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CHAPTER 2

EXPERIMENTAL DATA FOR DEVELOPMENT OF FINITE ELEMENT MODELS

Contract No. D0T-NHTSA-C-HS-7-01636 UM Acct. No. 015651

THORACO- ABDOMEN

1.0 INTRODUCTION

The research program. Experimental Data for Development of Finite

Element Models, involved data gathering on the kinematic response of

three human cadaver subsystems: 1) the thorax, 2) the head, and 3) the

pelvis. Information on injury response as well as the relationship

between impact parameters and the resulting injury are presented. Each

impact target investigation subsystem is presented as a self-contained

chapter in this final report. This chapter presents the thorax series,

Chapter 1 presents the head series, and Chapter 3 presents the pelvis

series.

The research program utilized 14 cadavers in 68 dynamic impact

tests. For the thorax subsystem experiments, 11 subjects received a

total of 41 impacts; for the head series, 6 subjects received a total of

14 impacts; and for the pelvis series, 10 subjects received a total of

13 impacts. The thorax experiments were supplemented with static three-

point bending tests on rib specimens from 5 of the same dynamically-

tested cadavers.

Injuries to the thorax and upper abdominal regions follow head

injuries as the second most frequent cause of death [43

3

1
. Of these,

injuries to the heart and its superior vessels, notably to the aorta,

and injuries to the spleen or liver and their vessels are especially

significant. Clinical and experimental evidence have shown that major

sites of aortic injury were at points of aortic tethering and commonly

1 Numbers in parentheses denote references at end of paper.
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involve lacerations with a transverse orientation [118]. Although

there have been several theories about the mechanisms of aortic

injury ,

2 one suggested that increased blood pressure, secondary to

chest compression or to the hydrodynamic effect of acceleration,

stresses aortic tissue until explosive rupture [53,118]. However,

modelling stresses in a cylindrical model inflated by pressure implied

the resultant injury would be a longitudinal rather than a transverse

laceration [40]. A transverse laceration, in such a model, would not be

expected because materials testing of aortic tissue had shown that the

transverse strength was only 20% greater [68-70,118]. However, if

increased blood pressure produced a local ballooning of the aorta into a

spherical shape in which transverse strength would be less than

longitudinal strength, a transverse laceration would be expected [70].

It has been suggested that increased blood pressure during thoraco-

abdominal impact cannot be the only mechanism of aortic injury. Impact

testing has shown that while high blood over-pressures resulted in

injury, lower pressures resulted in greater injury depending upon

differing thoraco-abdominal impact sites [77,118]. Additional

mechanisms of aortic injury probably involve displacement which

increases strain at tethering points [96,125,131] and compression

[11,96,107], which also increases tissue strain, as well as stresses

induced by changing hydrodynamic pressures [77,116]. Disease processes

also seem to make the aorta more vulnerable to injury during thoraco-

abdominal impact conditions [15,20,67]. The response of the heart and

2 See especially references 2,4,11,13,15-18,20,22,28,36,38,41,44,53,
60,67-70,77,89.
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aorta during impact were affected by direct contact with the diaphragm,

the thoraco-abdominal wall and the lung tissue [101].

One of the most common physiological responses to blunt abdominal

impact is hypovolemic shock due to the laceration of blood vessels, and

subsequent intraperitoneal bleeding [83]. A wide range of hepatic

injuries have been clinically observed and defined. At one extreme are

complex rupture injuries of the hepatic parenchyma and laceration of the

hepatic and portal veins. These injuries are almost invariably

associated with shock at the time of initial presentation and are

generally fatal [62]. In contrast, some AIS 2-3 hepatic lacerations

will have stopped bleeding by the time of operation [1,83].

The extensive literature on abdominal trauma addresses many of the

mechanical and physiological processes that take place during blunt

impact to the thoraco-abdomen, yet still leaves many questions

unanswered. 3 Living human response to blunt abdominal impact has been

modelled with both cadaver and animal surrogates [62,110].

In one study of hepatic injury in which cadaver livers were

injected with barium to reproduce their vertura turgor and then dropped

from varying heights, the results showed that 0.3 N-M of energy produced

capsular tears and 2. 8-3.

4

N-M were needed to produce bursting injuries

[62]. Apparently, turgidity in ex-vivo livers significantly influences

injury [62]. Isolated, perfused ex-vivo non-human primate livers have

been subjected to controlled blunt impact and the results compared to

those produced by blunt upper and lower abdominal impact to cadaver

animals [114]. 3.3 N-M of energy was needed to produce and AIS 3 liver

injury in an intact animal, while only 1.4 N-M of energy was needed to

3 See references 29,30,62,90,95,127.
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produce a similar injury in the directly exposed liver [114]. As might

be expected, when impact was directed to the lower abdomen, much higher

forces were necessary to create a liver injury similar in severity to

that produced by upper abdominal impact [101]. Longitudinal lacerations

of the liver were associated with liver displacement in both the right-

left and inferior-superior directions [83] without severe thoracic

compression. During impacts of 12 ms or less, the hepatic system was

observed to act as a deformable structure with little response

attributable to rigid body motion, and AlS-rated degree of injury was

lower in unrepressurized postmortem subjects than in live, anesthetized

animal subjects [83].

Using animals and human cadavers as surrogates, several

biomechanical studies of blunt thoracic impact have been carried out in

an attempt to determine the kinematic and the injury response associated

with thoracic trauma The information obtained from these experiments

has been used to correlate impact parameters to injury patterns and has

also been the basis of mathematical and physical models known as

anthropomorphic test devices. Through these efforts a better

understanding of the mechanisms of thoracic injury may be achieved.

Several studies have used this approach to determine the mechanisms of

thoracic injury [2,13-14,30,33,49,56-57,65-67,73,78,83,

89,91,98,103,105,116,118,122,130,143,146]

.

Nahum, Kroell, et al. [64-67, 89-91] gathered kinematic and injury

response data on cadavers subjected to blunt anterior-posterior sternal

impact and correlated the computed response parameters. Maximum

acceleration and the severity index for the sternum and spine had an

inverse correlation for a given type of impact; chest deflection,
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conversely, was found to correlate directly with the degree of injury

(AIS). Robbins, et al. [116] used sled impacts to generate blunt

thoracic impact data from both cadavers and non-human primates.

Thoracic accelerometer data were found to provide a good basis for

generating analytical functions for the prediction of injury. These and

other thoracic impact data were used by Eppinger, et al. [28-30] to

formulate a methodology for injury prediction based solely on

acceleration response data. In addition, a study by Nusholtz, et

al. [98] investigated the response of cadavers as well as live and

postmortem non-human primates to blunt lateral thoraco-abdominal impact,

resulting in additional kinematic and injury response data.

Eppinger and Gian [29] utilized an approximate finite impulsive

response (AFIR) characterization of the human thorax to model thoracic

acceleration response in lateral impacts. The left and right upper rib

acceleration response was modeled from both rigid wall and pendulum

impacts and compared with good agreement to actual impact data. It was

suggested that the simulated digital impulsive response signature could

be used in conjunction with lateral impact injury criteria to identify

impact conditions which would minimize the severity of trauma and lead

to improved passenger protection in automobiles.

Kallieris, et al. [56] compared acceleration response to damage

response for ten cadavers in lateral impact tests against rigid and

cushioned barriers. The reproducibility of the kinematic response

observed by these authors prompted the suggestion that a single

anthropomorphic test device might be representative of the kinematic

response of a large section of the population with respect to lateral

115



impacts, but other independent physical factors would be necessary to

ascertain the concomitant injuries.

2.0 ANATOMICAL CONSIDERATIONS - The torso, between the base of the neck

and the hip joint area, includes the thorax above and the abdominal-

pelvic region below. The abdomen and the pelvic cavities, although

frequently described separately, are continuous from one to another,

with bony landmarks used as reference points to separate the two (Figure

. 1 ) .

The human thorax is bounded laterally by the rib cage, in back by

the twelve thoracic vertebrae, and in front by the sternum. The first

rib is covered by the medial end of the clavicle so that the inlet to

the thorax is relatively narrow, being approximately 5 by 8 cm. The

outlet of the thorax is closed by the respiratory diaphragm which has

openings through it for the passage of the aorta, esophagus, and the

•

inferior vena cava.

The thorax is divisible into three units: the right and left

plural cavities and the central group of structures called the

"mediastinum." The mediastinum is bounded by the vertebrae posteriorly,

and the deep surface of the sternum anteriorly. Laterally, the

reflections of the plura from the posterior body wall attach anteriorly

to the sternum and costal cartilages. Structures pass to and from the

lungs through the plura.' Above and below the mediastinum laterally are

the passageways for the great vessels to and from the heart. Running

through the center of the mediastinum are the trachea and esophagus.

The heart is in the pericardial sac, a tough fibrous membrane that

completely encloses it. The pericardial sac attaches to the roots of

the great vessels superiorly. The base of the pericardium is fused to
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Figure 1

The Thoraco-Abdomen
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the central tendinous area of the respiratory diaphragm so that the

heart and pericardial sac are not noticeably displaced during forced

respiration. The heart is fairly well-tethered in position by its

pericardial attachments. Above the aorta and the superior vena cava,

are tributaries or branches. All of these structures and the other

structures of the mediastinum are surrounded by and packed with

connective tissue and a modicum of fat. Because the connective tissue

surrounds and attaches one structure to another, there is a relatively

stable tether mechanism in the superior mediastinum above the heart.

Posteriorly, the pulmonary vessels also secure the heart within the

pericardial sac. The arch of the aorta passes vertically upward and, at

approximately the costal cartilage area, arches posteriorly to the left,

so that the descending thoracic aorta is found on the left side of the

bodies of the thoracic vertebrae. Throughout its entire course, the

descending aorta is firmly attached beside the vertebrae. This tie-down

mechanism consists of the intercostal arteries that arise from the

descending aorta and pass through all the intercostal spaces, the dense

connective tissue adjacent to the descending aorta, plus the aorta's

overlaying parietal plura that passes from the ribs posteriorly to form

the lateral mediastinal wall.

Since the descending aorta is rigidly attached in place by the

structures mentioned above, under impact conditions the aorta and heart

are unable to move as a unit. The most frequent site of a tear of the

aorta is at the junction of the arch in the descending portion where

there is a ligament that ties the aorta to the pulmonary artery—the

ligamentum artenosum. It is usually just distal to this attachment
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point, the undersurface of the aortic arch, where most aortic tears are

found.

The abdomen is separated from the thoracic cavity by the thin

muscular respiratory diaphragm. The diaphragm is a double-cupula

structure when seen in the anterior-posterior view. In sagittal view,

it is a domed structure. All of the abdominal structures are found

beneath the diaphragm, in front of the posterior body wall, extending to

the urogenital diaphragm at the base of the pelvis. The abdominal

cavity is enclosed by muscles that surround it, and posteriorly by the

lumbosacral vertebral column. The anterior abdominal wall is a simple

plane consisting chiefly of a laminated muscular wall—muscles that are

sheet-like, with heavy aponeuroses. Anteriorly, there are three flat

muscles—the external and internal abdominal oblique muscles, and the

transverse abdominus muscle. These form the anterior, lateral, and

partially, the posterior body wall. Anteriorly, just off the midline,

are two vertical, fairly heavy muscles, the rectus abdominus muscles.

The inner aspect of the abdominal wall is lined by the peritoneal

sac. Within the abdomen there are solid and hollow organs. The hollow

organs are the components of the gastrointestinal tract—the stomach,

duodenum, ileum, jejunum, colon, rectum, and the anal canal. Also, the

urinary bladder and uterus are considered hollow organs. The solid

organs are the pancreas and kidneys, the ovaries in the pelvic cavity,

the spleen and liver, and the suprarenal glands.

The stomach is the enlargement of the very short abdominal portion

of the esophagus. It is found in the upper half of the abdomen with the

spleen behind and to its left, and the liver to its right. The

gastrointestinal tract, when empty, is a fairly tight muscular tube;
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however, when filled with food, feces or gas, it is an extremely thin-

walled structure and perhaps vulnerable to trauma. The blood vessels to

most of the gastrointestinal tract pass from the abdominal aorta,

located against the anterior vertebral bodies, and through the

mesentery, a thin sheet-like membrane, which when significantly

displaced, can easily be torn, rupturing the enclosed blood vessels.

Extending between the stomach and the liver is a very thin

filamentous peritoneal layer, the gastro-heptic ligament. At its lower

free end, this peritoneal sheet surrounds the blood vessels that pass to

and from the liver, the associated autonomic nerves, and the common bile

duct. This portion of the gastro-hepatic ligament actually attaches to

the upper portion of the duodenum and is most properly termed the

"hepato-duodenal" ligament. It extends from the hilum, the entranceway

of the liver, to the posterior body wall at the right side of the

vertebral column near where the duodenum is affixed.

The liver, a solid blood-filled organ, is approximately l/40th of

the total body weight. It is located in the upper-right quadrant of the

abdomen and is firmly attached to the underside of the diaphragm by very

short reflections of the peritoneum covering the liver—the liver

capsule. These thin peritoneal attachments are less than a centimeter

long, adhering directly to the undersurface of the liver. With the rise

and fall of the right dome of the diaphragm during respiration, the

liver moves in synchrony with breathing. Anteriorly, laterally, and

posteriorly, the lower ribs cover the major portion of the liver.

The spleen is a very small blood-filled organ, about the size of a

fist, which lies against the posterior body wall, on the diaphragm at

the 9th, 10th and 11th rib level. It is basically free to move, since
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it possesses an encapsulation of a peritoneum, the splenic capsule, and

all of its blood vessels enter and leave the spleen through the hilum,

which is attached to the posterior body wall.

Both the liver and spleen are anatomically abdominal organs.

However, from an anterior view, the liver is almost completely housed

and protected by the lower ribs, as is the spleen on the opposite side

of the body. Thus, functionally, in an impact event, the liver and the

spleen react as thoracic soft-tissue organs protected by the rib cage

rather than as abdominal organs. Hot infrequently, impacts to the lower

rib cage will cause the underlying liver to rupture. Similarly, impacts

to the left side, especially to the left posterior rib area, will

rupture the spleen. A further detailed description of thoracic and

abdominal anatomy and common injuries can be found elsewhere [1,51-52].

3.0 GOAL OF THORACOABDOMINAL SERIES IMPACT TESTING

The thorax impact experiments consisted of three test series which

used the unembalmed cadaver as human surrogate. All test series were

guided by a detailed test protocol 4 [1-152]. Gross kinematic motion

was documented on high-speed film and in jury/damage was assessed by

gross autopsy examination.

In the first test series, 5 male unembalmed, represurrized cadavers

were subjected to a series of three to five low-energy impacts in three

initial positions (frontal, 45°, and lateral) to obtain basic kinematic

information, plus a single high-energy lateral thorax impact to gain

additional kinematic and damage response data. These subjects were

4The protocol for the use of cadavers in this study was approved by the
University of Michigan Medical Center and followed guidelines
established by the U.S. Public Health Service and those recommended by
the National Academy of Sciences, National Research Council.
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instrumented with an array of 18 thoracic accelerometers to measure the

impact response of the thorax, and with 9 accelerometers mounted on a

single plate on the head to determine three-dimensional motion.

Triaxial accelerometer clusters were rigidly attached to the right and

left fourth ribs, upper sternum, and T1 and T12 thoracic vertebrae.

Single accelerometers were affixed to the right and left eighth ribs and

lower sternum. The subject was placed in a restraint harness which was

suspended from an overhead pulley system (Figure 2). The head was

suspended in a natural position by a rope tied to a head harness,

threaded through an electronic ropecutter, and tied to the overhead

pulley. Prior to impact, the electronic ropecutter was activated so

that the subject was unrestrained at impact. The vascular and pulmonary

systems of the thoraco-abdomen were repressurized prior to impact. The

impacting device was a 25 kg linear or pneumatic ballistic pendulum.

The subject was struck with a free-traveling mass (25 kg) which was

fitted with a 15 cm round rigid metal surface. For different impact

tests, various materials were affixed to this surface to produce

different force-time and load distribution.

In the second test series, one male unembalmed cadaver was dropped

onto a load plate five times, and two others, once. The cadavers were

instrumented with nine accelerometers mounted on a single plate on the

head, plus three triaxes on the thorax (thoracic vertebrae Tl, T6 and

T12) . Each subject was suspended by two primary harness systems,

connected to ceiling hoists by individual ropes threaded through

ropecutters (Figure 3). The ceiling power hoists were perpendicular to

the long axis of the subject, permitting positioning of the hoists

anywhere within the horizontal plane, thus facilitating arrangement of

122



I

I

I
!

45° degree

Figure 2

First Series Initial Conditions

123



the subject in variable pre-impact configurations. The timing control

system fired the ropecutters, permitting a long-duration horizontal

free-fall onto the load plate. Impact velocity was 1.2 m/s. Kinematic

parameters measured included force, nine head accelerations, and nine

spinal accelerations.

In the third test series, 2 unembalmed repressurized cadavers, one

male and one female, were subjected to a total of three steering wheel

impacts to the thoraco-abdomen, delivered by the 25 kg pneumatic

ballistic pendulum impactor. A load cell was affixed to the steering

column to measure the axial steering wheel assembly force. The subject

was positioned seated on friction reducing clear plastic covering balsa

wood blocks (Figure 4). The stationary test subject was struck at

velocities up to 12 m/s. Nine accelerometers affixed to the skull

measured three-dimensional motion of the head and 18 accelerometers

mounted on the thorax documented impact response of the thoraco-abdomen

(triaxes on T1 and T12 thoracic vertebrae, R8L and R8R ribs, and the

lower sternum plus uniaxes on the upper sternum' and R4L and R4R ribs).

The vascular and pulmonary systems of the thoraco-abdomen were

repressurized prior to impact. Vascular pressure in the descending

aorta was measured.

For all three test series, the impact motion of the thoraco-abdomen

was analyzed using anatomical, Frenet-Serret and Principal Direction

Triad frame fields. Results are presented in terms of time-histories of

the kinematic variables (accelerations, forces, velocities,

displacements, pressures, auto- and cross-correlations). Impact

transfer functions are presented for mechanical impedance and paired

kinematic parameters.
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4.0 METHODOLOGY:

4.1 Methods and Procedures of Impact Testing :

The execution and coordination of the testing sequence is guided by

the use of a detailed protocol which is included in Appendix B [1-

152]. The testing sequence is outlined below and additional

information about application of specific techniques to analogous

biomechanics problems can be found elsewhere [2, 95-101]. Six

groups of procedures are associated with the impact testing-data

gathering-analysis activities. They are: 1) pre-test preparation,

2) instrumentation surgery, 3) trial test, 4) impact testing, 5)

post-test autopsy and injury coding in DOT format, and 6) analysis

and reporting to the sponsor.

4.11 Subjects - The eleven unembalmed cadavers, 10 male

(Caucasina) and 1 female (Negro) used in these three thorax

series were obtained from the University of Michigan Department

of Anatomy. Table 1 summarizes the biometric data.

4.12 Pre-test Preparation - The arrival of a test subject

cannot be predicted more than a half a day in advance.

Generally, preparation for a test sequence begins the day a

subject is received. The subject requires a day and a half of

preparation, which is sufficient time to set up the impact lab

and run equipment checks which include a trial test. The areas

requiring special preparation are outlined below.

Morgue - Following transfer to UMTRI , cadaver subjects are

stored at 4°C in coolers until subsequent use.
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Anatomy Lab - Sanitary preparation, anthropometry, and surgical

instrumentation of the test subject is done in the Anatomy Lab.

All tools, materials, and instrumentation equipment necessary

to prepare the subject are constructed or laid out in advance.

Included in the setup are surgical instruments, measuring

equipment, gauze and toweling, accelerometer mounting hardware,

modified French Foley catheters and other pressurization

hardware, and clothing for the cadaver subjects.

Radiology Lab - The table and X-Ray head are positioned and a

sufficient supply of film is loaded into the X-Ray cassettes.

Adequate film is loaded so that the test sequence can be

completed without interruption. A subject may be X-rayed here

on three occasions: when it is received to check for structural

integrity and surgical implants, after instrumentation to check

that equipment is positioned properly and pressurization fluid

can flow correctly, and when the impact testing is over,

orthogonal X-Rays of the head are taken.

Dark Room - Chemicals are mixed for X-Ray developing. Labels

for X-Rays are prepared. Courier forms and packaging for the

16 mm high-speed films are readied.

