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1.0 l NTRODUCT l ON 

1 . 1  Background and Statement o f  t he  P r o m  

T h i s  document c o n s t i t u t e s  t h e  f i n a l  r e p o r t  f o r  U.S. DOT c o n t r a c t  

no. DTNH22-80-C-07502, "Development o f  Anthropometr i c a l  l y  Based Des ign  

S p e c i f i c a t i o n s  f o r  an Advanced A d u l t  Anthropomorphic Dummy Fami ly . "  The 

work and r e s u l t s  d e s c r i b e d  a r e  t h e  p roduc t  o f  a  m u l t i d i s c i p l i n a r y  

resea rch  program conducted w i t h i n  t h e  B iosc iences  D i v i s i o n  o f  t h e  

U n i v e r s i t y  o f  M ich igan  T r a n s p o r t a t  i o n  Research l n s t i  t u t e  (UMTRI , 
former 1 y  HSRI) , w i  t h  t h e  a s s i s t a n c e  and coopera t  i o n  o f  U n i v e r s i t y  

personne l  f r om t h e  Department o f  Medical  S c u l p t u r e  i n  t h e  School o f  A r t ,  

t h e  Department o f  B i o s t a t i s t i c s  i n  t h e  School o f  P u b l i c  Hea l th ,  and t h e  

program o f  Biomedical  Engineer i ng. 

Conducted over  a  th ree -yea r  per  i od ,  f rom October 1980 t o  October 

1983, t h i s  s tudy  r e p r e s e n t s  t h e  i n i t i a l  phase o f  t h e  NHTSA advanced 

dummy development program descr  i bed by Backai t i  s  and Haf f n e r  (1979) and 

i n v o l v e s  t h e  an th ropomet r i c  d e f i n i t i o n  o f  t h e  advanced dummy f a m i l y .  As 

d e s c r i b e d  i n  t h e  reques t  f o r  p roposa ls  (U.S.  DOT 1980) f o r  t h i s  

c o n t r a c t :  

C u r r e n t l y ,  dummy anthropomet ry  i s  based p r i m a r i l y  upon t h e  
s p e c i f i c a t i o n s  o f  S A E  J963 f o r  t h e  5 0 t h  p e r c e n t  i l e  male and upon 
t h e  "go lden she1 1 "  s u r f a c e  forms (Radovich and Her ron 1974) 
e x i s t i n g  f o r  t h e  5 t h  p e r c e n t i l e  female,  5 0 t h  p e r c e n t i l e  male, 
and 9 5 t h  p e r c e n t i l e  male.  The d a t a  u n d e r l y i n g  these e x i s t i n g  
s p e c i f i c a t i o n s  were assembled i n  t h e  l a t e  1 9 6 0 ~ ,  p r i m a r i l y  based 
upon a  s e r i e s  o f  s tanda rd  an th ropomet r i c  measurements. The 
degree t o  wh ich  these measurements can be adapted t o  t h e  
au tomot i ve  s e a t i n g  p o s t u r e  i s  n o t  f u l l y  known, b u t  i t  i s  c l e a r  
t h a t  a d d i t i o n a l  d a t a  a r e  r e q u i r e d  t o  d e f i n e  r e a l i s t i c  human 
au tomot i ve  s e a t i n g  p o s t u r e  i n  t y p i c a l  v e h i c l e  envi ronments.  

The genera l  goa l  o f  t h i s  s tudy ,  then,  has been t o  de termine t h e  

an th ropomet r i c  s p e c i f i c a t i o n s  f o r  members o f  t h e  advanced dummy f a m i l y .  

As a l s o  s t a t e d  i n  t h e  r e q u e s t  f o r  p roposa ls  (U.S. DOT 1980) : 

The development o f  sound a n t h r o p o m e t r i c a l l y  based des ign  
s p e c i f i c a t i o n s  f o r  t h e  advanced dummy f a m i l y  w i l l  p r o v i d e  t h e  
f o u n d a t i o n  necessary f o r  a l l  subsequent program a c t i v i t y .  , . . 



1.2 Proiect Objectives 

Within this overall goal, to develop and define the 

anthropometric specifications of the new generation of automotive-seated 

dummies, four primary objectives were defined: 

1. Develop a soundly based rationale for the constitution of an 
advanced anthropomorphic dummy family. 

2. Collect data from human volunteers describing representative 
automotive vehicle-seated posture and body surface geometry for 
application to dummy design. 

3 .  Develop anthropometrically based design specification packages 
describing body segment masses and mass distribution, joint 
locations and ranges of motion, surface geometry, etc., by 
incorporating information existing in the anthropometric 
literature with data collected in this study. 

4 .  Fabricate standard reference contoured hard-surfaced seats 
(i .e., hardseats) and standard reference hard-she1 1 surface 
forms corresponding to each dummy family member identified under 
objective 1. 

The remainder of this report describes the procedures used and 

results obtained in carrying out these objectives. Section 2 describes 

the rationale for selecting the dummy family members and their basic 

sizing criteria. Section 3 describes the experimental procedures used 

to collect the anthropometric data related to automotive-seated posture 

for each of the defined subject groups and presents the results obtained 

for each. Section 4 describes the process of fabricating the standard 

reference surface forms from these data and illustrates the final 

deliverable products. Section 5 provides a summary of the 
anthropometric specification packages which are contained in Volumes 2 

and 3 of this report. Section 6 1 ists the 1 iterature referenced in this 

report, and Appendices A through L provide greater detail on procedures 

and results referred to in the body of the report. In addition, full- 

size front, side, and top view engineering drawings illustrating the 

anthropometric specifications of each size dummy are a part of this 

three-volume report, as are full-size front and side view illustrations 

of the mid-sized male with renderings of internal skeletal geometry. 



2.0 CONSTITUTION O F  DUMMY FAMl LY MEMBERS 

I n  accordance w i t h  c o n t r a c t u a l  requ i rements ,  t h e  f i r s t  s t e p  

toward deve lop ing  an th ropomet r i c  s p e c i f i c a t i o n s  f o r  t h e  n e x t  g e n e r a t i o n  

o f  anthropomorphic t e s t  dev i ces  (ATDs) was t o  de termine t h e  cons t  i t u t  i o n  

o f  t h e  dummy f a m i l y .  Dec i s ions  conce rn ing  t h e  number and s i z e s  o f  

dummies compr i s ing  t h e  U.S. DOT advanced dummy f a m i l y  r e q u i r e d  

c o n s i d e r a t i o n  o f  seve ra l  i ssues,  i n c l u d i n g :  (1) t h e  a p p l i c a t i o n s  o f  

ATDs, (2) r e p r e s e n t a t i o n  o f  p o p u l a t i o n  v a r i a b i l i t y  i n  h e i g h t  and we igh t ,  

(3) i n c l u s i o n  o f  i n t e r n a t i o n a l  anthropometr  i c  d a t a  bases, (4)  secu la r  

t r ends  i n  p o p u l a t i o n  anthropometry p r o j e c t e d  t o  t h e  1990s, (5) i n j u r e d  

occupant  p o p u l a t i o n  s t a t i s t i c s ,  and (6) an th ropomet r i c  f a c t o r s  r e l a t e d  

t o  age, sex, and race .  The f o l l o w i n g  s e c t i o n s  p resen t  t he  r a t i o n a l e  f o r  

dummy f a m i l y  c o n s t i t u t i o n  based on these c o n s i d e r a t i o n s .  

2.1 A p p l i c a t i o n s  and Uses o f  Tes t  Dummies 

Simply s t a t e d ,  anthropomorphic t e s t  dummies f o r  t h e  automot ive  

i n d u s t r y  have two p r i n c i p a l  uses. The f i r s t ,  and most impor tan t  f rom 

NHTSA's p e r s p e c t i v e ,  i s  t h e i r  use as huma~n su r roga tes  i n  dynamic 

( impact)  t e s t i n g .  The second, which i s  o f  p r imary  importance t o  

au tomot i ve  human f a c t o r s  eng ineers ,  i s  t h e i r  use as human su r roga tes  f o r  

sea t  and r e s t r a i n t  system accommodation. The former i s  an a p p l i c a t i o n  

i n  a  dynamic mode and i nc ludes  b o t h  b a r r i e r  c rash  and s l e d  impact 

t e s t i n g  t o :  

1 .  Eva lua te  r e s t r a i n t  system perforn iance o f  b e l t s ,  a i r b a g s ,  knee 
b o l s t e r s ,  energy-absorb ing  s t e e r i n g  columns, e t c .  

2. Eva lua te  v e h i c l e  i n t e r i o r  des igns  w i t h  respec t  t o  c o n t a c t  areas 
and i n j u r y  p o t e n t i a l  o f  i n t e r i o r  components. 

3. Develop and e v a l u a t e  p r o t e c t i o n  systems f o r  p u b l i c  
t r a n s p o r t a t i o n  (e.g.,  buses, vans, t r a i n s ,  and a i r c r a f t )  and f o r  
s p e c i a l  p o p u l a t i o n s ,  such as t h e  handicapped and e l d e r l y .  

I n  c o n t r a s t ,  use o f  ATDs as human su r roga tes  f o r  v e h i c l e  accommodation 

and d e s i g n  i s  an a p p l i c a t i o n  i n  a  s t a t i c  sense. 



I n  b o t h  types  o f  a p p l i c a t i o n ,  however, t h e  members o f  t h e  

advanced AT0 f a m i l y  must f i r s t  and fo remost  be regarded as " t o o l s "  

possess ing  two c r i t i c a l  d imensions,  mass and &. I n  dynamic t e s t i n g ,  

f o r  example, t h e  dummy's mass (and mass d i s t r i b u t i o n )  i s  t h e  key 

parameter i n  e v a l u a t i n g  component s t r e n g t h  and energy-absorb ing  

p r o p e r t i e s ,  w h i l e  s t a t u r e  and measures c l o s e l y  c o r r e l a t e d  w i t h  s t a t u r e  

(e.g,, s i t t i n g  h e i g h t ,  l e g  l e n g t h ,  e t c . )  p l a y  an impor tan t  r o l e  i n  

d e t e r m i n i n g  the  dynamic i n t e r a c t i o n  o f  t h e  s u r r o g a t e  w i t h  occupant  

r e s t r a i n t s  and i n t e r i o r  v e h i c l e  components. I n  s e a t i n g  accommodation, 

dummy mass i s  an impor tan t  f a c t o r  i n f l u e n c i n g  sea t  d e f l e c t i o n ,  which, 

a l o n g  w i t h  d imensions o f  l e n g t h s  and breadths ,  de termines  l o c a t i o n s  and 

des ign  o f  i n t e r i o r  packaging components and s e a t i n g .  

2 . 2  Represen ta t i on  o f  He igh t  and Weiqht V a r i a b i l i t y  

A s i n g l e  t e s t  dummy designed f rom e i t h e r  U.S. o r  w o r l d  

p o p u l a t i o n  da ta  i s  f r e q u e n t l y  d iscussed by au tomot i ve  eng ineers .  One 

cannot  argue w i t h  t h e  p o i n t  t h a t  one t e s t  d e v i c e  s i m u l a t i n g  t h e  

"average" o r  " u n i v e r s a l "  person i s  a t t r a c t i v e  f rom an economic p o i n t  o f  

v iew.  However, t h e  main problem w i t h  t h i s  approach i s  t h a t  one o f  

a n y t h i n g  does n o t  p r o v i d e  i n f o r m a t i o n  about  t h e  e f f e c t s  o f  parameter 

v a r i a b i l i t y  f o r  t he  range o f  a  p o p u l a t i o n .  I f  one i s  d e a l i n g  w i t h  a  

s p e c i f i c  p o p u l a t i o n  where t h e  range o f  i m p o r t a n t  parameters i s  smal l  

(e.g, , t h e  we igh t  o f  a l  l thoroughbred race-horse  j o c k  i es) , then  one t e s t  

d e v i c e  may be s u f f i c i e n t  t o  r e p r e s e n t  t h e  p o p u l a t i o n .  For a d u l t  motor 

v e h i c l e  occupants,  however, t h e  range o f  t h e  c r i t i c a l  parameters o f  

h e i g h t  and we igh t  i s  l a r g e ,  whether one i s  d e a l i n g  w i t h  t h e  U.S.  a d u l t  

p o p u l a t i o n  o r  an i n t e r n a t i o n a l  d a t a  base. 

W i t h i n  t h e  U . S .  p o p u l a t i o n  a lone ,  body mass and s t a t u r e  range 

f rom 5 t h  p e r c e n t i  l e  female va lues  o f  47 kg (104 lbs . )  and 151 cm (59.5 
in . )  t o  9 5 t h  p e r c e n t i l e  male va lues  o f  102 kg  (225 Ibs . )  and 187 cm 

(73.5 i n . ) ,  r e s p e c t i v e l y  (Abraham e t  a1 . 1979a) . Not on1 y  does sound 

e n g i n e e r i n g  des ign  p r a c t i c e  d i c t a t e  d e s i g n i n g  f o r  a minimum o f  90 

pe rcen t  o f  p o t e n t i a l  use rs  ( c e r t a i n l y  a  c o n s e r v a t i v e  b r a c k e t  where 

s a f e t y  i s  a  p r imary  i s s u e ) ,  b u t  two o r  more d a t a  p o i n t s  a r e  r e q u i r e d  f o r  

i n t e r p o l a t i o n  over t h e  range o f  v a r i a b i l i t y .  Those exper ienced w i t h  





Given that a primary reason for having a family of test devices is 

to bracket the population variables of size and mass, a first step 

toward an international set of dummies would be a careful analysis of 

stature and weight statistics for adult vehicle occupant populations in 

countries where the automotive market is significant. Such an analysis 

would attempt to target a new international population of vehicle users 

for which small, mid-sized, and large (with respect to height and 

weight) would be defined. For each individual country, however, it 

would also be important that the dummy-family members represented small, 

mid-sized, and large segments of the population, although clearly the 

heights and weights would represent different percentiles for different 

countries. 

Successful accomplishment of this anthropometric analysis would 

not only involve an ability to define the "world population" of 

automobile users and thereby to weight the contributions of individual 

country height and weight data, but would also depend on the extent to 

which anthropometric dimensions vary in those countries comprising the 

target population. From the perspective of any single country (the 

United States, for example), such an international approach to dummy 

sizing would result in a set of test devices that would not bracket and 

represent that country's population as well as if international data 

were ignored. In addition, consideration must be given to the 

consequences of merging and blending racially related trait variability. 

Even if one were willing to accept the compromises and 

successfully resolve the decisions involved with the above issues (which 

probably need to be handled by international standards committees and 

DOT personnel) , one could not proceed to completion wi th the 
international approach due to the lack of available and up-to-date 

anthropometric data for populations of potential concern. The most 

complete and recent compilations of international anthropometric 

statistics by White (1975) and Annis (1978) clearly point out the fact 
that most anthropometric data are for narrowly defined subsets of 

populations (usual 1 y mi 1 i tary) , and that general population surveys 
required for the task at hand have not been conducted, have not been 

published, or are otherwise not available. Figure 2-1 graphically 
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FIGURE 2-1. Comparison o f  s t a t u r e  and we ight  d i s t r i b u t i o n s  f o r  s e l e c t e d  a v a i l a b l e  
i n t e r n a t i o n a l  p o p u l a t i o n s .  V e r t i c a l  l i n e s  i n d i c a t e  mean va lues  w h i l e  h o r i z o n t a l  bars  
i n d i c a t e  5 t h  t o  9 5 t h  p e r c e n t i l e  ranges computed f rom p o p u l a t i o n  means, s tandard  d e v i a t i o n s ,  
and assumption o f  normal d i s t r i b u t i o n s  (data  from Whi te  1975). 



illustrates some of these data and also indicates international 

population variability for height and weight of males. While these 

military data cannot be used to represent the variability in height and 

weight for the civilian populations, they do indicate the kind of 

variability that exists between populations from different countries. 

In particular, it is noted that for some of the Oriental countries, the 

mean values are near or even lower than the estimated 5th percentile 

values of some Western and European countries. Whether one would want 

to include the data from a given country would, of course, depend not 

only on whether that country represented a significant market for 

automobiles, but also upon the interests and goals of the organization 

or group developing the dummy standards. Nonetheless, the variability 

exhibited in Figure 2-1 gives some indication of the potential task 

involved in developing an internationally based family of ATDs, 

While these brief comments provide justification for the 

decision to base the dummy sizes solely on the most recent U.S. 

population data contained in the 1974 Health and Nutrition Examination 

Survey (HANES) reported by Abraham et a1 . (1979a, 1979b) , i t is also 

true that the experimental protocol and size and complexities of the 

subject papulations that would be required to do justice to an 

international approach would be prohibitive in both time and cost 

relative to the present level of effort. It is perhaps of some 

consolation, however, to recognize that the U.S. population of adult 

vehicle occupants covers a considerable range of height and weight 

variability, contains as good a blend of ethnic variability as one could 

find in any single country, and is not significantly different in height 

and weight statistics from many European countries (see Table 2.10) . 

2.4 Secular Trends in Body Size 

It is fairly common knowledge that people today tend to be 

"bigger" than people several generations ago. Such variation in human 

body size over time is referred to by anthropologists as the "secular" 

trend in human growth. Primary documentation and quantification of this 

phenomenon comes from analysis of male military height and weight data, 

such as those summarized in Figures 2-2 and 2-3 for non-U.S. and U.S. 



FIGURE 2-2 .  Secu lar  i nc rease  i n  s t a t u r e  o f  young European and 
Japanese males:  1840-1960 ( a f t e r  Adjus 1964 and Harbeck 1960; 
f rom Ann i s 1978).  

FIGURE 2-3 .  Secu lar  t r e n d  i n  s t a t u r e  f o r  young U . S .  males: 
1870- 1980 ( f rom Ann i s 1978) . 

MEAN STATURE 
(cm) 

1 7& 

177- 

176- 

175- 

174- 

173- 

172- 

171- 

(in.) 

- 10 
Navy f l i e r s  O force 

@ f l j e r s  / 
/ 

/ 

4ir force 
/ 

@ avy tn l l r led  
- 69 / Air E Trainees 

/ b r i n e s 8  01,- ..HO. 

/ 
Amy 

w lrQ 

/ 
- 6% / 
C l v i l  Mar / 
a - w I /  

0 -------- - 0  

, 1 1 1 1 I 1 1 I I I I 
Il:rn 111110 IIIYO 1900 1910 1920 1930 1940 1950 1960 1970 19110 

V f M  Of MEASllREMEWT 



data ,  r e s p e c t i v e l y .  I n  h i s  1978 S A E  paper, S toudt  p o i n t s  o u t  t h a t ,  

based on these data ,  t h e  t r e n d  toward i n c r e a s i n g  body s i z e  has been "a 

wor ld -w ide phenomenon, a t  l e a s t  i n  t h e  t e c h n o l o g i c a l l y  developed 

c o u n t r i e s , "  w i t h  an o v e r a l  1 magni tude o f  about  one cen t ime te r  per  decade 

i n  s t a t u r e  f o r  t h e  p a s t  one-hundred years .  He f u r t h e r  notes  t h a t  t he  

observed secu la r  increase i n  body s i z e  i s  "an o v e r a l l  one, i .e . ,  t he  

body i s  i n c r e a s i n g  i n  gross  s i z e  more o r  l e s s  p r o p o r t i o n a l  l y , "  so t h a t  

peop le  a r e  i n  genera l  becoming "sca led  up" i n  b o t h  s i z e  and we igh t .  

For t h e  p resen t  study,  concern over t h i s  i ssue  poses two 

impor tan t  ques t i ons .  F i r s t ,  what a r e  t h e  changes i n  human body s i z e  

expected between t h e  most r e c e n t  and a v a i l a b l e  U . S .  p o p u l a t i o n  h e i g h t  

and we igh t  d a t a  (1971-74 HANES) r e p o r t e d  by Abraham e t  a1 . (1979a, 

1979b) and t h e  a p p l i c a t i o n  o f  t he  dummies i n  t h e  1990s? And second, 

shou ld  t h e  s i z i n g  s t r a t e g y  based on HANES da ta  i n c o r p o r a t e  any 

ad jus tments  due t o  expected changes i n  human body s i z e  d u r i n g  t h i s  t ime  

per  i ad? 

2.4.1 Examinat ion o f  Recent U .S .  P o p u l a t i o n  Data. To answer 

t h e  f i r s t  ques t i on ,  i t  i n i t i a l l y  seemed t h a t  examinat ion  o f  r e c e n t  

h e i g h t  da ta  f rom t h e  U . S .  p o p u l a t i o n  would p r o v i d e  an i n d i c a t i o n  o f  t he  

magni tude and s i g n i f i c a n c e  o f  t he  secu la r  t r e n d  f o r  r e c e n t  genera t i ons .  

A t  t h e  b e g i n n i n g  o f  t h i s  s tudy i n  October o f  1980, t h e  most s i g n i f i c a n t  

da ta  o f  t h e  U.S. genera l  p o p u l a t i o n  were found i n  t h e  s e r i e s  o f  

U . S .  P u b l i c  H e a l t h  S e r v i c e  s t u d i e s  conducted between 1959 and 1974. The 

f i r s t  c y c l e  o f  t he  H e a l t h  Examinat ion  Survey (HES) i nc luded  e i g h t e e n  

p h y s i c a l  measurements taken on 6,672 persons aged 18-79 years  i n  the  

c i v i l i a n ,  n o n - i n s t i t u t i o n a l  p o p u l a t i o n  f rom October 1959 through 

December 1962. These measurements have been r e p o r t e d  f o r  t w e l v e  

dimensions i n  Stoudt  e t  a l .  (1965) and f o r  s i x  d imensions i n  Stoudt  e t  

a l .  (1970). 

A second s tudy,  conducted as p a r t  o f  t h e  H e a l t h  and N u t r i t i o n  

Examinat ion  Survey (HANES), c o l l e c t e d  h e i g h t  and we igh t  d a t a  f rom A p r i l  

1971 th rough June 1974 on 13,645 i n d i v i d u a l s  r e p r e s e n t i n g  t h e  128 

m i  1 1  i o n  persons aged 18-74 i n  t h e  U.S. p o p u l a t i o n .  These d a t a  have been 

r e p o r t e d  by Abraham e t  a1 . (1979a, 1979b) . 



For purposes o f  a n a l y s i s ,  Tab le  2.1 l i s t s  t h e  mean male and 

female s t a t u r e  va lues  f o r  b o t h  t h e  H E S  and HANES d a t a  by age c a t e g o r y  

grouped by  ten-year  i n t e r v a l s .  Accord ing  t o  these d a t a ,  over  t h e  f u l l  

age range o f  18 t o  74 yea rs ,  t h e  mean h e i g h t  o f  a l l  males i n  1971-1974 

was 0.8 i n c h  (2.0 cm) g r e a t e r  t han  i n  1960-1962, and t h e  mean h e i g h t  o f  

females was 0.6 i nch  (1.5 cm) g r e a t e r  i n  t h e  l a t e r  survey .  On a pe r -  

decade b a s i s ,  S toud t  (1978) p o i n t s  o u t  t h a t  t h i s  amounts t o  a 1.7 cm per 

decade i nc rease  f o r  males and a 1 . 3  cm per  decade i nc rease  f o r  females.  

He conc ludes t h a t ,  "On t h e  b a s i s  o f  t h e  most r e c e n t  d a t a  s v a i l a b l e ,  t h i s  

o v e r a l l  t r e n d  seems t o  be c o n t i n u i n g . ' '  I n  f a c t ,  based on t h i s  

compar ison and p r e v i o u s  documenta t ion  o f  a one c e n t i m e t e r  per  decade 

increase,  one m igh t  e a s i l y  conc lude t h a t  t h e  r a t e  o f  s t a t u r e  i nc rease  i s  

i n c r e a s i n g .  F u r t h e r  examina t i on  o f  t hese  data ,  however, i n d i c a t e s  t h a t  

t h e r e  a r e  problems w i t h  e i t h e r  o r  b o t h  o f  these d a t a  s e t s  (perhaps 

sampl i ng d i f f e r e n c e s )  t h a t  may l ead  t o  erroneous c o n c l u s i o n s  w i t h  r e g a r d  

t o  s e c u l a r  increases i n  s t a t u r e  when t h e  two s e t s  o f  d a t a  a r e  compared 

i n  t h e  above manner. 

TABLE 2 . 1  

COMPARISON O F  MEAN U . S .  MALE STATURE VALUES$( F O R  
DIFFERENT A G E S  I N  THE H E S  AND HANES DATA 

$(Sta ture  g i v e n  i n  inches.  

Age 
Category 

(Yrs .) 

18-74 

18-24 
25-34 
35-44 
45-54 
55-64 
65-74 

To i l l u s t r a t e ,  F i g u r e  2-4 shows a p l o t  o f  t h e  mean s t a t u r e s  o f  

males f o r  d i f f e r e n t  age groups f rom t h e  HES and HANES s t u d i e s .  As 

Approx. 
Mean Age 

(Yrs.) 

- - 

20 
3 0 
4 0 
5 0 
60 
70 

MALES 
. 

1960-62 
H E S  

68.2 

68.7 
69.1 
68.5 
68.2 
67.4 
66.9 

-- 

FEMALES 

197 1-74 
H A N E S  

69.0 

69.7 
69.6 
69.1 
68. g 
68.3 
67.3 

1960-62 
HE S 

63.0 

63.8 
63.7 
63.5 
62.9 
62.4 
61.4 

197 1-74 
HANES 

63.6 

64.3 
64.1 
64.1 
63.6 
62.8 
62.3 



p o i n t e d  o u t  by Her t zog  e t  a l .  (1969) and more r e c e n t l y  by Borkan e t  

a1 . (1983), t h e  d i f f e r e n c e s  i n  mean s t a t u r e  between age groups can be 

accounted f o r  by  two f a c t o r s .  One i s  t h e  b i o l o g i c a l  a g i n g  f a c t o r  by 

wh ich  peop le  g e t  s h o r t e r  w i t h  i n c r e a s i n g  age. The o t h e r  i s  t h e  s e c u l a r  

t r e n d  f a c t o r  p r e v i o u s l y  d e f i n e d .  For example, i n  compar ing persons i n  

t h e  HES s tudy  i n  t h e  45-54 year c a t e g o r y  w i t h  persons i n  t h e  HES s tudy  

i n  t h e  55-64 year ca tego ry ,  t h e r e  i s  a  0 .9  i n c h  (68.3-67.4) d i f f e r e n c e  

i n  mean male s t a t u r e s .  T h i s  d i f f e r e n c e  can be due t o  t h e  f a c t  t h a t  t h e  

peop le  who a r e  60 yea rs  o l d  a r e  s h o r t e r  t han  when they  were 50 ( i  .e., 

b i o l o g i c a l  f a c t o r ) ,  and t o  t h e  f a c t  t h a t  t h e  peop le  who a r e  50 years  o l d  

i n  t h e  H E S  s t u d y  r e p r e s e n t  a  l a t e r  g e n e r a t i o n  than  those  who a r e  60 i n  

t h e  HES s tudy  and t h e r e f o r e  may have grown t a l l e r  due t o  s e c u l a r  t r e n d  

f a c t o r s  a c t i n g  on t h e i r  g e n e r a t i o n .  T h i s  i s  a l s o  t r u e  f o r  t h e  HANES 

d a t a  o r  f o r  any c r o s s - s e c t i o n a l  d a t a  i n  wh ich  measurements a r e  taken a t  

t h e  same t i m e  ac ross  age groups (as opposed t o  l o n g i t u d i n a l  d a t a  

measured f rom one t i m e  t o  another  on t h e  same p o p u l a t i o n )  . 

*----J, HANES 1971-74 
--• HES 1960-62 

661 I I 
I I I I 

20 3 0  4 0  5 0  60 70 
AGE GROUP APPROXIMATE MEAN VALUE (YRS) 

F I G U R E  2-4. Mean v a l u e s  o f  U . S .  male s t a t u r e  by age 
group f rom 1960-62 HES and 1971-74 HANES d a t a .  



T h i s  b e i n g  t h e  case, i f  t h e  amount o f  s t a t u r e  decrease due t o  

b i o l o g i c a l  a g i n g  between age groups i s  known, then the  two f a c t o r s  can 

be separa ted,  and, w i t h i n  t h e  c r o s s - s e c t i o n a l  da ta  o f  e i t h e r  t h e  HES o r  

HANES s tudy  a lone,  i t  shou ld  be p o s s i b l e  t o  e s t i m a t e  t h e  secu la r  t r e n d  

e f f e c t  f o r  p r e v i o u s  genera t i ons  rep resen ted  by persons o f  d i f f e r e n t  ages 

i n  t h e  s tudy .  Annis (1978) r e p o r t s  on a l o n g i t u d i n a l  s tudy  by G s e l l  

(1967) i n  wh ich  t h e  decrease i n  s t a t u r e  w i t h  age was determined t o  be 

0.2 i n c h  f rom 30-40 years ,  0.6 i n c h  f rom 40-50 years ,  and 0.7 i nch  . f rom 

50-60 yea rs .  T h i s  amounts t o  a  decrease! o f  1.5 inches (3.8 cm) i n  

s t a t u r e  between 30 years and 60 years  arid compares f a v o r a b l y  w i t h  t h a t  

measured by Her tzog (2.82 cm) i n  females;. 

App ly ing  these b i o l o g i c a l  s t a t u r e  decreases t o  t h e  d i f f e r e n c e s  

between HES mean r a l e  s t a t u r e  va lues  a t  ten-year  i n t e r v a l s ,  and do ing  

s i m i l a r l y  f o r  t h e  HANES da ta ,  g i v e s  the  r e s u l t s  shown i n  Tab les  2.2 and 

2.3. For t h e  H E S  da ta ,  t h i s  a n a l y s i s  suggests o n l y  a  0 .2  i nch  o v e r a l l  

secu la r  i nc rease  over t h e  30-year span f rom t h e  g e n e r a t i o n  b o r n  around 

1900 t o  t h a t  b o r n  around 1930. For t h e  HANES da ta ,  t h e  r e s u l t s  suggest 

h e i g h t  and w e i g h t  decreases over  t h e  30-year span f rom t h e  g e n e r a t i o n  

b o r n  around 1910 t o  t h a t  b o r n  around 1940. Even i f  t h e  Gsel 1 va lues  o f  

b i o l o g i c a l  sh r i nkage  were h i g h  by 0.5 i nch  over t h e  30-year span ( i  . e n ,  

1.0 i nch  over 30 years i n s t e a d  o f  1.5 i nches ) ,  t h e  average s e c u l a r  

i nc rease  per decade over t hese  generat ic lns i n  t h e  two s t u d i e s  would be 

o n l y  0.23 i n c h  (0.6 cm) and 0.1 i n c h  (0.25 cm), r e s p e c t i v e l y .  Yet ,  i f  

one compares t h e  mean s t a t u r e  va lues  a t  any age i n t e r v a l  between t h e  HES 

and HANES data ,  t h e  d i f f e r e n c e s  a r e  s u b s t a n t i a l l y  g r e a t e r ,  as shown i n  

Tab le  2.4. These d i f f e r e n c e s  must be s o ' l e l y  a t t r i b u t a b l e  t o  secu la r  

i nc rease  between genera t i ons ,  s i n c e  b i o l o g i c a l  ag ing  e f f e c t s  would 

presumably be  t h e  same f o r  t h e  same aged persons i n  each s tudy .  

F i g u r e  2-5 examines t h i s  d i sc repancy  between t h e  d a t a  s e t s  i n  

another  way. S ince t h e  H A N E S  d a t a  were c o l l e c t e d  app rox ima te l y  t e n  

years  a f t e r  t h e  HES data ,  those persons who a r e  30 years  o l d  i n  t h e  HES 

s tudy  shou ld  r e p r e s e n t  t h a t  p o r t i o n  o f  t h e  p o p u l a t i o n  who a r e  about  40 

years  o l d  i n  t h e  HANES s tudy ,  and s i m i l a r l y  f o r  o t h e r  age groups.  

T h e r e f o r e  one would expect  t h e  HANES s tudy  mean va lues  f o r  age groups 40 

th rough 70 t o  be  t h e  same as t h e  r e s p e c t i v e  va lues  f o r  t h e  30- th rough 



TABLE 2,2 

ESTIMATES OF STATURE CHANGES DUE TO SECULAR TREND FACTORS 
IN 1960-62 HES DATA BASED ON BIOLOGICAL STATURE 

DECREASES FROM GSELL (1967) 

TABLE 2.3 

Span o f  
Mean Ages 

30-40 
40-50 
50-60 

30-60 

ESTIMATES OF STATURE CHANGES DUE TO SECULAR TREND FACTORS 
IN 1971-74  HANES DATA BASED ON Bl  OLOGl CAL STATURE 

D E C R E A S E S  FROM GSELL (1967) 

HE S 
Mean S t a t u r e  

D i f f e r e n c e  
( i n . )  

0.6 
0.3 
0.8 

1.7 

60-year age groups f rom t h e  HES s tudy ,  minus expected s t a t u r e  decrease 

due t o  b i o l o g i c a l  ag ing .  Again, u s i n g  t h e  d a t a  o f  G s e l l ,  t h e  arrows i n  

F i g u r e  2-5 i n d i c a t e  where one wou ld  expec t  t h e  HANES d a t a  p o i n t s  t o  

f a l l .  Regardless o f  t h e  accuracy o f  t h e  ag ing  f a c t o r s  used, i t  i s  c l e a r  

t h a t  t h e  5 0 - y e a r - o l d  mean s t a t u r e  i n  t h e  H A N E S  s tudy  shou ld  n o t  be 

l a r g e r  t han  t h e  40-year mean s t a t u r e  i n  t h e  HES s tudy  (which i t  i s ) ,  and 

G s e l l  (1967) 
Expected 

B i o l o g i c a l  
Decrease 

( in . )  

0.2 
0.6 
0.7 

1.5 

D i f f e r e n c e  
Due t o  

Secul a r  Trend 
( i n . )  

0 - 3  
-0.4 
-0.1 

-0.2 

Span o f  
Mean Ages 

30-40 
40-50 
50-60 

30-60 

D i f f e r e n c e  
Due t o  

Secu 1 a r  Trend, 
( i n . )  

0.4 
-0.3 
0.1 

0.2 

HANES 
Mean S t a t u r e  

D i f f e r e n c e  
( i n . )  

0.5 
0.2 
0.6 

1.3 

Gsel 1 (1967) 
Expected 

B i o l o g i c a l  
Decrease 

( i n . )  

0.2 
0.6 
0 7 

1 .5 



TABLE 2.4 

DIFFERENCES IN MEAN STATURE V,ALUES BETWEEN THE 
1960-62 H E S  DATA AND THE 19'71-74 HANES DATA 

FOR EQUAL A G E  CATEGORIES 

Age Span 
(Y r s  .) 

F I G U R E  2-5. Comparison o f  mean male s t a t u r e  va lues  by  age 
group f rom 1971-74 H A N E S  d a t a  w i t h  va lues  p r e d i c t e d  f rom 
1960-62 HES d a t a  and ag ing  e f f e c t s  f rom Gsel 1 (1967) . 

D i f f e r e n c e  Between 
HANEIS and HES 

( i n . )  

71 

70 

69  

- - z W 

5 6 8 -  

67 

6 6  

- 
*--* 1971-74 HANES 

0--* 1960-62 HES 

+ 4 PREDICT ED 1971 -74 
- DATA POINTS 

- *-*\ ,/*y:<-\ 

- 
\+\:\ 
1: 

I 1 I 1 1 I 

20 30 40 SO 60 70 
AGE GROUP APPROXIMATE MEAN VALUE (YRS) 



s im i  l a r l y  f o r  t h e  60-year -o lds  i n  t h e  HANES s tudy  who r e p r e s e n t  t h e  same 

segment o f  t h e  p o p u l a t i o n  as t h e  50 -yea r -o lds  i n  t h e  HES s t u d y .  

I n  t h e  p reced ing  d i s c u s s i o n ,  t h e  18-24 year o l d s  ( i  .e . ,  20 years 

i n  F igu res  2-4 and 2-5) , r e p r e s e n t i n g  those persons bo rn  around 1940 

(HES s tudy)  and 1950 (HANES s t u d y ) ,  were n o t  inc luded,  s i n c e  these 

p o i n t s  may i n c l u d e  persons who had n o t  a t t a i n e d  f u l l  s t a t u r e .  For t h e  

HES da ta ,  t h e  i nc rease  i n  mean s t a t u r e  between 20 and 30 yea rs  may be 

due t o  con t i nued  growth i n  t h i s  p e r i o d ,  b u t  t h e  d i f f e r e n c e  (0.4 inch)  

may be somewhat l a r g e  t o  be e x p l a i n e d  s o l e l y  by t h i s .  Thus, i f  these 

p o i n t s  a r e  a c c u r a t e  r e p r e s e n t a t i o n s  o f  t h e  r e a l  wo r ld ,  they  would 

suggest  t h a t  l i t t l e  o r  no secu la r  i nc rease  occu r red  between these  age 

groups ( i  .e., between peop le  b o r n  around 1930 and 1940) . Th i s,  however, 

i s  i n c o n s i s t e n t  w i t h  t h e  HANES d a t a  f o r  30 and 40 years  (which a r e  

supposedly r e p r e s e n t i n g  t h e  same p o p u l a t i o n s  as the  20- and 30-year HES 

data)  t h a t  i n d i c a t e  a  0.3 i nch  (0.8 cm) secu la r  increase a f t e r  

c o r r e c t i o n  f o r  G s e l l ' s  ag ing  f a c t o r .  I t  i s  t hus  p o s s i b l e  t h a t  e i t h e r  

t h e  20- o r  30-year H E S  d a t a  p o i n t s ,  o r  b o t h ,  a r e  i n  e r r o r .  

On t h e  o t h e r  hand, i f  t h e r e  i s  a  growth e f f e c t  between t h e  20- 

and 30-year d a t a  p o i n t s  o f  t he  magni tude i n d i c a t e d  by t h e  HES s tudy ,  

t hen  t h e  HANES d a t a  a t  20 and 30 years  suggest  a  p o s s i b l y  s i g n i f i c a n t  

secu la r  i nc rease  i n  s t a t u r e  (perhaps 0.5 i n c h  per decade1) f o r  males 

b o r n  around 1940 t o  those b o r n  around 1950. 

Thus, whi l e  s imp le  comparisons o f  mean s t a t u r e  va lues  f o r  18-74 

year males o r  females between t h e  HES and H A N E S  da ta  i n d i c a t e  a  

s i g n i f i c a n t  i nc rease  i n  s t a t u r e  d i s t r i b u t i o n  f o r  t h e  U.S.  p o p u l a t i o n ,  

c l o s e r  a n a l y s i s  demonstrates t h a t  t h e r e  a r e  s i g n i f i c a n t  and unexp la ined 

d i s c r e p a n c i e s  and i n c o m p a t i b i l i t i e s  between t h e  s t u d i e s  t h a t  d i s c r e d i t  

these r e s u l t s .  I n  f a c t ,  i f  any c o n c l u s i o n  can be drawn f rom these  data ,  

i t  i s  t h a t  s e c u l a r  increases i n  s t a t u r e  over r e c e n t  gene ra t i ons  have 

been r a t h e r  modest, a  c o n c l u s i o n  wh ich  may be i n c o n s i s t e n t  w i t h  what has 

been i n t u i t i v e l y  observed and w i t h  m i l i t a r y  da ta .  I n  any case, i t  

'For reasons d iscussed e a r l i e r  r e g a r d i n g  d i s c r e p a n c i e s  between t h e  
two d a t a  s e t s ,  t h e  secu la r  i nc rease  between persons bo rn  i n  1950 and 
1940 would n o t  be  equal  t o  t he  d i f f e r e n c e  between H E S  and HANES 20-year-  
> I d  mean va lues .  



seemed e v i d e n t  t h a t  t h e  most r e c e n t  p o p u l a t i o n  d a t a  were o f  l i t t l e  v a l u e  

i n  shedding l i g h t  on t h e  s e c u l a r  t r e n d  i n  body s i z e  f o r  t h e  genera l  

p o p u l a t i o n  i n  r e c e n t  gene ra t i ons ,  and even l e s s  u s e f u l  w i t h  r e g a r d  t o  

e s t i m a t i n g  expected changes i n  h e i g h t  and we igh t  s t a t i s t i c s  between 1974 

and 1990. 

2.4.2 Other Cons ide ra t i ons  Regard ing  Secu lar  Trend i n  Human 

S ize .  Regard less  o f  how one i n t e r p r e t s  t h e  r e c e n t  U.S. P u b l i c  H e a l t h  - 
Survey d a t a  w i t h  rega rd  t o  a  s e c u l a r  t r end , ,  t h e r e  a r e  many e x p e r t s  who 

b e l i e v e  t h a t  we a r e  near t h e  end o f  i n c r e a s i n g  human s i z e  i n  t h e  U n i t e d  

S ta tes .  Such o p i n i o n s  a r e  based upon t h e  b e l i e f  r e p o r t e d  by  S toud t  

(1978) t h a t  t h e  p r i m a r y  f a c t o r s  respons i  b l  t: f o r  t h e  increases observed 

a r e  " improvements i n  n u t r i t i o n ,  b o t h  q u a l i t y  and q u a n t i t y  o f  food,  and 

i n  h e a l t h  c a r e  and s a n i t a t i o n ,  e s p e c i a l l y  I n  rega rd  t o  t h e  r e d u c t i o n  o f  

t h e  major  d e b i l i t a t i n g  o r  g r o w t h - r e t a r d i n g  i l l n e s s e s  o f  ch i l dhood . "  

T h i s  h y p o t h e s i s  i s  suppor ted  by r e s u l t s  o f  s t u d i e s  (Damon 1968, 1977; 

Bakwin and McLaughl i n  1974; Maresh 1972; Bakwin 1964) t h a t  show no 

secu la r  i nc rease  o r  change i n  subsets  o f  t h e  U . S .  p o p u l a t i o n  i n  t h e  

upper socioeconomic s t a t u s  where improved d i e t s  and h e a l t h  c a r e  have 

s t a b i l i z e d .  I n  a d d i t i o n ,  H a m i l l  e t  a l .  (1977),  i n  a n a l y z i n g  t h e  

N a t i o n a l  Center  f o r  H e a l t h  S t a t i s t i c s  d a t a  f o r  c h i l d r e n  aged 2  t o  18 

years ,  r e p o r t s  t h a t  " i n  t h e  a n a l y s i s  o f  t hese  data ,  t he  marked 

d i m i n u t i o n  and near c e s s a t i o n  o f  t h e  t r e n d  t o  c o n s t a n t l y  i n c r e a s i n g  s i z e  

o f  success i ve  genera t i ons  o f  American c h i l d r e n  i s  t h e  most d r a m a t i c  and 

s i g n i f i c a n t  f i n d i n g  r e l a t i n g  t o  human b i o l o g y  and human growth  i n  

genera l  . I '  

Observat ions  such as these,  and t h e  r e a l i z a t i o n  t h a t  by  t h e  mid-  

1970s t h e  g r e a t e r  m a j o r i t y  o f  t h e  U . S .  p o p u l a t i o n  had ach ieved 

socioeconomic l e v e l s  where n u t r i t i o n  and h e a l t h  c a r e  were " u n i f o r m l y  

favo rab le , "  have l e d  S toud t  and o t h e r s  (e .~ ] . ,  persona l  communications 

w i t h  S .  Abraham and S. Garn) t o  t h e o r i z e  t h a t  " t h e  end i s  indeed i n  

s i g h t "  and t h a t  " f u t u r e  changes can be e x p r x t e d  t o  t a k e  p l a c e  a t  a  

c o n t i n u a l l y  dec reas ing  r a t e  f rom t h e  former h i g h  o f  about one c e n t i m e t e r  

per decade." I f  t h i s  t h e o r y  i s  c o r r e c t ,  t hen  i t  would f o l l o w  t h a t  

persons a t t a i n i n g  f u l l  s t a t u r e  i n  1990 would n o t  demonst ra te  an i nc rease  

i n  s t a t u r e  over  young a d u l t s  i n  t h e  e a r l y  1970s a t  t h e  p r e v i o u s l y  



documented r a t e  o f  one c e n t i m e t e r  per  decade b u t ,  r a t h e r ,  m igh t  be 

expected t o  be t a l  l e r  ( i n  t h e  mean) by about  one cen t ime te r  o r  l ess  fo r '  

t h e  f u l l  t ime  span o f  n e a r l y  two decades. 

2.4.3 D e c i s i o n  on S i z i n g  S t r a t e g y  Adjustments and Other 

Fac to rs .  I n  v iew  o f  these p r o j e c t i o n s  r e g a r d i n g  a  s e c u l a r  t r e n d  and a  

number o f  o t h e r  c o n s i d e r a t i o n s ,  a  d e c i s i o n  was made n o t  t o  i n c l u d e  any 

ad jus tments  t o  HANES p e r c e n t i l e  va lues  i n  t h e  s i z i n g  s t r a t e g y  f o r  t h e  

f i n a l  dummy f a m i l y  members. Even i f  persons m a t u r i n g  d u r i n g  t h e  1970s 

and 1980s exh i b  i t h e i g h t  and we i g h t  increases exceeding those expected, 

these persons would s t i l l  o n l y  compr ise  a  p o r t i o n  o f  t h e  t o t a l  1990's 

p o p u l a t i o n  between 18 and 74 years ,  and t h e  e f f e c t s  on o v e r a l l  a d u l t  

s t a t i s t i c s  w i l l  be d i l u t e d .  I n  a d d i t i o n ,  i t  can be expected t h a t  e l d e r l y  

persons w i l l  compr ise a  g r e a t e r  p r o p o r t i o n  o f  t h e  U.S. a d u l t  p o p u l a t i o n  

i n  t h e  years  ahead due b o t h  t o  advances i n  h e a l t h  ca re  t h a t  i nc rease  

l i f e  expectancy and t o  r e d u c t i o n s  i n  t h e  b i r t h  r a t e .  S ince e l d e r l y  

persons a r e  c o n s i d e r a b l y  s h o r t e r  t han  young a d u l t s  due t o  b i o l o g i c a l  and 

secu la r  t r e n d  f a c t o r s ,  t h e  e f f e c t  o f  t h i s  s h i f t  i n  p o p u l a t i o n  age c o u l d  

compensate o r  s i g n i f i c a n t l y  reduce any secu la r  t r e n d  e f f e c t s .  

Fur thermore,  s i n c e  t h e  ATDs b e i n g  developed a r e  e s s e n t i a l l y  t e s t  

dev i ces  r e p r e s e n t i n g  sma l l ,  m id -s i zed ,  and l a r g e  human bod ies ,  t h e  

e f f e c t  o f  an i nc rease  o f  one c e n t i m e t e r  o r  two t o  t h r e e  k i l og rams  on 

s u b j e c t  r e c r u i t i n g  c r i t e r i a  would l i k e l y  have l i t t l e  e f f e c t  on t h e  

dummies themselves and c e r t a i n l y  no s i g n i f i c a n t  e f f e c t  on t h e  use and 

a p p l i c a t i o n  o f  these t e s t  dev i ces .  Small inc reases i n  s t a t u r e  would 

tend t o  be masked w i t h i n  t h e  v a r i a b i l i t y  o f  v e h i c l e - s e a t e d  p o s t u r e  and 

would be smal l  compared t o  t h e  v a r i a t i o n  i n  t o r s o  and l e g  l eng ths  w i t h i n  

each o f  t h e  sample p o p u l a t i o n s  d e f i n e d  by s t a t u r e  l i m i t s .  The e f f e c t s  

o f  i n c r e a s i n g  we igh t  by two o r  t h r e e  k i l og rams  would be d i s t r i b u t e d  

th roughout  t h e  body and be un recogn izab le  i n  t h e  an th ropomet r i cs  o f  t he  

f i n a l  p roduc t .  

There i s  a l s o  t h e  v e r y  p r a c t i c a l  o b s e r v a t i o n  t h a t ,  i f  t h e  

p o p u l a t i o n  p e r c e n t i l e s  o f  h e i g h t  and we igh t  change over t h e  years,  which 

they  no doubt  w i l l  t o  some degree, t h e  f a m i l y  o f  dummies developed u s i n g  

t h e  1974 HANES d a t a  w i  1 1 s t  i 1 1 be appropr i a t e  r e p r e s e n t a t i o n s  o f  sma l l ,  

m id -s i zed ,  and l a r g e  a d u l t s  f o r  t h e  U.S.  p o p u l a t i o n .  I t  i s  o n l y  t h e  



e x a c t  p e r c e n t i l e  o f  h e i g h t  and w e i g h t  rep resen ted  t h a t  would be changed. 

The m i d - s i z e d  male, f o r  example, may r e p r e s e n t  a  45 th  o r  40 th  p e r c e n t i l e  

male i n  s t a t u r e ,  and t h e  l a r g e  male may rep resen t  a  9 0 t h  p e r c e n t i l e  male 

i n  t h e  year 2000. Both,  however, would s t i l l  r e p r e s e n t  m i d - s i z e d  and 

l a r g e  segments o f  t h e  p o p u l a t i o n ,  and, i n  t h a t  sense, would be v a l i d  

t e s t  d e v i c e s .  

F i n a l l y ,  t h e r e  was one o t h e r  reason f o r  n o t  a d j u s t i n g  t h e  H A N E S  

p e r c e n t i l e  v a l u e s  t h a t  r e l a t e s  t o  t h e  d e c i s i o n  n o t  t o  i n c l u d e  

i n t e r n a t i o n a l  an th ropomet r i c  da ta .  S ince  a d u l t  U .S .  p o p u l a t i o n  

p e r c e n t i l e  v a l u e s  f o r  h e i g h t  and w e i g h t  a r e  g e n e r a l l y  l a r g e r  t han  t h e  

r e s p e c t i v e  p e r c e n t  i l e s  i n  o t h e r  p o p u l a t i o n s  o f  t h e  wor ld ,  a d j u s t i n g  t h e  

v a l u e s  up f rom t h e  1974 H A N E S  va lues  would tend t o  move t h e  dummy s i z e s  

away f rom an i n t e r n a t i o n a l l y  accep tab le  st.andard. Leav ing  t h e  HANES 

p e r c e n t i l e  v a l u e s  a lone  tends t o  keep them c l o s e r  t o  t h e  s m a l l ,  mid-  

s i z e d ,  and l a r g e  va lues  o f  o t h e r  p o p u l a t i o n s ,  e s p e c i a l l y  i f  persons i n  

o t h e r  c o u n t r i e s  expe r ience  an i nc rease  i n  h e i g h t  and w e i g h t  by t h e  

1990s. 

2.5 U .S .  P o p u l a t i o n  Versus l n i u r e d  Occupant P o p u l a t i o n  

S ince  a lmost  every  ab le -bod ied  a d u l t  i n  t h e  U n i t e d  S t a t e s  uses 

t h e  au tomob i l e ,  e i t h e r  as a  d r i v e r  o r  passenger, one would expect  t h e  

p o p u l a t i o n  o f  a d u l t  au tomob i l e  occupants t o  match c l o s e l y  t o  t h e  U.S. 

a d u l t  p o p u l a t i o n .  The obv ious  c h o i c e  o f  a  da ta  base f o r  s i z i n g  t h e  

dummy-family members was t h e r e f o r e  t h e  l a t e s t  a v a i l a b l e  U . S .  p o p u l a t i o n  

survey  d a t a  f rom t h e  1971-1974 H e a l t h  and Nut r  i t i o n  Examinat ion  Survey 

(HANES) . S ince  one o f  t h e  p r i n c i p a l  uses o f  an ATD i s  i n  t h e  e v a l u a t i o n  

o f  occupant  p r o t e c t i o n  systems, c o n s i d e r a t i o n  was a l s o  g i v e n  t o  

d e s i g n i n g  t h e  dummy fami l y  t o  match t h e  pc lpu la t i on  o f  i n j u r e d  occupants.  

T h i s  p o p u l a t i o n  d i f f e r s  f rom t h e  genera l  U . S .  a d u l t  p o p u l a t i o n  i n  a  

number o f  ways, i n c l u d i n g  d i f f e r e n c e s  r e l a t e d  t o  f requency o f  d r i v i n g  

and o t h e r  d r i v i n g  h a b i t s  as w e l l  as v a r i a b i l i t y  i n  s u s c e p t i b i l i t y  t o  

i n j u r y .  W i t h  t h i s  focus ,  i n j u red -occupan t  d a t a  f rom t h e  N a t i o n a l  Crash 

S e v e r i t y  Study (NCSS) ( R i c c i  1980; G imot ty  e t  a l .  1980) were analyzed,  

compi led ,  and compared t o  t h e  HANES s t a t i s t i c s  f o r  h e i g h t  and w e i g h t  by 

age and sex group ings  f o r  d r i v e r s  and passengers.  Tab les  2.5 and 2.6 



summarize the  r e s u l t s  o f  t h i s  a n a l y s i s  f o r  18- t o  74 -yea r -o ld  male and 

female p o p u l a t i o n s .  

TABLE 2.5 

HEIGHT AND WEIGHT PERCENT1 LE VALUES FOR 18- TO 74-YEAR-OLD 
U . S .  MALE POPULATIONS 

HEIGHT ( i n )  
(N=5,260) (N=3l157S) (N=7,050) (N=1,073) (N=248) 

P e r c e n t i l e  

WEIGHT ( l bs )  
(N=5,260) ( ~ = 3  1 , 3 1 1) (N=7,046) (N= 1 ,049) (N=247) 

Examinat ion o f  these t a b l e s  r e v e a l s  some d i f f e r e n c e s  between t h e  

popu la t i ons ,  b u t ,  when one cons ide rs  sources o f  v a r i a b i l i t y  i n  the  NCSS 

h e i g h t  and weight  da ta  ( i .e . ,  much o f  t h e  NCSS measurement da ta  were 

ob ta ined  from d r i v e r s '  l i c e n s e s  and v e r b a l  s tatements and i n c l u d e  

s i g n i f i c a n t  round ing e r r o r ) ,  i t  must be concluded t h a t  t h e  i n j u r e d  male 

and female p o p u l a t i o n s  o f  d r i v e r s  and passengers a r e  v e r y  s i m i l a r  t o  t h e  

U.S. popu la t i ons  o f  males and females by h e i g h t  and we igh t .  There fore ,  

t h e  1971-1974 HANES d a t a  were ma in ta ined  as t h e  most s u i t a b l e  f o r  

deve lop ing the  h e i g h t  and we igh t  s i z i n g  c r i t e r i a  o f  t h e  advanced dummy- 

f a m i l y  members. 

HANES 
Males 

NCSS Male 
D r i v e r s  

NCSS Male 
Pass. 

N C S S  AIS 3 t  
Male Dr. 

NCSS A I S  3 t  
Male Pass. 



TABLE 2.6 

HEIGHT AND W E  l GHT PERCENT1 LE VALUES F O R  18- TO 74-YEAR-OLD 
U . S .  FEMALE POPULATIONS 

HEIGHT ( i n )  
(N=8,411) (~=15 ,767 )  (N=8,903) (N=453) (Ne355) 

WEIGHT ( l b s )  
(N=8,411) (N=15,670) (N=8,803) (N=444) (N=355) 

NCSS 
Pass. 

F u r t h e r  i n v e s t i g a t i o n  o f  t h e  l i t e r a t u r e  on i n j u r e d  au tomob i l e  

occupants conf  i rmed t h i s  o b s e r v a t i o n  (Backa i t i  s and Stephens 1976; 

Nyqu is t  1977) and suggests t h a t :  

NCSS Female 
D r i v e r s  P e r c e n t i l e  

1 .  There i s  l i t t l e  e f f e c t  on i n j u r y  s e v e r i t y  r a t e s  due t o  h e i g h t  o r  
we igh t  v a r i a t i o n s  o f  t h e  occupant  ( B a c k a i t i s  and N a j j a r  1980). 

H A N E S  
Females 

2. The average i n j u r e d  occupant  i s  20-24 years  o f  age, male, has a 
we igh t  o f  76.4 kg (168 l b s . ) ,  and i s  175.8 cm t a l  1 (69.2 
inches) . 

3. The o c c u p a n t ' s  i n j u r y  i n t e n s i t y  appears t o  be s e n s i t i v e  t o  t h e  
o c c u p a n t ' s  w e i g h t  and h e i g h t .  

4. A d u l t  males and d r i v e r s  have t h e  h i g h e s t  i nc idences  o f  i n j u r y  
(Backa i t i  s and Na j  j a r  1980) . 

5. About 67 p e r c e n t  o f  a l l  d r i v e r s  a r e  males. 



2.6 C o n s t i t u t i o n  and S i z i n g  o f  Dummy Fami ly  

I n  c o n s i d e r i n g  t h e  f i n a l  c o n s t i t u t i o n  o f  t he  dummy f a m i l y ,  

severa l  f a c t o r s  needed t o  be cons idered.  As p r e v i o u s l y  d iscussed,  t h e  

dummies must f i r s t  o f  a l l  possess s p e c i f i c a l l y  d e f i n e d  p r o p e r t i e s  o f  

b o t h  mass and s i z e  (e.g., s t a t u r e  o r  measures c l o s e l y  r e l a t e d  t o  

s t a t u r e )  i n  o r d e r  t o  a p p r o p r i a t e l y  b r a c k e t  and rep resen t  t h e  v a r  i a b i  1 i t y  

o f  these parameters f o r  t h e  U.S.  p o p u l a t i o n .  Secondly, c o n s i d e r a t i o n  

must be g i v e n  t o  secondary f a c t o r s ,  such as age, race,  and sex, as w e l l  

as the  manner i n  which these f a c t o r s  i n f l u e n c e  t h e  p r imary  v a r i a b l e s  o f  

s i z e  and mass. The i d e a l ,  i n  terms o f  r e p r e s e n t i n g  a l l  these f a c t o r s ,  

would be t o  p r o v i d e  an AT0 t o  r e p r e s e n t  each segment o f  t h e  p o p u l a t i o n  

f o r  a l l  combinat ions  o f  bo th  p r imary  and secondary f a c t o r s .  Th is ,  o f  

course,  i s  n o t  even c l o s e  t o  p r a c t i c a l  f rom e i t h e r  a dummy-development 

o r  user p e r s p e c t i v e .  Compromises must be made i n  o rde r  t o  a r r i v e  a t  a  

reasonable s e t  o f  dummy-family members. 

2.6.1 Small and Large Dummy-Fami l y  Members. I n  o rde r  t o  

b racke t  t h e  p o p u l a t i o n  v a r i a b i l i t y  o f  b o t h  h e i g h t  and we igh t ,  dummies 

r e p r e s e n t i n g  t h e  smal l  and l a r g e  segments o f  t h e  p o p u l a t i o n  by b o t h  o f  

these v a r i a b l e s  a r e  r e q u i r e d .  I t  was agreed t h a t ,  i n  l i n e  w i t h  good 

eng ineer ing  d e s i g n  p r a c t i c e ,  a t  l e a s t  90 pe rcen t  o f  t he  p o p u l a t i o n  range 

should be bracketed.  Since females comprise t h e  m a j o r i t y  o f  sma l l  

persons and males the  m a j o r i t y  o f  l a r g e  persons by h e i g h t  and we igh t ,  i t  

was dec ided t o  f o l l o w  w i t h  the  t r a d i t i o n a l  approach o f  u s i n g  5 t h  

p e r c e n t i l e  female  h e i g h t  and we igh t  va lues  and 95 p e r c e n t i l e  male h e i g h t  

and we igh t  v a l u e s  t o  d e f i n e  smal l  and l a r g e  dummies, r e s p e c t i v e l y .  The 

r e s u l t i n g  t e s t  dev i ces  w i l l  thereby b r a c k e t  more than 90 p e r c e n t  o f  t h e  

p o p u l a t i o n  v a r i a b i l i t y  i n  b o t h  h e i g h t  and we igh t .  

From t h e  HANES data  (Abraham e t  a1 . 1979a) , i t  was determined 

t h a t  t h e  5 t h  p e r c e n t i l e  female h e i g h t  and we igh t  a r e  approx ima te l y  59.5 
inches and 104 pounds, and t h a t  t h e  95 th  p e r c e n t i l e  male h e i g h t  and 

weight  a r e  73.6 inches and 225 pounds. F u r t h e r  a n a l y s i s  o f  t h e  HANES 

data  (Abraham e t  a1 . 1979b) revea ls ,  however, t h a t  t h e  mean w e i g h t  o f  

females who a r e  59.5 inches t a l l  i s  n o t  104 pounds, b u t  r a t h e r  about  136 

pounds, and t h a t  t h e  mean we igh t  o f  males who a r e  73.6 inches t a l  1 i s  

n o t  225 pounds, b u t  r a t h e r  about 196 pounds. T h i s  i ncompat ib i  1 i t y  



between extreme p e r c e n t i l e s  i n  h e i g h t  and we igh t  produces a  dummy s i z e  

t h a t  i s  r e p r e s e n t a t i v e  o f  o n l y  a  v e r y  smal l  p o r t i o n  o f  t h e  p o p u l a t i o n  

when smal lness o r  la rgeness a r e  d e f i n e d  by  h e i g h t  and we igh t  

s imu l taneous ly  i n  t h e  same ATD. T h i s  m i g h t  a t  f i r s t  suggest t h a t  an 

a l t e r n a t i v e  approach t o  t h e  s i z i n g  o f  t h e  smal l  and l a r g e  dummy-family 

members be used. 

