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PREFACE

This publication is the culmination of a project initiated miore than seven
years ago by Mr. Joe Haler of the U.S. Army Aeromedical Research Laboratory
(USAARL). A great many people, including representatives from industry, aca-
demic institutions, and a nvuber of government agencies, cooperated in the
development of this tri-service data base for ose in the construction nf

three-dimensional human analogues. The lengthy process of generating and
selecting data appropriate and acceptable to the Air Force, Army, and Navv was
begun on 13 March 1980 at the Harry G. Armstrong Aerospace t4edical Research
Laboratory (AAMRL). Final coordination and agreement was achieved through the
Tri-Service Working Group on Biomechanici, which facilitated the achievement
of specifications acceptable to all three services, and provided for final
report preparation.

Special acknowledgement is made to Mr. Richard Chandler and Mr. Joe Young
of the Civil Aeromedical Institute of the Federal Aviation Administration for
their recommendations, to Dr. Ints Kaleps of the AA?{RL for coordinaLing and
incorporating cormments and recommendations, and to the staff of Anthropology

Research Project, Inc. for conducting numerous analyses and preparing the final
report. Illustrations were designed and executed by Gary Ball.
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!NTRODUCTION

The comparative testing, analysis and evaluation of the safety and per-

formance of manned systems require the use of standardized mechanical or ana-

lytical human surrogates which approximate human body properties. This
document provides the design parameters for the Small, the Mid, and the Large
sized male aviator, with mass distribution and body size appropriate for the
1980-1990 time period. Included in this document are data for body dimen-
sions, joint locations, and mass distribution properties.

The data provided in this document are meant to serve as a basis for

three-dimensional mathematical models and test dummies which are to be used
for investigating responses to impact or other mechanical forces. The dimen-
sions in this report have been generated from multiple regressions on stature
and overall body weight. This method provides internally consistent body
dimensions for each model but does not necessarily provide appropriate
descriptive statistics for a population for any single dimension. For

example, when compared to the 1967 survey of U.S. Air Force rated male aircrew
(Churchill, Kikta and Churchill, 1977), the Small and Large values for head
breadth in this document rank at 38th and 69th percentiles, respectively.

Only 31% of the Air Force survey personnel fall within these bounds.
Therefore, it is strongly recommended that the data in this document not be
used for purposes such as fit analysis, sizing of personal protective equip-
ment and clothing, or for workspace design or evaluation.

5
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ANTHROPOMETRY

Data Base

The criteria in this document are derived from: (1) body dimensions
obtained by traditional anthropometric methods; (2) mass distribution data
obtained by stereophotographic techniques; and (3) skeletal joint center%
obtained by estimation. All computations for the Small, Mid-size, and Large
male aviator are based on stat,:re and weigh:.

Body Size

A total of 139 body dimensions of standing and seated males are reported
here. Most of these anthropometric measurements were derived from stature and
weight multiple regression equations calculated from the 1967 survey of U.S.
Air Force raced male aircrew. The stature and weight values used were the
3rd, 50th, and 95th percentiles projected to reflect assumed increases in body
size between 1967 and the 1980-1990 time period (Churchill and McConville,
1976). Those dimensions not measured in the 1967 survey were derived from
those data or were estimated from other studies (McConville and Laubach, 1978;
McConville et al., 1980) and are marked with an asterisk. Body dimensions are
referenced to the standard "anatomical position," with the head in the
Frankfort plane, unless otherwise specified in the measurement description.
This position and body reference Lerminology is illustrated in Figure 1. For
design purposes, the body is assumed to be bilaterally symmetrical. Dimension
descriptions and measurement data are given in Table 1.

6I
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Figure 1. The body in standard anatomical position.

7
A

http://www.abbottaerospace.com/technical-library


TABLE I

DIMENSIONS OF THE SMALL. MID-SIZE AND LARGE MALE AVIATOR

DESIGN VALUES
Dimension Descriptions (cm)

SMALL MID LARGE

*1 ABDOMINAL DEPTH, SITTING: The maximum horizontal
depth of the abdomen. 22.4 25.5 28.1

2 ACROMIAL HEIGHT: The vertical distance between the
standing surface and the lateral tip of the 136.6 146.2 155.?
shoulder (acromion). ____

3 ACROMIAL HEIGHT, SITTING: The vertical distance
between the sitting surface and the lateral tip 57.8 61.5 65.0
of the shoulder (acromion). ,___,

4 ACROMION-RADIALE LENGTH: The length of the upper -
arm measured as the vertical distance between the 31.1 33.2 35.2
lateral tip of the shoulder (acromion) and the fV
proximal end of the radius (radiale). I

5 ANKLE CIRCUMFERENCE: The minimum horizontal circum-
ference of the lower leg (calf). 21.1 22. 4.1

6 ANKLE HEIGHT: The vertical distance between the
standing surface and the level of the ankle 13.0 13. 4.6
circumference. .•

7 ANTERIOR NECK LENGTH: The surface distance in the
midsagittal plane between the point of the deepest 8.3 8.4 8.5
depression of the top of the breastbone (supra- >2

I * sternate) and the juncture of the neck and the jaw.
*8  AXILLA HEIGHT: The vertical distance between the 2. 146

standing surface and the apex of the armpit 126.6 135.1 143.6S(axiIlia )....,if-

9 BALL OF FOOT CIRCUMFERENCE: The circumference of the
foot passing over the maximum protuberance of the 23.6 25.0 26.4
first metatarsal bone and the fifth metatarsal bone.

10 BIACROMI4L BREADTH: The horizontal distance between
the lateral tips of the shoulders (right and left 39.1 41.0 42.8 Ft.-

acromion). _'_,

11 BIAURICULA! BREADTH: The horizontal distance between %
the most lateral points of the right and left ears. 18.4 18.9 19.3

12 BICEPS CIRCUMFER5NCE: The circumference of the upper
arm perpendicular to its long axis, measured with 28.4 31.3 33.7
the arm hanging relaxes at the side. (The level of
the dimension is established at the maximum pro-
trusion of the flexe-d biceps.) ____

13 BICRISTAL BREADTH (Bone): The maximum horizontal .
distance between the lateral crests of the pelvis 25.8 28.3 30.5J
(ilia) measured with enough pressure to compress N
the tissue.

* See section on Body Size, page 6.
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TABLE i (cont'd)

DESIGN VALUES
Dimension Descriptions (cm)

SMALL MID LARGE

14 BIDELTOID BREADTH: The maximum horizontal distance
across the shoulders at the level of the delLoid 45.3 48.8 51.9
muscles.

15 BIGONIAL BREADTH: The horizontal d'stance between
the corners of the jaw (righL and left gonion). 11.4 11.8 12.2

16 BIMALLEOLAR BREADTH: The maximum horizontal distance
between the lateral and the medial protrusione of 7.0 7.4 7.8
the ankle (medial and lateral malleolus).

17 BIOCULAR BREADTH: The horizontal distance between
the outer corners ot the eyes (right and left 9.0 9.2 9.4
ectocanthus). _

13 BITRAGION BREADTH: The horizontal distance between
the right and the left tragion (the point at the 13.9 14.3 14.7
top of the cartilaginous flap in front of the
opening of the ear). _

19 BITRAGION-C0RONAL ARC: The vertical surface distance
between the right and the left tragion passing 35.0 35.9 36.7
over the top of th? head. _

20 BITRAGION-MENTON ARC: The surface distance between
the right and the left tragion passing over the 31.5 32.8 34.0
tip of the chin (menton). _

21 BITRAGION-MINIMLM FRONTAL ARC: The surface distance
between the right and the left tragion passing 30.2 30.9 31.6
over the greatest indentation of each temporal
crest (frontotemporale). __

22 BITRAGION-POSTERIOR ARC: The surface distance
between the right and the left tragion passing 28.7 29.6 30.4
over a bony midline point on the back of the head
(inion).

23 BITRAGION-SSUBMANDIBULAR ARC: The surface distance
between the right and the left tragion passing 29.6 31.2 32.6
over the juncture of the jaw with the neck. _,

24 BITRAGION-SUBNASALE ARC: The surface distance
between the right and the left tragion, passing 28.6 29.4 30.2
over thejuncture of tho nose with the philtrum. __

25 BIZYGOMATIC BREADTH (Face Breadth): The horizontal
distance between the maximum protrusions of the 13.9 14.3 14.7
cheekbones (zygomatic archea). "_

26 BUTTOCK CIRCUMFERENCE: The horizontal circumference
of the body at the level of the maximum pro- 91.1 100.0 107.8
trusion of the buttocks.