Physiology Lab - 16 mm high-speed films are chemically

hypersensitized in an oven at 30-35 °C with forming gas for 24

hours in order to obtain better image clarity. The saline-dye

pressurization fluid is prepared here. Dental acrylic to be

used as an instrumentation mounting medium is mixed here under

a hood.
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Impact Lab - Test facilities, recording equipment,

accelerometers and transducers must be assembled, wired, and

trial-tested. In addition, a portable cart containing surgical

equipment for wiring the subject with accelerometers and

transducers is prepared. Impact padding (Styrofoam and

Ensolite) and support materials for the subject (balsa wood,

foam, rope) are assembled near the impact pendulum or load

plate. The high-speed cameras are tested and loaded with film.

All electrical equipment is connected to a power source.

Impact Lab and Instrumentation Room Electronics - The input/

output voltage characteristics of all analog tape channels are

checked by calibration at predetermined voltage levels. The

tape channel calibrations are determined when the test pulses

are played back off tape through a computer routine.

All accelerometers and pressure transducers are labeled and

wired through a patch panel into the Instrumentation Room.

From there, the signals are passed through amplifiers if

necessary and connected to their designated channels as input

to the analog tape recorders. Amplifiers are adjusted for the

proper gain. The accelerometer and pressure transducers must

have their excitation voltages set on the amplifiers, while

their piezoresistive nature requires balancing to be performed

on the amplifiers. Instrumentation Room wiring cannot be

completed until the timer box and the devices it operates, such

as lights, high-speed cameras, and ropcutters are wired and set

for the proper control, delay and run times. Final wiring is
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completed in the Instrumentation Room and the system is

prepared for a trial test.

4.13 Instrumentation Surgery - In the Anatomy Lab the test

subject is surgically instrumented with the required test

hardware. The hardware includes accelerometer mounts, vascular

and cerebrospinal catheters, and a trachea tube.

Nine-Accelerometer Head Plate - The nine-accelerometer plate

is installed in the following manner. A two-by-two inch

section of scalp is removed from the right occipital-parietal

area. Four small screws are then placed in a trapezoidal

pattern in the skull within the dimensions of the accelerometer

plate mount. Quick setting dental acrylic is molded around the

screws to form a securing medium. The plate mount is then

placed in the acrylic base. See Figure 5 for the orientation

of the plate mount.

Sternal Mounts - Skin incisions expose the attachment points on

the upper and lower sternum. Small nails placed in the exposed

sternum form a mooring for the dental acrylic which is used as

a mounting medium for the accelerometer mounts (Figure 5).

Rib Mounts - For rib mounts, incisions are made over the fourth

and eighth ribs on each lateral side so that the flat part of

the rib is exposed. To ensure rigidity, the mounts are fitted

with pins and tied with wire to the flat surface of each

exposed rib (Figure 5).

Thoracic Vertebral Mounts - Incisions are made over the T1 and

T12 thoracic vertebrae. Supports for the accelerometer mounts
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are anchored on the lamina for each bilaterally, such that they

flank the spinous process. The accelerometer mount itself is

fitted over these supports and screwed directly into the

spinous process. Acrylic is applied under and around the

mounts to insure structural rigidity (See Figure 5).

Vascular Repressurization - The subject's abdominal vascular

system is repressurized just prior to impact. A Kulite

pressure transducer guided through the carotid artery, and

positioned in the descending aorta just below the diaphragm,

monitors both the degree of initial pressurization and the

change in vascular system pressure during impact. The

pressurizing fluid is introduced via the catheters through a

channel in the center of the two occluding balloons. Both

balloons are positioned in the aorta, one above the diaphragm,

the other above the aortic termination (Figure 6).

Surgical insertion of the modified catheters follows three

patterns depending on whether access through the femoral

arteries is possible. Through an incision in the femoral

artery, a catheter is guided up the arterial system, where the

balloon occludes the aortic termination. Another catheter is

guided through an incision in the common carotid artery into

the descending aorta, occluding it slightly above the

diaphragm. When the femoral arteries cannot be used, due to

plaque accumulation, either a double balloon catheter is used

to occlude the aorta below the diaphragm and at the common

iliac arteries, or two catheters, one in each common carotid

artery are used to occlude these same locations. Critical to
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Figure 6

Abdominal Vascular Repressurization
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the study is that the liver be fluid-filled before impact

[72]. This is done by pressurizing the area between the two

occluding balloons above normal physiological pressure. One

to two minutes before impact the pressure was pulsed between

100-200 mm Hg. Immediately prior to impact the pressure was

dropped to 70 mm Hg.

Pulmonary Repressurization - A tracheotomy is performed to

place a tube in the trachea, which is connected to a compressed

air reservoir so that the pulmonary system can be pressurized

to 15 mm Hg. An Endeveo pressure transducer is inserted into

the tracheal tube to measure the dynamic pulmonary pressure at

initial pressurization and during the change in pressure

throughout the impact (Figure 7).

Trachea Tube - The trachea is cut lengthwise below the

laryngeal prominence and two tie wraps are looped around the

trachea. Next a polyethylene tube is inserted into the trachea

and it is tied off.

4.14 Trial Test - To insure that all mechanical and electronic

equipment is functioning and wired appropriately for the test

design, trial tests of the equipment are performed on the day

before the test, allowing sufficient time to locate and correct

system defects.

Accelerometers, amplifiers, umbilical cables, and recorders are

tested by suspending a rubber cylinder weighing approximately

20 pounds in front of the pendulum impactor with all of the

accelerometers taped to it. A preliminary check of the

accelerometers and amplifiers is made to insure proper
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Figure 7

Pulmonary Repressurization
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balancing and noise levels. The pendulum is then manually

released via the impactor piston and the rubber cylinder is

impacted. The signals from all accelerometers are recorded on

the analog tape recorders. All channels are played back

immediately on the brush chart for inspection purposes. The

pendulum accelerometer is also tested in this procedure.

Pressure transducers are tested individually by sending a

signal directly to the brush chart recorder. The timer box,

cameras, lights, ropecutter, and velocity probe are tested

individually. Triaxial clusters, uniax accelerometers and

pressure transducers are then labeled for their specific point

of attachment to the subject and placed in protective sleeves.

Three classes of operations take place before and during impact

that are necessary for the documentation of the impact event:

events associated with recording of electromechanical

accelerometer and transducer output, events associated with

photometries documentation, and events associated with the

pendulum impactor.

Timing - The impact test event sequence is initiated by an

operator-controlled manual switch and is thereafter controlled

by signals generated by a specially constructed timer box. The

timing requirements of the events associated with these signals

are such that the lights, HyCam and Photosonics IB cameras are

synchronized so that both cameras are running at the correct

speed and the test subject is fully illuminated at the time of

impact. In addition, the cameras are sequenced to be
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operational for the minimum amount of time. This economizes

the amount of effort associated with photokinemetric

documentation (changing film, etc.) and allows for a smoother

running test sequence.

The recording equipment must be at operational speed before the

pendulum is released. Additional events which must occur just

prior to impact are the release of the subject from the

restrained position and the activation of the sequencing gate.

During the impact event for the first and third test series,

the output of the piston accelerometer must be fit into a

"corridor" or window so that the pre-impact acceleration from

rest and the post-impact acceleration from end-of-stroke are

not recorded. The pendulum must be released so that impact

will occur within the assigned time corridor. A sychronizing

contact strobe, which places simultaneous electrical and

photographic signals on the analog tape and high-speed film,

must occur near the beginning of impact.

Equipment - The basic test equipment included the timer box

control, a signal conditioning unit for the force signal, the

accelerometer-transducer patch panels, the impacting device,

the high-voltage power supplies, the cameras, the photographic

lights, and the restraints (hoists, ropecutter). Each piece

that played a significant role in the data acquisition was

described below.

Linear Pendulum Impact Device - The UMTRI linear pendulum

impact device, using a free-falling pendulum as an energy
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source, struck a 25 kg impact piston. The piston was guided by

a set of Thomson linear ball bushings. Axial loads were

calculated from data recorded using a Setra Model 111

accelerometer (Figure 8).

Impact conditions between tests were controlled by varying

impact velocity and the type and depth of padding on the

impactor surface. Piston velocity was measured by timing the

pulses from a magnetic probe which sensed the motion of the

targets on the piston.

Load Plate - Thorax drop impacts utilized the UMTRI load

plate. The load plate used to measure axial and shear forces

in these impact tests consisted of a metal platform which

rested on four piezoelectric force transducers, one at each

corner (Figure 9). At the base of each transducer was a ball

bearing, which could rotate but was constrained from movement

in the horizontal plane by a plexiglass template. The output

signals from the transducers underwent a series of processing

steps prior to being recorded on analog tape.

UMTRI Pneumatic Ballistic Pendulum Impact Device - The impact

device consisted of a 25 kg ballistic pendulum mechanically

coupled to the UMTRI pneumatic impact device (cannon) which was

used as the energy source. The cannon consisted of an air

reservoir and a ground and honed cylinder with a carefully

fitted metal-alloy piston. The piston was connected to the

ballistic pendulum with a nylon cable. The piston (Figure 10A)

was propelled by compressed air through the cylinder from the

air reservoir chamber, accelerating the ballistic pendulum to
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Figure 8

Linear Pendulum Impact Device
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become a free-traveling impactor. The ballistic pendulum was

fitted with an inertia-compensated load cell which was rigidly-

mounted to a steering wheel.

The steering wheel angle (defined as the angle formed between a

vertical line and a line tangent to the top and bottom of the

steering wheel) could be changed in 5° increments in a range of

0°-45°. A 1981 Chevrolet Citation steering wheel was used.

(See Figure 10.)

Data Handling - All accelerometer and transducer time histories

(pendulum force, impact acceleration, vascular pressures, nine

head-accelerations, eighteen thoracic accelerations) were

recorded unfiltered on either a Honeywell 7600 FM Tape Recorder

or a Bell and Howell CEC 3300/FM Tape Recorder. A

synchronizing gate was recorded on all tapes. All data was

recorded at 30 ips. The analog data on the FM tapes was played

back for digitizing through the proper anti-aliasing analog

filters. The analog-to-digital process for all data, results

in a digital signal sampled at 6400 Hz equivalent sampling

rate. The raw transducer time histories were digitally

filtered with a Butterworth filter at 1000 Hz, 6th order.

Pressure Measurement - Vascular pressure was measured with a

Kulite pressure transducer and pulmonary pressure was measured

with an Endevco pressure transducer.

Photokinemetrics System - The motion of the subject was

determined from the high-speed (1000 frames per second) film by

following the motion of single-point phototargets on the thorax
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and on the impactor piston. For selected impacts, a Hycam

camera operating at 3000 frames per second provided a close-up

lateral view of the thorax. For these impacts, the Photosonics

provided a overall lateral view at 1000 frames per second.

4.15 Impact Testing - The unembalmed cadavers were stored at

4°C prior to testing. The cadaver was X-Rayed as part of the

structural damage evaluation and anthropomorphic measurements

were recorded. Next, the cadaver was instrumented, sanitarily

dressed and transported to the testing room where the

accelerometers and pressure transducers were attached. The

subject was positioned. Next, pretest X-rays and photographs

were taken. Pressurization was checked. Then the subject was

impacted. See Table 1 for a summary of initial conditions.

4.16 Post-Test Autopsy - After impact testing, the test

subject was brought to the Anatomy Lab for autopsy. A gross

autopsy was performed. All injuries were recorded in the test

protocol on charts and brief descriptions were also written in

the protocol. 35 mm still photographs in color and in black

and white were taken of all significant tissue damages. These

were later coded according to the AIS-80 scheme and reported in

DOT format. Occasionally, knowledgeable medical professionals

were consulted when more descriptive information might better

characterize the observed tissue damages than the AIS-80 coding

permits. AIL of this information was used in the analysis and

reconstruction of mechanisms of injury and was included in the

written reports to the sponsor.
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4.2 Data Analysis and Final Report - The techniques used to analyze

the results are outlined below. Additional information can be found in

[73-74,95-101]

.

4.21 Photokinemetrics - Analytical photogrammetry is used in

these experiments to describe the geometry of anatomical

structures and their motion in the laboratory reference frame.

The objective space coordinates of points of interest were

obtained once the coordinates of well-defined points in an

image space and the calibration translation and rotations were

specified. The points in an image space were obtained with a

camera and preserved on film.

Motion of an anatomical structure in space was obtained by

measuring the time-history of the position of a photographic

target which had a well-defined position and orientation,

relative to a predefined anatomical landmark. Defined

descriptors of translations and rotations (position, velocity,

acceleration) were associated with rigid body motion in object

space. Once these descriptors were obtained and digitized,

they were used to characterize the dynamic response of the

subject under study and to assist in understanding injury

mechanism( s)

.

In these tests the descriptors chosen were based upon

anatomical structures in a two-dimensional image space produced

by a camera. The descriptors were two-dimensional and did not

take into account rotations and translations which moved

objects in and out of a plane of gross whole body motion.
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4.22 Frame Fields - As the thorax moves through space, any

point on the thorax generates a path in space. In thorax

injury research we are interested in the description of the

path of instrumented points on the thorax and events which

occur as these points move. A very effective tool for

analyzing the motion of each point, as it moves along a curved

path in space, is the concept of a moving frame. The path

generated as the point travels through space is a function of

time and velocity. A vector field is a function which assigns

a uniquely defined vector to each point along a path. Thus,

any collection of three mutually orthogonal unit vectors

defined on a path is a frame field. Therefore, any vector

defined on the path (for example, acceleration) may be resolved

into three orthogonal components of any well-defined frame

field, such as the laboratory or anatomical reference frames.

In biomechanics research, frame fields are defined based on

anatomical reference frames. Other frame fields such as the

Frenet-Serret frame or the Principal Direction Triad, which

contain information about the motion embedded in the frame

field, have also been used to describe motion resulting from

impact

.

The Frenet-Serret Frame [508-509] consists of three mutually

orthogonal vectors T, N, B. At any point in time a unit

vector can be constructed that is co-directional with the

velocity vector. This normalized velocity vector defines the

tangent direction T. A second unit vector N is constructed by
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forming a unit vector co-directional with the time derivative

of the tangent vector T (The derivative of a unit vector is

normal to the vector.). To complete the orthogonal frame, a

third unit vector B (the unit binormal) can be defined as the

cross product T x N. This procedure defines a frame at each

point along the path of the anatomical center . Within the

frame field, the linear acceleration is resolved into two

distinct types. The tangent acceleration [Tan(T)] is always

the rate of change of speed (absolute velocity) and the normal

acceleration [Nor (H) ] gives information about the change in

direction of the velocity vector. The binormal direction

contains no acceleration information.

Principal Direction - One method of determining the principal

direction of motion and constructing the Principal Direction

Triad was to determine the direction of the acceleration

vector in the moving frame of the triaxial accelerometer

cluster and then describe the transformation necessary to

obtain a new moving frame that would have one of its axes in

the principal direction. A single point in time at which the

acceleration was a maximum was chosen to define the

directional cosines for transforming from the triax frame to a

new frame in such a way that the resultant acceleration vector

(AR) and the "principal" unit vector (Al) were co-directional.

This then was used to construct a new frame rigidly fixed to

the triax, but differing from the original one by an initial

rotation. After completing the necessary transformation, a
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comparison between the magnitude of the principal direction

and the resultant acceleration was performed.

4.23 Transfer Function Analysis - The relationship between an

accelerometer/transducer time-history at a given point and the

accelerometer/transducer time-history of another given point

of a human surrogate biomechanical system can be expressed in

the frequency domain through the use of a frequency-response

transfer function. This input-output function is a complex-

valued function in the frequency domain and can be expressed by

a magnitude and a phase at a given frequency. Transfer

functions can be determined from the Fourier transforms of the

input-output response time-histories or from the spectral

densities of the input and output response signals. In the

case of a force and a pressure, such as impact force and

vascular pressure, a transformation of the form:

(X) (iw) = (F)[F(t)]/(F)[P(t)]

can be calculated from the transformed quantities, where w is

the given frequency, and F[F(t)] and F[P(t)] are the Fourier

transforms of the impact force time-history and the vascular

pressure time-history, respectively.

A transformation of simultaneously monitored accelerometer/

transducer time-histories can be used to obtain the frequency-

response functions of impact force and accelerations of remote

points. Once the frequency-response functions are obtained, a

transfer function of the form:
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(Z) (iw) = (w) (F)[F(t)]/(F)[A(t)]

can be calculated from the transformed quantities, w is the

given frequency and F[F( t ) ] and F[A(t)

]

are the Fourier

transforms of the impact forces and accelerations of the point

of interest at the given frequency.

This particular transfer function is the mechanical transfer

impedance which can be defined as the ratio between simple

harmonic driving force and corresponding velocity of the point

of interest.

4.24 Statistical Measures - To describe sane of the fundamental

properties of a time-history, such as acceleration or force,

three types of statistical measures are used. They are the

Auto-correlation Function, the Cross-Correlation Function, and

the Coherence Function.

The Auto-correlation Function is the correlation between two

points on a time-history, and is a measure of the dependence of

the amplitude at time t^, on the amplitude at time t^ where t^

and t
2
are two points on a time-history separated by a given

lag (t^-t^). The auto-correlation function is formally defined

as the average over the ensemble of the product of two

amplitudes:

Rx(t
l
,t

2
) = X

l'
x
2
/P(x

l
,x2' t l

,t
2
)dx

l
fdx

2

where x^,x
2

are the amplitudes of the time-history and

p(x
1
,x

2
,t

1
,t

2
) is the joint probability density. Through the

use of a Fourier transform, a discrete time-history of a finite
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duration is transformed into an auto-correlation function which

illustrates the continuous function. For example, the Power

Spectral Density Function is a quantity that describes the

frequency or spectral properties of a single time-history. It

is the Fourier transform of an auto-correlation function and is

sometimes called the "Auto Spectral Density" function. Since

it is devoid of phase information, only transfer function

magnitude can be obtained from the Power Spectral Density

Function

.

The Cross-Correlation Function is a measure of how predictable,

on the average, a time-history at any particular moment in time

is from another time-history at any other particular moment in

time. The cross-correlation of the time-histories of two

signals begins by taking the Fourier transform of both time-

histories (Y^, Y^) • The cross-spectral density describes the

joint spectral properties of two time-histories. Phase

information is retained in cross-spectral density so that both

the magnitude and phase of the transfer function are obtained.

The cross-spectral density is the complex-valued function

(Y • Y^*). The cross-correlation is then the Fourier

transform of the cross-spectral density.

Cross-correlation between acceleration measurements at two

different points of a material body may be determined to study

the propagation of differential motion through the material

body. Cross-correlation functions are also not restricted to

correlation of parameters with the same physical units; for
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example, the cross-correlation between the applied force and

the acceleration response to that force can be determined.

2
The Coherence Function cxy (w), is a measure of the quality of

a given transfer function at a given frequency:

cxy
2
(w) = 1 Gxy(w)

1

2

Gxx(w)Gyy(w)

where Gxx(w) and Gyy(w) are the power spectral densities of the

two signals, respectively. (Power Spectral Density is a Fourier

i . 2
transform of each signal’s auto-correlation.) |Gxy(w)| is

the Cross-Spectral Density function squared. (Cross-Spectral

Density is the Fourier transform of the cross-correlation of

the two signals at w, the given frequency.) In general, 0 </

2 2
= cxy (w) </= 1. Values of cxy (w) near 1 indicate that the

two signals can be considered causally connected at that

frequency. Values significantly below 1 at a given frequency

indicate that the transfer function at that frequency cannot

accurately be determined. In the case of an input-output

2
relationship, values of cxy (w) less than 1 indicate that the

output is not attributable to the input and is perhaps due to

extraneous noise. The coherence function in the frequency

domain is analogous to the correlation coefficient in the time

domain. For more information on this measure see [501].

4.25 Pressure Time Duration Determination - Two different types

of pressure-time histories were observed, unimodal and bimodai.

The unimodal waveform was characterized by one maximum and the

bimodal waveform by two local maxima. In order to define the

pressure duration, a standard procedure was adopted which
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determined the beginning and end of a pulse. This procedure

began by determining the peak, or the first peak in the case of

a bimodal waveform. Next, the left half of the pulse, defined

from the point where the pulse started to rise until the time

of peak, was least-squares fitted with a straight line. This

rise line intersected the time axis at a point which was taken

as the formal beginning of the pulse. A similar procedure was

followed for the right half of this pulse, i.e., a least-

squares straight line was fitted to the fall section of the

pulse, which was defined from the peak to the point where the

pulse minimum occurred. The point where this line intersected

the time axis was the formal end of the pulse in the unimodal

case, and the formal end of the first peak in the bimodal case.

