–163
Majewski, Paul, as acting director of, 128
McIntosh, Wilton W. as director of, 129
motion research and, 131, 155–160
NASA’s eviction from Michoud Assem-
bly Facility, 194
Naval Aerospace Medical Research Labo-
ratory Detachment as separate command 
under, 126
need for acceleration impact studies 
involving females and, 163, 165
obtaining of animals, 131
primate testing at, 132, 153
publications on ship motion by, 159
Rending, Robert W. at, 163
reorganization of, 129–130
reprieve for, 163
research priorities at, 150
responsibilities of Willem, Gil, at, 165
return of C-210 to NASA, 130–131
scanning of clinical medical records for 
study animals, 186
termination of ship motion program, 
158–159
ties to Snell Memorial Foundation, 169
transfer of impact acceleration data into 
an National Crash Survival Data Bank, 
181
transfer to University of New Orleans, 
169–170
UNO stewardship of, 181, 183
Wenger, James, and administrative struc-
ture of, 127
Williams, Loys, as second commander 
at, 130
writing formal history of, 200

Naval Bureau of Aeronautics, expansion of 

Naval Aircraft Factory in Philadelphia, 7
Naval Bureau of Medicine and Surgery 

(BUMED), 15, 36, 72, 83
access to Ewing’s research at Wayne State 
and, 79
approval of Ewing’s research proposal, 33
dispersal on funds to Naval Biodynamics 
Laboratory, 128–129
establishment of Naval Aerospace Med-
ical Research Laboratory-Detachment, 
53, 54
Ewing’s contacts at, 125
Research Division at, 48, 79

Naval Civil Engineering Laboratory 
(NCEL) (Port Hueneme, CA), 94–95
ship motion simulator at, 115

Naval Engineering Center, Naval Air Devel-
opment Center work with, 133

Naval Facilities Engineering Command 
(NAVFAC), 52, 70

Naval Health Research Center, Thompson, 
Kerry, as commanding officer, 192

Naval Investigative Service Regional Office, 
Navy proposals to close, 166

Naval Material Command, Kidd as chief of, 
114

Naval Medical Research and Development 
Command (NMRDC), 48, 147–148
commissioning of independent review 
by American Institute of Biological 
Sciences, 134
funding of ship motion program at 
Naval Biodynamics Laboratory and, 
159–160
Kelly, James, as commanding officer at, 
152
Ohslund, Ronald K., as liaison officer 
at, 127
preservation of primate films and, 
182–183
publications produced by, 159
Technology Transfer program, 169
termination of Naval Biodynamics Labo-
ratory ship motion program, 158–159
Wenger, James’ command of, 126

Naval Medical Research Center (Bethesda), 
19

Naval Missile Center (Point Mugu, CA)



Impact Acceleration and the Human Response

Index

402

Life Science Department at, 38
motion sickness research at, 110

Naval Regional Medical Center (Great 
Lakes, IL), 163

Naval Reserve Readiness Command, identi-
fication of, for closure, 166

Naval School of Aviation Medicine (Pensac-
ola), 16, 38, 39
transfer of Ewing to, 14

Naval Sea Systems Command (NAVSEA), 
151
Hybrid III responses and, 168
Surface Effect Ships and, 111

Naval Ship Research and Development 
Center (Carderock, MD), 19

Naval Station Mayport (Jacksonville, FL), 
12

Naval Submarine Base, Biomedical Sciences 
Department at, 130

Naval Support Activity, 119
Naval Training Center (Orlando), recruit-

ment of research volunteers at, 83–84
Naval Weapons Center, Naval Air Develop-

ment Center (NADC) work with, 133
Navy. See also U.S. Naval entries; specific ships 

by name
approval of research with human volun-
teer studies, 14
aviation medicine program of, 36
chain of command in, 129
Dental Corps, 45
deployment of female fighter pilots to 
aircraft carriers, 163
development of Surface Effect Ships and, 
110–111
Experimental Diving Unit, 147
Medical Neuropsychiatric Research Unit, 
147
protection from reputational crisis, 183
RDT&E priorities of, 159
Reserve Readiness Command in New 
Orleans, 166
shift in stance on animal experimenta-
tion, 152

Nazi Germany, biodynamic research and, 3
NBDL. See Naval Biodynamics Laboratory 

(NBDL)
Necropsies, in determining effects of con-

cussions, 35
Neel, Spurgeon H., Jr., 36, 50
Negative acceleration, 13
Netherlands Organization for Applied Sci-

entific Research, 169
New Orleans

closure of Military Ocean Terminal in, 
166
Michoud Assembly Facility near, 50
Navy’s Reserve Readiness Command in, 
166
Sewage and Water Board, 51