10
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TABLE I (cont'd)

DESIGN VALUES
Di-ension Descriptions (cm)

SMALL MID LARGE

27 BUTTOCK DEPTH: The horizontal depth of the body at
the level of the maximum protrusion of the 21.7 24.4 26.8
buttocks.

28 BUTTOCK HEIGHT: The vertical distance between the
standing surface and the level of the maximum 84.4 90.8 97.0
protrusion of a buttock.

29 BUTTOCK-KNEE LENGTH: The horizontal distance between
the maximum protrusion of a buttock and the 56.6 60.9 65.0
anterior point of the knee of a seated subject.
The knee is flexed 90 degrees.

30 BUTTOCK-POPLITýAL LENGTH: The horizontal distance
between the maximum protrusion of a buttock and 47.1 50.8 54.4
the posterior surface of the knee of a seated
subject. The knee is flexed 90 degrees.

31 CALF CIRCUMFERENCE: The maximum horizontal circum-

ference of the calf. 34.7 37.7 40.3
32 CALF HEIGHT: The vertical distance between the

standing surface and the level of the maximum 33.0 35.8 38.6
circumference of the calf.

33 CERVICALE HEIGHT: The vertical distance between the
standing surface and the tip of the spinous 143.4 153.1 162.6
proc'fss of the 7th cervical vertebra (cervicale).

*34 CERVICALE HEIGHT, SITTING: The vertical distance
between the sitting surface and cervicale. 64.6 68.4 72.0

35 CHEST BREADTH: The horizontal breadth of the chest
at the level of the nipples. 30.5 33.2 35.6

36 CHEST CIRCUMFERENCE: The horizontal circumference of

the chest at the level of the nipples. 91.2 100.0 107.5
37 CHEST CIRCUMFERENCE AT SCYE: The circumference of

the chest at the level of an axillary "old 95.3 103.6 110.8
(scye point).

38 CHEST DEPTH: The horizontal depth of the chest at
the level of the nipples. 22.5 24.9 27.0

39 CHEST HEIGHT: The vertical distance between the
standing surface and the level of the nipple. 121.9 130.1 138.2

*40 CHEST HEIGHT, SITTING: The vertical distance between
the sittinR surface and the level of the nipple. 43.1 45.4 47.E

41 CROTCH HEIGHT: The jertical distance between the
standing sarface and the midpoint of the crotch. 80.2 85.6 91.1

See section on Body Size, page 6.
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TABLE I (cont'd)

* DESIGN VALUES
Dimension Descriptions (cm)

SMALL MID ILARGE

;,e 42 EAR BREADTH: The breadth of the ear perpendicular
to its long axis. 3.7 3.8 3.9

43 EAR LENGTH: The length of the ear along its long
axis. 6.4 6.6 6.9

44 EAR LENGTH ABOVE TRAGION: The distance along the
long axis from tragion to the top of the ear. 2.9 2.9 3.0

45 EAR PROTRUSION: The horizontal distance between
the most protruding point on the surface of the 2.1 2.2 2.3
ear and the bony eminence of the mastoid process
immediately behind the ear. ......

46 ECTOCANTHUS TO TOP OF HEAD: The vertical distance
between the outer corner of an eye (ectocanthus) 11.7 12.0 12.2
and the plane of the top of the head.

47 ECTOCANTHUS TO WALL: The horizontal distance
between the outer corner of an eye (ectocanthus) 17.5 17.8 18.1
and the plane of the back of the head

48 ELBOW CIRCUMFERENCE: The circumference of the elbow
perpendicular to the long axis of the arm passing 26.0 28.0 29.8
over the tip of the elbow (olecranon process).

S49 ELBOW HEIGHT: The vertical distance between the
standing surface and the proximal end of the 105.6 113.1 120.5
radius (radiale).

14
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TABLE I (cont'd)

DESIGN VALUES
Dimension Descciptionq (cm)

SMALL MID LARGE

50 ELBOW REST HEIGHT: The vertical distance between
"the sitting surface and the bottom of the elbow 23.9 25.4 26.7
with the upper arm hanging freely and the forearm
flexed 90 degrees.

51 ELBOW-WRIST LENGTH: The distance between the tip of
the elbow (olecranon process) and the distal end 28.4 30.2 32.0
of the radius (stylion) with the upper arm hanging
freely and the elbow flexed 90 degrees.

52 EYE HEIGHT, SITTING: The vertical distance between
the sitting surface and the outer corner of an eye 77.5 81.4 85.1
(ectocanthus).

53 FEMORAL BREADTH (Bone): The breadth of the femur
between its medial and lateral epicondyle' with 9.5 10.1 10.6
the tissue comDressed.

54 FOOT BREADTH: The maximum breadth of the foot
perpendicular to its long axis. 9.3 9.8 10.3

55 FOOT LENGTH: The maximum length of the foot
parallel to its long axis. 25.7 27.2 28.7

56 FOREARM CIRCUMFERENCE: The maximum circumference
of the forearm perpendicular to its long axis. 26.5 28.5 30.2

*57 FOREARM-HAND LENGTH: The distance between the tip of

the elbow (olecranon process) and the tip of the 46.6 49.3 52.0
middle finger (dactylion) when the upper arm is
hanging freely and the elbow is flexed 90 degrees.

58 GLABELLA TO TOP OF HEAD: The vertical distance from
the midsagittal point Detween the browridges 9.2 9.3 9.4
(glabella) to the plane of the top of the head.

* See section on Body Size, page 6.
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TABLE 1 (cont'd)

DESIGN VALUES
Dimension Descriptions (cm)

_...... SMALL MID LARGE

59 GLABELLA TO WALL: The horizontal distance from
the midsagittal point between the browridges 20.0 20.4 20.8
(glabella) to the plane of the back of the head.

60 GLUTEAL FURROW HEIGHT: The vertical distance
between the standing surface and the lowest point 76.1 81.7 87.3
of the juncture of the curve of a buttock with
the thigh (gluteal furrow). _I

61 HAND BREADTH: The breadth of the hand between the
second and the fifth metacarpal-phalangeal joints. 8.5 9.0 9.4

62 HAND BREADTH ACROSS THUMB: The breadth of the hand,
perpendicular to its long axis, at the level of 9.7 10.3 10.8
the metacarpal-phalangeal joint of the thumb.

63 HAND CIRCUMFERENCE: The circumference of the hand
around the second and fifth metacarpal-phalangeal 20.7 21.7 22.6
joints.

64 HAND CIRCUMFERENCE INCLUDING THUMB: The circumfer-
ence of the hand, perpendicular to its long axis, 24.6 25.9 27.2
passing over the first metacarpal-phalangeal joint.

65 HAND LENGTH: The distance between the end of the
forearm (stylion) and the tip of the middle finger 18.3 19.2 20.1
(dactylion) parallel to the long axis of the hand.

6 R HAND THICKNESS: The thickness of the hand betweenthe palm and the top of the third knuckle of the 2.7 2.8 2.9

hand (head of the third metacarpal).

18

op I I I

http://www.abbottaerospace.com/technical-library


"I

TABLE 1 (cont'd)

46

199

14

6I

62

646

.4'

199

62"

http://www.abbottaerospace.com/technical-library


TABLE I (cont'd)

Dimension Descriptions 
DESIGN VALUES

SMALL MID LARGE

67 HEAD BREADTH: The maximum horizontal breadth of
the head above the ears. 15.4 15.6 15.9

68 HEAD CIRCUMFERENCE: The maximum circumference of
the head above the browridges and ears. 56.5 57.7 58.8

69 HEAD DIAGONAL FROM INION TO PRONASALE: The distance
between the cip of the nose (pronasale) and the 21.5 22.0 22.5
point inion on tha back of the head.

70 HEAD DIAGONAL-MAXIMUM FROM MENTON TO OCCIPUT: The
maximum distance between the tip of the chin 25.0 25.7 26.3
(menton) and th? back of the head (occiput).

71 HEAD LENGTH: The m.ximum distance from the mid-

sagittal point between the browridges (glabella) 19.5 19.9 20.3
to the back of the head

72 HEEL-ANKLE CIRCUMFERENCE: The circumference of the
foot and ankle passinp under the tip of the heel 32.1 34.2 36.2
and over the anterior juncture of the foot with
the ankle.

73 HiP BREADTH: The maximum horizontal breadth of the
hips. 32.9 35.7 38.2

74 HIP BREADTH, SITTING: The maximum horizontal breadth -_

of the hips of a seated subject. 34.8 38.3 41.5
75 HUMERAL BREADTH (Eone): The breadth of the humerus

between its medial and lateral epicondyles with 6.8 7.1 7.5
the tissue compressed.