The pressure duration for a unimodal waveform was defined by

these points. For a bimodal waveform, these two points were

used to determine the first pressure duration. Another least-

squares straight line was fitted to the fall section of the

second pulse. The point at which this line intersected the

time axis was the formal end of the waveform, and the total

pressure duration was then defined from this point and the

beginning point.

4.26 Force Time-History Determination - In general the force-

time histories were unimodal with a single maximum, smoothly

rising, peaking and then falling. Various padding

configurations on the striker surface effected different force

time-history durations. Force duration was determined using

the same techniques for determining pressure duration, that is

152



similar boundary defining and least-squares straight-line

fitting techniques were employed.

4.27 Force Deflection Measurement - A string pot transducer was

used to measure pendulum displacement. The impactor force

transducer assembly consisted of a piezoelectric load washer

with a piezoelectric accelerometer mounted internally for

inertial compensation. The uniaxial load cell was located on a

rigid column directly behind the steering wheel hub.

Deflection was obtained by the displacement signal obtained

from the stringpot transducer, as well as from observed high-

speed photokinematics. In the third test series, the position

of the steering wheel with respect to the test subject had the

lower rim positioned just below the liver. This was

accomplished through the use of pre-test in-place X-rays.
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5.0 RESULTS

The data are presented in abbreviated form to show those trends

which are felt to be representative of important factors in thoraco-

abdominal impact response. Table 2A summarizes initial conditions for

the first series, 2B for the second series and 2C for the third series.

Table 3 lists the accelerometer response peaks for the first series low-

velocity thoracic taps, and Table 4 lists this information for the high-

velocity thoracic impacts. Table 5 lists peak forces for the first

series. Table 6 summarizes head response for the first series. Table 7

lists the peak aortic and tracheal pressures for the first series.

Table 6 summarizes the accelerometer response peaks for the second

series, thorax drop onto load plate impacts. Table 9 summarizes the

kinematic response of the third series. Table 10 summarizes the autopsy

observations for the entire research program. Examples of raw

accelerometer/transducer time-histories, auto-and cross-correlations,

mechanical impedance, transfer functions and power spectra are included

in Appendix E. "Although detailed analysis of the response of the thorax

to blunt impact from all directions and energy levels was beyond the

scope of the research program, in the first test series, the response

associated with low-energy impact from three different directions, as

well as that associated with lateral impact at 8.5 m/s was investigated.

In addition, in the second test series free-fall impact at 1.2 m/s was

studied. Also, in the third test series steering wheel assembly impact

up to 11 m/s was investigated.
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TABLE 2A. FIRST SERIES INITIAL CONDITIONS

Test
Number

Impact
Configuration

Velocity
(m/sec) Padding

Cadaver OOO
82E004 Sternum Tap 2.1 None
82E005 45° Left Thorax Tap 2.0 None
82E006 Left Side Thorax Tap 1.9 None
82E007 Left Side Thorax Impact 8.4 10cm Ensolite

Cadaver 020
82E023 Sternum Tap 2.0 0.5cm Ensolite
82E024 45° Left Thorax Tap 2.0 0.5cm Ensolite
82E025 Left Thorax Tap Arms Up 2.0 0.5cm Ensolite
82E026 Left Thorax Tap Arms Down 2.0 0.5cm Ensolite
82E027 Left Thorax Impact 8.5 0.5cm Ensolite

Cadaver 040
82E043 Sternum Tap 2.0 0.5cm Ensolite
82E044 45° Left Thorax Tap 2.0 0.5cm Ensolite
82E045 Lateral Tap 2.0 0.5cm Ensolite
82E046 Lateral Tap Arms Up 2.0 0.5cm Ensolite
82E047 Lateral Tap 2.0 10.0cm Ensolite
82E048 Left Side Thorax Impact 8.5 10.0cm Ensolite

Cadaver 060
82E063 Sternum Tap 2.0 0.5cm Ensolite
82E064 45° Left Thorax Tap 2.0 0.5cm Ensolite
82E065 Left Thorax Tap Arms Down 2.0 0.5cm Ensolite
82E066 Left Thorax Impact 8.5 0.5cm Ensolite

Cadaver 080
83E083 Sternum Tap 2.1 0.5 cm Ensolite
83E084 45° Lateral Tap 2.0 0.5 cm Ensolite
83E085 Lateral Tap 1.9 0.5 cm Ensolite
83E086 Left Side Thorax Impact 8.4 10.0 cm Ensolite

Cadaver 100
83E104 Sternum Tap 2.2 0.5cm Ensolite
83E105 45° Lateral Tap 2.2 0.5cm Ensolite
83E106 Lateral Tap 2.2 0.5cm Ensolite
83E107 Left Side Thorax Impact 8.5 10.0cm Ensolite



TABLE 2B . SECOND SERIES INITIAL CONDITIONS

Test
Number

Impact
Configuration

Velocity
m/s Padding

Cadaver 079
83E071 Drop to Load Plate 1.2 None
83E072 Drop to Load Plate 1.2 None
83E073 Drop to Load Plate 1.2 None
83E074 Drop to Load Plate 1.2 None
83E075 Drop to Load Plate 1.2 None

Cadaver 089
83E076 Drop to Load Plate 1.2 None

Cadaver 090
83E092 Drop to Load Plate 1.2 None

TABLE 2C. THIRD SERIES INITIAL CONDITIONS

Test
Number

Steering Wheel
Impact

Configuration
Velocity

m/s Padding

Cadaver 120
83E121A Frontal Thorax Impact 2.7 None
83E121B Frontal Thorax Impact 5.0 None
83E121C Frontal Thorax Impact 9.5 None

Cadaver 130
83E131A Frontal Thorax Impact 2.7 None
83E131B Frontal Thorax Impact 5.0 None
83E131C Frontal Thorax Impact 12.0 None
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TABLE 5. FIRST SERIES PEAK FORCES

Test Peak Force Duration
Number (N) (ms)

82E004 980 NA

82E005 560 95

82E006 770 85

82E007 NA NA

82E023 440 75

82E024 390 80

82E025 490 80

82E026 450 80

82E027 9800 60

82E043 430 80

82E044 430 80

82E045 570 80

82E046 400 90

82E047 400 100

82E048 7000 45

82E063 410 80

82E064 380 80

82E065 520 70

82E066 NA

83E104 660 65

83E105 1200 70

83E106 1200 65

83E107 NA

TABLE 6. FIRST SERIES HEAD RESPONSE SUMMARY

Test
No

.

Ang Acc
Res

(rd/s/s)

Ang Vel
Res
(rd/s)

Lin Acc
Res

(m/s/s)

Lin Vel
Res
(m/s) HIC

82E007 1400 20 14 5 18

82E027 1750 30 38 6 113

82E048 1750 20 30 5 102

82E066 1000 20 12 6 50

83E107 2500 30 16 5 20



TABLE 7. PEAK PRESSURES (psi)

Test Aorta Trachea
NO. Pressure Pressure

82E004 NA NA

82E005 NA NA

82E006 NA NA

82E007 NA NA

82E023 0.9 0.2

82E024 0.6 0.5

82E025 0.3 0.6

82E026 0.4 0.2

82E027 7.68 NA

82E043 00•o 0.1

82E044 0.4 0.4

82E045 0.1 0.4

82E046 0.2 0.5

82E047 0.3 0.6

82E048 1.8 0.9

82E063 0.6 0.1

82E064 1.0 0.1

82E065 0.6 0.1

82E066 14.1 2.3

83E104 0.1 0.0

83E105 0.1 0.0

83E106 0.1 0.0

83E107 4.1 1.3
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TABLE 10. RESEARCH PROGRAM AUTOPSY SUMMARY

82E007

Thorax Impact
- Incomplete fractures to ribs on left side at R3, R5, R7.
- Petechial hemorrhage on pericardium near ascending aorta.

82E027

Thorax Impact
- Incomplete fractures to ribs on left side: 4 on R2, 1 on R3, 2 on R4,

2 on R5 , and 1 on R6

.

- Complete separation of acromion and clavicle.

82E048

Thorax Impact
- Incomplete fractures to ribs on left side at R3, R7, and R8.

82E066

Thorax Impact
- Left clavicle was fractured at the acromion juncture.
- Left ribs R2 through R6 fractured in two places.

83E108

Thorax Impact
- Left ribs R2 through R5 fractured with R3 and R4 fractured in two
places

.

83E075

Thorax Drop Impact onto Load Plate
- No injuries observed.

83E076

Thorax Drop Impact onto Load Plate
- No injuries observed.

83E092

Thorax Drop Impact onto Load Plate
- No injuries observed
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TABLE 10. RESEARCH PROGRAM AUTOPSY SUMMARY Continued

83E121C

- Hemorrhage in diaphgragm
- Contused spleen
- Hepatic vein torn
- 8 cm laceration at junction of major-minor lobes of liver
- 5 cm tear in medial liver
- Liver severed from its tethers

83E131C

- Closed fractures of ribs R3L, R7L, R8L, R9L
- Hemorrhage left inferior pericardium
- Contusion in heart on right lateral side
- Contusion in tissue connecting esophagus-stomach
- Contused stomach
- Contused transverse colon
- 90% tear of disk between cervical vertebrae C6-C7
- 40% tear of disk between cervical vertebrae C5-C6
- 30% tear of disk between cervical vertebrae C4-C5
- Partial tear of anterior longitudinal ligament at C5
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6.0 DISCUSSION

In the first test series, the response of the thorax to blunt

impact was observed from (1) the contact force-time history of the

impact piston; (2) the accelerations obtained from the triaxial

accelerometer clusters and uniaxial accelerometers fitted to the

thoracic skeletal structure; and (3) the analysis of the high-speed

photokinemetrics. The various accelerations were subsequently expressed

as vectors and described in the appropriate reference frames. While

general trends were observed in a majority of the impact tests, the

specific response was found to depend on several experimental parameters

of the impacting device, such as the velocity of the impactor, the

padding of the impact surface, and the direction of impact with respect

to the test subject.

6.1 First Series Force-Time History - A total of nineteen tests were

conducted with a 2 m/s impactor velocity. Tests 82E004-006, 82E023-026,

82E043-47, 82E063-65, 83E104-106, and 83E108 comprise this group of

tests in which five different cadavers were impacted with a 26 kg piston

padded with 0.5 cm Ensolite. The tests were divided into four groups

depending on the impact direction and the position of the arms: frontal

sternum tap, 45° thoracic rib cage tap, lateral tap to the arms, and

lateral tap to the thoracic rib cage with the arms positioned up. The

force-time histories were derived from either the acceleration of the

linear pendulum piston or from the compensated force of the pneumatic

impact device. For these nineteen tap tests, the peak force varied from

0.4 to 1.2 kN and was approximately 60 to 120 milliseconds in duration.

The impact force typically reached its peak value in the initial third

of the force trace and then decreased in magnitude, although exceptions
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were noted: some tests resulted in a multimodal response with one or

more local maxima. In general, the characteristics of the force-time

waveforms seem to be as closely associated to a given test subject as to

the direction of impact or to the position of the test subjects. An

example is shown in Figure 11 in which tests 82E023-82E026 and 82E043-

82E046 are compared. This observation is surprising in light of certain

test configurations in which the impactor did not act directly upon the

thorax but through the shoulder and arm.

6.2 First Series Acceleration Time-History - A rigorous comparison

of the acceleration response between different points on the thorax was

not possible in the first test series due to the complex nature of the

thoracic skeletal response. Differences in the waveform of the

acceleration time-history at the various instrumented points of the

thorax, as well as in the particulars of the impact conditions, limited

the analysis to certain characteristics of the response found to be

independent of the direction of impact.

The gross overall motion of the thorax during impact was in the general

direction of impact, although some rotations were observed about the R-L

axis for frontal impacts and, for side impacts, about the I-S and P-A

axes. The overall motion was determined from the high-speed films and

transducer time-histories. A comparison of the integrated time-history

for the principal direction of the nearside accelerometer cluster for

the 2 m/s impacts—sternum for frontal and R4L (Rib 4, left side) for

side and 45° impacts—and the velocity of the phototargets indicate that

they were in reasonable agreement near the end of impact; however, it

must be noted that errors introduced in the integration of the
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acceleration-time-history, as well as errors associated with obtaining

the differentiated motion of the phototargets from a two-dimensional

image, limited the comparison. Peak velocities obtained from the

principle direction acceleration for the nearside triaxes were typically

1-1.5 in/s for the 2 m/s impacts.

Although the gross motion of the thorax could be described in a general

sense from the acceleration-time history of the principal direction, a

one-dimensional response was not sufficient to describe the

acceleration-time history of several of the instrumented points on the

thorax in the first test series. However, a secondary direction was

found such that no significant acceleration could be found in the third

direction for these points. This implies that, in general, a

description of the acceleration response of certain points on the

thoracic skeletal structure requires an "acceleration plane." Figure 12

shows the accelerometer time-histories of the R4L for Test 82E006 for

the principal (Al), secondary (A2), and resultant (AR) accelerations, as

well as the integration of the principal (VI) and secondary (V2)

directions. Significant accelerations in at least two directions for

several points were observed in a majority of the tests, regardless of

the direction of impact.

In the first test series, the magnitude of peak acceleration and the

time at which the maxima occurred were found to be dependent on the

accelerometer location relative to the point of impact. The peak

acceleration of a point nearest to impact was typically three to four

times greater in magnitude than the point furthest from impact. In

addition, the relative phasing of the peak acceleration between the
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nearside and farside of impact was sequential with the occurrence of the

peak force. In general, the peak and resultant accelerations of the

nearside—upper and lower sternum for frontal impacts and R4L and R8L

(Rib 8, left side) for lateral impacts—occurred prior to the peak

force. The peak and resultant accelerations for those points further

from impact generally occurred after the peak force: R4R (Rib 4, right

side)/R8R (Rib 8, right side) and R4L/R8L for frontal impacts, the upper

and lower sternum and T1 and T12 for lateral impacts. The side impacts

displayed the largest lag in peak accelerations, followed by the sternum

impacts; the 45° impacts resulted in the most coherent response between

the sternum and the R4L and R8L ribs. The observed lag between peak

force and peak acceleration was as much as 10 milliseconds for the

farside of impact (Figure 13).

The waveforms of the principle acceleration time-history for frontal and

side impacts seem to be relatively similar for the nearside (upper

sternum for frontal impacts and R4L and R8L for lateral impacts) for a

given impact velocity, although there were exceptions (Test 82E063).

The acceleration waveform of the nearside, in general, was characterized

by a smooth rise up to peak acceleration, proceeding to a negative

acceleration near peak force, and subsequently either became positive

and returned to negative or remained negative. On the other hand, the

farside acceleration response was more complex before peak acceleration.

Either a multimodal waveform with several local maxima or a delay

between the initiation of impact and the most significant part of the

acceleration response was observed. In addition, a lower peak

acceleration lagged behind the nearside peak acceleration.
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Physically, these observations imply that the response of the thorax to

blunt impact could be interpreted as the response of one deformable body

(the thorax) in contact with other material bodies (e.g., arm, neck,

impactor). The waveform which was associated with the acceleration

response of each point on the thorax was, therefore, influenced by the

force input (obtained through the use of an impactor in this case) and

the physical characteristics of the thorax. For those points near the

point of impact, the acceleration response was influenced by the

external driving force. For those points distal to the point of impact,

the response was more related to a system response. This may in part

explain why other researchers [56,116] see a relative similarity of

response of test subjects for the nearside accelerometers and the

greater variation for the farside response.

6.3 First Series Impact Response - Figures 14-17 represent the

mechanical impedance magnitude transfer function for subject 040. The

results shown in these figures were generated from the principal

direction triad and contain four data traces, one each for R4L, R4R, the

upper sternum, and Tl. The impact surface was padded with .5cm of

Ensolite (AL) and the results of the following multiple impact s are

shown: front sternum tap, 45° tap, arms up lateral tap, and arms down

lateral tap. The results presented here are considered representative

of general trends observed in a majority of the first series tests.

The first series impact response of the thorax as observed in the

mechanical impedance results have the following characteristics: 1)

local minima in impedance were observed in all significant accelerations

in the anatomical reference frames or the principal direction triad and
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the uniaxial accelerometers; 2) the magnitude of mechanical impedance of

the nearside to impact decreased up to the first local minima; 3) a

second local minima was observed for most tests at approximately twice

the frequency of the first minima; and 4) for those points further from

the point of impact, a greater value of the mechanical impedance was

observed from 10 Hz up to the first local minima.

Only one local minima, however, was observed in the arms-up lateral

impacts. The minima of the mechanical impedance response tended to

appear within certain frequency ranges. In the frontal impacts, the

minima range from 32-38 and 65-80 Hz; lateral impacts result in minima

from 42-48 Hz and 80-100 Hz; and for 45° impacts, minima were observed

between 27-32 Hz and 57-66 Hz. The decrease in impedance up to the

first local minima exhibited a "spring-like” characteristic for many of

the first series' front and side impacts . Although the magnitude of the

mechanical impedance indicates that a spring constant for the thorax

4 4 2
could be between 3x10 to 8x10 N/m , the phase of these transfer

functions, however, do not exhibit a spring-like behavior (Figure 18).

In certain tests, the magnitude of the mechanical impedance for the

farside acceleration rose as a mass line of 15-25 kg up to the first

local minima. However, similar to the spring-like behavior of the

nearside, the phase of the transfer functions were not mass-like (Figure

19).

In terms of free vibrations, the local minima observed in all first

series tests was not necessarily related to resonances of the thoracic

system. During the occurrence of the peak acceleration, the impactor

was still in contact with the test subject. In addition, the amount of
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area of the impactor in contact with the test subject varied for

different directions of impact. This may, in part, have caused the

differences in local minima of mechanical impedance for different impact

directions as well as different initial conditions (e.g., arms-up, arms-

down)

.

The the first series' response of the thorax can be further generalized

by the nearside and farside mechanical impedance results of the low-

energy (2 m/s) impacts. In the frequency range at 10-35 Hz, the

magnitudes of impedance of the nearside were consistently lower than the

farside impedance magnitudes. Physically, the lower impedance values of

the nearside indicate that there was less resistance to the external

driving force at the point of impact. A decreasing impedance up to the

first minima was previously ascribed to an "elastic-like" response for

the nearside, versus a "mass-like" farside response related to gross

whole body motion. These results were consistent with the observed

acceleration response and serve to qualify the observed differences in

acceleration waveforms of the nearside and farside. At low-velocity,

therefore, the thorax seemed to absorb the energy of impact by deforming

to the action of the piston in a non-damaging way and subsequently

rebounding with gross whole body motion as well as differential motion.

6.4 First Series Secondary Direction of Acceleration - An example of

the impedance characteristics of the secondary direction acceleration

are shown in Figure 20 for Test 82E026. In general, the magnitudes of

impedance of the secondary direction were higher in the low frequency

range below the first local minima, than the principal direction

impedance magnitudes. At the local minima, the principal and secondary

1G1



direction impedance values were similar. At higher frequencies, the

secondary direction impedance magnitudes tended to be greater than the

principle direction, but not to the same level as observed prior to the

first minima.

6.5 First Series Transfer Functions - One of the goals of the first

test series study was to quantitatively characterize the response of the

thoracic skeletal structure in terms of a transfer function between any

two points on the thorax which possessed a significant component of

acceleration. In this regard, transfer functions were generated between

an acceleration package and any other accelerometer package, resulting

in a number of transfer functions for each point which generated the

corresponding response of every other point. An example of an

application of this approach is the use of the nearside principal

direction response to predict the farside principal direction response,

as shown in Figure 21, where the transfer functions for the farside and

nearside were generated for a sternum impact (Test 82E043), and three

lateral impacts (Tests 82E045, 82E046, and 82E047). When a transfer

function was generated between any two points such that the denominator

was obtained from the accelerometer package nearest to impact , the

transfer function had the characteristics of a low-pass filter.

Transfer functions which were generated further from the point of impact

displayed an increasingly greater attenuation. In the case of lateral

impacts, the transfer functions which were generated from the nearside

principal direction acceleration and the upper sternum principal

direction acceleration had less attenuation than the corresponding

transfer function of T1 or lower sternum for the P-A direction. This

seems to indicate that there was a load path through the arm and

1C2
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shoulder (via the clavicle) to the thorax and that the sternum, in

particular, was influenced by such a load path.