I t  has been suggested, f o r  example, t h a t  t h e  smal l  dummy shou ld  

be s i z e d  t o  e i t h e r  t h e  5 t h  p e r c e n t i l e  s ta t l u re  o r  we igh t  and t h e  o t h e r  

v a r i a b l e  shou ld  be s e t  t o  t h e  mean o r  5 0 t h  p e r c e n t i l e  v a l u e  f o r  persons 

i n  t h e  p o p u l a t i o n  d e f i n e d  by the  f i r s t  v a r i a b l e  (e.g., t h e  smal l  female 

shou ld  be 59.5 inches i n  s t a t u r e  and 136 pounds). Such an approach 

ignores  t h e  f a c t  d iscussed by  Sear l e  and t las legrave (1970) and Her t zbe rg  

(1970) t h a t  t h e  dummy i s  a  t e s t  dev i ce  i n  which b o t h  mass and s i z e  a r e  

p resen t  f o r  somewhat independent purposes.  The most impor tan t  aspect  i s  

t h a t  they  b r a c k e t  t h e  range o f  b o t h  these parameters,  n o t  t h a t  t hey  

r e p r e s e n t  a  major segment o f  t h e  p o p u l a t i o n .  As s t a t e d  by Her t zbe rg  

(19701 : 

Human f a c t o r s  s p e c i a l i s t s  i n  t h e  U n i t e d  S t a t e s  have long 
accepted t h e  v iew t h a t  d e s i g n i n g  t o  t h ~ e  range o f  accommodation 
i s  t h e  o n l y  s a f e  procedure;  hence a  d~~mmy t h a t  w i l l  t e s t  
equipment t o  i t s  maximum i n  a l l  parameters i s  e s s e n t i a l .  Thus 
t h e  use o f  many parameters i s  n o t  "mea,ningless;" i t  i s  i n  f a c t  
t h e  e f f i c i e n t  way t o  assure  maximum u t i l i t y  and s a f e t y .  

I n  o t h e r  words, w h i l e  combining e i t h e r  5 t h  p e r c e n t i l e  h e i g h t  and 

we igh t  va lues  o r  95 th  p e r c e n t i l e  h e i g h t  and we igh t  va lues  i n  t h e  same 

ATD r e s u l t s  i n  a  t e s t  dev i ce  t h a t  a c t u a l l y  rep resen ts  an 

a n t h r o p o l o g i c a l l y  r a r e  i n d i v i d u a l ,  t he  approach makes good sense i n  

terms o f  t h e  ATD as an e v a l u a t i o n  " t o o l "  and was cons idered t o  be t h e  

a p p r o p r i a t e  s i z i n g  scheme f o r  t he  smal l  and l a r g e  ATDs. 

2 . 6 . 2  Race and Age Considerat ions, .  Wi th  rega rd  t o  secondary 

f a c t o r s ,  i t  was agreed f rom the  o u t s e t  t h a t  ave rag ing  o r  b l e n d i n g  

an th ropomet r i c  t r a i t  v a r i a b i l i t y  across  age and race  would be necessary 

t o  a t t a i n  a  reasonab ly  s i z e d  dummy f a m i l y .  S ince t h e  U.S. p o p u l a t i o n  

was t o  be represented,  e f f o r t s  would be made t o  comprise each s u b j e c t  

group by  approx ima te l y  t e n  pe rcen t  non-Caucasian. Also,  s i n c e  i n j u r e d  

p o p u l a t i o n  da ta  i n d i c a t e  t h a t  young persons tend t o  be i n v o l v e d  i n  



a c c i d e n t s  more f r e q u e n t l y  and thus  s u s t a i n  more i n j u r i e s ,  and t h a t  

e l d e r l y  persons tend t o  s u s t a i n  more s e r i o u s  i n j u r i e s ,  c o n s i d e r a t i o n  was 

g i v e n  t o  deve lop ing  a  sampl ing s t r a t e g y  f o r  s u b j e c t  groups i n  which the  

age d i s t r i b u t i o n s  would be b iased  toward t h e  young and o l d .  

The impor tan t  q u e s t i o n  i n  rega rd  t o  the  l a t t e r  p o i n t  i s  whether 

t h e  seated p o s i t i o n  and body shape d i f f e r  s i g n i f i c a n t l y  f o r  young, 

middle-aged, and e l d e r l y  persons w i t h i n  the  same range o f  h e i g h t  and 

we igh t .  I n t u i t i v e l y  one would expect  t h a t  t h e r e  a r e  some c o n s i s t e n t  

d i f f e r e n c e s  i n  we igh t  d i s t r i b u t i o n s  f o r  young and o l d  persons o f  t he  

same h e i g h t  and we igh t  t h a t  would r e s u l t  i n  some d i f f e r e n c e s .  I t  i s  

a l s o  l i k e l y  t h a t ,  by b i a s i n g  t h e  sampl ing t o  b o t h  t h e  young and e l d e r l y ,  

t he  d i f f e r e n c e s  would cancel  and t h e  n e t  e f f e c t  would be o f  l i t t l e  

p r a c t  i ca'l consequence. Consider i ng t h e  t ime  and c o s t  c o n s t r a  i n t s  and 

p r a c t i c a l  problems o f  r e c r u i t i n g  enough s u b j e c t s  i n  " r a r e "  combinat ions  

o f  h e i g h t  and weight ,  a  d e c i s i o n  was made t o  s imp ly  s t r i v e  f o r  

r e p r e s e n t a t i o n  o f  t h e  f u l l  range o f  a d u l t s  between 18 and 74  years .  

2 $ 6 . 3  Mid-Sized Dummy-Fami l y  Members. Whi l e  i t  was agreed t h a t  

averag ing across  age and race  was necessary,  t h e  i n v e s t i g a t o r s  were 

unanimous i n  t h e  d e c i s i o n  n o t  t o  combine v a r i a b i l i t y  between males and 

females i n  one dummy, as some have suggested. T h i s  s o - c a l l e d  "un isex"  

approach i s  g e n e r a l l y  expounded w i t h  rega rd  t o  an average o r  m id -s i zed  

dummy. One cou ld ,  f o r  example, a t tempt  t o  develop a  s i n g l e  m id -s i zed  

dummy based on 5 0 t h  p e r c e n t i l e  HANES h e i g h t  and we igh t  f o r  t h e  combined 

male and female p o p u l a t i o n s .  Another suggest ion  has been t o  deve lop 

m id -s i zed  dummies based on male and female h e i g h t  and we igh t  

d i s t r i b u t i o n s  t h a t  have been combined t o  rep resen t  t h e  t y p i c a l  i n j u r e d  

d r i v e r  and/or i n j u r e d  passenger. Tak ing  e i t h e r  o f  these approaches 

appeared t o  o f f e r  no s i g n i f i c a n t  advantages t h a t  would o f f s e t  t h e  

p o t e n t i a l  problems o f  r e c r u i t i n g  s u b j e c t s ,  ave rag ing  data ,  and 

deve lop ing  a  t e s t  d e v i c e  w i t h  q u e s t i o n a b l e  u t i l i t y  and i n t e r p r e t i v e  

v a l u e .  

Rather ,  i t  was dec ided t h a t  two m id -s i zed  dummies would be 

o p t i m a l ,  r e p r e s e n t i n g  t h e  5 0 t h  p e r c e n t i l e  U . S .  female and 5 0 t h  

p e r c e n t i l e  U.S. male by  b o t h  h e i g h t  and we igh t .  A n a l y s i s  o f  t h e  HANES 

da ta  revea led  t h a t  t h i s  approach, combined w i t h  t h e  small- and l a r g e  



s i z e s  p r e v i o u s l y  desc r i bed ,  r e s u l t s  i n  a  : j e t  o f  f o u r  dummy members whose 

h e i g h t s  and w e i g h t s  fo rm a  r a t h e r  even ly  spaced p r o g r e s s i o n  f rom smal l  

t o  l a r g e  i n  t h e  U.S.  p o p u l a t i o n .  I t  a l s o  r e s u l t s  i n  one m id -s i zed  dummy 

( i . e . ,  t h e  m i d - s i z e d  male) whose h e i g h t  and we igh t  match v e r y  c l o s e l y  t o  

t h e  i n j u r e d  p o p u l a t i o n  a t  h i g h e s t  r i s k ,  a  male w i t h  h e i g h t  and w e i g h t  o f  

about  69 inches and 170 pounds. 

2.7 Summary o f  Fami ly  C o n s t i t u t i o n  and 
S u b i e c t  S e l e c t i o n  C r i t e r i a  

As a  r e s u l t  o f  t h e  r a t i o n a l e  and c o n s i d e r a t i o n s  h i g h l i g h t e d  i n  

Sec t i ons  2.1 th rough 2.6, development o f  ia four-member dummy fami l y  was 

recommended t o  t h e  NHTSA as o p t i m a l .  These f o u r  ATDs would c o n s i s t  o f :  

1 .  A small female whose h e i g h t  and we igh t  a r e  
app rox ima te l y  t h e  5 t h  p e r c e n t i l e  va lues  f o r  a l l  U.S. 
a d u l t  females;  

2 .  A mid-sized female whose h e i g h t  and we igh t  a r e  
app rox ima te l y  t h e  5 0 t h  p e r c e n t i l e  v a l u e s  f o r  a l l  
U.S. a d u l t  females; 

3 .  A mid-sized male whose h e i g h t  and w e i g h t  a r e  
app rox ima te l y  t h e  5 0 t h  p e r c e n t i l e  va lues  f o r  a l l  
U.S.  a d u l t  males; 

4 .  A la~ge male whose h e i g h t  and we igh t  a r e  
app rox ima te l y  t h e  9 5 t h  p e r c e n t i l e  v a l u e s  f o r  a l l  
U.S. a d u l t  males. 

P e r c e n t i l e  v a l u e s  were t o  be based upon tl?e l a t e s t  a v a i l a b l e  U.S. h e i g h t  

and w e i g h t  d a t a  f rom t h e  1971-1974 H A N E S  s tudy  and would n o t  be a d j u s t e d  

f o r  reasons o f  expected g e n e r a t i o n a l  changes. 

For t h e  smal 1 and l a r g e  ATDs, qua1 i f  i e d  s u b j e c t s  would have 

h e i g h t  and we igh t - . va lues  w i t h i n  app rox ima te l y  + 2-1/2 p e r c e n t i l e s  o f  t h e  

5 t h  o r  9 5 t h  p e r c e n t i l e  va lues ,  w h i l e  f o r  the  m id -s i zed  ATDs, q u a l i f i e d  

s u b j e c t s  would be  r e q u i r e d  t o  have b o t h  h e i g h t  and we igh t  w i t h i n  210 

p e r c e n t i l e s  o f  t h e  5 0 t h  p e r c e n t i l e  va lues .  Tab le  2.7 summarizes these 

h e i g h t  and w e i g h t  s e l e c t i o n  c r i t e r i a .  

T h i s  p l a n  f o r  .a four-member dummy f a m i l y  was submi t ted  t o  t h e  

NHTSA a l o n g  w i t h  t h r e e  a l t e r n a t i v e  p l a n s  cons ide red  l e s s  o p t i m a l  f o r  

t h ree - ,  two-, and one-member dummy f a m i l i e s .  The three-member f a m i l y  



TABLE 2.7 

HEIGHT AND WEIGHT SELECTION CRITERIA 

c o n s i s t e d  o f  t h e  same members b u t  w i t h o u t  t h e  m id -s i zed  female.  Two 

o p t i o n s  were proposed i f  a two-member f a m i l y  were chosen. One c o n s i s t e d  

o f  a 75 th  p e r c e n t i l e  male and a 2 5 t h  p e r c e n t i l e  female  by h e i g h t  and 

w e i g h t .  The o t h e r  c o n s i s t e d  o f  a 9 5 t h  p e r c e n t i l e  male and a 5 t h  

p e r c e n t i l e  female by h e i g h t  and w e i g h t .  The one-member f a m i l y  c o n s i s t e d  

s o l e l y  o f  t h e  5 0 t h  p e r c e n t i l e  male proposed f o r  t h e  t h r e e -  and f o u r -  

member f a m i l i e s .  

Group 

Small  Female 

Mid-S ized Female 

Mid-S ized Male 

Large Male 

Wh i l e  t h e  four-member f a m i l y  was approved by NHTSA, i t  was l a t e r  

d,etermined t h a t  t h e  l e v e l  o f  f u n d i n g  would n o t  a l l o w  comp le t i on  o f  t h e  

s tudy  f o r  a l l  f o u r  dummy members, and t h a t  t h e  m i d - s i z e d  female shou ld  

be dropped. The r e s u l t i n g  three-member dummy f a m i l y  would s t i l l  b r a c k e t  

t h e  range o f  i m p o r t a n t  v a r i a b l e s ,  p r o v i d e  f o r  i n t e r p o l a t i o n  c a p a b i l i t y ,  

and c o n t a i n  a dummy r e p r e s e n t i n g  t h e  segment o f  t h e  p o p u l a t i o n  a t  

h i g h e s t  r i s k ,  t h e  m i d - s i z e d  male. 

HANES 
P e r c e n t i l e s  

5 t h  +2-1/2 

5 0 t h  + I 0  

5 0 t h  + I 0  

9 5 t h  k2-1/2 

STATURE, cm ( i  nches) 

Range 

148.6-153.7 
(58.5-60 -5)  

160.0-163.8 
(63.0-64-5) 

172.7-177.8 
(68.0-70.0) 

185.4-189.2 
(73 -0-75 .O) 

WE I GHT, kg (pounds) 

Des i r e d  
Mean 

151.1 
(59.5) 

161.8 
(63.7) 

175.3 
(69.0) 

186.9 
(73.6) 

Range 

44.1- 48.6 
(97- 107) 

59.5- 65.9 
(131-145) 

73.6- 80.5 
(162-177) 

98.6-109.1 
(2 10-240) 

Des i r e d  
Mean 

47.3 
(1 04) 

62.3 
(137) 

77.3 
(170) 

102.3 
(225) 



2.8 Compar i son o f  Dummy S izes  wi t h  
Se lec ted  Popua l t i ons  

As a  p o i n t  o f  i n t e r e s t ,  F igures  2-6 and 2 - 7  show where t h e  

h e i g h t  and we igh t  b r a c k e t s  f o r  t he  f o u r  dummy s e l e c t i o n  c r i t e r i a  f a l l  on 

d i s t r i b u t i o n s  o f  i n j u r e d  d r i v e r s ,  i n j u r e d  f r o n t - s e a t  passengers, and 

i n j u r e d  r e a r - s e a t  passengers based on mean and s tandard  d e v i a t i o n  data  

f rom N y q u i s t  (1977) and an assumption o f  normal i t y  f o r  b o t h  h e i g h t  and 

we igh t  d i s t r i b u t i o n s .  Tab le  2.8 shows the p e r c e n t i l e  va lues  c a l c u l a t e d  

t o  deve lop these  d i s t r i b u t i o n s ,  and Tab le  2.9 g i v e s  t h e  d r i v e r  and 

passenger p e r c e n t i l e s  f o r  t h e  H A N E S  5 t h ,  50 th ,  and 95 th  p e r c e n t i l e  

va I ues. 

Dur ing  the  l a t t e r  p a r t  o f  t h e  s tudy ,  r e c e n t l y  c o l l e c t e d  h e i g h t  

and w e i g h t  d a t a  were o b t a i n e d  f o r  B r i t i s h ,  French, West German, and 

Japanese c i v i l i a n  p o p u l a t i o n s .  Tab le  2.10 shows the  means and s tandard  

d e v i a t i o n s  o f  h e i g h t  and we igh t  f o r  male and female segments o f  these 

p o p u l a t i o n s  and a l s o  shows t h e  c a l c u l a t e d  p e r c e n t i l e s  o f  t he  dummy 

f a m i l y  members' h e i g h t s  and we igh ts  f o r  these p o p u l a t i o n s .  
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F I G U R E  2 -7 .  Weight d i s t r i b u t i o n s  f o r  i n j u r e d  occupants 
showing l i m i t s  o f  s u b j e c t  s e l e c t i o l n  c r i t e r i a  f o r  t h e  f o u r  
dummy-family members. D i s t r i b u t i o n s  a r e  based on means 
and s tanda rd  d e v i a t i o n s  f rom Nyqu is t  ( 1  977)  and assumpt ion 
o f  normal i t y .  





TABLE 2.9 

INJURED DRIVER AND PASSENGER PERCENTILES FOR THE 5 t h ,  50 th ,  
AND 9 5 t h  HANES HEIGHT A N D  WEIGHT PERCENTILE VALUES 

5 t h  Female 
5 0 t h  Female 
5 0 t h  Male 
95 th  Male 

H A N E S  
P e r c e n t i l e s  

STATURE (cm) 

I n j u r e d  D r i v e r s  

5 t h  Female 
5 0 t h  Female 13.1 23.6 20.6 
5 0 t h  Male 73 6 70.2 
9 5 t h  Male 91.8 96.3 9 5 - 4  

WEIGHT (kg) 

kNorrnal d i s t r i b u t i o n s  based on means and s tanda rd  d e v i a t i o n s  
f rom N y q u i s t  (1977) . 



TABLE 2.10 

HEIGHT AND WEIGHT PERCENTILES1 O F  DUMMY-FAMILY MEMBERS 
F O R  SELECTED INTERNATIONAL POPULATIONS 

' P e r c e n t i l e s  d e t e r m i n e d  by  p o p u l a t i o n  mean, s t a n d a r d  d e v i a t i o n ,  
and v a l u e s  o f  normal  d i s t r i b u t i o n  f u n c t i o n  ( f r o m  Gut tman and W i l k s  
1965) 

P o p u l a t i o n  and V a r i a b l e  

BRITISH (17-86 y r s . )  
Ma le :  S t a t u r e  

We igh t  
Female: S t a t u r e  

We igh t  

FRENCH (18+ y r s . )  
Ma le :  S t a t u r e  

We igh t  
Female: S t a t u r e  

We igh t  

W .  GERMAN (20-65 y r s . )  
Ma le :  S t a t u r e  

We igh t  
Female: S t a t u r e  

We igh t  

JAPANESE (31-40 y r s  .) 
Ma le :  S t a t u r e  

We igh t  
Female: S t a t u r e  

We igh t  

2Has 1 eg rave  (1 980) . 
3 R a b i f f e  e t  a l .  (1982) .  

- 
X 

173.8 
7 4 . 3  

162.5 
62.1 

173.3 
N . A .  

161.9 
N . A .  

171.6 
74.1 

160.2 
59.5 

166.6 
6 2 - 5  

154.4 
52.0 

4Deutsches  l n s t  i t u t  f u r  Normung (1979) . 
STokyo  M e t r o p o l  i t a n  U n i v e r s  i  t y ,  P h y s i c a l  F i t n e s s  L a b o r a t o r y  
(1 980) . 

S . D .  

6 .8 
11.2 
5 . 6  
9.5 

6.4 
N.A. 

6 .5  
N.A. 

6 .8  
11 .O 
6.1 

10.0 

5 .3  
7 . 7  
4 .7  
6.2 

% i l e  o f  Ma le  o r  Female P o p u l a t i o n  

Smal l  
Female 

2 
6 

5 - - 

7 
11 

2 4 
2 2 

M i d - S i z e d  
Female 

4 5 
5 1 

5 0 - - 

6 0 
6 1 

94 
95 

M i d - S i z e d  
Ma le  

59 
60 

6 2 
- - 

7 0 
4 9 

9 5 
9 7 

L a r g e  
M a l e  

9 7 
99 

9 8 - - 

9 9 
9 9+ 

99+ 
9 9+ 



3.0 MEASUREMENT O F  VEH I CLE-SEATED ANTHROPOMETRY 

3.1 I n t r o d u c t i o n  

T h i s  s e c t i o n  d e s c r i b e s  t h e  methods, p rocedures ,  and r e s u l t s  

r e l a t e d  t o  t h e  measurement o f  v e h i c l e - s e a t e d  p o s t u r e  and anthropomet ry  

f o r  t h e  s u b j e c t  groups d e f i n e d  i n  S e c t i o n  2 . 7 .  F i g u r e  3 - 1  shows a  f l o w  

c h a r t  o u t l i n i n g  t h e  genera l  approach, i n c l u d i n g  t h e  a p p l i c a t i o n  o f  t h e  

a c q u i r e d  d a t a  t o  t h e  development o f  s t a n d a r d  r e f e r e n c e  forms and 

an th ropomet r i c  s p e c i f i c a t i o n  packages d e s c r i b e d  i n  Sec t i ons  4 and 5, 

r e s p e c t i v e l y .  As i n d i c a t e d ,  f o u r  1981 v e h i c l e s  were s e l e c t e d  and 

o b t a i n e d  t o  rep resen t  a  c r o s s  s e c t i o n  o f  t h e  c u r r e n t  and expected 

passenger v e h i c l e  sea t  types  and sea t  c o n f i g u r a t i o n s .  Sub jec ts  were 

r e c r u i t e d  t o  match t h e  f o u r  s e t s  o f  h e i g h t  and we igh t  c r i t e r i a  

p r e v i o u s l y  de termined.  Measurement o f  s u b j e c t s  was d i v i d e d  i n t o  t h r e e  

sepa ra te  p a r t s  r e f e r r e d  t o  as Phase I ,  Phase I I ,  and Phase I l l  i n  t h e  

remainder o f  t h i s  r e p o r t .  

Phase I t e s t i n g  c o n s i s t e d  o f  q u a l i f i c a t i o n  o f  s u b j e c t s  

respond ing  t o  adve r t i semen ts  as w e l l  as measurement and documenta t ion  o f  

seated p o s i t i o n  i n  one o f  t h e  f o u r  v e h i c l e s .  Phase I I  t e s t i n g  i n v o l v e d  

measurement i n  v e h i c l e  s e a t  bucks deveioped f rom v e h i c l e - s e a t e d  da ta  and 

v e h i c l e  package drawings t o :  (1) de te rm ine  genera l  body p o s t u r e  and 

pos i t ion ,  and ( 2 )  deve lop  s e a t / s u b j e c t  i n t e r f a c e  con tou rs .  

Phase I l l  t e s t i n g  was d i v i d e d  i n t o  two p a r t s .  I n  t h e  f i r s t  

p a r t ,  s u b j e c t s  were measured f o r  t r a d i t i o n a l  an thropomet ry  i n  t h e  

s t a n d i n g  and e r e c t  s i t t i n g  pos tu res .  I n  t h e  second p a r t ,  and f i n a l  

sess ion ,  s u b j e c t s  were seated i  n  con tou red  "hardseats"  developed f rom 

t h e  s e a t / s u b j e c t  i n t e r f a c e  da ta  f o r  eac:h s u b j e c t  group.  Seated 

anthropomet ry  and s u r f a c e  landmark c o o r d i n a t e  d a t a  were o b t a i n e d  by 

s tanda rd  and s tereophotogrammetr ic  proc:edures. These Phase I l l  r e s u l t s  

compr ised t h e  d a t a  base f o r  d e f i n i n g  and d e v e l o p i n g  t h e  seated s u r f a c e  

forms and an th ropomet r i c  s p e c i f i c a t i o n  packages. The f o l l o w i n g  pages 

d e s c r i b e  these procedures and r e s u l t s  i n  d e t a i l .  Coo rd ina te  va lues  

p resen ted  i n  t h i s  s e c t i o n  a r e  i n  t h e  l a ~ b o r a t o r y  r e f e r e n c e  system denoted 

by t h e  s u b s c r i p t  L .  
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F IGURE 3 - 1 .  P r o j e c t  f l o w  c h a r t .  



3.2 Vehicle and Vehicle Seat Selection 

Selecting a set of representativ~e vehicles and vehicle seats 

involved consideration of four primary criteria: 

1. The vehicle seats should be of both bench and bucket 
seat configuration, 

2. The vehicle seats should cover a range of 
stiffnesses, 

3 .  The vehicles should include both foreign 
and domestic (U.S.)  models, 

4. The vehicle types should represent a projected 
1985-1990 fleet. 

To sort out the great variety of vehicle types, the selection 

process was begun by adapting the vehicle classification scheme of the 

EPA. In this scheme, five size classes of vehicles are defined based on 

computation of interior volume. Because of a general trend toward down- 

sizing, the "large" category was eliminated from consideration. The 

final set consisted of four 1981 vehicles in the sub-compact and mid- 

size categories and included: 

r a Plymouth Champ hatchback 
r a Ford Escort 3-door hatchback 
r a Chevrolet Citation 4-door hatchback 

a Chevrolet Ma1 ibu 4-door sedan 

3 . 2 . 1  Vehicle Dimensions. Table 3 . 1  is a comparison of the 

four vehicles with respect to front seat volume, rear seat volume, cargo 

area volume, and total volume based upon the EPA classification scheme. 

TABLE 3 . 1  

VEHICLE INTERIOR VOLUME 

- - 

Champ 
Escort 
Citation 
Ma1 ibu 

Vehicle 
Total 

Volume (ft3) 
Front Seat 

Vo1ume(ft3) 
Rear Seat 

Vo1ume(ft3) 



The impor tan t  parameter f o r  t h e  c u r r e n t  c o n t r a c t  i s  f r o n t  s e a t  volume, 

wh ich  shows a  r e l a t i v e l y  even p r o g r e s s i o n  f rom t h e  smal l  t o  l a r g e  

v e h i c l e s  ( i . e . ,  Plymouth Champ, Ford  E s c o r t ,  C i t a t i o n ,  M a l i b u ) ,  

Us ing  t h e  EPA scheme, f r o n t  sea t  volume was computed u s i n g  f o u r  

d imensions f rom S A E  Recommended P r a c t i c e  Jl lOOa, "Motor V e h i c l e  

Dimensions." The f o u r  d imensions,  ~ 6 1 ,  W 3 ,  W 5 ,  and L34, a r e  d e f i n e d  

below i n  somewhat s i m p l i f i e d  terms:  

H61. E f f e c t i v e  head room: f r o n t .  The d imens ion measured a l o n g  a  
1 i ne 8 degrees t o  t h e  r e a r  o f  v e r t i c a l  , f rom t h e  s e a t i n g  r e f e r e n c e  
p o i n t  t o  t h e  head1 i n i n g  p l u s  4 inches.  

W3. Shoulder  room: f r o n t .  The minimum d imens ion measured l a t e r a l l y  
between t h e  tr immed v e h i c l e  su r faces  f rom a  p o i n t  10 inches above t h e  
s e a t i n g  r e f e r e n c e  p o i n t .  

W5. H i p  room: f r o n t .  The minimum d imens ion measured l a t e r a l l y  
between t h e  tr immed v e h i c l e  s u r f a c e s  f rom p o i n t s  i n  t h e  range o f  1 
i n c h  below t o  3 inches above t h e  s e a t i n g  r e f e r e n c e  p o i n t  and 3 inches 
f o r e  and a f t  o f  t h e  s e a t i n g  r e f e r e n c e  p o i n t .  

L 3 4 .  Maximum e f f e c t i v e  l e q  room: a c c e l e r a t o r .  The d imens ion measured 
a long  a  l i n e  f rom t h e  a n k l e  p i v o t  c e n t e r  t o  t h e  s e a t i n g  r e f e r e n c e  
p o i n t  p l u s  10 inches measured w i t h  t h e  r i g h t  f o o t  on t h e  undepressed 
a c c e l e r a t o r  peda l .  

F r o n t  s e a t  volume (V),  i n  c u b i c  f e e t ,  was computed u s i n g  t h e  f o l l o w i n g  

fo rmu la :  

Note t h a t  i n  t h e  E P A  d e f i n i t i o n  t h e  q u a n t i t y  i n  b r a c k e t s  i s  r e p l a c e d  by 

W3 un less  W5 i s  l e s s  than  W 3  m i  nus 5 inches (W5 i s  l e s s  than  (W3-5) ) . 
T a b l e  3.2 c o n t a i n s  t h e  va lues  o f  t h e  v a r i o u s  q u a n t i t i e s  f o r  t h e  

f o u r  v e h i c l e s  t h a t  were s e l e c t e d .  There i s  a  u n i f o r m  inc rease  i n  head 

(H611, shou lder  (W3), and l e g  room (L34) as v e h i c l e  s i z e  c l a s s  

increases.  Most n o t i c e a b l e  i s  an i nc rease  o f  6 . 2  inches i n  shou lder  

room (W3) . Some i n c o n s i s t e n c i e s  appear t o  e x i s t  w i  t h  r e s p e c t  t o  h i p  

room (W5) , p robab ly  due t o  i n t e r  i o r  door d e s i g n  d e t a i  I s .  The impor tan t  

l e g  and head room q u a n t i t i e s  t h a t  a f f e c t  s e a t i n g  p o s t u r e  r e p r e s e n t  a  

range o f  p o t e n t i a l  v e h i c l e  s e a t i n g  packages. 



TABLE 3.2 

VEHICLE FRONT-SEAT MEASUREMENTS 

3.2.2 V e h i c l e  Type. S e l e c t i o n  o f  v e h i c l e s  i n v o l v e d  

c o n s i d e r a t i o n  o f  b o t h  domest ic  and f o r e i g n  models as w e l l  as 

v e h i c l e s  expected t o  rep resen t  t h e  v e h i c l e  f l e e t  o f  t h e  l a t e  1980s. 

These two c r i t e r i a  were cons idered qua1 i t a t i v e l y  based on a number 

o f  c o n v e r s a t i o n s  w i t h  t h e  Con t rac t  Techn ica l  Manager, Motor V e h i c l e  

Manu fac tu re rs  A s s o c i a t i o n  (MVMA) personne l ,  and i n d i v i d u a l s  i n  t h e  

automobi l e  i n d u s t r y .  Most were unab le  t o  p r o j e c t  what t h e  v e h i c l e  

f l e e t  o f  t h e  l a t e  1980s would be. 

As a r e s u l t ,  d i s c u s s i o n s  s h i f t e d  t o  t h e  presence o f  advanced 

des igns  i n  t h e  c u r r e n t  marketp lace t h a t  were l i k e l y  t o  have " s t a y i n g  

power." The Plymouth Champ i s  an advanced des ign  subcompact i n  i t s  

c l a s s .  The Ford  Esco r t  rep resen ts  a  major  a t t emp t  t o  p r o v i d e  a  sma l l ,  

compact c l a s s  o f  v e h i c l e s  t h a t  a re  l i k e l y  t o  remain th rough t h i s  decade. 

The Chev ro le t  C i t a t i o n  rep resen ts  t h e  General Motors X-body concept .  I t  

p roved t o  be an immediate success i n  t h e  marke tp lace  and bodes w e l l  f o r  

v e h i c l e s  i n  i t s  c l a s s  ( t h e  Chrys le r  K-ca1.s a r e  d imens iona l  l y  v e r y  

s i m i  l a r )  . The Chev ro le t  Ma1 i b u  rep resen ts  a  t r a d i t i o n a l  s ix -passenger  

v e h i c l e .  Most e x p e r t s  f e e l  t h a t  ca rs  i n  t h i s  s i z e  c l a s s  w i l l  be around 

f o r  t h e  fo reseeab le  f u t u r e  b u t  o t h e r s  argue t h a t  t h e  three-passenger 

f r o n t  s e a t  w i l l  soon d isappear .  The M a l i b u  was s e l e c t e d  as a  

r e p r e s e n t a t i v e  l a r g e  automobi le ,  because i t s  genera l  occupant  volume i s  

expected t o  be ma in ta ined  d u r i n g  t h e  n e x t  down-s iz ing  o f  t h e  General 

Motors  A-body v e h i c l e s .  Front-wheel d r i v e  w i l l  a l s o  be i nc luded  i n  t h i s  

new package, so t h e  s e l e c t i o n  o f  t h e  M a l i b u  t o  r e p r e s e n t  t h e  l a r g e s t  

s i z e  c l a s s  o f  v e h i c l e s  o f  t h e  l a t e  1980s appeared t o  be somewhat 

o b j e c t i v e .  

Ve'h i c  1 e  

Champ 
E s c o r t  
C i t a t i o n  
Ma1 i b u  

w5 ( i n )  

51.6 
52 .O 
55.1 
52.2 

L34 ( i  n) 

40.6 
4 1 . 5  
42.2 
42.8 

~ 6 1  ( i n )  

38.8 
38.0 
38.1 
38.7  

w3 ( i n )  

51 .0 
51.5 
5 6 - 3  
57.2 



The f o u r  v e h i c l e s  bear name tags o f  U n i t e d  S ta tes  manu fac tu re rs .  

However, t h e  Plymouth Champ was designed and manufactured i n  Japan. The 

Ford Escor t  was designed t o  compete i n  t h e  i n t e r n a t i o n a l  marketp lace.  

The C i t a t i o n  and M a l i b u  rep resen t  domest ic  des igns.  I t  was thought  t h a t  

s e l e c t i o n  o f  these v e h i c l e s  represented ba lance o f  b o t h  domest ic  and 

f o r e i g n  des ign  concepts  and shou ld  be v a l i d  f o r  t h e  remainder o f  t h e  

1980s. 

3 . 2 . 3  Seat S e l e c t i o n .  Two f a c t o r s  were cons idered i n  s e l e c t i n g  

sea ts  f o r  t h e  v e h i c l e s .  The f i r s t  f a c t o r  was i n c l u s i o n  o f  b o t h  bench 

and bucket  sea t  c o n f i g u r a t i o n s ,  w h i l e  t h e  second had t o  do w i t h  s e a t  

s t i f f n e s s ,  The two sma l les t  v e h i c l e s ,  Champ and Esco r t ,  were equipped 

w i t h  f r o n t  bucket  seats .  I t  i s  b e l i e v e d  t h a t  a l l  v e h i c l e s  i n  t h e i r  s i z e  

c lasses  a r e  s i m i l a r l y  equipped. The C i t a t i o n  has a  s p l i t  bench s e a t  

des ign,  and t h e  M a l i b u  has a  t r a d i t i o n a l  f r o n t  bench, Also,  t h e r e  a r e  a  

number o f  s t r u c t u r a l  d i f f e r e n c e s  between t h e  sea ts  s e l e c t e d  t h a t  

r e p r e s e n t  a  range o f  s t i f f n e s s .  

A number o f  conferences were h e l d  w i t h  i n d i v i d u a l s  i n  t h e  

automobi le  i n d u s t r y  d u r i n g  t h e  process o f  seat  s e l e c t i o n .  Several  

p e r t i n e n t  comments were made. 

1 .  A v a r i a t i o n  o f  as much as 1 - 1 / 2  inches i n  the  l o c a t i o n  o f  t h e  
s e a t i n g  re fe rence  p o i n t  m i g h t  be expected between seemingly 
i d e n t i c a l  v e h i c l e s .  

2 .  The l e n g t h  o f  t ime t h a t  a  person s i t s  i n  a  seat  and t h e  age o f  
t h e  sea t  have a  major e f f e c t  on b o t h  s t i f f n e s s  and s e a t i n g  
r e f e r e n c e  p o i n t  l o c a t i o n .  

3.  Veh ic les  o rde red  a t  d i f f e r e n t  t imes d u r i n g  a  model r u n  may be 
equipped w i t h  seats  t h a t  appear t o  be t h e  same b u t  a c t u a l l y  have 
c o n s i d e r a b l y  d i f f e r e n t  frame and foam components. 

4. Sea t ing  foam i s  h i g h l y  s u s c e p t i b l e  t o  b a t c h  d i f f e r e n c e s  
r e s u l t i n g  i n  v a r i a b l e  s t i f f n e s s .  

I t  i s  recommended t h a t  these f a c t o r s  be s t u d i e d  more comp le te l y  i n  

f u t u r e  work t o  b e t t e r  d e f i n e  and q u a n t i f y  t h e  v a r i a b l e s  o f  seat  

s t i f f n e s s  and occupant l o c a t i o n s .  



3.3 Sub iec t  Recru i tment  

Once t h e  dummy f a m i l y  c o n s t i t u t i o n  and s i z i n g  s t r a t e g y  were 

approved by NHTSA, the  task  o f  e s t a b l i s h i n g  samples o f  human v o l u n t e e r s  

w i t h  h e i g h t s  and we igh ts  w i t h i n  t h e  d e f i n e d  ranges f o r  each o f  t h e  

anthropomorphic t e s t  dummies was begun. The i n i t i a l  sampl ing p l a n  

c a l l e d  f o r  r e c r u i t m e n t  o f  f i f t y  s u b j e c t s  i n  each o f  t h e  f o u r 2  groups 

f o r  p a r t i c i p a t i o n  i n  Phase I ( i n - v e h i c l e  measurements) o f  t he  s tudy.  I t  

was es t ima ted ,  based on a n a l y s i s  o f  t h e  H A N E S  da ta ,  t h a t  t h e  l o c a l  

p o p u l a t i o n  o f  200,000 persons was comprised o f  about  7,000 i n d i v i d u a l s  

i n  each o f  t h e  m id -s i zed  groups, about  2,000 l a r g e  males, and o n l y  about  

800 smal l  females.  I t  was apparent  t h a t  r e c r u i t m e n t  o f  t h e  f u l l  sample 

o f  s u b j e c t s  i n  the  extreme groups would be d i f f i c u l t .  

A wide range o f  s u b j e c t  recruitmsent methods were u t i l i z e d ,  

i n c l u d i n g  p o s t e r s  p laced  e x t e n s i v e l y  aroldnd t h e  community, 

adver t isements  i n  r e g i o n a l  newspapers and on t h e  r a d i o ,  r e c r u i t m e n t  a t  a  

Mich igan Technology F a i r ,  use o f  t h e  U n i v e r s i t y  o f  Mich igan P e r i o d i c  

H e a l t h  U n i t  t h a t  a l l owed  access t o  h e i g h t - w e i g h t  reco rds  o f  f a c u l t y  and 

s t a f f  members, r e c r u i t m e n t  th rough a t h l e t i c  departments o f  The 

U n i v e r s i t y  o f  Mich igan,  as w e l l  as d i r e c t  communication w i t h  f r i e n d s ,  

f a m i l y ,  and ne ighbors  o f  p r o j e c t  s t a f f .  I n  s p i t e  o f  these e f f o r t s ,  

expected problems i n  r e c r u i t i n g  s u b j e c t s  i n  t h e  extreme groups were 

r e a l i z e d .  Males who f i t  t h e  " l a r g e "  ca tegory  f o r  h e i g h t  were g e n e r a l l y  

below t h e  requ i rement  f o r  we ight ,  and fernales who f i t  the  "sma l l "  

ca tegory  f o r  h e i g h t  were g e n e r a l l y  above t h e  requ i rement  f o r  we igh t .  

A f t e r  twenty  weeks o f  r e c r u i t i n g ,  f i f t y  rn id-s ized males and females had 

been approved, b u t  o n l y  f o r t y - o n e  "sma l l "  females and t h i r t y - f i v e  

" l a r g e i '  males had q u a l i f i e d .  Because o f  t h e  n e c e s s i t y  t o  move on w i t h  

t h e  s tudy ,  i t  was concluded t h a t  these sample s i z e s  would have t o  be 

s u f f i c i e n t  i n  p r o v i d i n g  t h e  i n - v e h i c l e  measurement d a t a  needed t o  d e s i g n  

t h e  Phase I I  v e h i c l e  sea t  bucks. 

Z D u r i n g  t h i s  phase o f  t h e  s tudy,  a l l  f o u r  dummy-family members 
were b e i n g  cons idered.  The m id -s i zed  female  was dropped a f t e r  Phase I I  
da ta  c o l l e c t i o n .  



3.4 Phase I T e s t i n g :  Sub- iect  Sc reen inq  and 
A c q u i s i t i o n  of I n - V e h i c l e  Data 

S u b j e c t s  r espond ing  t o  t h e  v a r i o u s  modes o f  a d v e r t i s e m e n t  were 

g i v e n  a  p r e l i m i n a r y  s c r e e n i n g  on  t h e  t e l e p h o n e  w i t h  r e g a r d  t o  t h e i r  

h e i g h t ,  w e i g h t ,  gene ra l  h e a l t h ,  and a v a i l a b i l i t y  f o r  t e s t i n g  over  t h e  

n e x t  s i x  t o  t w e l v e  months. I f  responses t o  t hese  i n i t i a l  q u e s t i o n s  were 

s a t i s f a c t o r y ,  t h e  p o t e n t i a l  s u b j e c t  was schedu led  f o r  t h e  Phase I  

measurement s e s s i o n  wh i ch  had two purposes :  

1 .  To s u b s t a n t i a t e  t h a t  each p r o s p e c t i v e  s u b j e c t  d i d  indeed  meet 
t h e  h e i g h t  and w e i g h t  c r i t e r i a  o f  one o f  t h e  f o u r  c a t e g o r i e s .  

2 .  To assess p r e f e r r e d  occupan t  sea ted  p o s i t i o n ,  p o s t u r e ,  and 
o r i e n t a t i o n  i n  one o f  t h e  f o u r  s e l e c t e d  v e h i c l e s  f o r  d e s i g n  o f  
t h e  l a b o r a t o r y  v e h i c l e  s e a t  bucks .  

T a b l e  3 . 3  l i s t s  measurements t a k e n  i n  Phase I .  Upon a r r i v a l  a t  

UMTRI, each s u b j e c t  was t a k e n  t o  a  l a b o r a t o r y  where s t a t u r e ,  w e i g h t  

( w i t h o u t  shoes ) ,  e r e c t  s i t t i n g  h e i g h t ,  and b u t t o c k - k n e e  l e n g t h  were 

measured and reco rded .  The f i r s t  two v a r i a b l e s  were used as p r i m a r y  

s e l e c t i o n  c r i t e r i a ,  w h i l e  s i t t i n g  h e i g h t ,  bu t t ock - knee  l e n g t h ,  age, and 

r a c e  were secondary  v a r i a b l e s .  The s u b j e c t ' s  shoe-heel t h i c k n e s s  was 

a l s o  measured a t  t h i s  t ime ,  and each s u b j e c t  was asked t o  s i g n  a  s u b j e c t  

consen t  f o r m  shown i n  F i g u r e  3-2 ,  and t o  f i l l  o u t  a  s t a n d a r d  h e a l t h  

q u e s t i o n n a i r e .  

Each q u a l i f i e d  s u b j e c t  was randomly ass i gned  t o  one o f  t h e  f o u r  

v e h i c l e s  and t a k e n  t o  t h e  v e h i c l e  a r e a  f o r  i n - v e h i c l e  measurements. 

S u b j e c t s  were asked t o  s i t  i n  t h e  d r i v e r ' s  sea t  and t o  a d j u s t  t h e  sea t  

t o  t h e i r  p r e f e r r e d  p o s i t i o n  i n  f o u r  s e p a r a t e  t r i a l s .  The s e a t  t r a c k  

d e t e n t  f o r  each t r i a l  was r e c o r d e d  and t h e  r e s u l t s  averaged.  W i t h  

s u b j e c t s  sea ted  i n  a  p r e f e r r e d ,  r e l a x e d  d r i v i n g  p o s i t i o n  and p o s t u r e  and 

t h e  r i g h t  f o o t  on t h e  undepressed a c c e l e r a t o r  peda l ,  t h e  f o r e - a f t  

l o c a t i o n  o f  t h e  r i g h t  hee l  and t h e  r o t a t i o n  and p i t c h  ang les  o f  t h e  

r i g h t  f o o t  were measured and reco rded .  A l a t e r a l  v i e w  pho tograph  was 

t a k e n  as a  q u a l i t a t i v e  r e c o r d  o f  t h e  s u b j e c t ' s  sea ted  p o s t u r e .  F i g u r e s  

A - 1  t h r o u g h  A-4 show a  r e p r e s e n t a t i v e  c r o s s  s e c t i o n  o f  s u b j e c t s  sea ted  

i n  t h e i r  p r e f e r r e d  d r i v i n g  p o s i t i o n s  i n  t h e  d i f f e r e n t  v e h i c l e s .  



SUBJECT CONSENT FORM 

I ,  the undersigned, understand t h a t  the purpose of t h i s  study i s  
t o  c o l l e c t  data of body measurements whicb describe the  s i z e  and shape 
of persons s i t t i n g  in  car sea t s .  These measurements will  be used t o  
develop forms for  new automotive t e s t  duma~ies. The spec i f ic  t e s t s  i n  
which I wil l  be asked t o  par t i c ipa te  a r e  divided into three parts .  

In the f i r s t  session a few basic mear;urments d i l l  be taken (he igh t ,  
weight, s i t t i n g  height,  buttock-knee leng th) .  I will a l so  be asked t o  
o r i e n t  myself in  a non-moving vehicle  and perform some simple sea t  
adjustments. In addi t ion,  a photograph will be taken. 

In the second session,  I wil l  be asked to wear special light-weight 
c lothing which will be provided. I will then be asked to s i t  in  a 
vehicle  sea t  in a laboratory while: 

1 )  A sea t  cast ing i s  made of  the sea t  cushion and s e a t  
back depression, 

2 )  Photographs and measurements a r e  taken of my head; spine,  
arms, torso,  pelvis ,  l egs  and fee t .  

In the th i rd  session,  I wil l  be aske~d to s i t  in a hard surface 
s e a t  in the laboratory while a complete s e t  of measurements a r e  taken. 

I understand t h a t  the measurements will involve both manual and 
photographic techniques, the th ree  sessions will be conducted on 
d i f f e r e n t  days, the sessions will  take 6-8 hours cf my time ( i n  t o t a l )  
and will  take place over the next 8-10 months. 

I acknowledge that  I have received a complete br ief ing of  t h i s  
study and am s a t i s f i e d  t h a t  I understand what i s  involved. I have 
completed a standard health questionnaire and am aware t h a t  my part:- 
c ipa t ion  in the actual t e s t s  i s  subject  o t  the screening of t h e  in for -  
mation I have provided o n  t h i s  form. 

Iealso understand t h a t  I wil l  be allowed a t  any time t o  discontinue 
my par t i c ipa t ion  in t h i s  study without predjudice or change i n  my pay. 
I fu r ther  acknowledge t h a t  a l l  the  data a r e  confidential and I agree 
t o  allow publication of any or a l l  of t h e  data col lected i f  presented 
in a coded form n o t  ident i fying me. 

I hereby consent t o  par t i c ipa te  i n  1:he study. 

Date Signature of Subject 

Date !jignature of Witness 

F I G U R E  3 - 2 .  Sub jec t  consent  form. 



TABLE 3.3 

ANTHROPOMETRY 
S t a t u r e  
Wei g h t  (wi t h o u t  shoes) 
E rec t  s i t t i n g  h e i g h t  
But tock-knee l e n g t h  

SHOE HEEL THICKNESS 

MEDICAL QUESTIONNAIRE 

CONSENT FORM 

IN-VEHICLE MEASURES 
Seat d e t e n t ,  4 t r i a l s  
A c c e l e r a t o r  hee l  p o s i t i o n  
A c c e l e r a t o r  f o o t  p i t c h  and r o t a t  i o n  

IN-VEHICLE PHOTOGRAPHS 
Normal 
S tandard ized 

On occas ion  i t  was no ted  t h a t ,  w i t h o u t  some i n s t r u c t i o n ,  a  

s u b j e c t  would choose t o  s i t  i n  a  r a t h e r  a t y p i c a l  (but  p robab ly  

r e a l  i s t i c )  manner, such as w i t h  t h e  b u t t o c k s  and/or back away f rom t h e  

seat  back.  Such o b s e r v a t i o n s  l e d  t o  l eng thy  d i s c u s s i o n s  o f  " r e a l i s t i c , "  

"normal," and " t y p i c a l "  d r i v i n g  o r  v e h i c l e - s e a t e d  pos tu res  and r e s u l t e d  

i n  genera l  agreement o f  t h e  n e c e s s i t y  f o r  some degree o f  s i m i l a r i t y  i n  

seated pos tu res  between s u b j e c t s  w i t h i n  each group. I t  was a l s o  agreed 

t h a t  t h e  i n t e n t  o f  t h i s  s tudy  was n o t  t o  ana lyze and i n c l u d e  t h e  range 

o f  d r i v e r  o r  passenger p o s t u r e s  and p o s i t i o n s  t h a t  one c o u l d  observe i n  

t h e  " r e a l  wo r ld , "  and wh ich  v a r y  s u b s t a n t i a l l y  and i n c l u d e  s i g n i f i c a n t  

asymmetry. 

Rather ,  t h e  purpose o f  t h i s  s tudy  was t o  de termine t h e  body 

pos tu re ,  shape, and p o s i t i o n  r e s u l t i n g  f rom t h e  sea t  package 

c o n f i g u r a t i o n s ,  s e a t  geomet r ies ,  and seat  d e f l e c t i o n  c h a r a c t e r i s t i c s  o f  

v e h i c l e s  t y p i c a l  o f  t h e  p r e s e n t  and f u t u r e  v e h i c l e  f l e e t .  Wi thout  some 

s i m i l a r i t y  and s t a n d a r d i z a t i o n  o f  t he  seated pos tu re ,  averag ing  o f  da ta  

would become d i f f i c u l t  and even meaningless.  As a  r e s u l t ,  t h e  te rm 



" s t a n d a r d i z e d  normal d r i v i n g  p o s t u r e "  was adopted t o  mean a  r e l a x e d ,  

c o m f o r t a b l e ,  and t y p i c a l  d r i v i n g  p o s t u r e  w i t h  t h e  c o n s t r a i n t  t h a t  t h e  

b u t t o c k  c o n t a c t  t h e  s e a t  back /seat  cush ion  i n t e r f a c e  and t h e  back l i e  

c o m f o r t a b l y  i n t o  t h e  s e a t  back. A  second photograph was taken  o f  

s u b j e c t s  t o  document t h i s  " s t a n d a r d i z e d  normal d r i v i n g  p o s t u r e "  versus  

t h e  u n i n s t r u c t e d  o r  " n a t u r a l "  p o s t u r e .  G e n e r a l l y ,  t h e r e  was l i t t l e  

n o t i c e a b l e  d i f f e r e n c e  between t h e  two as shown i n  F i g u r e  3-3. However, 

a  few s u b j e c t s ,  p a r t i c u l a r l y  i n  t h e  smal l  female group, demonstrated a  

s i g n i f i c a n t  v a r i a t i o n  as i l l u s t r a t e d  i n  F i g u r e  3-4. 

I n  Phase I t e s t i n g ,  then,  s u b j e c t  sample p o p u l a t i o n s  were 

e s t a b l i s h e d  and v e h i c l e - s e a t e d  p o s t u r e  was assessed and documented 

w i t h i n  each morpho log i ca l  g roup f o r  each v e h i c l e  t ype .  Bas i c  i n - v e h i c l e  

s e a t  and s u b j e c t  p o s i t i o n  d a t a  were o b t a i n e d  and used w i t h  v e h i c l e  

package drawings t o  e s t a b l i s h  d imens iona l  f e a t u r e s  o f  t h e  v e h i c l e  sea t  

bucks as d e s c r i b e d  i n  t h e  n e x t  s e c t i o n  and Appendices B  and C .  Tab les  

3 .4  (a) th rough 3.4 (c) summarize t h e  Phase I measurement r e s u l t s  f o r  t h e  

s i x t e e n  g r o u p / v e h i c l e  c o n d i t i o n s .  Tab les  A .  1 th rough A . 4  presen t  t h e  

comple te  s t a t i s t i c a l  t a b u l a t i o n s  o f  Phase I r e s u l t s .  

3.5 Development o f  V e h i c l e  Seat Bucks 
f o r  Phase I I  T e s t i n g  

3.5.1 S i m u l a t i o n  o f  V e h i c l e  Sea t i ng .  Packages. A s  ment ioned,  

two d a t a  s e t s  were used t o  d e s i g n  t h e  s e a t  bucks f o r  Phase I I  

measurements: v e h i c l e  d a t a  and s u b j e c t  da ta .  V e h i c l e  package drawings 

and v e h i c l e  d imens iona l  d a t a  were used to de termine t h e  h e i g h t  o f  sea t -  

t r a c k  mount ing  spacers and t h e  l o c a t i o n  and t i l t  o f  t h e  s t e e r i n g  wheel .  

These d a t a  ensured t h a t  each v e h i c l e  s e a t  buck s i m u l a t e d  t h e  p rope r  

r e l a t i o n s h i p  o f  v e h i c l e  i n t e r i o r  f e a t u r e s  r e l a t i v e  t o  each o t h e r  and t h e  

a c c e l e r a t o r  h e e l - p o i n t .  V e h i c l e  d imens iona l  d a t a  u t i l i z e d  a r e  

summarized i n  Tab les  8.1 t h rough  B . 4 .  

To v a l  i d a t e  p rope r  s e a t  l o c a t i o r ~  and o r i e n t a t i o n ,  t h e  S A E  J826 

H - p o i n t  machine was used t o  de termine s e a t  buck H-po in t  parameters f o r  

compar ison w i t h  t h e  H - p o i n t  des ign  s p e c i f i c a t i o n s  o f  each v e h i c l e .  

S ince  t h e  bucks d i d  n o t  have an a c c e l e r a t o r  peda l ,  i t  was necessary t o  

s e t  and f i x  t h e  a c c e l e r a t o r  h e e l - p o i n t  o f  t h e  H - p o i n t  machine r e l a t i v e  



F I G U R E  3 - 3 .  Mid -s i zed  male s u b j e c t  s i t t i n g  i n  M a l i b u  

showing 1 i t t  1 e  o r  no d  i f f e r e n c e  between "norma 1 "  (above) 
and "s tanda rd i zed"  (below) seated p o s t u r e s .  



F I G U R E  3 -4 .  Small female  s u b j e c t  s i t t i n g  i n  Ford Esco r t  
showing a s i g n i f i c a n t  d i f f e r e n c e  between "normal" (above) 
and "s tanda rd  i zed" (be1 ow) seated pos tu res  . 



TABLE 3.4 (a) 

MEAN VALUES OF PHASE I MEASUREMENTS BY SUBJECT GROUP 

TABLE 3.4 (b) 

MEAN VALUES O F  PHASE I MEASUREMENTS BY VEHICLE 

Measurement 

Age (years)  
S t a t u r e  (cm) 
Weight (kg)  
E r e c t  S i t t i n g  H e i g h t  (cm) 
Bu t tock  Knee Length  (cm) 
Heel Th ickness  (cm) 
Detent  
Bol t t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z) 
Foot  R o t a t  i o n  (Deg t o  Ve r t )  

Small  
Females 

(N=4 1) 

36.0 
151.6 
47 3 
81.8 
52 7 

4.6 
1 .7  

45.7 
56 9 9 

7.1 

Mid-S ized 
Females 

04-50) 

40.3 
162.7 
63.2 
86.7 
56.9 

4.4 
4.6 

46.1 
58.1 

7.0 

Champ 
(N=42) 

35.3 
166.9 
69.1 
88.6 
57 95 

4.4 
6.1 

4 3 - 9  
58.0 
10.2 

Mid-Sized 
Males 
(N=53) 

36.2 
174.7 

77 e 5  

91 - 9  
60.2 

3 2 
7.4 

45.1 
59.0 
12.1 

E s c o r t  
(Nz47) 

34 7 
168.9 
72.2 
89.6 
5 8 - 9  

4.1 
7 - 5  

40.9 
54.1 
10.6 

Large 
Males 

04-33] 

34.1 
186.1 
101.8 
96.9 
64.4 

3.1 
10.1 
44.6 
55.0 
19.0 

C i t a t i o n  
(N=44) 

3 7 - 5  
168 .O 

71 .1  
88.5 
5 8 - 3  

3 5 
4 7 

46.3 
63.1 
12.5 

Measurement 

Age (years)  
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
Bu t tock  Knee Length (cm) 
Heel Th ickness  (cm) 
De ten t  
B o l t  t o  Heel (cm) 
Foot  P i  t c h  (Deg t o   or i z) 
Foot  R o t a t i o n  (Deg t o  Ve r t )  

M a l i b u  
(N=44) 

40.2 
168.4 
71.4 
89 e 3 
58.5 

3.5 
4.8 

50.8 
55.0 

9 - 9  



TABLE 3 .4 (c ) :  MEAN VALUES O F  PHASE I MEASUREMENTS F O R  
THE SIXTEEN SUBJECT GROUP/VEHICLE CATEGORIES 

- -- 

Measurement by Group 

Small  Female: 
Age (years)  
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
B u t t o c k  Knee Length (cm) 
Heel Th ickness  (cm) 
De ten t  
Bol  t t o  Heel (cm) 
Foot  P i i c h  (Deg t o  Hor i z) 
Foot  R o t a t i o n  (Deg t o  V e r t )  

Mid-S ized Female: 
Age (years)  
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
B u t t o c k  Knee Length (cm) 
Heel Th ickness  (cm) 
De t e n  t 
B o l t  t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z) 
Foot  R o t a t i o n  (Deg t o  V e r t )  

Mid-S ized Male: 
Age (years)  
S t a t u r e  (cm) 
Weight  (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
Bu t tock  Knee Length  (cm) 
Heel Th ickness  (cm) 
De ten t  
Bol  t t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z) 
Foot  R o t a t  i o n  (Deg t o  V e r t )  

Large Male: 
Age (years)  
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
B u t t o c k  Knee Length (cm) 
Heel Th ickness  (cm) 
De ten t  
Bol  t t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z) 
Foot  R o t a t i o n  (Deg t o  V e r t )  

M a l i b u  

( N = l l )  
43.2 

151 - 7  
47.4 
82.2 
52.9 

3.9 
1 . 4  

50 9 
53.2 

6.1 

(N= 10) 
42.3 

162.5 
62.4 
86.6 
57.3 

3.7 
3.6 

52.1 
57 - 5  

6.8 

(N= 15) 
39.3 

175* 1 
78 3 
92.2 
60.1 

3.1 
6.5 

4 9 - 5  
55.6 

9.3 

(N= 8) 
35.1 

186.4 
102.7 
97 $ 0  
64.7 

3 .3  
8.0 

51.5 
5 3 - 5  
20.1 

- - 

C i t a t i o n  

(N= 10) 
36.0 

152.6 
46.9 
81.4 
53.3 

4.3 
1.3 

46.4 
62.3 

9 * 8  

(N= 1 2) 
41.6 

162.2 
62.9 
86.0 
55 9 

3 7 
3 3 

47 -5 
6 3 - 9  

8.4 

(N-14) 
3 5 - 7  

174.5 
77.2 
91 - 3  
60.4 

3 - 4  
6 3 

46.7 
65.8 
15.8 

(N= 8) 
36.6 

184.9 
103.0 
96.1 
64.5 

2.8 
8.5 

43.9 
58.1 
14.2 

E s c o r t  

(N=10) 
32.3 

150.9 
47 9 5  

81 .4  
52.6 

4 - 9  
1 , 4  

41 . O  
5 5 e  1 

6.0 

(N= 1 4) 
37.6 

163.6 
64.1 
87.8 
57 .2 

4.5 
5.6 

42 .O 
53.1 

5.5 

(N= 13) 
35.9 

175.0 
7 7 - 3  
92.1 
61 .O 

3.5 
9 - 9  

40.5 
55 2 
13.7 

(N= 10) 
31.4 

186.5 
101.6 
97.0 
64.6 

3.5 
13.0 
39.6 
52.8 
18.4 

Champ 

(N= 1 0) 
31.8 

151.4 
4 7 - 3  
82.1 
51.9 

5 - 2  
2 - 9  

43.8 
57.3 

6.8 

(N= 14) 
40.4 

162.5 
63.1 
86.2 
5 7 - 3  

5 5 
5 .4  

44.8 
58.4 

7 - 5  

(N= l l )  
32 -9 

174 .1  
76.8 
92 .2  
59.0 

2 + 9  
7.4 

42.5 
59.5 

9 - 4  

(N= 17) 
33.9 

186.6 
9 9 - 8  
97.4 
63.8 

2.9 
10.0 
44.3 
56.1 
21 .9 



t o  t h e  s e a t - t r a c k  mount ing  b o l t  b e f o r e  proceed ing w i t h  t h e  H-po in t  

p rocedure .  Ass is tance was rece i ved  from exper ienced personnel  a t  Ford 

Motor Company u n t i l  conf idence i n  t h e  proper  use o f  t h i s  dev i ce  was 

ach ieved.  F i g u r e  3-5 i l l u s t r a t e s  use o f  t he  H-poin,t  machine f o l l o w i n g  

t h e  p r o t o c o l  1 i s t e d  i n  Tab le  B.5 .  Table  8.6 compares t h e  seat  buck H-  

p o i n t  measurements w i t h  t h e  H-po in t  des ign  s p e c i f i c a t i o n s  f o r  each 

v e h i c l e .  The measured and d e s i r e d  r e s u l t s  a r e  g e n e r a l l y  i n  e x c e l l e n t  

agreement and a l l  sea t  buck s p e c i f i c a t i o n s  a r e  w i t h i n  a l l o w a b l e  

t o l e r a n c e  acco rd ing  t o  au tomot i ve  company eng ineers .  

F I G U R E  3-5. J826 H-po in t  machine v a l i d a t i o n  o f  v e h i c l e  seat  bucks. 

3.5.2 S i m u l a t i o n  o f  D r i v e r  C o n f i g u r a t i o n s .  Wi th  seats  

c o r r e c t l y  o r i e n t e d  per v e h i c l e  package dimensions and H-po in t  

s p e c i f i c a t i o n s ,  s u b j e c t  and sea t  p o s i t i o n  da ta  taken i n  t h e  v e h i c l e s  

d u r i n g  Phase I t e s t i n g  were used t o  de termine s e a t - t r a c k  d e t e n t  p o s i t i o n  

and toeboard l o c a t i o n  and t i l t  f o r  each subject-group/vehicle-type 

combinat ion .  Appendix C c o n t a i n s  i l l u s t r a t i o n s  and t a b u l a t i o n s  o f  

measured and c a l c u l a t e d  va lues  i nvo l ved  and d e s c r i b e s  t h e  buck 

development process i n  d e t a i  1 .  F i gu re  3-6 i 1 l u s t r a t e s  some o f  t he  b a s i c  

f e a t u r e s  and r e f e r e n c e  p o i n t s  o f  these v e h i c l e  bucks and Tab le  3.5 g i v e s  

t h e  f i n a l  buck d imensions.  



STEERING WHEEL 

ACCELERATOR 
HEEL POINT 

I BUCK PLATFORM T F R o N T  ' ' \ 
FRONT REAR 

T O N T  EDGE SEAT TRACK SEAT TRACK SEAT TRACK 
OF 3/4 MOUNTING SPACER MOUNTING BOLT SPACER 

BOARD 

F I G U R E  3-6. Features o f  vehicle seat buck used f o r  Phase I I  measurements. 