*76 ILIOCRISTALE HEIGHT: The vertical distance from the
standing surface to the top of the pelvis (ilium) 100.0 107.3 114.5
in the midaxillarv line.

77 INSTEP CIRCUMFERENCE: The vertical circumference of
the arch of the foot. 24.3 25.9 27.4

78 INSTEP LENGTH: The horizontal distance between the
back of the heel and the level of the maximum 18.8 19.9 21.0
medial protrusion of the foot.

79 INTEROCULAR BREADTH: The horizontal distance between
the inner corner of each eye (endocanthus). 3.3 3.3 3.4

80 INTERPUPILLARY BREADTH: The horizontal distance
between the zenter of the pupil of each eye. 6.2 6.3 6.4

81 INTERSCYE: The horizontal surface distance across
the back between the lowest points of the 36.7 39.2 41.3
posterior axillary folds.

See section on Body Size, page 6.
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TABLE I (cont'd)

DESIGN VALUES
Dimension Descriptions (cm)

Small I Mid Large

82 KNEE CIRCUMFERENCE: The horizontal circumference 1
of the knee at the level of the middle of the 35.9 39.2 42.1
kneecap (patella). .j'_

.3 KNEE HEIGHT: The vertical distance between the
standinr, surface and the level of the middle 46.4 50.0 53.6 "

of the kneecap (patella).
84 KNEE HEIGHT, SIrTING: The vertical distance

between a footrest surface and the top of a 52.3 56.2 60.0
knee of a seated subject. The knee is flexed

90 degrees.
"*85 LATERAL FEMORAL EPICONDYLE HEIGHT: The vertical 6",

distance between the standing surface and the 47.6 51.0 54.3 .0

level of the maximum protrusion of the lateral

femoral epicondyle. _.__

86 LATERAL MALLEOLUS HFIGHT: The vertical distance
between the standing surface and the lateral 6.6 7.1 7.6 0
point of the ankle. %__

87 LIP LENGTH: The horizontal distance between the
outer corners of the lips. 5.1 5.2 5.4

88 LIP PROTRUSION TO WALL: The horizontal distance
between the most protruding point of the lips 20.7 21.2 21.7
and the. plane of the back of the head.

*89 LOWER THIGH CIRCUMFERENCE: The circumference of .'
the thigh just above the kneecap (patella). 38.4 ] 43.7 47.9 ,;

90 MAXIMUM FRONTAL (Forehea-d) BREADTH: The horizon- •"

tal distance between the lateral ends of the 11.4 11.6 11.9

browr idges. __

91 MEDIAL MALLEOLUS HEIGHT: Th, vertical distance

between the standing surface and the medial 8.1 8.6 9.1
point of the ankle.

92 MENTON-SELLION LENGTH (Face Length): The diftance
between the tip of the chin (menton) and the 11.7 12.1 12.4
deepest point of the nasal root depression
(sellion).

93 MENTON-SUBNASALE LEi4GTH: The distance between the
tip of the chin (menton) and the base of the 6.7 6.9 7.1
nose (subnasale).

94 MENTON TO TOP OF HEAD: The vertical distance be-
tween the tip of th,, chin (menton) and the 22.3 22.8 23.3
plane of the top of the head __

95 MIDSHOULDER HEIGHr, StrflNG: The vertical distance
between the sitting surface and the midpoint 61.3 65.0 68.6
of the top of the shoulder (half the distance
between the lateral bast, of the neck andt
acromion).

* See section on Body Siz,, page 6.
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TABLE 1 (cont'd)
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TABLE I (cont'd) v

DESIGN VALUES
Dimension Descriptions (cm)

Small Mid Large

96 MINIMUM FRONTAL ARC: The surface distance between
the points of greatest indentation )f the tern- 13.4 13.6 13.9
poral crests. _

97 NASAL BREADTH: The maximum horizontal breadth of 3.5 3.6 3.6
the nose.

*98 NASAL ROOT BREADTH: the horizontal breadth of the

root of the nose. 1.5 1.8 2.1
99 NECK CIRCUMFERENCE: The maximum circumference of

the neck, including the Adam's apple, perpen- 36.5 38.7 40.6
dicular to its long axi,. __ _ _ --

100 NOSE LENGTH: The distance between the lowest

point of the nasal septum (subnasale) and the 5.0 5.1 5.3
deepest point of the nasal root depression

(sellion).

*101 NOSE PROTRUSION: The distince betweon the tip of
the nose (pronasale) and the lowest point of 2.0 2.4 2.8
the nasal septum (subnasale). %

"*102 NUCHALE HEIGHT: The vertical distance in the mid-

sdgittal plane between the standing surface and 151.2 161.2 170.7
the lowest palpable bony point of the back of
the head (nuchale). _ _ __

103 PALM LENGTH: The vertical distance between Lhe

distal end of the radius (stylion) and the 10.4 10.9 11.4

crease at the base of the middle finger. "_-
104 PHILTRUM LENGTH: The length of the groove between

the upper lip and the base of the nose. i.5 1.6 1.6
105 POPLITEAL HEIGHT: rhe vertical distance between I

a footrest surface and the lower lateral surface 41.2 44.0 46.7
of the thigh, just behind the knee, when the
subject is seated with the knee flexed 90
degrees "__ _,

106 PRONASALE TO TOP OF HEAD: The vertical distance
between the tip of the nose (pronasale) and the 14.5 14.8 15.0
plane of the top of the head. _ _

107 PRONASALE TO WALL: The horizontal distance
between the tip of the nose (pronasale) and the ** ** **

plane of the back o, the head.

108 RADIALE-STYLION LENGTH : The distance, along the
long axis of the for,-artn, between the proximal 25.3 27.1 28.8 1
end of the radius (radiale) and the distal end e

of the radius (stvlion) __,

* See section on Body Size, p.gie b. ,

** These values deloted due tO ii'ens j;tlucy with 121; the 121 values are deemed

to be correct.
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TABLE I (cont'd)

I! DESICN VALUES
Dimension Descriptins m (cm)

__,_ _ma 1 Mi Lar,

10Q SAGIrtTAL ARC: Th, sirfa, ', Ii.itince over the top
of the head from the point ',.ween the 34.2 34.7 35.2
browridges (glabella) to the bonvl point on the
back of the head (inion). _

110 SCYE CIRCUMFERENCE: the vertical circumference
passing over the shoulder and through the 45.1 48.9 52.3
highest point of the axilla. _

IlI SELLION TO TOP OF HEAD: Th, vertical distance
between the deepest point of the nasal root 10.5 10.8
depression (sellion) and the plane of the top
of the h ead. 1 ' * 0

112 SELLION TO WALL: The horizontal distance between
the deepest point of the nasal root depression 19.8 20.2 20.6
(sellion) and the plane of the back of the
head. 

_-_d

113 SHOULDER CIRCUMFERENCE: The maximum horizontal
circumference of the shoulders at the level 110.6 119.1 126.4
of the deltoid muscles.

114 SHOULDER-ELBOW LENGTH: Th, distance, along the
long axis of the Lipper arm, between the tip 34.0 36.2 38.3
of the shoulder (acromion) and the bottom of
the elbow (olecranon process) when the opper
arm is hanging freelv with the elbow flexed 90
degrees. 1 1

115 SHOULDER LENGTti: The surface distance between the
lateral juncture of the base of the neck with t 15.8 16.7 17.6
the shoulder, and the tip of the shoulder
(acromion ).

116 SIrTING HEIGHT: The vertical distance between the
sitting surface and the top ot the head. __89.3 93.7 98.0

"*117 SPHYRION HEIGHT: The vertical distance between

the standii'g surface and the distal end of the 6.5 7.0 7.5
tibia (sphyrion). ___

118 STATURE: rho vertical distanct between the
standing surface and the top of tie head. 168.1 178.4 188.6

119 STOMION TO TOP OF HEAD: the veýrtical distance
between the ilidpoint of cs.d lips and the 18.0 18.4 18.8

Diane or the t.) , f the head.

120 SUBNASALE tr' TOP OF HEAD: Thf- vert icaL distance
between the base of the nose (subnasale) and 15.8 16.1 16.5

the plane of the top oi the hetad.
121 SUBNASALE TO WALL: The horizontal distance

between the lowest point of the nasal septum 20.6 21.1 21.5
(subnasate) and the- plane of tile back of thet
head.