In general, the transfer functions which were generated from the

significant acceleration components of the various points of the thorax

result in responses typified as decreasing in magnitude with increasing

frequency and varying in phase at each different frequency. Therefore,

if it is reasonable to assume that the thorax is a deformable structure,

the response of the thorax is dependent on the load path and the energy

management of the system (gross motion, differential motion, or

dissipation). In the first series tests, a sufficient area of contact

had been maintained to eliminate such effects as loading on a single

rib. The transfer functions which were obtained in this study,

therefore, should be regarded as characteristic of blunt impact

involving large areas of the thorax and may not be general to other

types of thoracic loading.

In Tests 82E027 and 82E048, the 26 kg impactor had a velocity of 8.5 m/

s. In Test 82E027 , a rigid impact, the shoulder structure was destroyed

by damage to the clavicle as well as 11 fractures to the rib cage. The

impedance of the farside of impact showed a mass-like response similar

to the low-velocity impact of the nearside for the same subject, but the

first local minima was at 120 Hz (Figure 22). In Test 82E048, 10 cm of

padding was placed on the impactor surface and only four rib fractures

were observed. The mechanical impedance response was similar to the

mid-velocity impacts with the first local minima occurring at 52 Hz.

In general, the transfer functions that were generated between the

nearside and farside R4 principal directions and associated with the
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rigid impacts for Tests 82E027 and 82E066 had less attenuation than were

observed in the low velocity impacts and padded impacts at the 8.5 m/s

velocity (Figure 23). Physically, this implies that the thorax

structure could have been effectively stiffer for the tests at higher

velocities. A similar observation had been made previously [53,65] when

it was suggested that the thorax stiffens under higher impact velocity.

It should be noted, however, that the velocity of the linear piston

constantly changes during the impact event and that energy management of

the thoracic structure for a given impact mass may actually be the

intrinsic factor relating the thorax response to the impact velocity.

In the first series low-velocity (non-damaging) impacts, the response of

the subjects seemed to have certain characteristics in both the time-

histories and frequency domain that were similar for all impact

directions, although the specifics of a given response may be influenced

by the impact direction as well as the biometrics of the population at

large. For lateral impacts at different impact energy levels, resulting

in differing degrees of damage to the skeletal structure, the response

changed in both the time-histories and the frequency domain (e.g., the

local minima in the mechanical impedance transfer function occurring at

higher frequency) . This implies that a single linear model may be

inadequate to characterize thoracic impact response for all impact

energy levels. However, the changes in response seemed to be consistent

and analytically describable.

6.6 First Series Damage Response - Tests 82E06.1 27 and 82E06.1 66,

rigid lateral impacts at 8.5 m/s with the 26 kg piston, produced damage

to the clavicle and thoracic rib cage in both test subjects. The

addition of 10 cm of padding to the impact surface resulted in no
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injuries sustained to the shoulder-arm-clavicle complex with fewer rib

fractures in four subsequent tests at 8.5 m/s with the 26 kg piston

(Tests 82E007 , 82E048, 82E107). If the shoulder structure remained

intact, it could have been an effective means by which the load to the

thorax was better distributed. The approximate velocity at which a

rigid impact to the shoulder should begin to produce damages to the

thoracic skeletal structure seemed to be 4.6 m/s. Ho injuries were

observed in the neck of any of the test subjects for the first test

series

.

Table 8 summarizes the kinematic response of the second series

thorax drop impact onto a load plate. Impact velocity was 1.2 m/s and

no damage was observed in the gross autopsy.

6.7 Third Series Response - The response of the cadaver to direct

loading from a steering wheel system was observed from: 1) the force

obtained from a load cell placed directly behind the steering wheel hub,

2) the accelerations obtained from the triaxial and uniaxal

accelerometers fitted to the thoracic skeletal structure, 3) the

pressure transducers placed in the descending aorta and trachea, and 4)

the analysis of the high-speed photokinemetrics . The various

accelerations were subsequently expressed as vectors and described in

appropriate reference frames. While general trends were observed in the

third series tests, the specific response was found to be dependent on:

the impactor velocity, the impactor mass, the contact profile of the

steering wheel with the thorax, as well as on the biovariablity of the

subjects. In addition, the response of the thorax had certain

characteristics in both the time and frequency domain that were simliar

to blunt impacts to the sternum using a flat impactor.
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With the use of triaxial and uniaxal accelerometers attached to the

thoracic skeletal structure, the response of the thorax was defined as a

continuum of "events" characterized by the motion of the thorax as

estimated by the accelerometers and the relationship of this motion to

the steering wheel hub force. Examples of events which were used to

characterize impact response for the third series force time-history

were: the initiation of impact response, denoted by on the

accompanying graphs; the positive maximum, denoted by Q^; and the

estimated end of impact, denoted by Q
3

- In general, during an anterior-

to-posterior direction steering wheel impact, the lower rim of the

steering wheel contacted the abdomen at the Q
1

event. During the Q
1
“Q

2

interval the steering wheel spokes interacted with the thoracic cage as

the subject rotated forward. Finally, the hub of the steering wheel

contacted the sternum close to the the Q
2

event, and the subject rotated

far enough forward so that the chin protruded above the upper rim of the

steering wheel, or the face contacted the rim. In general, the test

subject stayed in this position for the remainder of the test. See

Figure 24 for illustration of this motion.

6.8 Third Series Force Time-History - The force time-histories were

derived from the compensated force of the load cell positioned behind

the steering wheel hub. The third test series consisted of three

impacts, respectively, of low-, medium-, and high velocity to

unembalmed, repressurized cadavers. The low- and mid-velocity impacts

were at non-injurious levels. The force time-histories were smooth,

typically unimodal (only one significant local maximum) curves with

occasional multimodal abberations (See examples given in Appendix E).
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For the third series low-velocity impacts, the magnitude of the steering

wheel hub force varied between 800 N and 2500 N, with an average value

of 1600 N. The Q
1

to Q
2

as well as the Q
2
-Q

3
interval were

significantly different from later tests in which a 65 kg pendulum was

used [96]. This was consistent with observations based on the high-

speed photokinemetrics . The velocity of the pendulum during the Q^-Q^

interval decreased to a much greater degree than that of later 65 kg

pendulum tests [96]. This phenomenon is believed to be a result of the

interaction of the test subject with the pendulum in such a way that a

significant percentage of the pendulum's energy was transferred to the

test subject. Including the later tests showed that in general, the Q -

Q
2

interval was longer than the Q
2
“Q

3
interval, indicating a greater

rate of fall than rise. The Q
1
~Q

2
interval was typically about 70 ms,

with the Q@-Q
2

interval about 50 ms when the later tests were included

in the sample [96].

For the third series mid-velocity impacts, the magnitude of the steering

wheel hub force varied between 2500 N and 4500 N, with an average value

of 3500 N. Similar to the low-velocity impacts, these lower mass tests

did not display a waveform similar to that of the later higher mass

pendulum tests [96]. Including the later tests showed that, in general,

the Q
1
~Q

2
interval was the same as the Q

2
-Q

3
interval, indicating a

symmetric curve. The Q
1
~Q

2
and Q

2
~Q

2
intervals were about 50 ms each

[96].

For the third series high-velocity impacts, the magnitude of the

steering wheel hub force varied between 4,500 N and 10,000 N, with an

average value of 6200 N. Similar to the low- and mid-velocity impacts,
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these lower mass tests displayed a different waveform than that of the

later higher mass pendulum impacts [96]. The high-velocity steering

wheel impact waveforms were most similar to the first test series

pendulum impacts using a moving mass impactor with a flat surface [101].

Including the later tests showed that, in general, the interval

was shorter than the Q
2
-
^3 indicating a greater rate of rise

than decline [96]. The Q
1
~Q

2
interval was about 30 ms, with the Q

2
~Q

3

interval approximately 70 ms.

Observations from the high-speed photokinemetrics, in conjunction with

observations from the steering wheel hub force, indicated that for

impactors using a moving pendulum, a difference between the first test

series flat surface impacts and the third test series steering wheel

impacts was that in the steering wheel impacts the subject rotated

forward (head toward the knees) in such a way that all the mass of the

body trunk rested on the steering wheel (Figure 24). While in the first

test series flat surface impacts, the impactor contacted the sternum and

the subject rotated backwards (head and torso away from the knees) with

a smaller portion of the body mass interacting with the pendulum. The

increased effective mass of the test subject in a steering wheel impact

as compared to a flat surface impact may indicate a necessity for using

a heavier mass pendulum for steering wheel impacts than that used for

flat surface impact to the sternum [101].

6.9 Third Series Acceleration Time-History - A comparison of the

acceleration response of the thorax between the third test series

steering wheel impacts and the first test series flat surface impacts

[101] showed that steering wheel loading produced a more complex
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response from the thoracic skeletal structure. Differences in the

waveform of the acceleration time-history, as well as the particulars of

the impact conditions, limited the analysis to certain general

characteristics of the response.

The gross overall motion of the thorax during steering wheel impact was,

in general, three-dimensional. As the lower rim of the steering wheel

penetrated the abdomen, the test subject started to rotate around the

the right-left axis. The thoracic cage was first deformed by the

steering wheel rim near the lower ribs. Next, the thorax was deformed

by the steering wheel spokes. Finally, the steering wheel hub contacted

the sternum, compressing the midsection of the thorax. If the steering

wheel deformed asymmetrically, the gross motion of the test subject

moved out of the plane of the impact. Three-dimensional gross motion

out of the plane impact was generally seen only in the high-velocity

impacts

.

Although the gross motion of the thorax in steering wheel impacts could

be described, in a general sense, for short time durations (less than 50

ms) using the principal direction acceleration triad, a one-dimensional

acceleration description was not sufficient for description of the

acceleration time-histories of several points on the thorax. This

conclusion stems from comparison of the doubly integrated difference of

the lower sternum acceleration and T12 acceleration compared to the

deflection obtained from film and stringpots. After 50 ms, the

acceleration time-history no longer was able to reliably predict the

deflection. In addition, for triaxial accelerometers, in most cases, a

secondary direction could not be found, so that no significant
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acceleration could be observed in the third direction. This implied

that, in general, the response of the thorax in steering wheel impacts

requires a three-dimensional description the thoracic cage be used. In

the accelerometer time-histories in Appendix E, the principal direction

acceleration is labeled Al, the secondary, A2, and the tertiary, A3.

The results for the first series blunt frontal thoracic impacts using a

flat impactor [101] showed that: the magnitude of peak acceleration and

the time at which the maxima occured were found to be dependent upon the

accelerometer location relative to the point of impact. The peak

acceleration of a point nearest to the center of impact was typically

three to four times greater in magnitude than a point furthest from

impact. In addition, the relative phasing of the peak acceleration

between the "sternum" and "spine" was sequential with the occurrence of

the peak force. In general, the peak of the principal direction

accelerations of the upper and lower sternum occurred prior to the peak

force. The peak of the principal direction acceleration for those

points further away from the center of impact generally occurred after

the peak force: ribs R4R/R8R and T1/T12. The acceleration waveform of

the sternum, in general, was characterized by a smooth rise up to peak

acceleration, proceeded to a negative acceleration near peak force, and

subsequently either became positive and returned to negative, or

remained negative. On the other hand, the spinal acceleration response

was more complex before peak acceleration. Either a multimodal waveform

with several local maxima, or a delay between the initiation of impact

and the most significant part of the acceleration response was observed.

In addition, the spinal acceleration lagged behind the peak force.
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Unlike the first test series flat surface sternal impact response [101],

the third test series steering wheel impact response shows that: the

relationship and the time at which it occurs for all triaxial

accelerometer packages in terms of peak acceleration and the event of

the force time-history was impact-velocity dependent. For low-velocity

steering wheel impacts (2.5-3 m/s), all acceleration maxima, in general,

occurred before the Q
2

event of the force. In most cases, for mid-

velocity steering wheel impacts the maximum accelerations occurred

before the Q
2

force event; however, occassionally, the maximum spine or

sternal accelerations occurred after the Q2
force event. In general,

for high-velocity steering wheel impacts, the sternal accelerations

occurred before the Q
2

force event, with the spinal acceleration maxima

occurring after the Q
2

force event.

Unlike the first test series flat surface impacts [101], the magnitude

of the principal direction accelerations for triaxial accelerometers in

the third test series low- and mid-velocity steering wheel impacts did

not display the same relationships to each other. The principal

direction magnitudes of sternal accelerations were 20-50 percent higher

than those of the spinal accelerations in the steering wheel impacts.

In contrast, the principal direction magnitudes of the high-velocity

steering wheel impacts were 4-5 times as high as the spinal

accelerations (similar to those flat surface impacts to the sternum

[101]). The waveforms were significantly more complex for steering

wheel impacts than for flat surface frontal impacts to the sternum

[101], in terms of the number and magnitude of local maxima. This may

have been the result of the complex interaction of the body trunk (both
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of the thoracic cage and of the abdominal area) with the steering wheel.

Unlike the first test series flat surface frontal impacts to the sternum

[101], different components of the steering wheel contacted the thoracic

cage at different points in time. In addition, both symmetric and

asymmetric deformation of the steering wheel caused input loading of the

thoracic cage that was not observed in the first test series impacts to

the sternum using a flat surface impactor [101].

Because of the complex nature of the third test series steering wheel

impact acceleration time-histories of various instrumented points on the

thoracic cage, comparisons between signals were made using auto- and

cross-correlations. Because of the inherent three-dimensional motion in

steering wheel impacts, comparisons were not made past 50 ms lags.

Peaks in the cross-correlation function correspond to the transmission

lag between the two variables that were being correlated. For the

steering wheel hub force and the principal direction acceleration

variables, the physical path of energy transmission was not well

determined. Therefore, the cross-correlation function gave an estimate

of the average input transmission lag from the force time-history to the

given accelerometer cluster.

The third test series relative phasing of the maximum value of the

cross-correlation function between the steering wheel hub force and the

principal direction acceleration for the lower sternum, ribs R8R, R8L

and thoracic vertebra T12 indicated that the force lagged all of the

principal direction acceleration. The lags, in general, for the low

velocity impacts were: for lower sternum, 20-25 ms; for ribs R8R and

R8L, 20-25 ms; for thoracic vertebra T12, 15-25 ms; and for thoracic
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vertebra Tl, 0-15 ms. The lags for mid-velocity impacts were: for

lower sternum, 15-25 ms; for ribs R8R and R8L, 15-25 ms; for thoracic

vertebra T12, 15-25 ms; and for thoracic vertebra Tl, 0-15 ms. The lags

for the high-velocity impacts were: for lower sternum, 5-15 ms; for ribs

R8R and R8L, 5-15 ms; for thoracic vertebra T12, 0-10 ms; and for

thoracic vertebra Tl, 0-10 ms. In some of the tests, at all three

velocity ranges, the greatest lags were observed for the lower sternum,

with intermediate lags for the ribs R8R and R8L, and the least lags for

the spinal accelerations. However, this trend was not general enough to

indicate a clear load path from the sternum to the spine. This

observation is consistent with the concept that there was not one but

several load paths occurring. Unlike the first test series, blunt

frontal sternum impacts with a flat surface impactor [101], in which the

sternum was loaded first and then the rib and spine accelerations were a

result of the sternum motion; in the steering wheel impacts, the spine

was initially loaded by the contact of the ribs with the spokes and

lower rim of the steering wheel. In the steering wheel impacts, the

loading of the sternum, then, came after the initial load path had been

established.

The third test series magnitude of the principal direction acceleration

for the triaxial accelerometer clusters, in terms of the maximum value

of the auto-correlation (zero lag), was consistent with the results

obtained by using the maximum value of the acceleration when the raw

accelerometer time- history was filtered at 150 Hz, 4th order. The

maximum for the auto-correlation function for the sternal acceleration

for low- and mid-velocity impacts was 4-6 times higher than that of the

maximum auto-correlation for the spine at thoracic vertebra T12. For
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high velocity impacts, the maximum of the auto-correlation function was

15-20 times the maximum of the spinal accelerometers.

Observations of the third test series auto- and cross-correlation

functions indicated that: 1) the most rapidly varying signal was the

lower sternum, with ribs R8R and R8L being intermediate, and the least

varying signal being the spinal accelerations; 2) although ribs R8R and

R8L showed the best correlations for low- and mid-velocity impacts, the

high- velocity impacts did not indicate a similar response for both

sides of the thorax at that level; 3) for all-velocity impacts, the best

correlations between principal direction acceleration and the force

signal were spinal acceleration; 4) the high-velocity impacts were, to a

greater degree, different from the low- and mid-velocity impacts than

the low- and mid-velocity impacts were from each other; and 5) the

varying load paths were most significant for the rib R8R and R8L

triaxial accelerometer clusters.

Physically, these observations imply that the response of the thorax to

steering wheel impact can be interpreted as the response of one

deformable body (the thorax) in contact with another deformable body

(the steering wheel). The waveform which was associated with the

acceleration response of each point on the thorax was influenced by a

number of load paths (originating from the steering wheel hub, the

spokes, and the lower rim). The point in time at which each of these

load paths become significant for a given steering wheel configuration

depends on the impact velocity, the number of loads paths, and the

biovariability of the population.
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6.10 Third Series Impact Response - Figures 25,26 and 27 represent

the mechanical impedance transfer function for the third test series

Impact 83E131C. The results shown in these figures were generated from

the principal direction triad and steering wheel hub force and contain

three traces per graph, one each for low-, mid-, and high- velocity

impacts. The transfer function includes the response of the steering

wheel. The results presented here are considered representative of the

general trends observed in a majority of the third test series impacts.

In the third test series, the impact response of the thoraco-abdomen

observed in the mechanical impedance data has the following

characteristics which are similar to those of frontal thoracic impacts

made with a flat surface impactor in the first test series [101]: 1)

local minima in impedance were observed in all significant accelerations

in the anatomical reference frames or the principal direction triad, and

the uniaxial accelerometers; 2) the magnitude of the lower sternum

decreased from 15 Hz to the first local minimum; 3) a second local

minimum was observed for some tests; 4) for those instrumented points

further from the center of the impactor contact, a greater value of

mechanical impedance was observed from 15 Hz up to the first local

minimum, with ribs R8R and R8L having the most similar impedance values;

5) the impedance values for all significant accelerations increased as

velocity increased, and 6) the first local minimum increased in

frequency as impact velocity increased.

The impact response of the steering wheel observable in the mechanical

impedance data has the following characteristics which were different

from those of the first test series frontal thoracic impacts [101]: 1)
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the mechanical impedance values were higher in the steering wheel

impacts in the low frequency (below 15 Hz); 2) the low frequency

components in the steering wheel data (those below 15 Hz) for a given

velocity impact were characteristically the same for all principal

directions; 3) for the third test series sternum impacts, the second

local minimum generally occurred at 3 times the first local minimum,

while for the first series frontal impacts with a flat impactor [101],

the second local minimum occurred at 2 times the first local minimum, 4)

in general, the ribs R8R and R8L transfer function for the principal

direction acceleration for steering wheel impacts differed from each

other to a greater degree than those of the flat surface inpacts to the

sternum [101], and 5) the first local minimum was clearly observed in

all mechanical impedance transfer functions for any significant

acceleration for the sternum impacts with a flat impactor [101]. This

was not always the case for steering wheel impacts. The first local

minimum of the mechanical impedance occurred in the 32-38 Hz range in

the first test series flat surface impacts for the sternum [101], while

in the third test series steering wheel impacts of similar impact

velocity for the sternum, it occurred in the 20-25 Hz range.

The local minima observed in all of the third series tests were not

necessarily related to resonances of the thoracic system in terms of

free vibrations. During the force time-history, the steering wheel had

a constantly changing load surface as well as a constantly changing load

direction. In addition, the direction of the loading with respect to

the test subject changed as the test subject rotated onto the steering

wheel. This may, in part, have caused the differences observed in the

first local minima for the mechanical impedance for the different impact

201



velocities. The complex loading conditions may have resulted in the

differences which were observed between the flat surface impacts and the

steering wheel impacts in terms of mechanical impedance.

In the third test series, the local minima (resonances) for the sternum

were: for low-velocity impacts, 20-25 Hz; for mid-velocity impacts, 25-

35 Hz; and for high-velocity impacts 30-45 Hz. Similar to the flat

surface impacts of the first test series [101], the decrease in the

magnitude of the mechanical impedance up to the first local minimum for

the lower sternum, indicated that a spring value for low-velocity

4 4 4
impacts was 3x10 ; 6x10 for mid- velocity inpacts; and 9x10 for high-

velocity impacts. Similar to the blunt frontal impacts made with the

flat surface impactor in the first test series [101], the magnitude of

the mechanical impedance displayed spring-like characteristics, while

the phase did not.