Since  f o o t  p i t c h  and r o t a t i o n  ang les  were s i m i l a r  across  a l l  

s u b j e c t / v e h i c l e  condi  t i ons ,  t h e  averages o f  a1 1 s u b j e c t s  were used (58 

degrees p i t c h  and 1 1  degrees r o t a t i o n ) .  S e a t - t r a c k  d e t e n t  va lues  were 

averaged f o r  each o f  t h e  s i x t e e n  p o s s i b l e  s i t u a t i o n s  ( f o u r  s u b j e c t  

groups t imes f o u r  v e h i c l e s )  and rounded o f f  t o  t h e  n e a r e s t  i n t e g e r  

va lues .  To account  f o r  round -o f f  e r r o r ,  c o r r e c t i o n  f a c t o r s  were a p p l i e d  

t o  t h e  measured hee l  l o c a t i o n s  (HEELLOC i n  Tab le  C . 1 ) .  Heel p o s i t i o n s  

r e l a t i v e  t o  t h e  f r o n t  sea t  mount ing b o l t s  were de te rm ined  by a p p l y i n g  a  

second s e t  o f  c o r r e c t i o n  f a c t o r s  t o  t h e  average measured hee l  l o c a t i o n s  

(HEELLOC) i n  t h e  v e h i c l e s .  These c o r r e c t i o n  f a c t o r s  were c a l c u l a t e d  

f rom shoe heel  t h i c k n e s s  ( s u b j e c t s  were b a r e f o o t  i n  t h e  buck) and f o o t  

p i t c h  ang le  measurements and a r e  i l l u s t r a t e d  i n  F i g u r e  C-2 o f  Appendix 

C .  The h e i g h t s  o f  t h e  hee l  p o s i t i o n s  were a l s o  a d j u s t e d  f o r  t hese  shoe 

hee l  t h i ckness  f a c t o r s .  As i n d i c a t e d  i n  Tab le  3.5,  a l l  r e s u l t i n g  buck 

d imensions,  except  s e a t  d e t e n t  s e t t i n g s ,  were v e h i c l e  s p e c i f i c  and 

independent o f  s u b j e c t  group. Tab le  3.6 shows t h e  d e t e n t  s e t t i n g s  used 

f o r  each o f  t h e  g r o u p / v e h i c l e  c o n d i t i o n s .  F i g u r e  3-7 shows t h e  

completed seat  buck w i t h  t h e  M a l i b u  sea t ,  s t e e r i n g  wheel ,  and toeboard  

f o r  Phase I I  s u b j e c t  t e s t i n g .  

3 .6  Phase I I T e s t i n q :  Measurement o f  Seated Pos tu re  
and Seat /Sub jec t  I n t e r f a c e  Contours 

As p r e v i o u s l y  s t a t e d ,  t h e r e  were two purposes t o  Phase I I  

s u b j e c t  t e s t i n g .  F i r s t ,  i t  was i m p o r t a n t  t o  d e f i n e  seated p o s t u r e  i n  

v e h i c l e  ( s o f t )  sea ts  f o r  even tua l  compar ison w i t h ,  and v a l i d a t i o n  o f ,  

seated p o s i t i o n  and p o s t u r e  i n  t h e  con tou red  ha rdsea ts  (see S e c t i o n  

3 9  Second, i t  was necessary t o  de te rm ine  t h e  s e a t / s u b j e c t  i n t e r f a c e  

con tou rs  t h a t  would d e f i n e  t h e  con tou red  hardseats  f o r  each group.  The 

f i r s t  o b j e c t i v e  was accompl ished by u s i n g  stereophotogrammetry t o  l o c a t e  

t h e  th ree -d imens iona l  c o o r d i n a t e s  o f  markers p laced  on t h e  s k i n  over  

p a l p a t e d  s k e l e t a l  landmarks. Accomplishment o f  t h e  second o b j e c t i v e  

i n v o l v e d  c a s t i n g  t h e  s e a t / s u b j e c t  i n t e r f a c e  u s i n g  a  medica l  s p l i n t  

c a s t i n g  m a t e r i a l  known as Sco tchcas t .  The f o l l o w i n g  s e c t i o n s  d e s c r i b e  

these procedures and r e s u l t s  i n  some d e t a i l .  



TABLE 3.5 

FINAL VEHiCLE SEAT EUCK DIMENSIONSf( 

Vehicle 

Ma1 i bu 
Citation 
Escort 
Champ 

HEEL 
SPACER 
(In) 

TOEBOARD 
PITCH: 
HORIZ. 
(Deg) 

58 
58 
5 8 
58 

FOOT 
ROTATION: 
VERTICAL 
(Deg) 

1 HEEL 
D l STANCE 
'from C/L 

( 1  n) 

BOLT TO 
HEEL DlST 

(In) 

:':See ~abl'e C.1 for definition of variables. 

WHEEL 
H T 

( In) 

25.0 
25.0 
25.0 
25.0 

TABLE 3 . 6  

BUCK SEAT DETENT SETTINGS 

WHEEL 
TI LT 
(Deg) 

2 1 
2 1 
2 6  
2 6 

F I G U R E  3-7. Phase I I  measurement buck with Malibu seat, 
toeboard, and steering wheel swung out of position. 

Champ 

2 
5 
7 

Escort 

1 
6 
10 

Group 

Small Female 
Mid-Sized Female 
Mid-Sized Male 

l 3  1 10 Large Male 

Malibu 

1 
3 
6 

Citation 

1 
3 
6 

8 8 



3.6.1  Stereophotoarammetry Data Col l e c t  i o n  System. The task  o f  

d e t e r m i n i n g  t h e  th ree -d imens iona l  c o o r d i n a t e s  o f  s u r f a c e  markers on each 

s u b j e c t  i n  b o t h  Phase I I  and Phase I l l  t e s t i n g  was accompl ished by means 

o f  a  s te reophotogrammetr ic  system i l l u s t r a t e d  s c h e m a t i c a l l y  i n  F i g u r e  3- 

8.  Seven 3 5 - m m  Pentax cameras were p o s i t i o n e d  and f i x e d  i n  t h e  

l a b o r a t o r y  t o  v iew t h e  sea t  buck f rom t h e  upper f r o n t  (camera no.l=UF), 

lower f r o n t  (camera no.Z=LF) , l e f t  s i d e  (camera no.J=LS) , r i g h t  s i d e  

(camera no. 4=RS) , 1 ower back (camera no.S=LB) , upper back (camera 

no.6=UB) , and upper s i d e  (camera no.7=US) . The techn ique  used t o  

de termine X ,  Y ,  and Z  l a b o r a t o r y  c o o r d i n a t e s  o f  t a r g e t s  v iewed by a t  

l e a s t  two cameras i n v o l v e s  t h e  mathemat ica l  approach known as d i r e c t  

1 i nea r  t r a n s f o r m a t i o n  (DLT) d e s c r i b e d  by Alem e t  a l .  (1978) and Abdel-  

Az iz  and Karara  (1971). C a l i b r a t i o n  c o e f f i c i e n t s  f o r  a  s e t  o f  equa t i ons  

t h a t  r e l a t e  camera image c o o r d i n a t e s  (u,v) t o  s p a t i a l  c o o r d i n a t e s  ( x ,  Y,  

and Z) a r e  de termined by pho tog raph ing  a  th ree -d imens iona l  g r i d  o f  

t a r g e t s  whose c o o r d i n a t e s  r e l a t i v e  t o  each o t h e r  a r e  p r e c i s e l y  known. 

The " f i e l d  o f  v iew"  i s  t he reby  c a l i b r a t e d  f o r  any t a r g e t  p laced  w i t h i n  

t h e  c a l i b r a t e d  volume, w i t h o u t  t h e  need f o r  p r e c i s e  measurement o f  

camera o r i e n t a t i o n s  and d i s t a n c e s ,  and remains c a l i b r a t e d  as l ong  as t h e  

cameras a r e  n o t  moved. 

F i g u r e  3-9 shows t h e  t a r g e t  a r r a y  used t o  e s t a b l i s h  t h e  DLT 

c a l i b r a t i o n  c o e f f i c i e n t s  f o r  t h e  l a b o r a t o r y  space occup ied by s u b j e c t s  

seated on t h e  buck p l a t f o r m .  A s e r i e s  o f  c o l o r e d  s p h e r i c a l  beads were 

p laced  a t  p r e c i s e l y  measured i n t e r v a l s  a l o n g  model a i r c r a f t  cab les .  The 

cab les  were suspended f rom a  s t e e l  s t r u c t u r e  u s i n g  a  m a t r i x  o f  p r e c i s e l y  

p o s i t i o n e d  h o l e s  and were tens ioned  w i t h  plumb w e i g h t s .  L o c a t i o n s  o f  

p o i n t s  i n  th ree-d imens iona l  space determined by t h i s  se tup  a r e  g i v e n  i n  

X L ,  Y L ,  and Z c o o r d i n a t e s  w i t h  p o s i t i v e  X f a c i n g  fo rward  on t h e  buck, 
L L  

p o s i t i v e  Y toward t h e  s u b j e c t ' s  l e f t ,  and p o s i t i v e  ZL upward. Cameras 
L 

were loaded w i t h  Ektachrome 200 35-mm s l i d e  f i l m .  Dur ing  s u b j e c t  

t e s t i n g ,  t h e  s h u t t e r  r e l e a s e  knobs on a l l  cameras were f i r e d  

s imu l taneous l y  by  means o f  a i r - p r e s s u r e  a c t i v a t e d  s o l e n o i d s  t h a t  were 

manua l ly  ope ra ted  by  a  c e n t r a l  hand pump, I n  Phase I I  t e s t i n g ,  t h e  r e a r  

cameras (nos. 5 and 6) were n o t  used s i n c e  t h e r e  were no s p i n a l  t a r g e t s .  



F l GURE 3-8. Schematic d rawing o f  seven camera s te reopho to -  
grammetry system. 

FIGURE 3-9. Targe t  a r r a y  f o r  c a l i b r a t i o n  o f  seven-camera 
stereophotogrammetry system. 



3.6.2 Phase I  I P r o t o c o l  : Seated Posture .  P r i o r  t o  a r r i v a l  o f  a  

s u b j e c t  f o r  Phase I I  t e s t i n g ,  t h e  buck p l a t f o r m  was c o n f i g u r e d  w i t h  t h e  

v e h i c l e  s e a t  assembly and toeboard  l o c a t i o n  f o r  t h e  v e h i c l e  t h e  s u b j e c t  

had been ass igned t o  i n  Phase I .  Upon a r r i v a l  a t  UMTRI, s u b j e c t s  were 

reweighed t o  ensure  they  s t i l l  met t h e  c r i t e r i a  o f  t h e i r  ass igned group.  

They were t h e n  i n s t r u c t e d  t o  change i n t o  b r i e f ,  l i g h t - c o l o r e d  under 

a t t i r e  ( u n d e r b r i e f s  f o r  t h e  men, u n d e r b r i e f s  p l u s  ha1 t e r  f o r  t h e  women), 

and t o  s i t  i n  t h e  v e h i c l e  sea t  i n  t h e  s tanda rd i zed ,  r e l a x e d  d r i v i n g  

pos tu re ,  as i l l u s t r a t e d  i n  F i g u r e  3.10, w i t h  hands s y m m e t r i c a l l y  on t h e  

s t e e r i n g  wheel a t  t h e  10 o ' c l o c k  and Z ' c l o c k  p o s i t i o n s ,  and t h e  f e e t  

p laced  s q u a r e l y  and s y m m e t r i c a l l y  on t h e  toeboard  a t  t h e  e s t a b l i s h e d  

hee l  p o s i t i o n s  and ang les .  

T a b l e  3.7 l i s t s  t h e  s u r f a c e  landmarks t a r g e t e d  f o r  Phase I I  

t e s t i n g .  D e f i n i t i o n  o f  these terms can be found i n  Appendix D .  W i th  

t h e  s u b j e c t  i n  t h e  seated p o s i t i o n ,  t h e  f i r s t  seven s k e l e t a l  landmarks 

were p a l p a t e d  on t h e  s u b j e c t ' s  l e f t  s i d e  and t a r g e t e d  w i t h  c o n t r q s t  

markers.  The s u b j e c t  was i n s t r u c t e d  t o  r e l a x ,  look  s t r a i g h t  ahead a t  an 

a p p r o p r i a t e l y  p o s i t i o n e d  t a r g e t ,  and t o  remain s t i l l  when ready.  The 

f i v e  cameras were then  f i r e d  s i m u l t a n e o u s l y  t o  r e c o r d  t h e  l o c a t i o n s  o f  

t h e  s u r f a c e  t a r g e t s  a t  t h i s  p o s i t i o n  and p o s t u r e .  

A f t e r  check ing  and w i n d i n g  a l l  cameras, t h e  s t e e r i n g  wheel was 

removed and t h e  s u b j e c t  was asked t o  h o l d  two 1 /4- inch d iameter  meta l  

probes w i t h  t i p s  p l a c e d  on s k i n  s u r f a c e  p o i n t s  p a l p a t e d  over  t h e  l e f t  

a n t e r  i o r - s u p e r  i or  i 1 i a c  s p i n e  ( A S  IS) and p u b i c  symphysi s  as shown i n  

F i g u r e  3 -11 .  These p a l p a t e d  p o i n t s  a r e  needed t o  e s t i m a t e  t h e  

o r i e n t a t i o n  o f  t h e  seated p e l v i c  bone, b u t  a r e  d i f f i c u l t  o r  imposs ib le  

t o  "see" w i t h  t h e  cameras due t o  t h e i r  l o c a t i o n s  and/or excess i ve  t i s s u e  

i n  these a reas .  Use o f  t h e  probes n o t  o n l y  p r o v i d e d  a means o f  

p h o t o g r a m m e t r i c a l l y  l o c a t i n g  t h e  s u r f a c e  p o i n t s ,  b u t  a l s o  a l l o w e d  a  

c l o s e r  a p p r o x i m a t i o n  t o  t h e  a c t u a l  s k e l e t a l  landmarks o f  i n t e r e s t  by 

hav ing  t h e  s u b j e c t s  compress t h e  t i s s u e  w i t h  t h e  probes p r i o r  t o  

s h u t t e r i n g  t h e  cameras. Each probe was p r o v i d e d  w i t h  t h r e e  c o n t r a s t  

r i n g s  ( t a r g e t s )  l o c a t e d  known d i s t a n c e s  f rom t h e  t i p  and f rom each 

o t h e r .  The c o o r d i n a t e s  o f  each probe t i p  were determined a n a l y t i c a l l y  

by c o n s t r u c t i n g  t h e  v e c t o r  w i t h  t h e  l e a s t  squared-er ror  f i t  t o  t h e  t h r e e  



F I G U R E  3-10.  M i d - s i z e d  ma le  sea ted  i n  M a l i b u  sea t  on buck .  

F IGURE 3-11. M i d - s i z e d  ma le  h o l d i n g  p robes  on p e l v i c  landmarks .  



TABLE 3.7 

PHASE I I  S U R F A C E  LANDMARKS F O R  PHOTOGRAMMETRY 

Con t ras t  Markers: 
l n f r a o r b i t a l e  
T r a g i o n  
S u p r a s t e r n a l e  
Acromion 
Trochanter  i o n  
L a t e r a l  Femoral Condyle 
L a t e r a l  M a l l e o l u s  

Probes: 
A n t e r i o r - S u p e r i o r  I l i a c  Spine 
Pub ic  Symphysis 

r i n g  t a r g e t s  and e x t r a p o l a t i n g  t h e  known d i s t a n c e  a long  t h i s  v e c t o r  t o  

t h e  t i p .  

3.6.3 Phase I  I  P r o t o c o l :  Seat Cas t i ng .  The second p a r t  o f  

Phase I I  t e s t i n g  i n v o l v e d  d e t e r m i n i n g  t h e  s e a t / s u b j e c t  i n t e r f a c e  

c o n t o u r s .  A number o f  d i f f e r e n t  approaches t o  t h i s  problem were 

cons ide red ,  b u t  a  c a s t i n g  procedure  was determined t o  be t h e  most 

f e a s i b l e  and was g r e a t l y  f a c i l i t a t e d  by d i s c o v e r y  o f  a  r e l a t i v e l y  new 

m a t e r i a l  c a l l e d  Sco tchcas t ,  produced by t h e  3 M  Corpo ra t i on .  Al though 

q u i t e  c o s t l y ,  s u f f i c i e n t  m a t e r i a l  was made a v a i l a b l e  a t  no c o s t  by t h e  

S u r g i c a l  Products  D i v i s i o n  o f  3 M  C o r p o r a t i o n  i n  S t .  Pau l ,  Minnesota.  

T h i s  m a t e r i a l  i s  e s s e n t i a l l y  a  res in - impregna ted  c l o t h  t h a t  hardens t o  a  

r i g i d  s t r u c t u r e  i n  about  t e n  m inu tes  when exposed t o  m o i s t u r e .  

F i g u r e  3-12 i l l u s t r a t e s  how s t r i p s  o f  Scotchcast  were p laced  

over  t h e  v e h i c l e  sea ts  and sandwiched between t h i n  p l a s t i c  l i n e r s  p r i o r  

t o  t h e  s u b j e c t s  l o w e r i n g  i n t o  t h e  seated p o s i t i o n  by u s i n g  a  s u p p o r t i n g  

grab b a r .  I n  o rde r  t o  ensure good c o n t a c t  o f  t h e  sea t  c a s t i n g  m a t e r i a l  

w i t h  t h e  s u b j e c t  i n  t h e  r e g i o n  o f  t h e  seat -back /seat -cush ion  i n t e r f a c e ,  

t h e  Scotchcast  s t r i p s  were suspended across  t h i s  r e g i o n  and a l l owed  t o  

be pushed i n t o  p l a c e  by t h e  s u b j e c t ' s  body. A f t e r  t h e  s u b j e c t  was 

seated,  t h e  s t e e r i n g  wheel was swung i n t o  p l a c e  and i n s t r u c t i o n s  were 

g i v e n  t o  assume t h e  s tanda rd i zed ,  r e l a x e d  d r i v i n g  p o s t u r e  w i t h i n  t h e  

c b n s t r a i n t s  p r e v i o u s l y  d e f i n e d .  Minor ad jus tments  i n  seated p o s i t i o n  





were a l lowed,  b u t  g e n e r a l l y  t h e  s u b j e c t s  cons ide red  t h e i r  i n i t i a l  

p o s i t i o n  a p p r o p r i a t e  and s i m i l a r  t o  t h e i r  p o s i t i o n  w i t h o u t  t h e  c a s t i n g  

m a t e r i a l .  

As shown i n  F i g u r e  3 -13 ,  b e f o r e  t h e  Scotchcast  m a t e r i a l  

hardened, i t  was b o l t e d  t o  t h r e e  aluminum frame suppor t s  by meta l  tabs  

t h a t  were pop r i v e t e d  t o  t h e  Schotchast .  These tabs  and suppor t s  

p r o v i d e d  a  means f o r  r e l o c a t i n g  t h e  c a s t i n g  i n  i t s  o r i g i n a l  p o s i t i o n  

a f t e r  t h e  s u b j e c t  and sea t  were removed. A lso ,  w h i l e  t h e  m a t e r i a l  was 

s e t t i n g  up, t h r e e  more s e t s  o f  photographs were taken t o  document t h e  

s u b j e c t ' s  p o s i t i o n  and p o s t u r e  i n  t h e  s e a t  c a s t i n g .  The f i r s t  s e t  o f  

photographs,  w i t h  t h e  s u b j e c t ' s  hands on t h e  s t e e r i n g  wheel,  p r o v i d e d  

i n f o r m a t i o n  on l o c a t i o n  o f  t h e  f i r s t  seven s u r f a c e  landmarks l i s t e d  i n  

Tab le  3.7. The second and t h i r d  s e t s  o f  photographs were w i t h  t h e  

s u b j e c t  h o l d i n g  t h e  p e l v i c  probes.  F i r s t ,  t h e  s u b j e c t  h e l d  one probe on 

t h e  l e f t  a n t e r  i o r - s u p e r  i o r  i 1 i ac s p i n e  (AS I S) and t h e  o t h e r  p robe on 

p e l v i c  c r e s t .  Next ,  t h e  s u b j e c t  h e l d  t h e  two probes on t h e  r i g h t  and 

l e f t  ASIS. The purpose o f  t h i s  l a t t e r  s e t  o f  photographs was t o  

de termine t h e  c e n t e r l i n e  o f  t h e  sea t  c a s t i n g  a l o n g  t h e  Y a x i s .  T h i s  L 
i n f o r m a t i o n  was needed t o  p r o p e r l y  merge t h e  s e a t  c a s t i n g  con tou rs  f rom 

d i f f e r e n t  s u b j e c t s  and v e h i c l e  sea ts .  

Upon comp le t i on  o f  t h i s  f i n a l  s e t  o f  photographs and a f t e r  t h e  

seat  c a s t i n g  mater i a1 was s u f f i c i e n t l y  r i g i d  ( t e n  t o  f i f t e e n  minutes)  , 

t h e  s u b j e c t / s e a t  s e p a r a t i o n  l i n e  was sketched on  t h e  c a s t i n g  m a t e r i a l  

w i t h  a  p e n c i l  and t h e  meta l  t abs  were u n b o l t e d  f rom t h e  frame suppor t s .  

The s u b j e c t  was then  a s s i s t e d  t o  a  s t a n d i n g  p o s i t i o n  w h i l e  t h e  sea t  

c a s t i n g  was l i f t e d  by a  second i n v e s t i g a t o r  t o  p r e v e n t  t h e  undepressed 

seat  cush ion  f rom d i s t o r t i n g  i t s  shape. Wh i l e  t h e  s u b j e c t  was d r e s s i n g ,  

t h e  v e h i c l e  s e a t  was removed and t h e  s e a t  c a s t i n g  was p laced  back i n  

p o s i t  i o n  by r e b o l  t i  ng t h e  meta l  t abs  t o  t h e  frame members as i 1 l u s t r a t e d  

i n  F i g u r e  3 - 1 4 .  Rows o f  c o n t r a s t  d o t s  were then  p l a c e d  across  t h e  sea t  

c a s t i n g  and a l s o  a l o n g  t h e  s u b j e c t  o u t l i n e .  Us ing  t h e  upper f r o n t ,  

1 ower f r o n t ,  and upper s i d e  cameras (camera nos. 1, 2 ,  and 7 ,  

r e s p e c t i v e l y )  a  f i n a l  s e t  o f  photographs was taken  t o  document t h e  

l o c a t i o n  o f  these d o t s ,  and thereby  d i g i t i z e  t h e  s e a t / s u b j e c t  i n t e r f a c e  

contour  i n  l a b o r a t o r y  c o o r d i n a t e s .  



FIGURE 3-13.  M id -s i zed  male seated i n  Scotchcast  on v e h i c l e  
sea t .  Scotchcast  i s  a t t ached  t o  aluminum frame b e f o r e  i t  
hardens.  



FIGURE 3-14. Seat C a s t i n g  fas tened  back i n  frame suppor t  
a f t e r  removal o f  v e h i c l e  s e a t .  Rows o f  c o n t r a s t  d o t s  were 
p laced  on t h e  c a s t i n g  s u r f a c e  t o  d i g i t i z e  t h e  c o n t o u r .  



3.6 .4  Phase I  I  Sampl ing  S t r a t e q y .  P r i o r  t o  Phase l  l  d a t a  

c o l l e c t i o n  and a n a l y s i s ,  i t  was n o t  known how many s u b j e c t s  wou ld  be  

r e q u i r e d  t o  d e f i n e  t h e  s t a n d a r d  h a r d s e a t  f o r  each g roup ,  o r  even i f  t h e  

c a s t i n g s  made f r o m  t h e  d i f f e r e n t  v e h i c l e s  c o u l d  be  merged i n  any 

r e a s o n a b l e  way. A p i l o t  s t u d y  was t h e r e f o r e  conduc ted  i n  wh i ch  t h e  same 

s u b j e c t  (a m i d - s i z e d  female)  made c a s t i n g s  i n  t h e  f o u r  d i f f e r e n t  s e a t s .  

These s e a t  c a s t i n g s  were pho tographed  and d i g i t i z e d  and t h e  d a t a  were 

p rocessed  by  p rocedu res  d e s c r i b e d  i n  t h e  n e x t  s e c t i o n .  As i l l u s t r a t e d  

i n  F i g u r e  3-15, a  c j r aph i ca l  compar ison  o f  t.he u n s h i f t e d  X Z p l a n e  
L L 

m i d l i n e  c o n t o u r s  f o r  t h e s e  f o u r  s e a t  c a s t i n g s  gave p r e l i m i n a r y  

c o n f i d e n c e  t o  t h e  t e c h n i q u e  and t o  t h e  a b i l i t y  t o  average  t h e  d a t a  

ac ross  v e h i c l e  s e a t s .  
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F I G U R E  3-15. Comparison o f  m i d l i n e  c ~ s n t o u r s  f r om  s e a t  c a s t i n g s  
o f  a  m i d - s i z e d  f ema le  s i t t i n g  i n  t h e  Four v e h i c l e  s e a t s .  

I t  was a l s o  c l e a r  by  t h i s  t i m e  t h a t  t h e  e f f o r t  r e q u i r e d  t o  make 

a  sea t  c a s t i n g ,  d i g i t i z e ,  and p rocess  t h e  <data wou ld  n o t  p e r m i t  t h e  use  

o f  a  l a r g e  number o f  s u b j e c t s  i n  Phase I I  t e s t i n g .  I t  was t h e r e f o r e  

d e c i d e d  t h a t  e i g h t  s u b j e c t s  wou ld  be  used f o r  each s u b j e c t  g roup ,  two 

per  g roup  i n  each v e h i c l e  s e a t .  The need f o r  a d d i t i o n a l  s u b j e c t s  wou ld  

be d e t e r m i n e d  a f t e r  a n a l y s i s  and compar ison  o f  t h e s e  i n i t i a l  r e s u l t s .  



As it turned out, a visual and rather subjective evaluation of the 

midline contours from these eight subjects in each group indicated that 

little would be gained by adding more subjects (see Figures 3-16 and 

3-17) . 
The eight subjects used in each group were selected at random 

from the ful 1 samples of subjects recruited in Phase I .  Table 3.8 l ists 

the mean values of age and Phase I anthropometric measurements for these 

Phase I I  subject samples, and the shaded blocks in the histograms of 

Figures D-1 through D-5 illustrate the distributions of these 
measurement values for those Phase I I  subjects who also participated in 

Phase I l l  measurements. 

TABLE 3.8 

MEAN VALUES OF ANTHROPOMETRIC MEASUREMENTS 
FOR SUBJECT SAMPLES USED IN PHASE I I  

(N=8 in each group) 

3.6.5 Phase l l  Data Analysis. To determine X L 9  YL, and ZL 

coordinates for the nine surface landmarks (i . e . ,  seven markers and two 

probes) in Phase I I testing, the contrast targets in the f i lms were 

digitized using the UMTRl Numographics Digitizer. Film plane (U,V) 

coordinates from each f i lrn frame in cameras 1 ,  2, 3, 4, and 7 were 
transmitted directly to computer files and later transformed into 

Measurements 

Age (yrs) 

Stature (cm) 
(i n) 

Weight (kg) 
(Ibs) 

Erect Sitting Height (cm) 
(in) 

Buttock-Knee Length (cm) 
( i  n) 

Small 
Females 

34.6 

151.1 
59.5 

46.2 
101.8 

81.4 
32.0 

52.7 
20.7 

Mid-Sized 
Females 

36.3 

162,3 
63 . 9 
62.5 
137.7 

86.6 
34.1 

56 9 
22.4 

Mid-Sized 
Ma1 es 

34.6 

174.8 
68.8 

78.0 
171.8 

92.6 
36.4 

59.6 
23.5 

Large 
Ma 1 es 

40.1 

186.0 
73.2 

100.7 
221.8 

96.1 
37.8 

64.1 
25.2 



l a b o r a t o r y  X Z  c o o r d i n a t e s  u s i n g  DLT r e c o n s t r u c t i o n  programs 
L '  Y ~ ,  L 

m o d i f i e d  f o r  these d a t a  p o i n t s .  As p re .v ious l y  desc r i bed ,  c o o r d i n a t e s  

f o r  each o f  t h e  probe t i p s  were determined f rom t h e  v e c t o r  f i t t i n g  t h e  

t h r e e  t a r g e t  r i n g s  w i t h  t h e  l e a s t  squa red -e r ro r .  

I n  a  s i m i l a r  manner, t h e  rows o f  c o n t r a s t  d o t s  p laced on t h e  

c a s t i n g s  were d i g i t i z e d  f rom t h e  upper f r o n t  ( # I ) ,  lower f r o n t  ( # 2 ) ,  and 

upper s i d e  (#7)  cameras. A separa te  DLT program was used t o  r e c o n s t r u c t  

t h e  th ree-d imens iona l  c o o r d i n a t e s  o f  these d o t s  t h a t  t oge the r  d e f i n e  t h e  

shape and p o s i t i o n  (on t h e  buck) o f  t h e  s e a t / s u b j e c t  i n t e r f a c e .  

Since,  i n  t h e  process o f  e s t a b l i s h i n g  t h e  v e h i c l e  sea t  bucks, 

t h e  p o s i t i o n s  o f  t he  d i f f e r e n t  v e h i c l e  seats  were n o t  a l i g n e d  by any 

measures r e l a t e d  t o  t h e  seat  geomet r ies  o r  seat  c a s t i n g  con tou rs ,  i t  was 

cons ide red  necessary t o  s p a t i a l l y  merge the  e i g h t  seat  c a s t i n g s  i n  each 

group p r i o r  t o  averag ing .  Several  approaches t o  merging were 

cons idered,  i n c l u d i n g :  

1 .  S h i f t  a l l  seat  c a s t i n g s  a p p r o p r i a t e  X and Z d i s tances  t o  a l i g n  
t h e  D E S I G N  H-POINTS o f  each seat  t r a n s l a t e d  t o  t he  a p p r o p r i a t e  
d e t e n t  f o r  each s u b j e c t  group.  

2 .  S h i f t  a l l  sea t  c a s t i n g s  a p p r o p r i a t e  X and Z d i s t a n c e s  t o  a l i g n  
an ANATOMICAL POINT on each s u b j e c t  (e.g.,  t r o c h a n t e r i o n  o r  
i l i a c  s p i n e ) .  

3 .  S h i f t  a l l  seat  c a s t i n g s  a p p r o p r i a t e  X and Z  d i s t a n c e s  t o  a l i g n  
UNLOADED SEAT GEOMETRIES. 

For t h e  f i ~ s t  p rocedure ,  merging on t r a n s l a t e d  des ign  H-po in t s ,  

r e s u l t s  o b t a i n e d  by a l i g n i n g  f o u r  c a s t i n g s  made by the  same s u b j e c t  

seated i n  t h e  f o u r  d i f f e r e n t  v e h i c l e  seats  were found t o  produce 

i n a p p r o p r i a t e  contour  r e l a t i o n s h i p s  between s o f t  and f i rm sea ts .3  To 

dec ide  wh ich  o f  t h e  o t h e r  two procedures t o  use, mid X-Z p l a n e  con tou rs  

f rom t h e  sea t  c a s t i n g  da ta  f o r  t h e  e i g h t  s u b j e c t s  i n  each group were 

p l o t t e d  f o r  t h e  two procedures .  S ince the geometr ies o f  t h e  f o u r  sea t  

types were d i f f e r e n t ,  i t  was imposs ib le  t o  a l i g n  the  con tou rs  e x a c t l y  i n  

p rocedure  3 .  A l ignment was ach ieved by t r a n s l a t i o n s  i n  t he  Z  d i r e c t i o n ,  
L 

'The e x p l a n a t i o n  f o r  t h i s  i s  somewhat compl ica ted b u t  i s  due b o t h  
t o  t h e  f a c t  t h a t  t he  d i s t a n c e  f rom t h e  t i - po in t  t o  t h e  bot tom o f  t h e  J826 
machine i s  f i x e d ,  and t o  t h e  d i f f e r e n c e s  between t h e  w e i g h t  o f  t h e  
loaded H - p o i n t  machine and s u b j e c t s .  



so t h a t  a l l  unloaded seats  had an equal maximum h e i g h t  f o r  t he  seat  

cush ion  m i d l i n e ,  and t r a n s l a t i o n s  i n  t he  X d i r e c t i o n  so t h a t  t h e  sea t -  
L 

back/seat-cush i o n  i n t e r s e c t  i o n  p o i  n t  (def i ned by a  one-cent imeter  b a l  l 

p laced  i n  t h e  i n t e r s e c t i o n s )  had equal XL va lues .  For b o t h  procedures,  

t he  seat  contours  were merged i n  t h e  Y d i r e c t i o n  on the  c a s t i n g  m i d l i n e  
L  

determined as t h e  m i d p o i n t  between each s u b j e c t ' s  i l i a c  spines.  

F igures  3-16 and 3-17 show t h e  r e s u l t s  f o r  t h e  mid-s ized males, 

I t  can be seen t h a t  t h e r e  a re  d i f f e r e n c e s  i n  t h e  r e l a t i o n s h i p s  o f  t he  

contours  f o r  t h e  two procedures and i t  i s  n o t  obvious which i s  t h e  b e s t  

procedure.  I n  t he  f i n a l  a n a l y s i s ,  i t  was found t h a t  t he  average curves 

r e s u l t i n g  f rom t h e  two approaches d i f f e r e d  v e r y  l i t t l e  and merging on 

t h e  average i l i a c  s p i n e  coo rd ina tes  f o r  each s u b j e c t  group was chosen as 

t h e  method t o  be used. 

A f t e r  t h e  raw data  p o i n t s  f o r  each c a s t i n g  were s h i f t e d  t o  merge 

i l i a c  sp ines ,  SURF I I ,  a  th ree-d imens iona l  p l o t t i n g  and g r i d d i n g  program 

developed a t  t h e  U n i v e r s i t y  o f  Kansas, was used t o  d i s p l a y  each c a s t i n g  

contour .  P l o t s  were v i s u a l l y  examined f o r  d i s c o n t i n u i t i e s  and e d i t e d  

f o r  bad data  p o i n t s .  The d i g i t i z e d  data  p o i n t s ,  ob ta ined  from the  rows 

o f  c o n t r a s t  do ts  p laced  manual ly  on the  cas t i ngs ,  were i n t e r p o l a t e d  

u s i n g  SURF I I  t o  p r o v i d e  Z L  va lues  a t  d e s i r e d  X and Y coo rd ina tes  
L L 

common t o  a l l  c a s t i n g s .  The f i n a l  symmetric hardseat  contour was then 

d e f i n e d  by t a k i n g  t h e  s imple  average o f  Z L  va lues  a t  each o f  these g r i d  

p o i n t s  u t i l i z i n g  t h e  data  f rom b o t h  s ides  o f  each c a s t i n g  ( i . e . ,  by 

averag ing  s i x t e e n  Z va lues  a t  each g r i d  p o i n t ) .  
L  

F igu re  3-18 shows t h e  m i d l  i n e  XLZL p lane  c ross  s e c t i o n s  o f  t he  

average contours  f o r  t h e  smal l  female,  mid-s ized male, and l a r g e  male, 

r e s p e c t i v e l y .  F igu re  3-19 i l l u s t r a t e s  t h e  th ree-d imens iona l  p l o t  

produced by SURF l l  f o r  t h e  m id -s i zed  male hardseat .  S i m i l a r  p l o t s  were 

generated f o r  t h e  average smal l  female and l a r g e  male seat  con tou rs .  

Ana lys i s  o f  t he  mid-s ized female sea t  c a s t i n g  d a t a  was n o t  completed due 

t o  a  d e c i s i o n  a t  t h i s  t ime  t o  drop t h i s  member o f  t h e  dummy f a m i l y .  

3.7 F a b r i c a t i o n  o f  Contoured Hardseats 

Development o f  t he  contoured hardseats f o r  t h e  t h r e e  s u b j e c t  

groups i nvo l ved  genera t i ng  f u l  1--s i z e  p l o t s  o f  t h e  average sea t  contours  
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FIGURE 3-18.  Mid1 i n e  X L Z ~  p l a n e  c r o s s - s e c t i o n  
c o n t o u r s  f o r  merged and averaged seat  c a s t i n g s  
o f  t h e  t h r e e  s u b j e c t  g roups.  

F I G U R E  3-19. Three-d imens iona l  p l o t  f o r  t h e  
m id -s i zed  male hardseat  c o n t o u r .  



f o r  X Z p l a n e  c ross  s e c t i o n s  a t  t h e  c e n t e r l i n e  and a t  increments o f  one 
L  L  

i nch  f rom t h e  c e n t e r 1  i n e  ( i n  t he  Y d i r e c t i o n )  t o  a  w i d t h  g r e a t e r  t han  
L  

t h e  average s u b j e c t  o u t l i n e .  F i g u r e  3-20 shows t h e  composi te XLZL 

computer-generated p l o t s  f o r  t he  smal l  female hardseat .  The p l o t t i n g  

program genera ted a  d a t a  p o i n t  eve ry  41.2 mm a long  t h e  X L  a x i s  and a  

smooth cu rve  was " f a i r e d "  between d a t a  p o i n t s  u s i n g  a r c h i t e c t  curves .  

The smoothed c r o s s  s e c t i o n s  were o v e r l a i d  on a  l i g h t  t a b l e  t o  ensure  

c o m p a t i b i l i t y  between c ross  s e c t i o n s  a t  ad jacen t  c u t s .  F u l l  s c a l e  X L Y L  

and Y Z c r o s s - s e c t i o n  p l o t s  were then  genera ted f o r  t he  sea t - cush ion  
L L  

and seat-back reg ion ,  r e s p e c t i v e l y ,  f rom t h e  s e t  o f  X Z c r o s s - s e c t i o n  L L  
curves .  L ines  d e f i n i n g  t h e  e x t e r n a l  f e a t u r e s  o f  t h e  ha rdsea ts ,  such as 

t h e  f r o n t  v e r t i c a l  p lane,  seat-back t h i c k n e s s  and shape, t o p  o f  sea t  

back, and l egs ,  were drawn i n  and t h e  c o ~ n p l e t e d  s e t s  o f  drawings were 

d e l i v e r e d  t o  The U n i v e r s i t y  o f  M ich igan  Sh ip  Hydrodynamic Model Shop f o r  

f a b r i c a t i o n  and c a r v i n g  o f  t h e  a c t u a l  s e a t s .  

I n  c o n s u l t a t i o n  w i t h  t h e  sponsor,  and a f t e r  i n -dep th  

i n v e s t i g a t i o n s  i n t o  d u r a b i l i t y  aspects  and f a b r i c a t i o n  c o s t s  o f  v a r i o u s  

m a t e r i a l s ,  a  d e c i s i o n  was made t o  use mahogany f o r  c o n s t r u c t i o n  o f  t h e  

contoured ha rdsea ts .  T h i s  m a t e r i a l  was recommended as b e i n g  s u p e r i o r  t o  

c l e a r  p i n e  ( t h e  usual  m a t e r i a l  f o r  s h i p    nod el-bui I d i n g )  i n  terms o f  

r e t e n t i o n  o f  p r o p e r t i e s  and d imens iona l  s t a b i l i t y  over t ime.  " P e r f e c t  

p lank , "  a  s y n t h e t i c  m a t e r i a l  used by t h e  a u t o  i n d u s t r y ,  i s  r a t e d  even 

b e t t e r  i n  t hese  c h a r a c t e r i s t i c s  b u t  was r u l e d  o u t  due t o  c o s t  f a c t o r s  

(about $1,200 more per seat') and w o r k a b i l i t y  ( i . e . ,  i t  d u l l s  t o o l s  

q u i c k l y ) .  

F i g u r e s  3-21 and 3-22 show t h e  m id -s i zed  male hardseat  under 

c o n s t r u c t i o n .  One-inch t h i c k  mahogany boards were c u t  t o  t h e  

approx imate  X Z p l a n e  con tou rs  and laminated t o g e t h e r .  Cardboard 
L L 

templa tes  o f  c r o s s - s e c t i o n  con tou rs  were made f rom t h e  drawings and used 

t o  check t h e  s e a t  as c a r v i n g  progressed.  Other c r o s s - s e c t i o n  templa tes  

f rom t h e  Y Z and X Y p l a n e  drawings were used t o  check cons i s tency  i n  
L  L  L L  

these p lanes  d u r i n g  t h e  c a r v i n g  process .  The sea t  was c o n s t r u c t e d  w i t h  

a  two- inch-wide,  removable s e c t i o n  down t h e  cen te r  o f  t h e  back t o  a l l o w  

f o r  v i e w i n g  t a r g e t s  p laced  on t h e  s p i n a l  processes o f  each s u b j e c t .  





F I G U R E  3-21 .  E a r l y  c o n s t r u c t i o n  o f  t h e  m id -s i zed  male hardseat .  



mum-- 

FIGURE 3-22.  L a t e r  c o n s t r u c t i o n  o t  t h e  m id -s i zed  male  ha rdsea t .  



The completed ha rdsea ts  were coated w i t h  a  rubber-based gray  

p a i n t  t o  sea l  and p r o t e c t  t h e  f i n a l  p r o d i ~ c t .  They were then  b rough t  

back t o  UMTRl where 1 - 1 / 4  i n c h  aluminum spacers were a t t a c h e d  t o  t h e  

l egs  t o  ach ieve  t h e  proper  seat  h e i g h t  on  t h e  buck p l a t f o r m .  Each sea t  

was a t t a c h e d  t o  a  3 /4- inch  t h i c k  plywood board  t h a t  had p r e v i o u s l y  been 

used f o r  mount ing  one o f  t h e  v e h i c l e  sea ts  ( i  .e . ,  a1 1 ha rdsea ts  were 

mounted t o  t h e  same plywood board  s i n c e  Phase I l l  t e s t i n g  o f  s u b j e c t s  

was done s e q u e n t i a l  l y  by s u b j e c t  group) . 
The s e a t  was p o s i t i o n e d  i n  t h e  XL.  d i r e c t i o n  u s i n g  t h e  f r o n t  edge 

o f  t h e  ha rdsea t  as a  r e f e r e n c e  l i n e  so t h a t  t h e  sea t  c o n t o u r s  a t t a i n e d  

t h e  same p o s i t i o n  i n  buck c o o r d i n a t e s  as s p e c i f i e d  by t h e  drawings .  For 

example, as shown i n  F i g u r e  3-23, t h e  f r o n t  edges o f  t h e  m i d - s i z e d  male, 

smal l  female,  and l a r g e  male sea ts  were s p e c i f i e d  on t h e  f u l l - s c a l e  sea t  

contour  d rawings  a t  l a b o r a t o r y  photogrammetry X c o o r d i n a t e s  o f  914 mm 

(36 i n . ) ,  1041 mm (41 i n . ) ,  and 889 mm (35 i n . ) ,  r e s p e c t i v e l y .  The 

f r o n t  edge o f  t h e  3 /4 - i nch  plywood mount ing  board  was determined t o  have 

an X -coo rd ina te  v a l u e  o f  969 mm (38.1 i n . ) .  Thus t o  a p p r o p r i a t e l y  

l o c a t e  each hardseat  con tou r  on t h e  buck p l a t f o r m ,  t h e  f r o n t  edge o f  t h e  

m id -s i zed  male and l a r g e  male ha rdsea ts  were p o s i t i o n e d  app rox ima te l y  55 

mrn (2.1 i n . )  and 80 mm (3.1 i n . ) ,  r e s p e c t . i v e l y ,  beh ind  t h e  f r o n t  edge o f  

t h e  plywood board,  and t h e  smal l  female  ha rdsea t  was p o s i t i o n e d  

app rox ima te l y  72 mm (2.8 i n . )  f o rward  o f  ( i . e . ,  overhang ing)  t h e  f r o n t  

edge o f  t h e  mount ing board .  

The con tou rs  o f  each ha rdsea t  were a l s o  v a l i d a t e d  by u s i n g  t h e  

XLZL, YLZL, and X L Y L  p l a n e  templa tes  used i n  t h e  f a b r i c a t i o n  p rocess .  

Each temp la te  was f i r s t  compared w i t h  the  d raw ing  f rom which  i t  was 

d e r i v e d  and then p laced  on t h e  ha rdsea t  a t  t h e  a p p r o p r i a t e  X L, y L ,  o r  Z L  

p o s i t i o n  and i n  t h e  a p p r o p r i a t e  p l a n e .  Other d imensions,  such as t h e  

d i s t a n c e s  f rom t h e  bot toms o f  t h e  l egs  t o  seat-back and sea t - cush ion  t o p  

su r faces ,  were a l s o  checked w i t h  d raw ing  s p e c i f i c a t i o n s  t o  ensure proper  

s p a t i a l  o r i e n t a t i o n  o f  these c o n t o u r s  on t h e  buck. To comple te  t h e  

hardseat  buck setup,  t h e  toeboard  X p o s i t i o n  and hee l  spacer h e i g h t  
L 

were a d j u s t e d  t o  t h e  averages o f  t h e  f o u r  v e h i c l e  buck c o n f i g u r a t i o n s .  

F i g u r e  3-24 shows t h e  f i n a l  m id -s i zed  male ha rdsea t  buck ready f o r  Phase 

I l l  t e s t i n g .  
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FIGURE 3-23. Placement o f  t h e  t h r e e  contoured ha rdsea ts  on t h e  buck 
r e l a t i v e  t o  t h e  f r o n t  edge o f  t h e  3 / 4 - i n c h  plywood mount ing board .  

FIGURE 3-24. Hardseat  buck f o r  m i d - s i z e d  males. 



3 .8  Phase I I I Tes t  inq:  Standard Anthropometry 
and Hardseat  Measurements 

Phase I  and Phase I I  measurement sess ions  p r o v i d e d  t h e  necessary 

d a t a  t o  e s t a b l i s h  t h e  v e h i c l e  seat  buck c o n f i g u r a t i o n  and d e f i n e  the  

contoured hardseats .  I n  Phase I l l  t e s t i n g ,  t h e  f i n a l  and complete s e t  

o f  an th ropomet r i c  measures was taken f o r  development o f  t h e  

an th ropomet r i c  s p e c i f i c a t i o n  package and seated r e f e r e n c e  fo rm f o r  each 

dummy f a m i l y  member. T h i s  phase was d i v i d e d  i n t o  two sepa ra te  sess ions  

f o r  p r a c t i c a l  reasons. I n  Session I s u b j e c t s  were measured f o r  s tandard  

and t r a d i t i o n a l  anthropometry i n  t h e  s t a n d i n g  o r  e r e c t  seated p o s i t i o n .  

Session I I i n v o l v e d  measur ing s u b j e c t s  seated i n  t h e  ha rdsea t  bucks. 

The f o l l o w i n g  subsect ions  d e s c r i b e  these procedures  and r e s u l t s  i n  

d e t a i  1 .  

3.8.1 Phase I  I I Sub jec t  Samples, Out o f  t h e  o r i g i n a l  s e t s  o f  

s u b j e c t s  r e c r u i t e d  i n  Phase I ,  t w e n t y - f i v e  were s e l e c t e d  i n  each group 

f o r  p a r t i c i p a t i o n  i n  t h e  f i n a l  measurement sess ion .  I n  d e t e r m i n i n g  t h i s  

sample s i z e ,  c o n s i d e r a t i o n  was g i v e n  t o  t h e  need t o  r e p r e s e n t  t h e  range 

o f  body p r o p o r t  ions and seated pos i  t i o n  ~ l a r  i a b i  1 i t y  w i  t h i n  each na r row ly  

d e f i n e d  h e i g h t  and we ight  ca tego ry  and t o  r e p r e s e n t  age and race  

v a r i a b i l i t y  as desc r i bed  i n  S e c t i o n  2 .  The o v e r r i d i n g  f a c t o r s ,  however, 

were the  l i m i t a t i o n  o f  t ime  and funds f o r  s u b j e c t  measurement and d a t a  

p rocess ing .  

S e l e c t i o n  o f  s u b j e c t s  f rom t h e  Phase I  samples was based f i r s t  

on e r e c t  s i t t i n g '  h e i g h t  v a l u e s .  Since U.S. p o p u l a t i o n  s i t t i n g  h e i g h t  

r e s u l t s  were no t  a v a i l a b l e  f rom t h e  HANES d a t a  a t  t h i s  t ime  i n  t h e  

s tudy ,  p e r c e n t i l e  va lues  o f  s i t t i n g  h e i g t t  f o r  U . S .  males and females 

were der i ved  f rom "raw" H A N E S  da ta  made ava i  l a b l e  t o  UMTRl f rom t h e  

School o f  Pubic Hea l th  a t  The U n i v e r s i t y  o f  Mich igan.  T h i s  p r e l i m i n a r y  

a n a l y s i s  produced t h e  s i t t i n g  h e i g h t  p e r c e n t i l e  va lues  shown i n  Tab le  

3.9 f rom which 78.1, 90.1, and 96.6 c e n t i m e t e r s  were used as t h e  t a r g e t  

group means f o r  t he  smal l  females,  m i d - s i z e d  males, and l a r g e  males, 

r e s p e c t i v e l y ,  Race and age were cons ide red  as secondary s e l e c t i o n  

f a c t o r s ,  t h e  goal  b e i n g  t o  have each s u b j e c t  group span t h e  a d u l t  age 

range f rom 18 t o  7 4  years and c o n s i s t  o f  app rox ima te l y  t e n  p e r c e n t  non- 

Caucasians. 



TABLE 3.9 

S l TT l NG HE l GHT PERCENT l LE VALUES (cm) FROM 
ANALYSIS OF PRELIMINARY HANES DATA 

Figures 3-25 through 3-28 show the distributions of height, 

weight, sitting height, and buttock-knee length by subject group, while 

Figures D-1 through 0-4 show these variable distributions in more detail 

and compare the sample mean values with the appropriate HANES percentile 

values. It is seen that, while the height and weight variables form 

distinctly separate distributions when the three groups are plotted on 

the same histogram, the distributions for sitting height and buttock- 

knee length are closer together and even show considerable overlap. 

Also, in general, the group means are very close to the HANES percentile 

values. For sitting height, the HANES percentile values were obtained 

from Johnson et al. (1981) and became avai lable later in the study. For 

each group, the values are notably different than those in Table 3.9 
determined from the analysis of preliminary data. The group mean values 

are reasonably close to these published HANES values, but could probably 

have been closer if these HANES data had been available at the time of 

Phase I I I subject selection. 
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Femal e 
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79.6 
81.3 
82.5 
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84.4 
85.4 
86.2 
87.3 
88.8 
89.4 
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FIGURE 3 - 2 5 .  D i s t r i b u t i o n  o f  s t a t u r e  f o r  Phase I l l  s u b j e c t s .  
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FIGURE 3-26 .  D i s t r i b u t i o n  o f  w e i g h t  f o r  Phase I l l  s u b j e c t s .  
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F I G U R E  3-27. D i s t r i b u t i o n  o f  e r e c t  s i t t i n g  h e i g h t  f o r  
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F I G U R E  3-28.  D i s t r i b u t i o n  o f  bu t tock -knee  l e n g t h  f o r  
Phase I I I s u b j e c t s .  



3.8.2 Standard Anthropometry.  As a  p a r t  o f  t h e  process o f  

e s t a b l i s h i n g  t h e  s u b j e c t  groups f o r  Phase I l l  measurements, s e l e c t e d  

i n d i v i d u a l s  were scheduled f o r  t h e  s tanda rd  an th ropomet r i c  measurements 

d e f i n e d  i n  Appendix E .  T h i s  f i r s t  s e t  o f  Phase I l l  measurements was t o  

p r o v i d e  b a s i c  an th ropomet r i c  d a t a  t o  compare t h e  sample p o p u l a t i o n s  w i t h  

o t h e r  p o p u l a t i o n s  and t o  c o l l e c t  i n f o r m a t i o n  about body l i n k a g e  and l ong  

bone d imens ions .  The l a t t e r  were used t o  s e l e c t  s k e l e t a l  components f o r  

t h e  a rma tu re  o f  t h e  m id -s i zed  male c l a y  model,  a  p rocedure  t h a t  was 

abandoned f o r  t h e  smal l  female and l a r g e  male models. Measur ing 

s u b j e c t s  f o r  these s tanda rd  an th ropomet r i c  measurements a l s o  served t h e  

purpose o f  c o n f i r m i n g  s u b j e c t  a v a i l a b i l i t y  and q u a l i f i c a t i o n  so t h a t  t h e  

f u l l  sample o f  t w e n t y - f i v e  s u b j e c t s  per  g roup was e s t a b l i s h e d  p r i o r  t o  

t h e  f i n a l  measurement sess ion  i n  t h e  con tou red  ha rdsea ts .  Tab le  3.10 

g i v e s  t h e  mean va lues  f o r  t h e  t h i  r t y - n i n e  anthropometr  i c  measures taken 

i n  t h e  s t a n d i n g  o r  e r e c t  sea ted  p o s i t i o n .  Tab les  1 . 1 ,  1 . 4 ,  and 1 .7  g i v e  

t h e  summary s t a t i s t i c s  f o r  each o f  these measures f o r  t h e  t h r e e  s u b j e c t  

g roups.  

3 . 8 . 3  Measurements i n  t h e  Contoured Hardseats.  The f i n a l  and 

p r i m a r y  s e t  o f  an th ropomet r i c  d a t a  were taken  w i t h  t h e  s u b j e c t s  seated 

i n  t h e  ccn tou red  hardseats  developed f rom Phase I I  da ta .  Data c o l l e c t e d  

a r e  d i v i d e d  i n t o  t h r e e  c a t e g o r i e s  wh ich  i n c l u d e :  

1 .  S U R F A C E  LANDMARKS - s u r f a c e  t a r g e t s  l o c a t e d  by 
stereophotogrammetry,  

2 .  SEATED ANTHROPOMETRY - measurements taken nianual ly  w i t h  
s u b j e c t s  seated i n  t h e  contoured hardseats ,  and 

3 .  S U R F A C E  CONTOURS - p r o f i l e s  o f  shou lde r ,  knee, and 
t h i g h  r e g i o n s .  

Appendix F c o n t a i n s  photographs i l l u s t r a t i n g  t h e  c o l l e c t i o n  o f  these 

t h r e e  t ypes  o f  da ta .  

S u b j e c t s  were i n s t r u c t e d  t o  d ress  i n  b r i e f  a t t i r e ,  s i m i l a r  t o  t h a t  

used i n  Phase I I ,  and t o  s i t  i n  t h e  con tou red  hardseat  i n  t h e  

s t a n d a r d i z e d  normal d r i v i n g  p o s t u r e  w i t h  hands on t h e  buck s t e e r i n g  

wheel a t  t h e  10 o ' c l o c k  and 2  o ' c l o c k  p o s i t i o n s ,  and t h e  f e e t  p l a c e d  

f i r m l y  and s y m m e t r i c a l l y  a g a i n s t  t h e  toeboard  a t  t h e  a p p r o p r i a t e  ang les .  



TABLE 3.10 

MEAN VALUES O F  STANDARD ANTHROPOMETRY 
(cm o r  as noted) 

Measurement Var i ab 1 e  

Age (years) . . . . . . . . . . .  
S t a t u r e  . . . . . . . . . . . . .  
Weight (kg) . . . . . . . . . . .  
S i t t i n g H e i g h t  (e rec t )  . . . . .  
Buttock-Knee Length . . . . . . .  
C e r v i c a l e  H e i g h t  . . . . . . . .  
T r o c h a n t e r i o n  He igh t  . . . . . .  
T i b i a l e  He igh t  . . . . . . . . .  
Head Breadth  . . . . . . . . . .  
Head Length . . . . . . . . . . .  
Head He igh t  . . . . . . . . . . .  
Shoulder Breadth . . . . . . . .  
B iac romia l  Breadth . . . . . . .  
C l a v i c a l e  Length . . . . . . . .  
Supras terna le-Cerv  . D i s t  . . . .  
B isp inous  Breadth . . . . . . . .  
Acromion-Radia le Length . . . . .  
Shoulder-Elbow Length . . . . . .  
E 1 bow-Hand Length . . . . . . . .  
Radius Length . . . . . . . . . .  
Hand Breadth  . . . . . . . . . .  
Hand Length . . . . . . . . . . .  . . . .  T roc . - t o -La t .  Fem Condyle 
T i b i a  Length . . . . . . . . . .  
Foot  Breadth . . . . . . . . . .  
Foot  Length . . . . . . . . . . .  

. . . . . . .  Head Circumference 
. . . . .  Shoulder Circumference 

Chest Circumference ( a x i l l a )  . . 
Chest Circumference ( n i p p l e )  . . 
Waist  Circumference . . . . . . .  
H i p  Circumference . . . . . . . .  
Upper A r m  C i rcumf erence (b i  ceps) 
Forearm Circumference . . . . . .  
Th igh  Circumference (mid) . . . .  
Ca l f  Ci rcumference . . . . . . .  

. . .  S k i n f o l d .  Subscapular (mm) 
S k i n f o l d .  T r i c e p s  (mm) . . . . .  
S k i n f o l d .  S u p r a i l i a c  (mm! . . . .  
S k i n f o l d .  P o s t e r i o r  Mid-Ca l f  (mm) 

Small Female 

39.8 
151.3 
46.9 
81.2 
52.1 

129.8 
71.8  
41 . 0 

14.5 
18.3 
20.0 
38.1 
34.2 
15.7 
10.2 
20.6 
27.6 
30.5 
40.0 
22.5 

7.2 
16.2 
32.9 
34.6 

8.6 
22.1 

53.4 
92 - 5  
79.2 
80.9 
66.0 
87.8 
25.0 
20.9 
48.0 
31 - 8  

11.9 
15.1 
19.5 
12.2 

Mid-Sized Male 

38.1 
175. 1 
76.7 
91.1 
59 3 

149.8 
90.5 
48.3 

15.8 
19.7 
23.1 
44 . 9 
39.5 
18.3 
12.6 
22.5 
32.9 
36.5 
47.4 
26.9 

8.5 
18.7 
43.5  
40.2 

9.6 
26.4 

57.1  
111.5 
97.3 
96.1 
85.9 
9 4 . 4  
29.9 
25.4 
51.5 
36 7 

15.1 
10.0 
21.1 

9.9 

Large Male 

36.6 
186.4 
102.6 
97.1 
63.8 

160.2 
95.6 
54.1 

15.6 
20.2 
23.3 
48.2 
42.3 
20.7 
14 .3  
25.2 
3 5 - 5  
38.2 
50.2 
28.6 

9.0 
19.7 
46.8 
45.2 
10.7  
28.2 

59.4  
126.4 
108.0 
109.8 
103.3 
105.7 
32.7 
28.2 
55.7 
40.4 

26.6 
16.3 
33.9 
16.7 



As i l l u s t r a t e d  i n  F i g u r e  3-29,  c o n t r a s t  markers were p l a c e d  on t h e  s k i n  

f o r  photogrammetr ic  i d e n t i f i c a t i o n  o f  impor tan t  s u r f a c e  landmarks. 

T a b l e  3.11 l i s t s  t h e  f u l l  s e t  o f  s u r f a c e  landmarks f o r  t h e  ha rdsea t  

measurement sess ion  a l o n g  w i t h  r e f e r e n c e  numbers. 

F I G U R E  3-29. C o n t r a s t  t a r g e t s  b e i n g  p l a c e d  a t  
s u r f a c e  landmarks on seated s u b j e c t .  

Most t a r g e t s  denote s u r f a c e  p a l p a t i o n s  o f  s k e l e t a l  landmarks 

r e q u i r e d  t o  de te rm ine  body segment c o o r d i n a t e  systems, l o c a t i o n s  o f  

j o i n t  c e n t e r s ,  and genera l  body p o s t u r e .  Other t a r g e t s  were p laced  a t  

s u r f a c e  p o i n t s  cons ide red  u s e f u l  f o r  development o f  t h e  c l a y  models, 

such as th igh-abdomina l  j u n c t i o n ,  p o s t e r i o r  scye, e t c .  The l a s t  s e t  o f  

1 andmarks 1 i s t e d  ( r e f e r e n c e  numbers 93-101) were t a r g e t e d  t o  denote  

l o c a t i o n s  on t h e  e x t r e m i t i e s  where b read ths ,  depths ,  and c i r cumfe rences  

were measured. As i n  Phase 1 1 ,  1 /4 - inch-d iameter  rods  were used t o  

de te rm ine  compressed- t issue s u r f a c e  landmarks o v e r l y i n g  t h e  a n t e r i o r -  

s u p e r i o r  i l i a c  sp ines  and p u b i c  symphysis o f  t h e  p e l v i s .  Appendix G 

c o n t a i n s  d e f i n i t i o n s  o f  each o f  t hese  s u r f a c e  landmarks. 



TABLE 3 - 1 1  
LIST O F  S U R F A C E  LANDMARKS 

Body Region 

Head and Neck 

Spine and Scapula 

Chest and Torso 

P e l v i s  and H i p  

Shoulder 

Arm and Hand 

Ref.  
No. 