• See section on Body Size, page 6.
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TABLE I (cont'd)

DESIGN VALUES
Dimension Descriptions (cm)

_ _ _ __ ..... Small Mid Large

122 SUPRASTERNALE HEIGHT: The vertical distance
between the standing surface and the point of 136.9 146.2 155.3
deepest depression of the top of the breast-
bone (suprasternale).

"*123 TENTH RIB HEIGHT: The vertical distance between

the standing surface and the level of the 105.1 112.5 119.8
lowest point of the tenth rib.

124 THIGH CIRCUMFERENCE: The circumference of the
thigh perpendicular to its long axis at the 53.7 59.9 65.2
lowest point of the juncture of a buttock with
the thigh.

125 IHIGH CIRCUMFERENCE, SITTING: The vertical
circumference of the thigh at its juncture 52.7 58.9 64.2
with the groin of a seated subject.

126 THIGH CLEARANCE: The vertical distance between
the sitting surface and the highest point on 15.1 16.8 18.3
the thigh of a seated subject.

127 THUMB-TIP REACH: The horizontal distance between
the plane of the hack (a wall) and the tip of 76.0 80.8 85.5
the thumb with an arm extended forward and the
tip of the index finger touchiug the pad of
the thumb. The palm is down.

128 THUMB-TIP REACH, EXTENDED: The horizontal
distance between the plane of the back (a 85.1 90.1 95.1
wall) and the tip of the thumb with an arm and
a shoulder extended forward as far as possible
while keeping the back of the other shoulder
firmly against the wall. The tip of the index
finger toaches the pad of the thumb. The palm
is down.

129 TPAGION TO TOP OF HEAD: The vertical distance
between tragion and the plane of the top of 13.2 13.5 13.7
the head.

130 TRAGION TO WALL: The horizontal distance between
tragion and the plane of the back of the head. 10.2 10.4 10.5

131 TROCHANTERIC HEIGHT: The vertical distance
between the standing surface and the top of 88.4 94.6 100.8
the greater trochanter of the femur
(trochanterion).

* See section on Body Size, page 6.
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TABLE 1 (cont'd)

DESIGN VALUES
Dimension Descriptions (cm)

Small Mid Large

132 WAIST BREADTH: The horizontal breadth of the torso
at the level of the navel. 28.1 31.5 34.5

133 WAIST CIRCUMFERENCE: The horizontal circum-
ference of the torso at the level of the 79.0 89.4 98.2
navel.

134 WAIST DEPTH: The horizontal depth of the torso
at the levei of the navel. 20.2 22.8 24.9

135 WAIST HEIGHT: The vertical distance between the
standing surface and the navel. 100.3 107.2 114.0

"*136 WAIST HEIGHT, SITTING: The vertical distance
between the seated surface and the navel. 21.5 22.4 23.4

137 W4EIGHT: Weight of the subject to the nearest 139.5 179.7 215.4
tenth of a pound. lbs lbs lbs

"*138 WRIST BREADTH (Bone): The maximum distance
between the radial and ulnar styloid 5.3 5.7 6.0
processes.

139 WRIST CIRCUMFERENCE: The circumference of the
wrist perpendicular to the long axis of the 16.7 17.7 18.7
forearm at the level of the distal tip of the
radius (stylion).

* See section on Body Size, page 6.
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Body Segmentation

In order to describe its mass distribution properties, the body is seg-
mented by planes as shown in Figure 2. These planes relate to the body in
the erect standing position and are identified as described below:

I HEAD PLANE: A plane that passes through the right and left gonion
and nuchale.

2 NECK PLANE: A compound plane in which a horizontal plane through
cervicale intersects anteriorly with a second plane.
The second plane passes through the lower of the two
clavicale landmarks, is perpendicular to the mid-
sagittal plane, and makes a 45-degree angle with the
horizontal plane.

3 THORAX PLANE: A horizontal plane that passes through the 10th rib
midspine landmark.

4 ABDOMINAL PLANE: A horizontal plane passing through the higher of the
two iliocristale landmarks.

5 HIP PLANE: A plane perpendicular to the frontal plane passing
through the center oZ the crotch and the midpoint
between the anterior superior iliac spine landmark
and trochanterion.

6 KNEE PLANE: A horizontal plane passing through the lateral femoral
epicondyle.

7 ANKLE PLANE: A horizontal plane passing through the sphyrion land-
mark.

8 SHOULDER PLANE: A plane passing through the acromion landmark and
the anterior and posterioc scye point marks of the
axillary folds.

9 ELBOW PLANE: A plane passing through the olecranon process and
the medial and lateral humeral epicondyle landmarks.

10 WRIST PLANE: A plane perpendicular to the long axis of the forearm
passing through the radial stylion landmark.

32
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Mass Distribution

The mass distribution data were calculated from Yegression equations
reported in McConville et al. (1980). These data are based upon a stereopho-
tometric assessment of volume. The assumption that tne distribution of volume
can be substituted for the distribution of mass is supported by the data
reported in Young et al. (1983). The reader is referred there for more infor-
mation.

The alignment of principal axes for each segment, the mass, and prin-
cipal moments of inertia (calculated with respect to the segment center of
mass) are pre, nted in Table 2. A general assumption of body symmetry with
respect to the midsagittal plane has been made so that properties of right and
left segments are identical.

For purposes of specifying the segmental principal axes directions, a
whole body refecence axis system (r) is defined. This reference system is
based on a standing surface in which the Xr axis points anteriorly, the Yr
axis to the left and the Zr axi, vertically upward.

The neck, thorax, and pelvis principal axes are rotated from this
reference poaition, as shown in Table 2. The principal axes for the extremity
segments (with the exception of the hand and foot) are such that the Z p axis
is aligned with the long axis of the bones and the Xp and Y p axes are perpen-
dicular to it with no preferred direction since the X and Yp principal
moments are equal. The orientation of the principal axes for the hand and
foot are coincident with the reference exes.

For the head, a local anatomically defined coordinate system (a) is used
as the reference coordinate system. It is defined by the Ya axis running from
the right tragion to the left tragion, the Xa axis being the normal vector
from the Ya axis to the right infraorbitale, the 7? axis being formed by the
cross product of the Xa and Ya axes vectors, and the origin being located on a
line connecting the tragions (Ya) at a point closest to sellion. The relative
orientation of the head principal axes to the anatomical axes (a) is shown
in Figure 3. For the head, the X. axis is rotated 360 counterclockwise about
the Ya axis (see Table 2).

Segmental Masses

The segmental masses were determined from the relative proportions of
segmental volumes obtained from regression equations developed by McConville
et al. (1980), and total body masses of 63.3 kilograms for the Small sized
man, 81.5 kilograms for the Mid-sized man and 97.7 kilograms for the Large
sized man.
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TABLE 2

MASS DISTRIBUTION OF THE BODY SEGM!ENTS
(mass in kilograms; moments of inertia in kilogramus/cm 2;

X is anterior; positive rotation is clockwise)

x HEAD

j~-YSegment Moments
Mass X Y Z

\ SMALL 4.0 193 219 144
MID-SIZE 4.2 206 235 153
LAR4GE 4.4 218 250 161

Te principal axes are rotated
-36* about the Ya axis.

NECK

4Segment Moments
Mass X Y Z

SMALL 0.9 13 16 19
MID-SIZE 1.1 18 22 28
LARGE 1.2 23 27 35

The principal axes are rotated
+22.20 about the Yr axis.%

I.%
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TABLE 2 (cont'd)

zP
THORAX

Segment Moments

Mass X Y Z

SSMALL 18.6 3233 2347 1975
-Yp MID-SIZE 24.9 5224 3857 3284

SLARGE 30.5 7002 5202 4432

"The principal axes are rotated
-12* about the Yr axis.

zPI

ABDOMEN

Segment Moments
Mass X Y Z

Xp SMALL 1.9 108 58 160

Yp MID-SIZE 2.4 175 99 266

LARGE 2.9 233 133 356

The principal axes are coincident
with the reference axes.

zp
PELVIS

Segment Moments
Mass X Y Z

\p SMALL 8.6 651 587 746
MID-StZE 11.8 1116 1028 1298

LARGE 14.6 1519 1408 1773

I The principal axes are rotate:d
-24' about 0h1" Yr axis.
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TABLE 2 (cont'd)

UPPER ARM

ISegment Moments

SMALL 1.5 85 85 17

MID-SIZE 2.0 141 141 29

ypLARGE 2.4 192 192 39

The Z axis is coincident with the
P

Z.axi~s and the X.and Ypaxes
are degenerate.

zp
p FOREARM

Segment Momý.Ots

VMass X Y Z

ypSMALL 1.1 61 61 9 1
MID-SIZE 14 90 90 1.4

%Xp LARGE 16 117 117 18

\1The Zaxis is coincident with the

Zr axis and the X.and Ypaxes

are degenerate.

zp
HAND

Segment Moments 1
__Mass X Y 7.%

S, 4A 1 1 0.5 10 8 3
Vp MID-SIZE 0.5 13 11 4

LARGE 0.6 16 13 5

Tho principal axes are coincident
with the re~ference axes with the

hand aligned as shown in Figure 1.
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TABLE 2 (cont'd) "

zp
TH IGH

Segment Moments
Mass X Y Z

SMALL 7.7 1093 1093 289 m
ypMID-SIZE 9.8 1652 1652 452

The Z~ axis is coincident with the
Zr axis and the Xand Y axes

T, are degenerate.

zp
CALF

Segment Moments
Mass X Y Z

SMALL 3.1 406 406 48 1
MID-SIZE 3.8 606 606 71
LARGE 4.5 798 798 92

;k~~xP._ __

The Z, axis i s coincident wi th the
Zr axis and the Xand Y axes
are degenerate.

z FOOT
"1.