In many of the first test series flat surface impaccts [101], the

magnitude of the mechanical impedance for the spine principal direction

exhibited a mass-like behavior between 15-25 kg. In the third test

series steering wheel impacts, the magnitude of the mechanical impedance

for the spine was closer to a damper of 1.5xl0
3
n.s/m up to the first

local minimum. However, similar to the spring-like behavior of the

sternum, the phase of the transfer function was not damper-like. In

addition, the complexity (larger number of maximum and minimum ) of the

mechanical impedance transfer function was greater for the third test

series steering wheel impacts than for the first test series blunt

sternum impacts [101].
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The similarity between the sternum response of the third test series

steering wheel impacts and the first test series flat surface impacts

[101], in terms of mechanical impedance magnitude, is believed to be a

result of the observation that the major loading of the steering wheel

on the sternum was from the steering wheel hub. The differences in the

traces associated with the ribs (R8R and R8L) and the spine between the

steering wheel impacts and the blunt frontal flat surface impacts [101],

was a result of a number of different load paths to those anatomical

structures.

6.11 Transfer Functions - One of the goals of the third test series

was to quantitatively characterize the response of the thoracic skeletal

structure in terms of a transfer function between any two points on the

thorax which possessed a significant component of acceleration. In this

regard, transfer functions were generated between any given

accelerometer package and any other given accelerometer package,

resulting in a number of transfer functions for each point generating

the corresponding response of every other point. When a transfer

function was generated between two points such that the denominator was

obtained from the accelerometer package of the sternum, the transfer

function had the characteristics of a low-pass filter. Transfer

functions which were generated further from the point of impact (R8R and

R8L, T1 and T12) displayed an increasingly greater attenuation. In

general, the transfer functions which were generated from the

significant acceleration components of the various points of the thorax

resulted in responses typified as a general decrease in magnitude with

increasing frequency and varying in phase at each different frequency.

Although there was a general decrease in the magnitude of this transfer
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function, the magnitude did not decrease to the same degree as similar

transfer functions generated for the first test series in which a flat

surface impactor was used [101]. Therefore, if it is reasonable to

assume that the thorax is a deformable structure, the response of the

thorax is dependent upon the load path and upon the energy management of

the system (gross motion, differential motion, or dissipation).

In the third test series impacts, a complicated load path was obtained

through the use of a steering wheel, and such effects as loading of a

single rib may have occurred for short time durations. The increased

complexity, as well as the larger variation in transfer functions

generated in the third test series impacts compared to others [98,101],

indicated a much more complex loading path. Although there were clear

similarities between the first test series flat surface impacts [101]

and the third test series steering wheel impacts, the difference was

significant enough so as to caution against using one to predict the

other.

In general, the transfer functions that were generated for the first

test series between the lower sternum and the thoracic vertebra T12,

associated with the low- and mid-velocity impacts, showed less

attenuation than were observed in the third test series low-velocity

steering wheel impacts. Physically, this implies that the thoracic

structure could have been effectively stiffer as the impact velocity

increased. Similar observations have been made previously which suggest

that the thorax stiffens under higher-impact velocity [53,65].

7.0 CONCLUSIONS

The first test series was a limited, preliminary study, using unembalmed

cadavers, of some important kinematic factors and damage modes of the
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thoracic skeletal structure associated with blunt impact of the thorax.

Because of the complex nature of the thorax during an impact event, more

work is necessary before these kinematic factors can be generalized to

describe thoracic skeletal response. However the following conclusions

are drawn from the first test series:

1) For lateral impacts a single linear model seems inadequate to

characterize thoracic impact response for all impact velocities. In

terms of mechanical impedance (generated between various points on

the thoracic skeletal structure and the impact force) as well as

transfer functions (generated between points on the thoracic cage),

there seems to be a significant difference between low velocity (non-

damaging) and high velocity (damaging) impact responses.

2) In low-energy, non-damaging impacts (2 m/s with a 26 kg impactor) the

response of the subjects seems to have certain characteristics in

both the time and frequency domain that are similar for all impact

directions. In general the thorax acts as a deformable body during

blunt impact with the transmitted energy partitioned as both

differential and gross whole body motion. In particular, the

nearside and farside response differ with greater deformation

occurring at the nearside locales. Similarities are seen between the

impact responses of the different nearside locales (left side for

lateral impacts and sternum for frontal impacts) and between the

different farside locales (right side for lateral impacts and spine

for frontal).

3) The description of three-dimensional acceleration of select points on

the skeletal structure is invaluable to the understanding of thoracic
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impact response. The results obtained from a single dimensinal

descriptor (such as right-to-left acceleration velocity or

displacement for lateral impacts) seems inadequate to characterize

thoracic impact response.

4) For the second test series, the low frequency components of a

mechanical impedance transfer function indicate an effective mass was

near half of the whole body mass.

5) For the third test series, steering wheel impacts using a 25 kg

pendulum produced significantly different results, in terms of

steering wheel hub force and thoracic cage acceleration from that of

a 65 kg pendulum [96]. In a steering wheel impact using a low mass

pendulum (25 kg), the amount of energy transferred to the test

subject can significantly affect the velocity of the impactor during

impact. Potentially, this would lead to greater variability in the

impact response, as the test subject mass would, to a greater degree

than that of a heavier pendulum (65 kg), affect the impact response

[96].

6) The heart-aorta, the liver, and the spleen are soft-tissue organs

which are protected by the thoracic cage. The responses of the bony

structures of the thoracic cage are critical factors in the mechanism

of injuries for these organs. Therefore, in terms of dynamic and

injury responses, the liver and spleen should be considered thoracic

organs

.

7) For frontal impacts using a steering wheel assembly, a single linear

model seems inadequate to characterize thoracic impact response for
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all impact velocities. In terms of mechanical impedance (generated

between various points on the thoracic cage and steering wheel hub

force) as well as transfer functions between two points on the

thoracic cage f there seems to be a significant difference between

low-velocity (non-damaging) and high-velocity (damaging) impact

response.

8) The complex interaction of the steering wheel with the thoracic cage

requires a three-dimensional description of impact response in terms

of: 1) gross whole body motion, and 2) differential motion as

determined by the acceleration response of selected points on the

skeletal structure. The results obtained from accelerometers fixed

to the thoracic cage imply a complex thoracic response as well as

multiple paths of energy transmission. When the body trunk is

impacted by the steering wheel, load paths originate from the rim,

the spokes, and the hub. The degree and point in time at which these

load paths dominate the thoracic response is dependent upon the

initial configuration of the steering wheel in regard to the test

subject, as well as upon the biovariability of the population.

9) Severe injuries which involve the major arteries or veins in the

organs protected by the thoracic cage seem to be impact-position

dependent. Thoraco-abdominal impact tolerance levels based on

deflection or velocity may be inadequate to the situations which

occur in steering wheel impacts. Although velocity and deflection

seem to be important parameters in determining thoraco-abdominal

impact tolerance levels, severe injuries involving the major arteries

or veins were observed to be impact position and initial test
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configuration dependent in the response programs reported here.

Location of the heart and liver with respect to the impact structure

is an important criteria that needs to be addressed in thoraco-

abdominal impact.

10) Changes in the material properties of soft tissues after death may

have significant effect on the damage pattern in the postmortem

subject when compared to live humans. In particular, postmortem

change of the mediastinal tissue can have significant effects on the

injury pattern of the heart-aorta system of a canine model produced

as a result of blunt impact to the sternum.
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DEPARTMENT OF TRANSPORTATION

MULTIPLE IMPACT TESTS

Through _____

as performed by

the Biomechanics Department of

the Highway Safety Research Institute

Ann Arbor, Michigan

1982-1983 E Series

This protocol for the use of cadavers in this test series was approved by

the Committee to Review Grants for Clinical Research of the University of
Michigan Medical Center and follows guidelines established by the U.S. Public
Health Service and those recommended by the National Academy of Sciences,
National Research Council

.
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TEST DESCRIPTION I

Cadaver No. Sex: Height : Weight:
_

Test No. (Head, Shoulder, Pelvis)

Test
aescription:Head impact, subject in a normal seated

position, neck angle approx. 10“ forward, impact to

forehead, angle of head determined by tangent forehead

plane.

Type of Impact or : PENDULUM

Type of Bumper: WHITE VI BRATHANE

Type of Striker: 25 Kg PISTON, 15cm DIA.

Impactor Angle: 50°(S.0m/s)

Padding:

Pre-Impact Travel: 14cm

Post-Impact Travel: i 6cm

35mm stills:

_____ Black and White

Color

CAMERAS POSITION

Photosonics 1 : 1 000 P-A, S-I

Photosonics 2: _______
HvCam: 3000 P-A, S-I

Test Description - 2

86



INSTRUMENTATI ON

ACCELEROMETERS

Head (9 A2)

Dp. Sternum (3-A2)

Lwr. Sternum (1)

Spine (2 triax)

Pelvis (9 A2)

Lwr. Rib R8 (2)

Up. Rib R4 (2 triax)

TARGETS

2 Head

Acromion

Sternum (2)

2 Spine

Pelvis

TRANSDUCERS

2 Trachea

2 Ascending
Aorta

Internal 2
Carotid

Subdural 1 : 2

2: 2

3: 2

4: ?

Test Description -



TEST DESCRIPTION

Cadaver No. Sex

:

Height: Weight:

Test No . (Head f Shoulder, Pelvis)

Test description:
Head impact , same as previous.

Type of Impactor: PENDULUM

Type of Bumper: WHITS VIBRATHANE

Type of Striker: 25 Kg PISTON, 15cm DIA.

Impactor Angle: 50°(5.0m/s)

Padding:

Pre-Impact Travel: 14cm

Post-Impact Travel: 16cm

35mm stills:

Black and White

Color

CAMERAS POSITION

Photosonics 1 : 1 000 P-A, S-I

Photosonics 2:

HyCam: 3000 P-A, S-I

Test Description - 4
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INSTRUMENTATI ON

ACCELEROMETERS

Head (9 AX)

Dp. Sternum ( 3-AX)

Lwr. Sternum (1)

Spine (2 triax)

Pelvis (9 AX)

Lwr. Rib RB (2)

TARGETS

2 Head

Acromion

Sternum (2)

2 Spine

Pelvis

TRANSDUCERS

2 Trachea

2 Ascending
Aorta

Internal 2
Carotid

Subdural 1 : 2

2 : 2

3: 2

4: ?

Up. Rib R4 (2 triax)

COMMENTS:

D9
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TEST DESCRIPTION

Cadaver No. Sex: Height : Weight

:

Test No. (Head, Shoulder, Pelvis)

Test description: Front tap, mid-sternum, angle of thorax
determined by sternum tangent plane, top or impact 54 cm

from seat pan.

Type of Impactor: PENDULUM

Type of Bumper: WHITE VT3RATHANE

Type of Striker: 25 Ko PISTON, 21cm. sq.

Impactor Angle: 17°(2m/s)

Padding: . 5cn ensolite

Pre-Impact Travel: 8cm

Post-Impact Travel: 22cm

35mm stills:

Black and White

___ Color

CAMERAS POSITION

Photosonics 1: 1000 P-A, S-I

Photosonics 2: ___________

HvCam: 3000 P-A, S-I

B10
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INSTRUMENTAL ON

ACCELEROMETERS TARGETS TRANSDUCERS

Head (9-AZ) Z Head Z Trachea Z

Up. Sternum ( 3-AZ) Z Acromion Z Ascending Z
Aorta

Lwr. Sternum (1) z Sternum (2) z Internal
Carotid

Spine (2 triax) z Spine -

Pelvis (9-AZ) Pelvis Subdural 1
•
• _______

Lwr. Rib R8 (2) z 2 •
•

Up. Rib R4 (2 triax) z 3 •

4 •

COMMENTS

:

Bll
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TEST DESCRIPTION

Cadaver No . Sex: Height: Weight:

Test No. (Head, Shoulder, Pelvis)

Test description: Left side tap, 45°P-A into R-L,
normal seated posture, move arm if

necessary, top of impact 54 cm above seat pan.

Type of Impactor: PENDULUM

Type of Bumper: WHITE VIBRATHANE

Type of Striker: 25 Kg PISTON, 21cm. sc.

Impactor Angle: 17°(2m/s)

Padding: ,5cm ensolite

Pre- Impact Travel : 8cm

Post-Impact Travel : 22cm

35mm stills:

Black and White

Color

CAMERAS

Photosonics 1 : 1 000

Photosonics 2:

HvCam : 3000

POSITION

45° P-A into R-L, S-I

45° P-A into R-L, S-I

B1

2
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INSTRUMENTATION

ACCELEROMETERS TARGETS TRANSDUCERS

Head ( 9-AX) X Head X Trachea X

Up. Sternum (3-AX) X Acromion X Ascendinq X
Aorta

Lwr. Sternum (1) X Sternum (2) X Internal
Carotid

Spine (2 triax) X Spine
-

Pelvis (9-AX) Pelvis Subdural 1
•
•

Lwr. Rib R8 (2) X 2 •
•

Up. Rib R4 (2 triax) X 3 •
• _____

4 •

COMMENTS:

B13
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TEST DESCRIPTION

Cadaver No. Sex: He i ght : Weight

:

Test No. (Head, Shoulder, Pelvis)

Test description: Left side tap arms up,
position arms to minimize interference :rom scapula

as well as centering piston in the R-L/I-S plane,

normal seated posture. Top of impact 54 cm

above seat pan. (This test may be dropped.)

Type of Impactor: PENDULUM

Type of Bumper: WHITE VTBRATHANE

Type of Striker: 25 Ko PISTON, 21cm so.

Impactor Angle: I7°(2m/s)

Padding : .5cm ensolite

Pre-Impact Travel: 8cm

Post-Impact Travel: 22cm

35mm stills:

___ Black ana White

Color

CAMERAS POSITION

Photosonics 1: 1000 R-L, S-I

Photosonics 2: __________ __________

HyCam: 3030 R-L , S-I

bia

Test Description - 10



INSTRUMENTATION

ACCELEROMETERS TARGETS TRANSDUCERS

Head (9-AX) X Head X Trachea X

Up. Sternum (3-AX) X Acromion X Ascending
Aorta

X

Lwr. Sternum (1) X Sternum (2) X Internal
Carotid

Spine (2 triax) X Spine

Pelvis (9-AX) Pelvis Subdural 1
•

Lwr. Rib R8 (2) X 2 •
•

Up. Rib R4 (2 triax) X 3 •

4 •

COMMENTS:

B15
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TEST DESCRIPTION

Cadaver No. Sex: Height : Weight:

Test No . (Head, Shoulder, Pelvis)

Test description: Left side tap arms down, normal
seated posture, m the R-L/I-S

plane, top of impact 54 cm above seat pan.

Type of Impact or: PENDULUM

Type of Bumper: WHITE VTBRATHANE

Type of Striker: 25 Ka PISTON. 21cm sc.

Impactor Angle: 17°(2m/s)

Padding: ,5cm ensolite

Pre-Impact Travel: 8cm

Post-Impact Travel : 22cm

35mm stills:

Black and White

Color

CAMERAS POSITION

Photosonics 1 : 1 000 R-L. S-I

Photosonics 2: _____ ______
HyCam: 3000 R-L , S-I

big

Test Description - 12



INSTRUMENTATION

ACCELEROMETERS

Head ( 9-AX)

Up. Sternum ( 3-AX)

Lwr. Sternum (1)

Spine (2 triax)

Pelvis (9-AX)

Lwr. Rib R8 (2)

TARGETS

X Head

X Acromion

X Sternum (2)

X Spine

Pelvis

TRANSDUCERS

X Trachea X

X Ascending X
Aorta

X Internal
Carotid

_ Subdural 1

t

2 :

3:

4 :

X

Up. Rib R4 (2 triax) X

COMMENTS:

El 7
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TEST DESCRIPTION

Cadaver No. Sex: Height : Weight

:

Test No. (Head, Shoulder, Pelvis)

Test description: Left side impact, same as left side

arms down tap.

Type of Impactor: PENDULUM

Type of Bumper: WHITE VTBRATHANE

Type of Striker: 25 Kg PISTON, 21cm sg.

Impactor Angle: 100°(8.8m/s)

Padding: 15cm APR pads

Pre-Impact Travel: 9cm

Post-Impact Travel : 2 1 cm

25mm stills:

Black and White

Color

CAMERAS POSITION

Photosonics 1 : 1 000 R-L,S-I

Photosonics 2: ______
HyCam: 3000 R-L, S-I

BIS
Test Description 14



INSTRUMENTATI ON

ACCELEROMETERS

Head (9-AX)

Dp. Sternum (3-

Lvr. Sternum (1

Spine (2 triax)

Pelvis ( 9-AX)

Lwr . Rib R8 (2)

Dp. Rib R4 (2 t

COMMENTS:

TARGETS TRANSDUCERS

X Head

AX) Z Acromion

) X Sternum (2)

X Spine

Pelvis

X Trachea Z

Z Ascending Z
Aorta

X Internal _

_

Carotid

Subdural 1

:

_X

riax) X

Test Description -
B19



TEST DESCRIPTION

Cadaver No. Sex : Height: Weight

:

Test No. (Head, Shoulder, Pelvis)

Test Description: Pelvic impact, right side, Sea anterior
to trochanter ion , centered on femur.

Type of Impactor: PENDULOH

Type of Bumper : WHITS VIBRATHANE

Type of Striker: 25 Kg PISTON, 15cm DIA.

Impactor Angle: 100°(8.8m/s)

Padding: .5cm ensolite

Pre-Impact Travel: 1 2cm

Post-Impact Travel: 18cm

35mm stills:

Black and White

Color

CAMERAS POSITION

Photosonics 1 : 1000 R-L, S-I

Photosonics 2: _____ —_____
HyCam: 3000 R-L, S-I

B20
est Description 16



INSTRDMENTATI ON

ACCELEROMETERS

Head ( 9-AX)

Dp. Sternum (3-AX)

Lwr. Sternum (1)

Spine (2 triax) _X

Pelvis { 9-AX) _X

Lwr. Ri'b R8 (2)

Dp. Rib R4 (2 triax)

TARGETS

Head

Acromion

Sternum (2)

Spine

Pelvis

TRANSDUCERS

Trachea

Ascending
Aorta

Internal
Carotid

X Subdural 1

:

4 :

COMMENTS:

B21 Test Description



TEST DESCRIPTION

Cadaver Ho. Sex: Height : Weight:

Test No. (Head, Shoulder, Pelvis)

Test description:

Tvpe of Impactor:

Type of Bumper

:

Type of Striker:

Impactor Angle:

Padding;

Pre-Impact Travel

:

Post-Impact Travel:

35mm stills:

Black and White

Color

CAMERAS POSITION

Photosonics 1
: ________ __

Photosonics 2: __________ _____
HyCam:

<

B22 Test Description 18



INSTRDMENTATI ON

ACCELEROMETERS

Head ( 9-AZ)

Dp. Sternum (3-AZ)

Lvr. Sternum (1)

Spine (2 triax)

Pelvis (9-AX)

Lwr . Rib R8 (2)

Dp. Rib R4 (2 triax)

TARGETS

Head

Acromion

Sternum (2)

Spine

Pelvis

TRANSDDCERS

Trachea

Ascending
Aorta

Internal
Carotid

Subdural 1

:

2:

3:

4 :

COMMENTS:

Test DescriptionB23 IS



TEST DESCRIPTION

Cadaver No. Sex: Height : Weight:

Test No. (Head, Shoulder, Pelvis)

Test description

:

Type of Impactor

:

Type of Bumper:

Type of Striker:

Impactor Angle:

Padding:

Pre-Impact Travel:

Post-Impact Travel:

35mm stills:

Black and White

Color

CAMERAS POSITION

Photosonics 1
: ______

Photosonics 2: ______ _______
HyCam: ______ _______

B24
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INSTRUMENTATI ON

ACCELEROMETERS

Head (9-AX)

Up. Sternum (
3-AX)

Lwr. Sternum (1)

Spine (2 triaz)

Pelvis (9-AX)

Lwr . Rib R8 (2)

Up. Rib R4 (2 triaz)

TARGETS

Head

Acromion

Sternum (2)

Spine

Pelvis

TRANSDUCERS

Trachea

Ascending
Aorta

Internal
Carotid

Subdural 1

:

2 :

3:

4:

COMMENTS;

B25 Test Description - 21



TEST DESCRIPTION

Cadaver No. Sex; Height : Weight;

Test No. (Head, Shoulder, Pelvis)

Test description;

Type of Imoactor

:

Type of Bumper;

Type of Striker:

Impactor Angle:

Padding:

Pre-Impact Travel:

Post-Impact Travel:

35mm stills:

Black and White

Color

CAMERAS POSITION

Photosonics 1
: ________ _________

Photosonics 2: __________

HyCam: ^______

526
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INSTRUMENTATI ON

ACCELEROMETERS TARGETS TRANSDUCERS

Head (9-AX) ' Head Trachea

Up. Sternum (
3-AX) Acromion Ascending

Aorta
Lwr. Sternum (1) __ Sternum (2) Internal

Carotid
Spine (2 triax) Spine I,

Pelvis (9-AX)

Lwr. Rib R8 (2)

Up. Rib R4 (2 triax)

COMMENTS:

Pelvis Subdural 1:

2:

3:

4

:

B27
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PRE-SURGERY

TASK TIME COMMENTS

Pick up cadaver from
U of M Anatomy Dept,
and transport to
HSRI Biomedical lab.