1 
2  
3 
4 
5 

7 
8 
9 

10 
1 1  
12 
13 
14 
15 

18 
19 
20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31a 
31b 

33 
34 
35 
36 
37 
38 

39 
40 
4 1  
42 
43  
44 

Landmark Name 

Glabel  l a  
l n f r a o r b i  t a l e  
T rag ion  
Gonion 
Gnathion 

C e r v i c a l e  (C7) 
T4 
T8 
T I 2  
L 2 
L 5  
10th R i b ,  Mid-Spine 
Scapula, Super io r  Margin 
Scapula, I n f e r i o r  Margin 

Supras te rna le  
Mesos t e r  na 1 e  
Substerna le  
Bimammary M i d l  i n e  
N i p p l e  
10th R ib ,  A n t e r i o r  M i d l i n e  
Umbi 1 i c u s  
Maximum Abdomi na l  P r o t r u s i o n  
10th R i b  

I 1  i o c r i s t a l e  
Anter i or-Super i o r  l 1 i ac Sp i ne (AS I S) 
Symphys i on (Pub i c Symphys i s) 
Thigh-Abdominal J u n c t i o n  
Trochanter  i o n  (palpated) 
Trochanter  i o n  ( recons t ruc ted )  9: 

C l a v i c a l e  
Acromio-Clav icu lar  A r t i c u l a t i o n  
Greater  Tuberc le  Humerus 
Acromion 
Scye, A n t e r i o r  
Scye, P o s t e r i o r  

L a t e r a l  Humeral Ep icondy le  
Rad ia le  
Medial Hurneral Ep icondy le  
Olecranon 
Ulnar S t y l o i d  
S t y l i o n  



TABLE 3.11 
L  l ST O F  S U R F A C E  LANDMARKS (Cont i nued) 

Body Region 

Leg and Foot  

Ref .  
No. Landmark Name 

L a t e r a l  Femoral Condyle 
Media l  Femoral Ep i condy le  
T i b i a l e  
Pate1 l a  
Sphyr i o n  
Me ta ta rsa l /Pha langea l  I 
D i g i t  I I 
Me ta ta rsa l /Pha langea l  V 
L a t e r a l  M a l l e o l u s  

Anthro .  Measurement P o i n t s  Neck, Mid 
Neck, Lower 
Arm, Upper 
Forearm, Upper 
Forearm, Lower 
Th igh ,  Upper 
Th igh ,  Mid  
C a l f  
Ank 1 e  

kSee S e c t i o n  3.10, S e c t i o n  5 .3 ,  and Volume 2 o f  t h i s  r e p o r t .  

I n  o r d e r  t o  d i s t i n g u i s h  between markers l o c a t e d  near each o t h e r ,  

each landmark was ass igned a  s p e c i f i c  c o l o r  comb ina t i on  o f  c o n t r a s t i n g  

markers.  For example, i l i o c r i s t a l e  was des igna ted  w i t h  a  b l a c k  d o t  on a  

l a r g e r  y e l l o w  d o t  so t h a t  i t  c o u l d  be d i s t i n g u i s h e d  f rom t e n t h  r i b  wh ich  

was des igna ted  w i t h  a  y e l l o w  d o t  on a  l a r g e  b l a c k  d o t .  For some 

landmarks, a  c o l o r e d  s p h e r i c a l  marker was f l a t t e n e d  on one s i d e  and 

a t t a c h e d  t o  t h e  l a r g e r  c o n t r a s t  d o t  so t h a t  t h e  s u r f a c e  p o i n t  c o u l d  be 

l o c a t e d  i n  t h e  f i l m  p lane  o f  a  camera o r i e n t e d  n e a r l y  p e r p e n d i c u l a r  t o  

t h e  s k i n  s u r f a c e .  Most landmarks were l o c a t e d  w i t h  t h e  s u b j e c t  i n  t h e  

seated p o s i t i o n  b u t  f o r  some, such as t h e  s p i n a l  markers,  t h e  s u b j e c t  

was r e q u i r e d  t o  l ean  fo rward  so t h a t  t h e  s p i n a l  processes c o u l d  be 

e a s i l y  p a l p a t e d  and counted.  

Upon placement o f  a l  1 s u r f a c e  markers,  t h e  s u b j e c t  was a g a i n  

i n s t r u c t e d  t o  o b t a i n  t h e  s t a n d a r d i z e d  normal d r i v i n g  p o s t u r e .  

Twenty-two measurements were then taken t o  ~ 'ecord  t h e  h e i g h t s  ( f rom t h e  



3/4- i  nch sea t  mount ing board) o f  c e r t a i n  landmarks, arm and l e g  angles,  

and d i s tances  between arms and legs  (see F i g u r e  3-30) . These measures 

a r e  denoted as t h e  pre-photo  measurements i n  Tab le  3.12 and were taken 

immediate ly p r i o r  t o  t h e  photographs s i n c e  t h e i r  va lues c o r r e l a t e  w i t h  

photogrammetric r e s u l t s  o n l y  i f  t h e r e  i s  l i t t l e  o r  no movement between 

the  t imes each i s  taken. 

Next, f o u r  se ts  o f  photographs were taken as i l l u s t r a t e d  i n  

F i g u r e  3-31. For t h e  f i r s t  s e t ,  w i t h  t h e  s u b j e c t ' s  hands on t h e  

s t e e r i n g  wheel, a1 1 seven cameras were used and a 1 i g h t  was d i r e c t e d  on 

the  back o f  t he  seat  so t h a t  t h e  s p i n a l  markers were c l e a r l y  v i s i b l e  i n  

the  seat-back opening. The second s e t ,  w i t h  hands dropped t o  the  s ides ,  

was taken t o  o b t a i n  a c l e a r  v iew o f  t h e  t o r s o  and abdominal markers 

u s i n g  cameras 1, 2 ,  3, and 7 .  I n  the  t h i r d  s e t  o f  photographs, t h e  

s u b j e c t  h e l d  a s i n g l e  probe on the  pub ic  symphysis landmark. I n  t h e  

f o u r t h  s e t ,  t he  s u b j e c t  h e l d  two probes on r i g h t  and l e f t  a n t e r i o r -  

super io r  i l i a c  sp ines.  

A f t e r  photograph ic  data  c o l l e c t i o n ,  t he  remain ing s i x t y  

anthropometr i c  measurements 1 i s t e d  i n  Tab le  3.12 were taken (see F i g u r e  

3-32) t o  complete a t o t a l  o f  e i g h t y - t w o  seated measures, These measures 

a re  d e f i n e d  and i l l u s t r a t e d  i n  Appendix H. F i n a l l y ,  f i v e  body s u r f a c e  

contours  were taken u s i n g  a s p e c i a l l y  developed contour  gauge h e l d  

manual ly  a g a i n s t  t he  d e s i r e d  body r e g i o n  as i l l u s t r a t e d  i n  F i g u r e  3-33. 

Each contour  was drawn on a sheet o f  paper and p laced  i n  t h e  s u b j e c t ' s  

f i l e .  L a t e r ,  t h e  se ts  o f  contours  f o r  each s u b j e c t  group and body 

r e g i o n  were t r a c e d  t o  c l e a r  a c e t a t e  paper from which an average contour  

was v i s u a l l y  d e r i v e d .  Cardboard templa tes  were then made and used as 

guides i n  s c u l p t i n g  the  c l a y  models. 

3.8.4 Data Ana lys i s  and R e s u l t s .  F i  lms f rom t h e  seven cameras 

were d i g i t i z e d  by the  same procedures used i n  Phase I I .  I n  o rde r  t o  

min imize t h e  number o f  t a r g e t s  d i g i t i z e d  per v iew, t h e  d i g i t i z i n g  

program was m o d i f i e d  t o  sequence through d i f f e r e n t  subsets o f  t h e  

t a r g e t s  i n  each camera v iew based on t h e  cameras t h a t  were l i k e l y  t o  

"see" the  t a r g e t s .  For example, acromion would be i nc luded  i n  t h e  

subsets f o r  t he  r i g h t  s ide ,  upper back, and upper s i d e  cameras, b u t  n o t  

t he  o t h e r s .  



TABLE 3.12 

ANTHROPOMETRIC MEASUREMENTS TAKEN I N  CONTOURED HARDSEATS 

Pre-Photo w/o S teer ing  Wheel Forearm Breadth (upper) 
Chest Height (n ipp le)  Forearm Depth (upper) 
R igh t -Le f t  Med. Fem. Epicondyle Wr i s t  Breadth (condyles) 
R igh t -Le f t  Sphyrion Wr i s t  Depth (condy 1 es) 
Leg Angle (upper) A x i l l a r y  Depth 
Leg Angle (lower) Neck C i rcumference (mid) 

Neck C i  rcumference (lower) 
Shoulder C i  rcumf erence 

Pre-Photo w i t h  S teer ing  Wheel 
S i t t i n g  Height  
Chin Height  
Cerv ica le  Height 
Acromion Height 
Shoulder Height (mid) 
Chest He i gh t (poster i o r  scye) 
Olecranon Height 
l l i o c r i s t a l e  Height 
Ant.-Sup. I l i a c  Spine Height  
Trochanter ion Height 
Thigh-Abdom. J c t .  Height  

A r m  C i rcumf erence (scye) 
A r m  C i  rcumference (upper) 
A r m  C i rcumf erence (above e l  bow) 
Elbow Circumference 
Forearm C i rcumf erence (upper) 
Forearm C i rcumference (1 ower) 
Wr i s t  C i  rcumference (condyles) 
Chest C i  rcumference (axi  1 1 a) 
Chest C i  rcumf erence (n ipp le)  
Chest Circumference (10th r i b )  

Knee Height  Post-Photo w/o S teer ing  Wheel 
Neck Length ( an te r i o r )  Waist Breadth (umb i 1 i cus) 
R igh t -Le f t  Med. Hum. Epicondyle 
R igh t -Le f t  S t y l i o n  
A r m  Angle (upper) 
A r m  Angle (lower) 

Post-Photo w i t h  S teer ing  wheel 
Neck Breadth (mid) 
Neck Depth (mid) 
Neck Breadth (1 ower) 
Neck Depth (lower) 
C1av.-to-Acr, Clav. A r t i c .  
Torso Depth (upper) 
Shoulder Depth (scye) 
Shoulder Breadth 
B iacromia l  Breadth 
Chest Breadth (axi  l la )  
Chest Breadth (n ipp le)  
A r m  Breadth (upper) 
A r m  Depth (upper) 
A r m  Breadth (above elbow) 
A r m  Depth (above elbow) 
Elbow Breadth 
Elbow Depth 

Waist Depth (umbi l icus) 
Abdominal Breadth (max.) 
Abdominal Depth (max .) 
H ip  Breadth (max.) 
B i t rochan te r  Breadth 
Troc. - to-Lat .  Fem. Condyle 
Thigh Breadth (upper) 
Thigh Breadth (mid) 
Knee Depth (pop1 i t e a l )  
Knee Breadth 
Cal f  Breadth 
Cal f  Depth 
Ankle Breadth (min.) 
Ankle Depth (min.) 
Ankle Breadth (condyles) 
Ank 1 e Depth (condy 1 es) 
Wa i s t  C i rcumf erence (umb i 1 i cus) 
Abdominal C i rcumference (max .) 
Th i gh C i rcumf erence (upper) 
Thigh C i rcumf erence (mid) 
Knee C i r cumf erence 
Cal f  Circumference 
Ankle C i  rcumference (mi n.) 
Ank 1 e C i rcumf erence (condy 1 es) 



F I G U R E  3-30. Pre-photo measurement of chest height (nipple) . 

Film plane image coordinates resulting from digitization were 

transformed into laboratory X L ,  Y L ,  and Z L  coordinates using DLT 

calibration coefficients resulting from a new set of camera calibration 

photos taken just prior to Phase I l l  testing. For each subject group, 

the target coordinate data were combined with the seated anthropometry 

and standard anthropometry data that were input to the Michigan Computer 

System (MTS) by keypunching. The resulting data sets were examined and 

edited for bad points using histogram and scatter plot displays of 

variables, listings of variables by individual subject, and descriptive 

statistics of variables by subject group. Where target coordinate 

"outliers" were found, the specific film frames involved were 

redigitized in an attempt to correct the problem points. In general, 

there were very few points that could not be corrected as indicated by a 

sample size of twenty-five for most variables. 





FIGURE 3-32. Measurement o f  arm c i rcumference du r i ng  Phase I l l .  

FIGURE 3 - 3 3 .  Measuring contour o f  shoulder w i t h  l a rge  contour gauge. 
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As an a d d i t i o n a l  check, and i n  o r d e r  t o  p r o v i d e  a  c o n s i s t e n t  s e t  

o f  d a t a  between seated anthropometry and t a r g e t  da ta ,  v e c t o r  d i s tances  

between p a i r s  o f  t a r g e t s  were c a l c u l a t e d  and compared w i t h  a p p r o p r i a t e  

measured va lues .  For example, t h e  d i s t a n c e  between l a t e r a l  femoral  

condy le  and medial  femoral  ep i condy le  shou ld  be approx ima te l y  equal t o  

t h e  measurement o f  knee b read th ,  S i m i l a r l y ,  Z c o o r d i n a t e  va lues  minus L 
t h e  ZL c o o r d i n a t e  o f  t h e  buck p l a t f o r m  shou ld  be equal t o  t h e  measured 

h e i g h t s  i f  no s u b j e c t  movement occu r red  between measurements and 

photographs.  Thus, ches t  h e i g h t  ( p o s t e r i o r  scye) shou ld  be equal t o  t h e  

a d j u s t e d  Z c o o r d i n a t e  o f  p o s t e r i o r  scye. These and o t h e r  comparisons L 
were made f o r  t h e  r e s u l t s  i n  each s u b j e c t  group, and where 

i nconsi  s t e n c i e s  were found,  a p p r o p r i a t e  ad jus tments  were made (based on 

a b e s t  determi  n a t i o n  o f  t h e  source o f  t h e  d iscrepancy)  t o  produce 

compa t ib le  s e t s  o f  measured and t a r g e t  da ta .  I n  genera l ,  t h e  

ad jus tments  r e q u i r e d  were smal l  and w i t h i n  t h e  range expected f rom 

photogrammetr ic  measurement and s u b j e c t  movement e r r o r  sources. 

Tables 3.13 and 3.14 c o n t a i n  t h e  mean va 1 ues o f  seated 

an th ropomet r i c  measures and landmark l a b o r a t o r y  system coord ina tes  f o r  

each o f  t h e  s u b j e c t  groups.  The seated h e i g h t  measures (e.g., 

t r o c h a n t e r  h e i g h t ,  n i p p l e  h e i g h t )  a r e  g i v e n  r e l a t i v e  t o  t h e  Z 
L 

c o o r d i n a t e  o f  t he  f i n a l  s e a t  assembly su r faces  wh ich  i s  19 mm (3/4 i n . )  

g r e a t e q t h a n  t h e  ZL c o o r d i n a t e  o f  t h e  measurement buck su r face .  Tables 
\, 

i n  Appendix I c o n t a i n  t h e  s t a t i s t i c a l  d e s c r i p t i o n s  o f  these seated 

an th ropomet r i c  measurements and s u r f a c e  landmarks. 



TABLE 3.13 

MEAN VALUES OF CONTOURED HARDSEAT ANTHROPOMETRY 
(cm o r  as noted) 

Measurement V a r i a b l e  

S i t t i n g  H e i g h t  . . . . . . . .  
C e r v i c a l e  H e i g h t  . . . . . . .  
Chin H e i g h t  . . . . . . . . . .  
Neck Length ( a n t e r i o r )  . . . .  
Neck Breadth  (mid) . . . . . .  
Neck Depth (mid) . . . . . . .  
Neck C i rcumference (mid) . . .  
Neck Breadth  ( lower )  . . . . .  
Neck Depth ( lower )  . . . . . .  
Neck C i rcumference ( lower )  . . 
Shoulder  H e i g h t  (mid) . . . . .  
Acromion H e i g h t  . . . . . . . .  
C1av.- to-Acr .  C l a v i c  . A r t i c  . . 
Shoulder  Breadth  . . . . . . .  
Shoulder  C i rcumference . . . .  
B iac romia l  Breadth  . . . . . .  
Torso Depth (upper) . . . . . .  
Shoulder  Depth (scye) . . . . .  

. . . . . . . .  A x i l l a r y  Depth 

Arm Angle (upper) [deg.] . . .  
Arm Angle ( lower)  [deg.] . . .  
R i g h t - L e f t  Med . Hum . Epicondy le  
R i g h t - L e f t  S t y l i o n  . . . . . .  

. . .  Arm Ci rcumference (scye) 
A r m B r e a d t h  (upper) . . . . . .  
Arm Depth (upper) . . . . . . .  

. . .  A r m  C i rcumference (upper) 
Arm Breadth  (above elbow) . . .  
A r m  Depth (above elbow) . . . .  
Arm C i rcumf erence (above e l  bow) 
Olecranon H e i g h t  . . . . . . .  
Elbow Breadth  . . . . . . . . .  
Elbow Depth . . . . . . . . . .  
Elbow Ci rcumference . . . . . .  
Forearm Breadth  (upper) . . . .  
Forearm Depth (upper) . . . . .  
Forearm C i rcumf erence (upper) . 
Forearm C i  rcumference ( lower)  . 
W r i s t  Breadth  (condy les)  . . .  
W r i s t  Depth (condy les)  . . . .  
Wr i s t  C i rcumf erence (condy I es) 

Sma'll Female 

93 3 
71.2 
73  2 

8.1 
9.1 
9.0 

30.4 
10.4 
9 3 

32.2 

68.2 
64.3 
15.5 
38 . 0 
95 3 
34.2 

9 0 
10.5 
9.8 

43 3 
50.4 
30.0 
27.2 
36.9 

6.7 
8 - 9  

25 3 
7.2 
7 . 4  

24.0 
4 4 . 4  

6.4 
7 .7  

23.3 
6.2 
6.9 

21.5 
15.8 
4.7 
3.4 

14.2 

Mid-Sized Male 

100.3 
75.3 
7 7 . 4  

8.5 
1 1 . 4  
11.5 
38.3 
12.2 
11.5 
39.3 

02.1 
68.3 
17.4 
46.8 

119.9 
40.7 
1 1  . 9 
14.5 
1 1 . 7  

40.4 
35.9 
33 8 
27 . 0 
4 5 . 3  

8.6 
10.8 
31 - 5  

8 3 
8.2 

28.4 
45.0 

8.0 
9 2 

28.5 
8.2 
8.6 

27 0 5  

18.3 
5.9 
4 . 1  

16.9 

Large Male 

102.9 
78.2 
80.6 

9.8 
12.6 
12.6 
42.1 
13.6  
13.1 
43 . 3 

7 4 . 7  
70.5 
19.1 
50.2 

131 - 7  
43.4 
13.8 
16.8 
13.3  

36 7 
23.9 
37.8 
27.6 
50.6 

9.8 
12.5 
35 8 

9.2 
9.2 

3 1  9 3  

47 .6  
8.5 
9.5 

30.4 
8.5 
9.2 

29.6 
20.3 

6.2 
4.5 

18.1 



TABLE 3.13 
MEAN VALUES OF CONTOURED HARDSEAT ANTHROPOMETRY (Continued) 

Large Male 

57.1 
57.9 
32.3 

117 .1  
38.4 

115.9 
106.5 
36.1 
30.1 

107 0 5  

38.4 
31.6 

108.2 

35 4 
34.5 
3 4 - 9  
28.4 
43.9 
38.5 

19.1 
51.7 
19.6 
12.6 
46.6 
21.4 
63.9 
16.9 
55 9 
47.8  
1 1 . 1  
14.5 
43.4 
12.1 
12.8 
40.6 

6.6 
8.2 

24.7 
7 * 7  

10.2 
28.7  

Measurement V a r i a b l e  

. . . . .  Chest H e i g h t  ( n i p p l e )  
Chest H e i g h t  ( p o s t e r i o r  scye) . 

. . . .  Chest Breadth  ( a x i l l a )  
Chest C i rcumference (ax i  1 l a )  . 
Chest Breadth  (n ipp le )  . . . .  
Chest C i rcumference (n ipp le )  . 
Chest C i rcumference (10 th  r i b )  

. . .  Wais t  Breadth  (umb i l i cus )  
Waist  Depth (umb i l i cus )  . . . .  
Wa i s t  C i rcumf erence (umb i 1 i  cus) 
Abdominal Breadth  (maximum) . . 
Abdominal Depth (maximum) . , . 
Abdomi n a l  C i  rcumference (max.) 

l l i o c r i s t a l e  H e i g h t  . . . . . .  
Thigh-Abdom. Junc t .  H e i g h t  . . 
Ant.-Sup. I l i a c  Spine He igh t  . 
T r o c h a n t e r i o n  He igh t  . . . . .  
H i p  Breadth  (max.) . . . . . .  
B i t r o c h a n t e r  Breadth . . . . .  
Leg Angle (upper) [deg . I  . . .  
Leg Angle ( lower)  [deg.] . . .  
R i g h t - L e f t  Med. Fem. Ep icondy le  
R i g h t - L e f t  Sphy r ion  . . . . . .  
T r o c . - t o - l a t ,  Fern. Condyle , . 
Th igh  Breadth  (upper) . . . . .  
Th igh  C i rcumference (upper) . . 
Th igh  Breadth  (mid) . . . . . .  
Th igh  Circumference'  (mid) . , . 
Knee H e i g h t  . . . . . . . . . .  
Knee Breadth  . . . . . . . . .  
Knee Depth ( p o p l i t e a l )  . . . .  
Knee Ci rcumference . . . . . .  
C a l f  Breadth  . . . . . . . . .  
C a l f  Depth . . . . . . . . . .  
C a l f  C i rcumference . . . . . .  
Ank le  Breadth  (min.) . . . . .  
Ankle Depth (min.) . . . . . .  
Ankle C i rcumference (min.) . . 
Ankle Breadth  (condyles)  . . .  
Ankle Depth (condyles)  . . . .  
Ank le  C i  rcumference (condyles)  

Small Female 

51 - 7  
559 1 
26.0 
82.4 
27.6 
83.3 
68.9 
24.7 
18.8 
70.8  
27.9 
21 .O 
75.4 

35 3 
32.7 
34.2 
24.8 
35.6 
36.9 

9.3 
53 4 

6.4 
1 1 . 3  
38.1 
17.6 
50.1 
12.5 
42.7 
38.8 

8 7 
1 1 . 1  
33 9 
9 4 
9 - 6  

31.5 
6.0 
6.7 

2 1 . 4  
6.3 
8. 1 

2 2  .O 

Mid-Sized Male 

55.4 
57 - 0  
30.4 

103.9 
34.9 

101 .O 
90.9 
31.4 
24.4 
90.4 
32 - 5  
26.9 
91 - 3  

35 7 
34 - 5  
34.7 
29.2 
38.5 
32 - 9  

18.1 
52.6 
17.4  
12.2 
44.7 
19.4 
57.9 
15.5 
50.4 
45 3 
10.1 
13.2 
39.2 
11.0 
11.8  
37 .3  

6.1 
7 .6  

22.9 
7 - 3  
9.4 

26.1 



TABLE 3.14 

MEAN VALUES OF SURFACE LANDMARK LABORATORY COORD l NATES (mm) 

Reference No. and Landmark 

HEAD AND N E C K :  

1 .  G l abe l l a  . . . . . . . . .  

2. l n f r a o r b i t a l e  . . . . . .  

. . . . . . . . .  3. Trag ion 

4.  G o n i o n .  . . . . . . . . .  

. . . . . . . . .  5. Gnathion 

SPINE AND SCAPULA: 

7. c 7 . .  . . . . . . . . . .  

8. T 4 . .  . . . . . . . . . .  

9. T 8 . .  . . . , . . . . . .  

10. T I2  . . . . . . . . . . .  

1 1 .  L2 . . . . . . . . . . . .  

12. L 5 . .  . . . . . . . . . .  

Coord. 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

Small 
Female 

665 
619 

1003 

652 
65 1 
975 

575 
686 
970 

588 
674 
909 

664 
6 19 
890 

517 
619 
870 

496 
6 19 
789 

508 
6 19 
667 

555 
6 19 
547 

575 
6 19 
504 

60 1 
6 19 
448 

Mid-S i zed 
Male 

577 
619 

1073 

56 1 
653 

1042 

472 
702 

1036 

484 
689 
966 

556 
6 19 
933 

39 1 
619 
91 1 

364 
6 19 
80 2 

373 
6 19 
675 

41 1 
619 
568 

440 
6 19 
509 

483 
619 
435 

Large 
Ma 1 e 

507 
6 19 

1093 

490 
656 

1059 

406 
702 

1055 

423 
689 
985 

510 
6 19 
964 

318 
6 19 
940 

285 
6 19 
830 

29 1 
6 19 
693 

3 35 
619 
564 

372 
6 19 
504 

4 16 
6 19 
428 



TABLE 3.14: MEANS O F  SURFACE LANDMARK LABORATORY COORD l NATES (Cont i nued) 

Sma I1 
Female 

554 
6 19 
55 1 

493 
685 
804 

505 
728 
7 17  

61 1 
6 19 
8 16 

645 
6 19 
778 
666 
6 19 
7 4  1 
- - - 
--- 
--- 
716 
704 
675 

745 
619 
575 
756 
6 19 
566 

777  
619 
554 
659 
748 
550 

M i  d-S i zed 
Male 

415 
619 
560 

36 1 
698 
825 

38 1 
745 
689 

518 
619 
857 

559 
6 19 
807 

5 85 
619 
758 

605 
6 19 
703 

605 
732 
712 

672 
619 
613 

692 
6 19 
575 
713  
6 19 
55 1 

564 
7 75 
556 

Reference No. and Landmark 

SPINE AND SCAPULA (Continued) . 
13. 10 th  R ib ,  mid-sp ine . . .  

14. Scapula, Sup. Marg. . . .  

15. Scapula, I n f .  Marg. . . .  

CHEST A N D  TORSO: 

18. Supras te rna le  . . . . . .  

19. Mesosterna le  . . . . . . .  

20. Subs te rna le  . . . . . . .  

21. Bimammary M i d l i n e  . . . .  

22. N i p p l e  . . . . . . . . . .  

23. 10 th  R ib ,  Ant. M i d l i n e  . . 

24. Umb i l i cus  . . . . . . . .  

25. Max. Abdom. P r o t r u s i o n  . . 

26. 10 th  R i b  . . . . . . . . .  

Large 
Male 

34 1 
619 
553 
287 
702 
855 

317 
7 66 
680 

456 
6 19 
868 

499 
6 19 
824 

529 
6 19 
7 7 3 

558 
619 
72 1 

559 
75 1 
729 

65 1 
619 
6 2 7 

678 
6 19 
58 1 

693 
6 19 
562 

492 
8 13 
552 

Coord. 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
x 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 



TABLE 3.14: MEANS O F  SURFACE LANDMARK LABORATORY COORD l  NATES (Cont i nued) 

Reference No, and Landmark 

PELVIS AND HIP: 

27. I l i o c r i s t a l e  . . . . . . . 

28. Ant. Sup. I l i a c  Spine , . 

29. Pubic Symphysis . . . . . 

30. Thigh-Abdom. J u n c t i o n  . . 

31a. T r o c h a n t e r i o n  (pa lpa ted)  . 

31b. T r o c h a n t e r i o n  ( r e c o n s t r . )  f: 

SHOULDER: 

33. C l a v i c a l e  . . . . . . . . 

34. A c r e - C l a v .  A r t i c .  . . . . 

35. Gr. T u b e r c l e  Humerus . . . 

36. A c r o m i o n .  . . . . . . . . 

37. Scye, a n t e r i o r  . . . . . . 

38, Scye, p o s t e r i o r  . . . . . 

Coord, 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
x 
Y 
Z 

Small  
Female 

672 
757 
51 1 

740 
722 
500 

799 
61 9 
45 7 

7 7 7 
736 
485 

752 
806 
406 

773 
809 
407 

609 
636 
822 

557 
77 1 
823 

60 3 
797 
805 

549 
790 
80 1 

649 
749 
762 
564 
783 
7 1  1 

Mid-Sized 
Male 

5 7 7 
7 80 
515 

632 
7 35 
505 

708 
619 
463 

6 7 8 
74 1 
50 3 
6 2 4 
807 
450 

677 
822 
402 

51 2 
642 
865 
44 2 
80 1 
865 
484 
837 
843 

433 
822 
84 1 

560 
773 
80 2 

44 3 
816 
728 

Large 
Male 

504 
8 16 
5 14 

59 1 
740 
507 
668 
619 
459 

637 
774 
50 3 
584 
836 
442 

640 
834 
387 

447 
644 
882 

57 1 
81 1 
889 

4 3 3 
842 
878 

362 
836 
863 
50 3 
786 
830 

37 3 
840 
7 3 7 



TABLE 3.14: MEANS O F  SURFACE LANDMARK LABORATORY COORD l NATES (Cont i nued) 

Large  
Ma 1 e 

652 
8 85 
6 7 9 

670 
880 
66 1 

645 
808 
645 

666 
853 
634 

880 
816 
807 

863 
7 5 7 
823 

1029 
826 
566 

1032 
7 17 
584 

1051 
716 
572 

1078 
787 
61 1 

1339 
682 
278 

1463 
707 
339 

M id -S i zed  
Ma le  

689 
86 1 
646 

703 
862 
63 1 

689 
792 
62 1 

7 10 
829 
608 

883 
8 1 o 
809 

868 
754 
82 1 

1061 
808 
55 1 

1064 
706 
564 

108 1 
707 
550 

1106 
769 
594 

1341 
680 
2 7 3 

1453 
703 
3 36 

Re fe rence  No. and Landmark 

ARM AND HAND: 

39. L a t .  Humeral E p i c o n d y l e  . 

40. R a d i a l e  . . . . . . . . .  

41. Med. Humeral E p i c o n d y l e  . 

. . . . . . . .  42. O lec ranon  

43. U l n a r  S t y l o i d  . . . . . .  

44. S t y l i o n  . . . . . . . . .  

LEG A N D  FOOT: 

45. L a t .  Femoral Condy le  . . .  

46. Med. Femoral E p i c o n d y l e  . 

47. T i b i a l e  . . . . . . . . .  

48. P a t e l l a  . . . . . . . . .  

49. S p h y r i o n  . . . . . . . . .  

50.  M e t a t a r s a l / P h a l a n g e a l  I . 

Coord. 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 

Sma l l 
Female 

767 
830 
63 1 

7 8 3 
8 2 6 
6 18 

770 
469 
615 

789 
802 
602 

885 
80 1 
808 

876 
755 
812 

1115 
7 38 
497 

1120 
65 1 
494 

1133 
654 
4 8 3 

1159 
700 
516 

1354 
6 7 6 
253 

1453 
695 
305 



TABLE 3.14: MEANS O F  SURFACE LANDMARK LABORATORY COORD l NATES (Cont i nued) 

>tSee S e c t i o n  3.10, S e c t i o n  5.3, and Volume 2 o f  t h i s  r e p o r t .  

9 4 

Reference No. and Landmark 

L E G  AND FOOT (Continued) 

51. D i g i t  I I . . . . . . . . .  

52. Meta tarsa l /Pha langea l  V . 

53. L a t e r a l  M a l l e o l u s  . . . .  

ANTHRO. MEASUREMENT POINTS 

. . . . . . . .  93. Neck, m id  

. . . . . . .  94. Neck, lower 

. . . . . . . .  95. Arm,  upper 

96. Forearm, upper . . . . . .  

97. Forearm, lower . . . . . .  

98. Thigh,  upper . . . . . . .  

. . . . . . . .  99. Thigh,  mid 

100. Calf . . . . . . . . . . .  

101. Ankle . . . . . . . . . .  

Coord. 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
x 
Y 
z 
X 
Y 
z 

Large 
Male 

1507 
769 
392 

1450 
803 
304 

1329 
754 
240 

392 
682 
953 

385 
687 
929 

508 
872 
786 

740 
87 1 
7 2 7 

834 
830 
78 1 

75 1 
844 
489 

842 
843 
52 1 

I 150 
818 
427 

1281 
762 
298 

Sma I1 
Female 

1484 
745 
35 1 

1438 
776 
278 

1339 
734 
23 1 

569 
665 
88 1 

562 
64 1 
856 

65 8 
818 
73 1 

813 
826 
688 

85 3 
809 
75 1 

868 
788 
458 

976 
766 
483 

1198 
755 
38 1 

1281 
736 
293 

M i  d-S i zed 
Male  

1496 
766 
385 

1442 
793 
298 

1337 
7 45 
237 

459 
676 
934 

453 
680 
9 14  

552 
850 
758 

767 
85 3 
703 

848 
816 
775 

788 
816 
482 

883 
817 
51 1 

1168 
799 
4 16 

1281 
752 
300 



3.9 Comparison o f  Phase I I  and Phase I l l  
Su r face  Landmark Coord inates  

The p r imary  purpose o f  t h e  Phase I I  s u r f a c e  landmark da ta  was t o  

p r o v i d e  a  means f o r  q u a n t i t a t i v e l y  v a l i d a t i n g  t h e  ha rdsea t  measurement 

approach by comparing seated pos tu res  and body p o s i t i o n s  i n  t h e  v e h i c l e  

seats  w i t h  pos tu res  and body p o s i t i o n s  i n  t h e  contoured hardseats .  I n  

a d d i t i o n ,  these da ta  p r o v i d e  a  means f o r  d e t e r m i n i n g  t h e  e f f e c t  o f  t he  

c a s t i n g  mater i a1 (Scotchcast)  on p o s t u r e  and seated p o s i  t i o n  by 

comparison o f  landmark c o o r d i n a t e s  on s u b j e c t s  seated i n  t h e  v e h i c l e  

seats  w i t h  and w i t h o u t  t h e  Scotchcast  i n  p l a c e .  Because t h e  seven- 

camera photogrammetry system was r e c a l i b r a t e d  between Phase I I  and Phase 

I l l  measurements r e s u l t i n g  i n  d i f f e r e n t  r e f e r e n c e  o r i g i n s  f o r  t h e  two 

d a t a  s e t s ,  i t  was f i r s t  necessary t o  t r a n s l a t e  s u r f a c e  landmark 

c o o r d i n a t e s  f rom Phase I I  t o  t h e  Phase I l l  r e f e r e n c e  system. T h i s  was 

accompl ished by  add ing 73 mm t o  Phase l l  X c o o r d i n a t e s  and 79 mm t o  
L 

Phase I I  Z c o o r d i n a t e s .  L 

Table  3.15 compares t h e  X L  and ZL c o o r d i n a t e  means and s tandard  

d e v i a t i o n s  (Phase I  I I  r e f e r e n c e  system) f o r  s u r f a c e  landmarks on mid-  

s i z e d  males i n  Phase I 1  v e h i c l e - s e a t e d  pos tu res  with and w i t h o u t  t h e  

Scotchcast .  Tab1 e  3.16 compares s u r f a c e  landmark c o o r d i n a t e s  f o r  mid-  

s i z e d  males i n  Phase I I  seated pos tu res  w i t h  Scotchcast  w i t h  the  same 

s u b j e c t s  seated i n  t h e  r e f e r e n c e  ha rdsea t .  I n  F igu res  3-34 and 3-35, 

t h e  X and Z c o o r d i n a t e  v a l u e s  f rom these t a b l e s  have been p l o t t e d  L L 
where t h e  axes o f  t he  e k l i p s e s  i n d i c a t e  t h e  approx imate  magnitudes o f  

t h e  s tandard  d e v i a t i o n s  i n  X and Z d i r e c t i o n s .  I t  shou ld  be noted i n  
L L  

these comparisons t h a t  t h e  sample s i z e s  a r e  s p e c i f i c  t o  each landmark 

and t h a t  landmarks w i t h  t h e  same sample s i z e s  l e s s  than  e i g h t  may n o t  

i n v o l v e  i d e n t i c a l  s e t s  o f  s u b j e c t s .  The maximum sample s i z e  f o r  any 

comparison i s ,  o f  course,  e i g h t  s i n c e  t h i s  i s  t h e  number o f  mid-s ized 

male s u b j e c t s  used i n  Phase I I  measurements. For each landmark, t h e  

maximum sample s i z e  was used f o r  which b o t h  s e t s  o f  d a t a  con ta ined  t h e  

i d e n t i c a l  s e t  o f  s u b j e c t s .  Thus, f o r  i n f r a o r b i t a l e ,  t h e  f u l l  sample 

s i z e  o f  e i g h t  was used t o  compare Phase I I  w i t h  and w i t h o u t  c a s t i n g  

da ta ,  b u t  s i n c e  one o f  t h e  Phase I I s u b j e c t s  was n o t  used i n  Phase I  I  I ,  

t h e  sample s i z e  f o r  t h e  Phase I I /Phase I l l  comparison was reduced t o  

seven. 



TABLE 3.15 MI D-S I ZED MALE SURFACE LANDMARK LABORATORY 
X -  AND Z-COORD I NATE STAT l ST1 C S  (rnm) FOR PHASE I I 

WITH AND WITHOUT SCOTCHCAST ON VEHICLE SEAT 

Landrnar k 

l n f r a o r b i t a l e  

T r  ag i on 

Acromion 

T r o c h a n t e r i o n  

La t .  Fern. Condyle 

L a t e r a l  Mal l e o l u s  

A S  I s 

Pub i c Syrnphys i s 

Coord 

X 
z 

X 
Z 

X 
z 

X 
z 

X 
z 

X 
Z 

x 
Z 

X 
Z 

N 

8 
8 

5 
5 

8 
8 

7 
7 

8 
8 

3 
3 

8 
8 

7 
7 

Mean 
D i f f .  

- 8 
+ 4 

-5 
- 1 

+ 1 
+7 

+ 1 1  
+ 4 

+ l o  
+8 

+2 
- 2 

+14  
- 1 

- 5 
+ I 2  

PHASE I I 

W i thou t  Sco tchcas t  

Mean 

56 3 
1043 

469 
1031 

437 
850 

595 
462 

1052 
546 

1378 
239 

6 1 0 
504 

709 
460 

Wi th  Scotchcast  

S.D.  

40 
19 

14  
2 5 

36 
2 4 

1 7  
12 

2 0 
38 

36 
18 

17  
6 

2 4 
15 

Mean 

555 
1047 

464 
1030 

438 
85 7 

606 
466 

1062 
554 

1380 
237 

624 
503 

703 
4 7 2 

S.D.  

3 2 
1 7  

19 
2 9 

20 
15 

10 
16 

18 
3 2 

3 1 
17 

o 
O 

15 
20 



T A B L E  3 .16 

M I  D - S  I Z E D  M A L E  SURF ACE L A N D M A R K  L A a O R A T O R Y  
X -  AND Z - C O O R D  I N A T E  S T A T  l ST l  CS (mm) : 

P H A S E  I I  I N  S C O T C H C A S T  V S .  P H A S E  I l l  I N  H A R D S E A T  







I n  genera l ,  i t  i s  observed t h a t  t he  mean c o o r d i n a t e  va lues  a r e  

ex t remely  c l o s e  i n  b o t h  comparisons, and t h i s  i s  e s p e c i a l l y  s t r i k i n g  f o r  

t he  head landmarks, which one might  expect  t o  show the  g r e a t e s t  

d i f f e r e n c e s .  Comparison o f  the  p e l v i c  and h i p  landmarks a r e  o f  

p a r t i c u l a r  importance and i t  i s  noted t h a t  t h e  a n t e r i o r - s u p e r i o r  i l i a c  

sp ines  show ex t remely  c l o s e  a l ignment  between Phase I I  and Phase I l l  

da ta .  T h i s  i s  as one would hope, s i n c e  the  seat  c a s t i n g s  were merged by 

a l i g n i n g  on these landmarks, b u t  the  c l o s e  match i s  c o n f i r m a t i o n  o f  t he  

v a l i d i t y  o f  t he  hardseat  measurement approach, demonst ra t ing  t h a t  t h e  

p e l v i c  bone i s  l o c a t e d  t h e  same i n  t he  hardseat  as i n  t he  v e h i c l e  sea ts .  

I t  i s  a l s o  observed, however, t h a t  t h e  c a s t i n g  process may have 

caused the  s u b j e c t s  t o  p l a c e  t h e i r  p e l v i s  a  b i t  more fo rward  i n  t he  

v e h i c l e  seat ,  as i n d i c a t e d  by the  14-mm d i f f e r e n c e  i n  ASlS X L  c o o r d i n a t e  

va lues  i n  Tab le  3.15. Th i s  obse rva t i on  i s  conf i rmed by the  X l o c a t i o n  L 
o f  t r o c h a n t e r i o n  and l a t e r a l  femoral condy le  t h a t  a re  1 1  mm and 10 mm 

fo rward  w i t h  t h e  Scotchcast  m a t e r i a l ,  b u t  n o t  by the  X L  l o c a t i o n  o f  

pub i c  symphysis t h a t  i s  6 mm f u r t h e r  back w i t h  Scotchcast .  The l a t t e r  

p o i n t  i s ,  however, more suspect than t h e  o t h e r s  due t o  t he  obvious 

sources o f  measurement e r r o r  a t  t h i s  landmark. I t  i s  i n t e r e s t i n g  t o  

no te  t h a t  t h e  Scotchcast  m a t e r i a l  seems t o  have had l i t t l e  o r  no e f f e c t  

on t h e  Z c o o r d i n a t e  va lues  o f  p e l v i c  o r  o t h e r  landmark p o i n t s .  
L 

The agreement between Phase I I  and Phase I l l  landmark 

coo rd ina tes  i s  g e n e r a l l y  b e t t e r  than expected.  Noted d i f f e r e n c e s  are :  

r The lower acromion i n  Phase I l l  which c o u l d  i n d i c a t e  a  more 
r e l a x e d  pos tu re .  

r A lower and more fo rward  t r o c h a n t e r i o n  i n  Phase I l l  which i s  
p robab ly  due l a r g e l y  t o  p a l p a t i o n  e r r o r .  

r A f u r t h e r  back ma l l eo lus  i n  Phase I l l  which i s  due t o  t he  f a c t  
t h a t  t h e  Phase I I  da ta  i n c l u d e  o n l y  f o u r  s u b j e c t s  and do no t  
e q u a l l y  rep resen t  a l l  t he  v e h i c l e  toeboard p o s i t i o n s  t h a t  were 
averaged f o r  Phase I I  I .  

r A lower pub ic  symphysis i n  Phase I l l  which may i n d i c a t e  t h a t  
s u b j e c t s  were encouraged t o  press  down harder w i t h  t h e  probes i n  
t he  f i n a l  measurement sess ion ,  



3.10 R e s u l t s  R e l a t i v e  t o  V e h i c l e  Reference System 

For human f a c t o r s  eng ineers  concerned w i t h  v e h i c l e  packaging, i t  

i s  o f  v a l u e  t o  be ab le  t o  d e s c r i b e  t h e  s u r f a c e  landmark coo rd ina tes  i n  

terms o f  t h e  v e h i c l e  r e f e r e n c e  system, wh ich  i n  t u r n  d e s c r i b e s  t h e  

p o s i t i o n  o f  t h e  dummy r e l a t i v e  t o  o t h e r  v e h i c l e  i n t e r i o r  components. 

S ince f o u r  v e h i c l e  seats  were merged t o  produce t h e  contoured hardseats  

f rom which t h e  dummy an th ropomet r i c  s p e c i f i c a t i o n s  were determined,  t he  

des ign  H-po in t  and a c c e l e r a t o r  heel  p o i n t v  which s p e c i f y  t h e  v e h i c l e  

r e f e r e n c e  system f o r  these data ,  must a l s o  be r e p o r t e d  as an average or  

composi te o f  t he  fou r  v e h i c l e s .  

Dur ing  the  H-po in t  v a l i d a t i o n  o f  each o f  t h e  v e h i c l e  sea t  bucks, 

stereophotogrammetry was used t o  de termine the  l a b o r a t o r y  X and ZL 
L  

coo rd ina tes  o f  each v e h i c l e  s e a t ' s  des ign  H - p o i n t .  Tab le  3.17 r e p o r t s  

these va lues  i n  Phase I  I  I  hardseat  buck coo rd ina tes  ( i  .e., a f t e r  adding 

7 3  mm t o  X va lues  and 79 mm t o  Z va lues  f rom Phase I 1  l a b o r a t o r y  
L L  

c o o r d i n a t e s ) .  Since t h e  average v e h i c l e  d e t e n t  f o r  each s u b j e c t  group 

and v e h i c l e  seat  was rounded o f f  t o  t h e  nea res t  i n t e g e r  d e t e n t  s e t t i n g  

i n  Phase l l  t e s t i n g ,  t h e  p o s i t i o n  o f  t h e  s u b j e c t s  i n  t h e  v e h i c l e  

r e l a t i v e  t o  t he  des ign  H-po in t  shou ld  be c o r r e c t e d  f o r  t h i s  X 
L  

c o o r d i n a t e  s h i f t .  T h i s  can a l s o  be accompl ished by s h i f t i n g  t h e  des ign  

H-po in t  X coo rd ina te  va lue .  
L 

TABLE 3 .17  

P H A S E  I  I  I LABORATORY COORD l  NATES (mm) 
OF D E S I G N  H-POINTS 

Veh ic le  

Ma1 i bu 
C i t a t i o n  
Escor t  
Champ 

AVERAGE 

Design Detent  

9 
9 

13 
10 

L 

592.0 
553.2 
567.4 
556.1 

567.2 

L 

389.2 
387.6 
419.0 
422.0 

404.5 



Table  3.18 shows t h e  average i n - v e h i c l e  d e t e n t  s e t t i n g s ,  t h e  

buck d e t e n t  s e t t i n g ,  t he  d e t e n t  space, and t h e  r e s u l t i n g  H-po in t  s h i f t  

r e q u i r e d  t o  a d j u s t  f o r  t h i s  d e t e n t  round-o f f  f a c t o r .  The average va lues  

across v e h i c l e s  f o r  each s u b j e c t  group were computed, and Tab le  3.19 

g i ves  the  r e s u l t i n g  des ign H-po in t  coo rd ina tes ,  wh ich  a r e  s l i g h t l y  

d i f f e r e n t  f o r  each s i z e  dummy. A lso  presented i n  Tab le  3.19 a r e  t h e  

cor respond ing a c c e l e r a t o r  heel  p o i n t  coo rd ina tes  determined by add ing 

and s u b t r a c t i n g  r e s p e c t i v e l y  t h e  average (across v e h i c l e s )  X and Z 

d i s tances  f rom H-po in t  t o  a c c e l e r a t o r  hee l  p o i n t  (857 rnm f o r  X and 251 

mm f o r  Z) . 
To c o n v e r t  l a b o r a t o r y  su r face  landmark coo rd ina tes  presented i n  

t h i s  r e p o r t  i n t o  v e h i c l e  coo rd ina tes ,  t he  H-po in t  o r  heel  p o i n t  

coo rd ina te  va lues  f o r  t he  a p p r o p r i a t e  dummy-family member g i v e n  i n  Tab le  

3.19 shou ld  be s u b t r a c t e d  f rom the  s u r f a c e  landmark l a b o r a t o r y  

coo rd ina te  va lues .  The v e h i c l e  c o o r d i n a t e  va lues o f  des ign H-po in t  o r  

a c c e l e r a t o r  hee l  p o i n t  should then be added t o  t h e  r e s u l t s .  For 

example, t h e  m id -s i zed  male X and Z c o o r d i n a t e  va lues f o r  l e f t  L L 
acromion a r e  432 and 841, r e s p e c t i v e l y .  For the  Ford Esco r t  t h e  v e h i c l e  

des ign H-po in t  X and Z coo rd ina te  va lues a r e  3101 and 678, r e s p e c t i v e l y  

(see Tab le  8.2) . The Escor t  v e h i c l e  coo rd ina tes  f o r  l e f t  acromion on 

t h e  mid-s ized male i n  the  seated p o s t u r e  a r e  then g i ven  by: 

(Acromion X )  = (Acromion X )  lab - 
veh 

(Acromion X)ve, = 433 - 573 + 3101 
= 2961 

(Acromion Z)veh = (Acromion Z )  lab - 

Thus, Esco r t  coo rd ina tes  o f  l e f t  acromion f o r  t h e  mid-s ized male a re :  

where the  s u b s c r i p t  E i m p l i e s  Esco r t  c o o r d i n a t e  system. 



TABLE 3.18 

D E S I G N  H-POINT SHIFT DUE TO DETENT ROUND-OFF 

TABLE 3.19 

ADJUSTED DESIGN H-POINT AND ACCELERATOR HEEL POINT 
LABORATORY COORD l  NATES (mm) F O R  COMPOS ITE VEH l  CLE 

Group/Veh i c 1 e 

Small Female: 
Ma1 i b u  
C i t a t i o n  
E s c o r t  
Champ 

A V E R A G E  

Mid-Sized Male: 
Ma1 i b u  
C i t a t i o n  
Esco r t  
Champ 

AVERAGE 

Large Ma\e: 
Ma1 i bu 
C i  t a t i o r :  
E s c o r t  
Champ 

AVERAGE 

Detent  
Space 
(cm) 

2.15 
2.13 
1.27 
2 .OO 

2,15 
2.13 
1.27 
2 .OO 

2.15 
2.13 
1 .27 
2 -00 

X L  Coord 
H-Poi n t  

S h i f t  (mm) 

8.6 
6.4 
5.1 

18.0 

9.5 

10.8 
6.4 

-1 .3  
8.0 

6.0 

0 
10.7 
0 ,O 
0.0 

2 7 

Av g 
Detent  

1.4 
1.3 
1.4 
2.9 

695 
6 - 3  
9 - 9  
7.4 

8.0 
8.5 

13.0 
10.0 

H-Point  

Buck 
Detent  

1 
1 
1 
2  

6 
6 

10 
7 

8 
8 

13 
10 

Accel .  Heel P o i n t  
' Group 

Small  Female 577 405 
Mid-Sized Male 573 405 1430 
Large Male 570 405 1427 154 



I n  d e v e l o p i n g  t h e  an th ropomet r i c  s p e c i f i c a t i o n s  f o r  each dummy- 

f a m i l y  member (see S e c t i o n  5 and Volume 2  o f  t h i s  r e p o r t ) ,  t h e  p a l p a t e d  

s u r f a c e  landmarks f o r  t h e  p e l v i c  bone ( i . e . ,  p e l v i c  c r e s t  and ASIS) were 

used, a long  w i t h  e s t i m a t e s  o f  t i s s u e  t h i c k n e s s  beneath t h e  probe t i p s  

and p e l v i c  s p a t i a l  geometry d a t a  f rom Reynolds e t  a1 . (1981) , t o  

e s t i m a t e  t h e  l o c a t i o n s  o f  t h e  h i p  p i v o t  p o i n t s .  From these c o o r d i n a t e s  

and t h e  s i z e  and o r i e n t a t i o n  o f  t h e  femur bones determined f rom Phase 

I l l  measurement d a t a ,  t h e  c o o r d i n a t e s  o f  t r o c h a n t e r i o n  f o r  t h e  seated 

dummies were computed (see S e c t i o n  6 .5  o f  Volume 2 ) .  T a b l e  3.20 g i v e s  

t h e  X and Z c o o r d i n a t e s  f o r  these r e c o n s t r u c t e d  t r o c h a n t e r i o n  
L  L 

landmarks and compares them w i t h  t h e  X and Z mean c o o r d i n a t e  va lues  L L 
f o r  t h e  p a l p a t s d  t r o c h a n t e r i o n  s u r f a c e  landmarks. 

TABLE 3.20 

PHASE I I I LABORATORY C O O R D  l  NATES (mm) F O R  PALPATED 
AND RECONSTRUCTED TROCHANTERION 

I t  i s  seen t h a t  t h e r e  a r e  s u b s t a n t i a l  d i s c r e p a n c i e s  between the  

p a l p a t e d  and r e c o n s t r u c t e d  t r o c h a n t e r i o n  c o o r d i n a t e s ,  e s p e c i a l l y  f o r  t h e  

l a r g e  male and m i d - s i z e d  male groups.  I n  g e n e r a l ,  t h e  r e c o n s t r u c t e d  

t r o c h a n t e r i o n  i s  f o r w a r d  o f  and be low t h e  p a l p a t e d  t r o c h a n t e r i o n .  The 

reasons f o r  t h i s  a r e  n o t  f u l l y  e x p l a i n a b l e  a t  t h i s  t ime ,  b u t  i t  i s  

suspected t h a t  a  l a r g e  p a r t  o f  t h e  d i f f e r e n c e s  a r e  due t o  e r r o r s  i n  

p a l p a t i n g  t h e  t r o c h a n t e r i o n  i n  t h e  seated p o s t u r e .  Given t h a t  t h e  

r e c o n s t r u c t i o n  procedure  may i n v o l v e  e r r o r s  i n  e s t i m a t i n g  t i s s u e  

th i cknesses ,  a p p l y i n g  and s c a l i n g  t h e  Reynolds da ta ,  and e s t i m a t i n g  t h e  

v e c t o r  d i s t a n c e s  f rom t h e  h i p  p i v o t  p o i n t s  t o  t h e  t r o c h a n t e r  o f  t h e  

Form 

Small Female 
Mid-Si zed Male 
Large Male 

Pa lpa ted  
T r o c h a n t e r i o n  

L 

752 
624 
584 

Recons t ruc ted  
T r o c h a n t e r i o n  

L 

406 
450 
44 2  

L 

7 7 3  
672 
640 

L 

407 
402 
387 



femurs ,  i t  i s  l i k e l y  t h a t  some o f  t h e  e r r o r  i s  i n  t h e  l o c a t i o n  o f  t hese  

p o i n t s  as w e l l .  

I n  T a b l e  3.14 and t h e  t a b l e s  o f  Appendices I and L, t h e  

c o o r d i n a t e s  o f  b o t h  p a l p a t e d  and r e c o n s t r u c t e d  t r o c h a n t e r i o n  a r e  g i v e n  

and a r e  r e f e r e n c e d  as p o i n t s  31a and 31b, r e s p e c t i v e l y .  The e n g i n e e r i n g  

d raw ings  f o r  each dummy show o n l y  t h e  rec ;ons t ruc ted  t r o c h a n t e r i o n .  

T a b l e  3.21 g i v e s  t h e  r e c o n s t r u c t e d  l a b o r a t o r y  X and Z c o o r d i n a t e s  o f  L  L  
t h e  h i p  p i v o t  p o i n t s  f o r  t h e  t h r e e  dummy members and F i g u r e  3-36 shows 

t hese  p o i n t s  r e l a t i v e  t o  t h e  average  v e h i c l e  d e s i g n  H - p o i n t  and t h e  s e a t  

m i d l i n e  c o n t o u r s .  

TABLE 3.21 

LABORATORY COORDINATES O F  RECONSTRUCTED HIP PIVOT POINTS 

F a m i l y  Member I X~ I z~ 
Smal l  Female 
M id -S i zed  Male 
Large  Ma le  

755 
65 7 
618 

425 
422 
409 





4.0 FABRICATION OF STANDARD REFERENCE FORMS 

AND SEAT ASSEMBLIES 

4.1 Seat Assembly P l a t f o r m  and Three-Dimensional 
Measurement Apparatus 

I n  o r d e r  t o  c o n s t r u c t  t h e  c l a y  model o f  each dummy form and t o  

s c u l p t  t h e  models t o  t h e  X L ,  YL,  and Z c:oordinates o f  s u r f a c e  
L 

landmarks, s p e c i a l  p l a t f o r m s  and a  th ree-d imens iona l  measurement 

appara tus  were c o n s t r u c t e d .  Three p l a t f o r m s  w i t h  toeboards were 

e v e n t u a l l y  b u i l t  t o  serve  as t h e  f i n a l  d e l i v e r a b l e  seat  assembly bases. 

Each p l a t f o r m  was c o n s t r u c t e d  o f  four- inc:h aluminum channel welded t o  

fo rm a  29- by 60- inch frame. Two a d d i t i o n a l  channel members were a l s o  

welded l eng thw ise  i n s i d e  t h i s  r e c t a n g u l a r  frame a t  a p p r o p r i a t e  p o s i t i o n s  

f o r  a t tachment  o f  t h e  con tou red  hardseats .  A sheet  o f  3/4- inch plywood 

was a t t a c h e d  t o  t h e  t o p  o f  each aluminum frame and laminated w i t h  a  

sheet  o f  ,050- inch t h i c k  aluminum t o  fo rm a  smooth and t r u e  r e f e r e n c e  

s u r f a c e .  The p l a t f o r m s  were f i t t e d  w i t h  c a s t o r s  f o r  m o b i l i t y  and w i t h  

a d j u s t a b l e  l egs  f o r  l e v e l i n g  p r i o r  t o  measurement and s c u l p t i n g .  

The th ree-d imens iona l  measurement apparatus,  shown i n  F igu re  4 - 1  

was a t t a c h e d  t o  each base p l a t f o r m  d u r i n g  t h e  model development process, 

I t s  b a s i c  c o n s t r u c t i o n  c o n s i s t s  o f  two end-frame p ieces  made o f  welded 

one- inch-square t u b i n g  t o  wh ich  i s  a t t ached  a  r e c t a n g u l a r  t o p  frame made 

o f  welded 2 - i nch  by 3-[nch aluminum e x t r u s i o n .  Another l e n g t h  o f  2 - inch  

by  3 - i n c h  aluminum t r a v e l s  s i d e - t o - s i d e  ( Y L  d i r e c t i o n )  above the  t o p  

frame by means o f  l i n e a r  b e a r i n g s  and s h a f t s  anchored t o  t h e  ends o f  t h e  

t o p  f rame. i o n g i t u d i n a l  movement i s  p rov ided  by a  c a r r i a g e  t h a t  r i d e s  

on bea r ings  on t h e  2- inch by 3 - i nch  "beam," w h i l e  v e r t i c a l  p o s i t i o n i n g  

(ZL d i r e c t i o n )  i s  by means o f  a  s h a f t  th rough a  housing on t h e  s i d e  o f  

t h i s  c a r r i a g e .  V e r t i c a l  ad jus tment  i s  achieved by a hand crank t h a t  

a c t s  th rough a  rack  and p i n i o n  t o  d r i v e  t h e  s h a f t  up and down. Mot ion  

i n  l a t e r a l  and l o n g i t u d i n a l  d i r e c t i o n s  i s  manual ly  c o n t r o l l e d  and can be 

r e s t r i c t e d  ( i  .e., locked i n  p lace )  by t i g h t e n i n g  t h e  handles o f  l ock -  

down screws. 



FIGURE 4-1 .  Three-dimensional measurement apparatus used t o  c o n s t r u c t  t h e  c l a y  models. 



I n  o r d e r  t o  s e t  o r  read t h e  c o o r d i n a t e s  o f  a  p o i n t ,  t h r e e  

sepa ra te  sca les  a r e  used. The Z c o o r d i n a t e  i s  read  a t  a  gauge on t h e  
L  

t o p  o f  t h e  v e r t i c a l  s h a f t  hous ing  f rom a  s c a l e  p laced  i n s i d e  t h e  

v e r t i c a l  s h a f t .  The Y c o o r d i n a t e  i s  read  f rom a  s c a l e  p laced  a l o n g  t h e  
L  

t o p  edge o f  t h e  r e c t a n g u l a r  t o p  frame a t  one end and uses t h e  l e f t  s i d e  

o f  t h e  2 - i nch  by 3 - i n c h  beam as a  gauge. The X L  c o o r d i n a t e  i s  read  a t  a  

gauge on t h e  r i g h t  s i d e  o f  t h e  c a r r i a g e  a long  a  s c a l e  a t tached  t o  t h e  

t o p  beam. The end o f  t h e  v e r t i c a l  s h a f t  can be f i t t e d  w i t h  e i t h e r  a  

v e r t i c a l  or h o r i z o n t a l  p o i n t e r  appropr ia t :e  t o  t h e  measurement b e i n g  

taken,  For t h e  l a t t e r ,  t h e  d i s t a n c e  o f  t.he p o i n t e r  t i p  f rom t h e  s h a f t  

c e n t e r  i s  a d j u s t a b l e  and must be a c c u r a t e l y  s e t  and s u b t r a c t e d  o r  added 

t o  t h e  X L  o r  Y L  c o o r d i n a t e  r e a d i n g  taken f rom t h e  s c a l e .  

4.2 C o n s t r u c t i o n  o f  Clay Models 

Two approaches were used i n  t h e  c o n s t r u c t i o n  o f  t h e  c l a y  models. 

For t h e  m id -s i zed  male, wh ich  was s c u l p t e d  f i r s t ,  an a d j u s t a b l e  c l a y  

armature  was f a b r i c a t e d  f rom a c r y l i c  cast: ings o f  s k e l e t a l  components as 

i l l u s t r a t e d  i n  F i g u r e  4-2.  I t  was o r i g i n a l l y  b e l i e v e d  t h a t  t h i s  

t echn ique  would p r o v i d e  u s e f u l  anatomica l  i n p u t  t o  t h e  s c u l p t o r s ,  and, 

t o  some e x t e n t ,  i t  d i d .  Based on t h e  l i n k a g e  anthropomet ry  d a t a  

c o l l e c t e d ,  an a t temp t  was made t o  l o c a t e  s k e l e t a l  components t h a t  

matched the  average bone dimensions o f  t h e  m id -s i zed  male s u b j e c t s .  I t  

soon became 'apparent, however, t h a t  t h i s  was a  task  t h a t  c o u l d  n o t  be 

accompl ished under t h e  t i m e  c o n s t r a i n t s  o f  t h e  c u r r e n t  p r o j e c t  ( i f  a t  

a l l )  f o r  t h e  "average" male, much l e s s  f o r  t h e  smal l  females and l a r g e  

males ,  

I t  was t h e r e f o r e  dec ided t h a t  a  reasonab ly  c l o s e l y  s i z e d  

s k e l e t o n  would be used and t h a t  t h e  s i g n i f i c a n t  s k e l e t a l  f e a t u r e s  (e.g., 

t h e  ends o f  l ong  bones) would be molded, c a s t  i n  a c r y l i c ,  and 

reassembled u s i n g  a d j u s t a b l e  s t e e l  s h a f t s .  The r e s u l t  was i n tended  t o  

be an a d j u s t a b l e  armature  t h a t  c o u l d  be used f o r  a l l  t h r e e  c l a y  models.  

The expe r ience  w i t h  t h e  m i d - s i z e d  male model,  however, was t h a t  t h e  

d isadvantages o f  t h i s  a rmature  outweighed t h e  anatomica l  advantages. I t  

was v i r t u a l l y  imposs ib le  t o  produce a  s k e l e t a l  a rmature  c o r r e c t  i n  a l l  

d imensions and i t  was necessary on s e v e r a l  occas ions  d u r i n g  t h e  c l a y  



F I G U R E  4-2.  A d j u s t a b l e  s k e l e t a l  a r m a t u r e  used f o r  m i d - s i z e d  
ma le  c l a y  model .  



s c u l p t i n g  t o  saw o r  d r i l l  away a c r y l i c  bone t h a t  was p r o t r u d i n g  beyond a  

su r face  landmark, I n  a d d i t i o n ,  t h e  s k e l e t a l  a rmature  proved t o  have 

l e s s  than i d e a l  s t a b i l i t y  and r i g i d i t y .  