Segment Moments
Mass X Y z

SMA L 1 0.8 6 31 33
MI D- SIZE 1.0 8 44 46
LARGE 1.1 11 56 59

X Thtý principal axes are coincident
with the reference axes with the
feet aligned as shown in Figure 1..

38

%--------------

http://www.abbottaerospace.com/technical-library


N.,,

Figure 3. Principal axis orientation
for the head relative to

K' the anatomical axis system.
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Body Linkage and Center of Mass (CM) Locations

Figures 4 through 9 illustrate the location of the centers of mass and

joint centers for body segments for the Small, the Mid, and the Large sized
male aviator. The centers of mass of the body segments with respect to their
adjacent joint centers are assumed not to change from the standing to the
seated pogition.

With the exception of the head, the centers of mass locations are based

on the stereophotometric assessments of McConville et al. (1980). The loca-
tion of the head center of mass is based on both the McConville data and that
of Beier et al. (1979) and is similar to that derived by Robbins (1983).

The inserts in Figures 4, 6, and 8 show the estimated location of the

trochanterion landmark with respect to the seated surface and a vertical plane

tangent to the posterior surface of the buttock fcr an erect, seated posture.

These data are based uoon the data developed by Geoffrey (1961).
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Head CM (X)
10.2

Top of Head 168.1 STAT

10.4 157.7 Head CM (Z)

16.9151.2 Head/Neck Pivot (Nuchale)

22.9 = 2_#--145.2 Neck CM (Z)

Cervicale 2A1 7 143.4 Neck/Thorax Pivot (Cervicale)

6- _8 136.6 Acromion

20 6122.8 Thorax C1 (Z)

38.3 105.1 Thorax/Abdomen (Tenth Rib)
40.9 -o- 102.5 Abdomen CM (Z)

Iliocristale 3 100.0 Abdomen/Pelvis (Iliocristale)

8.ianeo 11. 91.9 Pelvis CM (Z)

Trochanterion 11.6 - 88.4 Hip Pivot (Trochanterion)

18.2 70.2

Thigh CM (Z)

Knee 141.1 47.3

Knee Pivot

16.6 3;0. 7
Calf CMI Mz 1

41.3 6.0 Ankle Pivot

_______ 47.3 1 2.6 Foot CM (Z,

Figure 4. Body linkage and centers of mass (excludes arms) for the
Small male aviator. Units are in centimeters.
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Sterno-Claviciuiar 136.9
13h.9 Suprasternale

Clavi-Scapular 136.6318BhmrlHa

Acromion13.

Upper Arm Pivot

Upper Arm CM 16431.1. Acrornion-Radiale

Elbow Pivot 304

Forearm CM 40.5
25.3 Radiale-Stylion

Wrist Pivot 56.4

Rand CM 62818.3 Hand Length

1i. 3 Bifemoral Hoad

Figure 5. Centers of mass and linkage for the arms of the
Small mate aviator. Units are in centimeters.
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Head CM (X7)
10.*4

Top of Head 178.4 STATURE

-. .,167.9 Head CM(Z

17.2 op 161.2 Read/Neck PiLvot (Nuchale)

23.9 154.5 Neck CM MZ

Cervicate I 25 .3 1513.1 Neck/Thorax Pivot (Cervicale)

--- ~ 146.2' Acromion

9 ~130.8 Thorax GHM(Z

40.6 112.5 Thorax/Abdomen (Tenth Rib)

43-2109.9 Abdomen CM (Z)

Iliocristale 14L8107.3 Abdomen/Pelvis (Iliocrista1o

9,0ý98.3 Pelvis CM MZ

Trcatroi12.7 N 94.6 Hip Pivot (Trochanterion)

Thigh CII (Z)1

Knee 4-0-50.5
- Knee Pivot

17. 33.0
Calf amM Z

Foot CM (X)

Figur- 6. Body linkage and centers of mass (excludes arms) for the
Mid-size male aviator. Units are in centimeters.
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Sterno-Clavicular 146.2 146.2 Suprasternale

Clavi-Scapular 146.23.3BumrlHa

Acromion 146.2

Upper Arm Pivot J 3.8

Upper Arm CM 1,33 1.2 Acromion-Radiale

Elbow Pivot 32. 4

Forearm 01CM.
27.1 Radiale-Stylion

Wrist Pivot 60.3

Hand CM 19.2 Hand Length

17.5 Bifemoral Head

Figure 7. Centers of mass and linkage for the arms of the
Mid-size mate aviator. Units are in centimeters.
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Head CM (X)
10.5

Top of Head 0.

Top of - 188.6 STATURE

if 10.6 178.0 Head CM (Z)

17-9 170.7 Head/Neck Pivot (Nuchale)

2-4• 8 163.8 Neck CM (Z)

Cervicale '26.0 162.6 Neck/Thorax Pivot (Cervicale)

-ý - 155.7 Acromion

,r23.9 138.7 Thorax CM (Z)

119.8 .Thorax/Abdomen (Tenth Rib)

117.2 Abdomen CM (Z)

lliocristale 48.1 114.5 Abdomen/Pelvis (Iliocristale)
10. 104.5 Pelvis OM (Z)

Troc hantrn ti r o 100.8 Hip Pivot (Trochanterion)

21 0 - 79.8

I Thigh CM (Z)

Knee____ 47.? 53.6
'Knee Pivot

18.3 35.3

Calf CM M 13.6

46 6 hO Ank-le Pivot

6 3.o Foot CM (Z)

Foot 04

Figure 8. Body linkage and centers of mass (excludes arms) for the
Large male aviator. Units are in centimeters.
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Sterria-Clavicular 155.3

Clavi-Scapular 155.7

Acromion15.

Upper Arm Pivot-F4

Upper Arm 01 35 !.2 Acromion-Rad ia1le

Elbow Pivot 3.

Fo rea rm(2
288Radiale-.Styl ion

Wrist Pio.6,

Hand CM 71.0

18.3 U c CtrI 42(11

F.;.ore 9. C iit rs e mas aid itikge or te ams o th

A~e %

%4

TVI~g"- M,&-.MM

http://www.abbottaerospace.com/technical-library


DEFINITIONS

ABDOMEN: As defined in this document, the abdomen is that segment
of the torso bounded superiorly by a horizontal plane
passing through the lowest point of the 10th rib and
inferiorly by a horizontal plane passing through
iliocristale.

ACROMION: The lateral point on the bony tip of the shoulder.

ANTERIOR: Pertaining to the front of the body; as opposed to
posterior (see Figure 1).

ANTERIOR SUPERIOR
ILIAC SPINE The anterior end point of the crest of an ilium.

AXILLARY FOLDS: The anterior and posterior folds formed by the juncture of
the upper arms and the torso.

BI: A prefix relating to each of two symmetrically paired
points.

BICEPS
(Brachii M.): The large muscle on the anterior side of the upper arm.

BICRISTAL: Pertaining to the crests of the ilia.

BIFEMORAL HEAD
BREADTH: The horizontal distance between the center of the head

of the right and left femur. (Estimates derived from
cadaveric material.)

BIHUMERAL HEAD
BREADTH: The horizontal distance between the center of the head

of the right and left humerus. (Estimates derived from
cadaveric material.)

CERVICALE: The superior point on the spinous process of the 7th cer-
vical vertebra.