New Orleans, University of (UNO)
commercial value of National Crash 
Survival Data Bank, 184–185
cooperation with Naval Biodynamics 
Laboratory and, 166–170, 167, 181, 183
data bank and, 185–186
Dobie, Thomas’ collaboration with, 160
evaluation of equipment and, 183
expectations for commercialization of 
data base and, 186
restart of research and, 183–186
transfer of Naval Biodynamics Laborato-
ry to, 170

Night-vision goggles, 160
NMRDA. See Naval Medical Research and 

Development Command (NMRDC)
Non-human primate research, 1, 88–93. See 

also Animal research; Assam macaques; 
Baboons; Belgian hares; Chimpanzees; 
Rhesus macaques
acceleration impact in, 78–79
accuracy of, 56
anesthesia in, 89
conversion of animal holding facility to 
long-term vivarium, 131
at Delta Regional Primate Center, 52, 
58, 89, 130
expansion of, 121–123
extrapolating data to humans, 49
films in, 188
Guccione, Salvadore, on, 153–154
at Holloman Air Force Base, 55
impact accelerated experiments with, 19
importance of, 153–154



403A History of the Naval Biodynamics Laboratory

Index

Jessop, Morris, on, 121, 147
Kelly, James, and, 132
at Michoud Assembly Facility, 88–93
Muzzy, William, and, 121
at Naval Biodynamics Laboratory, 152, 
153
need for permission at Wayne State, 56
need to restrain subjects in, 91
Ommaya, Ayub, and, 47, 121
preservation of films and, 182–183, 188
primate testing and, 132
sacrifice of subjects in, 92
Simian B virus in handlers and, 153
sitting heights in, 89
sled design in, 72
stopping, 155
Thomas, Daniel, and, 121
tissue histology in, 56
Unterharnscheidt, Friedrich, and, 122
vibration experiments using, 54
Yerkes Primate Center and, 50

Northrop Aircraft, contract with WPADC 
to build deceleration device, 4–5

O

Office of Naval Research (ONR), 18, 36, 
57, 75
cadaver research and, 132–133
Ewing’s contacts at, 125
funding of data bank construction, 
185–186
human factors research at, 114–115
Pollard, Joseph, as director of Biological 
Sciences Division at, 38, 48, 49, 50
Symposium on Effective Life Support 
Helmets at, 38
termination of contract with Georgia 
Tech, 50

Office of Scientific Research and Develop-
ment, 18

Office of the Chief of Naval Operations 
(OPNAV), 52

Ohslund, Ronald K., as liaison officer at 
Naval Medical Research and Develop-
ment Command, 127

Ommaya, Ayub
concussion research project of, 57
NIH research and, 18–20

non-human primate research and, 47, 
121

ONR. See Office of Naval Research (ONR)
Operation Enduring Freedom, 186
Operation Iraqi Freedom, 186
Optical relay tube (ORT), 161
Orth, Louis, 80
Owensby & Kritikos, Inc., 164
Oxygen masks

Air Crew Equipment Laboratory studies 
on, 8
Ewing’s work in developing, 11

Oxygen sickness, 14
Oxygen systems, Air Crew Equipment Lab-

oratory studies on, 8

P

Pacific Missile Bioscience Office, 38
Palmer, Douglas W., 87
Palmer, James F., 87
Pan American Films, Inc., 119
Parachute opening shock tests, 8, 87, 159
Patrick, Lawrence M.

research of, 34, 35
Stapp Car Crash Conferences and, 35
use of WHAM II for joint Army-Navy 
project and, 35

Pearce, Fred, 200
Performance evaluation studies, 110
Performance Evaluation Tests for Environ-

mental Research (PETER), 115–116, 
131

Perry, William, 166
Photography

in animal research, 181–182
as critical to experiment, 46
instrumentation at Michoud Assembly 
Facility, 76–78
Naval Aerospace Medical Research Labo-
ratory-Detachment and, 76–78, 94
preservation of primate films and, 
182–183, 188



Impact Acceleration and the Human Response

Index

404

system for processing, 119–120
as time-locked to transducer data, 46–47
in validating inertial tracking system, 46

PhotoSonics, Inc., 122
Physiological measurement systems, 78–79
Pilot fatigue, APH-5 as source of, 12
Pollard, Joseph P.