Weigh cadaver and log
cadaver information.

Store cadaver if
necessary.

Sanitary preparation.

Pretest 2-rays:
(KV/MA/T)

(100/10/1)
head A-P / /

(90/10/1)
thorax A-P / /

(90/10/1)
thorax A-P(2) / /

(105/10/1)
pelvis / /

(80/10/1)
femur / /

Anthropometry

B28
Pre-Surgery - 24



ANTHROPOMETRY

He i ght
: __________

Weight

:

Sex:

Age

:

Stature: left : right:

Suprasternale height:

Substernale height

:

Substernale depth:

Substernale breadth:

Substernale circumference:

Vertex to 12th rib:

Head to C7:

Mastoid to vertex: left: right:

Tragon to vertex: left: right:

Menton to vertex:

Bitragon diameter:

Acromion height: left: right:

Acromion to tip of finger

:

Biacromion:

Axillary breadth:

Axillary depth:

Axillary circumference

:

Head breadth (R-L)

:

Head depth (A-P)

:

Head circumference:

Neck circumference:

B29 Anthropometry - 25



3 i trochanter ic breadth:

Symphvsion depth:

Vertex to Symphvsion:

Bispinous (ASIS) diameter:

Biiliocristale breadth:

ASIS to Symphvsion:

Anatomical Anomalies ^ Clinical Observations

1. Head: a. Brain b. Skull

2. Neck:

3. Thorax: a. Ribs b. Heart c. Lungs d. Diaphragm

4.

Pelvis:

5

.

Femur

6

.

Abdomen

B30
Anthropometry - 26



RIB AND STERNUM MOUNTS

TASK TIME

Locate right and left
R4 by palpation.

Make incisions over
ribs near flat region.
Surface must be normal
to the R-L vector.

Loop two pieces of
wire (1/2" apart)
around each rib.

Locate R8 by counting
down from R4 and up
from R12.

Make incision over rib
near flat region.
Surface must be normal
to the R-L vector.

Make incisions over
suprasternale and
substernale

.

Secure mounts to rib
by anchoring with pins
and wire.

Screw lag bolt into
each acromion.

COMMENTS

B31
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PRESSURIZATION

TASK TIME

Locate right carotid
and cut lengthwise.

Locate right vertebral
artery and ligate.

Loop sis pieces o

f

string around carotid
artery.

Insert fabricated
Foley catheter (#18
or #20) into
descending aorta.

Insert Kulite shield
into ascending aorta.

Insert Kulite shield
into carotid artery.

Insert arterial
pressurization
catheters into carotid
artery.

Using syringe, squirt
acrylic into artery.
Tie and sew.

Locate left carotid,
cut, loop strings.

Locate left vertebral
artery and ligate.

COMMENTS

B32 Mounts ~ 28



PRESSURI ZATI ON (CONT’D)

1

—
|

TASK. TIME COMMENTS

Insert arterial
pressurization
catheters (#10, #12,
or #14) into carotid
artery.

l

Acrylic, tie and 3ew.

Locate trachea and cut
lengthwise

.

Loop two Tie Wraps
around trachea.

Insert polyethelyne
tube snugly, tie and
sew.

Calibrate lungs.

Pulmonary pressure
relief valve
calibration.

Vascular flow check.

Sternal geometry if
necessary

.

B33
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HEAD 9-AX MOUNT

TASK TIME

With cadaver facing
down, remove a 2x2"
area of scalp spanning
the right parietal and
occipital bones.

Drill three holes in
a triangular pattern,
approximately the size
of the 9-ax plate.

Insert three screws.

Attach four feet to
the 9-ax plate such
that three of the
feet can be positioned
near the screws on the
exposed forehead.

• Place acrylic around
screws.

Place plate on top of
acrylic base, making
sure the acrylic goes
through the center
holes 'in the plate.

Insert a strain relief
bolt in the acrylic
base of the head
platform.

Make sure bolt does
not contact plate.

COMMENTS

B35
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HEAD TRANSDUCERS

TASK TIME

Holes for transducers
go on f rontal f parietal

,

and occipital bones.
Make sure no Xducers
will contact the
impacting surface.
Also , the holes should
not be drilled into
suture.

To drill holes, re-
move a 1/4" dia. circle
of scalp.

1

Drill through skull
with a #7 drill. Be
sure not to drill
through the dura.

Perforate the dura
without cutting brain.

Tap hole with a No.

7

tap.

Pinhead screws are
attached 2cm from
each transducer.
Acrylic is applied
to each area, carefully
molding around the
transducers

.

Note positions of
head transducers on
the figure.

1

COMMENTS

B36
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PELVIS MOUNT

TASK TIME

Locate the posterior-
superior iliac spines.

Screw two lag bolts
into each spine such
that the large 9-ax
plate spans the bolts.

Attach four feet to
the plate such that
the feet are near the
lag bolts.

Place acrylic around
screws and feet.

Imbed feet and
posterior surface into
acrylic

.

Test plate to see
that it is secure.

COMMENTS

638
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SPINAL MOUNTS

TASK TIME

SDinal mounts oo on
Tl and T12.

Make incisions over
Tl and T12. Clear
muscle and tissue away
from process, but do
not cut between
processes.

Drill a small hole
1/4" deep in each
process.

Screw mounts on with
wood screws (be sure
screws are in process).

Place stabilizing and
mooring probic devices
on each side of the
laminae. Secure with
Tie Wraps.

Mold acrylic around
(and under) mounts and
mooring devices and
allow to dry.

Make sure accelerom-
eters are anatomically
oriented.

Spinal geometry if
necessary

.

B40
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CEREBROSPINAL PRESSURI 2ATI ON

TASK TIME COMMENTS

Locate L2 by palpation
and counting from T12.

Core a small hole in
the lamina.

Insert Foley catheter
(#14 or #16) such
that balloon is in
mid-thorax.

Insert small screws
in lamina and process.

Seal off hole with
acrylic.

Check for structural
integrity of vertebra.

Cerebral-spinal flow
check.

Check pressurization.

B41
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PREPARATION

TASK TIME COMMENTS

B42
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in

<o

ELECTRONICS CHECK AND PRETEST TRIAL RUN

Electronics Check

check accelerometers (excitation and zero)
check wiring and cables
mount accelerometers in triax clusters
check amplifiers
calibrate tape with impedance-matching amp
recorder
complete wiring
check pendulum accelerometer
check velocity, strobe, gate, timer, rope cutters
run trial test
load cell mounted on pendulum day before test
load Photosonics and HyCam cameras with Kodak 16mm

7242-#FB-430 color film

Pretest Trial Run

1. _____ Suspend rubber tube five inches from pendulum
with fiber tape.

2. Tape ail accelerometers to seat with paper
tape.

3. Attach the contact switches to the load cell
and shock absorber with paper tape.
Run trial test.
Record all signals, gate, and strobe.
Put a one-volt signal on a junk tape and check
to see if one volt is played back.
Use signal generator or impedance-
matching amp with the scope to
calibrate output.

B43
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HEAD IMPACT 1

Test No.

TASK TIME COMMENTS

Head impact 1

.

Attach ball targets
and phototargets.

Change padding on
impactor head surface.

Set up head catch and
spinal backup.

Final positioning
(see figure).

Measure and record
head and neck angles

Setup photos.

Final checklist.

Start pressurization
of vascular and
cerebrospinal systems.

Finish pressurizatons

.

Run test.

B44 Head ImDact 1 - 40
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HEAD IMPACT 1

Timer Box Setup

EQUIPMENT TIMER VALUES

Impact Delay Run

Gate (from strobe 1) 0011 1 0170

Lights (start) 0001 2 2500

HyCam (start) 1200 3 1600

Pendulum rope cutter (start) 1390 4 0050

Photosonics (start) 1000 5 1600

6

Head, pelvis, rope cutter
(from velocity probe)

0001 7 0050

Piston Acceleration Corridor 0009 3 0050

B46

Head Imoact 1



FINAL CHSCKLI ST

check transducers

tape positioned

slots for velocity probe lined up

both strobes charged

timer box values correct

all timer box switches to "off'

rope cutter threaded and ready

nylon (rope cutter) string unfrayed

rope cutter cable free

cameras set

Newtonian reference

calibration target

targets in view of cameras

padding

correct timers charged

gate trigger established

timing lights on

doors locked

final positioning

correct pressure system used

pendulum raised

power on

all pressure connections secured

zero piston accelerometer

head and neck angles

B47 Head Imoact 1 43



HEAD IMPACT 2

Test No.

TASK TIME COMMENTS

Reposition as for tap.

Check spinal brace
and head catch.

•

Final positioning

Measure and record
head and neck angles

Setup photos.

Start pressurization
of vascular and
cerebrospinal systems.

Final checklist.-

Finish pressurization.

Run test.

! _ _
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HEAD IMPACT 2

Timer Box Setup

EQUIPMENT TIMER VALUES

Impact Delay Run

Gate (from strobe 1) 0006 1 0170

Lights (start) 0001 2 2600

HyCam (start) 1200 3 1600

Pendulum rope cutter (start

)

1290 4 0050

Photosonics (start) 1000 5 1600

6

Head, pelvis, rope cutter
(from velocity probe)

0001 7 0050

Piston Acceleration Corridor 0009 8 0050

B49
Head Impact 2 -



FINAL CHECKLI ST

check transducers

tape positioned

slots for velocity probe lined up

both strobes charged

timer box values correct

all timer box switches to ’off*

rope cutter threaded and ready

nylon (rope cutter) string unfrayed

rope cutter cable free

cameras set

Newtonian reference

calibration target

targets in view of cameras

padding

correct timers charged

gate trigger established

timing lights on

doors locked
%

final positioning

correct pressure system used

pendulum raised

power on

all pressure connections secured

zero piston accelerometer

head and neck angles

B50 Head Imoact 2-46



THORAX FRONT TAP

Test No.

TASK TIME COMMENTS

Place seat in position
and square on pendulum.

String up rope
cutters.

Position subject as
per figure with body
and head harnesses.
Protect any mounts that
may be hit with gauze
and padding.

Subject should be in
normal sitting position
with bach inclined
approx. 10° forwards.

Attach ball targets
and phototargets.

Place one of the
pressure transducers
that was in the head in
the trachea, and place
the Kulite in the
descending aorta.

Final positioning and
setup photos (see fig)

Final checklist.

Start pressurization
of vascular and
respiratory systems.

Finish pressurization.

Run test.

B57 Thorax taps - 47



B52

Thorax taps - 48



THORAX FRONT TAP

Timer Box Setup

EQUIPMENT TIMER VALUES

Impact Delay Run

Gate (from strobe 1) 0021 1 0170

Lights (start) 0001 2 2600

HyCam (start) 1200 3 1600

Pendulum rope cutter (start) 1400 4 0050

Photosonics (start) 1000 5 1600

6

Head, pelvis, rope cutter
(from velocity probe)

0001 7 0050

Piston Acceleration Corridor 0012 8 0150

B53 Thorax TaDS - 4S



FINAL CHECKLI ST

check transducers

tape positioned

slots for velocity probe lined up

both strobes charged

timer box values correct

all timer box switches to ’off’

rope cutter threaded and ready

nylon (rope cutter) string unfrayed

rope cutter cable free

cameras set

Newtonian reference

calibration target

targets in view of cameras

padding

correct timers charged

gate trigger established

timing lights on

doors locked

final positioning

correct pressure system used

pendulum raised

power on

all pressure connections secured

zero piston accelerometer

head and neck ancles

B54 Thorax Taps - 50



45° THORAX TAP

Test No.

TASK TIME COMMENTS

Place seat in position.

*

String up rope
cutters.

Position subject as
per figure with body
and head harnesses.
Protect any mounts that
may be hit with gauze
and padding.

Subject should be in
normal sitting position
with bach inclined
approx. 10° forwards.

Attach ball targets
and phototargets.

Final positioning and
setup photos (see fig)

Final checklist.

Start pressurization
of vascular and
respiratory systems.

Finish pressurization.

Run test.

- 5 1

B55
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45° THORAX TAP

Timer Box Setup

EQUIPMENT TIMER VALUES

Impact Delay Run

Gate (from strobe 1) 0021 1 0170

Lights (start) 0001 2 2600

HyCam ( start

)

1200 3 1600

Pendulum rope cutter ( start

)

1400 4 0050

Photosonics (start) 1000 5 1600

6

Head, pelvis, rope cutter
(from velocity probe)

0001 7 0050

Piston Acceleration Corridor 0012 8 0150

B57

Thorax Taps - 53



FINAL CHECKLIST

check transducers

tape positioned

slots for velocity probe lined up

both strobes charged

timer box values correct

all timer box switches to ’off’

rope cutter threaded and ready

nylon (rope cutter) string unfrayed

rope cutter cable free

cameras set

Newtonian reference

calibration target

targets in view of cameras

padding

correct timers charged

gate trigger established

timing lights on

doors locked

final positioning

correct pressure system used

pendulum raised

power on

all pressure connections secured

zero piston accelerometer

head and neck angles

B58 Thorax Taps 54



OPTIONAL ARMS-UP THORAZ i. Ar

Test No.

TASK TIME COMMENTS

Place seat in position.

String up rope
cutters.

Position subject as
per figure with body
and head harnesses.
Protect any mounts that
may be hit with gauze
and padding.

Subject should be in
normal sitting position
with back inclined
approx. 10° forwards.

Attach ball targets
and phototargets.

Final positioning and
setup photos see
drawings and figures by

***PAULA LOZ*»*

Final checklist.

Start pressurization
of vascular and
respiratory systems.

Finish pressurization.

Run test.

B59
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OPTIONAL ARMS-UP THORAX TAP

Timer Box Setup

EQUIPMENT TIMER VALUES

Impact Delay Run

Gate (from strobe 1) 0021 1 0170

Lights (start) 0001 2 2600

HyCam ( start

)

1200 3 1600

Pendulum rope cutter (start) 1400 4 0050

Photosonics (start) 1000 5 1600

6

Head, pelvis, rope cutter
(from velocity probe)

0001 7 0050

Piston Acceleration Corridor 0012 S 0150

B61 Thorax Tsds



FINAL CHECKLIST

check transducers

tape positioned

slots for velocity probe lined up

both strobes charged

timer box values correct

all timer box switches to ’off'

rope cutter threaded and ready

nylon (rope cutter) string unfrayed

rope cutter cable free

cameras set

Newtonian reference

calibration target

targets in view of cameras

padding

correct timers charged

gate trigger established

timing lights on

doors locked

final positioning

correct pressure system used

pendulum -raised

power on

all pressure connections secured

zero piston accelerometer

head and neck angles

B62
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ARMS -DOWN. THORAX TAP

Test No.

TASK TIME

Place seat in position.

String up rope
cutters.

Position subject as
per figure with body
and head harnesses.
Protect any mounts that
may be hit with gauze
and padding.

Subject should be in
normal sitting position
with back inclined
approx. 10° forwards.

Attach ball targets
and phototargets.

Final positioning and
setup photos (see fig)

Final checklist.

Start pressurization
of vascular and
respiratory systems.

Finish pressurization.

Run test.

COMMENTS
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864 Thorax taps - SO



ARMS-DOWN THORAX TAP

Timer Box Setup

EQUIPMENT TIMES VALUES

Impact Delay Run

Gate (from strobe 1) 0021 1 0170

Lights (start) 0001 2 2600

HyCam ( start

)

1200 3 1600

Pendulum rope cutter (start) 1400 4 0050

Photosonics (start) 1000 5 1600

6

Head, pelvis, rope cutter
(from velocity probe)

0001 7 0050

Piston Acceleration Corridor 0012 8 0150

B65 Thorax Taos -



FINAL CHECKLI ST

check transducers

tape positioned

slots for velocity probe lined up

both strobes charged

timer box values correct

all timer box switches to 'off*

rope cutter threaded and ready

nylon (rope cutter) string unfrayed

rope cutter cable free

cameras set

Newtonian reference

calibration target

targets in view of cameras

padding

correct timers charged

gate trigger established

timing lights on

doors locked

final positioning

correct pressure system used

pendulum raised

power on

all pressure connections secured

zero piston accelerometer

head and neck angles

BOO Thorax Taps - 62



THORA-2 IMPACT

Test No.

TASK TIME COMMENTS

Reposition for
shoulder (arms down)
impact

.

Set up catch net.

Slacken body harness.

Start pressurization
of vascular and
respiratory systems.

Final checklist.

Finish pressurization.

Run test

867 Thorax impact - 63



ASMS-DOWN THORAX IMPACT

Timer Box Setup

EQUIPMENT TIMER VALUES

Impact Delay Run

Gate (from strobe 1) 0006 1 0170

Lights (start) 0001 2 2600

HyCam (start) 1200 3 1600

Pendulum rope cutter (start) 1220 4 0050

Photosonics (start) 1000 5 1600

6

Head, pelvis, rope cutter
(from velocity probe)

0002 7 0050

Piston Acceleration Corridor 0006 8 0050

668 Thorax ImDac



FINAL CHECKLI ST

check transducers

tape positioned

slots for velocity probe lined up

both strobes charged

timer box values correct

all timer box switches to ’off’

rope cutter threaded and ready

nylon (rope cutter) string unfrayed

rope cutter cable free

cameras set

Newtonian reference

calibration target

targets in view of cameras

padding

correct timers charged

gate trigger established

timing lights on

doors locked

final positioning

correct pressure system used

pendulum raised

power on

all pressure connections secured

zero piston accelerometer

head and neck angles

B69 'ho rax Impac 65



PELVIS IMPACT

Test No.

TASK TIME COMMENTS

Install pelvic
and spinal
accelerometers

.

Stuff and sew. Pad
pelvic plate.

Attach ball targets
and phototargets.

Change padding on
impact head surface.

Final positioning,
setup photos (see fig)

Final checklist.

Run test.

B70 Pelvis impac 66
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PELVIS IMPACT

Timer Box Setup

EQUIPMENT TIMER VALUES

Impact Delay Run

Gate (from strobe 1) 0006 1 0170

Lights (start) 0001 2 2600

HyCam (start) 1200 3 1600

Pendulum rope cutter ( start) 1220 4 • 0050

Photosonics (start) 1000 5 1600

6

Head, pelvis, rope cutter
(from velocity probe)

0002 7 0050

Piston Acceleration Corridor 0006 8 0050

6 72 Pelvis Impact



FINAL CHECRLI ST

check transducers

tape positioned

slots for velocity probe lined up

both strobes charged

timer box values correct

all timer box switches to ’off’

rope cutter threaded and ready

nylon (rope cutter) string unfrayed

rope cutter cable free

cameras set

Newtonian reference

calibration target

targets in view of cameras

padding

correct timers charged

gate trigger established

timing lights on

doors locked

final positioning

correct pressure system used

pendulum raised

power on

all pressure connections secured

zero piston accelerometer

head and neck angles

B73 Pelvis Impac 69



POST TEST PRQmjURE

TASK TIME
|

Remove all targets
and triax clusters.

Store cadaver if
necessary.

Transport cadaver to
anatomy lab.

Remove all
instrumentation

,

except for 9A2
head plate.

Remove head and
transport it to 2-Ray
Room for post test
radiographs.