As a  r e s u l t  o f  t h i s  exper ience,  a  d i f f e r e n t  approach was used i n  

c o n s t r u c t i n g  t h e  armatures f o r  t he  smal l  fernale and l a r g e  male models. 

As i 1 l u s t r a t e d  i n  F igu re  4-3, r e c t a n g u l a r  s t e e l  ba rs  were c u t ,  ben t ,  and 

welded i n t o  p l a c e  on the  hardseat  t o  fo rm t h e  b a s i c  suppor t  s t r u c t u r e .  

Using t h e  t h r e e  X L ,  Y L ,  and Z c o o r d i n a t e s  o f  s u r f a c e  landmarks, f u l l -  
L 

s i z e  f r o n t  and s i d e  v iew  sketches were made t o  de te rm ine  t h e  s i z e s ,  

p o s i t i o n s ,  and o r i e n t a t i o n s  o f  t he  s t e e l  l i n k s  r e q u i r e d  t o  ensure t h a t  

t h e  armatures would l i e  comple te ly  i n s i d e  t h e  c l a y  models. The 

r e s u l t i n g  s t r u c t u r e s  proved t o  be much more s t a b l e  and r i g i d  than  t h e  

a d j u s t a b l e  s k e l e t a l  armature,  and, i n  f a c t ,  d i d  n o t  r e q u i r e  e x t e r n a l  

suppor ts  f o r  t he  arms. As shown i n  F i g u r e  4-4, dense s t y ro foam was c u t  

and g lued t o  the  s t e e l  armatures t o  f i l l  o u t  t h e  b u l k  o f  t h e  models and 

reduce t h e  q u a n t i t y  o f  c l a y  r e q u i r e d .  

The a c t u a l  s c u l p t i n g  o f  a l l  t h e  c l a y  models proved t o  be a  

unique b l e n d  o f  a r t  and eng ineer ing  i n  a t te rnp t i ng  t o  produce forms t h a t  

were b o t h  a r t i s t i c a l l y  appea l i ng  and r e a l i s t i c  and y e t  e n g i n e e r i n g l y  

accu ra te  and symmetric. S l i d e s  o f  t y p i c a l  seated s u b j e c t s  i n  each group 

were used as v i s u a l  guides by t h e  s c u l p t o r s , ,  and t h e  knee, shou lde r ,  and 

t h i g h  contour  templates were used t o  deve lop the  shapes o f  these 

p a r t i c u l a r  body reg ions .  The main e f f o r t ,  however, went i n t o  s c u l p t i n g  

t o  t h e  s u r f a c e  landmark coo rd ina tes  and seated an th ropomet r i c  measures 

on b o t h  t h e  l e f t  and r i g h t  s ides .  Repeated checks and rechecks o f  

landmark c o o r d i n a t e s  and anthropometr ic  d imensions were performed i n  

t h i s  l a b o r i o u s  process.  

For t h e  m id -s i zed  male, t he  model was c o n s t r u c t e d  u s i n g  a  s o f t  

"green" model ing  c l a y  known as P l a s t i c i n e ,  as i l l u s t r a t e d  i n  F igu res  4-5 

and 4-5. Whi le  t h i s  c l a y  i s  easy t o  work, i t  produces a  model w i t h  

b o r d e r l i n e  d imens iona l  s t a b i l i t y .  I t  i s  a l s o  imposs ib le  t o  o b t a i n  a  

smooth, u n r i p p l e d  f i n i s h  which leads t o  t h e  need f o r  s i g n i f i c a n t  

smoothing ( i  .e., body work) on the  assembled s h e l l .  As a  r e s u l t  o f  

these c o n s i d e r a t i o n s ,  an i n d u s t r i a l  s t y l i n g  c l a y  (HBX-2)  was used f o r  

the  o u t e r  l a y e r  o f  b o t h  the  smal l  female and l a r g e  male models. T h i s  



FIGURE 4-3.  F a b r i c a t i o n  o f  s t e e l  a rma tu re  f o r  l a r g e  male model.  

FIGURE 4-4.  A t t a c h i n g  s t y ro foam t o  welded s t e e l  a rmature .  



FIGURE 4 -5 .  Mode l ing  t h e  m id -s i zed  male w i t h  P l a s t i c i n e .  

FIGURE 4-6 .  Completed m id -s i zed  male c l a y  model .  



m a t e r i a l  i s  much more d i f f i c u l t  t o  work w i t h  than t h e  P l a s t i c i n e  and 

r e q u i r e s  a  low tempera ture  oven t o  warm i t  t o  a  workab le  so f tness ,  b u t  

i t  produces a  more s t a b l e  and r i g i d  s u r f a c e  t h a t  can be shaved and 

worked t o  a  f i n e r  and smoother f i n i s h .  F i g u r e  4-7 i 1 l u s t r a t e s  t h e  use 

o f  t h i s  c l a y  on t h e  smal l  female model.  

F igu res  J -1  th rough J-3 p r o v i d e  a  more complete p i c t u r e  o f  t h e  

model development process f o r  t h e  t h r e e  s i z e  dummy forms. Upon 

comp le t i on  o f  each model, b u t  p r i o r  t o  f i n a l  smoothing, paper tape l i n e s  

were p laced  a l o n g  t h e  body s u r f a c e  con tou rs  as shown i n  F i g u r e s  4-8 and 

4-9, and t h e  s u r f a c e  o u t l i n e s  were d i g i t i z e d  u s i n g  t h e  th ree-d imens iona l  

measurement dev i ce .  These d a t a  were then  p l o t t e d  on t h e  e n g i n e e r i n g  

drawings produced f o r  each dummy. 

4.3 F a b r i c a t i o n  o f  Molds and 
Epoxy S h e l l  Sur face Forms 

A m u l t i - p i e c e  p l a s t e r  "waste" mold was made f rom each completed 

c l a y  model u s i n g  t h e  techn iques i 1 l u s t r a t e d  i n  F igu res  4.10 th rough 4.17 

and Appendix J .  Metal  shim s tock  (.005-inch t h i c k )  was c a r e f u l  l y  

p o s i t i o n e d  and pushed i n t o  t h e  c l a y  t o  fo rm seams between molded p a r t s ,  

and p a i r s  o f  s t e e l  p l a t e s  were b o l t e d  t o  t h e  shim s tock  t o  a1 i g n  and 

l ock  t h e  molded p a r t s  t o g e t h e r .  W i th  these d i v i d e r s  and f a s t e n e r s  i n  

p lace,  a  mold r e l e a s e  agent  was p a i n t e d  on t h e  c l a y  s u r f a c e  f o l l o w e d  by 

a  c o a t i n g  o f  h i g h  q u a l i t y ,  d i m e n s i o n a l l y  s t a b l e  p l a s t e r  ( U l t r a c a l  60 

gypsum cement) . Th i s  was f  0 1  lowed by bu i ldup o f  p l  a s t e r  and hemp t o  

produce a  u n i f o r m l y  t h i c k  p l a s t e r / f a b r i c  mold. A f t e r  twen ty - fou r  hours  

o f  hardening,  t h e  b o l t s  were removed and t h e  mold p ieces  w i t h  imbedded 

s t e e l  p l a t e s  were separa ted and f r e e d  f rom t h e  c l a y  su r face .  

Each mold p i e c e  was then c a r e f u i  l y  inspected,  c leaned,  r e p a i  r e d  

i f  necessary, and prepared f o r  use by c o a t i n g  w i t h  a  s e a l e r  and seve ra l  

l a y e r s  o f  p a s t e  wax. A t h i c k  l a y e r  o f  epoxy su r face  c o a t  was p a i n t e d  on 

each prepared p a r t ,  f o l l o w e d  by lay-up o f  m u l t i p l e  l a y e r s  o f  f i b e r g l a s s  

and epoxy r e s i n .  As shown i n  F i g u r e  4-15, t h e  back and sea t  o f  t h e  

dummy forms were made u s i n g  t h e  waxed contoured hardseats  f o r  t h e  molds.  

P a r t s  o f  t h e  mold fo rm ing  the  dummy s i d e s  and c o n t a i n i n g  epoxy/ 

f i b e r g l a s s  l a y e r s  were l oca ted  and assembled on t h e  hardseat  as shown. 



FIGURE 4-7 .  S c u l p t i n g  t h e  smal l  female model u s i n g  
H B X - 2  c lay .  



FIGURE 4-8. Completed smal l  female  c l a y  model w i t h  l i n e s  
f o r  d i g i t i z i n g  s u r f a c e  o u t l i n e s .  

FIGURE 4-9.  Completed l a r g e  male c l a y  model w i t h  l i n e s  
f o r  d i g i t i z i n g  s u r f a c e  o u t l i n e s .  



Four holes were drilled in the hardseat and lined with metal sleeves. 

Locating pins were fabricated and placed in these holes and fitted with 

matching receptacles before epoxy and fiberglass coatings were laid-up 

and seamed to the assembled parts. The receptacles were thereby molded 

into the shell so that each completed form fits and locks securely into 

its seat. 

The remaining mold parts containing epoxy/fiberglass layers were 

assembled and seamed together using the locating bolts and hardware. 

The assembled shells were smoothed and sanded using REN 1710 epoxy weld 

as a filler. The shells were then primed and blocked, sprayed with a 

sealer coat, and finally painted with an epoxy paint. Contoured 

hardseats and toeboards were finished in a similar manner, and the 

completed shells and seats were assembled on the platforms which were 

laminated with Formica for increased durability. 

Using the three-dimensional measurement device, XL, YL, and Z L  

coordinate values of surface landmarks were located on the finished 

shells. Black (skeletal surface points) and gold (non-skeletal surface 

points) anodized rivets were inserted and glued into holes drilled at 

these surface landmark points. Table K.l and the figures in Appendix K 

identify these rivet markers on the three surface forms with the 

reference landmark numbers used on the engineering drawings. 

Figures 4-18 through 4-21 show the completed surface she1 1s and 

seat assemblies for the three dummy-family members, while Tables L . l  

through ~ . 6  l ist the desired (mean values o f  subjects) versus actual 

values achieved in these surface shells for anthropometric measures and 

landmark coordinates. 
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FIGURE 4-12. Hardened p l a s t e r  mold ready f o r  removal f rom c l a y .  

FIGURE 4-13. Removing p l a s t e r  mold p a r t s  f rom smal l  
female c l a y  model. 



F I G U R E  4-14. Laying up epoxy/fiberglass in mold parts. 



F IGURE 4-15. Assembling mold p a r t s  on 
hardseat t o  lay-up back s i d e  of s h e l l  
us ing  seat  as t h e  mold. 

F I G U R E  4-16. Removing mold p a r t s  f rom 
assembl ed she1 1 . 



FIGURE 4-17. F i n i s h i n g  and p a i n t i n g  t h e  assembled s h e l l s .  



F I G U R E  4-18. Small female completed seat assembly and she1 1 .  



F I G U R E  4-19. M i d - s i z e d  m a l e  cornpl e t e d  s e a t  assembly and she1 1 .  



F I G U R E  4 - 2 0 .  Large male completed seat  assembly and she1 1 . 



FIGURE 4-21. Completed seat  assembl i e s  w i t h  she1 1s f o r  
t h e  t h r e e  dummy-family members. 



5.0 DEVELOPMENT O F  ANTHROPOMETRIC SPECIFICATION PACKAGE 

5.1 I n t r o d u c t i o n  

The purpose o f  t h i s  s e c t i o n  i s  t o  p resen t  t h e  an th ropomet r i c  

s p e c i f i c a t i o n s  f o r  t h e  three-member dum~ny f a m i l y .  Data gathered d u r i n g  

t h e  p r o j e c t  as w e l l  as d a t a  a v a i l a b l e  i n  t h e  l i t e r a t u r e  were used i n  

f o r m u l a t i n g  these s p e c i f i c a t i o n s .  The a n a l y t i c a l  techn iques and 

procedures  used i n  combining t h e  v a r i o u s  da ta  resources  a r e  summarized. 

The background i n f o r m a t i o n  f o r  Sec t i on  5 i s  con ta ined  i n  S e c t i o n  

3 o f  t h e  r e p o r t  as w e l l  as Volumes 2 and 3.  The f i r s t  o f  these 

d e s c r i b e s  t h e  procedures used i n  o b t a i n i n g  average an th ropomet r i c  da ta  

f o r  use i n  d e f i n i n g  a  seated dummy. The o t h e r s  d e s c r i b e  t h e  p u b l i s h e d  

d a t a  reso i l rces  used i n  d e f i n i t i o n  o f  body segmentat ion,  mass, and j o i n t  

c h a r a c t e r i s t i c s ,  and c o n t a i n  t h e  d e t a i l s  o f  t h e  computat ions.  

S e c t i o n  5 i s  o rgan ized  n o t  o n l y  t o  p resen t  t he  r e s u l t s  b u t  t o  

l ead  t h e  user th rough t h e  process o f  development o f  a  c o n s i s t e n t  

an th ropomet r i c  d e s c r i p t i o n  o f  a  seated human. The f i r s t  subsect ions  

c o n c e n t r a t e  on s u b j e c t  geomet r ic  d e f i n i t i o n  based on measured s u r f a c e  

landmarks and t h e  c o n s t r u c t i o n  o f  a  s tandard  seat  c o o r d i n a t e  system i n  

wh ich  a l l  d a t a  can be s p e c i f i e d .  I n  t he  n e x t  subsect ions ,  t h e  emphasis 

s h i f t s  t o  d i v i s i o n  o f  t h e  body i n t o  d i s c r e t e  segments. T h i s  i m p l i e s ,  

when t h e  user  o f  these d a t a  s h i f t s  t o  dynamic a p p l i c a t i o n s  such as c rash 

t e s t  dummies, a t  l e a s t  t he  p a r t i a l  acceptance o f  t h e  major  mechanical 

assumpt ion t h a t  t he  human body can be represented as a  c h a i n  o f  r i g i d  

bod ies .  ( I n  t h e  s t a t i c  sense, when t h e  body i s  n o t  moving, t h i s  

assumpt ion i s  va1 i d . )  l n d i v i d u a l  coord i  n a t e  systems a r e  then d e f i n e d  

f o r  each segment. T rans fo rma t ions  a r e  developed t h a t  r e l a t e  these 

segment systems t o  t h e  s tandard  sea t  c o o r d i n a t e  system. Mathemat ical  

f o r m u l a t i o n s  f o l l o w  f o r  t h e  c o n s t r u c t i o n  of segmentat ion p lanes between 

t h e  v a r i o u s  p a r t s  o f  t h e  body. The s t a t i c  an th ropomet r i c  d e s c r i p t i o n  i s  

completed by e s t i m a t i o n  o f  j o i n t  cen te r  l o c a t i o n s  f o r  t h e  seated s u b j e c t  

i n  b o t h  s tanda rd  seat  and segment c o o r d i n a t e  systems. F i n a l l y ,  j o i n t  

range o f  mo t ion  i s  d iscussed.  



Throughout t h i s  s e c t i o n ,  t h e  s u b s c r i p t s  L ,  H, and A on 

c o o r d i n a t e  axes X ,  Y ,  and Z r e f e r  t o  t h e  l a b o r a t o r y ,  t he  whole body o r  

H -po in t ,  and t h e  anatomica l  o r  body segment c o o r d i n a t e  systems, 

r e s p e c t i v e l y .  

Sec t i on  5 i s  supplemented by f u l l - s i z e  b l u e p r i n t s  showing s i d e ,  

f r o n t ,  and t o p  v iews o f  t h e  f o l l o w i n g :  

Sur face landmarks 
J o i n t  c e n t e r s  

e Segment c e n t e r s  o f  g r a v i t y  
O r i g i n s  o f  segment c o o r d i n a t e  systems 
Sur face p r o f i l e  o f  a c t u a l  s u r f a c e  fo rm 
I n f o r m a t i o n  on anatomical  and p r i n c i p a l  axes 
I n f o r m a t i o n  on segmentat ion p lanes 

The drawing numbers a r e  g i v e n  below: 

Draw i ng Mid-Sized Male Small Female Large Male I 
S ide  View MM-101 SF-201 LM-30 1 
F r o n t  View MM- 102 SF-202 LM-302 
Top View MM- 103 SF-203 LM-303 

Two a d d i t i o n a l  drawings,  MM-104 and MM-105, c o n t a i n  f r o n t  and s i d e  v iews 

as above w i t h  a  superimposed s k e l e t a l  r e n d e r i n g .  F igu re  5-1 i s  a  

schematic showing a  subset  o f  t h i s  i n f o r m a t i o n .  The t a b l e s  o f  d a t a  

which a r e  r e f e r r e d  t o  i n  t he  t e x t  a r e  a t  t h e  end o f  S e c t i o n  5 .  

5 .2  Landmarks Used f o r  Sub iec t  D e f i n i t i o n  

I n  o rde r  t o  deve lop  a  geomet r ic  and mass d e f i n i t i o n  o f  a  person 

seated i n  an automobi le ,  i t  i s  necessary t o  t ake  i n t o  account  a v a r i e t y  

o f  i ssues i n c l u d i n g :  

Body segmentat ion scheme 
S i z i n g  o f  components 
Segment masses 
Segment c e n t e r s  o f  g r a v i  t y  
Segment moments o f  i n e r t i a  
J o i n t  l o c a t i o n s  
J o i n t  ranges o f  mo t ion  
Sur face geometry 
O r i e n t a t i o n  o f  p e l v i s ,  v e r t e b r a l  column, s k u l l ,  and 

lower e x t r e m i t i e s  i n  t h e  seated p o s t u r e  
R e l a t i o n  o f  c o o r d i n a t e  systems i n  anatomica l  segments t o  



I 
I 

CODE 
0 Segment Origins 

Joint Centers 
8 Centers of Gravity 
X, Z Segment Coordinote Directions --- Segmentation Planes 

Head/Neck (H/N) 
C7/TI, T4/T5, T8/T9, T12/LI, L2/L3,  

L5/SI Interspaces 
Hlp (HI, Knee (K), Ankle (A), 

Elbow (E), Wrist (w), 
Sternoclavicular (S), 
Claviscapular (C), 
Glenohumeral (GI 

I 
T -'0° 

F I G U R E  5 - 1 .  Anthropometric specifications for mid-sized male dummy. 



the standard seat coordinate system 

Table 5.1 is the original minimum collection of geometric points 

estimated to be required. The first thirty-one of these are minimum 

requirements for body segmentation, mass property definition, and 

segment coordinate system construction using the formulae and techniques 

of McConvi 1 le et al. (1980). Tables 5.2 and 5.3 associate particular 

skeletal landmarks used in the present analysis with coordinate systems 

and segmentation planes. The large majority of these agree with the 

first thirty-one of Table 5.1. However, a few new points can be 

identified which are required for the study of seated posture. These 

include: 

Thorax and abdomen coordinate systems as well as segmentation 
plane: "Intersection point on the back of surface form of a 
perpendicular from the center of a line connecting the 10th rib 
targets to a line connecting the T12 and L5 surface targets." 

Foot coordinate system: "Heel point" (taken directly from the 
seat i ng buck) . 

r Abdomen segmentation plane: "Intersection point on back of 
surface form of a perpendicular from the center of a line 
connecting the iliocristale targets to a line connecting the TI2 
and L5 surface targets." 

Hip segmentat ion plane: "Pubotuberosi ty" and "lateral tuberosi ty 
point." 

Beyond the first thirty-one, the next three landmarks locate the 

position of the scapula within the space defined by a shoulder girdle 

mass, which is separate from the thorax or chest mass defined by 

McConville et al. Although it has not been possible within the current 

activity, it is recommended that in future work the cadaver shoulder 

girdle segmentation scheme and mass data of Dempster (1965) be used to 
decompose the thorax definition of McConville et al. into rib cage and 

shoulder girdle segments. The recognition of the separation of rib cage 

from shoulder girdle will lay the basis for design of more realistic 

interactions between members of the new dummy family and side-door 

structures as well as frontal restraint devices. A further purpose is 

to more clearly define the location of the acromio-clavicular and 

glenohumeral joints so that the best possible estimates of shoulder 

girdle centers of rotation can be made. 



The f i n a l  f i v e  s u r f a c e  landmarks r e l a t e  t o  t h e  s p i n a l  column. 

These d a t a  were used as i n p u t  f o r  p rocedures  r e p o r t e d  by Snyder e t  

a l .  (1972) t o  d e f i n e  t h e  l o c a t i o n  o f  s e v e r a l  s p i n a l  i n t e r f a c e  c e n t e r s  

w i t h  r e s p e c t  t o  t h e  s u r f a c e  landmarks. These landmarks a r e  impor tan t  

f o r  p l a c i n g  t h e  v e r t e b r a l  column i n  a  c o r r e c t  r e l a t i o n s h i p  t o  t h e  

e x t e r i o r  o f  t h e  s u r f a c e  form. 

Four o f  t h e  s u r f a c e  landmarks i n  T a b l e  5 . 1  r e q u i r e  s p e c i a l  

comment. These a r e  marked by a s t e r i s k s .  The symphysion was r e p l a c e d  i n  

t h e  f i n a l  l i s t  o f  s u b j e c t  t a r g e t s  by  p e l v i c  c r e s t  due t o  t h e  d i f f i c u l t y  

o f  t a r g e t  l o c a t i o n  f o r  pho tog raph ic  d a t a  a c q u i s i t i o n .  I n  o r d e r  t o  

compensate, a  c o r r e c t i o n  f a c t o r  was developed t o  t r a n s l a t e  p e l v i c  c r e s t  

landmark t o  symphysion based on p e l v i c  geometry d a t a  o f  Reynolds e t  

a l .  (1981). The p o s t e r i o r  ca lcaneus i s  h idden  f rom v iew  i n  t h a t  t h e  

hee l  i s  i n  t h e  d r i v i n g  p o s i t i o n  i n  t h e  s tanda rd  sea t  buck. However, a  

c l o s e  app rox ima t ion  o f  t h i s  p o i n t  i s  t h e  hee l  p o i n t  r e f e r e n c e  t h a t  i s  

measured d i r e c t l y  on t h e  buck.  

I t  was n o t  p o s s i b l e  t o  o b t a i n  two p o i n t s  d i r e c t l y .  These a r e  

nucha le  and g l u t e a l  f u r r o w .  However, nucha le  p o s i t i o n  can be  i n f e r r e d  

f rom t h e  s u r f a c e  fo rm and by t h e  f a c t  t h a t  i t s  l o c a t i o n  i s  g i v e n  i n  

anatomica l  c o o r d i n a t e s  by  McConv i l l e  e t  a l .  (1980).  G l u t e a l  f u r r o w  

p o i n t  i s  i n  c o n t a c t  w i t h  t h e  sea t  and hence i s  i n v i s i b l e .  

Development o f  Standard Seat Coordin is te System 

The s e l e c t i o n  o f  a  s tanda rd  sea t  c o o r d i n a t e  system was made 

between two cand ida tes :  (1) t r a d i t i o n a l  H.-poi n t ,  and ( 2 )  seat-based 

c o o r d i n a t e  system. The t r a d i t i o n a l  H - p o i n t  r e p r e s e n t s  a  p o i n t  on t h e  H-  

p o i n t  machine a s s o c i a t e d  w i t h  t h e  human h i p  j o i n t .  Seat-based 

c o o r d i n a t e  systems o f t e n  r e f l e c t  t h e  i n t e r s e c t i o n  p o i n t  between s e a t  

back and s e a t  cush ion  l i n e s .  The con t i nuous  c u r v a t u r e  o f  t h e  s e a t  back 

and cush ion  o f  t h e  average s tanda rd  s e a t  t ieveloped on t h i s  p r o j e c t  

p revented development o f  any c l e a r  d e f i n i t i o n  o f  s e a t  back and s e a t  

cush ion  l i n e s .  Hence, i t  was dec ided  t h a t  t h e  t r a d i t i o n a l  H - p o i n t  

concept  o f f e r e d  t h e  b e t t e r  a l t e r n a t i v e .  

Su r face  landmarks ( r i g h t  and l e f t  a n t e r i o r - s u p e r i o r  i l i a c  sp ines  

as w e l l  as p e l v i c  c r e s t )  were a v a i l a b l e  f o r  o r i e n t a t i o n  o f  t h e  p e l v i s  i n  



th ree-d imens iona l  c o o r d i n a t e s .  I n  o rder  t o  d e f i n e  the  H-po in t  l o c a t i o n  

i t  was necessary t o  e s t i m a t e  t i s s u e  th icknesses o f  t h e  s u r f a c e  landmarks 

over t h e  cor respond ing bony p o i n t s  on t h e  p e l v i s .  Based on these 

e s t i m a t e s  (see Volume 3 ) ,  i t  was then p o s s i b l e  t o  o r i e n t  t h e  p e l v i s  i n  

space i f  an a p p r o p r i a t e  average s t r u c t u r e  c o u l d  be found. 

The da ta  o f  Reynolds e t  a1 . (1981) a re  based on s u b j e c t  groups 

s i m i l a r  i n  average s t a t u r e  and we igh t  t o  those measured d u r i n g  t h e  

c u r r e n t  s tudy .  These d a t a  were accepted f o r  t h e  p e l v i c  r e c o n s t r u c t i o n ,  

l o c a t i o n  o f  t h e  s tandard  seat  c o o r d i n a t e  system a t  t h e  cen te r  o f  a  l i n e  

connec t i ng  t h e  H-po in t s ,  l o c a t i o n  o f  t h e  cen te r  o f  r o t a t i o n  o f  t h e  two 

h i p  j o i n t s ,  and l o c a t i o n  o f  t h e  lumbar -sacra l  (L5/S1) j o i n t  c e n t e r .  

The d i r e c t i o n  o f  t h e  Reynolds e t  a l .  c o o r d i n a t e  system was 

superimposed upon t h e  UMTRl d a t a  f o r  a n t e r i o r - s u p e r i o r  i l i a c  sp ine  

( i  1 i o - s p i  na l  e  summum) and p u b i c  symphysi s  ( F  i g u r e  5-2) . The d i r e c t i o n  

angle,  (8) between t h e  two, a l l owed  conve rs ion  o f  any o f  t he  Reynolds e t  

a l .  d a t a  p o i n t s  i n t o  a  system p a r a l l e l  t o  t h e  UMTRl l a b  system w i t h  an 

o r i g i n  a t  t h e  c e n t e r  p o i n t  o f  t h e  a n t e r i o r - s u p e r i o r  i l i a c  spines u s i n g  

t h e  s imp le  t r a n s f o r m a t i o n  

X L  = XR cos 0  - ZR s i n  0 

ZL = X  s i n O + Z R c o s  0  
R 

where t h e  s u b s c r i p t  R i d e n t i f i e s  t h e  Reynolds e t  a l ,  c o o r d i n a t e  va lues .  

The f o l l o w i n g  p o i n t s  were t rans formed as needed f o r  use i n  c o n s t r u c t i o n  

o f  j o i n t  c e n t e r s ,  segmentat ion p lanes,  anatomica l  segment axes 

e s t i m a t i o n  o f  t i s s u e  depths ,  e t c . :  

H-poi n t s  
Pub i c  symphys i s  
l  n f  e r  i o r  symphysea 1 p o l  e  
Super io r  p o l e ,  p u b i c  symphysis 
I l i o - s p i n a l e  summum 
I 1  i o - c r i s t a l e  summum 
I n f e r i o r  t u b e r o s i t y  p o i n t  
P o s t e r i o r  p o i n t  on 1 s t  s a c r a l  v e r t e b r a l  body 
Promontor ion  
L a t e r a l  p o i n t  on 1 s t  s a c r a l  v e r t e b r a l  body 
Pubo tube ros i t y  
L a t e r a l  t u b e r o s i t y  p o i n t  





The key p o i n t s  f o r  development o f  s tanda rd  sea t  c o o r d i n a t e  

systems f o r  t h e  t h r e e  s u r f a c e  forms were t h e  H-po in t s  which, when 

r e f e r r e d  t o  t h e  o r i g i n a l  UMTRl l a b o r a t o r y  c o o r d i n a t e  systems, a r e  

l o c a t e d  as f o l l o w s :  

Sur face Form 

Small Female: L e f t  755 699 425 
R i g h t  755 539 425 

Mid-Sized Male: L e f t  65 7 70 1 422 
R i g h t  657 537 422 

Large Male: L e f t  618 705 409 
R i g h t  618 5 3 3 409 

The Y s h i f t s  f rom t h e  body cen te r1  i n e  were 580, 82, and 86 mm as 
L 

r e p o r t e d  by Reynolds e t  a l .  The c e n t e r s  o f  t h e  l i n e s  connec t i ng  these 

two p o i n t s  a r e  l o c a t e d  as f o l l o w s :  

Sur face Form x L  (mm) Y L  (mm) z, (mm) 

Small Female 745 6 19 425 
Mid-Sized Male 657 619 422 
Large Male 618 6 19 409 

These p o i n t s  have been s e l e c t e d  as t h e  o r i g i n s  o f  t h e  s tandard  seat  

c o o r d i n a t e  systems. A l l  f u r t h e r  d a t a  i n  S e c t i o n  5 o f  t h i s  r e p o r t  a r e  

r e l a t e d  t o  t h i s  p o i n t  on t h e  body c e n t e r l i n e .  

5.4 Sub jec t  Data T r a n s l a t e d  t o  Standard 
Seat Coord ina te  System 

Tab le  5.4 p resen ts  a l l  s k e l e t a l  and s u r f a c e  landmarks used i n  

t h e  development o f  t h e  an th ropomet r i c  s p e c i f i c a t i o n s  f o r  t h e  t h r e e  

members o f  t h e  dummy f a m i l y  and wh ich  a r e  i n c o r p o r a t e d  i n  t h e  s u r f a c e  

forms.  The o r i g i n  o f  c o o r d i n a t e s  i s  t h e  c e n t e r  o f  a  l i n e  connect ing  t h e  

H-poi n t s .  



5.5 Seqmentat ion and L inkage S e l e c t i o n  

The t r a d i t i o n a l  segmentat ion o f  t.he human body f o r  use i n  

deve lop ing  c rash  t e s t  d e v i c e  l i n k a g e s  i s  as f o l l o w s :  

Head Two Lower Legs 
Neck Two Feet  
Thorax Two Upper Arms 
Abdomen Two Loher Arms 
P e l v i s  Two Hands 
Two Upper Legs 

A l though s u b s t a n t i a l  m o b i l i t y  i n  t h e  shou lder  g i r d l e  has been known f o r  

years (see Dempster 1965, Dempster and Gaughran 1967, and Snyder e t  

a l .  1972), o n l y  minimal  d a t a  a r e  a v a i l a b l e  f o r  t h e  d e s c r i p t i o n  o f  i t s  

mass and i n e r t i a l  p r o p e r t i e s .  Dempster (1965) r e p o r t s  a  cen te r  o f  

g r a v i t y ,  mass, and i n e r t i a l  p r o p e r t i e s  around t h e  s i d e - t o - s i d e  a x i s  

(Y-axis)  f o r  t h e  masses a s s o c i a t e d  w i t h  scapula,  c l a v i c l e ,  and s o f t  

t i s s u e s  e x t e r i o r  t o  most o f  t h e  bony tho rax .  No shou lder  g i r d l e  da ta  

a r e  g i v e n  i n  t h e  more r e c e n t  work o f  McConv i l l e  e t  a l .  (1980) and 

Reynolds e t  a l .  (1975) . As a  r e s u l t ,  i t  was concluded t h a t  i n s u f f i c i e n t  

c o n s i s t e n t  da ta  a r e  a v a i l a b l e  from t h e  l i t e r a t u r e  t o  c o n s t r u c t  a  

sepa ra te  shou lder  g i r d l e  w i t h i n  t he  scope o f  t h e  c u r r e n t  a c t i v i t y .  

A n o n - t r a d i t i o n a l  segmentat ion scheme i s  recommended f o r  the  

even tua l  advanced dummy f a m i l y  t h a t  i n c l u ~ j e s  a  separate,  mob i l e  shoulder  

g i r d l e  l i n k  and the  a s s o c i a t e d  mass. S u f f i c i e n t  s u r f a c e  landmarks a r e  

a v a i l a b l e  i n  t h e  UMTRl .data (scapu la ,  c l a v i c a l e ,  e x t e n t  o f  r i b  cage) t o  

d e f i n e  t h i s  segmentat ion.  Mass, cen te r  o f  g r a v i t y ,  and i n e r t i a l  

p r o p e r t i e s  c o u l d  be measured d i r e c t l y  frorn a  s o l  i d  c a s t i n g  o f  t h e  

s u r f a c e  fo rm shoulder  g i r d l e  a f t e r  s e p a r a t i o n  f rom the  t h o r a x .  

S i m i l a r l y ,  i t  i s  expected t h a t  a  r e l a t e d  mathemat ical  procedure cou ld  be 

used t o  sepa ra te  tho rax  f rom shou lder  i n  t h e  McConv i l l e  e t  a l .  (1980) 

da ta .  

I n  conc lus ion ,  t h e  t r a d i t i o n a l  segmentat ion and l i n k a g e  system 

has been adopted as t h e  o n l y  one f e a s i b l e  based on a v a i l a b l e  da ta .  I t  

has been s i m p l i f i e d  s l i g h t l y  by c o u p l i n g  hand and lower arm masses, 

a l t h o u g h  t h e  l o c a t i o n  o f  t h e  w r i s t  j o i n t  i s  s p e c i f i e d .  T h i s  l i n k a g e  

arrangement w i l l  be assumed th roughout  t h e  remainder o f  S e c t i o n  5. 



5.6 C o n s t r u c t i o n  o f  Segmentat ion Planes 

The c o n s t r u c t i o n  o f  segmentat ion p lanes  i s  based l a r g e l y  upon 

the  scheme used by McConv i l l e  e t  a l .  (1980) i n  t h e i r  d e t e r m i n a t i o n  o f  

an th ropomet r i c  r e l a t i o n s h i p s  o f  body and body segment moments o f  

i n e r t i a .  The c o n s t r u c t i o n s  a r e  m o d i f i e d  somewhat t o  account f o r  

d i f f e r e n c e s  between body segment r e l a t i o n s h i p s  i n  t he  seated and 

s tand ing  pos tu res .  The p o i n t s  r e q u i r e d  f o r  c o n s t r u c t i o n  o f  t h e  p lanes 

a re  g i ven  i n  Tab le  5 .3 .  D e t a i l s  o f  t h e  computat ions a re  g i v e n  i n  

Volumes 2 and 3 f o r  t h e  t h r e e  f a m i l y  members. The r e s u l t s  a r e  

summarized i n  Tab le  5.5. I t  shou ld  be noted t h a t  these fo rmulae can be 

used t o  de termine t h e  i n t e r s e c t i o n  o f  t h e  p l a n e  w i t h  t he  s u r f a c e  fo rm a t  

p o i n t s  o t h e r  than s u r f a c e  landmarks used i n  t h e  d e f i n i t i o n s .  A 

d i s c u s s i o n  o f  s p e c i a l  problems i n  segmentat ion p lane  c o n s t r u c t i o n  

f o l  lows. 

The t h o r a x  and abdomen segmentat ion p lanes ,  shown i n  F i g u r e  5 . 3 ,  

p resented s p e c i a l  problems. The McConv i l l e  e t  a l .  d e f i n i t i o n  s p e c i f i e s  

t h a t  t h e  t h o r a x  p lane  o r i g i n a t e s  a t  t h e  t e n t h  r i b  mid-sp ine  landmark and 

passes th rough t h e  t o r s o  p a r a l l e l  w i t h  t h e  s t a n d i n g  su r face .  I n  o rde r  

t o  approximate t h i s  p l a n e  i n  t h e  seated pos tu re ,  a  l i n e  was c o n s t r u c t e d  

f rom t h e  t e n t h  r i b  landmark t h a t  was p e r p e n d i c u l a r  t o  a  l i n e  connec t i ng  

the  112 and L 5  s u r f a c e  landmarks. T h i s  l i n e ,  wh ich  i s  rough ly  

pe rpend icu la r  t o  t h e  body c e n t e r l i n e ,  i s  in tended t o  separa te  t h e  

tho rax ,  which has a  bony s k e l e t a l  p e r i p h e r y ,  f rom the  abdomen which has 

a  s o f t  t i s s u e  p e r i p h e r y .  I n  dynamic a p p l i c a t i o n s ,  t ho rax  and abdomen 

w i l l  have v e r y  d i f f e r e n t  s t i f f n e s s e s  and a r e  coup led v e r y  d i f f e r e n t l y  t o  

t he  bony s k e l e t o n .  

For t h e  abdomen, t h e  McConv i l l e  e t  a l .  d e f i n i t i o n  s p e c i f i e s  t h a t  

t he  p lane  " o r i g i n a t e s  a t  t h e  i l i o c r i s t a l e  landmarks and passes th rough 

the  t o r s o  p a r a l l e l  w i t h  t he  s t a n d i n g  su r face . "  T h i s  p lane p resen ts  a 

dilemma even more complex than t h e  tho rax .  Because o f  t h e  s p i n a l  t i l t  

due t o  t h e  seated pos tu re ,  i t  would seem l o g i c a l  t o  develop a  

segmentat ion scheme s i m i l a r  t o  t h a t  used f o r  t h e  tho rax .  

However, on t h e  b a s i s  o f  t h e  p h y s i c a l  n a t u r e  o f  t he  abdomen 

mentioned above, i t  would make more sense t o  d e f i n e  a  scheme t h a t  b e t t e r  

d e l  i neates  t h e  e x t e n t  o f  t h e  s o f t  abdomen. A p a i r  o f  new p lanes a r e  



CODE - 
JOINTS (T12/LIl L2/L3,  L5/SIl HIP) 
TI2 - TI2  LANDMARK 
L 2  - L 2  LANDMARK 
R l O l  - POINT ON SURFACE FROM RIO 
I1 - POINT ON SURFACE FROM ILIOCRISTALE 
L5 - L5 LANDMARK 
RIO - loth RIB LANDMARK 
I - ILIOCRISTALE LANDMARK 
U - UMBILICUS LANDMARK 
M - MAXIMUM ABDQMINAL PROTRUSION 
ASlS - ANTERIOR SUPERIOR ILIAC SPINE 
TH - THORAX SEGMENTATION PLANE 
AB - ABDOMEN SEGMENTATION PLANE 

F IGURE 5 - 3 .  C o n s t r u c t i o n  o f  t ho rax  and abdomen segmentat ion p lanes .  



proposed, the first of which angles backward from the iliocristale 

landmarks perpendicular to the same line connecting the TI2 and L 5  

surface landmarks used in constructing the thorax plane (see Figure 

5-3). The second plane is horizontal and extends frcm the i 1 iocr istale 

target to the front of the body. The region of maximum abdominal 

protrusion is included in this definition. This plane passes just above 

the anterior-superior iliac spine targets. 

TWO more observations on the McConville et al. data conclude the 

information required for making a final decision on the abdomen 

segmentation plane. The first is that the distance between the thorax 

and abdomen planes, which are parallel, is similar to the distance from 

the iliocristale landmark to the thorax segmentation plane developed 

from the UMTRl data. The second is that the data that are available for 

mass' and inertial properties apply only to the parallel planes through 

the i l iocr istale and tenth rib landmarks. 

The conclusion was to present data based on a segmentation plane 

parallel to the thorax plane and recommend that new inertial and mass 

properties be developed based on the proposed definition given above and 

illustrated in Figure 5-3. 

For the pelvis segmentation, McConvi 1 le et al. (1980) specified 

a plane that "originates at the center of the crotch. . . . I 1  The lack 

of a similar point in the current data set led to selection of a new set 

of points that met the objective of separating the upper leg region from 

the bony pelvis. The four points--anterior-superior iliac spines, 

pubotuberosi ty, 1 ate.ra1 tuberosity point, and inferior tuberosity 

point--were used in a process that generates a plane nearly through the 

H-points and which does not remove pelvic bone. 

For the knee, the McConville et al. definition specifies that 

the plane "passes through the lateral femoral epicondyle landmark 

parallel to the standing surface." Because of the difference between 

the standing and seated postures, this definition is not realistic. As 

an alternative, designed to separate the upper and lower leg masses, a 

plane through the lateral femoral epicondyles bisecting the angle in the 

X Z plane made by the lines connecting the upper and lower leg links, L L 
was used. 



I n  t he  case o f  t h e  ank le ,  t h e  McConv i l l e  e t  a l .  d e f i n i t i o n  

s p e c i f i e s  t h a t  t h e  p lane  " o r i g i n a t e s  a t  t h e  s p h y r i o n  landmark and passes 

th rough t h e  a n k l e  p a r a l l e l  t o  t h e  s t a n d i n g  sur face. "  T h i s  p lane  i s  

ma in ta ined  f a i r l y  w e l l  by c o n s t r u c t i n g  a  p lane  th rough t h e  sphyr ion ,  

p a r a l l e l  t o  t h e  Y H  a x i s ,  and p e r p e n d i c u l a r  t o  a  l i n e  p r o j e c t e d  i n t o  t h e  

X Z p l a n e  connec t i ng  t h e  knee and a n k l e  j o i n t s .  
H H 

5 . 7  Development o f  Ana tomica l l y  Based 
Segment Coord ina te  Systems 

T h i s  s e c t i o n  summarizes t h e  a n a t o m i c a l l y  based c o o r d i n a t e  

systems f o r  each o f  t h e  v a r i o u s  segments o f  t h e  body. The c o o r d i n a t e  

systems t h a t  have been c o n s t r u c t e d  a r e  t h e  same, o r  ve ry  s i m i l a r  t o ,  

those t h a t  have been r e p o r t e d  by McConvi l l e  e t  a1 . (1980) i n  deve lop ing  

an th ropomet r i c  r e l a t i o n s h i p s  o f  body and body segment moments o f  

i n e r t i a .  As such, they a r e  used d i r e c t l y  i n  t h e  p r e s e n t a t i o n  o f  cen te r  

o f  mass and i n e r t i a l  da ta  and p r o v i d e  thle l i n k a g e  between t h e  c o o r d i n a t e  

systems d e f i n i n g  t h e  p r i n c i p a l  axes o f  i ~ i e r t i a  and t h e  s tandard  

c o o r d i n a t e  system a t  t h e  H-po in t  c e n t e r .  

I n  o rder  t o  c o n s t r u c t  c o o r d i n a t e  systems and r e l a t e  them t o  t h e  

s tandard  system, i t  was necessary i n  genera l  t o  know t h r e e  p o i n t s  i n  

each segment. For t h e  p resen t  a n a l y s i s ,  t h e  f o l l o w i n g  t h r e e  were used 

f o r  t h e  most p a r t :  (1) one a t  t h e  o r i g i n , ,  (2) one on an a x i s ,  and (3)  

one i n  one o f  t h e  or thogona l  p lanes .  The p o i n t s  used f o r  each system 

a re  d e f i n e d  i n  Tab le  5 .2 .  Data used a r e  g i v e n  i n  Tab le  5.4. Loca t i ons  

o f  t he  o r i g i n s  o f  segment anatomica l  c o o r d i n a t e  systems f o r  t he  t h r e e  

members o f  t h e  dummy f a m i l y  a r e  shown i n  Tab le  5 . 6 .  Table  5.7 g i v e s  

cos ine  m a t r i c e s  expressed i n  degrees f o r  a l l  anatomical  a x i s  systems 

w i t h  respec t  t o  t h e  h i p  p o i n t  a x i s  system. D e t a i l s  o f  computa t ion  a r e  

g i ven  i n  Volumes 2  and 3. 

5.8 Volume, Mass, and I n e r t i a l  P r o p e r t i e 2  

To compute segment volumes (and masses) t h e  reg ress  i on  equat ions  

g i v e n  i n  McConv i l l e  e t  a l .  (1980) were used f o r  t h e  m id -s i zed  and l a r g e  

male dummies. S i m i l a r  equa t i ons  f o r  t h e  smal l  female were ob ta ined  f rom 

a  r e p o r t  by Young e t  a1 . (1983) . The p r e d i c t e d  volumes and the  sum o f  



volumes f o r  t h e  whole body a r e  g i v e n  i n  Tab le  5.8 f o r  t h e  t h r e e  fami l y  

members. The va lues  o b t a i n e d  f o r  t h e  l e f t  and r i g h t  s i d e s  o f  t h e  body 

have been averaged. These volume c a l c u l a t i o n s  a r e  based on a  d e n s i t y  
3 assumpt ion o f  1.0 gm/cm . Us ing t h i s  v a l u e  f o r  d e n s i t y ,  t h e  r e s u l t i n g  

t o t a l  body w e i g h t s  would be ove res t ima ted  by t h e  f o l l o w i n g :  

Mid-Sized Male = 4.6 pe rcen t  
Large Male = 5.4 pe rcen t  
Small  Female = 3.0 pe rcen t  

I f  a  d e n s i t y  v a l u e  o f  0.92 (see Dempster 1955) i s  used f o r  t h e  t h o r a x ,  

t h e  p r e d i c t e d  va lues  f o r  w e i g h t  a r e  much c l o s e r  t o  s u b j e c t  means. 

Because o f  t h e  apparent  o v e r e s t i m a t i o n ,  s c a l i n g  f a c t o r s  were used t o  

y i e l d  body segment we igh ts  which,  when summed, y i e l d e d  t h e  c o r r e c t  

v a l u e .  Tab le  5 .8  a l s o  i nc ludes  t h e  es t ima ted  body segment we igh ts .  

McConvi l l e  e t  a l .  (1980) and Young e t  a l .  (1983) a l s o  g i v e  d a t a  

on cen te r  o f  volume f o r  t h e  v a r i o u s  segments o f  t h e  body. The 

assumpt ion was made t h a t  c e n t e r  o f  mass and cen te r  o f  volume a r e  

c o i n c i d e n t .  I t  i s  known t h a t  t h i s  assumpt ion i s  n o t  comp le te l y  c o r r e c t  

because o f  dens! t y  v a r i a t i o n s  w i t h i n  segments. Clauser e t  a1 . (1969) 

n o t e  t h a t  mid-volume o f  l imb  segments a r e  p rox ima l  t o  c e n t e r s  o f  mass. 

The d i f f e r e n c e s ,  however, a re  smal l  and b e l i e v e d  t o  be i n s i g n i f i c a n t  i n  

compar ison w i t h  o t h e r  p o s s i b l e  e r r o r s .  The g r e a t e s t  o f  these i s  t h e  

mobi 1 i t y  o f  s o f t  t i s s u e s  w i t h  r e s p e c t  t o  t h e  bony s k e l e t o n  as t h e  body 

moves e i t h e r  v o l u n t a r i l y  o r  e s p e c i a l l y  under impact l oad ing .  For t h e  

c u r r e n t  s t a t i c  case o f  seated p o s t u r e ,  and f o r  a p p l i c a t i o n s  where t h e  

assumpt ion o f  an a r t i c u l a t e d  l i n k a g e  o f  r i g i d  masses i s  v a l i d ,  t h e  

f o r e s t a t e d  assumpt ion i s  b e l i e v e d  t o  be adequate. However, i f  these 

d a t a  a r e  t o  be used f o r  dynamic a p p l i c a t i o n s  where t h e r e  i s  l oose  

c o u p l i n g  between s o f t  t i s s u e  and bony s k e l e t o n ,  t h e  assumpt ion shou ld  be 

ques t i oned  and s u b s t i t u t e  d a t a  ga thered where necessary.  To the  

knowledge o f  t h e  au tho rs ,  t h e r e  a r e  no s u b s t a n t i v e  p u b l i s h e d  da ta  

a v a i l a b l e  t o  address t h i s  i ssue  f o r  au tomot i ve  a p p l i c a t i o n s .  Tab le  5 .9  

g i v e s  t h e  l o c a t i o n s  o f  es t ima ted  c e n t e r s  o f  g r a v i t y  w i t h  r e s p e c t  t o  t h e  

whole body c o o r d i n a t e  system. Tab le  5.10 g i v e s  these p o i n t s  w i t h  

r e s p e c t  t o  t h e  i n d i v i d u a l  segment c o o r d i n a t e  systems. 



To compute the  i n e r t i a l  p r o p e r t i e s ,  t h e  d a t a  and r e g r e s s i o n  

equa t i ons  o f  McConvi 1 l e  e t  a1 . (1980) and Young e t  a1 . (1983) were a g a i n  

used. The r e s u l t i n g  va lues  a r e  summarized i n  Tab le  5.11. Again, a  

s c a l e  f a c t o r  based on t h e  o v e r e s t i m a t i o n  o f  volume i s  used. A l so ,  

va lues  f o r  t h e  l e f t  and r i g h t  s i d e s  o f  t h e  body a r e  averaged. D e t a i l s  

o f  t h e  computat ions a r e  i n c l u d e d  i n  Volunies 2 and 3. 

The p r i n c i p a l  axes o f  i n e r t i a  f o r  each segment have been 

computed by b o t h  McConv i l l e  e t  a l .  and Young e t  a l .  w i t h  r e s p e c t  t o  

segment anatomica l  c o o r d i n a t e  systems. I n  t h e  p resen t  s tudy ,  these 

t r a n s f o r m a t i o n s  were m o d i f i e d  s l i g h t l y  t o  r e f l e c t  t h e  body symmetry 

assumpt ion.  Tables 5.12 and 5.13 p resen t  t h e  p r i n c i p a l  axes w i t h  

r e s p e c t  t o  b o t h  anatomical  and H-po in t  a x i s  systems. 

I n  o rde r  t o  p r o v i d e  i n p u t  t o  t he  r e g r e s s i o n  equa t i ons ,  t h e  b a s i c  

an th ropomet r i c  p r o p e r t i e s  o f  each segment were cons ide red .  The 

McConvi l l e  e t  a1 . (1980) and Young e t  a1 . (1983) s u b j e c t s  were measured 

i n  a  s t a n d i n g  p o s i t i o n .  The c u r r e n t  stucly i n c l u d e d  t r a d i t i o n a l  s t a n d i n g  

an th ropomet r i c  measurements as w e l l  as seated measurements. F i n a l l y ,  

t h e  p r o f  i l e  o f  t h e  s u r f a c e  forms was d i g i t i z e d  (see Volumes 2 and 3 f o r  

t h e  r e s u l t i n g  d a t a ) .  These v a r i o u s  resources  were rev iewed i n  d e t a i l  t o  

assure  t h a t  s u i t a b l e  and comparable i n p u t  q u a n t i t i e s  were used i n  t he  

r e g r e s s i o n  equat ions .  

5.9 A Model f o r  t he  L o c a t i o n  o f  J o i n t  Centers 

I n  o rde r  t o  q u a n t i f y  mot ions  o f  cne segment w i t h  r e s p e c t  t o  i t s  

ne ighbors  i n  a  l i nkage ,  i t  i s  necessary t o  d e f i n e  t h e  connec t i ons  

between t h e  elements i n  t h e  l i n k a g e .  Connect ions between elements o f  

t h e  bony s k e l e t o n  a r e  c a l l e d  a r t i c u l a t i o n s .  I f  t h e  p o s i t i o n  o f  t h e  

a r t i c u l a t i o n  c o i n c i d e s  w i t h  a  p o i n t  about  which r o t a t i o n s  between 

n e i g h b o r i n g  bony segments can occu r ,  i t  i s  c a l l e d  a  c e n t e r  o f  r o t a t i o n  

o r  j o i n t  c e n t e r .  

J o i n t s  i n  t h e  human body most o f t e n  e x h i b i t  more than  one degree 

o f  freedom i n  d e s c r i b i n g  t h e  m o t i o n  o f  one body segment w i t h  respec t  t o  

i t s  ne ighbo rs .  Some, such as t h e  knee and elbow, can p r o b a b l y  be 

modeled as p i n s  connec t i ng  t h e  upper and lower arms and l egs .  However, 

i t  i s  known t h a t  t he  mot ions  a t  these j o i n t s  a r e  more complex and 



i n v o l v e  a  smal l  amount o f  m i g r a t i o n  o f  t h e  j o i n t  l o c a t i o n  w i t h i n  each o f  

t h e  ne ighbo r ing  segments as t h e  body moves (see Dempster 1955) . Others,  

such as t h e  h i p ,  ankle,  and glenohumeral j o i n t s ,  a re  more l i k e  b a l l  

connect ions  between the  two segments. 

The shoulder  g i r d l e  i s  even more complex i n  t h a t  i t  i s  composed 

of t h r e e  a r t i c u l a t i o n s - - t h e  glenohumeral,  s t e r n o c l a v i c u l a r ,  and acromio- 

c l a v i c u l a r  a r t i c u l a t i o n s .  The glenohumeral a r t i c u l a t i o n  c o n s i s t s  o f  t he  

humeral head r o t a t i n g  on t h e  g l e n o i d  fossa.  As t h e r e  i s  v e r y  l i t t l e  

movement o f  t he  center  o f  t h e  humeral head w i  t h  respec t  t o  t h e  scapula 

i n  normal mot ion,  t h i s  a r t i c u l a t i o n  can p r o p e r l y  be c a l l e d  t h e  

glenohumeral j o i n t .  The s t e r n o c l a v i c u l a r  a r t i c u l a t i o n  has many 

p r o p e r t i e s  o f  a  b a l l  j o i n t ,  w h i l e  t h e  a c r o m i o - c l a v i c u l a r  a r t i c u l a t i o n  

combines w i t h  t h e  cono id  and t r a p e z o i d  l igaments  t o  form t h e  

c l a v i s c a p u l a r  j o i n t  system, which has a l s o  been d iscussed by Dempster 

(1955) . These j o i n t s  a re  supplemented by a  moveable shoulder  g i r d l e  

mass, separa te  f rom the  tho rax ,  which r i d e s  w i t h  t he  scapula.  The t h r e e  

j o i n t s ,  combined w i t h  t h e  c l a v i c l e  and scapula mass l i n k s ,  d e f i n e  t h e  

m o b i l i t y  o f  t he  arm w i t h  respec t  t o  t h e  t o r s o .  

The v e r t e b r a l  column i s  a c t u a l l y  a  c o l l e c t i o n  o f  seven c e r v i c a l ,  

twe l ve  t h o r a c i c ,  and f i v e  lumbar v e r t e b r a e .  I n  each a r t i c u l a t i o n  

between t h e  v e r t e b r a e  t h e r e  i s  t h e  p o s s i b i l i t y  o f  l i m i t e d  r o t a t i o n ,  

shear, and s t r e t c h i n g .  Two concepts have been used i n  t he  c o n s t r u c t i o n  

o f  c e r v i c a l  sp ines  f o r  c rash t e s t  dummies, such as the  Hyb r id  I l l  (see 

Foster  e t  a l .  1977), and c rash v i c t i m  computer codes, such as the  MVMA 

2D model (see Bowman e t  a1 . 1979) and t h e  v a r i o u s  v e r s i o n s  o f  t he  

Calspan C V S .  I n  t he  case o f  t h e  dummy, the  c e r v i c a l  sp ine  i s  a  

deformable element connect ing  head t o  t o r s o .  The model lumps the  

r o t a t i o n a l  p r o p e r t i e s  i n t o  head/neck and neck / thorax  i n t e r f a c e  j o i n t s  

and uses an e x t e n s i b l e  neck l i n k  between the  j o i n t s .  Both concepts a re  

s i m p l i f i c a t i o n s  o f  t h e  a c t u a l  v e r t e b r a l  s t r u c t u r e  t h a t  i gno re  c o u p l i n g  

between t h e  t h r e e  p o s s i b l e  r o t a t i o n a l  modes a t  t h e  v a r i o u s  a r t i c u l a t i o n s  

( f l e x i o n ,  l a t e r a l  f l e x i o n ,  and r o t a t i o n )  as has been d iscussed by Bowman 

and Robbi ns (1972) and Schneider e t  a  1 .  (1975) . T h i s  coup1 i ng i s  

b e l i e v e d  t o  e x i s t  f o r  a l l  lumped j o i n t  models o f  t h e  v e r t e b r a l  column. 



The t h o r a c i c  v e r t e b r a e  a r e  u s u a l l y  assumed t o  b e  immob i l e  w i t h  

r e s p e c t  t o  each o t h e r  i n  s i m i l a r  dummy and m o d e l i n g  a p p l i c a t i o n s .  

S t u d i e s  such as t h e  t o r s o  l i n k  m o b i l i t y  s t u d y  by  Snyder e t  a l .  (1972) 

and t h e  s p i n a l  mobi 1 i t y  s t u d y  by  Cheng e t  a l  . (1979) c o n t r a d i c t  each 

o t h e r  as t o  t h e  need f o r  u p g r a d i n g  t h i s  mode l .  The t o r s o  l i n k  s t u d y ,  

wh i ch  i s  a  r each  s t u d y  and does n o t  i n v o l v e  dynamic l o a d i n g ,  i d e n t i f i e d  

s u b s t a n t i a l  m o b i l i t y  t h r o u g h o u t  t h e  s p i n e  f r o m  neck t o  p e l v i s .  The 

Cheng s t u d y  has gone so f a r  as t o  sugges t  a r i g i d  l i n k  f r o m  t h e  C7/T1 t o  

t h e  lumbar s a c r a l  j o i n t  f o r  use  i n  a  f r o n t a l  impact  dummy. I t  i s  c l e a r  

t h a t  c o n s i d e r a b l e  work and d i s c u s s i o n  must  t a k e  p l a c e  b e f o r e  t h e  

d e f i n i t i v e  s e l e c t i o n  o f  t h e  a p p r o p r i a t e  number o f  s p i n a l  j o i n t s  and t h e  

l i n k a g e  between them can be made. 

The lumbar s p i n e  i s  u s u a l l y  c o n s i d e r e d  as  a  f l e x i b l e  e lement  i n  

dummy hardware .  A l t e r n a t i v e l y ,  t h e  m o b i l i t y  i s  c o n c e n t r a t e d  a t  two 

j o i n t s  r e p r e s e n t i n g  c o n n e c t i o n s  t o  t h e  p e l v i s  and t h o r a x .  Da ta  a r e  v e r y  

l i m i t e d  and i ncomp le te ,  e s p e c i a l l y  f o r  n o n - f r o n t a l  dynamic m o b i l i t y ,  

r e g a r d i n g  b o t h  l o c a t i o n  and comp l i ance  f o r  t h i s  j o i n t  mode l .  

J o i n t  c e n t e r  models  f o r  t h e  s e a t e d  occupan t  were  d e r i v e d  u s i n g  

i n f o r m a t i o n  f r o m  many sou rces .  The d e t a i l s  a r e  i n c l u d e d  i n  Volumes 2 

and 3 .  A summary o f  t h e  j o i n t  l o c a t i o n s  i s  g i v e n  i n  T a b l e  5.14.  The 

d e r i v a t i o n s  f o r  t h e  m i d - s i z e d  ma le  were c a r r i e d  o u t  f i r s t .  These 

r e s u l t s  were t h e n  s c a l e d  f o r  t h e  l a r g e  ma le  and s m a l l  f ema le  based on 

t h e  d e t a i l e d  an th ropome t . r i c  d a t a  a v a i l a b l e .  

5 .10 J o i n t  Parameters  

Two b a s i c  t ypes  o f  pa ramete rs  were  c o n s i d e r e d  i n  t h e  deve lopment  

o f  j o i n t  pa rame te r s .  The f i r s t  o f  t hese  i s  an i d e n t i f i c a t i o n  o f  t h e  

range  o f  m o b i l i t y  between d i f f e r e n t  segments o f  t h e  body.  The second i s  

t h e  r e s i s t a n c e  t o  m o t i o n  when one segment o f  t h e  body moves w i t h  r e s p e c t  

t o  i t s  n e i g h b o r s .  

The normal  range  o f  m o b i l i t y  o f  t h e  body i s  u s u a l l y  d e s c r i b e d  as 

j o i n t  r ange  o f  m o t i o n  d a t a .  The most  commonly used sou rces  a r e  Dempster 

(1955) , B a r t e r  e t  a l  . (1957) , and G l a n v i  l 1 e  and K reeze r  (1937) . 
Re fe rences  w i t h  p a r t i c u l a r l y  e x t e n s i v e  d a t a  on  neck m o b i l i t y  have been 

p r e p a r e d  b y  F e r l i c  (1962) and Snyder e t  a l .  (1975a, 1975b) .  T h o r a c i c  



and lumbar s p i n e  m o b i l i t y  d a t a  have been r e p o r t e d  by  N y q u i s t  and M u r t o n  

(19751, as we1 1 as Mi t a l  e t  a l .  (1978, 1979) and K r i e g e r  (1976) . 
Response o f  t h e  human neck has been r e p o r t e d  b y  M e r t z  and P a t r i c k  (1971) 

as we1 1 as Ewing and Thomas (1972, 1973) . A d d i t i o n a l  e x t e n s i v e  range  o f  

m o t i o n  d a t a  on head/neck f l e x i o n ,  e x t e n s i o n ,  l a t e r a l  f l e x i o n ,  r o t a t i o n ,  

and combined modes a r e  expec ted  i n  t h e  near  f u t u r e  f r o m  t h e  Ewing and 

Thomas team. T a b l e  5.15 i s  an assemblage o f  r ange  o f  m o t i o n  d a t a  w h i l e  

F i g u r e  5-4 i 1 l u s t r a t e s  t h e  r ange -o f  -mot i o n  d e f i n i t i o n s .  

Da ta  on  r e s i s t a n c e  t o  m o t i o n  a r e  v e r y  much more d i f f i c u l t  t o  

f i n d ,  i n t e r p r e t ,  and assemble i n t o  a  f o r m  u s a b l e  i n  dummy d e s i g n  wo rk .  