as Assistant to the Chief of Naval Re-
search in Medical and Allied Sciences, 
37–38
as director of the Biological Sciences 
Division at Office of Naval Research, 38, 
48, 49, 50, 55
Ewing and, 37–38
IIP and, 192
retirement as director of Biological and 
Medical Sciences Division, 129–130, 
131
retirement from military, 38

Pontius, Uwe R., 57, 80–81
Poppen, John R., 8
Prell, Art, 85, 127, 158, 169, 191, 197
Prell, Margaret, 191
Pressure suits, Air Crew Equipment Labora-

tory studies on, 8
Price, Nick, 55, 84
Primates. See also Assam macaques; Ba-

boons; Chimpanzees; Non-human pri-
mate research; Rhesus macaques

Project Gemini, 13–15, 21, 37
Project Mercury, 13, 14, 37, 117
Project MX-981, 4–5
Project Strato-Lab, 37
Pruett, Carl E., support for aviation medi-

cine research, 38
Pruitt, Charles C., mounted transducers 

and, 45

Q

QEI, Inc., 75, 130, 132, 134
Naval Biodynamics Laboratory depen-
dence on, 132

R

Radiation, research on, 159
RAD III (Military Operational Medical 

Research Program) (MOMRP), 200
Randolph Field, Brooks Army Air Base, 

Army’s School of Aviation Medicine at, 4
Reader, David C., 95
Reagan, Ronald, 121, 156
Redstone Arsenal, Advanced Sensors Labo-

ratory at, 56–57
Reduction-in-force action, 192
Reid, Donald H., 87
Renault-Peugeot, 95
Rendin, Robert W.

cataloging of biodynamic response data-
base and, 167
as commander at Naval Biodynamics 
Laboratory, 163
retirement of, 168
safety concerns and, 165

Research Vessel Operators Committee, 184
Restraint harnesses

design of, for females, 163
injuries from, 6

Revised Evoked Potential Analysis system 
(REPANL), 155

Rhesus macaques. See also Animal research; 
Non-human primate research
anesthesia and, 152, 154
fatalities in research on, 121
kinematic behavior in, 153–154
research using, 1, 88, 89, 91, 148
Simian B virus in, 153
similarity of response curves to human 
volunteers, 154
somatosensory evoked potentials and, 
124
vibration studies on, 111–112

Rog, Andre
Naval Biodynamics Laboratory and, 163, 
166, 183, 184
work with National Crash Survival Data 
Bank and, 185

Roth, Robin, 164
Royal Air Force Institute of Aviation Medi-



405A History of the Naval Biodynamics Laboratory

Index

cine, 95, 112
Rumold, J. L., Inc., 116
Runs, 1
Rupert, Angus

denial of access to data, 192
development of Tactile Situation Aware-
ness System and, 186–187, 188
relationship between Street and Thomas 
and, 191
retirement of, 192
space for IIP and, 189–190, 191, 193
transfer to U.S. Army Aeromedical Re-
search Laboratory, 199–200

S

SAFE Symposium, 202
Safety Bureau of the Civil Aeronautics 

Board, 2
Sances, Anthony, Jr.

non-human primate research and, 189
somatosensory evoked potentials research 
and, 124

Sapolsky, Harvey M., 50
Saturn V rocket boosters, 51–52
Schrunk, David G., 39, 41
Schulman, Marvin, 33
Sea crashes, 17
Seales, David D.

relocation to Louisiana State University, 
125
research data analysis and, 189
somatosensory evoked potential research 
and, 124–125, 151

Seaman, Gail, 165
Sheehy, James, 188–192, 198
Shender, Barry, Naval Air Systems Com-

mand and, 190, 192, 193, 198
Ship Motion Simulator (SMS), 110–116, 

148, 197
continuation of, under Dobie, 181
medical studies on, 114

Ship shock simulation using, anthropomet-
ric test dummies and, 151

Shugar, Theodore, at Naval Civil Engineer-
ing Laboratory (NCEL), 94–95

Sierra Engineering Company, 73
Simian B virus in animal handlers at 

NAMR, 153
Simmons, Robert, 13
6571 Aeromedical Research Laboratory at 

Holloman Air Force Base, 55
Small Waterplane Area Twin Hull, 156
Smith, Raphael F., 78
Snell, William “Pete,” death of, 169
Snell Memorial Foundation, 189

board of directors of, 169
Ewing’s bequeath of personal and profes-
sional papers to, 199n
Naval Biodynamics Laboratory transfer 
of data to, 169
Thomas, Daniel, as president of, 188
ties to Naval Biodynamics Laboratory, 
169