COMMENTS

2-2
(Profile)

z-y
(Frontal)

B74
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X-RAYS (X-RAY ROOM)

Reference
Point

Z-X Distance
from Table

Z-Y Distance
from Table

R. Eye
/

L. Eye

R. Ear

L. Ear

Qi

Q2

Q3

CG

KVP MA SSC LABEL

Z-X / / / (100/10/1)

Z-Y / / / (100/10/1)
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AUTOPSY

TASK TIME COMMENTS

B76 Autopsy - 72



Observed Injuries1.

Head: a. Brain b. Rull

2.

Neck:
3.

Thorax: a. Ribs b. Heart c. Lungs d

4.

Pelvis:

5

.

Femur

6

.

Abdomen

Diaphragm

B77 Autopsy
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TEST NO.

Interior Vtew
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TEST NO.

ANTERIOR THORAX
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lest No.
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Test No.

LEFT SIDE
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TEST NO.
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Left

Side

View

of

Pericardium

and

Diaphragm

069

Anterior

View

of

Pericardium

and

Diaphragm



LIVER IMPACT AUTOPSY SUMMARY

VISCERAL SURFACE OF THE LIVER
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TEST NO.

DATE

PATELLA

Right Lart

LOWS* EXTHEMITIE

B92



RIGHT ILIUM

LEFT ILIUM

i
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CERVICAL

VERTEBRAE



TEST NO.

Right Profile Left Profile

B95



TEST NO.

Cross Section
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POSTERIOR

ANTERIOR

B97

THORACIC

VERTEBRAE

(
Tl

-

T4
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TEST NO.

THORACIC VERTEBRAE (T1-T4)

B98



APPENDICES

Anatomy Room Setup
Sled Lab Setup

Cart Setup
Autopsy Setup
Timer Box Setup

Pendulum Wierdness

Appendices - 75699



MEASUREMENT

Anthropometer

Metric measuring tape

PAPER AND PLASTI CS

Visqueen on autopsy table

Blue pads on table

- Gauze

TAPES AND STRINGS

Silver tape

Masking tape

Adhesive tape

Fiber tape

Flat waxed string

SCALPELS

2 large (#8) handles

2 medium (#4) handles

2 small (#3) handles

2 #60 blades

5 #22 blades

5 #15 blades

2 #12 blades

FORCEPS

2 hooked

2 large plain

2 small plain

B100 Anatomy Room Setup - 76



HEMOSTATS

needle

small straight

small curved

large straight

large curved

SCISSORS

2 small

2 medium

2 large

SPREADERS

2 large

2 medium

NEEDLES

__ 2 double curved

8 Trocar with stainless steel lockvire

2 5cc sringes

CLOTHING

Tampons

Thermoknit longjohns and top

Cotton socks

Blue vinyl pants and top

Head and body harnesses

B101 Anatomy Room Setup - 7.7



PRESSURIZATION

Modified Foley (#18 or #20) balloon catheters

Kulite shield

Tracheal tube

Right and left carotid pressurization catheters
(Foley #10-14)

Cerebral spinal catheter (Foley #14-16)

Respiratory pressure tank

Manometer

Fluid pressure tank

7% saline solution with India ink

BOLTS AND SCREWS

6 self-tapping lag bolts

3 lengths of wood screws

1-72 screws

10-32 tap

Strain relief bolt

Wood and metal self-tapping screw boxes

MOUNTS

Spine(2)

Rib (2 f triax)

Rib (2, uniax, R-L)

Nine-accelerometer plates (large, small, and 8 feet)

Sternum

Substernale

Suprasternale (triax)

Dental acrylic

3one wax

B 7 02 Anatomy Room Setup - 78



. TOOLS

Electric hair clippers

Electric drill

Drill bits (Nc. 7, approx. 1/16", etc.)

large and small screwdrivers

nut driver (for lag bolts)

wire twisters

bone shears

Executive Slinky object space calibrated and nearly
functional

B103 Anatomy Room Setup - 79



MATERIALS

balsa wood

rags

foam (at least 2 sheets of 3x4 ft 6"

)

Ensolite

Styrofoam

Dow Ethafoam

Overhead support bar

ROPE CUTTERS

head, 1/8"

_____ pendulum (with spring, 3/16")

nylon strings (10 24" 3/16"? 10 18" 1/8")

__ shock absorber and styrofoam bumper

WEIGHTS

stee.l blocks on pendulum

MI SCELLANEOOS

calculator

____ bone wax

Pressurization equipment (pulmonary, ‘thoracic
arterial, head arterial, cerebral spinal)

_____ Timer box

Strobes

Head impact back brace and foam padding

B 1 04
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TAPES

adhesive

fiber

silver

masking

black

double stick

PAPER AND PLASTI

C

blue pads

___ gauze

gloves

plastic garbage bags

SCALPELS

1 medium (#4) handle

1 small (#3) handle

2 #22 blades

2 #15 blades

1 #12 blade

SURGICAL TOOLS

2 forceps

2 hemostats

large scissors

2 double curved needles

STRING

flat waxed string

black thread

B105

Cart Setup - 3
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TOOLS

small (1-72) screwdriver

large screwdriver

nut driver

ball driver (6-32, 0-80)

1-72 screws

2-56 screws

____ 0-80 screws

wiretwisters

MISCELLANEOUS

ball targets

paper targets

__ bone wax

vaseline

Q-tips

tubing connectors

tie wraps

lockwire

50cc syringe

pulmonary pressurization relief valves

B106

Cart SetuD - 82



AUTOPSY SETUP

PAPES AND PLASTI CS

Visqueen on autopsy table

blue pads

gauze

TAPE

silver tape

masking tape

fiber tape

SCALPELS

___ 2 large (#8) handles

2 medium (#4) handles

2 small (#3) handles

2 #60 blades

5 #22 blades

5 #15 blades

2 #12 blades

FORCEPS

2 hooked

2 large plain

2 small plain

HEMOSTATS

needle

small straight

small curved

large straight

large curved

B107 Autopsy Setup - 83



SCISSORS

2 small

2 medium

2 large

SPREADERS

3 medium

3 large

MI SCELLANEOUS

Stryker saw and blade

bone shears

___ wedge

rib cutters

B 1 08 Autopsy Setup - 84



TIMER BOX SETUP

EQUIPMENT TIMER VALUES

Impact Delay Run

Gate (from strobe 1) 0012-y 1 0150

Lights (start) 0001 2 2600

HyCam (start) 1200 3 1600

Pendulum rope cutter (start) 2200-x* 4 0050

Photosonics (start) 1000 5 1600

6

Head, pelvis, rope cutter
(from velocity probe)

0001 7 0050

Piston Acceleration Corridor 1 + z 8 0050-0150

* x obtained from elliptic integral of the first kind. For

100° .87 sec, 20 0 .70 sec. y*angle/20 2*21 0/angle

B109
Timer Box Setup - 85



PENDULUM WEIRDNESS

Average 60.84 61.00 61.26 61.56

Standard
Deviation

±.28 ±.37 • ±.05 ±.23

Period 3.042 3.050 3.063 3.078

(MGL/I )$2 2.065 2.060 2.051 2.041

t/2pi .484 .485 .487 .489

B110 Pendulum wierdness - 36
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HUMAN SUBJECT INFORMATION

CADAVER NO.: qqq DURATION OF BED CONFINEMENT Unknown

AGE: 60 SEX: H CAUSE OF DEATH: Unknown

PHYSICAL APPEARANCE: Caucasian
pATr_ QF nHATn .

3/21/82

ANOMALY: None

0

i

o -

6 -

8 -

q .

10 -

11 -

12 -

IS -

14 -

Note

ANTHROPOMETRY

Weight* ^2 kg

Stature**

Shoulder (acromial ) Height 159.4 cn 62.8 in

Vertex to Symphysion Length 3\.2 cm 35.9 in

Waist Height 109.8 011 43.2 in

Shoulder Breadth (Biacromial Breadth) 31 • ^ cm 12.5 in

Chest Breadth 27 . 9 an 11 i n

Waist Breadth 29.2 cm 11 .5 in

Hip Breadth 25 cm 9.8 in

Shoulder to Elbow Length (Acromion-radial e . . 999 999

Length)

Forearm-hand Length (elbow-middle finger) .... 999 999

Tibiale Height 999 999

Ankle Height (outside) (lateral malleous) . . . . 999 999

Foot Breadth . 999 999

Foot Length 999 999

:
* weight in kilograms

** lengths in centimeters

**- measures 16 and 17 must be made in case where the subject will be used

m tne seated position duriii'.; the tests. In all ether cases enter

9y9b wnen under these measures.
02 82E001-3

TEST NO. 82E00W 82E008LABORATORY UMTR I



15 - Top of Head to Trochanterion Length 88. 5 cm 34 . 8 i

n

16 - Seated Height*** 999 qqq

17 - knee Height (seated)*** 999 999

IS - Head Length 19.7 cm 7.8 in

19 - Head Breadth 1 5- 7 cm 6 .2 i

n

20 - Head to Chin Height (Vertex to Mentum) 22. 8 cm 9 in

21 - Biceps Circumference 999 999

22 - Elbow Circumference 999 999

23 - Forearm Circumference 999 999

24 - Wrist Circumference 999 999

25 - Thigh Circumference 999 999

26 - Lower Thigh Circumference 999 999

27 - knee Circumference 999 999

2S - Calf Circumference 999 999

29 - Ankle Circumference :
^33 999

30 - Neck Circumference 32 . 3 cm 12.7 in

31 - Scye (armpit-shoulder) Circumference ^99

32 - Chest Circumference 79.3 cm 31 .2 in

33 - Waist Circumference 999 999

34 - Buttock Circumference ^33 999

33 - Chest Depth 15.8 cm 6.2 in

36 - Waist Depth 999 999

37 - Buttock Depth ^9 ^99

38 - Inters eye ^33 ^99

82E001-3
LABORATORY UHTRI JEST N'O. 82E0nl*-7 82F00 8

D3



HUMAN SUEJECT INFORMATION

CADAVER NO.:

AGE: 67

020 DURATION OF BED CONFINEMENT Unknown

SEX: JCAUSE OF DEAT1 1

:
_^Qkn2£n_

PHYSICAL APPEARANCE: Caucas i an DATE OF DEATH: 3/23/82

ANOMALY

:

Excessive fat increased time required for spinal mounts

ANTHROPOMETRY

0 - Weight*

1 - Stature**

2 - Shoulder (acromial ) Height

S - Vertex to Symphysion Length

4 - Waist Height

5 - Shoulder Breadth (Biacromial Breadth)

.

6 - Chest Breadth

7 - Waist Breadth

8 - Hip Breadth

i
*> .

. j -

Note: * weight in kilograms

** lengths in centimeters

77 ka

32.7 cm

24 cm

36 cm

9 - Shoulder to Elbow Length (Acromion-radial e ..

Length)

999

10 - Forearm-hand Length (elbow-middle finger)

—

11 - Tibiale Height

Ankle Height (outside) (lateral malleous)...

root Breadth

14 - Foot Length

12.9 in

9.4 in

14.2 in

999

179-8 cm

1 56 cm 61 .4 in

88.5 cm 34.8 in

1 07 . 3 cm 42.2 in

33-2 cm 13.1 in

999 999

999 999

999 999

999 999

999 999

*-* measures 16 and 17 must be iu;ide in case where the subject will be used

m tne seated position durjii*.; the tests. In all ether cases enter

9999 when unuer these measures. ^
82E021-22

LABORATORY UMTR

I

THST N0 • ft?m7R-77



15 - Top of Head to Trochanterion Length...

16 - Seated Height***

17 - Knee Height (seated)***

18 - Head Length

IS - Head Breadth

20 - Head to Chin Height (Vertex to Mentum)

21 - Biceps Circumference

22 - Elbow Circumference

23 - Forearm Circumference

24 - Wrist Circumference

25 - Thigh Circumference

26 - Lower Thigh Circumference

27 - Knee Circumference

2S - Calf Circumference

29 - Ankle Circumference

30 - Neck Circumference

31 - Scye (armpit- shoulder) Circumference.,

32 - Chest Circumference

33 - Waist Circumference

34 - Buttock Circumference

33 - Chest Depth

36 - Waist Depth

37 - Buttock Depth

38 - Inrerscye

LABORATORY UMTR
I

9QQ QQO

999 OQQ

999 999

2 1 cm 8.2 in

15.8 cm 6.2 in

2i4.9 cm 9.8 in

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

^2 cm 16.5 in

999 999

99 cm 39 in

999 999

999 999

22.2 cm 8.7 in

999 999

999 999

999 999

82E021-22
TEST NO. 82E023-27 82E028
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HUMAN SUBJECT INFORMATION

CADAVER NO.: ndn DURATION OF BED CONFINEMENT Unknown

AGE: A A SEX: m CAUSE OF DEATH: Myocardial infarction

PHYSICAL APPEARANCE: Caucasian DATE OF DEATH : 3/27/82

ANOMALY: UoDer ribs very close toaether and embedded in deep fat.

- -

ANTHROPOMETRY

0 - Weight* 87 kq lj

1 - Stature** 169.2 cm

2 - Shoulder (acromial) Height 146.7 cm 57.8 in

3 - Vertex to Symnhysion Length 81 . 8 cm 32.2 in

4 - Waist Height 102 cm 40.2 in

5 - Shoulder Breadth (Biacromial Breadth) 35. 4 cm 13.9 in

6 - Chest Breadth .
32.7 cr. 12.9 in

7 - Waist Breadth 32 cm
1

12.6 in

8 - Hit Breadth .
33-5 cm

l

13.2 in

9 - Shoulder to Elbow Length (Acromion-radiale .. 999
If

999

Length)

10 - Forearm-hand Length (elbow-middle finger).... 999 999

11 - Tibiale Height 999 999

12 - Ankle Height (outside) (lateral malleous) . . .

.

999

—
999

13 - Foot Breadth 999 999

14 - Foot Length. 999 999

Note: * weight in kilograms

*"* lengths in centimeters

measures 16 and 1? must be ueide in case where the subject will be used

m the seated position durini; the tests.

9999 when under these measures.

In al 1 ether cases enter

D6 82E041-42
LABORATORY UMTRI TEST NO. 82E043-48 82E049



15 - Top of Head to Trochanterion Length

16 - Seated Height*’ 1
*

999

17 - Knee Height (seated)***

18 - Head Length

19 - Head Breadth

20 - Head to Oxin Height (Vertex to Mentum)

21 - Biceps Circumference

22 - Elbow Circumference

23 - Forearm Circumference

24 - Wrist Circumference

23 - Thigh Circumference

26 - Lower Thigh Circumference

27 - Knee Circumference

25 - Calf Circumference

29 - Ankle Circumference

30 - Neck Circumference

31 - Scye (armpit-shoulder) Circumference.

,

32 - Chest Circumference

33 - Waist Circxamference

34 - Buttock Circumference

33 - Chest Depth

36 - Waist Depth

37 - Buttock Depth

33 - Interscye

LABORATORY UMTR

I

QQQ

9Q 9 999

c

r

ocr 999

20 cm 7.9 in

16. 5 cm 6.5 in

21.4 cm 8.4 in

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

50. 4 cm 19.8 in

999 999

104.5 cm 41.1 in

999 999

999 999

23.8 cm 9.4 in

999 999

999 999

999 999

82E041-42
TEST NO. ft7Fn4^-4fl 82E04P

D7



HUMAN SUBJECT INFORMATION

CADAVER NO.:

AGE: 60

050 ^DURATION Or BED CONFINEMENT Unknown

SEX: CAUSE OF DEATH: Co ron a ry th rombos i s

PHYSICAL APPEARANCE: Caucasian DATE OF DEATH: 6/7/82

ANOMALY : Right and left ribs R4-R5 broken, probably from CPR.

ANTHROPOMETRY

0 - Weight*

1 - Stature**

2 - Shoulder (acromial) Height

2 - Vertex to Symphysion Length

A - Waist Height

5 - Shoulder Breadth (Biacromial Breadth)

.

6 - Chest Breadth

7 - Waist Breadth

8 - Hip Breadth

S - Shoulder to Elbow Length (Acromion-radial e ..

Length)

10 -

11 -

1 2 -

13 -

14 -

Forearm-hand Length (elbow-middle finger)

Tibiale Height

Ankle Height (outside) (lateral mall«ous) . . .

.

Foot Breadth

Foot Length

67 kq

180.2 cm

155.7 cm 61.8 in

999 999

999 999

37.5 cm 14.8 in

999 999

999

999

999

999

999

999

999 OOQ

999 999

999 999

’

999 999

999 999

Note: * weight in kilograms

** lengths in centimeters

*** measures 16 and 17 must be uuide in case where the subject will be used

m the seated position during the tests. In all ether cases enter

9999 when under these measures
J8

TEST NO. 82E051-57LABORATORY UMTRI



15 - Top of Head to Trochanterion Length...

16 - Seated Height***

17 - Knee Height (seated)***

18 - Head Length

19 - Head Breadth

20 - Head to Chin Height (Vertex to Mentum)

21 - Biceps Circumference

22 - Elbow Circumference

25

- Forearm Circumference

24 - Wrist Circumference

25 - Thigh Circumference

26 - Lower Thigh Circumference

27 - Knee Circumference

2S - Calf Circumference

29 - Ankle Circumference

50 - Neck Circumference

51 - Scye (armpit-shoulder) Circumference..

52 - Chest Circumference

55

- Waist Circumference

54 - Buttock Circumference

55 - Chest Depth

56 - Waist Depth

57 - Buttock Depth

58 - Interscye

999 999

999 999

999 999

20 cm 7.9 i

16.2 cm 6.4 i

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

• kO

.

F rm IF Q

qqq QQQ

qqq QQQ

999 999

. . 999 999

999 999

999 999

999 999

999 999

LABORATORY hmtri TEST NO.

D9



HUMAN SUBJECT INFORMATION

CADAVER NO.: qAO DURATION OF BED CONFINEMENT Unknown

AGc: : m CAUSE OF DEATH: Unknown

PHYSICAL APPEARANCE: Caucas i an DATE OF DEATH: 6/1/82

ANOMALY : None

ANTHROPOMETRY

0 - Weight*

1 - Stature**

67 k<p

169.8 cm

2 - Shoulder (acromial} Height.. 148.4 cm 58.4 in

3 - Vertex to Symphysion Length 86.1 cm 33.9 in

4 - Waist Height 99.8 cm 39.3 in

5 - Shoulder Breadth (Biacromial Breadth} 34.7 cm 13.7 in

6 - Cnest Breadth 29.1 cm 11.5 in

7 - Waist Breadth 23 cm 9.1 in

£ - Hip Breadth 28.6 cm 11.3 in

9 - Shoulder to Elbow Length (Acromion-radial e .. 999 999

Length)

10 - Forearm-hand Length (elbow-middle finger) cr00 999

11 - Tibiale Height 999 999

12 - Ankie Height (outside) (lateral malleous) . . .

.

989 999

13 - Foot Breadth 999 999

14 - Foot Length 999 999

Note: * weight in kilograms

** lengths in centimeters

measures 16 and 17 must be muJe in case where the subject will be used

m the seated position duriiii; the tests. In all ether cases enter

sysy when under these measures. q-|q

82E061-62
LABORATORY

I [MTR

I

TEST \'Q. 32EQ67



15 - Top of Head to Trochanterion Length...

16 - Seated Height***

17 - Knee Height (seated)***

18 - Head Length

19 - Head Breadth

20 - Head to Chin Height (Vertex to Mentum)

21 - Biceps Circumference

22 - Elbow Circumference

23 - rorearm Circumference

24 - Wrist Circumference

25 - Thigh Circumference

26 - Lower Thigh Circumference

27 - Knee Circumference

2S - Calf Circumference

29 - Ankle Circumference

30 - Neck Circumference

31 - Scye (armpit-shoulder) Circumference.,

32 - Chest Circumference

53 - Waist Circumference

34 - Buttock Circumference

35 - Chest Depth...

36 - Waist Depth

37 - Buttock Depth

38 - Interscye.

LABORATORY UMTRI

999 999

999 999

999 999

19-2 cm 7.6 in

15-5 cm 6.1 in

22. 1 cm 8.7 in

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

cm 17.6 in

999 999

90.2 cm 35.5 in

999 999

999 999

21 .6 cm 8.5 in

999 999

999 999

999 999

82E061-62

TEST NO. 82E063-66 82E067

D1T



HUMAN SUBJECT INFORMATION

ADAVHP NO.: 070

‘Cc: 61 SEX:

PHYSICAL APPEARANCE:

DURATION OF BED CONFINEMENT unknown

_CAUSE OF DEATH:

Causian DATE OF DEATH : 9/9/82

unknown -

ANOMALY

:

Ribs broken during CPR attached

to sternum with wire.