CLAVICALE: The superior point of the medlai end of the clavicle.

CORONAL: Pertaining to the crown of the head.

DACTYLION: The tip of the middle finger.

DELTOID MUSCLE: A large muscle passing over the top of the shoulder and
inrerting into the upper half of the humerus.

DISTAL: The end of a body segment furthest from the torso; the
opposite of proximal (see Figure 1).
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ECTOCANTHUS: The point of the juncture of the eyelids at the lateral
corner of an eye.

ENDOCANTHUS: The inner corner of an eye.

EPICONDYLES: Bony eminences at the distal ends of the humerus and femur.

FEMUR: The thigh bone.

FRANKFORT PLANE: The standard horizontal plane or orientation of the head.

The plane passes through the right trqgion and the lowest
point of the right eye socket.

FRONTOrEMPORALE: The point of greatest indentation of the temporal crests.

GLABELLA: The anterior point in the midsagittal plane between the

eyebrows.

GONION: The lateral point of the obtuse angle at the back of the

lower jaw formed by the intersection of the vertical and
horizontal portions of the jaw.

HUMERUS: The upper arm bone.

ILIOCRISTALE: A point in the midaxillary line on the crest of the ilium.

The point is midway between the superior and lateral
margins of the crest.

ILIUM (ILIA pl.): The upper one of three bones composing either half of

the pelvis.

INFERIOR: Lower, nearer to the feet (see Figure 1).

INFRAORBITALE: Inferior point of the orbit of the eye.

INION: A protuberance of the occiput (the posterior bone of the
skull) located in the center of the lower back of the
head.

LANDMARK: A mark placed on the body or a body surface feature used
to identify the origin, end-point, or level of a measure-
ment.

LATERAL: Lying away from the midsagittal plane of the body; opposed
to medial (see Figure 1).

LATERAL FEMORAL
EPICONDYLE LANDMARK: The lateral point ott the lateral femoral epicondyle.

LATERAL HUMERAL
ZPICONDYLE LANDMARK: The laterpl point of the lateral humeral epicondyle.
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LATERAL MALLEOLUS: The bony prominence at the distal end of the fibula.

LATERAL MALLEOLUS
LANDMARK: The lateral point of the lateral malleolus.

MASTOID PROCESS: An inferior process of the temporal bone palpable just

behind the ear.

MEDIAL: Lying near the midsagittal plane of the body; opposed to

lateral.

MEDIAL HUMERAL

EPICONDYLE LANDMARK: The medial point of the medial humeral epicondyle.

MEDIAL MALLEOLUS: The bony prominence at the distal end of the tibia.

MEDIAL MALLEOLUS

LANDMARK: The medial point of the medial malleolus.

MENTON: The point of the tip of the chin in the midsagittal plane.

METACARPAL: One of five long bones of the palm of the hand. Numbered
sequentially from I (thumb) through V (little finger).

METATARSAL: One of five long bones in the instep of the foot.
Number.d sequentially from I (big toe) through V (little
toe).

MIDAXILLARY LINE: A vertical line on the torso dividing it into front and
back portions. The line originates at the center of the P i
axi l la.

MIDSAGITTAL PLANE: The vertical plane which divides the body inlto right and

left halves.

NUCHALE: The lowest palpable bony point in the midsagittal plane of
the back of the head.

OCCIPUT: Pertaining to the occiput, the bone making up the inferior
part of the back of the skull.

OLECRANON PROCESS: The curved, hock-like head of the ulna that is the bony
part of the back of the elbow. When the elbow is flexed
90 degrees, vertical measurements to the elbow are made to
the bottom and horizontal measurements to the elbow are
made to the back of the olecranon process.

PATEILA: The kneecap.

49

% %-.
"-16

http://www.abbottaerospace.com/technical-library


PHALANGES: The bones in each of the fingers and toes.

PHILTRUM: The vertical groove bet•ween the upper lip and the bottom

of the nose (subnasale).

POPLITEAL: Pertaining to the posterior surface of the knee.

POSTERIOR: Pertaining to the back of the body; opposed to anterior.

PRONAS6LE: The anterior point of the nose.

PROXIMAL: The end of a body segment nearest the torso; opposed to

distal. a 1

RADIALE: The lateral point of the head ot the radius.

RADIUS: One of the two bones of the forearm. It is on the thumb
side of the upper extremity.

SELLION: The lowest point in the midsagittal plane of the nasal

root depression.

SCYE: A tailoring term denoting the armhole of a garment. Scye
points are the inferior points of the anterior and poster-
ior axillary folds.

STYLION: The distal point of the radius.

SPHYRION: The distal point of the tibia. I

SUBNASALE: The point in the midsagittal plane at the juncture of the
nasal septum with the philtrum.

SUPRASTERNALE: The lowest point of the notch of the proximal end of the
breastbone (manubrium).

TEMPORAL CREST: A protruding ridge on the right and left sides of the
frontal bone (the major anterior bone of the skull pri-
marily underlying the forehead). It originates at the
outside of a browridge and runs in a generally upwards-%

and then backwards direction, where it becomes the
inferior temporal line along the side of the skull.

TENTH RIB MIDSPINE
LANDMARK: A mark placed on the spine at the mean level of the

inferior points of the right and left 10th ribq.

TIBIA: The shinbone.
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TRAGION: The supqrior point of the tragus (the cartilaginousA
hiap in front of the ear).

TROCHANTERION: The highest point of the greater trochanter (a large,
blunt bony process on the lateral side of the proximal IL
-nd of the femur).
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Columbus, MS 39701-5000 Columbus Air Force Base, MS 39701

Dr. C.A. Mertz U.S. Army Research & Technology
2101 East 41st Street Labortories (AVSCOM)
Ashtabula, OH 44004 Propulsion Laboratory MS 302-2

NASA Lewis Research Center
Cleveland, OH 44135

National Occupational Safety Wright State University
and Health Library C-21 School of Medicine

Robert A. Taft Labs Dept. of Community Medicine
4676 Columbia Parkway P.O. Box 927
Cincinnati, OH 45226 Dayton, OH 45401

AFAMRL/HEX U.S. Air Force Institute
Wright-Patterson AFB, OH 45433 of Technology (AFIT/LDEE)

Building 640, Area B
Wright-Patterson AFB, OH 45433

Mr'. Mark W. Cannon, Jr. Naval Medical Research Institute
Human Engineering Division/HEA Toxicology Detachment (NMRI/TD)
U.S. Air Force Aerospace Building 433, Area B

Medical Research Laboratory Wright Patterson AFB, OH 45433
Wright-Patterson AFB, OH 45433
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Naval Medical Research Institute U.S. Air Force AMRL/VL
Toxicology Detachment (NMRI/TD) Building 838
Building 433, Area B Wright-Patterson AFB, OH 45433
Wright-Patterson AFB, OH 45433

AAMRL/TIS (STINFO) Commanding Officer
Wright-Patterson AF3, OH 45433 Harry G. Armstrong Aerospace

Medical Research Laboratory
Wright-Patterson AFB, OH 45433

Mr. Herbert A. Colle Wright State University
Department of Psychology Biomedical Engineering Dept.
Wright State University ATTN: Dr. A. J. Caciappo
Dayton, OH 45435 School of Engineering

Dayton, OH 45435

Dr. William G. Shafer 191 U.S. Air Force Clinic
Indiana University Selfridge Air Guard Base,

School of Dentistry MI 48045
1121 West Michigan Street
Indianapolis, IN 46202

University of Michigan Dr. James K. Avery
NASA Center of Excellence The University of Michigan

in Man-Systems Research School of Dentistry
ATTN: R.G. Snyder, Director Room #3209
Ann Arbor, MI 48109 Ann Arbor, MI 48109

Waldo F. Keller, D.V.M. Roger DeHaan
A153 Veterinary Clinical Center 921 Britten Avenue .'.0
College of Veterinary Medicine Lansing, MI 48910-1325
Michigan State University
East Lansing, MI 48824

Government Publications Department Technical Report Center 6
University of Iowa Library Engineering Library
Iowa City, IA 52242 215 North Randall Avenue ,1 I

Madisor, h'I1 53706..

133 TAC Hospital LT COL Letter G.H. Lewis .
Minnesota Air National Guard HC 70 Box 4"105 Lake Kabekona *
Minneapolis-St Paul, MN 55111 Laporte, MN 56461-9502

U.S. Air Force Dr. M. K. Wells
Regional Hospital/SGAS Department of Civil Engineers

Minot Air Force Base, ND 58701 and Engineering Mechanics
Montana State University
Bozeman, MT 59170
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Commanding Officer Laura Ann Wilber, Ph.D.
Naval Dental Research Institute Hearing Clinic
Great Lakes, IL 60088-5259 Frances Searle Building

Northwestern University
2299 Sheridan p
Evanston, IL 60201 V.