The most  d i r e c t l y  a p p l i c a b l e  d a t a  have been r e p o r t e d  f o r  t he :  

Neck by  M e r t z  and P a t r i c k  (1971) ,  Snyder e t  a l .  (1975a, 1975b) ,  
and Robb i ns e t  a1 . (1 974) 

Head / t r unk ,  w a i s t ,  h i p ,  knee, s h o u l d e r ,  e lbow by 
Kr i eger  (1976) 

Lower s p i n e  by N y q u i s t  and Mu r t on  (1975) and Mi t a l  e t  a1 . 
(1978, 1979) 

S h o u l d e r ,  arms, and l e g s  by  Eng in  (1979, 1980, 1981) ,  
E n g i n  and Ka leps  (1980) ,  and Eng in  and K a z a r i a n  (1981) 

F u r t h e r  d e t a i l s  a r e  i n c l u d e d  i n  Volumes 2 and 3 .  



FIGURE 5 - 4 .  I 1  l u s t r a t i o n s  range-of-motion d e f i n i t i o n s  ( 1  o f  4 ) .  
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FIGURE 5-4.  Illustrations of range-of-motion definitions (2 of 4). 
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F I G U R E  5 -4 .  I1 l u s t r a t  ions o f  range-of-mot ion d e f i n i t i o n s  ( 3  o f  4 ) .  



Range-of-Motion Illustration Code 

A - Head dorsal flexion (hyperextension) 
B - Head ventral flexion 
C - Head lateral flexion 
D - Head rotation 
E - Torso lateral flexion 
F - Torso rotation about long axis 
G - Shoulder flexion (sagittal plane) (3 l inks) 

H - Shoulder extension (sagittal plane) (3 1 inks) 

I - Shoulder abduction (coronal plane) (3 l inks) 

J - Shoulder abduction (transverse plane) (3 links) 

K - Shoulder adduct ion (transverse plane) (3 1 inks) 

L - Shoulder protraction (transverse plane) (clavicle) 

M - Shoulder retraction (transverse plane) (clavicle) 

N - Shoulder depressed (coronal plane) (clavicle) 

0 - Shoulder shrugged (coronal plane) (clavicle) 

P - Elbow flexion 
Q - Hip flexion 
R - Hip abduction (transverse plane) 
S - Hip adduction (transverse plane) 
T - Hip abduction (coronal plane) 
U - Hip medial rotation (prone) 

V - Hip lateral rotation (prone) 

W - Hip medial rotation (sitting) 

X - Hip lateral rotation (sitting) 
Y - Knee voluntary flexion (prone) 
Z - Knee forced flexion (kneeling) 

A A  - Knee medial rotation 
BB - Knee lateral rotation 
CC - Ankle dorsiflexion 
DD - Ankle plantar flexion 
EE - Ankle inversion 
F F  - Ankle eversion 

F l GURE 5-4. l 1 lustrat ions of range-of-motion def i ni t ions (4 of 4) . 
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TABLE 5.1  

LIST O F  SURFACE LANDMARKS F O R  SEGMENT AND JOINT DEFINITION 
(Or i g  i na 1 Requ i rements) 

Cerv ica le f i  
Acromion 
Trochanter  i o n  ( s k e l e t a l  r e c o n s t r u c t  ion)  
l n f r a o r b i t a l e  
T rag ion  
Supras terna le  
L a t e r a l  Humeral Epicondyle 
Ulnar  S t y l o i d  
A n t e r i o r - S u p e r i o r  I l i a c  Spine 
Symphys ion&* 
L a t e r a l  Femoral Epicont iy le 
L a t e r a l  Ma l l eo lus  
C l a v i c a l e  
Mid-Spine, 10 th  R i b  Level 
L a t e r a l  10th R i b  
Medial Humeral Epi condy 1e 
Rad ia le  
S t y l  i o n  
Medial Femoral Ep icondy le  
T i b i a l e  
Sphyr i o n  
Meta tarsa l /Pha langea l  I 
Meta tarsa l /Pha langea l  W 
Poster  i o r  Ca 1 caneus*>k 
T i p  o f  D i g i t  I  I  (Toe) 
Con i on 
l l  i o c r  i s t a l e  
A n t e r i o r  Scye 
Olecranon 
Nuchal eafi 
G lu tea l  Furrow (most i n f e r i o r  point)f:J: 
Super io r  Marg in  Scapula 
I n f e r i o r  Marg in  Scapula 
Acromio-Clav icu lar  A r t i c u l a t i o n  
T4 Surface 
T8 Surface 
T12 Surface 
L2 Surface 
L5 Surface 

*See Sec t i on  3.0 f o r  d e f i n i t i o n s .  

3k)kLandmarks m o d i f i e d  o r  d e l e t e d  f rom f i n a l  
1 i s t .  



TABLE 5.2 

LANDMARKS USED IN CONSTRUCTION OF SEGMENT 
ANATOMICAL COORDINATE SYSTEMS 

Segment I Landmarks 

Head Trag ion (L and R) 
I n f r a o r b i  t a l e  (L) 

Thorax 

Neck 

Cerv ica le  
10th r i b  ( L a n d  R) 
l n t e r s e c t i o n  p o i n t  on back o f  su r face  form o f  

a  perpendicu lar  from the  center  o f  a  l i n e  
connect ing the  10th r i b  t a rge t s  t o  a  l i n e  
connect ing t he  T I2  and L 5  su r face  t a rge t s  

T I2  

C lav i ca l e  (L and R) 
Cerv i ca 1 e  

Abdomen 10th r i b  (L and R) 
l n t e r s e c t i o n  p o i n t  on back o f  sur face form o f  

a  perpendicu lar  from the  center  o f  a  l i n e  
connect ing the  10th r i b  t a rge t s  t o  a  l i n e  
connect ing t he  T I 2  and L5 sur face  t a r g e t s  

T I2  
L5 

P e l v i s  Anter i or -Super i o r  l  1 i ac Spines (L and R) 
Symphysion 

Upper Arms Acromion (L and R) 
Medial Humeral Epicondyle (L and R) 
La te ra l  Humeral Epicondyle (L and R) 

Lower Arms 
and Hands 

Upper Legs 

- - 

Radi a l e  (L and R) 
Ulnar S t y l o i d  Process, D i s t a l  End (L and R) 
Radial  S t y l o i d  Process, D i s t a l  End (L and R) 

Trochanter ion,  recons t ruc ted  (L and R) 
La te ra l  Femoral Epicondyle (L and R) 
Medial Femoral Epicondyle (L and R) 

Lower Legs T i b i a l e  (L and R) 
Sphyr ion  (L and R) 
La te ra l  Ma1 l eo l us  (L and R) 

Feet Metatarsal /Phalangeal  I (L and R) 
Metatarsal /Phalangeal  V (L and R) 
Heel Po in t  (L and R) 



TABLE 5.3 

LANDMARKS USED IN CONSTRUCTING SEGMENTATION PLANES 

Segmentat ion Plane 

Head 

Neck 

Thorax 

Abdomen 

Shoulder 

Landmarks 

Gonion (L and R) 
Nuchal e 

C l a v i c a l e  
Cerv i ca 1 e 

10 th  R ib  (L and R) 
l n t e r s e c t i o n  p o i n t  on back o f  s u r f a c e  form o f  

a pe rpend icu la r  from t h e  c e n t e r  o f  a 1 i ne 
connec t i ng  t h e  10th  r i b  t a r g e t s  t o  a l i n e  
connec t i ng  t h e  T I 2  and L5 s u r f a c e  t a r g e t s  

l l i o c r i s t a l e  (L and R) 
l n t e r s e c t i o n  p o i n t  on back o f  s u r f a c e  fo rm o f  a 

pe rpend icu la r  f rom t h e  c e n t e r  o f  a l i n e  
connec t i ng  t h e  i l i o c r i s t a l e  t a r g e t s  t o  a l i n e  
connec t i ng  t h e  T I 2  and L5 s u r f a c e  t a r g e t s  

H i p  

Knee 

Ank 1 e 

Acromion (L and R) 
Anter  i o r  Scye (L and R) 
P o s t e r i o r  Scye (L and R) 

Anter  ior-Super i o r  l l i ac Spi ne (L and R) A 

Pubotuberos i t y  (L and R) 2'; 

L a t e r a l  Tuberosi  t y  P o i n t  (L and R) 

L a t e r a l  Femoral Ep icondy le  ( L  and R) 

Sphyr i o n  (L and R) 

E 1 bow Olecranon 
Media l  Humeral Ep icondy le  
L a t e r a l  Humeral Ep icondy le  

$(These s k e l e t a l  landmarks a r e  d e r i v e d  f rom t h e  p o s i t i o n  i n  space 
o f  t h e  average p e l v i s  (Reynolds e t  a l .  1981). 
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TABLE 5.5 

FORMULATION O F  SEGMENTATION PLANES 

f:X, Y ,  and Z a r e  whole-body c o o r d i n a t e  axes X,,, Y,,, Z,,. The 
s u b s c r i p t s  have been o m i t t e d  f rom t h e  equa t i ons  f o r  c l a r i t y .  

154 

Formula* 

.38133X + ,924442 - 383.75 = 0 

.31354X + .94958Z - 462.33 = 0 

.34482X + .93867Z - 473.43 = o 

.70711X + ,707112 - 177.48 = 0 
( f o r  a l l  X 2 -194) 

.70711X + ,7071 12 - 210.72 = 0 
( f o r  a l l  X 2 -191) 

.70711X + .70711Z - 213.55 = 0 
( f o r  a1 1 X 1 -229) 

.41773X - ,908572 + 153.67 = 0 

.47138X - ,881942 + 161 $14 = 0 

. 5 1 1 0 8 ~  - .85954Z + 187.31 = 0 

.42046X - ,907312 + 112.93 = 0 

.47312X - ,880982 + 119.78 = 0 

.50957X - .86043Z + 148.44 = 0 

- .79326x + ,60868Y + , 0 1 5 6 8 ~  + 55.706 = 0 
- . 7 6 4 8 7 X + . 6 4 4 0 7 Y +  . 0 1 1 4 3 2 + 6 1 . 0 8 2 , = 0  
- . 7 8 3 9 2 ~  + .62046Y - ,022162 + 62.020 = 0 

(+ s i g n  on Y f o r  r i g h t  s i d e  o f  body) 

-.95067x + ,310222 + 319.90 = 0 
- .96788X+ . 2 5 1 3 9 Z + 3 5 8 . 5 9 = 0  
- ,97780X + ,209532 + 368.98 = 0 

.74130X - ,671182 - 519.21 = 0 

.73904X - .67366Z - 605.88 = 0 

.69191X - ,721992 - 593.44 = 0 

.37621X f .92649Y - ,009362 - 77.41 1 = 0 

.35502X f .93466Y - .01821z - 102.580 = 0 
,34605X + .93630Y + ,059932 - 141.80 = 0 

(+ s i g n  on Y f o r  l e f t  s i d e  o f  body) 

-.71664X + .14376Y - .68246Z + 118.85 = 0 
- .76349X$ .22000Y - .607192+  107.20 = O  
- . 8 4 1 9 2 ~  + , 2 8 0 1 7 ~  - .461172 + 78.614 = 0 

(+ s i g n  on Y f o r  l e f t  s i d e  o f  body) 

P 1 ane 

Head 

Neck 

Thorax 

Abdomen 

H i p  

Knee 

Ankle 

Shoulder 

Elbow 

Form 

Small  Female 
Mid-S ized Male 
Large Male 

Small  Female 

Mid-S ized Male 

Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Smal 1 Femal e 
Mid-Sized Male 
Large Male 

Smal 1 Female 
M i d - S i z e d M a l e  
Large Male 

Small Female 
M i d - S i z e d M a l e  
Large Male 

Sma!l Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small  Female 
M i d - S i z e d M a l e  
Large Male 



TABLE 5.6 

LOCATIONS OF ORIGINS OF SEGPiENT ANATOMICAL 
COORDINATE SYSTEMS 

Small Female 
Mid-Sized Male 
Large Male -2 12 

Neck Small Female -238 
Mid-Sized Male -266 
Large Male -300 

Thorax Small Female -183 
Mid-Sized Male -209 
Large Ma1 e -237 

Abdomen Small Female - 96 
Mid-Sized Male - 9 3  
Large Male - 126 

Pelvis Small Female - 15 
Mid-Sized Male - 25 
Large Male - 27 

Upper Arms Small Female -206 f171:': 
Mid-Sized Male - 2 2 4 2203 
Large Male -256 +217 

Lower Legs 

Lower Arms & Hands 

Upper Legs 

Small Female 
Mid-Sized Male 
Large Male 

Feet 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

)kLeft side of body (+) . 

28 
46 
5 2 

18 
2 0 
2 2 

- - 

k207 
+243 
+26 1 

2190 
+203 
2215 

193 
209 
252 

- 18 
- 20 
- 22 
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TABLE 5.8 

ESTIMATED SEGMENT MASS AND VOLUME 

Segment 

Head 

Neck 

Thorax 

Abdomen 

P e l v i s  

Upper A r m  
(each one) 

Lower A r m  
and Hand 
(each one) 

Upper Leg 
(each one) 

Lower Leg 
(each one) 

F 00 t 
(each one) 

W H O L E B O D Y  

LARGE 

P r e d i c t e d  
Vol (cm3) 

4 9 753 

1,231 

34,160 

3,108 

16,900 

2,431 

2 , 556 

11,950 

5*331 

1,638 

107,964 

MALE 

P r e d i c t e d  
Mass (gm) 

4,51 1 

1 ,  168 

32,418 

2 , 949 

16,038 

2 307 

2,426 

11,341 

5 , 059 

1 554 

102,458 

SMALL 

P r e d i c t e d  
Vol (cm3) 

3,697 

60 1 

12,983 

1,610 

6,976 

1,124 

1,138 

5,914 

2,360 

638 

48,215 

MID-SIZED 

P r e d i c t e d  
Vol (cm3) 

4 9 337 

1,012 

24,909 

2 9 479 

11,964 

1,854 

2,120 

9 029 

3 ,  760 

1,028 

80,254 

FEMALE 

P r e d i c t e d  
Mass (gm) 

3 , 697 

60 1 

12,983 

1,610 

6,976 

1,124 

1,138 

5,914 

2,360 

638 

48,215 

MALE 

P r e d i c t e d  
Mass (gm) 

4,137 

965 

23,763 

2,365 

11,414 

1 9 769 

2,022 

8,614 

3 9 587 

98 1 

76,562 



TABLE 5.9 

LOCATION OF ESTIMATED SEGMENT CENTERS OF GRAVITY 
WITH RESPECT TO WHOLE-BODY COORDINATE SYSTEMS 

kLef t side o f  body (+) . 

Segmen t 

Head 

Neck 

Thorax 

Abdomen 

Pelvis 

Upper Arms 

Lower Arms and Hands 

Upper Legs 

Lower Legs 

Feet 

Form 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Sma 1 1 Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

xH (mm) 

-184 
-179 
-205 

-172 
- 195 
-217 

- 147 
-177 
-198 

- 82 
- 85 
- 1  18 

- 76 
- 74 
- 73 

- 91 
- 80 
- 94 

9 7 
149 
183 

147 
200 
203 

444 
504 
514 

653 
763 
805 

YH (mm) 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

f163k 

2191 
f 205 

21 76 
f1 74 
f182 

f 104 
+I31 
+I 40 

+ 82 
21 25 
2136 

f 101 
+I10 
51 19 

ZH (mm) 

578 
646 
678 

460 
5 15 
557 

238 
267 
292 

107 
110 
120 

25 
17 
13 

280 
3 19 
356 

306 
320 
347 

- 4 
64 
80 

- 56 
- 5 

2 6 

- 178 
-164 
-151 



TABLE 5.10 

LOCATION OF ESTIMATED SEGMENT CENTERS OF GRAVITY 
WITH RESPECT TO SEGMENT COORDINATE SYSTEMS 

fiFor Y the top sign refers to thle right side of the body. A ' 

Segment 

Head 

Neck 

Thorax 

Abdomen 

Pelvis 

Upper Arms 

~ o w e r  Arms with Hands 

Upper Legs 

Lower Legs 

Feet 

Form 

Smal 1 Female 
Mid-Sized Male 
Large Ma1 e 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

X A  (mm) 

- 2 
8 
9 

5 2 
5 7 
65 

59 
58 
68 

5 
- 4 
- 5 

- 76 
- 82 
- 86 

0 
17 
19 

- 1 1  
- 10 
- 1 1  

- 16 
6 
7 

- 13 
- 12 
- 13 
- 68 
- 77 
- 82 

YA (mm) 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

+ - 30" 
i 30 + 34 
+ 14 
k 35 
+ 36 
+ 60 
t 66 
k 73 

i 48 
i 57 
+ 63 

2 3 
+ 1 
+ 1 

ZA (mm) 

3 3 
3 1 
3 1 

44 
5 0 
5 7 

146 
190 
208 

- 22 
- 24 
- 24 

20 
1 1  
1 1  

-147 
-172 
-186 

-135 
-166 
- 177 

-143 
- 200 
- 209 

-131 
-149 
-151 

9 
- 6 
- 6 



TABLE 5.11 

ESTIMATED SEGMENT INERTIAL PROPERTIES 

Segment 

Head 

Neck 

Thorax 

Abdomen 

Pelvis 

Upper Arms 

Lower Arms with Hands 

Upper Legs 

Lower Legs 

Feet 

Form 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

I x (gm cm2) 

146,150 
200,271 
225 900 

6,084 
14,798 
21,800 

1,542,806 
4,566,400 
7,351,000 

143,484 
167,611 
262,000 

326,244 
1,015,738 
1,720,000 

49,980 
112,467 
179 000 

141,515 
310,769 
414,000 

731,416 
1,230,899 
1,926,000 

261,414 
520,397 
831 ,000 

3,441 
8,728 
10,400 

I Y (gm cm2) 

172,919 
221,546 
263,100 

9,510 
18,463 
24,400 

1,161,238 
3,222,558 
5,474,000 

101,463 
106,560 
165,000 

282,872 
942,376 

1,553,000 

51, 135 
122,526 
187,000 

129,402 
309 9 252 
400,000 

700 9 953 
1,301,540 
2,000,000 

26 1,922 
528,342 
834,000 

18,428 
42,966 
75, 100 

I (gm cm2) 

131,715 
144 552 
168,700 

10,295 
22,910 
31,900 

1,208,626 
1,015,877 
4,904,000 

205,715 
254,838 
48 1 ,000 

574, 158 
1,184,697 
1,956,000 

8,168 
23,115 
51,500 

8,342 
20,148 
28,000 

153,857 
367,118 
593 9 000 

23, 135 
60,688 
93,800 

16,614 
44,132 
77,600 
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TABLE 5.12 
PRINCIPAL AXES OF INERTIA WITH RESPECT TO ANATOMICAL AXES 

(Cosine Matrix Expressed in Degrees, Continued) 

Segment 

Lower Leg (L) 

Lower Leg (R) 

Foot !L! 

Foot (R) 

X~ 
Y~ 
z~ 

X~ 
Y~ 
z~ 

X~ 
Y~ 
z~ 

X~ 
Y~ 
z~ 

DIRECTION COSINE IN DEGREES 

Small Female 

X 
A 

0.0 
90.0 
90.0 

0.0 
90.0 
90.0 

6.3 
91.5 
83.7 

6.3 
88.4 
83.7 

Mid-Sized Male 

Y~ 

90.0 
0.0 

90.0 

90.0 
0.0 

90.0 

3 G . 3  
16.5 
73.5 

89.7 
16.5 

106.5 

A 
X 

24 
66 
90  

24 
1 1 4  

90  

i O  
86  
99  

1 0  
9 1  
99  

Large Male 

z~ 
90.0 
90.0 

0.0 

90.0 
90.0 

0.0 

96.3 
106.4 

17.6 

96.3 
73.6 
17.6 

Y~ 

1 1 4  
24 
88  

66  
24 
92  

94  
7 

8 5  

86  
7 

95  

- 

z~ 
90 
92  
1 

90 
88  
1 

8 1  
9 5  
1 0  

X~ 

24 
66 
90 

24 
1 1 4  

90  

10 
8 6  
99  

z~ 
90 
92 
1 

90 
88 
1 

81 
95  
1 0  

8 1  
85  
1 0  

94 
99  

Y~ 

1 1 4  
24 
88  

66  
24 
92 

94 
7 

8 5  
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TABLE 5.13 
PRINCIPAL AXES OF INERTIA WITH RESPECT TO HIP POINT AXIS SYSTEM 

(Cosine Matrix Expressed in Degrees, Continued) 
- 

Segment 

Upper Arm (L) 

Upper Arm (R) 

Lower Arm with Hand (L) 

Lower Arm with Hand ( R )  

Upper Leg (L) 

Upper Leg (R) 

Xp 
Yp 
z~ 

z~ 

X, 

Y; 
z~ 

Xp 
Y~ 
z~ 

X~ 
Y~ 
Z~ 

X~ 
Y~ 
z~ 

Small Female 

X~ 

61 
68 

143 

61 
112 
143 

134.7 
66.6 

127.1 

134.7 
113.3 
127.1 

110.6 
77.8 

154.6 

110.6 
102.2 
154.6 

DIRECTION COSINE IN 

Mid-Sized Male 

Y~ 

127 
36 
91 

53 
36 
89 

63.3 
27.6 
88.9 

116.7 
27.6 
91.1 

78.6 
14.3 
79.6 

101.4 
14.3 

100.4 

X~ 

56 
106 
142 

56 
74 

142 

117 
57 

134 

117 
123 
134 

110 
83 

159 

110 
97 

159 

DEGREES 

Large Male 

z~ 
50 
63 
53 

50 
117 
53 

57.0 
103.9 
143.1 

57.0 
76.1 

143.1 

23.8 
97.0 

112.8 

23.8 
83.0 
112.8 

Y~ 

72 
20 
97 

108 
20 
83 

52 
40 
78 

128 
40 

102 

74 
16 
89 

106 
16 
91 

z~ 
32.6 
95.2 
58.0 

32.6 
84.8 
58.0 

44.6 
115.6 

75.9123.6 

44.6 
64.4 

123.6 

29.8 
105.6 
114.7 

29.8 
74.4 

114.7 

X~ 

59.9 
102.8 
146.7 

59.9 
77.2 

146.7 

107.5 
58.3 

142.8 

107.5 
121.7 
142.8 

113.2 
81.8 

155.2 

113.2 
98.2 

155.2 

Z~ 

40 
100 
53 

40 
80 
53 

50 
109 
134 

50 
71 

134 

26 
104 
111 

26 
76 

111 

Y~ 

78.8 
13.9 
98.1 

101.2 
13.9 
81.9 

50.6 
42.8 

129.4 
42.8 

104.1 

72.3 
17.9 
88.9 

107.7 
17.9 
91.1 
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TABLE 5.14 

LOCATION OF JOINT CENTERS 

Segmen t 

Sternoclavicular 

Claviscapular 

Glenohumeral 

E 1 bow 

Form 

Small Female -189 
Mid-Sized Male -196 
Large Male -222 

Small Female - 183 
Mid-Sized Male -193 
Large Male -2 16 

Small Female - 205 
Mid-Sized Male -220 
Large Male -248 

Smal 1 Female 
Mid-Sized Male 
Large Male 

Smal 1 Female 
Mid-Sized Male 
Large Ma1 e 

Small Female 
Mid-Sized Male 
Large Male 

-196 
-215 
-246 

-149 
-177 
-203 

- 12 1 
-142 
-159 

Smal 1 Female 
Mi d-S i zed Ma 1 e 
Large Male 

- 80 
- 89 
- 9 3  

Small Female 
Mid-Sized Male 
Large Male 

0 
0 
0 

0 
0 
0 

Small Female 
Mid-Sized Male 
Large Male 

273 
2 8 7 
320 

140 
165 
175 

-146 
-145 
-171 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

f 17f( 
+ 20 
+ 25 

-21 1 
-230 
-26 1 

f140 
+1 68 
21 77 

-174 
-186 
-217 

2 0 
36 
36 

- - 

+I46 
+I73 
51 86 

k179 
+208 
k2 25 

-- - - - - - 

354 
393 
427 

188 
20 1 
242 



TABLE 5.14 
LOCAT l ON OF JO l NT CENTERS (Cont i nued) 

2kLef t s ide o f  body (+) 

Segment 

Wrist 

Hip 

Knee 

Ank 1 e 

Form 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

Small Female 
Mid-Sized Male 
Large Male 

XH (mm) 

134 
228 
264 

0 
0 
0 

363 
406 
4 13 

593 
684 
718 

yH (mm) 

+I55 
+I58 
+1  62 

+ 80 
+ 82 
+ 86 
+ 75 
+1  38 
+I53 

+ 86 
k 94 
2 99 

zH (mm) 

385 
393 
406 

0 
0 
0 

7 1 
136 
166 

- 182 
-169 
-152 



TABLE 5.15 

RANGE- OF- MOT I O N  DATA 

Quant  i t y  Reference 

Head - 
V e n t r a l  f l e x i o n  
Dorsa l  f l e x  i o n  (hyperex tens ion)  
L a t e r a l  F l e x i o n  
R o t a t i o n  

V e r t e b r a l  Column 
R o t a t i o n  o f  T1 w i t h  respec t  t o  T12 

( f  1 ex ion)  
R o t a t i o n  o f  T I2  w i t h  respec t  t o  

p e l v i s  ( f l e x i o n )  
R o t a t i o n  o f  T1 w i t h  respec t  t o  T12 

(ex tens  ion)  
R o t a t i o n  o f  T12 w i t h  respec t  t o  

p e l v i s  (ex tens ion)  
L a t e r a l  f l e x i o n  
R o t a t i o n  about long a x i s  

Shoulder (Three L inks)  
F l e x i o n  ( s a g i t t a l  p lane) 
Extens i o n  (sagi  t t a l  p lane) 
Abduct ion  (corona 1 p  1 ane) 
Abduct i o n  ( t r a n s v e r s e  p lane)  
Adduct i o n  ( t r a n s v e r s e  p lane)  

Shoulder ( C l a v i c l e  L ink )  
P r o t r a c t  i o n  ( t r a n s v e r s e  p lane)  
R e t r a c t i o n  ( t ransve rse  p lane) 
Depressed (corona l  p lane) 
Shrugged (corona l  p lane) 

E 1 bow 
Ex tens  i o n  
F l e x i o n  

Hip 
F l e x i o n  

Abduct i o n  ( t r a n s v e r s e  p lane)  
Adduct ion  ( t r a n s v e r s e  p lane)  
Abduct i o n  (corona 1 p l  ane) 
Med ia l  r o t a t i o n  (prone) 
L a t e r a l  r o t a t i o n  (prone) 
Media l  r o t a t i o n  ( s i t t i n g )  
L a t e r a l  r o t a t i o n  ( s i t t i n g )  

Snyder e t  a l .  (1975) 
(G l a n v i  1 l e  6 Kreezer 1937) 

15 / ~ i t a l  e t  a l .  (1979) 

16 l ~ i t a l  e t  a l .  (1979) 

M i t a l  e t  a l .  (1979) 

Robbins e t  a l .  (1971) 
(Con. No. DOT-HS-5-0 1232) 

Demps t e r  (1 955) 
Dempster (1955) 
G 1 anv i  1 1 e  & Kreezer (1937) 
Demps t e r  (1 955) 
Dernpster (1955) 

(Der i ved f rom 
Demps t e r  1955) 

Demps t e r  ( 1  955) 
Dernps t e r  (1 955) 

Dempster (1955) 
(Glanvi  1 l e  & Kreezer 1937) 
Dernps t e r  (1 955) 
Demps t e r  (1 955) 
G lanv i  1 l e  & Kreezer (1937) 
Demps t e r  (1 955) 
Dernpster (1955) 
Demps t e r  (1 955) 
Dempster (1955) 



TABLE 5.15 
RANGE-OF-MOT I ON DATA (Cont i nued) 

Reference 

Demps t e r  (1 955) 
Demps t e r  (1955) 
Demps t e r  ( 1  955) 
Demps t e r  (1 955) 
Dempster (1955) 

Demps t e r  (1 955) 
Demps t e r  (1 955) 
Demps t e r  (1 955) 
Demps t e r  ( 1  955) 

Q u a n t i t y  

Knee - 
Volun ta ry  f l e x i o n  (prone) 
Forced f l e x i o n  
Forced f  1 ex i on (kneel  i ng) 
Media l  r o t a t i o n  
L a t e r a l  r o t a t i o n  

Ank 1 e  
D o r s i f l e x i o n  
P l a n t a r  f l e x i o n  
l n v e r s i o n  
Evers ion  

Va 1 ue 
(deg) 

125 
144 
159 
35 
4 3 

3 5 
3 8 
2  4 
2  3 
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APPENDIX A 

IN-VEHICLE PHOTOGRAPHS A N D  MEASUREMENT RESULTS 

T h i s  appendix c o n t a i n s  samples o f  s ide -v iew  photographs o f  s u b j e c t s  

s i t t i n g  i n  t h e  f o u r  d i f f e r e n t  v e h i c l e s  and a l s o  t h e  summary s t a t i s t i c s  

f o r  i n - v e h i c l e ,  Phase I measurement da ta .  F igu res  A - 1  and A-2 show 

examples o f  s u b j e c t s  f rom a l l  f o u r  s u b j e c t  groups s i t t i n g  i n  the  f o u r  

d i f f e r e n t  v e h i c l e s  i n  t h e  "s tandard i zed  normal d r i v i n g  posture . "  

Photographs a r e  ar ranged i n  columns by  v e h i c l e ,  as i n d i c a t e d  i n  t h e  

legend, and i n  each case t h e  s u b j e c t s  a r e  o rde red  f rom t o p  t o  bot tom--  

smal l  female, m id -s i zed  female, m id -s i zed  male, and l a r g e  male. F igu res  

A-3 and A - 4  compare t h e  p r e f e r r e d  seated p o s i t i o n s  o f  e i g h t  m id -s i zed  

male s u b j e c t s  s i t t i n g  i n  t h e  Chevy M a l i b u  and Ford E s c o r t  v e h i c l e s ,  

r e s p e c t i v e l y ,  and demonstrate t h e  r a t h e r  wide range o f  seat  p o s i t i o n s  

and pos tu res  o b t a i n e d  w i t h i n  a s u b j e c t  group o f  n a r r o w l y  d e f i n e d  s t a t u r e  

and we igh t .  

Tab le  A . l  g i v e s  t h e  summary s t a t i s t i c s  f o r  i n - v e h i c l e  measurements 

averaged across  a l l  s u b j e c t s .  Tab les  A.2 and A . 3  g i v e  these s t a t i s t i c s  

by  s u b j e c t  group and v e h i c l e ,  w h i l e  Tab le  A.4  presen ts  t h e  da ta  f o r  t he  

s i x t e e n  subject-group/vehicle-type cond i t i c l ns .  



Ford Escort Plymouth Champ 

FIGURE A- I .  Examples o f  t h e  " s tanda rd i zed  normal d r i v i n g  pos tu re "  f o r  
t h e  f o u r  s u b j e c t  groups i n  t h e  Ford Esco r t  and Plymouth Champ. 



Chevrolet Malibu Chevrolet Citation 

F I G U R E  A - 2 .  Examples o f  t h e  " s tanda rd i zed  normal d r i v i n g  pos tu re "  f o r  
t h e  f o u r  s u b j e c t  groups i n  t h e  Chev ro le t  Ma l i bu  and Chev ro le t  C i t a t i o n .  



FIGURE A - 3 .  Examples o f  t h e  " s t a n d a r d i z e d  normal  d r i v i n g  p o s t u r e "  f o r  
e i g h t  m i d - s i z e d  ma les  i n  t h e  C h e v r o l e t  M a l i b u .  



F I G U R E  A - 4 .  Examples o f  t h e  " s t a n d a r d i z e d  normal  d r i v i n g  p o s t u r e ' '  f o r  
e i g h t  m i d - s i z e d  ma les  i n  t h e  Fo rd  E s c o r t .  



TABLE A .  1 

M E A N  VALUES OF PHASE I MEASUREMENTS FOR ALL SUBJECTS COMBINED 

Measurement 

Age (years) 
S t a t u r e  (cm) 
Weight (kg) 
E rec t  S i t t i n g  He ight  (cm) 
But tock  Knee Length (cm) 
Shoe Heel Thickness (cm) 
Detent  
B o l t  t o  Heel (cm) 
Foot P i t c h  (Deg t o  Hor i z )  
Foot R o t a t i o n  (Deg t o  Ver t )  

N 

177 
177  
177  
177 
177  
175 
177 
177  
177  
1 7 7  

Min. 

18 .O 
146.0 

43.1  
77.6 
45.5 

1.2 
1 .O 

34.3 
35.0 
0.0 

Max. 

72 .O 
189.6 
112.1 
103.7 
69.8 
10.0 
13.0 
58.4 
85.0 
48 .O 

Mean 

36.9 
168.1 

71 .O 
89.0 
58 • 3 

3 9 
5.8 

45.4 
5 7 - 5  
10.8 

S . D .  

12.8 
12.2 
18.6 
5 - 8  
4 .5 
1 . 7  
3.5 
5 * o  
8.6 
8 3 



TABLE A,2 
M E A N  VALUES O F  PHASE I MEASUREMEhlTS BY SUBJECT GROUP 

Measurement by Group I 
Smal 1 Female: 
Age (years)  
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  He igh t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Thickness (cm) 
De ten t  
Bol t t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z) 
Foot  R o t a t i o n  (Deg t o  Ve r t )  

Mid-S ized Female: 
Age (years)  
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Thickness (cm) 
De ten t  
Bol  t t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z) 
Foot  R o t a t i o n  (Deg t o  Ve r t )  

Mid-S ized Male: 
Age (years)  
S t a t u r e  (cm) 
W e i g h t ( k g )  . 
E r e c t  S i t t i n g  He igh t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Thickness (cm) 
Detent  
Bol  t t o  Heel (cm) 
Foot  P i t c h  (Deg t o  H o r i z )  
Foot  R o t a t i o n  (Deg t o  Ve r t )  

1 Min. 1 Max. 1 Mean 

Large Male: 
Age (years)  
S t a t u r e  (cm) 
We i gh t (kg) 
E r e c t  S i t t i n g  He igh t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Thickness (cm) 
De ten t  
B o l t  t o  Heel (cm) 
Foot  P i t c h  (Deg t o  H o r i z )  
Foot  R o t a t  i o n  (Deg t o  V e r t )  



TABLE A.3 
MEAN VALUES O F  PHASE I  MEASUREMENTS BY VEHICLE 

Measurement by V e h i c l e  

Ma1 i bu: 
Age (years) 
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
Bu t tock  Knee Length  (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
B o l t  t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z )  
Foot  R o t a t i o n  (Deg t o  Ve r t )  

C i t a t i o n :  
Age (years) 
S t a t u r e  (crn) 
Wei g h t  (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
Bo 1 t t o  Hee 1 (cm) 
Foot  P i  t c h  (Deg t o  Hor i z )  
Foot  Ro ta t  i o n  (Deg t o  Ve r t )  

Esco r t :  
Age (years) 
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
Bol  t t o  Hee 1 (cm) 
Foot  P i t c h  (Deg t o  Hor i z )  
Foot  R o t a t i o n  (Deg t o  V e r t )  

Champ: 
Age (years) 
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
Bu t tock  Knee Length  (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
Bol t t o  Hee 1 (crn) 
Foot  P i t c h  (Deg t o  Hor i z )  
Foot: R o t a t i o n  (Deg t o  Ve r t )  

N 

4 4 
44 
44 
4 4 
44 
4 3 
4 4 
4 4 
4 4 
44 

44 
44 
4 4 
44 
4 4 
44 
4 4 
4 4 
4 4 
44 

4 7 
47 
4 7 
4 7 
4 7 
4 7 
4 7 
4 7 
4 7 
47 

4 2 
42 
4 2 
4 2 
4 2 
4 1 
42 
4 2 
42 
42 

Min. 

18.0 
147.1 
45.3 
79.2 
49.6 

1 . 2  
1 . O  

43.2 
41 . O  

5 .0  

18.0 
149.9 
43.1 
80 .0 
45 - 5  

1 b5 
1 . O  

38.1 
35.0 
0.0 

18.0 
146.0 
44.5 
77.6 
49.2 

2 . 2  
1 . O  

34 3 
43.0 

5 .0  

18.0 
148.5 
44.5 
79.3 
49.5 

1.8 
1 . O  

36.3 
45 .O  

5 .0  

Max. 

72 .O 
189.6 
108.4 
101 . l  
66. 9 

7 .5  
9 - 0  

58.4 
73.0 
34.0 

65.0 
187.5 
1 1 1 . 2  
99-1 
66.6 

8 . O  
9 .0  

54.1 
85.0 
48.0 

64.0 
189.5 
1 1 2 . 1  
100.6 
69.8 

8 .7  
13.0 
46.5 
85.0 
41 . O  

68.0 
189.0 
105.0 
103.7 
65.5 
10.0 
10.0 
50.8 
76.0 
43.0 

Mean 

40.2 
168.4 
71.4 
89 3 
58.5 

3 5 
4 .8  

50.8 
55.0 

9 - 9  

37 $ 5  
168.0 

7 1 . 1  
88.5 
58.3  

3 . 5  
4 - 7  

46.3 
63.1 
12.5 

34.7 
168. 9 
72.2 
89.6 
58.9 

4 . 1  
7.5 

40.9 
54.1 
10.6 

35 3 
166.9 
69.1 
88.6 
57.5 

4 . 4  
6 .1  

4 3 - 9  
58.0 
10.2 

S . D .  

1 2 . 2  
12.6 
19.2 
5.7 
4.5 
1.4 
2.7 
3.2 
7 - 1  
7 e 3 

12.7 
11.6 
19.1 
5 - 6  
4.8 
1 a5 
2.8 
3 5 
9 .5  
9.1 

12.4 
12.7 
18.9 
5 .8  
4.6 
1.6 
4.6 
3.5 
7 - 7  
8 .6  

13.5 
1 2 . 2  
17.6 
6.1 
4.2 
2 . 1  
2.8 
3 3 
7 +  1 
8 . 3  



TABLE A . 4  
MEAN VALUES O F  PHASE I  MEASUREMENTS BY GROUP/VEHICLE 

S . D .  

14.6 
2.7 
1 . 1  
1.8 
2.4 
2 . 1  
0.5 
4.2 
8.4 
2 . 2  

16.8 
1.6 
2.1 
1.2 
2 .O 
2 .O 
0 .5  
2.7 
4.7 
6.6 

12 .9  
3 2 
2 .O 
2 05 
1.9 
1.9 
0 .9  
4 05 
7.9 
1 . 2  

i 2 . 6  
2.2 
1.6 
2 . 3 
1.4 
2 .O 
1.9 
3.4 

10.0 
1 - 9  

Measurement by Group/Veh ic le  

SMALL FEMALEIMalibu: 
Age (years)  
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  He igh t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
Bo 1 t t o  Hee 1 (cm) 
Foot P i  i c h  (Deg t o  Hor i z )  
Foot  R o t a t i o n  (Deg t o  V e r t )  

Small Fema le /C i ta t i on :  
Age (years)  
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  He igh t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Thickness (cm) 
Detent  
Bol i t o  Heel (cm) 
Foot P i t c h  (Deg t o  Hor i z )  
Foot R o t a t i o n  (Deg t o  V e r t )  

Smal 1 Female/Escort:  
Age (years)  
S t a t u r e  (cm) 
We i g h t  (kg) 
E r e c t  S i t t i n g  He ight .  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Thickness (cm) 
Detent  
Bo 1 t t o  Heel (cm) 
Foot P i  t c h  (Deg t o  Hor i  2 )  

Foot  R o t a t i o n  (Deg t o  V e r t )  

Smal 1 Femal e/Champ: 
Age (years)  
S t a t u r e  (cm) 
We i gh t (kg) 
Erec t  S i t t i n g  He igh t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Thickness (cm) 
Detent  
Bo 1 t t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z )  
Foot  R o t a t i o n  (Deg t o  V e r t )  

N 

1 1  
1 1  
1 1  
1 1  
1 1  
10 
1 1  
1 1  
1 1  
1 1  

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Min .  

23.0 
147.1 
45. :I 
79. 21 
49. 6 

1.3 
1 .O 

43 .;: 
41 .O 

5.0 

19.0 
149.9 
43.1 
80 .O 
50.3 

2 .Cl 

1 .C 
43.2 
58. CI 

5.0 

19.0 
146.0 
44.5 
77.6 
49.2 

3.0 
1 .O 

34.3 
43.0 

5.0 

18.0 
148.5 
44.5 
79.5 
49 5 

2.0 
1.0 

36.3 
45 .O 

5.0 

Max. 

62 .O 
155.0 
49.0 
85.2 
57 - 9  

7 05 
2 .O 

58.4 
64.0 
12.0 

65.0 
155.0 
49.7 
83.6 
56.8 

8 .O 
2 . 3  

50.8 
74 .O 
23.0 

60.0 
155.0 
49.9 
85.0 
56.5 

8 .7  
3.5 

40.5 
67 .O  

8 .O 

59 .0  
154.7 
49.1 
86.2 
53 . 7 

8.0 
5.5 

46.5 
76.0 
10.0 

Mean 

43.2 
151.7 
47.4 
82.2 
5 2 $ 9  

3 .9  
1.4 

50 • 9 
53.2 

6.1 

36.0 
152.6 
46.9 
81.4 
53.3 

4.3 
1.3 

46.4 
62.3 

9.8 

32 3 
150.9 
47 .5 '  
81.4 
52.6 

4 9 
1.4 

41 .O 
55.1 

6.0 

31.8 
151.4 
47 3 
82.1 
51 -9 

5 - 2  
2.9 

43.8 
57.3 

6.8 



TABLE A.4 
PHASE I MEAN VALUES BY GROUP/VEH I CLE (Cont i nued) 

Measurement by Group/Veh i c 1 e 

MID-SIZED FEMALE/Malibu: 
Age (years) 
S t a t u r e  (cm) 
We i gh t (kg) 
E r e c t  S i t t i n g  He igh t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
B o l t  t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z) 
Foot R o t a t i o n  (Deg t o  Ve r t )  

Mid-Sized Fema le /C i ta t i on :  
Age (years) 
S t a t u r e  (cm) 
Weight (kg) 
E rec t  S i t t i n g  He igh t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
Bol t t o  Hee 1 (cm) 
Foot P i  t c h  (Deg t o  Hor i z) 
Foot  R o t a t i o n  (Deg t o  Ve r t )  

Mid-Sized Female/Escort:  
Age (years) 
S t a t u r e  (cm) 
We i g h t  (kg) 
E rec t  S i t t i n g  He igh t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
Bol t t o  Heel (cm) 
Foot  P i t c h  (Deg t o  Hor i z )  
Foot  R o t a t i o n  (Deg t o  ~ e r t )  

Mid-Sized Female/Champ: 
Age (years) 
S t a t u r e  (cm) 
Wei g h t  (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
But tock  Knee Length (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
Bol t t o  Hee 1 (cm) 
Foot  P i t c h  (Deg t o  ~ o r i z )  
Foot  R o t a t i o n  (Deg t o  Ve r t )  

N 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

14 
14 
14 
14 
14 
14 
14 
14 
14 
14  

14 
14 
14 
14 
14 
14 
14 
14 
14 
14 

Min .  

32 .O 
158.8 
60.0 
82.6 
54.2 

2 .O 
1.0 

47  $ 0  
52 $ 0  

5 .O 

24 . O  
159.0 
59.5 
83.5 
45.5 

1.5 
1 .O 

38.1 
52 .O 

0.0 

18.0 
160.6 
60.6 
84.0 
54.9 

2 .5 
1 .O 

38.1 
46.0 

5.0 

20.0 
159.3 
58.8 
79.3 
52 .O 

2 .O 
3.0 

41 .4  
50.0 

5.0 

Max. 

72 .O 
164.6 
6 5 6  
89.8 
60.3 

7 0 5  
5 .0  

5 5 - 9  
66.0 
15.0 

55.0 
165.3 
66.3 
90.5 
60.8 

7 .7  
6 3 

50.8 
85.0 
24.0 

64 .O 
165.7 
66.7 
91 - 9  
59.9 

7 9 5  

9 .0 
46.5 
61 .O 

9 - 0  

68.0 
165.8 
68.2 
92 - 5  
60.2 
10.0 
7.8 

49.5 
66.0 
17.0 

Mean 

42.3 
162.5 
62.4 
86.6 
57.3 

3.7 
3.6 

52.1 
57 ~5 

6.8 

41.6 
162.2 
62.9 
86.0 
5 5 - 9  

3.7 
3 - 3  

4 7 . 5  
63.9 

8.4 

37.6 
163.6 
64.1 
87.8 
57.2 

4.5 
5.6 

42 .O 
53.1  

5 $ 5  

40.4 
162.5 
63.1 
86.2 
57.3 

5 - 5  
5 - 4  

44.8 
58.4 

7.5- 

S .D .  

11.6 
1.8 
1.6 
1.9 
2 .O 
1 .7  
1.4 
2.4 
5 -  1 
3.3 

10.9 
2.1 
2.1 
2.2 
4.2 
1.8 
1.6 
3.5 
8 - 7  
7.2 

13.8 
1.6 
2 .O 
2 .O 
1.3 
1.9 
2.2 
3.3 
5 3 
1 . 1  

14.9 
2.1 
2.8 
3 2 
2 .O 
2.4 
1.4 
2.4 
5 4 
3.5 



TABLE A.4 
PHASE I  MEAN VALUES B Y  GROUP/VEH I C L E  (Cont i nued) 

Measurement by Group/Vehic le 

MID-S I Z E D  MALE/Mal i bu: 
Age (years)  
S t a t u r e  (cm) 
We i  gh t (kg) 
E r e c t  S i t t i n g  He igh t  (cm) 
Bu t tock  Knee Length (crn) 
Shoe Heel Th ickness  (crn) 
De ten t  
Bol  t t o  Hee 1 (cm) 
Foot  P i  t c h  (Deg t o  Hor i z) 
Foot  R o t a t i o n  (Deg t o  ~ e r t )  

Mid-S ized Male/Ci t a t i o n :  
Age (years)  
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  He igh t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
Bol t t o  Hee 1 (cm) 
Foot  P i  t c h  (Deg t o  Hor i z )  
Foot  R o t a t i o n  (Deg t o  V e r t )  

Mid-S ized Male /Escor t :  
Age (years)  
S t a t u r e  (cm) 
Weight (kg) . 
E r e c t  S i t t i n g  He igh t  (cm) 
Bu t tock  Knee Length (crn) 
Sh.oe Heel Th ickness  (crn) 
De ten t  
Bol  t t o  Heel (cm) 
Foot  P i t c h  (Deg t o  Hor i z )  
Foot  R o t a t i o n  (Deg t o  Ve r t )  

Mid-S ized Male/Charnp: 
Age (years)  
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  He igh t  (cm) 
Bu t tock  Knee Length (cm) 
Shoe Heel Th ickness  (cm) 
De ten t  
B o l t  t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z) 
Foot  R o t a t i o n  (Deg t o  ~ e r t )  

Max. Mean S . D .  



TABLE A . 4  
PHASE I MEAN VALUES BY GROUP/VEH I CLE (Cont i nued) 

Measurement by Group/Veh i c  l e  

LARGE MALE/Mal i bu: 
Age (years)  
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
Bu t tock  Knee Length  (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
Bol t t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z) 
Foot  R o t a t i o n  (Deg t o  ~ e r t )  

Large M a l e / C i t a t i o n :  
Age (years) 
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
Bu t tock  Knee Length  (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
B o l t  t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z )  
Foot  R o t a t  i o n  (Deg t o  V e r t )  

Large Male /Escor t :  
Age (years)  
S t a t u r e  (cm) 
Wei g h t  (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
Bu t tock  Knee Length  (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
Bo l t t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z) 
Foot  R o t a t i o n  (Deg t o  ~ e r t )  

Large Male/Champ: 
Age (years)  
S t a t u r e  (cm) 
Weight (kg) 
E r e c t  S i t t i n g  H e i g h t  (cm) 
Bu t tock  Knee Length  (cm) 
Shoe Heel Th ickness  (cm) 
Detent  
Bo l t t o  Heel (cm) 
Foot  P i  t c h  (Deg t o  Hor i z) 
F o o t R o t a t i o n  (Deg t o ~ e r t )  

N 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

10 
1 0  
1 0  
10 
10 
10 
10 
10 
10 
10 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

Min. 

2 1  .0  
183.9 
9 7 - 8  
93.8  
62.1 

1 e9 
6 .0  

47,O 
49.0 

5 . 0  

18-0  
182.4 
95,7  
94.2 
62 ,4  

2 . O  
8 . O  

38.1 
46 $ 0  

7 $ 0  

2 2  , O  
183.0 
95.3 
94.6 
60.0 

2 . 2  
13 . O  
35 6 
44 . O  

8 .0  

24.0 
185.0 
95.0 
91.8 
62.2 

1.9 
10.0 
38.1 
49.0 

5 .0  

Max. 

43.0 
189.6 
108.4 
101.1 
66.9 

4.7 
9 .0  

54.6 
58.0 
34 . O  

51 . O  
187.5 
1 1 1 . 2  
99.1 
66.6 

3 + 7  
9.0 

50.8 
75.0 
48.0 

44.0 
189.5 
1 1 2 . 1  
100.6 
69.8 

4.4 
13.0 
44.4 
64 . O  
41 . O  

54.0 
189.0 
105.0 
103.7 
6 5 - 5  

3 . 3  
10.0 
50.8 
68.0 
43.0 

Mean 

35.1 
186.4 
102.6 
96.9 
64.7 

3e3 
8 . O  

51.5 
53.5 
20.1 

36.6 
184.9 
103.0 
96.1 
64.5 

2.8 
8 .5  

43.9 
58.1 
16.3 

31.4 
186.5 
101.6 
97 - 0  
64 ,6  

3 - 5  
13.0 
39.6 
52.8 
18.4 

33 9 
186.6 
9 9 - 8  
97.4 
63.8 

2 09 
10.0 
44.3 
56.1 
2 1  - 9  

S . D .  

- -  7 - 5  
1.9 
4.2 
2.4 
2 . O  
0.9 
1 . 2  
2.8 
3.6 
9 7 

1 2 . 1  
1 - 5  
5.1 
2 . O  
1 - 5  
0.7 
0.5 
4.1 

1 2 . 1  
13 7 

7 - 4  
2 - 3  
5 7 
2 . 2  
2.7 
0 .6  
0.0 
3.1 
6.7 
9.9 

10.8 
1.5 
3 3 
4.0 
1 . 1  
0 -5 
0.0 
4 3 
7.2 

14.6 



APPENDIX B  

VEH l  CLE P A C K A G E  D l  MENS l  ONS A N D  ~ 8 2 6  H-PO I NT PROCEDURES 

T h i s  appendix p r e s e n t s  t h e  v e h i c l e  package dimensions and S A E  

3826  H - p o i n t  procedures used t o  e s t a b l  i s h  and v a l  i d a t e  t h e  seat  buck 

c o n f i g u r a t i o n s  used i n  Phase I I  measurements. Each v e h i c l e  seat  was 

b o l t e d  t o  a  3 / 4 - i n c h - t h i c k  plywood mounting board  by which i t  c o u l d  be 

fas tened  t o  t h e  buck p l a t f o r m .  Hardwood spacers were used under t h e  

sea t  t r a c k  mount ing b r a c k e t s  t o  ach ieve  the  proper sea t  o r i e n t a t i o n s .  

These spacer h e i g h t s  were determined f ram i n f o r m a t i o n  on v e h i c l e  package 

drawings  f o r  t he  Mal ibu ,  C i t a t i o n ,  and Elscort v e h i c l e s .  M i t s u b i s h i  

Motor Company, I nc .  p r o v i d e d  t h e  necessary d imensions t o  c o n f i g u r e  t h e  

Champ buck b u t  package drawings were n o t  ob ta ined  f o r  t h i s  v e h i c l e .  

Tab les  B . l  th rough 8.3 p r o v i d e  some o f  t h e  impor tan t  package dimensions 

and c o o r d i n a t e s  used w h i l e  Tab le  8.4 g i v e s  v e h i c l e  and buck d imensions 

i n v o l v e d  i n  mount ing t h e  sea t  t r a c k s  t o  t h e  plywood mount ing boards and 

i n  l o c a t i n g  t h e  buck s t e e r i n g  wheel r e l a t i v e  t o  these boards.  For t h e  

Ma l i bu ,  C i t a t i o n ,  and E s c o r t  t h e  r e a r - t r a c k  mount ing b r a c k e t s  were 

b o l t e d  d i r e c t l y  t o  t he  3 /4- inch board  w i t h o u t  spacers.  The v e h i c l e  

Z c o o r d i n a t e s  o f  these b r a c k e t s  r e l a t i v e  t o  t he  Z coo rd ina tes  o f  t h e  

a c c e l e r a t o r  hee l  p o i n t s  (see Tab le  8 . 2 )  determined t h e  h e i g h t s  o f  t h e  

hee l  spacers  needed. The v e h i c l e  X coo rd ina tes  of t h e  f r o n t - s e a t  t r a c k  

mount ing  b o l t s  and t h e  d i s t a n c e s  o f  these b o l t s  t o  t h e  f r o n t  o f  t h e  3 /4 -  

i n c h  mount ing  boards were used t o  de termine the  v e h i c l e  X coo rd ina tes  o f  

t h e  f r o n t s  o f  these mount ing boards .  From these va lues ,  t h e  coo rd ina tes  

of t h e  s t e e r i n g  wheel c e n t e r s  on t h e  buck were determined.  A s i m i l a r  

p rocedure  was used f o r  t h e  Plymouth Chanip except  t h a t  t h e  seat  t r a c k  

mount ing  was more comp l i ca ted  and dimensions p rov ided  by M i t s u b i s h i ,  

r a t h e r  t han  v e h i c l e  coo rd ina tes ,  were used. 

W i t h  t h e  seats  b o l t e d  t o  t h e  buck p l a t f o r m  by t h e  removable 3 /4 -  

i n c h  mount ing  boards,  t h e  J826 H-po in t  procedures were used t o  check the  

sea t  o r i e n t a t i o n s  a g a i n s t  t h e  v e h i c l e  H- -po in t  des ign  s p e c i f i c a t i o n s .  An 

t i - p o i n t  machine was ob ta ined  and t h e  procedures l i s t e d  i n  Tab le  8.5 were 

p r a c t i c e d  and a p p l i e d  w i t h  a s s i s t a n c e  f rom Ford Company pe rsonne l .  

Tab le  8.6 compares t h e  des ign  s p e c i f i c a t i o n s  f o r  each v e h i c l e  seat  w i t h  

measured va lues .  



TABLE B.  1 

VEHICLE DESIGN SPECIFICATIONS 

TABLE 8.2 

COORDINATES OF STEERING WHEEL AND SEAT TRACK MOUNTING BOLTS 
I N  VEH l  CLE REFERENCE SYSTEMS 

(Obtained f tom Veh ic le  Package Drawings) 

Design V a r i a b l e  

Number o f  de ten ts  

Design H-po in t  t r a v e l ,  mm (L17) 

Design H-po in t  r i s e ,  mm (H58) 

Detent space, mm 

S teer ing  wheel angle,  deg. ( ~ 1 8 )  

H-po in t  t o  acce l .  heel p o i n t  
hor i zon ta l  d i s tance ,  mm (L53) 

H-po in t  t o  acce l .  heel p o i n t  
v e r t i c a l  d i s tance ,  mm (H30) 

Escor t  

13 

152.0 

22 .O 

12.7 

26.3 

840.0 

261 .O 

Mal ibu 

9 

172.0 

26.0 

21.5 

19.5 

891 .O 

229.0 

Champ 

10 

180.0 

N . A  

20.0 

25.7 

830.0 

255.0 

C i t a t i o n  

10 

192.0 

28.0 

21.3 

22 .O 

866.0 

258.0 

Component 

Heel p o i n t  X 
Heel p o i n t  Z 
H-poi n t  X 
H-poin t  Z 
S teer ing  wheel center  X 
S teer ing  wheel center  Z 
S teer ing  wheel lower rim X 
S teer ing  wheel lower r i m  Z 
Seat t r a c k  f r o n t  b o l t  X 
Seat t r a c k  f r o n t  b o l t  Z 
Seat t r a c k  rea r  b o l t  X 
Seat t r a c k  rea r  b o l t  Z 

C i t a t i o n  

2272 
195 

3138 
453 

2770 
826 

2820 
647 

2770 
233 

31 17 
197 

Ma1 i b u  

2197 
446 

3088 
675 

2749 
1057 
2793 

873 
2762 

474 
3074 

426 

Escor t  

2265 
4 17  

3101 
678 

2734 
1046 
2800 

869 
2685 

440 
3107 

409 



TABLE B , 3  

SEAT TRACK MOUNT l  NG D l  MENS l ON!; F O R  PLYMOUTH CHAMP 
(Obtained f rom M i t s u b i s h i ,  I nc . )  

I D i s tance  f rom Heel P o i n t  (mm) 
Seat Track B o l t  + I 

F r o n t  Anchor B o l t :  R i g h t  2 7 
8 

TABLE 8.4 

Rear Anchor B o l t :  R i g h t  8 1 1; 
L e f t  1 840 

VEHICLE AND BUCK DIMENSIONS USED TO LOCATE STEERING WHEEL CENTER 
RELATIVE TO 3/4-INCH SEAT MOUNTING BOARD 

18 
-3 (angled) 

D i mens i o n  

Rear - t rack  spacer h e i g h t  

F r o n t - t r a c k  spacer h e i g h t  

Heel spacer h e i g h t  

F r o n t  sea t  t r a c k  b o l t  t o  
f r o n t  o f  3 /4"  mount ing board  

V e h i c l e  X -coo rd ina te  o f  f r o n t  
o f  3/4" mount i ng board 

S t e e r i n g  wheel c e n t e r  t o  
beh ind  f r o n t  o f  3/4" board  

H t .  o f  s t e e r i n g  wheel c e n t e r  
above a c c e l .  hee l  p o i n t  

H t .  o f  s t e e r i n g  wheel c e n t e r  
above 3/4" mount ing  board  

Ma1 i b u  Esco r t  l:i t a t i o n  
- 

rnm 
- 

0 

36 

2 

'I27 

2643 

'I27 

631 

629 

- 
ffX d i s t a n c e  o f  s t e e r i n g  wheel cen te r  f rom a c c e l e r a t o r  hee l  p o i n t  i s  

455 mm (17.9 i n . )  wh ich  p u t s  t h e  s t e e r i n g  wheel cen te r  15 mm (470-455) 
f o rward  o f  t h e  s e a t - t r a c k  mount ing  b o l t .  

i n 

0.0 

1.4 

0.1 

5.0 

-- 

5.0 

24.8 

24.8 

Champ 

mm 

R t .  36 
~ t .  15 

~ t . 4 5  
R t . 2 6  

18 

127 

N.A .  

112n 

617 

635 

I n  

1.4 
0.6 

1.8 
1.0 

0.7 

5.0 

- - 

4.4  

24.3 

25.0 



TABLE 8.5 

DESCRIPTION O F  H-POINT PROCEDURE USED 
TO CALIBRATE SEAT BUCKS 

1.  Set  H -po in t  machine w i t h o u t  we igh ts  and l egs  on m u s l i n  c l o t h  
on sea t  and w i g g l e  t o  l e v e l  bubb le .  

2. A t t a c h  l egs  w i t h  back a n g l e  s e t  t o  87' (82" f o r  Champ) and 
l e n g t h s  t o  95 th  p e r c e n t i  l e  (50 th  p e r c e n t i  l e  f o r  Champ) and 
s e t  hee l  p o i n t - t o - f r o n t - b o l t - h o l e  d i s t a n c e  per v e h i c l e  
s p e c i f i c a t i o n s .  

3.  Pu t  c a l f  we ights  on, 

4.  Put  t h i g h  we ights  on. 

5. P u l l  t o r s o f o r w a r d .  

6. Push t w i c e  a t  t h i g h - h i p  j u n c t u r e  w i t h  22-pound f o r c e  as near 
t o  h o r i z o n t a l  as p o s s i b l e ,  

7 .  Put  t o r s o  back i n t o  sea t  h o l d i n g  T-bar .  

8.  Put  h i p  we igh ts  on. 

Put  back we igh ts  on a l t e r n a t e l y .  

B r i n g  t o r s o  fo rward  h o l d i n g  T-bar and l e t  r e s t .  

Rock g e n t l y  s i d e  t o  s i d e  t o  l e v e l  bubble.  

Put  t o r s o  back i n t o  s e a t  w h i l e  h o l d i n g  T-bar and wa tch ing  
l e v e l .  

B r i n g  t o r s o  fo rward  and r e p e a t  s teps  1 1  and 12. 

Set  back ang le  l e v e l .  

Recheck heel  p o s i t i o n  t o  i n s u r e  i t  has n o t  moved. 

Read knee, h i p ,  and back ang les .  

Measure h o r i z o n t a l  and v e r t i c a l  d i s t a n c e s  t o  H -po in t  u s i n g  
anthropometer ,  l e v e l s ,  and square. 

Take photographs.  

Done. 







APPENDIX C 

DEVELOPMENT OF VEH l CLE SEAT BUCK PARAMETERS 

The l a b o r a t o r y  s e a t i n g  bucks used i n  Phase I I  measurements were 

developed f o r  t h e  f o u r  v e h i c l e  sea ts  u s i n g  v e h i c l e  d e s i g n  s p e c i f i c a t i o n s  

t h a t  d e s c r i b e  t h e  sea t  c o n f i g u r a t i o n s  i n  t h e  v e h i c l e ,  and Phase I 

measurement r e s u l t s  t h a t  d e s c r i b e  t h e  p r e f e r r e d  p o s i t i o n  o f  t h e  seated 

d r i v e r s  ( s u b j e c t s ) .  Appendix B d e s c r i b e s  t h e  v e h i c l e  s e a t i n g  

s p e c i f i c a t i o n s  and procedures used t o  s i m u l a t e  t h e  v e h i c l e  s e a t i n g  

geometry. T h i s  Appendix d e s c r i b e s  t h e  methodology f o r  u t i l i z i n g  t h e  

Phase I ( i  n - v e h i c l e )  measurements t o  comple te  t h e  v e h i c l e  buck 

c o n f i g u r a t i o n s  f o r  Phase I I  t e s t i n g .  