Snively, George, 169
Snyder, Richard G., IIP and, 192
Society of Automatic Engineers (SAE), 8

Crash Test Dummy Subcommittee, 79
Society of Photo-Optical Instrumentation 

Engineers, 78
Sogin, Harold, 80
Somatosensory evoked potentials (SEP), 

research on, 123–125, 151–155
Sonic Winds, 5, 6
Southwest Research Institute, 95, 202
Soviet Union, collapse of, 166
Space Launch System (SLS), 194
Spann, Wolfgang, cadaver research of, 

132–133
Spatiotemporal mapping approach, 155
Stafford, Tom, 15
Standard safety polices, written countdowns 

in, 42–43
Stapp, John Paul, 20

animal research and, 93
biodynamic research and, 3–7, 13



Impact Acceleration and the Human Response

Index

406

decelerator devices and, 70
early life and education of, 4
as flight surgeon at Army’s School of 
Aviation Medicine at Randolph Field, 
Brooks Army Air Base, 4
on head-neck displacement, 18
helmet-mounted accelerometer research 
and, 44
human factors research and, 116–117
human impact experiments and, 3–7
Project MX-981 and, 4–5

Stapp Car Crash Conferences, 7, 35, 57, 93, 
94, 162
Naval Aerospace Medical Research 
Laboratory Detachment hosting of 21st 
annual, 117–118

Stowell, Ralph H., mounted transducers 
and, 45

Street, David R., Jr.
cancellation of IIP project, 192
giving of data to USAF and, 193
professional relationship with Thomas, 
191–192
transfer of data to Pensacola and, 187
transfer of Naval Aerospace Medical 
Research Laboratory to Wright-Patterson 
Air Force Base, 191–192

Stroop Test, 115
Subcommittee on Department of Defense 

Appropriations, 158
Subcommittee on Guidelines for the 

Comparison of Human and Human 
Analog Biomechanical Data, 95

Submerged aircraft, pilot trapped in, 16–17
Surface Effect Ships (SES), 110–111, 156
Sverdrup Technologies, 185

Syncope research, 118

T

Tactile Situation Awareness System, 187

Tauzin, Billy, 166

Taylor, Ellis R., vibration human factors 
research and, 116–117

Teal, Bobby Joe, 55

Teflon, 72

Telemetry, measuring velocity using, 7

Telescopic sighting unit, 161

Test LX0454, 92

Theoretical kinematics, 80–81

Thermodynamics, Air Crew Equipment 
Laboratory studies on, 8

Thomas, Daniel J. “Dan”
as acting officer-in-charge of Naval 
Aerospace Medical Research Laboratory 
Detachment, 83, 110
analysis of data and, 188–189
as chair of Subcommittee on Guidelines 
for the Comparison of Human and Hu-
man Analog Biomechanical Data, 95
Chauncey, Valeta C., and, 197
as chief of Human Research Division, 55
as civilian scientist, 48
clearing of wrong doing and, 192
concerns over loss of institutional knowl-
edge, 199
denial of access to data, 192
education of, 39
Harvard studies of, 41, 48
human research volunteer program and, 
40, 41, 43–44, 81, 82
as IIP director, 190
inertial system and, 45–46, 74–75
instrumentation configuration develop-
ment and, 75
interests in research, 110
leadership vacuum created by, 147, 148
medical leave of, 127
as member of Ewing’s team, 39–40
mounted transducers and, 45
non-human primate research and, 121
parachute opening shock tests and, 159
Pollard, Joe, and, 38
as president of Snell Memorial Founda-
tion, 169, 188
professional relationship with Street, 
David, 191–192
research database developed under, 184
research of, 18, 47, 48–49, 93
retirement from consulting, 188



407A History of the Naval Biodynamics Laboratory

Index

retirement of, 135
Stapp as index case for human impact 
experiments and, 7
syncope research and, 118
transfer of NAMRL to Wright-Patterson 
Air Force Base, 191–192

Thompson, Kerry, as commanding officer of 
Naval Health Research Center, 192
3-2-1 configuration, 74