John J. Hefferren, Ph.D. U.S. Air Force Hospital/ATC
American Dental Association Chanute Air Force Base,
211 East Chicago Avenue IL 61868
Chicago, IL 60950

Henry L. Taylor John A. Dellinger, MS, ATP
Director, Institute of Aviation University of Illinois-

Willard Airport
University of Illinois- Savoy, IL 61874

Willard Airport
Savoy, IL 61874

HQ MAC/SGPB HQ MAC/SGPC
Scott Air Force Base, IL 62225 Scott Air Force Base, IL 62225

Derlene R. Sredl Commander

AV-Nurse International Inc. U.S. Army Aviation Systems Command
P.O. Box 1247 ATTN: SGRD-UAX-AL (MAJ Lacy)
Ballwin, MS 6301± 4300 Goodfellow Blvd., Bldg. 105

St. Louis, MO 63120

Commander U.S. Army Aviation Systems Command
U.S. Army Aviation Systems Command Library & Information Center Br.
ATTN: DRSAV-ED ATTN: DRSAV-DIL
4300 Goodfellow Boulevard 4300 Goodfellow Boulevard
St. Louis, MO 63120 St. Louis, MO 63120 S

Commander (ATTN: AMSAV-DACL) Commander
U.S. Army Aviation Systems Command U.S. Army Aviation Systems Command
4300 Goodfellow Boulevard ATTN: DRSAV-WS
St. Louis, MO 63120-1798 4300 Goodfellow Boulevard

St. Louis, MO 63120-1798

Project Officer George X. Trimble, M.D.
Aviation Life Support Equipment 101 Memorial Drive
ATTN: AMCPO-ALSE Kansas City, MO 64108
4300 Goodfellow Boulevard
St. Louis, MO 63120-1798

Dr. Benjamin D. Fremming Dr. Jay Goldman
Laboratory Animal Center 113 Electrical Engineering
1015 Edst 50th Street University of Missouri k

Kansas City, MO 64110 Columbia, MO 65211
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Document Department Boeing Milita:y Airplane Co.
Library Library
Kansas State University Wichita, KS 67210
Manhattan, KS 66506

HQSAC/SGPF Chairman
j Offutt Air Force Base, NE 68113 Department of Psychology

Tulane University
New Orleans, LA 70018

Dr. James May Commanding Officer
Department of Psychology Naval Biodynamics Laboratory
University of New Orleans, Lakefront P.O. Box 29407
New Orleans, LA 70148 New Orleans, LA 70189-0407

Medical Library Harry D. Olree
USAF Hospital Enqland/SGOAL P.O. Box 765
England AFB, LA 71322 Hading College

Searcy, AR 72143

. Dr. Jerry L. Purswell J.R. Hordinsky, M.D.
"202 West Boyd, ; 124 Mgr., Aeromedical Research Br.

* University of Oklahoma AAC-II0 FAA
*.Norman, OK 73069 P.O. Box 25032

Oklahoma, OK 73125
Federal Aviation Administration Dr. William E. Collins

Civil Aeromedical Institute, AAM-100 FAA-CAMI, AAC-118
P.O. Box 25082 P.O. Box 25082
Oklahoma City, OK 73125 Oklahoma City, OK 73125

Federal Aviation Administration J. Robert Dille, M.D., AC-100
Civil Aeromedical Institute Dir., Civil Aeromedical InstitutE
CAMI Library AAC 64D1 Federal Aviation Administration
P.O. Box 25082 P.O. Box 25082
Oklahoma City, OK 73125 Oklahoma City, OK 73125

Mr. Tnompson Mr. Robert Oltmanns
OC-ALC/MMIRAE OC-ALC/!24IRAE
Tinker Air Force Base, OK 73145 Tinker Air Force Base, OK 73145

Mr. Ron Griffin Charles j. Hoskins
OC-ALC/MMIRAP OC-ALC/MMIRAP
"Tinker Air Force Base, OK 73145 Tinker Air Force Base, OK 73145

U.S. Air Force Hospital Tinker/SGPS U.S. Army Field Artillery School
"Tinker Air Force Base, OK 73145 ATTN: Library

Snow Hall, Room 14
Fort Sill, OK 73503
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Ministere de la Defense Ecole D'Application Du Service
EASSAA-CERMA De Sante, Pour L'Armee De L'Air
26, boulevard Victor Et Centre D'Estudes
Paris Armees, France 75996 De Medecine Aerospatiale

26, boulevard Victor
Paris Armees, France 75996

S.B. Sells, Ph.D. Texas Christian University
Director Institute Box 32902

of Behavioral Research Fort Worth, TX 76129
Texas Christian University
Box 32902
Fort Worth, TX 76129

Houston Academy of Medicine Richard T. Walter EN-3
Texas Medicine Center Library NASA Johnson Space Center
Jesse H. Jones Library Building Houston, TX 77058
Houston, TX 77030

William J. Frome, D.D.S. NASA
NASA/Johnson Space Center SD24 Mail Code CB/Senior Naval Officer
Houston, TX 77053 Johnson Space Center

Houston, TX 77058

Chairman HQATC/SGPA
Department of Psychology Randolph Air Force Base, TX 78150
Texas A&M University
College Station, TX 77843

Herman S. Wigodsky Commander
420 East Houston Street U.S. Army Academy
San Antonio, TX 78205 of Health Sciences

ATTN: Library
Fort Sam Houston, TX 78234

Dr. Bryce 0. Hartman Commander
USAFSAM/NG U.S. Army Health Services Command
Brooks Air Force Base, TX 78234 ATTN: HSOP-SO

Fort Sam Houston, TX 78234-6000

Commander Director of Professional Services
U.S. Army Institute AFMSC/GSP

of Surgical Research Brooks Air Force Base, TX 78235
ATTN: SGRD-USM (Jan Duke)
Fort Sam Houston, TX 78234-6200

U.S. Air Force School USAFSAM/EDB
of Aerospace Medicine ATTN: T.A.C.O

Strughold Aeromedical Library Brooks Air Force Base, TX 78235
Documents Section, USAFSAM/TSK-4
Brooks Air Force Base, TX 78235
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USAFSAM/EDB U.S. Air Force Clinic/SGP

ATTN: MAJ Rick Island Brooks Air Force Base, TX 78235

Brooks Air Force Base, TX 78235

HSD/SORT USAFSAM/TSK
ATTN: Belva Williams Brooks Air Force Base, TX 78235

Brooks Air Force Base, TX 78235

Dr. Samuel G. Schiflett USAFSAM/NGEA
USAFSAM/VNB ATTN: Mr. Sutherland

Brooks Air Force Base, TX 78235 Brooks Air Force Base, TX 78235

Commander HSD/SORT/Mrs. L. Glisson

U.S. Air Force Brooks Air Force Base, TX 78235

Human Systems Division
Brooks Air Force Base, TX 78235

Stronghold Aeromedical Library Aerospace Associates Inc.

Documents Section (TSKD) 309 Driftwind
U.S. Air Force San Antonio, TX 78239

School of Aerospace Medicine
Brooks Air Force Base, TX 78235

MSgt Loras White Head, Aviation Physiology Training
433rd TAC Hospital Naval Regional Medical Center
433 TAW Code 08
Kelly Air Force Base, TX 78241 Corpus Christi, TX 78419

Chief of Naval Air Training Memorial Library
N-3 1801 Lamar Boulevard
NAS Corpus Christi, TX 78419 Austin, TX 78701

U.S. Air Force Hospital Laughlin/SGP Chairman
Laughlin Air Force Base, TX 78840 Psychology Department

Texas Tech University
Lubbock, TX 79409

Dr. Charles Wilber USAF Clinic/SG
Department of Zoology Peterson Field, CO 80914-5000
Colorado State University
Fort Collins, CO 80523-5000

U.S. Army Dugway Proving Ground Arizona State University Library
Technical Library Government Documents
Building 5330 Tempe, AZ 85281
Dugway, UT 84022

U.S. Army Yuma Proving Ground U.S. Air Force Hospital
Technical Library Davis Monthan Air Force Base
Yuma, AZ 85364 AZ 85707-5000
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162 Tactical Clinic (TAC) AzANG Mr. Howard A. Hasbrook
P.O. Box 11037 Aviation Safety Consultant
Tucson, AZ 85734 Campwood Route