ANTHROPOMETRY

Weight*

1 -

2 - Shoulder (acromial) Height..

3 - Vertex to Symphysion Length.

4 - Waist Height ^99

5 - Shoulder Breac

6 - Chest Breadth.

7 - Waist Breadth.

8 - Hip Breadth..,

o _

10 -

11 -

Length)

Tibiale Height.

14

root Breadth,

Foot Length.,

Note:

LABORATORY

weight in kilograms

iengths in centimeters

measures 16 and 17 must be iu:ide

m the seated position curmg t:

999ir when under these measures.

UMTRI

D12

55 kg

181 cm

156 cm 61. 4 in

999 999

999 999

36.2 cm 14.3 i n

999 999

999 999

. 999 999

.
999 999

.
999 999

- 999 Qoq

. 999 • qqq

. 999 999

. 999 999

where the subject will be used
In all c ther cases enter

TEST NO. 82E071



15 - Top of Head to Trochanterion Length 999 999

16 - Seated Height*** 999 QQq

17 - Knee Height (seated)*** 999 999

18 - Head Length 20.6 cm 8 . 1 i

n

19 - Head Breadth 15.3 cm 6 in

20 - Head to Chin Height (Vertex to Mentum) •

.

999 999

21 - Biceps Circumference 999

22 - Elbow Circumference 999 999

23 - Forearm Circumference 999 999

24 - Wrist Circumference 999 999

25 - Thigh Circumference 999 999

26 - Lower Thigh Circumference 999 999

27 - Knee Circumference 999 999

28 - Calf Circumference 999 999

29 - Ankle Circumference 999 999

30 - Neck Circumference 32 cm 1 2 . 6 i n

31 - Scye (armnit- shoulder) Circumference... 999 999

32 - Chest Circumference 999 999

33 - Waist Circumference .. ..999 999

34 - Buttock Circumference 999 999

35 - Chest Depth 999 999

36 - Waist Depth 999 '999

37 - Buttock Depth 999 999

38 - Interscye 999

LABORATORY UMTR

1

TEST NO. 82E0 7

1

D13



HUMAN SUBJECT INFORMATION

CADAVER NO.: 079 DURATION OF BED CONFINEMENT Unknown

AGE: 51 ScX: M CAUSE OF DEATH: Mvnrarrlial infarrfinn

PHYSICAL APPEARANCE: Caucasian DATE OF DEATH: 2/26/83

ANOMALY: Structures weakened from CPR.

ANTHROPOMETRY

0 - Weight*
_

1 - Stature**
_

2 - Shoulder (acromial) Height
_

3 - Vertex to Syraphysion Length
^

4 - Waist Height
>

5 - Shoulder Breadth (Biacromial Breadth)
<

6 - Chest Breadth

7 - Waist Breadth
_

8 - Hip Breadth
(

9 - Shoulder to Elbow Length (Acromion-radiale .

.

Length)

10 - Foream-hand Length (elbow-middle finger)....

11 - Tibiale Height

12 - .Ankle Height (outside) (lateral malleous) . . . .

IS - Foot Breadth

14 - Foot Length

83 kq

169 cm

146.5 err. 57.7 in

999 999

999 999

30.4 cm 12 in

34.2 cm 13.5 in

999 999

31 cm 12.2 in

999 999

999 QQQ

999 999

999 999

999 999

999 999

t

:

1
1

i!

Note: * weight in kilograms

** iengths in centimeters

**- measures 16 and 17 must be iieiJe in case where the subject will be used

m zne seated position duTjni; the tests. In all ether cases enter

9999 when under these measures. n ..

LABORATORY UMTRI TEST NO. S3E076



15 - Top of Head to Trochanterion Length...

16 - Seated Height***

IT - Knee Height (seated)***

18 - Head Length

19 - Head Breadth

20 - Head to Chin Height (Vertex to Mentum)

21 - Biceps Circumference

22 - Elbow Circumference

25

- Forearm Circumference

24 - Wrist Circumference

25 - Thigh Circumference

26 - Lower Thigh Circumference

27 - Knee Circumference

2S - Calf Circumference

29 - Ankle Circumference

30 - Neck Circumference

31 - Scye (armpit-shoulder) Circumference.,

32 - Chest Circumference

33 - Waist Circumference

34 - Buttock Circumference.

35 - Chest Depth

36 - Waist Depth

37 - Buttock Depth...

38 - Interscye.,

LABORATORY
i imtr T

999 999

999 999

999 999

20 cm 7.8 in

. 16 cm 6.3 in

999 999 -

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

36 cm 14.2 in

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

TEST N’O. 83E076

Q 1

5



HUMAN SUBJECT INFORMATION

CADAVER NO.:

AGE: 44

ML DURATION OF BED CONFINEMENT Unknown

SEX: CAUSE OF DEATH: Pulmonary edema

PHYSICAL APPEARANCE: Caucasian DATE OF DEATH: 3/6/83

uNOMALY: • Left rib R4 weakened. Sternum weakened.

ANTHROPOMETRY

0 - Weight*

1 - Stature**

2 - Shoulder (acromial) Height

3 - Vertex to Symphysion Length—
4 - Waist Height

5 - Shoulder Breadth (Biacromial Breadth)

.

6 - Chest Breadth

7 - Waist Breadth

8 - Hip Breadth

9 - Shoulder to Elbow Length (Acromion-radial e ..

Length)

10

11

1 ?

14 -

Forearm-hand Length (elbow-middle finger)

Tibiale Height

Ankie Height (outside) (lateral malleous) . . .

.

Foot Breadth

Foot Length

Note: * weight in kilograms

** lengths in centimeters

IS

'1

72 k r

171 cm

147 4 rm 88 i n

88 cm 34.6 in

fid . 6 rm 35 _2 in

32.5 cm 12.8 in

33.8 cm 13.3 in

25 cm 9.8 in

31.4 cm 12.4 in

999 999

999 999

999 999

999 999

999 999

999 999

**“• measures 16 and 17 must be made m case where the subject will be used

in the seated position during the tests. In all ether cases enter

9999 when under these measures.
83E081-82

LABORATORY UMTRI TEST NO. G3E083-86 83 EO 87-88



999

999

15 - Top of Head to Trochanterion Length...

16 - Seated Height***

IT - Knee Height (seated)***

18 - Head Length

19 - Head Breadth

20 - Head to Chin Height (Vertex to Mentum)

21 - Biceps Circumference

22 - Elbow Circumference

23 - Forearm Circumference

24 - Wrist Circumference

25 - Thigh Circumference

26 - Lower Thigh Circumference

27 - Knee Circumference

2S - Calf Circumference

29 - Ankle Circumference

30 - Neck Circumference

31 - Scye (armpit- shoulder) Circumference.,

32 - Chest Circumference

33 - Waist Circumference

34 - Buttock Circumference

33 - Chest Depth.

36 - Waist ‘Depth

37 - Buttock Depth

38 - Interscye

LABORATORY iimtpt

999

999 999

19.8 cm 7.8 in

15.5 cm 6.1 in

23 cm 9.1 in

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

•
in •vj 22.4 in

999 999

. 1 00 cm 39.4 in

999 999

999 999

15.3 cm 6 in

999 999

999 999

999 999

83E081-82
TEST NO

. __83£083-86 83E087- 88

D17



HUMAN SUBJECT INFORMATION

CADAVER NO.: 099 DURATION OF BED CONFINEMENT Unknown

AGE: 62 SEX: M CAUSE OF DEATH: Myocardial infarction
1

PHYSICAL APPEARANCE: Caucas i an DATE OF DEATH: 1/26/83——
ANOMALY: None

ANTHROPOMETRY

0 - Weight* 76 kq

1 - Stature** 175-8 cm

2 - Shoulder (acromial) Height 152 cir. 59.8 in

S - Vertex to Syinphysion Length.... 84.5 cm 33.3 in

4 - Waist Height 999 999

5 - Shoulder Breadth (Biacromial Breadth) 34. 7 cm 13.7 in

6 - Chest Breadth 34 cm 13.4 in

7 - Waist Breadth 999 999

8 - Hip Breadth 3 1 • 5 rm 17 4 in

9 - Shoulder to Elbow Length (Acromion-radial e 999 999

Length)

10 - Forearm-hand Length (elbow-middle finger) .... qqq QQQ

11 - Tibiale Height 999 999

12 - Ankie Height (outside) (lateral malleous) . . . . 999 . 999

IS - Foot Breadth 999 999

14 - Foot Length 999 999

Note: ’ weight in kilograms

** lengths in centimeters

measures 16 and 17 must be iu:iJe in case where the subject will be used

m the seated position duriu;; the tests. In all ether cases enter

9999 when under these measures.

TEST NO. 8BE07 1 -75 83E091LABORATORY UMTRI



15 - Top of Head to Trochanterion Length...

16 - Seated Height'’*"*

17 - Knee Height (seated)*"

18 - Head Length

19 - Head Breadth

20 - Head to Chin Height (Vertex to Mentum)

21 - Biceps Circumference

22 - Elbow Circumference

23 - Forearm Circumference

24 - Wrist Circumference

25 - Thigh Circumference

26 - Lower Thigh Circumference

27 - Knee Circumference

2S - Calf Circumference

29 - Ankle Circumference

30 - Neck Circumference

31 - Scye (armpit-shoulder) Circumference.

32 - Chest Circumference

33 - Waist Circumference

34 - Buttock Circumference

33 - Chest Depth

36 - Waist Depth

37 - Buttock Depth

38 - Interscye —

LABORATORY ijmTRI

999 999

999 oqq

999 999

19-0 cm 7.5 -in-

15.3 cm 6 in -

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

37 cm 14.6 in

999 999

999 999

999 999

999 9QQ

999

1

ocro

999 999

999 999

999 999

TEST N'O 8RE071-75 Rrfoqi



HUMAN SUBJECT INFORMATION

CADAVER NO.: 090 DURATION OF BED CONFINEMENT Unknown

AGE: SEX: M CAUSE OF DEATH: Cerebral Contusion

PHYSICAL APPEARANCE: Caucasian DATE OF DEATH:

ANOMALY : None

ANTHROPOMETRY

0 - Weight*
_

1 - Stature** _

2 - Shoulder (acromial) Height..........
a

3 - Vertex to Symphysion Length _

A - Waist Height...... _

5 - Shoulder Breadth (Biacromial Breadth)
<

6 - Chest Breadth _

7 - Waist Breadth
(

8 - Hip Breadth..-

9 - Shoulder to Elbow Length (Acromion-radial e ..

Length)

10 - Forearm-hand Length (elbow-middle finger)....

11 - Tibiale Height

12 - Ankle Height (outside) (lateral malleous) . . .

.

13 - Foot Breadth

14 - root Length

63 kg

180 cm

155.4 cm 61.2 in

999 999

999 999

33.3 cm 13.1 in

31.9 cm 12.6 in

999 999

30 cm 11.8 in

999 999

999 poq

999 999

999 999

999 999

999 999

Note

:

* weight in kilograms

r* lengths in centimeters

measures 16 and 17 must be uuiJe in case where the subject will be used

m the seated position during the tests. In all ether cases enter

9y99 when under these measures.
D20
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999 99915 - Top of Head to Trochanterion Length...

16 - Seated Height***

17 - Knee Height (seated)*** .

18 - Head Length

19 - Head Breadth

20 - Head to Chin Height (Vertex to Mentum)

21 - Biceps Circumference

22 - Elbow Circumference

23 - Forearm Circumference

24 - Wrist Circumference

25 - Thigh Circumference

26 - Lower Thigh Circumference

27 - Knee Circumference

2S - Calf Circumference

29 - Ankle Circumference..'....;

30 - Neck Circumference

31 - Scye (armpit- shoulder) Circumference.,

32 - Chest Circumference

33 - Waist Circumference

34 - Buttock Circumference

33 - Chest Depth

36 - Waist Depth

37 - Buttock Depth

38 - Interscye

999 999

999 999

19.4 cm 7.6 in

15.5 cm 6.1 in

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

37 cm 14.6 in

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

LABORATORY HMTPT TEST NO. 83E092

021



HUMAN SUBJECT INFORMATION

CADAVER NO.: mn DURATION OF BED CONFINEMENT Unknown

AGE: 60 SEX:
[j

CAUSE OF DEATH: Cardiac arrest - Carcinoma of Pancrpas

PHYSICAL APPEARANCE: Caucasian n.VTT of DEATH: 5/20/83

ANOMALY: Right rib R7 is abnormal.

ANTHROPOMETRY

0 - Weight* . 76.5 kq

1 - Stature** 182.3 cm

2 - Shoulder (acromial} Height 158.5 cm 62.4 in

3 - Vertex to Symphysion Length 91-7 cm 36.1 in

4 - Waist Height 108.6 cm 42.8 in

5 - Shoulder Breadth (Biacromial Breadth) 31 .4 cm 12.4 in

6 - Ches t Breadth ...” 27 cm 10.6 in

7 - Waist Breadth 31 . 3 cm 1 2 . 3 i n

2 - Hip Breadth ^3.9 cm 13.3 in

9

- Shoulder to Elbow Length (Acromion-radiale . .
^99 999

Length)

10 - Forearm-hand Length (elbow-middle finger) 999 QQQ

11 - Tibiale Height 999 999

12 - Ankle Height (outside) (lateral malleous) . . . 999 999

13 - root Breadth 999 999

14 - Foot Length 999 999

Note: * weight in kilograms

** iengths in centimeters

»** measures 16 and 17 must be ueiJe in case where the subject will be used

m the seated position during the tests. In all ether cases enter

999!? when unuer these measures.
D22
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15 - Top of Head to Trocnanterion Length 999

99916 - Seated Height***

17 - Knee Height (seated)***

18 - Head Length

19 - Head Breadth

20 - Head to Chin Height (Vertex to Mentum)

21 - Biceps Circumference

22 - Elbow Circumference

25 - Forearm Circumference

24 - Wrist Circumference

25 - Thigh Circumference

26 - Lower Thigh Circumference

27 - Knee Circumference

2S - Calf Circumference

29 - Ankle Circumference

30 - Neck Circumference .

31 - Scye (armpit-shoulder) Circumference..

32 - Chest Circumference

33 - Waist Circumference.......

34 - Buttock Circumference.

35 - Chest Depth

36 - Waist Depth

37 - Buttock Depth

38 - Interscye

LABORATORY
| imTR t

[

I

i

999

999 999

19.3 cm 7.6 in

14.6 cm 5.7 in

21.8 cm 8.6 in -

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

38.3 cm 15.1 in

999 999

91.7 cm 36.1 in

999 999

999 999

22.5 cm 8.9 in

999 999

999 999

999 999

TEST NO.
83E 101-103
S^nnA-lriR 83E 1 09

D23



HUMAN SUBJECT INFORMATION

CADAVER NO.: 1£Q DURATION OF BED CONFINEMENT Unknown

AGE: 20 SEX: F CAUSE OF DEATH: Renal failure

PHYSICAL APPEARANCE: Nearo DATE OF DEATH: 8/22/83

ANOMALY: Sores on skin probably from needle punctures.

0

1 -

i .

o -

6

8

9 .

10 -

11 -

12 -

IS -

14 -

ANTHROPOMETRY

Weight* 46 kg

1
Stature** 162.7 cm

I

Shoulder (acromial) Height 141 .6 cm 55.7 in

Vertex to Symohysion Length 76.3 cm 30 in

Waist Height 99.2 cm 39.1 in

Shoulder Breadth (Biacromial Breadth) 31 cm 12.2 in

Cnest Breadth 25.7 cm 10.1 in

Waist Breadth — 21.9 cm 8.6 in

Hip Breadth 27.2 cm 10.7 in

Shoulder to Elbow Length (Acromion-radiale ..
999 999

Length)

Forearm-hand Length (elbow-middle finger).... 999 999

Tibiale Height 999 999

Ankie Height (outside) (lateral malleous) . . .

.

999 999

root Breadth 999 999

Foot Length 999 999

Note: * weight in kilograms

** lengths in centimeters

*** measures 16 and 17 must be luade in case where the subject will be used

m the seated position durin*.; the tests. In all ether cases enter

9999 when under tnese measures.
D24
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15 - Top of Head to Trochanterion Length...

16 - Seated Height***

17 - Knee Height (seated)***

18 - Head Length

19 - Head Breadth

20 - Head to Chin Height (Vertex to Mentum)

21 - Biceps Circumference

22 - Elbow Circumference

23 - Forearm Circumference

24 - Wrist Circumference

23 - Thigh Circumference

26 - Lower Thigh Circumference

27 - Knee Circumference

25 - Calf Circumference

29 - Ankle Circumference

30 - Neck Circumference

31 - Scye (armpit- shoulder) Circumference..

32 - Chest Circumference

33 - Waist Circumference

34 - Buttock Circumference

35 - Chest Depth

36 - Waist Depth

37 - Buttock Depth

38 - Interscye

LABORATORY UMTR1

72.9 cm 28.7 in

999 999

999 999

18.9 cm 7.4 in

14. 4 cm 5.7 in

. 24.5 cm 9.6 in

999 999

999 999

999 999

999 999

999 999

999 999

.999 999

999 999

999 999

• 32 cm 12.6 in

999 999

71 .4 cm 28.1 in

999 999

. . 999 999

17.6 cm 6.9 in

999 999

999 999

999 999

TEST NO. 8RE 1 2 1 A-r.

D25



HUMAN SUBJECT INFORMATION

CADAVER NO.:

AGE: 57

120.
DURATION OF BED CONFINEMENT Unknown

SEX: M

PHYSICAL APPEARANCE:

CAUSE OF DEATH: Acute myocardial infarction

Caucasian DATE OF DEATH: 9/11/83

ANOMALY: Autopsy revealed evidence of previous thoracic surgery. Ribs

weakened at cartilaginous junction.

ANTHROPOMETRY

0 - Weight*

1 - Stature**

2 - Shoulder (acromial ) Height

S - Vertex to Symphysion Length

4 - Waist Height

5 - Shoulder Breadth (Biacromial Breadth)

6 - Che st Breadth

7 - Waist Breadth

8 - Hip Breadth

9 - Shoulder to Elbow Length (Acromion-radiale .

.

Length)

10 - Forearm-hand Length (elbow-middle finger)

11 - Tibiale Height

12 - Ankle Height (outside) (lateral malleous) . . .

.

13 - Foot Breadth

14 - Foot Length

Note

:

LABORATORY

weight in kilograms

lengths in centimeters

measures 16 and 17 must be made

in the seated position duriiit; ti

9959 when under these measures.

UMTRI
02 6

72.5 ka

I 7R 7 rm

151 .4 cm 59.6 in

87.5 cm 34.4 in

104.8 cm 41.3 in

33.5 cm 13.2 in

33.2 cm 13.1 in

31 .9 cm 12.6 in

33 . 9 cm 13.3 in

999 999

999 QOQ

999 909

999 QQQ

999 999

999 999

where the subject wil 1 be used
In a 11 ether cases enter

TEST NO. 83E131A-C



15 - Top of Head to Trochanterion Length...

16 - Seated Height”*

1? - Knee Height (seated)***

18 - Head Length

IS - Head Breadth

20 - Head to Chin Height (Vertex to Mentum)

21 - Biceps Circumference

22 - Elbow Circumference

25

- Forearm Circumference

24 - Wrist Circumference

25 - Thigh Circumference

26 - Lower Thigh Circumference

27 - Knee Circumference

2S - Calf Circumference

29 - Ankle Circumference

30 - Neck Circumference

31 - Scye (armpit-shoulder) Circumference.,

32 - Chest Circumference

33 - Waist Circumference

34 - Buttock Circumference

33 - Chest Depth

36 - Waist Depth

37 - Buttock Depth

38 - Interscye

QQQ QQq

999 QOQ

9QQ QQQ

21.5 cm cLTCC

1 5 • A cm fi . 1 in

25-9 cm 10.2 in

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

999 999

^2.2 cm 16.6 in

999 999

99.8 cm 39.3 in

999 999

999 999

23.5 cm 9.3 in

999 999

999 999

999 999

LABORATORY iimtri TEST NO. 83EH1A-C

027
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APPENDIX E
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