Three-dimensional data, collection of, 80

Threshold injury value, 121–122

Through-the-canopy ejections, 16

Thunnissen, Jan, 169

Tilt chair, 156, 157

TNO Crash-Safety Research Centre, 189

Toth, Joseph C., 10

T-plates, 90

Trahan, Russell, 167, 191

Transducer research, 161–162

Transportation, U.S. Department of, 54
National Highway Traffic Safety Admin-
istration and, 54
Naval Aerospace Medical Research Labo-
ratory Detachment and, 54
requirements on airplane seats, 121
vehicle dynamics and crash simulation 
research under, 22

Trifilar pendulum, 81

Tri-Service Working Group on Biodynam-
ics, 162

Trosien, Kenneth, provision of technical 
support to Ewing’s program by, 35

Tulane University, 57–58
Delta Regional Primate Center at, 52, 
58, 89, 130
reputation of, as research center, 57

Tyler, Paul E., 38, 52

U

Ultrasystems, Inc., 134

Unsafe at Any Speed (Nader), 21–22
Unterharnscheidt, Friedrich J.

on cervico-medullary junction, 152
head injuries related to boxing and, 57
on military autopsy procedures, 123
non-human primate research of, 122
non publication of pathology reports of, 
169
research agenda of, 56, 188
retirement of, 135

U.S. Air Force Aerospace Medical Research 
Laboratory, 112

U.S. Air Force Research Laboratory Acceler-
ated Effects and Escape Branch of, 189

U.S. Army Aeromedical Research Laborato-
ry (USAARL), 79, 161, 193, 197–198
Injury Biomechanics Branch, 194
transfer of Rupert, Angus, to, 199–200

U.S. Army Aeromedical Research Unit 
(USAARU), 36
founding of, 36
pre- and post-run medical examinations 
under, 41
research objectives of, 53

U.S. Army Air Corps, 2
U.S. Army Air Force, maximum height 

limitation for fighter pilots, 15
U.S. Army Board for Aviation Accident 

Research (USABAAR), 20, 36
Combat Casualty Care Research Pro-
gram at, 199

U.S. Army Medical Research and Develop-
ment Command (USARMRDC), 21, 
36, 196
Ewing’s interservice allies at, 38

U.S. Army Medical Research Institute of 
Infectious Disease (Frederick, MD), 153

U.S. Army Office of the Chief of Research 
and Development, 20

U.S. Army School of Aviation Medicine 
(USASAM), 193

U.S. Army Surgeon General, approval of 
Ewing’s research proposal, 33

U.S. Coast Guard, motion research and, 156
U.S. Marine Corps, Surface Effect Ships 



Impact Acceleration and the Human Response

Index

408

and, 111
U.S. Naval Aerospace Medical Research 

Laboratory (NAMRL), 53
U.S. Naval Anthropometric Survey (1964), 

40
U.S. Naval Aviation Safety Center, 16
U.S. Naval Flight Surgeon’s Manual, Ewing 

as co-author of, 49–50
USAARL. See U.S. Army Aeromedical 

Research Laboratory (USAARL)
USAARU. See U.S. Army Aeromedical 

Research Unit (USAARU)
USABARR. See U.S. Army Board for Avia-

tion Accident Research
USS Bennington, 126
USS Coastal Sentry Quebec, 14–15
USS Eisenhower, 164–165
USS Enterprise, 130
USS Essex, 12
USS John F. Kennedy, 126
USS Ticonderoga, 10–11
USS Wright, 10
USS Yorktown, 37
Utz, Gregory, clearing of Thomas of any 

wrong doing and, 192

V

Vehicle dynamics, studies on, 22
Vehicular vibration, 83
Velocity, measuring, 7
Vertebral fracture

anthropometrics and, 15–16
cervical, during deceleration, 13
ejection seats and, 16
reducing incidence of, 49–50

Vertebral injury, concussion and, 16–19
Vertical accelerator research, 150–151, 161

man-rating of, 160, 164–165
safety upgrades on, 165

Vertical Accelerator Tower (VAT), 200

Vertical heave motion, effect on cognitive 
performance, 156

Vibration research, 54, 110–116
ending of, 130
Ewing, Channing L “Chan” and, 
111–112, 116–117
Guignard, John C., and, 112–113, 131, 
147
human volunteers in, 54
man-rating of, 112–113
Muzzy, William, and, 111
non-human primates in, 54
Rhesus macaques in, 111–112
vehicular, 54, 83

Vietnam War, 20–21, 36, 39, 41, 82–83, 
128
opposition to, 50

Virginia, University of, researchers, 202–203
Visual Instrumentation Corporation, 189
Vivarium, conversion of animal holding 

facility to long-term, 131
Volkswagen, 95
Voris, Frank B., 47, 48

W

Waldeisen, Lewis E., as Naval Biodynamics 
Laboratory director of Plans and Pro-
grams, 129