Wh i l e  t h e  p r o p o r t i o n s  o f  l e g  and t o r s o  l eng ths  w i t h i n  each s u b j e c t  

group o f  w e l l - d e f i n e d  s t a t u r e  were known t o  show c o n s i d e r a b l e  v a r i a t i o n ,  

a  d e c i s i o n  was made t o  c o n f i g u r e  t h e  buck sea t / t oeboard  geometry 

a c c o r d i n g  t o  t h e  average i n - v e h i c l e  measurement d a t a  o b t a i n e d  f o r  each 

g r o u p / v e h i c l e  c o n d i t i o n .  For example, t h e  M a l i b u  seat  and toeboard  f o r  

smal l  females were p o s i t i o n e d  r e l a t i v e  t o  each o t h e r  u s i n g  t h e  average 

sea t  d e t e n t  and hee l  p o s i t i o n  i n f o r m a t i o n  o b t a i n e d  i n  Phase I f o r  t h e  

e leven  smal l  females who s a t  i n  t h e  M a l i b u  v e h i c l e .  The a l t e r n a t i v e  

approach was t o  i n d i v i d u a l l y  p o s i t i o n  t h e  s e a t  and toeboard  a c c o r d i n g  t o  

each s u b j e c t ' s  i n - v e h i c l e  da ta .  Wh i l e  t h i s  would have r e s u l t e d  i n  a  

more a c c u r a t e  " f i t "  o f  Phase I I s u b j e c t s  t o  t h e  buck c o n f i g u r a t i o n ,  i t 

would have been more comp l i ca ted  t o  implernent. More i m p o r t a n t l y ,  i t  

would have i gno red  most o f  t h e  i n - v e h i c l e  measurement d a t a  c o l l e c t e d  i n  

Phase I sinc'e o n l y  e i g h t  o f  t h e  s u b j e c t s  f rom each group were used i n  

Phase I I ( i .e . ,  two per v e h i c l e  seat )  and i t  would have a l s o  i nc reased  

t h e  d i f f i c u l t y  o f  t h e  seat  c a s t i n g  merg ing  process .  Fur thermore ,  t h i s  

approach wou ld  have had l i t t l e  u t l i m a t e  vislue s i n c e  t h e  measurement p l a n  

c a l l e d  f o r  c o l l e c t i n g  t h e  p r i m a r y  s e t s  o f  d a t a  i n  t h e  ha rdsea t  bucks 

which,  by d e f i n i t i o n ,  a r e  averages ac ross  v e h i c l e s  and s u b j e c t s .  

W i t h  each v e h i c l e  sea t  a t t a c h e d  t o  a  sepa ra te  and removable plywood 

mount i ng b o a r d  accord  i ng t o  veh i c  l e  d  i mens i ons  and J826 H-poi n t  

v a l i d a t i o n s ,  t h e  t a s k  a t  hand was t o  de te rm ine  t h e  a p p r o p r i a t e  p o s i t i o n  

o f  t h e  sea ts  r e l a t i v e  t o  t h e  toeboard  as w e l l  as t h e  d e s i g n  ( i .e . ,  

angle)  o f  t h e  toeboard  i t s e l f .  Wh i l e  t h e  b a s i c  i n f o r m a t i o n  needed was 



con ta ined  i n  t h e  Phase I measurement da ta ,  c e r t a i n  c a l c u l a t i o n s  were 

necessary t o  o b t a i n  t h e  d imens ions  f o r  t h e  buck.  F i g u r e  C - 1  shows some 

o f  t h e  b a s i c  f e a t u r e s  o f  t h e  s e a t i n g  bucks d e s c r i b e d  i n  g r e a t e r  d e t a i l  

below, w h i l e  Tab le  C . l  p r o v i d e s  a  g l o s s a r y  o f  a b b r e v i a t e d  terms used t o  

r e f e r  t o  t he  measured and c a l c u l a t e d  va lues  i n v o l v e d .  

Tab le  C.2 shows t h e  average measured and c a l c u l a t e d  v a l u e s  used t o  

de termine t h e  d i s t a n c e  f rom t h e  toeboard  hee l  p o i n t  t o  t h e  f r o n t - s e a t -  

t r a c k  mount ing b o l t  (a f  i d u c i a l  landmark i n  v e h i c l e  package drawings)  

f o r  t h e  s i x t e e n  subject-group/vehicle-type s i t u a t i o n s .  HEELLOCs a r e  t h e  

average o f  t h e  measured d i s t a n c e s  f rom t h e  f r o n t - s e a t  t r a c k  b o l t s  t o  t h e  

s u b j e c t ' s  h e e l s  f o r  t h e  sample (N) o f  s u b j e c t s  i n  each group s i t t i n g  i n  

a  p a r t i c u l a r  v e h i c l e .  To determine t h e  h o r i z o n t a l  ( f o r e - a f t )  l o c a t i o n  

o f  t h e  buck hee l  p o i n t  r e l a t i v e  t o  t h e  s e a t - t r a c k  anchor b o l t ,  t h i s  

d i s t a n c e  needs t o  be a d j u s t e d  f o r  two reasons.  F i r s t ,  s i n c e  t h e  

s u b j e c t s  a re  b a r e f o o t  i n  t h e  buck, a  c o r r e c t i o n  f a c t o r  i s  needed due t o  

shoe hee l  t h i c k n e s s  and f o o t  p i t c h  ang le .  The second ad jus tment  i s  due 

t o  t h e  f a c t  t h a t  t h e  average d e t e n t  f o r  each subject-group/vehicle-type 

i s  a  non - in tege r  v a l u e  and t h e  s e a t  t r a c k  must be s e t  on a  s p e c i f i c  

d e t e n t ,  

F i g u r e  C-2 i l l u s t r a t e s  t h e  ad jus tmen ts  made due t o  shoe hee l  

t h i c k n e s s  (HTH) and f o o t  p i t c h  a n g l e  (FTPIT) t o  o b t a i n  a  h o r i z o n t a l  

c o r r e c t i o n  (HB) and a  v e r t i c a l  c o r r e c t i o n  (HHT). The HEELSHIFT due t o  

d e t e n t  round o f f  i s  o h t a i n e d  by m u l t i p l y i n g  t h e  dropped f r a c t i o n  by t h e  

DETENT SPACE. The r e s u l t s  o f  t h e  h o r i z o n t a l  ad jus tmen t  a r e  t h e  BOLT TO 

HEEL DISTANCES (which equal  HEELLOC-HEELSHI FT) . The v e r t i c a l  H E E L  

SPACER used i n  each buck c o n f i g u r a t i o n  i s  a  sum o f  t h e  shoe hee l  

t h i c k n e s s  f a c t o r  (HHT) and t h e  FLOOR SPACER r e q u i r e d  t o  ach ieve  t h e  

c o r r e c t  Z d i s t a n c e  o f  a c c e l e r a t o r  hee l  p o i n t  r e l a t i v e  t o  H -po in t  as 

de termined by  v e h i c l e  package drawings  and H - p o i n t  v a l i d a t i o n  (see 

Appendix B ) .  Tab le  C.3 summarizes some o f  t hese  measured and c a l c u l a t e d  

buck d imensions f o r  each s i t u a t i o n  and g i v e s  t h e  h o r i z o n t a l  and v e r t i c a l  

buck hee l  p o s i t i o n s  i n  inches as w e l l  as c e n t i m e t e r s .  I t  a l s o  g i v e s  

d imens iona l  i n f o r m a t i o n  on t h e  l o c a t i o n  o f  t h e  a c c e l e r a t o r  pedal  

r e l a t i v e  t o  t h e  f l o o r  and t h e  m i d l i n e  o f  t h e  sea t ,  and t h e  l o c a t i o n  and 

t i l t  o f  t h e  s t e e r i n g  wheel f o r  each v e h i c l e .  



Since  t h e  BOLT TO HEEL d i s t a n c e s  and HEEL SPACERS had s im i  l a r  

va lues  f o r  a l l  s u b j e c t  groups i n  each v e h i c l e ,  t h e  average o f  t h e  group 

va lues  were used f o r  t h a t  v e h i c l e .  Also,  a l l  va lues  f o r  f o o t  p i t c h  

ang le  (FTPIT) f o r  t h e  s i x t e e n  cases were q u i t e  s i m i l a r  and so t h e  

o v e r a l l  average was used. The f o o t  r o t a t i o n  ang le  showed somewhat more 

v a r  i a b i  1 i t y ,  t h e  l a r g e  males (group 4) , anti, t o  a  l esse r  e x t e n t ,  t he  

m id -s i zed  males (group 3 ) ,  hav ing  t h e  l a r g e r  va lues .  S ince t h e  range 

was somewhat smal l  i n  a c t u a l  degrees, t h e  o v e r a l l  average v a l u e  o f  

e leven  degrees was used as a  gu ide1 i ne f o r  a1 1 sub jec t -g roup /veh i c le -  

t y p e  c o n d i t i o n s  i n  Phase I I  and Phase I l l  t e s t i n g ,  T h i s  was achieved by 

p l a c i n g  l i n e s  on t h e  toeboard  a t  t h e  desi r led ang le  and i n s t r u c t i n g  

s u b j e c t s  t o  a l i g n  t h e i r  f e e t  w i t h  these l i n e s .  

To e s t i m a t e  t h e  l a t e r a l  p o s i t i o n  o f  t h e  heel  r e l a t i v e  t o  t h e  seated 

d r i v e r  c e n t e r l i n e ,  t h e  d i s t a n c e s  o f  t h e  es t ima ted  a c c e l e r a t o r  pedal 

cen te r  t o  t h i s  c e n t e r l i n e  and t h e  v e h i c l e  f l o o r  were measured and 

averaged f o r  a1 1 v e h i c l e s .  F i g u r e  C - 3  sholds t h e  geomet r ic  c a l c u l a t i o n  

f o r  o b t a i n i n g  t h e  l a t e r a l  p o s i t i o n  o f  t h e  hee l  u s i n g  a  f o o t  r o t a t i o n  

ang le  o f  e leven  degress and r e s u l t i n g  i n  a  l a t e r a l  d i s t a n c e  f rom t h e  

c e n t e r l i n e  o f  3.9 inches.  Ta rge ts  were p laced  on t h e  buck hee l  spacers 

a t  these p o s i t i o n s  and s u b j e c t s  were requested t o  p l a c e  t h e i r  hee l s  on 

t h e  t a r g e t s .  

The h e i g h t  o f  t h e  s t e e r i n g  wheel cen te r  r e l a t i v e  t o  t h e  3 /4- inch 

mount ing board  was determined t o  be n e a r l y  i d e n t i c a l  f o r  a l l  v e h i c l e s  

and so t h e  average v a l u e  o f  t w e n t y - f i v e  inches was used. To s i m p l i f y  

t h e  s t e e r i n g  wheel t i l t  s e t t i n g s ,  two ang les  were used: twenty-one 

degrees f o r  t h e  Ma l i bu  and C i t a t i o n ,  and t w e n t y - s i x  degrees f o r  t h e  

E s c o r t  and t h e  Champ. The s t e e r i n g  wheel suppor t  was designed t o  

p r o v i d e  s t e e r i n g  wheel t i l t  about  t h e  wheel cen te r  so t h a t  t h e  v e r t i c a l  

and h o r i z o n t a l  p o s i t i o n s  o f  t h e  s t e e r i n g  wheel cen te r  d i d  n o t  s h i f t  w i t h  

changes i n  s t e e r i n g  wheel t i l t .  

Tab le  C.4 shows t h e  f i n a l  buck dirrlensions used f o r  each o f  t h e  

v e h i c l e  sea ts .  I n  t h e  f i n a l  Phase I I  buck c o n f i g u r a t i o n s ,  t h e  o n l y  

s u b j e c t  group dependent parameter was t h e  v e h i c l e  seat  d e t e n t  s e t t i n g  

whose v a l u e s  a r e  summarized f o r  t h e  s i x t e e n  subject-group/vehicle-type 

c o n d i t i o n s  i n  Tab le  C . 5 .  





TABLE C ,  1 

GLOSSARY O F  ABBREVIATED TERMS USED 
IN SEAT BUCK DEVELOPMENT 

Abbreviated Term I D e f i n i t i o n  

ACCEL C/L Y 

ACCEL C/L Z 

BOLT TO HEEL 
D l STANCE 

BUCK DETENT 

DETENT 

DETENT S P A C E  

FLOOR SPACER 

FTP l T  

FTROT 

H B 

HEELLOC 

HTH 

HEELSH l FT 

Approximate l a t e r a l  d i s t ance  from center of 
acce le ra to r  pedal t o  c e n t e r l i n e  o f  d r i v e r  seat 
p o s i t i o n .  

Approximate v e r t i c a l  d i s tance  from center of 
acce le ra to r  pedal t o  v e h i c l e  f l o o r .  

Computed h o r i z o n t a l  d i s t ance  from s u b j e c t ' s  bare 
heel t o  f r on t - sea t  t r ack  mounting b o l t s  (equals 
HEELLOC-HB+HEELSH I FT) . 
In teger  de ten t  s e t t i n g  used f o r  each sub jec t -  
group/vehic le- type cond i t i on .  

Average seat t r ack  p o s i t i o n  se lected i n  four  
t r i a l s  ( \ = f u l l  fo rward ) .  

H-point  ho r i zon ta l  t r a v e l  between detents .  

Height  o f  f l o o r  spacer requ i red  t o  achieve 
c o r r e c t  Z d i s tance  between H-point  and 
acce le ra to r  heel p o i n t  i n  buck. 

Foot p i t c h  angle r e l a t i v e  t o  ho r i zon ta l  measured 
on s u b j e c t ' s  r i g h t  shoe placed on the 
undepressed acce le ra to r  pedal .  

Foot r o t a t i o n  angle  r e l a t i v e  t o  v e r t i c a l  
measured on s u b j e c t ' s  r i g h t  shoe placed on the 
undepressed acce le ra to r  pedal .  

Hor i zon ta l  d i s t ance  o f  bare heel behind shoe 
heel ca l cu l a ted  from FTPlT and HTH. 

Hor i zon ta l  d i s tance  o f  s u b j e c t ' s  heel p o s i t i o n  
from f r on t - sea t - t r ack  mounting b o l t  measured i n  
veh i c l e .  

Thickness o f  s u b j e c t ' s  shoe from i ns i de  t o  
bottom o f  heel . 
Hor izon ta l  ( f o r e - a f t )  adjustment d is tance  i n  
heel p o s i t i o n  due t o  DETENT roundo f f .  



TABLE C.  1 
SEAT BUCK DEVELOPMENT GLOSSARY (Continued) 

- - -  

Abbrev ia ted Term I D e f i n i t i o n  

HEELSPACER 

HHT 

WHEEL HT 

He igh t  o f  hee l  spacer r e q u i r e d  i n  v e h i c l e  sea t  
buck (equal t o  t h e  sum o f  FLOOR SPACER and HHT) . 
V e r t i c a l  h e i g h t  o f  b a r e  hee l  above v e h i c l e  f l o o r  
c a l c u l a t e d  f rom FTPIT and HTH, 

V e r t i c a l  d i s t a n c e  o f  s t e e r i n g  wheel c e n t e r  above 
3 /4- inch seat  mount ing board .  

HHT = HTH i sin(90 - FTPIT) 

HB = HTH X cos(9O-FTPIT) 

WHEEL TILT 

\ 

SEAT TRACK 
MOUNTING BOLT 

MOUNTING BOARD 

HEELLOC 

S t e e r i n g  wheel t i l t  ang le  t o  v e r t i c a l .  

FIGURE C - 2 .  Adjustments t o  hee l  p o s i t i o n  
due t o  shoe hee l  t h i c k n e s s .  



TABLE  C.2 

PARAMETER VALUES*  USED I N  DEVELOPMENT OF V E H I C L E  SEAT BUCKS 

* A 1 1  distances i n  c e n t i m e t e r s .  

V e h i c l e  and 
G r o u p  

Ma1 ibu: 
S m a l  1 F e m a l e  
M i d - S i z e d  F e m a l e  
M i d - S i z e d  M a l e  
L a r g e  M a l e  

C i t a t i o n :  
S m a l  l F e m a  1 e 
M i d - S i z e d  F e m a l e  
M i d - S i z e d  M a l e  
L a r g e  Ma1  e 

E s c o r t :  
S m a l l  F e m a l e  
M i d - S i z e d  F e m a l e  
M i d - S i z e d  M a l e  
L a r g e  M a l  e 

Champ  : 
Sma 1 1 F e m a l  e 
M i d - S i z e d  F e m a l e  
M i d - S i z e d  M a l e  
L a r g e  M a l e  

N 

11 
10 
15 
8  

10 
12 
14 
8  

10 
14 
13 
10 

10 
14 
11 
7  

M e a n  V a l u e s  o f  

BUCK 
DETENT 

1  
3  
6  
8  

1  
3 
6  
8  

I 
6 

10 
13 

2  
5  
7  

10 

HEELOC 

50.9 
52 .1  
49.5 
51 .5  

46 .4  
47.9 
46.7 
43.9 

41.0 
42.0 
40.5 
39.6 

43.8 
44.8 
42.5 
44.3 

M e a s u r e d  

DETENT 

1.4 
3 . 6  
6 . 5  
8 . 0  

1.3 
3 . 3  
6 . 3  
8 . 5  

1.4 
5 .6  
9 . 9  

13.0 

2 .9  
5 .4  
7 .4  

10.0 

F T P I T  

53 
57 
5  6  
5 4  

62 
6  4  
6  6  
58 

55 
53 
5  5  
57 

57 
5  8  
5  9  
56 

H E E L  
S H I F T  

+0.8 
+1 .3  
+ I  .O 
+ O . l  

+0.7 
+0 .6  
+ 0 . 6  
+ I .  I 

+0.5 
-0 .5  
-2 .2  
0 . 0  

+1.7 
+0.8 
+0.7 
0.0 

DETENT 
SPACE 

2.15 
2.15 
2.15 
2 .15  

2.13 
2 .  13 
2 .13  
2 .13  

1.27 
1.27 
1.27 
1.27 

2 .00  
2 . 0 0  
2 .00  
2 . 0 0  

V a r i a b l e s  

H T H  

3 .87  
3 .73  
3 .  10 
3.25 

4 .26  
3 .92  
3.36 
2.76 

4.89 
4 .50  
3 .50  
3.48 

5 .20  
5 .50  
2.94 
2.94 

C a l c u l a t e d  P a r a m e t e r  V a l u e s  

HE  

3 . 1  
3 . 1  
2 .6  
2 . 6  

3 .8  
3 . 5  
3 . 1  
2 . 3  

4 . 0  
3.6 
2.9 
2.9 

4 .4  
4 .7  
2.5 
2.4 

BOLT  TO 
HEEL  D I S T  

48.6 
50.3 
47.9 
49 .O 

43.3 
45.0 
44.2 
42.6 

37.5 
37.9 
37.4 
36.7 

41 .1  
40.9 
40.7 
41.9 

HHT 

2 .3  
2  - 0  
1 . 7  
1.9 

2 . 0  
1 .7  
1.4 
1.5 

2 . 8  
2 .7  
2 . 0  
1 . 9  

2 .8  
2 . 9  
1 . 5  
1 .6  

FLOOR 
SPACER 

2 . 0  
2 . 0  
2 . 0  
2 . 0  

0 . 0  
0 . 0  
0.0 
0.0 

0 . 8  
0 . 8  
0 . 8  
0 . 8  

1 .8  
1 .8  
1 .8  
1 .8  

H E E L  
SPACER 

4 . 3  
4 .0  
3 . 7  
3 . 9  

2 . 0  
1 .7  
1 .4  
1.5 

3 . 6  
3 . 5  
2.8 
2 . 7  

4 . 6  
4 .7  
3 . 3  
3 .4  





TABLE C . 4  

FINAL VEHICLE SEAT BUCK DlMENSlONSfi 

,fSee Tab le  C . l  f o r  d e f i n i t i o n  o f  v a r i a b l e s .  

TABLE C . 5  

BUCK SEAT DETENT SETTINGS 

HEEL 
DISTANCE 
f rom C/L 

(1 n) 

3.9 
3 * 9  
3.9 
3.9 

V e h i c l e  

Mal i b u  
C i t a t i o n  
E s c o r t  
Champ 

5 - 5.5 tan 11° 3 3.9'' 

BOLT TO 
HEEL DIST 

( 1  n) 

19.3 
17.2 
14.8 
16.2 

Group 

Small Female 
Mid-Sized Female 
Mid-Sized Male 
Large Male 

FIGURE C-3. Geometric e s t i m a t i o n  o f  
heel  p o s i t i o n  f rom c e n t e r l i n e .  

HEEL 
SPI~CER 

(1 n) 

1 .SO 
75 

1.25 
1 .SO 

WHEEL 
HT 

(1 n) 

25.0 
25.0 
25.0 
25.0 

TOEBOARD 
PITCH: 
HORIZ. 

(Deg) 

5 8 
5 8 
5 8 
58 

WHEEL 
T I  LT 

(Des) 

2  1 
2  1 
2  6  
26 

FOOT 
ROTATION: 

VERTICAL 
(Des) 

1 1  
1 1  
1 1  
11 

Ma l ibu  

1 
3 
6  
8 

C i t a t i o n  

1 
3  
6  
8 

E s c o r t  

1 
6  

10 
13 

Champ 

2 
5 
7 

10 





APPENDIX D 

DISTRIBUTIONS O F  A G E ,  STATURE, WEIGHT, SITTING HEIGHT, 
AND BUTTOCK-KNEE LENGTH FOR PHASE I l l  SUBJECTS 

The f o ! l o w i n g  pages show t h e  f requency d i s t r i b u t i o n s  by s u b j e c t  

group f o r  age, s t a t u r e ,  we igh t ,  e r e c t  s i t t i n g  h e i g h t ,  and bu t tock -knee  

l e n g t h  f o r  Phase I l l  s u b j e c t s .  The numbers i n  t h e  b l o c k s  correspond t o  

the  s e q u e n t i a l  s u b j e c t  numbers used i n  t h e  s tudy  w h i l e  t h e  shaded b l o c k s  

i n d i c a t e  s u b j e c t s  used i n  Phase I I  t o  deve lop t h e  ha rdsea t  con tou rs .  

Mean va lues  o f  t h e  Phase I l l  d i s t r i b u t i o n s  a r e  i n d i c a t e d  and compared 

w i t h  a p p r o p r i a t e  p e r c e n t i  l e  va lues  f rom t h e  1971-74 HANES d a t a  where 

a v a i l a b l e .  



6 PHASE MEAN (39.8) 

U) 

tj 4 
4' m 
3 
V) 

B 2 

9 
0 

13 23 33 43 53 63 

PHASE m MEAN 
6 

E 
4 LARGE MALES 

3 
V) 

k 
d 2 
Z 

0 

F I G U R E  D-1. Age d i s t r i b u t i o n s  f o r  Phase I l l  s u b j e c t s .  
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FIGURE 0-2 .  S t a t u r e  d i s t r i b u t i o n s  f o r  Phase I l l  s u b j e c t s .  



SMALL FEMALE 

PHASE m MEAN (76.75) 

-NHANES 50th O/oilr Malr (77.11) 

MID-SIZED MALE 

F I G U R E  D - 3 .  We igh t  d i s t r i b u t i o n s  f o r  Phase I l l  s u b j e c t s .  
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FIGURE D - 4 .  E r e c t  s i t t i n g  h e i g h t  d i s t r i b u t i o n s  f o r  Phase I l l  s u b j e c t s .  
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F I G U R E  D - 5 .  Bu t tock-knee l e n g t h  d i s t r i b u t i o n s  f o r  Phase I l l  s u b j e c t s .  



APPENDIX E 

STANDARD ANTHROPOMETRY DEFINITIONS 

T h i s  appendix c o n t a i n s  an a l p h a b e t i c a l  l i s t i n g  and d e f i n i t i o n s  o f  

s tandard  an th ropomet r i c  measurements taken on sub jec ts  i n  t h e  s tand ing  

o r  e r e c t  s i t t i n g  p o s t u r e  d u r i n g  a  s p e c i a l  measurement sess ion  p r i o r  t o  

t e s t i n g  i n  t h e  contoured hardseats .  One o f  t he  purposes o f  t h e  

measurements was t o  p r o v i d e  l i n k a g e  da ta  f o r  s e l e c t i o n  o f  s k e l e t a l  

m a t e r i a l  f o r  t he  mid-s ized male c l a y  model armature. These measurements 

were a l s o  used i n  deve lop ing  t h e  an th ropomet r i c  s p e c i f i c a t i o n s  and i n  

s c u l p t i n g  p a r t s  o f  t h e  c l a y  models (e.g., t h e  head). They a l s o  p r o v i d e  

a  b a s i s  f o r  comparing t h e  s u b j e c t  p o p u l a t i o n s  o f  t h i s  s tudy w i t h  those 

o f  o t h e r  s t u d i e s .  



STANDARD ANTHROPOMETRY DEFINITIONS 

ACROMION-RADIALE LENGTH: The s u b j e c t  ma in ta ins  an e r e c t  s t a n d i n g  
pos tu re ,  f e e t  s l i g h t l y  a p a r t ,  head h e l d  e r e c t .  The l e f t  elbow i s  f l e x e d  
a t  90" and t h e  fo rearm i s  h e l d  h o r i z o n t a l l y .  Use an anthropometer t o  
measure t h e  d i s t a n c e  from l e f t  acromion landmark t o  l e f t  r a d i a l e  
landmark. (Acromion landmark i s  a  p o i n t  on the  s u r f a c e  o f  t h e  s k i n  
o b t a i n e d  by  p a l p a t i n g  t h e  most l a t e r a l  marg in  o f  t h e  acromia l  process o f  
t h e  scapu la .  R a d i a l e  landmark i s  a  p o i n t  on the  s u r f a c e  o f  t he  s k i n  
o b t a i n e d  by p a l p a t i n g  t h e  most i n f e r i o r - l a t e r a l  marg in  o f  t h e  prox imal  
head o f  t h e  rad ius . )  

BIACROMIAL BREADTH: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  posture ,  
f e e t  s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s ides ,  head h e l d  e r e c t .  Use an 
anthropometer h e l d  h o r i z o n t a l l y  t o  measure the  d i s t a n c e  between l e f t  and 
r i g h t  acromion landmarks. (Acromion landmark i s  a  p o i n t  on the  s u r f a c e  
o f  t h e  s k i n  o b t a i n e d  by p a l p a t i n g  the  most l a t e r a l  marg in  o f  the  
acromi a1 process o f  t h e  scapula .) 

BlSPlNOUS BREADTH: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  pos tu re ,  f e e t  
s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s ides ,  head h e l d  e r e c t .  Use an 
anthropometer t o  measure t h e  d i s t a n c e  between the  l e f t  and r i g h t  
an te r  i o r - super  i o r  i 1 i a c  sp ine landmarks. (Anter i o r - super  i o r  i 1 i a c  sp ine  
landmark i s  a  p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  ob ta ined  by p a l p a t i n g  t h e  
a n t e r i o r - s u p e r i o r  sp ine  on t h e  i l i a c  c r e s t  o f  t h e  p e l v i s . )  

BUTTOCK-KNEE LENGTH: The s u b j e c t  s i t s  e r e c t  on a  hard,  f l a t  sur face,  
head h e l d  e r e c t ,  arms r e s t i n g  i n  lap ,  f e e t  t oge the r  on a  h o r i z o n t a l  
s u r f a c e  so t h a t  t h e  knees a r e  f l e x e d  a t  90'. Use an anthropometer t o  
measure t h e  d i s t a n c e  f rom the  p o s t e r i o r  aspect  o f  t he  l e f t  b u t t o c k  t o  
t h e  most a n t e r i o r  aspect  o f  t h e  l e f t  kneecap. 

CALF CIRCUMFERENCE (maximum) : The s u b j e c t  m a i n t a i n s  an e r e c t  s tand ing  
pos tu re ,  f e e t  s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s ides ,  head h e l d  
e r e c t .  Use a  s t e e l  tape t o  measure the  maximum c i rcumference o f  t he  
l e f t  c a l f  i n  a  p lane  pe rpend icu la r  t o  t h e  long a x i s  o f  t h e  lower l eg .  

CERVl CALE HE I GHT: The s u b j e c t  m a i n t a i  ns an e r e c t  s tand ing  pos tu re ,  f e e t  
s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s ides ,  head h e l d  e r e c t .  Use an 
anthropometer t o  measure the  v e r t i c a l  d i s t a n c e  f rom t h e  r e f e r e n c e  
s u r f a c e  t o  c e r v i c a l e  landmark. ( C e r v i c a l e  landmark i s  a  p o i n t  on t h e  
s u r f a c e  o f  t h e  s k i n  ob ta ined  by p a l p a t i n g  t h e  most p o s t e r i o r - s u p e r i o r  
margi  n  o f  t h e  spinous process o f  t h e  seventh c e r v i c a l  ve r teb ra . )  



CHEST C I R C U M F E R E N C E  (ax i  1 l a )  : The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  
p o s t u r e ,  f e e t  s l  i g h t l y  a p a r t ,  arms hang ing a t  t h e  s i d e s ,  head h e l d  
e r e c t .  Use a  s t e e l  tape t o  measure t h e  c i r cumfe rence  o f  t h e  c h e s t  a t  
t h e  l e v e l  o f  t h e  l e f t  and r i g h t  a x i l l a r y  f o l d s  d u r i n g  m i d - i n h a l a t i o n .  
The s u b j e c t  r a i s e s  t h e  arms s l i g h t l y  w h i l e  t h e  tape i s  p o s i t i o n e d  and 
then  lowers  them t o  t h e  s i d e s  b e f o r e  t h e  me:asurement i s  taken.  (The 
a x i  1 l a r y  f o l d s  a r e  formed a t  t h e  j u n c t u r e s  o f  t h e  upper arms and to rso . )  

CHEST CIRCUMFERENCE ( n i p p l e )  : The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  
p o s t u r e ,  f e e t  s l i g h t l y  a p a r t ,  arms hang ing a t  t h e  s i d e s ,  head h e l d  
e r e c t .  Use a  s t e e l  tape t o  measure t h e  c i r cumfe rence  o f  t h e  c h e s t  i n  a  
h o r i z o n t a l  p l a n e  a t  t h e  l e v e l  o f  t h e  n i p p l e s  d u r i n g  m i d - i n h a l a t i o n .  The 
s u b j e c t  r a i s e s  t h e  arms s l i g h t l y  w h i l e  t h e  tape  i s  p o s i t i o n e d  and then  
lowers  them t o  t h e  s i d e s  b e f o r e  t h e  measurement i s  taken.  

CLAVICLE LENGTH: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  pos tu re ,  f e e t  
s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s ides ,  head h e l d  e r e c t .  Use an 
anthropometer  t o  measure t h e  d i s t a n c e  f rom t h e  l e f t  c l a v i c a l e  landmark 
t o  t h e  l e f t  a c r o m i o - c l a v i c u l a r  a r t i c u l a t i o n  landmark. ( C l a v i c a l e  
landmark i s  a  p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  o b t a i n e d  by  p a l p a t i n g  t h e  
most s u p e r i o r  marg in  on t h e  med ia l  bo rde r  nf t h e  c l a v i c l e  a t  t h e  
a r t i c u l a t i o n  w i t h  t h e  manubrium o f  t h e  sternum. A c r o m i o - c l a v i c u l a r  
a r t i c u l a t i o n  landmark i s  a  p o i n t  on t h e  s u r f a c e  o f  t he  s k i n  o b t a i n e d  by 
p a l p a t i n g  t h e  m i d p o i n t  o f  a r t i c u l a t i o n  between t h e  l a t e r a l  marg ins  o f  
t h e  c l a v i c l e  and t h e  acromia l  p rocess  o f  t h e  scapu la . )  

ELBOW-HAND LENGTH: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  pos tu re ,  f e e t  
s l i g h t l y  a p a r t ,  head h e l d  e r e c t .  The l e f t  e lbow i s  f l e x e d  a t  g o 0 ,  t h e  
l e f t  f o rea rm i s  h e l d  h o r i z o n t a l  w i t h  t h e  hand o u t s t r e t c h e d ,  f i n g e r s  
t o g e t h e r ,  and thumb up. Use an anthropomet:er t o  measure t h e  d i s t a n c e  
f rom t h e  most p o s t e r i o r  aspect  o f  t h e  e lbow t o  t h e  most d i s t a l  p o i n t  on 
t h e  l o n g e s t  f i n g e r .  

FOOT BREADTH: Sub jec t  m a i n t a i n s  an e r e c t  s t a n d i n g  pos tu re ,  f e e t  s l i g h t l y  
a p a r t ,  arms hanging a t  t h e  s ides ,  head h e l d  e r e c t .  Use an anthropometer  
t o  measure t h e  maximum b r e a d t h  o f  t h e  l e f t  f o o t  a t  t h e  base o f  t h e  toes .  

FOOT LENGTH: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  pos tu re ,  f e e t  
s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s i d e s ,  head h e l d  e r e c t .  Use an 
anthropometer  t o  measure t h e  d i s t a n c e  f rom t h e  most p o s t e r i o r  aspect  o f  
t h e  l e f t  hee l  t o  t h e  most d i s t a l  p o i n t  on  t h e  l onges t  t o e  o f  t h e  l e f t  
f o o t ,  

F O R E A R M  CIRCUMFERENCE (mid) :  The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  
p o s t u r e ,  f e e t  s l i g h t l y  a p a r t ,  arms hang ing a t  t h e  s ides ,  head h e l d  
e r e c t .  Use a  s t e e l  tape t o  measure t h e  c i r cumfe rence  o f  t h e  fo rea rm 
midway between t h e  elbow and t h e  w r i s t  i n  a p l a n e  p e r p e n d i c u l a r  t o  t h e  
l ong  a x i s  o f  t h e  forearm. 



HAND BREADTH: The s u b j e c t ' s  l e f t  hand i s  extended on a  f l a t  s u r f a c e  w i t h  
the  palm up, f i n g e r s  toge the r .  Use s l  i d i  ng c a l  i p e r s  t o  measure t h e  
maximum b read th  o f  t h e  hand a t  t he  base o f  t h e  f i n g e r s .  

HANDLENGTH: The s u b j e c t ' s  l e f t  hand i s  extended on a  f l a t  s u r f a c e  w i t h  
the  palm up, f i n g e r s  toge the r .  Use s l i d i n g  c a l i p e r s  t o  measure t h e  
d i s t a n c e  from the prox imal  edge o f  t h e  n a v i c u l a r  t o  the  most d i s t a l  
p o i n t  on t h e  longest  ( u s u a l l y  midd le)  f i n g e r .  (Nav icu la r  i s  t h e  most 
prox imal  ca rpa l  on t h e  thumb s i d e  o f  t h e  w r i s t  when the  palm i s  up.) 

H E A D  CIRCUMFERENCE: The s u b j e c t  ma in ta ins  an e r e c t  s tand ing  posture ,  
f e e t  s l i g h t l y  apa r t ,  arms hanging a t  t h e  s ides ,  head h e l d  e r e c t .  Use a  
s t e e l  tape t o  measure t h e  maximum c i rcumference o f  t h e  head i n  a  
hor i zon ta lLVane  j u s t  super io r  t o  t h e  brow r i d g e s .  

HEAD BREADTH: The s u b j e c t  ma in ta ins  an e r e c t  s tand ing  posture ,  f e e t  
s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s ides ,  head h e l d  e r e c t .  Use an 
anthropometer t o  measure the  maximum b read th  o f  t h e  head i n  the  mid-  
corona 1 p 1 ane. 

HEAD HEIGHT: The s u b j e c t  ma in ta ins  an e r e c t  s tand ing  posture ,  f e e t  
s l i g h t l y  a p a r t ,  arms hanging a t  t he  s ides ,  head h e l d  e r e c t .  Use an 
anthropomete'r t o  measure the  h e i g h t  o f  t he  head f rcm the  most i n f e r i o r  
aspect o f  t he  c h i n  t o  the  most super io r  p o i n t  on the  top  o f  t he  head i n  
the  m i d l i n e .  

H E A D  LENGTH: The s u b j e c t  ma in ta ins  an e r e c t  s tand ing  posture ,  f e e t  
s l i g h t l y  a p a r t ,  arms hanging a t  t he  s ides ,  head h e l d  e r e c t .  Use an 
anthropometer t o  measure t h e  maximum l e n g t h  o f  t he  head f rom j u s t  above 
the  brow r i d g e s  t o  t h e  o c c i p u t  ( the  o c c i p u t  i s  t he  most p o s t e r i o r  p a r t  
o f  t he  head). 

HIP CIRCUMFERENCE (maximum) : The s u b j e c t  m a i n t a i n s  an e r e c t  s tand ing  
posture ,  f e e t  s l i g h t l y  a p a r t ,  arms hanging a t  t he  s ides ,  head h e l d  
e r e c t .  Use a  s t e e l  tape t o  measure t h e  maximum c i rcumference o f  t h e  
h i p s  i n  a  h o r i z o n t a l  p lane.  

RADIUS LENGTH: The s u b j e c t  m a i n t a i n s  an e r e c t  s tand ing  posture ,  f e e t  
s l  i a h t l y  apa r t ,  head h e l d  e r e c t ,  The l e f t  elbow i s  f l e x e d  a t  90' and 
t h e - l e f t  fbrearm i s  h e l d  h o r i z o n t a l l y  w i t h  t h e  hand sup inated (palm 
up) . Use an anthropometer t o  measure the  d i s t a n c e  f rom r a d i a l e  landmark 
t o  s t y 1  i o n  landmark. (Radiale landmark i s  a  p o i n t  on t h e  s u r f a c e  o f  t h e  
s k i n  obta ined by p a l p a t i n g  the  most i n f e r i o r - l a t e r a l  margin o f  t h e  
prox imal  head o f  t h e  rad ius .  S t y l i o n  landmark i s  a  p o i n t  on t h e  s u r f a c e  
o f  the  s k i n  ob ta ined  by p a l p a t i n g  the  most d i s t a l  marg in  o f  t h e  s t y l o i d  
process o f  t he  t a d  i us .) 



SHOULDER BREADTH: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  pos tu re ,  f e e t  
s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s ides ,  head h e l d  e r e c t .  Use an 
anthropometer t o  measure t h e  maximum b r e a d t h  o f  t h e  shou lde rs  across  t h e  
d e l t o i d  muscles. 

SHOULDER CIRCUMFERENCE: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  pos tu re ,  
f e e t  s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s ides ,  head h e l d  e r e c t .  Use a  
s t e e l  tape t o  measure t h e  maximum c i rcumfe, rence o f  t h e  shou lde rs  i n  a  
h o r i z o n t a l  p l a n e  a t  t h e  l e v e l  o f  t h e  d e l t o i d  muscles d u r i n g  mid-  
i n h a l a t i o n .  

SHOULDER-ELBOW LENGTH: The s u b j e c t  m a i n t a i ~ n s  an e r e c t  s t a n d i n g  pos tu re ,  
f e e t  s l i g h t l y  a p a r t ,  head h e l d  e r e c t .  Wit8h t h e  l e f t  elbow a t  90' and 
t h e  l e f t  fo rearm h e l d  h o r i z o n t a l l y ,  use an anthropometer t o  measure t h e  
d i s t a n c e  f rom t h e  a c r o m i o - c l a v i c u l a r  a r t i c ~ ~ l a t i o n  landmark t o  t h e  bot tom 
o f  t h e  elbow. (Ac romio -c lav i cu la r  a r t i c u l a t i o n  landmark i s  a  p o i n t  on 
t h e  s u r f a c e  o f  t h e  s k i n  ob ta ined  by p a l p a t i n g  t h e  m i d p o i n t  o f  
a r t i c u l a t i o n  between the  l a t e r a l  marg ins  o f  t h e  c l a v i c l e  and acromia l  
process o f  t he  scapula .) 

SITTING HEIGHT ( e r e c t ) :  The s u b j e c t  s i t s  e r e c t  on a hard ,  f l a t  sur face,  
head h e l d  e r e c t ,  arms r e s t i n g  i n  l ap ,  f e e t  t oge the r  on a  h o r i z o n t a l  
s u r f a c e  so t h a t  t h e  knees a r e  f l e x e d  a t  90'. Use an anthropometer t o  
measure t h e  v e r t i c a l  d i s t a n c e  f rom t h e  s i t t i n g  s u r f a c e  t o  t h e  most 
s u p e r i o r  p o i n t  on t h e  t o p  o f  t he  head i n  t h e  m i d - s a g i t t a l  p lane .  

SKINFOLD, POSTERIOR MID-CALF: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  
pos tu re ,  f e e t  s l  i g h t l y  a p a r t ,  arms hanging a t  t h e  s ides ,  head h e l d  
e r e c t .  Locate the  f o l d  o f  s k i n  on t h e  back o f  t h e  c a l f  midway, between 
the  a n k l e  and knee by l i f t i n g  t h e  t i s s u e  i n  t h e  d i r e c t i o n  o f  t h e  long 
a x i s  o f  t h e  lower l e g  (a t i g h t  s k i n  adhesion i s  most commonly found 
here)  . A r e a d i n g  i s  made w i t h  t h e  Lange c a l  i p e r s  w i t h i n  t h r e e  seconds 
a f t e r  appl  i c a t i o n  o f  the  c a l  i p e r s .  The average i s  taken  o f  seve ra l  
read i ngs. 

SKINFOLD, SUBSCAPULAR: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  pos tu re ,  
f e e t  s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s ides ,  head h e l d  e r e c t .  Locate 
t h e  f o l d  o f  s k i n  j u s t  below t h e  i n f e r i o r  ang le  o f  t he  scapu la  b y  l i f t i n g  
t h e  t i s s u e  i n  t h e  d i r e c t i o n  o f  t h e  r i b s ,  so t h a t  t h e  s k i n f o l d  i s  ang led 
upward media l  l y  and downward l a t e r a l  l y  a t  about 45' f rom t h e  
h o r i z o n t a l .  A r ead ing  i s  made w i t h  t h e  Lange c a l i p e r s  w i t h i n  t h r e e  
seconds a f t e r  a p p l i c a t i o n  o f  t h e  c a l i p e r s .  The average i s  taken  o f  
seve ra l  read ings .  



SKINFOLD, SUPRAILIAC: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  p o s t u r e ,  
f e e t  s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s ides ,  head h e l d  e r e c t .  Locate  
t h e  f o l d  o f  s k i n  j u s t  s u p e r i o r  t o  t h e  l a t e r a l  aspect  o f  t h e  i l i a c  c r e s t  
by l i f t i n g  t h e  t i s s u e  i n  a  d i r e c t i o n  across  t h e  t o p  o f  t h e  c r e s t  and 
angled s l i g h t l y  upward m e d i a l l y .  A r e a d i n g  i s  made w i t h  t h e  Lange 
c a l i p e r s  w i t h i n  t h r e e  seconds a f t e r  a p p l i c a t i o n  o f  t h e  c a l i p e r s .  The 
average i s  taken o f  seve ra l  read ings .  

SKI NFOLD, TRICEPS: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  p o s t u r e ,  f e e t  
s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s i d e s ,  head h e l d  e r e c t .  Locate  t h e  
f o l d  o f  s k i n  on t h e  back o f  t h e  upper arm a t  t h e  t r i c e p s  musc le  midway 
between t h e  shou lder  and elbow by l i f t i n g  t h e  t i s s u e  i n  t h e  d i r e c t i o n  o f  
t h e  long a x i s  o f  t h e  arm. A r e a d i n g  i s  made w i t h  a  Lange c a l i p e r  w i t h i n  
t h r e e  seconds a f t e r  a p p l i c a t i o n  o f  t h e  c a l i p e r s .  The average i s  t aken  
o f  seve ra l  read ings .  

STATURE: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  p o s t u r e ,  f e e t  t o g e t h e r ,  
arms hanging a t  s i des ,  head h e l d  e r e c t .  Use an anthropometer  t o  measure 
t h e  v e r t i c a l  d i s t a n c e  f rom t h e  r e f e r e n c e  s u r f a c e  t o  t h e  most s u p e r i o r  
p o i n t  on t h e  t o p  o f  t he  head i n  t h e  m i d - s a g i t t a l  p lane .  

SUPRASTERNALE-CERVICALE DISTANCE: The s u b j e c t  m a i n t a i n s  an e r e c t  
s tand ing  pos tu re ,  f e e t  s l i g h t l y  a p a r t ,  arms hang ing a t  t h e  s ides ,  head 
h e l d  e r e c t .  Use an anthropometer  t o  measure t h e  d i s t a n c e  f rom 
s u p r a s t e r n a l e  1 andmark t o  c e r v i  ca 1 e  1 andmark. (Sup ras te rna l  e  1 andmark 
i s  a  p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  o b t a i n e d  by  p a l p a t i n g  t h e  most 
s u p e r i o r  marg in  o f  t h e  j u g u l a r  no tch  o f  t h e  manubrium i n  t h e  m i d l i n e  o f  
t h e  sternum. C e r v i c a l e  landmark i s  a  p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  
ob ta ined  by p a l p a t i n g  t h e  most p o s t e r i o r - s u p e r i o r  marg in  o f  t h e  sp inous 
process o f  t h e  seventh c e r v i c a l  v e r t e b r a  .) 

THIGH CIRCUMFERENCE (mid) :  The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  
pos tu re ,  f e e t  s l i g h t l y  a p a r t ,  arms hang ing a t  t h e  s i d e s ,  head h e l d  
e r e c t .  Use a  s t e e l  tape t o  measure t h e  c i r cumfe rence  o f  t h e  l e f t  t h i g h  
a t  m i d - s h a f t  i n  a  p l a n e  p e r p e n d i c u l a r  t o  t h e  l ong  a x i s  o f  t h e  upper l e g .  

TlBlALE HEIGHT: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  p o s t u r e ,  f e e t  
s l i g h t l y  a p a r t ,  arms hang ing a t  t h e  s i d e s ,  head h e l d  e r e c t .  Use an 
anthropometer  t o  measure t h e  v e r t i c a l  d i s t a n c e  f rom t h e  r e f e r e n c e  
s u r f a c e  t o  t h e  l e f t  t i b i a l e  landmark. ( T i b i a l e  landmark i s  a  p o i n t  on 
t h e  s u r f a c e  o f  t h e  s k i n  o b t a i n e d  by p a l p a t i n g  t h e  most s u p e r i o r  marg in  
o f  t h e  media l  condy le  o f  t h e  t i b i a . )  



TIBIA LENGTH 
s l i g h t l y  apa 
anthropomete 

: The s u b j e c t  m a i n t a i n s  an e r e c t  s tand ing  pos tu re ,  f e e t  
r t ,  arms hanging a t  t he  s i d e s ,  head h e l d  e r e c t .  Use an 
r t o  measure t h e  d i s t a n c e  f rom t h e  l e f t  t i b i a l e  landmark t o  

the  l e f t  s p h y r i o n  landmark. ( T i b i a l e  landmark i s  a  p o i n t  on t h e  s u r f a c e  
o f  t h e  s k i n  ob ta ined  by p a l p a t i n g  t h e  most s u p e r i o r  marg in  o f  t h e  medial  
condy le  o f  t h e  t i b i a ,  Sphy r ion  landmark i s  a  p o i n t  on the  s u r f a c e  o f  
t he  s k i n  o b t a i n e d  by p a l p a t i n g  the  most prominent  aspect  o f  t h e  media l  
m a l l e o l u s  o f  the  t i b i a . )  

TROCHANTERION HEIGHT: The s u b j e c t  m a i n t a i n s  an e r e c t  s t a n d i n g  pos tu re ,  
f e e t  s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s ides ,  head h e l d  e r e c t .  Use an 
anthropometer t o  measure t h e  v e r t i c a l  d i s t a n c e  f rom t h e  r e f e r e n c e  
s u r f a c e  t o  t h e  l e f t  t r o c h a n t e r  i o n  landmark. (Trochanter  i o n  landmark i s  
a  p o i n t  on  t h e  s u r f a c e  o f  t h e  s k i n  ob ta ined  by p a l p a t i n g  t h e  most 
l a t e r a l  marg in  o f  t h e  g r e a t e r  t r o c h a n t e r  o f  t h e  femur.) 

TROCHANTERION-TO-LATERAL FEMORAL CONDYLE: The s u b j e c t  m a i n t a i n s  an e r e c t  
s tand ing  pos tu re ,  f e e t  s l i g h t l y  a p a r t ,  arms hanging a t  t h e  s ides ,  head 
h e l d  e r e c t .  Use an anthropometer t o  measure the  d i s t a n c e  f rom t h e  l e f t  
t r o c h a n t e r i o n  landmark t o  t h e  l a t e r a l  femoral  condy le  landmark. 
( L a t e r a l  femoral  condy le  landmark i s  a  p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  
ob ta ined  by  p a l p a t i n g  t h e  most prominent  aspect  o f  t h e  l a t e r a l  condy le  
o f  t he  femur. T r o c h a n t e r i o n  landmark i s  a  p o i n t  on t h e  s u r f a c e  o f  t h e  
s k i n  o b t a i n e d  by p a l p a t i n g  t h e  most l a t e r a l  marg in  o f  t h e  g r e a t e r  
t r o c h a n t e r  o f  t h e  femur .) 

UPPER ARM Cl RCUMFERENCE (b iceps) : The sub je lc t  m a i n t a i  ns an e r e c t  
s tand ing  pos tu re ,  f e e t  s l i g h t l y  a p a r t ,  arms hanging a t  t he  s ides ,  head 
h e l d  e r e c t .  Use a  s t e e l  tape t o  measure t h e  c i rcumference o f  t he  l e f t  
upper arm i n  a  p lane  pe rpend icu la r  t o  t h e  l ong  a x i s  o f  t he  upper arm a t  
t h e  maximum diameter o f  t h e  r e l a x e d  b i c e p s  muscle. 

WAl ST Cl RCUMFERENCE (umbi 1 i cus) : The s u b j e c t  mai n t a i n s  an e r e c t  s t a n d i  ng 
pos tu re ,  f e e t  t oge the r ,  arms hanging a t  t h e  s ides ,  head h e l d  e r e c t .  Use 
a  s t e e l  tape t o  measure t h e  c i r cumfe rence  o f  t he  w a i s t  i n  a  h o r i z o n t a l  
p lane  a t  t h e  l e v e l  o f  t h e  u m b i l i c u s  landmark d u r i n g  m i d - i n h a l a t i o n .  
(Umbi l i cus  landmark i s  a p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  a t  t h e  cen te r  
o f  t h e  navel  o r  "be1 l y  but ton . " )  

WEIGHT (unc lo thed ) :  Use a  s tandard  medica l  s c a l e  t o  measure we igh t  t o  
the  neares t  one-ha l f  pound. 





APPENDIX I: 

PHOTOGRAPHS OF PHASE I l l  MEASUREMENTS 
I N  THE CONTOURED HARDSEATS 

Figures F - 1  and F-2 p rov ide  an overview o f  the f i n a l  measurement 

session i n  which subjects  were measured i n  the contoured hardseats. The 

sequence f lows  from top t o  bottom and l e f t  t o  r i g h t .  A f t e r  placement of  

sur face markers (not shown) , subjects  were measured f o r  pre-photo 

anthropometry, i ,e. ,  measurements t h a t  should c o r r e l a t e  w i t h  t a r g e t  

coord inates.  The subjects  then went through a sequence o f  four  

p o s i t i o n s  f o r  c o l l e c t i n g  stereophotogrammetric data descr ib ing  the X 
L' 

Y L ,  and Z coordinates o f  sur face landmarks. Th is  was fo l lowed by post -  
L 

photo seated anthropometry and measurement and record ing  o f  sur face 

con tours  . 



F I G U R E  F-1 . Phase I I I measurements on a m id -s i zed  male:  ( 1 )  p re -pho to  
anthropomet r y ;  (2 -5 )  photogrammetry pos i t ions ;  ( 6 -8 )  pos t -pho to  measurements. 



FIGURE F-1 ( c o n t i n u e d ) .  Phase I I I  measurements on  a m i d - s i z e d  ma le :  
( 9 -  1 3 )  body c o n t o u r s .  





APPENDIX G 

S U R F A C E  L A N D M A R K  LIEF l  N l T l  ONS 

T h i s  appendix con ta ins  a  d i c t i o n a r y  o f  s k i n  s u r f a c e  landmarks wh ich  

were t a r g e t e d  f o r  photogrammetry on s u b j e c t s  seated i n  t h e  contoure,d 

hardseats  d u r i n g  Phase I l l  t e s t i n g .  The m a j o r i t y  o f  these landmarks 

des igna te  p a l p a t i o n s  o f  s k e l e t a l  prominences i n  o rde r  t o  d e f i n e  t h e  

seated p o s t u r e  and body segment c o o r d i n a t e  systems f o r  development o f  

t h e  an th ropomet r i c  s p e c i f i c a t i o n  packages. There a r e  a l s o  a  number o f  

landmarks t h a t  do n o t  r e l a t e  t o  p a l p a t i a n  o f  t h e  s k e l e t a l  s t r u c t u r e s .  

Landmarks such as "arm upper landmark" and " c a l f  landmark" a r e  s k i n  

s u r f a c e  p o i n t s  where breadths ,  depths,  and c i r cumfe rence  measures were 

taken,  w h i l e  landmarks such as "scye a n t e r i o r  landmark" and " t h i g h -  

abdomina l - j unc t i on  landmark1' i n d i c a t e  p o i n t s  o f  p a r t i c u l a r  i n t e r e s t  i n  

d e f i n i n g  and s c u l p t i n g  t h e  c l a y  models. 

Two s u r f a c e  landmarks war ran t  p a r t i c u l a r  ment ion .  These a r e  t h e  

"an te r  i o r - super  i o r  i 1 i ac sp ine  ( A S  IS) l i~ndmark" and t h e  "symphys i o n  

landmark" pa lpa ted  on the p e l v i s .  Because o f  the  l a r g e  amount o f  t i s s u e  

t h a t  1 i e s  over  these s k e l e t a l  p o i n t s  (espec ia l  l y  a t  symphysion) i n  the  

seated p o s i t i o n  and t h e  importance o f  d e f i n i n g  the  o r i e n t a t i o n  o f  t h e  

p e l v i s  i n  t h i s  s tudy,  these landmarks wetre ob ta ined  by compressing t h e  

t i s s u e  w i t h  a  1/4- inch-diameter rod.  The landmarks determined i n  t h i s  

way, whi l e  on t h e  su r face  o f  t he  s k i n ,  a r e  n o t  on the  s u r f a c e  o f  n a t u r a l  

body con tou rs  i n  t h e  seated p o s i t i o n .  By u s i n g  t h i s  techn ique,  however, 

i t  was n o t  o n l y  p o s s i b l e  t o  ge t  c l o s e r  to t h e  d e s i r e d  s k e l e t a l  p o i n t s ,  

b u t  a l s o  t o  use photogrammetry t o  determine t h e  c o o r d i n a t e s  o f  these 

p o i n t s  wh ich  a r e  o the rw ise  d i f f i c u l t  o r  imposs ib le  t o  "see." 

Whi le  a l l  t h e  landmarks d e f i n e d  i n  t h i s  appendix were t a r g e t e d  f o r  

photogrammetry w i t h  the  s u b j e c t  seated i n  t h e  contoured ha rdsea t ,  many 

were a l s o  used i n  t a k i n g  anthropometr ic  measurements. For seated 

anthropometry  taken  i n  t h e  contoured hardseats  (Appendix H ) ,  t h e  

t a r g e t e d  landmarks were used d i r e c t l y ,  a l t hough  i n  some cases where a  

s p h e r i c a l  marker was used, t h e  t a r g e t  was removed j u s t  p r i o r  t o  t a k i n g  

t h e  measurement. For s tandard  anthroporr~etr  i c  measures (Appendix E )  



taken i n  a separa te  sess ion  w i t h  t h e  s u b j e c t  i n  e i t h e r  a  s tand ing  o r  

e r e c t  seated p o s i t i o n ,  t h e  same landmark d e f i n i t i o n s  app ly ,  b u t  may 

imply d i f f e r e n t  s u r f a c e  p o i n t s  due t o  d i f f e r e n c e s  i n  body o r i e n t a t i o n  

and s o f t  t i s s u e  d i s t r i b u t i o n .  

For t h e  d e f i n i t i o n s  t h a t  f o l l o w ,  F igu res  G - 1  and G-2 i l l u s t r a t e  

t h e  meaning o f  t h e  v a r i o u s  o r i e n t a t i o n  terms (e.g., l a t e r a l ,  s u p e r i o r ,  

d i s t a l )  i n  t h e  s t a n d i n g  and seated postures ,  r e s p e c t i v e l y .  Appendix K 

p r o v i d e s  a  l i s t i n g  o f  t h e  s u r f a c e  landmark p o i n t s  by body r e g i o n  a long  

w i t h  t h e  landmark r e f e r e n c e  numbers used on the  eng ineer ing  drawings.  
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F I G U R E  G - 2 .  Body o r i e n t a t i o n  terms f o r  s u r f a c e  landmark d e f i n i t i o n s  
i n  t h e  seated p o s t u r e .  



SURFACE LANDMARK D E F I N I T I O N S  

ACROMIO-CLAVICULAR A R T I C U L A T I O N  LANDMARK: A point on the surface of the 
skin obtained by palpating the midpoint of articulation between the 
lateral margins of the clavicle and acromial process of the scapula. 

ACROMl ON LANDMARK: A point on the surface of the skin obtained by 
palpating the most lateral margin of the ac:romial process of the 
scapu l a. 

ANKLE LANDMARK: A point marked on the lateral surface of the lower leg 
at the estimated mi nimum ci rcumference (above the condyles) . 

ANTER I OR-SUPER I OR I L l AC SP l NE LANDMARK (AS u: A poi nt on the surf ace of 
the skin obtained by palpating the most anlerior-superior spine on the 
i 1 iac crest of the pelvis. (The photogramrnetry landmark is measured by 
compressing the skin and underlying soft tissue with a one-quarter-inch 
d i ameter rod .) 

ARM UPPER LANDMARK: A point marked on the lateral surface of the upper 
arm at the estimated maximum circumference. 

BIMAMMARY M I D L I N E  LANDMARK: A point on the surface of the skin in the 
anterior midline of the torso bisecting a line connecting the left and 
right nipples. 

CALF LANDMARK: A point marked on the lateral surface of the calf at the 
estimated maximum circumference. 

CERVICALE  LANDMARK: A point on the surface of the skin obtained by 
palpating the most posterior-superior margin of the spinous process of 
the seventh cervical vertebra. 

C L A V I C A L E  LANDMARK: A point on the surface of the skin obtained by 
palpating the most superior margin on the medial border of the clavicle 
at the articulation with the manubrium of the sternum. 

D I G I T  I I  (TOE) LANDMARK: A point o n  the surface of the most distal 
aspect of the second toe. 



FOREARM LOWER LANDMARK: A point marked o n  the lateral surface of the 
forearm between the estimated maximum circumference and the wrist. 

FOREARM UPPER LANDMARK: A point marked o n  the lateral surface of the 
forearm at the estimated maximum circumference. 

G L A B E L L A  LANDMARK: A point o n  the surface of the skin obtained by 
palpating the most forward projection of the forehead in the midline at 
the level of the brow ridges. 

G N A T H I O N  LANDMARK: A point on the surface of the skin obtained by 
palpating the most anterior-inferior margin of the mandible in the 
midline (i.e., the lower edge of the chin). 

GONION LANDMARK: A point o n  the surface of the skin obtained by 
palpating the most inferior, posterior, and ldteral point o n  the 
external angle of the mandible, i.e., the angle of the lower j a w  bone. 

GREATER TUBERCLE HUMERUS LANDMARK: A point on the surface of the skin 
obtained by palpating the anterior margin of the greater tubercle o n  the 
proximal end of the humerus (located by palpation whi le raising the arm 
anterior 1 y) . 

I L I O C R I S T A L E  LANDMARK: A point o n  the surface of the skin obtained by 
palpating the most superior margin o n  the iliac crest of the pelvis. 

I N F R A O R B I T A L E  LANDMARK: A point o n  the surface of the skin obtained by 
palpating the most inferior margin of the eye orbit (eye socket). 

L A T E R A L  FEMORAL CONDYLE LANDMARK: A point o n  the surface of the skin 
obtained by palpating the most prominent aspect of the lateral condyle 
of the femur. 

L A T E R A L  HUMERAL E P I C O N D Y L E  LANDMARK: A point o n  the surface of the skin 
obtained by palpating the most prominent aspect of the lateral 
epicondyle of the humerus. 

L A T E R A L  MALLEOLUS LANDMARK: A point o n  the surface of the skin obtained 
by palpating the most prominent aspect of the lateral malleolus of the 
fibula (outside of ankle). 



L 2  LANDMARK: A p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  ob ta ined  by  p a l p a t i n g  
t h e  most p o s t e r i o r - s u p e r i o r  marg in  o f  thle spinous process o f  t h e  second 
lumbar v e r t e b r a .  

L 5  LANDMARK: A p o i n t  on t h e  s u r f a c e  o f  t8he s k i n  o b t a i n e d  by  p a l p a t i n g  
t h e  most p o s t e r i o r - s u p e r i o r  marg in  o f  thle spinous process o f  t he  f i f t h  
lumbar v e r t e b r a .  

MAXIMUM A B D O M I N A L  PROTRUSION LANDMARK: A p o i n t  on t h e  s u r f a c e  o f  t h e  
s k i n  i n  t h e  a n t e r i o r  m i d l i n e  a t  t h e  l e v e l  o f  t h e  maximum p r o t r u s i o n  o f  
t h e  abdomen. 

M E D I A L  FEMORAL E P I C O N D Y L E  LANDMARK: A p o i n t  on the  s u r f a c e  o f  t h e  s k i n  
o b t a i n e d  by p a l p a t i n g  t h e  most prominent  aspect  o f  t h e  media l  ep i condy le  
o f  t h e  femur. 