Prescott, AZ 86301

U.S. Air Force U.S. Army White Sands
Hospital Kirland/SGAL Missile Range

Kirtland Air Force Base, NM 87115 Technical Library Division
White Sands Missile Range,
NM 88002

U.S. Air Force Hospital/SGHL Joseph Raymond, M.D.
Holloman Air Force Base, NM 88330 Associate Director

UCLA Center for Health Science
Los Angeles, CA 90024

Biomedical Library Oscar J. Balchum, M.D.
Center for Health Sciences University of Southern California
University of California Medical School
Los Angeles, CA 90024 2025 Zonal Avenue

Los Angeles, CA 90033

Library Dr. Diane Damos
Los Angeles County Department of Human Factors

Medical Association ISSM, USC
634 South Westlake Avenue Los Angeles, CA 90089-0021
Los Angeles, CA 90057

USAF Clinic Chicksand/SGA Medecin-Chef du Centre d'Essais
APO New York 90103-5000 en Vol (CEV) et du Laboratoire

de Medecine Aerospatiale (LAMAS)
Centre d'Essais en Vol, B.P. No 2
Bretigny Air, France 91220

146 TAC hospital (MAC) Commander
8030 Balboa Boulevard Naval Air Force
Van Nuys, CA 91409 U.S. Pacific Fleet (Code 014)

NAS North Island
San Diego, CA 92135-5100

Library Commanding Officer
Naval Health Research Center Naval Health Research Center
P.O. Box 85122 P.O. Box 85122
San Diego, CA 92138-9174 San Diego, CA 92138-9174

NPRDC Technical Library Commanding Officer
San Diego, CA 92152 Library Code 231

Navy Personnel Research
and Development Command

San Diego, CA 92152-6800
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U.S. Air Force Commander
Clinic Norton/SGP Pacific Missile Test Center

Norton Air Force Base, CA 92409 Point Mugu, CA 93042

AFFTC Technical Library U.S. Army Aviation Engineering
6520 TESTG/ENXL Flight Activity
Edwards Air Force Base, CA 93523 ATTN: SAVTE-M (Tech Lib) Stop 217

Edwards Air Force Base, CA 93523

Mr. Ron Erikson Commander
Code 31504 Code 3431
Naval Weapons Center Naval Weapons Center
China Lake, CA 93555 China Lake, CA 93555

Commander (Code 64A) U.S. Army Combat Developments
Naval Weapons Center Experimental Center
China Lake, CA 93555 Technical Information Center

Building 2925
Fort Ord, CA 93941-5000

Charles E. Billings NASA
Mail Stop 239-2 Ames Research Center
NASA-AMES Research Center Library 202-3
Moffett Field, CA 94035 Moffett Field, CA 94035

Dr. Alan Chambers Aeromechanics Laboratory
Mail Stop 239-1 U.S. Army Research
Ames Research Center and Technical Laboratories
Moffett Field, CA 94035 Ames Research Center, M/S 215-1

Moffett Field, CA 94035

Commander Sixth U.S. Army
Letterman Army Institute of Research ATTN: SMA
ATTN: Medical Research Library Presidio of San Francisco,
Presidio of San Francisco, CA 94129

CA 94129

David Grant Medical Center/SGPM Director
Travis Air Force'Base, CA 94535 Naval Biosciences Laboratory

Naval Supply Center, Bldg 844
Oakland, CA 94625

Bruce W. Jackson, M.D. U.S. Air Force
2828 Russell Streer Hospital Castle/SGP
Berkeley, CA 94705 Castle Air Force Base, CA 95342

Dr. A. H. Smith U.S. Air Force
Chronic Acceleration Research Clinic McClellan/SGP
Dept. of Animal Physiology McClellan Air Force Base,
University of California CA 95652-5000
Davis, CA 95616
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U.S. Air Force Hospital Mather/SGP MAJ Tim Philpott
Mather Air Force Base, CA 95655 USAF Clinic/15PTF

APO San Francisco, CA 96239

USAF Hospital Yckota/SGPF Medical Library
APO San Francisco, CA 96328 USAF Clinic Andersen

SAC/SGPB
APO San Francisco 96334-5000

Surgeon General Thailand Commanding Officer
USDAO American Embassy U.S. Naval Medical Research
APO San Francisco 96336-5000 Unit No. 2

APO San Francisco 96528-5000

USAF Hospital OSAN/SGP Surgeon Major, Singapore AF
APO San Francisco 96570-5000 USDA, American Embassy

APO San Francisco 96699-0001

HQ PACAF/SGPA Commanding General
Hickam Air Force Base, HI 96853 Fleet Marine Force, Pacific

Camp H. M. Smith, HI 96861

The Boeing Military Airplance Co. Primate Information Center
ATTN: Library Acquisitions Regional Primate Research Ctr.
P.O. Box 3707 University of Washington
Seattle, WA 98124 Seattle, WA 98195

Engineering Library U.S. Air Force
University ol Washington Clinic McChord/SGP
Seattle, WA 98195 McChord Air Force Base, WA 98438

Commanding Officer Commanding Officer
Centre of Aerospace Medicine 404 Squadron CFB Greenwood
Quarter's King Albert Ith Greenwood, NS, Canada BOP INO
Raketstraat 70
Brussels, Belgium B-1130

Schiffahrtmedizinisches Institut Head, Underwater Medicine Division
der Marine DFVLR Institute -for Aerospace

Bibliotheksoffizier Medicine
Kopperpahler Allee 120 Linder Hohe, Koln 90
Kronshagen Federal Republic of Germany D-5000
Federal Republic of Germany D-2300

Director Naval Medical Service DRIC, Distribution Section
Chief of Defence Procurement Executive
Postbox 202 Ministry of Defence
Vedbaek, Denmark DK 2950 Kentigern House, 65 Brown Street

Glasglow, United Kingdom G2 8EX
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National Defence Headquarters Dr. S. Laham, Head
101 Colonel By Drive Occupational Toxicology Research
ATTN: DPM B-35, Environmental Health Centre
Ottawa, Ontario, Canada KIA 0K2 Health and Welfare

Ottawa, Canada KIA 0L2

USAF/AFSC Liaison Office Health Science Library
110 O'Connor Street, Suite #202 University of Alberta
Ottawa, Ontario, Canada KIP56J Edmonton, Alberta, Canada T6G 2J8

Major J. Soutendan (Retired) Professor G. R. Hervey
Technical Advisor, Canadian Department of Physiology `7
Air Line Pilots A.ssociation The University of Leeds
1300 Steeles Avenue East Leeds, United Kingdom LS2 9JT
Brampton, Ontario, Canada L6T 1A2

Chief Officer Commanding
Defence and Civil Institute School of Operational

of Environmental Medicine and Aerospace Medicine
P.O. Box 2000 DCIEM P.O. Box 2000
ATTN: Director MLSD 1133 Sheppard Avenue West
Downsview, Canada M3M 3B9 Downsview, Canada M3M 3B9

Aeromedical Training Officer Canadian Society of Aviation
School of Operational Medicine C/o Academy of Medicine

and Aviation Medicine ATTN: Ms. Carmen King
Defense & Ciiil Institute of Envir. 288 Bloor Street West
Medicine, 1133 Sheppard Avenue West Toronto, Canada M55 1V8
Downsview, Ontario, Canada M3M 3B9

Dr. Alan H. Roscoe University of Trondheim
Medical Department Norwegian Institute of Technology
Royal Aircraft Establishment The Library
Bedford, United Kingdom MK41 GAE Troiidheim-NTH, Norway N-7034

0Head, DRPS Head, DRPS
Institute of Naval Medicine Institute of Naval Medicine
Alverstoke ' osport Hants Alverstoke Gosport Hants
United Kingrom P012 2DL United Kingdom P012 2DL

FOA Dept. 5 Specialist in Aviation Medicine
Linkoping, .2weden S-580 13 HQ, Director A&M MR Corps

Middle Wallop, Stockbridge
Hants, United Kingdom S020 8DY

Dept. of Aviation Medicine Specialist in Aviation Med.
HQ Director Army Air Corps HQ Director A&M MR Corps
Middle Wallop, Stockbridge Middle Wallop, Stockbridge
Hants, United Kingdom S020 8DY Hants, United Kingdom S020 8DY
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Department of Aviation Medicine
HQ Director Army Air Corps
Middle Wallop, Stockbridge
Hants, United Kingdom S020 8DY
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