Walker, Leon B., Jr.
concussion research and, 57
efforts to improve data, 132, 133
theoretical kinetics and, 80–81

Walsh, Patrick, somatosensory evoked po-
tentials research and, 124

Walton, Jesse D., Jr., 50
Ward, Arthur A., Jr., 18
Water crashes, 12
Watts, Norman H., 95
Wayne Horizontal Acceleration Mechanism 

(WHAM), 35, 38, 41–43
Wayne State University, 95

accelerometers at, 74
Army-Navy project at, 42, 44–47
biomedical research program at, 33–40



409A History of the Naval Biodynamics Laboratory

Index

evidence of success at, 47
Ewing’s research at, 79
foundational work at, 59
–Gx runs at, 74
human research volunteer program at, 
40–41
Impact Injury and Crash Protection 
Symposium at, 56
inertial instrumentation system at, 
74–75
initial acceleration pulse variable at, 
43–44
joint Army-Navy research program with, 
36–40
lack of animal experiments at, 88
legacy of, 79–81
obstacles and aspirations at, 48–50
sharing of data with National Highway 
and Traffic Safety Administration, 54, 79
studies of human vertebral column 
during +G2 acceleration, 35
study of concussions and, 35
ties with automobile industry, 34
transducer packages at, 74
WHAM accelerator at, 35, 38, 41–43

Webster, John, 35
Weightlessness, effect on humans, 15
Weis, Edmund B., Jr., human volunteer 

research and, 117
Weiss, Marc S., 168

appointment as chief scientist, 151
at Biomedical Engineering Department 
at Tulane University, 170
departure of, 184
on Guignard, John’s contributions and, 
157
Naval Medical Research and Develop-
ment Command and, 126
provision of guidelines for safe human 
exposures, 151
retirement of, 170
somatosensory evoked potentials research 
and, 123, 124, 125, 151, 152
spatiotemporal mapping approach and, 
155

Wenger, James E.
administrative structure of Naval Biody-
namics Laboratory and, 127
assumption of Naval Aerospace Med-
ical Research Laboratory Detachment 

command, 126
bioinstrumentation and, 55–56, 73–74, 
80
changes made by, 129
command of Naval Medical Re-
search and Development Command 
(NMRDC) by, 126
death of, 129
disciplinary action against Ewing and, 
127–128
fight for more resources, 128–129
inflexibility of, 128

Westinghouse 1000 MA 150 KVP machine, 
84–85

West Virginia University, 95
WHAM II, 38, 49

man-rating of, 41–43
maximum intended impact load for, 43
use of, for joint Army-Navy project, 35

White, Betsy, 79
WHMuzzy Consulting LLC, 189, 190
Wickstrom, Jack, 57
Willems, Gilbert C.

concerns with productivity and, 165
death of, 200
delay in critical supply orders and, 129
on Guignard, John’s contributions and, 
157
Meritorious Civilian Service Award and, 
162
rebuilding of horizontal accelerator after 
accident, 164
research of, 94
responsibilities of, at Naval Biodynamics 
Laboratory, 165
retirement of, 168
ties between Ewing and Thomas and, 
169
transducer research and, 161–162

Williams, Anderson, contract lapse and, 132
Williams, Loys E.

Biersner as replacement for, 147
ending of vibration research program, 
130
missions of, as flight surgeon, 130
at Naval Biodynamics Laboratory, 129, 
130
as primarily an administrator, 147



Impact Acceleration and the Human Response

Index

410

Wismans, Jac, 189
Wright-Patterson Air Development Center 

(WPADC), 84
aviation medicine research at, 3–7
contract with Northrop aircraft to build 
deceleration device, 5
critical assignments for, 3–4
head deceleration research of Friede at, 
17–18
Kendricks as chief of the Biophysics 
Branch at, 4
oxygen-breathing systems and anti-G 
suit research at, 4
Sonic Wind and, 6

Wright-Patterson Air Force Base
Aerospace Medical Research Laboratory 
at, 57
Anthropometry Department at the Aero-
space Medical Laboratory at, 40
Armstrong Aeromedical Laboratory at, 
163
data availability and, 168
human volunteer research and, 116–117

Written countdowns in standard safety 
polices, 42–43

Y

Yerkes Primate Center, partnering with 
Georgia Tech, 50