M E D I A L  HUMERAL E P I C O N D Y L E  LANDMARK: A p o i n t  on the  s u r f a c e  o f  t h e  s k i n  
o b t a i n e d  by p a l p a t i n g  t h e  most prominent  aspect  o f  t h e  media l  ep i condy le  
o f  t h e  humerus. 

MESOSTERNALE LANDMARK: A p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  ob ta ined  b y  
p a l p a t i n g  i n  t h e  m i d l i n e  o f  t h e  sternum between t h e  most s u p e r i o r  marg in  
o f  t h e  j u g u l a r  no tch  and t h e  most i n f e r i o r  p o i n t  on t h e  manubrium. 

METATARSAL /PHALANGEAL  I LANDMARK: A p o i n t  on the  s u r f a c e  o f  t h e  s k i n  
o b t a i n e d  by p a l p a t i n g  the  m i d p o i n t  o f  a r t i c u l a t i o n  between t h e  head o f  
me ta ta rsus  1 and t h e  f i r s t  phalange o f  t h e  ha1 l u x  ( b i g  toe) on t h e  
media l  s i d e  o f  t h e  f o o t .  

METATARSAL /PHALANGEAL  V LANDMARK: A po.int: on the  s u r f a c e  o f  t h e  s k i n  
o b t a i n e d  by p a l p a t i n g  the  m i d p o i n t  o f  a r t i i c u l a t i o n  between t h e  head o f  
t h e  me ta ta rsus  V and t h e  f i r s t  phalange o f  t h e  f i f t h  t o e  on t h e  l a t e r a l  
s i d e  o f  t h e  f o o t ,  

NECK LOWER LANDMARK: A p o i n t  marked on t h e  lowest  marg in  o f  t h e  l a t e r a l  
s u r f a c e  o f  t h e  neck. 

NECK M I D  LANDMARK: A p o i n t  marked a t  t h e  es t ima ted  m i d p o i n t  o f  t h e  
l a t e r a l  s u r f a c e  o f  t he  neck. 

N I P P L E  LANDMARK: A p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  a t  t h e  cen te r  o f  t he  
pigmented p r o j e c t i o n  on t h e  a n t e r i o r  s u r f a c e  o f  t h e  mammary g land .  



OLECRANON LANDMARK: A p o i n t  on the sur face o f  the s k i n  obta ined by 
pa lpa t i ng  the most p o s t e r i o r - i n f e r i o r  margin o f  the  olecranon process o f  
the u lna  ( i . e . ,  approximately the  lowest p o i n t  on the elbow).  

PATELLA LANDMARK: A p o i n t  on the sur face o f  the s k i n  obta ined by 
pa lpa t i ng  the most a n t e r i o r - i n f e r i o r  aspect o f  the p a t e l l a .  

R A D l A L E  LANDMARK: A p o i n t  on the sur face o f  the  s k i n  obta ined by 
pa lpa t i ng  the most i n f e r i o r  l a t e r a l  margin o f  the proximal head o f  the 
rad ius.  

SCAPULA I N F E R I O R  MARGIN  LANDMARK: A p o i n t  on the sur face o f  the s k i n  
obta ined by pa lpa t i ng  the most medial border o f  the i n f e r i o r  margin o f  
the scapula. 

SCAPULA SUPERIOR MARGIN  LANDMARK: A p o i n t  on the sur face o f  the s k i n  
obta ined by pa lpa t i ng  the most medial border o f  t he  super ior  margin o f  
the scapula. 

SCYE ANTERIOR LANDMARK: A p o i n t  on the sur face o f  the  s k i n  a t  the 
an te r i o r - supe r i o r  margin o f  the s k i n  fur row formed by the j unc tu re  o f  
the upper arm and t o r so  ( i .e., the a n t e r i o r  ax i  l 1 a ry  f o l d )  . 

SCYE POSTERIOR LANDMARK: A p o i n t  on the sur face o f  the  s k i n  a t  the 
pos te r i o r - supe r i o r  margin o f  the s k i n  fur row formed by the j unc tu re  o f  
the  upper arm and to rso  ( i  .e., the pos te r i o r  ax i  1 l a r y  f o l d )  . 

S P H Y R I O N  LANDMARK: A p o i n t  on the  sur face o f  the s k i n  obtained by 
pa lpa t i ng  the most prominent aspect o f  the medial ma l leo lus  o f  the t i b i a  
( i  ns i de o f  ank 1 e) . 

S T Y L I O N  LANDMARK: A p o i n t  on the sur face o f  the s k i n  obta ined by 
pa lpa t i ng  the most d i s t a l  margin o f  the s t y l o i d  process o f  the rad ius  
(thumb s ide  o f  w r i s t ) .  

SUBSTERNALE LANDMARK: A p o i n t  on the  sur face o f  the  s k i n  obtained by 
pa lpa t i ng  the most i n f e r i o r  margin o f  the manubrium i n  the  m i d l i n e  o f  
the  sternum. 

SUPRASTERNALE LANDMARK: A p o i n t  on the sur face o f  the s k i n  obtained by 
pa lpa t i ng  the most super ior  margin o f  the  j ugu la r  notch o f  the manubrium 
i n  the m i d l i n e  o f  the sternum, 



SYMPHYSION LANDMARK ( P U B I C  S Y M P H Y S I S ) :  A  p o i n t  on t h e  s u r f a c e  o f  t h e  
s k i n  o b t a i n e d  by  p a l p a t i n g  t h e  most a n t e r i o r - s u p e r i o r  marg in  o f  t he  
p u b i c  symphys i s .  (The photogrammetry l andmark i s  measured by 
compressing t h e  s k i n  and u n d e r l y i n g  s o f t  t i s s u e  w i t h  a  one -quar te r - i nch  
d iameter  rod.) 

T E N T H  R I B  A N T E R I O R  M I D L I N E  LANDMARK: A  p o i n t  on  t h e  s u r f a c e  o f  t h e  s k i n  
o b t a i n e d  by p r o j e c t i n g  t h e  most i n f e r i o r  marg in  p a l p a b l e  on t h e  t e n t h  
r i b  t o  t h e  a n t e r i o r  m i d l i n e  i n  a  p lane es t ima ted  t o  be p e r p e n d i c u l a r  t o  
t h e  l ong  a x i s  o f  t h e  t o r s o .  

T E N T H  R I B  LANDMARK: A  p o i n t  on  t h e  s u r f a c e  of t h e  s k i n  o b t a i n e d  by 
p a l p a t i n g  t h e  most i n f e r i o r  marg in  o f  the  t e n t h  r i b .  

T E N T H  R I B  M I D - S P I N E  LANDMARK: A  p o i n t  on  t h e  s u r f a c e  o f  t h e  s k i n  
o b t a i n e d  by h o r i z o n t a l l y  p r o j e c t i n g  t h e  most i n f e r i o r  marg in  pa lpab le  on 
t h e  t e n t h  r i b  t o  i t s  cor respond ing p o i n t  i n  t h e  m i d l i n e  o f  t h e  v e r t e b r a l  
column. 

T H I G H - A B D O M I N A L  J U N C T I O N  LANDMARK: A  p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  a t  
t h e  c rease formed by t h e  j u n c t u r e  o f  t h e  t h i g h  and abdomen a t  
app rox ima te l y  t h e  m i d l i n e  o f  t h e  t h i g h .  

T H I G H  M I D  LANDMARK: A  p o i n t  marked on t h e  l a t e r a l  s u r f a c e  o f  t he  t h i g h  
approx ima te l y  ha l fway between t h e  es t ima ted  maximum c i r cumfe rence  and 
t h e  knee. 

T H I G H  UPPER LANDMARK: A  p o i n t  marked on t h e  l a t e r a l  s u r f a c e  o f  t h e  t h i g h  
a t  t h e  e s t i m a t e d  maximum c i rcumference.  

T l B l  ALE  LANDMARK: A p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  o b t a i n e d  by 
p a l p a t i n g  t h e  most s u p e r i o r  marg in  o f  t h e  media l  condy le  o f  t h e  t i b i a .  

T R A G I O N  LANDMARK:  A  p o i n t  on the  s u r f a c e  o f  t h e  s k i n  o b t a i n e d  by 
p a l p a t i n g  t h e  most a n t e r i o r  marg in  o f  t h e  c a r t i l a g i n o u s  no tch  j u s t  
s u p e r i o r  t o  t h e  t ragus  o f  t h e  ear ( l o c a t e d  a t  t h e  upper edge o f  t h e  
e x t e r n a l  aud i t o r y  meatus) . 

TROCHANTERION LANDMARK: A  p o i n t  on the  s u r f a c e  o f  t h e  s k i n  ob ta ined  by 
p a l p a t i n g  t h e  most l a t e r a l  marg in  o f  t h e  g r e a t e r  t r o c h a n t e r  o f  t he  
femur . 



T4 LANDMARK:  A p o i n t  on t h e  su r face  o f  t h e  s k i n  ob ta ined  by  p a l p a t i n g  
t h e  most p o s t e r i o r - s u p e r i o r  marg in  o f  t h e  spinous process o f  t h e  f o u r t h  
t h o r a c i c  v e r t e b r a .  

T8 L A N D M A R K :  A p o i n t  on the  s u r f a c e  o f  t h e  s k i n  ob ta ined  by  p a l p a t i n g  
t h e  most p o s t e r i o r - s u p e r i o r '  marg in  o f  t h e  spinous process o f  t h e  e i g h t h  
t h o r a c i c  v e r t e b r a .  

T12 LANDMARK:  A p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  ob ta ined  by p a l p a t i n g  
t h e  most p o s t e r i o r - s u p e r i o r  marg in  o f  t he  spinous process o f  t h e  t w e l f t h  
t h o r a c i c  v e r t e b r a .  

U L N A R  S T Y L O I D  LANDMARK:  A p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  ob ta ined  by 
p a l p a t i n g  t h e  most d i s t a l  marg in  o f  t h e  s t y l o i d  process o f  t h e  u l n a  
( l i t t l e  f i n g e r  s i d e  o f  w r i s t ) .  

U M B I L I C U S  L A N D M A R K :  A p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  a t  t h e  cen te r  o f  
t h e  navel  o r  " b e l l y  bu t ton . "  



APPENDIX H  

ANTHROPOMETRIC MEASUREMENTS IN CONTOURED HARDSEATS 

T h i s  appendix c o n t a i n s  measurement d e s c r i p t i o n s ,  i l l u s t r a t i o n s ,  and 

summary s t a t i s t i c s  f o r  each o f  t h e  an th ropomet r i c  measurements taken i n  

t h e  contoured hardseats  d u r i n g  t h e  f i n a l  (Phase I  I I )  measurement 

sess ion .  Each measurement i s  p resented on a  separa te  page and t h e  

measurements a r e  grouped and ordered by body r e g i o n  beg inn ing  w i t h  t h e  

head and end ing  w i t h  t he  l egs  and f e e t .  Tab le  H .1  shows t h e  l i s t  o f  

measurements i n  t h e i r  o rder  o f  occur rence a l o n g  w i t h  t h e  page number o f  

t h e  measurement d e s c r i p t i o n .  

The measurement d e s c r i p t i o n  i s  an a t temp t  t o  d e s c r i b e  how t h e  

measurement was o b t a i n e d  and t h e  i l l u s t r a t i o n  i s  p rov ided  as an a i d  t o  

v i s u a l i z i n g  t h e  d e s c r i p t i o n .  D e s c r i p t i o n s  o f  h e i g h t  measurements r e f e r  

t o  a  " r e f e r e n c e  su r face "  f rom which  t h e  v e r t i c a l  d i s t a n c e  i s  taken.  A t  

t h e  t ime  o f  d a t a  c o l l e c t i o n ,  t h i s  surfacle was t h e  t o p  o f  t h e  3 /4- inch 

plywood board  t o  wh ich  t h e  contoured hardseats  were b o l t e d  (see F i g u r e  

C-2). The h e i g h t  d i s t a n c e s  presented i n  t h e  summary s t a t i s t i c s  a r e  

r e l a t i v e  t o  t h e  sur faces  o f  t he  f i n a l  seat  assembly p l a t f o r m s  wh ich  a re  

app rox ima te l y  19 mm (3/4 inch)  h igher  ( i n  Z d i r e c t i o n )  than t h e  

r e f e r e n c e  s u r f a c e  o f  t he  measurement buck. 

Most o f  t h e  measurement d e s c r i p t i o n s  b e g i n  w i t h  a  sentence 

d e s c r i b i n g  t h e  s u b j e c t  as s i t t i n g  i n  a  " r e l a x e d  d r i v i n g  pos tu re . "  T h i s  

i s  an a b b r e v i a t e d  te rm ino logy  r e f e r r i n g  t o  t h e  "s tandard ized"  p o s t u r e  

d iscussed p r e v i o u s l y  i n  S e c t i o n  3 o f  t h e  r e p o r t .  Measurement 

d e s c r i p t i o n s  i n v o l v i n g  su r face  landmarks used i n  photogrammetry and 

d e f i n e d  i n  Appendix G i n c l u d e  r e d e f i n i t i o n  o f  these landmarks a t  t h e  end 

o f  t h e  d e s c r i p t i o n .  

Because o f  t h e  complex th ree-d imens iona l  o r i e n t a t i o n  o f  d i f f e r e n t  

p a r t s  o f  t h e  body i n  t he  seated pos tu re ,  i t  i s  d i f f i c u l t  t o  a c c u r a t e l y  

i l l u s t r a t e  a1 I body measurements w i t h  two-dimensional  drawings.  The 

i l l u s t r a t i o n s  a r e  t h e r e f o r e  presented as an a i d  t o  unders tand ing t h e  

w r i t t e n  measurement d e s c r i p t i o n  and a r e  r ~ o t  in tended t o  a c c u r a t e l y  

d e s c r i b e  t h e  measurements on  t h e i r  own. I n  some ins tances,  t i p s  o f  

arrows i n d i c a t i n g  t h e  d i s t a n c e  measured have pu rpose ly  been t r u n c a t e d  a t  



a  body o u t l i n e  o r  drawn over a  body o u t l i n e  i n  order  t o  i n d i c a t e  t h a t  

t h e  measurement i s  taken between sur faces o b l i q u e  t o  t h e  p l a n e  o f  t h e  

i l l u s t r a t i o n .  Also, i n  some cases, d imension l i n e s  a r e  drawn a t  angles 

i n  an a t tempt  t o  cap tu re  the  o b l i q u e  na tu re  o f  t he  measurement t o  t h e  

body segment. I l l u s t r a t i o n s  used i n c l u d e  t h r e e  h o r i z o n t a l  v iews o f  t he  

seated s u b j e c t  f rom the  f r o n t ,  l e f t  s i d e ,  and r e a r ,  as w e l l  as one 

o b l i q u e  v iew f rom t h e  upper f r o n t .  As a p p r o p r i a t e  f o r  each d e f i n i t i o n ,  

t h e  s u b j e c t  i s  i 1 l u s t r a t e d  w i t h  hands on t h e  s t e e r i n g  wheel (no t  

inc luded)  o r  hands dropped t o  the  s ides  o f  t he  c h a i r .  

The t a b l e  o f  summary s t a t i s t i c s  a t  t he  bot tom o f  each page p resen ts  

t h e  sample s i z e  ( N ) ,  minimum, maximum, mean, and c o e f f i c i e n t  o f  

v a r i a t i o n  o f  t h e  measurement f o r  t he  t h r e e  dummy s i z e s .  Numbers i n  

pa ren thes i s  i n  these t a b l e s  g i v e  the  va lues i n  E n g l i s h  u n i t s .  The 

c o e f f i c i e n t  o f  v a r i a t i o n  (CV%) i s  an i n d i c a t i o n  o f  t he  spread o r  

va r iance  of t he  measurement r e l a t i v e  t o  the  mean and i s  computed by 

d i v i d i n g  t h e  s tandard  d e v i a t i o n  by t h e  mean and m u l t i p l y i n g  by  100 t o  

g e t  a  percentage v a l u e  (CV% = s.D./~ x  100). 



TABLE H . 1 

INDEX TO HARDSEAT MEASUREMENTS 

Measurement 

. . . . . . . . . . . . . . .  S i t t i n g  H e i g h t  . . . . . . . . . . . . . .  C e r v i c a l e  H e i g h t  . . . . . . . . . . . . . . . .  C h i n H e i g h t  . . . . . . . . . . .  Neck Length (an te r  i o r )  . . . . . . . . . . . . .  Neck Breadth  (mid) 
. . . . . . . . . . . . . .  Neck Depth (mid) . . . . . . . . . .  Neck C i rcumference (mid) . . . . . . . . . . . .  Neck Breadth  ( lower)  . . . . . . . . . . . . .  Neck Depth ( lower)  . . . . . . . . .  Neck C i  rcumference ( lower)  . . . . . . . . . . .  Shoulder  He igh t  (mid) . . . . . . . . . . . . . .  Acromion H e i g h t  

Clavica le- to-Acromio-Clavicular  A r t i c u \ a t i o n  . . . . . . . . . . . . . .  Shoulder  Breadth  . . . . . . . . . . .  Shoulder  C i rcumference . . . . . . . . . . . . .  B i a c r o m i a l  Breadth  . . . . . . . . . . . .  Torso  Depth (upper) 
. . . . . . . . . . .  Shoulder Depth (scye) . . . . . . . . . . . . . . .  A x i l l a r y  Depth . . . . . . . . . . . . .  A r m  Angle (upper) . . . . . . . . . . . . .  A r m  Angle ( lower )  

. . . .  R i g h t - L e f t  Med ia l  Humeral Ep i condy le  
R i g h t - L e f t  S t y l i o n  . . . . . . . . . . . . .  . . . . . . . . . .  A r m  C i  rcumf erence (scye) . . . . . . . . . . . .  A r m  Breadth  (upper) . . . . . . . . . . . . .  A r m  Depth (upper) 

. . . . . . . . .  A r m  C i rcumference (upper) . . . . . . . . .  A r m  Breadth  (above elbow) 
. . . . . . . . . .  A r m  Depth (above elbow) 

A r m  C i rcumference (above elbow) . . . . . .  . . . . . . . . . . . . . .  Olecranon H e i g h t  . . . . . . . . . . . . . . .  E l b o w B r e a d t h  
E l b o w D e p t h  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  Elbow Ci rcumference . . . . . . . . . .  Forearm Breadth  (upper) 
Forearm Depth (upper) . . . . . . . . . . .  
Forearm Ci rcumference (upper) . . . . . . .  
Forearm C i rcumference ( lower)  . . . . . . .  
W r i s t  Breadth  (condyles)  . . . . . . . . . .  
Wr i s t  Depth (condyles)  . . . . . . . . . . .  
W r i s t  C i rcumference (condyles)  . . . . . . .  
Chest H e i g h t  ( n i p p l e )  . . . . . . . . . . .  
Chest H e i g h t  (pos te r  i o r  scye) . . . . . . .  
Chest Breadth  ( a x i l l a )  . . . . . . . . . . .  
Chest C i rcumference (ax i  1 1  a) . . . . . . . .  

Page No . 



TABLE H . l  
HARDSEAT MEASUREMENT I  N D E X  (Cont i nued) 

Measurement 1 Page NO . 
Chest Breadth  (n ipp le )  . . . . . . . . . . .  
Chest Circumference (n ipp le )  . . . . . . . .  
Chest Circumference ( t e n t h  r i b )  . . . . . .  
Wais t  Breadth  (umbi 1 i cus )  . . . . . . . . .  
Wais t  Depth (umb i l i cus )  . . . . . . . . . .  
Wais t  C i rcumference (umb i l i cus )  . . . . . .  
Abdom i na 1 Breadth (maxi mum) . . . . . . . .  
Abdomi n a l  Depth (maximum) . . . . . . . . .  
Abdominal Circumference (maximum) . . . . .  
I l i o c r i s t a l e H e i g h t  . . . . . . . . . . . .  
Thigh-Abdominal J u n c t i o n  He igh t  . . . . . .  
A n t e r i o r - S u p e r i o r  I l i a c  Spine He igh t  . . . .  . . . . . . . . . . . .  T r o c h a n t e r i o n  H e i g h t  . . . . . . . . . . .  H i p  Breadth  (maximum) 
B i t r o c h a n t e r  Breadth  . . . . . . . . . . . .  . . . . . . . . . . . . .  Leg Angle (upper) . . . . . . . . . . . . .  Leg Angle ( lower)  

. . . .  R i g h t - L e f t  Media l  Femoral Ep icondy le  
R i g h t - L e f t  Sphyr ion  . . . . . . . . . . . .  

. . .  Trochanter -To-Latera l  Femoral Condyle . . . . . . . . . . .  Th igh Breadth (upper) 
Th i gh C i rcumference (upper) . . . . . . . .  
Th igh  Breadth (mid) . . . . . . . . . . . .  . . . . . . . . .  Th igh  C i rcumference (mid) . . . . . . . . . . . . . . . .  Knee He igh t  . . . . . . . . . . . . . . . .  Knee Breadth  . . . . . . . . . . .  Knee Depth (pop1 i t e a l )  . . . . . . . . . . . . .  Knee Circumference . . . . . . . . . . . . . . . .  C a l f  Breadth  . . . . . . . . . . . . . . . . .  C a l f D e p t h  
C a l f  Ci rcumference . . . . . . . . . . . . .  . . . . . . . . . .  Ankle Breadth  (minimum) . . . . . . . . . . .  Ankle Depth (minimum) 

. . . . . . .  Ank le  C i rcumference (minimum) . . . . . . . . . .  Ankle Breadth  (condyles)  . . . . . . . . . . .  Ank le  Depth (condyles)  . . . . . . .  Ank 1 e  C i rcumference (condyles)  



SITTING HEIGHT 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  placed f i r m l y  on t he  
toeboard, hands on the  s t e e r i n g  wheel a t  the  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  the  head and body i n  a re l axed  d r i v i n g  posture.  Use an 
anthropometer t o  measure t he  v e r t i c a l  d i s t ance  from the  re fe rence  
sur face  t o  the  most super io r  p o i n t  on t he  heisd. 

N Minimum Maximum Mean S tdDev  CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 90.5 95.5 93 3 1.34 (em) 1.44 
( 35.6) ( 37.6) ( 36.7) ( 0.53) ( i n )  

25 97.0 104.4 100.3 1.85 (cm) 1.85 
( 3 8 . 2 )  ( 41.1) ( 39.5) ( 0.73) ( i n )  

25 99.3 105.4 102.9 1 - 7 7  (em) 1 .72  
( 39 .1 )  ( 4 1 . 5 )  ( 4 0 . 5 )  ( 0 . 7 0 )  ( i n )  



CERVICALE HEIGHT 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, hands on the steering wheel at the 10 o'clock and 2 o'clock 
positions, the head and body in a relaxed driving posture. Use an 
anthropometer to measure the vertical distance from the reference 
surface to the cervicale landmark. (The cervicale landmark is a point 
on the surface of the skin obtained by palpating the most posterior- 
superior margin of the spinous process of the seventh cervical 
vertebra .) 

I N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 68.9 73.1 71.2 1.16 (cm) 1.63 
(27.1) (28.8) (28.0) (0.46) (in) 

2 5 72.1 78.5 75 3 1.75 (cm) 2.32 
( 28.4) ( 30.9) ( 29.6) ( 0.69) (in) 



CHIN HEIGHT 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, hands on the steering wheel at the 10 o'clock and 2 o'clock 
positions, the headand body in a relaxed driving posture. Use an 
anthropometer to measure the vertical distance from the reference 
surface to the gnathion landmark. (The =athion landmark is a point on 
the surface of the skin obtained by palpating the most anterior-inferior 
margin of the mandible in the midline, i.e., the lower edge of the 
chin). 

I N Minimum Maximum Hean StdDev CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 70.5 76 9 3 '73.2 1.59 (cm) 2.17 
( 27.8) ( 30.0) ( i28.8) ( 0.63) (in) 

25 73 7 81.8 '77 4 2.30 (cm) 2.96 
( 29.0) ( 32.2) ( 30.5) ( 0.90) (in) 



NECK LENGTH (anter i o r )  

The sub jec t  s i t s  i n  the contoured hardseat, f e e t  placed f i r m l y  on the  
toeboard, hands on the s t e e r i n g  wheel a t  the 10 o ' c l o c k  and 2 o ' c l o c k  
pos i t i ons ,  the head and body i n  a  re laxed  d r i v i n g  posture.  Use an 
anthropometer, w i t h  blades reversed, t o  measure the leng th  o f  the  neck 
i n  the  a n t e r i o r  m i d l i n e  from the  supras te rna le  landmark t o  the  head-neck 
j unc tu re  loca ted  by compressing the t i s s u e  under the c h i n  w i t h  the 
anthropometer blade. Add two cent imeters  t o  the measured va lue  t o  
c o r r e c t  f o r  the reversed blades. (The supras te rna le  landmark i s  a  p o i n t  
on the sur face  o f  the s k i n  obta ined by p a l p a t i n g  the most super io r  
margin o f  the j u g u l a r  notch o f  the  manubrium i n  the m i d l i n e  o f  the  
sternum.) 

N Minimum Maximum Mean S tdDev  CV % 

Small Female 

Large Male 

25 5.8 10.6 8.1 1.24 (cm) 15.36 
( 2.3) ( 4.2) ( 3.2) ( 0.49) ( i n )  

Mid-Sized Male 

7.4 11 .7  9  8  1.14 (cm) 11.64 1 ( 2.9) ( 4.61 1 3.9) ( 0 . 4 5 )  ( in )  

25 5-8 1 0.7 8.5 1.46 (cm) 17.25 
( 2.3) ( 4.2) ( 3.3) ( 0.58) ( in )  



NECK BREADTH (mid) 

The sub jec t  s i t s  i n  t he  contoured hardseat,  f e e t  p laced f i r m l y  on the  
toeboard, hands on the  s t e e r i n g  wheel a t  the  10 o ' c l o c k  and: 2 o ' c l o c k  
p o s i t i o n s ,  t h e  head and body i n  a re laxed  d r i v i n g  posture.  Use an 
anthropometer he ld  h o r i z o n t a l l y  t o  measure the breadth o f  the neck a t  
the l e v e l  o f  the  neck mid landmark. (The p c k  mid landmark i s  a p o i n t  
marked a t  the  est imated m idpo in t  o f  the l a t e r a l  su r face  o f  the  neck.) 

N Minimum Maximum Me.an Std Dev cv % 

Small Female 

Large Male I 11.5 14.1 12.6 0.78 (cm) 6.17 
( 4.5) ( 5.6) ( 5.0) ( 0.31) ( i n )  

25 8.1 11.0 9.1 0.58 (cm) 6.36 
( 3 . 2 )  ( 4.3) ( 3.6) ( 0.23) ( i n )  

Mid-Sized Male 25 10.4 12.9 11.4 0.62 (cm) 5.50 
( 4.1) ( 5.1) ( 4.5) ( 0.24) ( i n )  



NECK DEPTH (mid) 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  p laced f i r m l y  on the 
toeboard, hands on the  s t e e r i n g  wheel a t  the 10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  the  head and body i n  a re laxed  d r i v i n g  pos tu re .  Use an 
anthropometer t o  measure the depth o f  the  neck perpendicu lar  t o  the  long 
a x i s  o f  the  neck a t  the  l eve l  o f  the neck mid landmark. (The neck mid 
landmark i s  a p o i n t  marked a t  the  est imated midpo in t  o f  t he  l a t e r a l  
su r face  o f  the  neck.) 

I N Minimum Maximum Mean S tdOev  CV % 
- - 

Small Female 

Mid-Si ted Male 

Large Male 

2 4 8.1 9 7 9.0 0.48 (cm) 5.39 
( 3.2) ( 3.8) ( 3.5) ( 0.19) ( in )  

25 10.4 12.9 11.5 0.65 (cm) 5.69 
( 4.1) ( 5.1) ( 4.5) ( 0.26) ( i n )  

25 11.6 13 7 12.6 0.64 (cm) 5.05 
( 4.6) ( 5.4) ( 5.0) ( 0.25) ( i n )  



NECK C  l R C U M F E R E N C E  (mid) 

The sub jec t  s i t s  i n  t he  contoured hardseat,  f e e t  p laced f i r m l y  on t h e  
toeboard, hands on the  s t e e r i n g  wheel a t  t h e  10 o ' c l o c k  and 2  o ' c l o c k  
p o s i t i o n s ,  t h e  head and body i n  a  r e l axed  d r i v i n g  pos tu re .  Use a  s t e e l  
tape t o  measure the c i rcumference o f  t he  neck i n  a  p lane  perpend icu la r  
t o  the  long a x i s  o f  t he  neck a t  t he  l e v e l  o f  the  neck mid landmark. 
(The neck mid landmark i s  a  p o i n t  marked a t  t he  es t imated  m idpo in t  o f  
the  l a t e r a l  su r f ace  o f  the  neck.) 

N  Minimum Maximum Mlean Std Dev CV % 

Small Female 

Mid-Si ted Male 

Large Male 

25 27.9 34.8 3r3 $ 4  1.54 (cm) 5.06 
( 11.0) ( 13.7) ( 1,2.0) ( 0.61) ( i n )  

25 35 . 8 41.6 313.3 1.45 ( 4  3.77 
( 14 .1 )  ( 16.4) ( 1!j.1) ( 0.57) ( i n )  

25 37.8 45.1 42. 1 1.95 (cm) 4.63 
( 14.9) ( 17.8) ( 16.6) ( 0.77) ( i n )  



NECK BREADTH (lower) 

The subject sits in the contoured hardseat placed firmly on the 
toeboard, hands on the steering wheel at the 10 o'clock and 2 o'clock 
positions, the head and body in a relaxed driving posture. Use an 
anthropometer held horizontally to measure the breadth of the neck at 
the level of the neck lower landmark. (The neck lower landmark is a 
point marked on the lowest margin of the lateral surface of the neck.) 

I N Minimum Maximum Mean StdDev CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 1 1 . 1  13.6 12.2 0.67 (cm) 5.56 
( 4.4) ( 5.4) ( 4.8) ( 0.26) (in) 

2 5 12 .o 15.0 13.6 0.82 (cm) 6.00 
( 4.7) ( 5.9) ( 5.4) (0.32) (in) 



NECK DEPTH (lower) 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  p laced f i r m l y  on the  
toeboard, hands on the  s t e e r i n g  wheel a t  the  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  the  head and body i n  a re laxed  d r i v i n g  posture.  Use an 
anthropometer t o  measure the  depth o f  the  neck perpend icu la r  t o  t he  long 
a x i s  o f  t he  neck a t  the  l e v e l  o f  the  neck lower landmark. (The neck 
lower landmark i s  a p o i n t  marked on the  lowest margin on t he  l a t e r a l  
su r face  o f  t he  neck.) 

I N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 7 - 9  10.0 9.3 0 -53  ( a d  5.72 
( 3.1) ( 3.9) ( 3 . 7 )  ( 0.21) ( i n )  

25 10.6 12.7 11.5 0.58 (cm) 5.04 
( 4.2) ( 5.0) ( 4.5) ( 0.23) ( i n )  

25 1 1 . 3  14.5 13. i 0.78 (cm) 5.95 
( 4-41 ( 5.7) ( 5.1) ( 0 . 3 1 )  ( i n )  



N E C K  C l RCUMFERENCE (1 ower) 

The sub jec t  s i t s  i n  the contoured hardseat, f e e t  p laced f i r m l y  on the 
toeboard, hands on the s t e e r i n g  wheel a t  the  10 o ' c l ock  and 2 o ' c l o c k  
pos i t i ons ,  the head and body i n  a  re laxed d r i v i n g  posture.  Use a s t ee l  
tape t o  measure the c i rcumference o f  the  neck i n  a plane perpendicu lar  
t o  the long ax i s  o f  the  neck a t  the l eve l  o f  the  neck lower landmark. 
(The neck lower landmark i s  a  p o i n t  marked on the lowest margin o f  the 
l a t e r a l  sur face o f  the neck.) 

I N Minimum Maximum Mean S tdDev  CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 29.4 36.4 32.2 1.64 (cm) 5.10 
( 6  ( 14.3) ( 12.7) ( 0.65) ( in )  

25 37 - 0  42 .0 39.3 1.26 (cm) 3.21 
( 14.6) ( 16.5) ( 15.5) ( 0.50) ( in )  



SHOULDER HE I GHT (mid) 

The s u b j e c t  s i t s  i n  t he  contoured hardseat, ,  f e e t  p laced f i r m l y  on t he  
toeboard, hands on t he  s t e e r i n g  wheel a:: t he  10 o ' c l o c k  and 2  o ' c l o c k  
p o s i t i o n s ,  t he  head and body i n  a  re laxed  d r i v i n g  posture.  Use an 
anthropometer t o  measure t h e  v e r t i c a l  d i s t ance  from t h e  re fe rence  
su r f ace  t o  t he  most supe r i o r  aspect o f  the  m idd le  o f  the l e f t  shoulder .  

N M i  n  imum Maximum Mean Std Dev C V  % 

Small Female 

Large Male 71.8 77.2 :14.7 1.51 (crn) 2.02 / 25 ( 28.3) ( 30.4) 1 29.4) ( 0.59) ( i n )  

2  5 65 - 9  70.4 68.2 1.26 (cm) 1.85 
( 25.9) ( 2 7 . 7 )  ( 26 .8 )  ( 0 . 5 0 )  ( i n )  

Mid-Sized Male 25 69.1 75.2 :72.1 1.52 (cm) 2.12 
( 27.2) ( 29.6) ( ;!8.4) ( 0.60) ( i n )  



ACROMION HEIGHT 

The s u b j e c t  s i t s  i n  t he  contoured hardseat ,  f e e t  p laced f i r m l y  on t he  
toeboard, hands on the  s t e e r i n g  wheel a t  the 10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  the  head and body i n  a r e l axed  d r i v i n g  pos tu re .  Use an 
anthropometer t o  measure t he  v e r t i c a l  d i s t ance  f rom the  re fe rence  
su r f ace  t o  t he  l e f t  acromion landmark. (The acromion landmark i s  a 
p o i n t  on the  su r f ace  o f  the  s k i n  ob ta ined  by p a l p a t i n g  t h e  most l a t e r a l  
marg in  o f  t he  acromia l  process o f  t h e  scapula.) 

I N Minimum Maximum Mean S td  Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 61.1 66.6 64.3 1.31 (cm) 2.04 
( 24.0) ( 26.2) ( 25.3) ( 0.52) ( i n )  

25 65.5 71 - 3  68.3 1 . 7 7  (cm) 2.58 
( 25.8) ( 28.1) ( 26.9) ( 0.70) ( i n )  

2 5 66.3 75.4 70.5 2.26 (cm) 3.20 
( 26-11 ( 29.7) ( 27.8) ( 0.89) ( i n )  



CLAVICALE-TO-ACROMIO-CLAVICULAR ARTICULATION 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  p laced  f i r m l y  on the  
toeboard, hands on the  s t e e r i n g  wheel a t  the  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  t he  head and body i n  a re l axed  d r i v i n g  posture.  Use an 
anthropometer t o  measure t he  d i s tance  between the  l e f t  c l a v i c a l e  
1 andmark and t he  l e f t  acromi o -c l  av i  c u l  a r  a r t i c u l a t i o n  1 andmark. (The 
c l a v i c a l e  landmark i s  a p o i n t  on the  su r f ace  o f  t he  s k i n  ob ta ined  by 
p a l p a t i n g  the  most super io r  margin on the  medial  border  o f  the  c l a v i c l e  
a t  the  a r t i c u l a t i o n  w i t h  t he  manubrium o f  t he  sternum. The acromio- 
c l a v i c u l a r  a r t i c u l a t i o n  landmark i s  a p o i n t  on the  su r f ace  o f  the  s k i n  
obta ined by p a l p a t i n g  t he  midpo in t  o f  a r t i c u l a t i o n  between the  l a t e r a l  
margins o f  t he  c l a v i c l e  and t he  acromial  process o f  t h e  scapula.) 

I N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Mid-Sized Male 

Large Ma1 e 

25 13.7 17 7 15-5  1.08 (cm) 7.01 
( 5.4) ( 7.0) ( 6.1) ( 0.43) ( i n )  

25 15 9 18.7 17.4 0.79 (em) 4.57 
( 6 - 3 1  ( 7.4) ( 6.8) ( 0.31) ( i n )  

2 4 17.2 20.7 19.1 1.05 (cm) 5.51 
( 6.8) ( 8.1) ( 7.5) ( 0.41) ( i n )  



SHOULDER BREADTH 

The sub jec t  s i t s  i n  t he  contoured hardseat,  f e e t  p laced f i r m l y  on the 
toeboard, hands on the s t e e r i n g  wheel a t  the 10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  t he  head and body i n  a re laxed d r i v i n g  posture.  Use an 
anthropometer he ld  h o r i z o n t a l l y  t o  measure the maximum bread th  o f  the 
shoulders  across the d e l t o i d  muscles. 

I N Minimum Maximum Mean Std Dev CV % 
---- - 

Small Female 

M i  d-S i zed Ma 1 e 

Large Male 

2 5 35.3 40.3 38.0 1.41 (cm) 3.69 
( 13-91 ( 15.9) ( 15.0) ( 0.55) ( i n )  

25 42.5 48.9 46.8 1.49 (cm) 3.18 
( 16-71 ( 19.3) ( 18.4) ( 0.53) ( in )  

25 45 7 56.1 50.2 2.60 (crn) 5.17 
( 18.0) ( 22.1) ( 19.8) ( 1.02) ( i n )  



SHOULDER CIRCUMFERENCE 

The subject sits in the contoured hardseat, feet placed f i r m l y  on the 
toeboard, hands on the steering wheel at the 10 o'clock and 2 o'clock 
positions, the head and body in a relaxed driving posture. Use a steel 
tape to measure the maximum circumference of the shoulders in a 
horizontal plane at the level of the deltoid muscles during mid- 
inhalation. 

I N Minimum Maximum Mean StdDev CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 4 87.0 102.2 95.3 3.87 (cm) 4.06 
- (34.3) (40.2) (37.5) (1.52) (in) 

25 122.8 145.8 131.7 5.79 (cm) 4.40 
( 48.3) ( 57.4) ( 51.8) ( 2.28) (in) 



B l A C R O M l A L  BREADTH 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, hands on the steering wheel at the 10 o'clock and 2 o'clock 
positions, the head and body in a relaxed driving posture, Use an 
anthropometer held horizontally to measure the distance between left and 
right acromion landmarks. (The acromion landmark is a point on the 
surface of the skin obtained by palpating the most lateral margin of the 
acromi a1 process of the scapula.) 

N Mi nimum Maximum Mean Std Dev CV % 

Small Female 

Large Male 36.5 47 .O 43.4 2 -26 (cm) 5.20 1 l5 ( 14.4) ( 18.5) ( 17.1) ( 0.19) (in) 

25 31 -5 36 a 7 34.2 1.46 (cm) 4.26 
( 12.4) I 14.4) ( 13.5) ( 0.57) ( in)  

Mid-Sized Male 23 38.5 42.7 40.7 1.21 (cm) 2.98 
( 15.2) ( 16.8) ( 16.0) ( 0.48) (in) 



TORSO DEPTH (upper) 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  placed f i r m l y  on the 
toeboard, hands on the  s t e e r i n g  wheel a t  the 10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  t he  head and body i n  r e l axed  d r i v i n g  posture.  Use an 
anthropometer he ld  h o r i z o n t a l l y  t o  measure the  depth o f  the  upper t o r s o  
between the  midpo in t  o f  the  l e f t  c l a v i c l e  and l e f t  scapular spine. 

I N Minimum Maximum Mean S tdDev  C V  % 

Small Female 

Mid-Sized Male 

La rge  Ma1 e 

25 7 . 4  11.0 9.0 1.10 (cm) 12.25 
( 2.9) ( 4.3) ( 3.5) ( 0.43) ( in) 

2 5 10.1 14.6 1 1  .g 1.20 (cm) 10.05 
( 4.0) ( 5 . 7 )  ( 4.7) ( 0.47) ( i n )  

25 1 1 . 1  15.5 13.8 1.06 (cm) 7.67 
I ( 4.4) ( 6.1) ( 5.4) ( 0.42) ( i n )  



SHOULDER DEPTH (scye) 

The sub jec t  s i t s  i n  the  contoured hardseat ,  f e e t  p laced f i r m l y  on the  
toeboard, hands on the  s t e e r i n g  wheel a t  t he  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  t he  head and body i n  a  r e l axed  d r i v i n g  pos tu re .  Use an 
anthropometer t o  measure the  depth o f  t h e  l e f t  shoulder between t he  scye 
a n t e r i o r  and p o s t e r i o r  landmarks. (The scye landmarks a r e  p o i n t s  on t h e  
sur face  o f  t he  s k i n  a t  t he  a n t e r i o r - s u p e r i o r  and p o s t e r i o r - s u p e r i o r  
margins o f  t he  s k i n  fu r row formed by the  j u n c t u r e  o f  t h e  upper arm and 
to rso ,  i ,e., mark ing the  ax i  1 l a r y  f o l ds . )  

N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 9 - 6  11.9 10.5 0.61 (cm) 5.84 
( 3.8) ( 4.7) ( 4.1) ( 0 . 2 4 )  ( i n )  

2 5 12.9 16.5 14.5 0.97 (cm) 6.69 
( 5 -11  ( 6.5) ( 5.7) (0.38) ( in )  

2 5 15.1 19 3 16.7 1.19 (cm) 7.10 
( 5.9) ( 7.6) ( 6.6) ( 0 . 4 7 )  ( i n )  



A X l L L A R Y  DEPTH 

The s u b j e c t  s i t s  i n  t h e  contoured hardseat ,  f e e t  p laced  f i r m l y  on t h e  
toeboard,  hands on the  s t e e r i n g  wheel a t  t h e  10 o ' c l o c k  and 2  o ' c l o c k  
p o s i t i o n s ,  t h e  head and body i n  a  r e l a x e d  d r i v i n g  pos tu re .  Use an 
anthropometer w i t h  curved b lades t o  measure t h e  depth  f rom t h e  most 
s u p e r i o r  p o i n t  o f  t h e  l e f t  a x i l l a  (a rmp i t )  t o  t h e  l e f t  acromio- 
c l a v i c u l a r  a r t i c u l a t i o n  landmark. The s u b j e c t  r a i s e s  t h e  l e f t  arm 
s l i g h t l y  w h i l e  t h e  anthropometer i s  p o s i t i o n e d ,  and then  lowers t h e  arm 
b e f o r e  t h e  measurement i s  taken.  (The pc romio -c l  a v i c u l  a r  a r t i c u l a t i o n  
landmark i s  a  p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  ob ta ined  by p a l p a t i n g  t h e  
m i d p o i n t  o f  a r t i c u l a t i o n  between t h e  l a t e r a l  margins o f  t h e  c l a v i c l e  and 
acromia l  process o f  t h e  scapula.) 

I N Minimum Maximum Mean S t d D e v  CV % 

Small  Female 

Mid-Sized Male 

Large Ma1 e  

25 7 - 8  12.6 9.8 1.27 (cm) 12.98 
( 3.1) ( 5.0) 1: 3 - 81  ( 0 . 5 0 )  ( i n )  

25 9 - 9  1 3 - 9  1 1 . 7  1.04 (cm) 8.85 
( 3.9) ( 5.5) i( 4.6) ( 0.41) ( i n )  

2  5 1 1 . 1  15.7 13.3 1.00 (cm) 7.46 
( 4.4) ( 6.2) i: 5.2) ( 0.39) ( i n )  



ARM ANGLE (upper) 

The sub jec t  s i t s  i n  the contoured hardseat,  f e e t  p laced f i r m l y  on the  
toeboard, hands on the  s t e e r i n g  wheel a t  the 10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  the  head and body i n  a  re l axed  d r i v i n g  posture.  P lace the 
f 1 a t  su r face  o f  a  mod i f i ed  " i  n c l  i nometer" on the  upper su r f ace  o f  the 
l e f t  upper arm, a long i t s  long ax i s .  Read the  angle of the  needle which 
i s  the angle o f  the upper arm t o  the h o r i z o n t a l .  

N M i  nimum Maximum Mean Std Dev CV % 

Small Female 

Large Male I 25 

26 .O 50.0 36 7 5.90 (cm) 16.09 
( 10.2) ( 19.7) ( 14.4) ( 2.32) ( i n )  

25 36.0 53.0 43-3  4.74 (cm) 10.94 
( 14.2) ( 20.9) ( 17.1) ( 1.87) ( i n )  

Mid-Sized Male 2 5  29.0 52.0 40.4 6.04 (cm) 14.94 
( 11.4) ( 20.5) ( 15.9) ( 2.38) ( i n )  



ARM ANGLE ( lower) 

The sub jec t  s i t s  i n  t he  contoured hardseat ,  f e e t  p laced f i r m l y  on the  
toeboard, hands on t he  s t e e r i n g  wheel a t  t he  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  t h e  head and body i n  a  r e l a x e d d r i v i n g  posture.  P lace the  
f l a t  su r f ace  o f  a  mod i f i ed  " i nc l i nome te r "  on t he  upper su r f ace  o f  the  
l e f t  forearm, a long  i t s  long ax i s .  Read t he  ang le  o f  the  needle which 
i s  the  angle  o f  t he  forearm t o  t h e  h o r i z o n t a l .  

/ N Minimum Maximum Mean Std Dev CV 8 

Small Female 

Mid-Sized Male 

Large Male 

25 31 .O 62 .O 50.4 7.11 (cm) 14.09 
(12 .2 )  ( 2 4 . 4 )  ( 1 9 . 9 )  ( 2 . 8 0 )  ( i n )  

25 28.0 42 .o 35.9 3.94 (cm) 10.97 
(11 .0 )  ( 16 .5 )  ( 1 4 . 1 )  ( 1 . 5 5 )  ( i n )  

2  5 12 .O 38.0 23.9 7 - 0 5  (cm) 29.52 
( 4.7) ( 1 5 . 0 )  ( 9.4) ( 2 . 7 8 )  ( i n )  



RIGHT-LEFT MEDIAL HUMERAL EPICONOYLE 

The sub jec t  s i t s  i n  the contoured hardseat, f e e t  p laced f i r m l y  on the 
toeboard, hands on the s t e e r i n g  wheel a t  the 10 o ' c l o c k  and 2 o ' c l o c k  
pos i t i ons ,  the  head and body i n  a re laxed d r i v i n g  posture.  Use an 
anthropometer, w i t h  blades reversed, t o  measure the ho r i zon ta l  d i s tance  
between the  r i g h t  and l e f t  medial humeral ep icondy le  landmarks. Add two 
cent imeters  t o  the  measured va lue  t o  c o r r e c t  f o r  the  reversed blades. 
(The medial humeral e ~ i c o n d y l e  landmark i s  a p o i n t  on the sur face o f  the 
s k i n  obta ined by pa lpa t i ng  the most prominent aspect of the medial 
epi  condyle o f  the humerus .) 

/ N Ninimum Maximum Mean Std Oev CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 24.8 39 8 30 .O 3.15 (cm) 10.52 
( 9.8) ( 15.7) ( 11.8) ( 1.24) ( in )  

2 5 30.6 38.1 33.8 2.19 (cm) 6.48 
( 12.0) ( 15.0) ( 13.3) ( 0.86) ( i n )  

2 5 31.9 45.2 37.8  3.15 (cm) 8.33 
( 12.5) ( 17.8) ( 14.9) ( 1.24) ( in)  



RIGHT-LEFT STYLION 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  p laced f i r m l y  on the 
toeboard, hands on the s t e e r i n g  wheel a t  the  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  the  head and body i n  a re laxed  d r i v i n g  posture.  Use an 
anthropometer w i t h  blades reversed, t o  measure the  h o r i z o n t a l  d i s t ance  
between the  r i g h t  and l e f t  s t y l i o n  landmarks. Add two cen t imete rs  t o  
the  measured va lue t o  c o r r e c t  f o r  the  reversed blades. (The s t y1  ion  
landmark i s  a p o i n t  on the  sur face o f  the  s k i n  obta ined by p a l p a t i n g  the  
most d i s t a l  margin o f  the s t y l o i d  process o f  the rad ius. )  

N Minimum Maximum Mean Std Dev CV % 

Small Female 

Large Male 23.6 32 7 27.6 2.39 (cm) 8.65 1 25 ( 9.3) ( 1 2 . 9 )  ( 1 0 . 9 )  ( 0 . 9 4 )  ( i n )  

25 23.4 34 7 27.2 2.56 (cm) 9.43 
( 9.2) ( 13.7) ( 10.7) ( 1.01) ( in )  

Mid-SizedMale 25 23.6 30.2 27 .O 1.74 (cm) 6.46 
( 9.3) ( 11.9) ( 10.6) ( 0.69) ( i n )  



ARM C I RCUMFERENCE (scye) 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, hands on the steering wheel at the 10 o'clock and 2 o'clock 
positions, the head and body in a relaxed driving posture. Use a steel 
tape to measure the circumference at the juncture of the left upper arm 
and shoulder in the plane formed by the scye anterior and posterior 
landmarks and the acromio-clavicular articulation landmark. (The scye 
anterior and posterior landmarks are points on the surface of the skin 

I 

at the anterior-superior and posterior-superior margins of the skin 
furrow formed by the juncture of the upper arm and torso, i.e., the 
axillary folds. The acromio-clavicular articulation landmark is a point 
on the surface of the skin obtained by palpating the midpoint of 
articulation between the lateral margin of the clavicle and the acromial 
process of the scapula.) 

P 

I N Minimum Maximum Mean Std Dev C V  % 

Small Female 

Hid-Sized Male 

Large Male 

25 33 .O 42.0 36.9 2.19 (cm) 5.95 
( 13.0) ( 16.5) ( 14.5) ( 0.86) (in) 

25 41.7 51.4 45 3 2.48 (cm) 5.48 
(16.4) (20.2) (17.8) (0.98) (in) 

25 46.2 55 3 50.6 2.27 (crn) 4.48 
( 18.2) ( 21.8) ( 19.9) ( 0.89) (in) 



ARM BREADTH (upper) 

The subject sits in the contoured hardseal:, feet placed firmly on the 
toeboard, hands on the steering wheel at the 10 o'clock and 2 o'clock 
positions, the head and body in a relaxed driving posture. Use an 
anthropometer held perpendicular to the 'long axis of the left upper arm 
to measure the maximum arm breadth across the biceps muscle at the level 
of the arm upper landmark. (The arm upper landmark is a point marked on 
the lateral surface of the upper arnn at the estimated maximum 
circumference. 

N Minimum Maximum Mean Std Dev CV % 

Small Female 

Large Male 8.0 11.3 9 8 0.71 (cm) 7.22 1 25 ( 3.1) ( 4.4) ( 3.9) ( 0.28) (in) 

25 5.8 7 6 6 e 7 0.45 (cm) 6.69 
( 1-31 ( 3-01 ( 2.6) ( 0.18) (in) 

Mid-Sized Male 25 7.3 9 6 8.6 0.62 (cm) 7.17 
( 2.9) ( 3.8) ( 3.4) ( 0.24) (in) 



ARM DEPTH (upper) 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, hands on the steering wheel at the 10 o'clock and 2 o'clock 
positions, the head and body in a relaxed driving posture. Use an 
anthropometer held perpendicular to the long axis of the left upper arm 
to measure the maximum arm depth at the level of the arm upper landmark. 
(The arm upper landmark is a point marked on the lateral surface of the 
upper arm at the estimated maximum c i rcumference.) 

Small Female 

Mid-Sized Male 

Large Male 

N Minimum Maximum Mean Std Dev CV % 
- 

2 5 7.6 10.4 8.9 0.77 (cm) 8.71 
( 3.0) ( 4.1) ( 3 . 5 )  (0.30) (in) 

25 7 . 6  13.3 10.8 1.05 (cm) 9.70 
( 3.0) ( 5.2) ( 4.3) (0.41) (in) 

25 10.6 14.3 12.5 1.05 (cm) 8.36 
( 4.2) ( 5.6) ( 4.9) ( 0.41) (in) 



ARM C I RCUMFERENCE (upper) 

The s u b j e c t  s i t s  i n  t h e  con tou red  ha rdsea t ,  f e e t  p laced  f i r m l y  on t h e  
toeboard,  hands on t h e  s t e e r i n g  wheel a t  t h e  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  t h e  head and body i n  a r e l a x e d  d r i v i n g  pos tu re .  Use a s t e e l  
tape t o  measure t h e  c i r cumfe rence  c f  t h e  l e f t  upper arm i n  a p l a n e  
p e r p e n d i c u l a r  t o  t h e  l ong  a x i s  o f  t h e  upper arm a t  t h e  arm upper 
landmark. (The arm u w e r  landmark i s  a p o i n t  marked on t h e  l a t e r a l  
s u r f a c e  o f  t h e  upper arm a t  t h e  es t ima ted  max imum c i rcumference.) 

I N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

M i  d-S i zed Ma 1 e 

Large Male 

25 22.5 27.9 2 5 - 3  1 -52  (cm) 6.01 
( 8.9) ( 1 1  .O) ( 10.0) ( 0.60) ( i n )  

25 29.0 35 00 31 s 5  1.66 (cm) 5.28 
( 1 1  - 4 )  ( 13.8) r: 12.4) ( 0.65) ( i n )  

25 31.1 40.2 35 8 2-07  (cm) 5.79 
( 12.2) ( 15.8) ( 14.1) ( 0.82) ( i n )  



ARM BREADTH (above e 1 bow) 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  placed f i r m l y  on the  
toeboard, hands on the s t e e r i n g  wheel a t  t he  10 o ' c l o c k  and 2 o ' c l o c k  
pos i t i ons ,  t he  head and body i n  a re laxed  d r i v i n g  posture.  Use an 
anthropometer he ld  perpendicu lar  t o  the  long a x i s  o f  the  l e f t  upper arm 
t o  measure the  breadth o f  the  arm j u s t  proximal (above) t o  the  
antecubi  ta1 crease. (The antecubi  t a l  crease i s  formed a t  the  j u n c t u r e  
o f  the  upper arm and lower arm, i .e., i n s i d e  o f  elbow.) 

N Minimum Maximum Mean S t d D e v  CV % 

Small Female I 25 

6.4 8.1 7.2 0.41 (cm) 5.75 
( 2.5) - (  3.2) ( 2.8) ( 0.16) ( i n )  

Large Male 8.0 10.9 9 2 0.85 (cm) 9.26 1 ( 3.1) ( 4.3) I 3.6) ( 0.34) ( i n )  

Mid-Sized Male 25 7.2 9.2 8 3 0.61 (cm) 7.35 
( 2.8) ( 3-61 ( 3.3) ( 0.24) ( i n )  



ARM DEPTH (above e 1 bow) 

The sub jec t  s i t s  i n  the  contoured hardseat ,  f e e t  p laced f i r m l y  on the 
toeboard, hands on the  s t e e r i n g  wheel a t  t he  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  t he  head and body i n  a re l axed  d r i v i n g  posture.  Use an 
anthropometer he ld  perpend icu la r  t o  t he  long a x i s  o f  t he  l e f t  upper arm 
t o  measure the  arm depth j u s t  proximal (above) t o  t he  antecubi  t a l  
crease. (The antecubi  t a l  crease i s  formed a t  the  j u n c t u r e  o f  the  upper 
arm and lower arm, i .e . ,  i n s i d e  o f  elbow,) 

N Minimum Maximum Mean S t d  Dev cv % 

Small Female 

Large Male 8.0 10.8 9 2 0.72 (cm) 7.83 1 25 ( 3 . 1 )  ( 3 ( 3 . 6  ( 0.28) ( i n )  

2 5 6 3 8.7 7 .4  0.63 (cm) 8.45 
( 2.5) ( 3-4)  ( 2.9) ( 0.25) ( i n )  

Mid-Sized Male 25 7.2 9.1 8.2 0.48 (cm) 5.81 
( 2.8) ( 3.6) ( 3 . 2 )  ( 0 . 1 9 )  ( i n )  



ARM C l RCUMFERENCE (above e l  bow) 

The sub jec t  s i t s  i n  t he  contoured hardseat,  f e e t  p laced f i r m l y  on the  
toeboard, hands on t he  s t e e r i n g  wheel a t  the 10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  t he  head and body i n  a  r e l axed  d r i v i n g  pos tu re .  Use a s t e e l  
tape t o  measure the c i rcumference o f  the  l e f t  upper arm i n  a  p lane 
perpend icu la r  t o  t he  long a x i s  o f  t he  upper arm j u s t  prox imal  (above) t o  
t he  antecubi  t a l  crease. (The antecubi  t a l  crease i s  formed a t  the  
j u n c t u r e  o f  t he  upper arm and lower arm, i.e., i n s i d e  o f  elbow.) 

I N Minimum Maximum Mean S t d D e v  C V  % 

Small Female 

Mid-Sized Male 

Large Male 

2  5 21.2 27-3  24 .O 1.43 (cm) 5.96 
( 8.3) ( 10.7) ( 9.4) ( 0.56) ( in )  

2  5 25.9 31 .1  28.4 1.52 (cm) 5.35 
( 10.2) ( 12.2) ( 1 1  -2) ( 0.60) ( i n )  

25 27.8 37.3 31 .3 2.28 (cm) 7.28 
( 10.9) ( 14.7) ( 12.3) ( 0.90) ( i n )  



OLECRANON HE I GH'T 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  placed f i r m l y  on the  
toeboard, hands on t he  s t e e r i n g  wheel a t  t he  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  the  head and body i n  a  re laxed d r i v i n g  posture.  Use an 
anthropometer t o  measure the  v e r t  i c a l  d i s t ance  from the re ference 
sur face  t o  the l e f t  o lecranon landmark.  h he olecranon landmark i s  a  
p o i n t  on the  surface o f  the  s k i n  obta ined by pa lpa t i ng  t he  most 
p o s t e r i o r - i n f e r i o r  margin o f  the  olecranon process of  the u lna,  i .e. ,  
approximate1 y  t he  lowest p o i n t  on the  e l  bow.) 

1 N Minimum Maximum Mean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Ma1 e 

25 39-7 48.1 44.4 2.05 (cm) 4.61 
( 15.6) ( 18.9) ( 17.5) ( 0.81) ( i n )  

2 5 41 $ 2  48.2 45.0 2.03 (cm) 4.51 
( 16.2) ( 19.0) ( 17.7) ( 0.80) ( i n )  

2 5 42.7 52-5 47.6 2.99 (cm) 6.29 
( 16.8) ( 20.7) ( 18.7) ( 1.18) (in) 



E L B O W  BREADTH 

The s u b j e c t  s i t s  i n  t h e  contoured hardseat ,  f e e t  p laced  f i r m l y  on t h e  
toeboard, hands on t h e  s t e e r i n g  wheel a t  t h e  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  t h e  head and body i n  a  r e l a x e d  d r i v i n g  pos tu re .  Use an 
anthropometer t o  measure t h e  b r e a d t h  o f  t h e  elbow across  t h e  medial  and 
l a t e r a l  humeral ep icondy l  e  1 andmarks. (The medial  humeral ep i  condy l e  
landmark i s  a  p o i n t  on t h e  s u r f a c e  o f  t h e  s k i n  ob ta ined  by  p a l p a t i n g  t h e  
most prominent  aspect  o f  t h e  medial  ep i condy le  o f  t h e  humerus. The 
l a t e r a l  humeral ep i condy le  landmark i s  a  p o i n t  on t h e  s u r f a c e  o f  t he  
s k i n  ob ta ined  by p a l p a t i n g  t h e  most prominent  aspect  o f  t h e  l a t e r a l  
ep i  condyl  e  o f  t h e  humerus.) 

I N Minimum Maximum Mean S td  Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 5.6 7 . 1  6.4 0.36 (cm) 5.69 
( 2.2) ( 2.8) ( 2.5) ( 0 . 1 4 )  ( i n )  

25 7.6 10.0 8.5 0.59 (cm) 6.86 
( 3.0) ( 3.9) ( 3.4) ( 0.23) ( i n )  



ELBOW DEPTH 

The s u b j e c t  s i t s  i n  t h e  contoured hardseat ,  f e e t  p laced  f i r m l y  on t h e  
toeboard,  hands on  t h e  s t e e r i n g  wheel a t  t h e  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  t h e  head and body i n  a  re laxed  d r i v i n g  pos tu re .  Use an 
anthropometer  t o  measure t h e  depth  o f  t h e  l e f t  e lbow f rom t h e  
antecub i t a l  c rease  t o  t h e  01 ecranon landmark. (The an tecub i  t a l  c rease  
i s  formed a t  t h e  j u n c t u r e  o f  t h e  upper arm and lower arm, i . e . ,  i n s i d e  
o f  elbow. T h e o l e c r a n o n  landmark i s  a  p o i n t  marked on t h e  s u r f a c e  o f  
t h e  s k i n  o b t a i n e d  by p a l p a t i n g  t h e  most p o s t e r i o r - i n f e r i o r  marg in  o f  t h e  . . 

o l ec ranon  process  o f  t h e  u l n a ,  i .e. ,  app rox ima te l y  t h e  lowest  p o i n t  on 
t h e  e l  bow.) 

I N Minimum Maximum Hean S t d D e v  CV % 

Smal l  Female 

M id -S ized  Male 

Large Male 

25 6.2 8.6 7.7 0.54 (cm) 7.00 
( 2.4) ( 3.4) ( 3.0) (0.21) ( i n )  

2 5 8.1 9.8 9-2 0.42 (cm) 4.55 
( 3.2) ( 3.9) ( 3 . 6 )  (0.17) ( i n )  



ELBOW CIRCUMFERENCE 

The sub jec t  s i t s  i n  t he  contoured hareseat,  f e e t  p laced f i r m l y  on the  
toeboard, hands on t he  s tee r i ng  wheel a t  t he  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  the  head and body i n  a  relaxed d r i v i n g  posture.  Use a  s tee l  
tape t o  measure t he  c i rcumference o f  the  l e f t  elbow i n  the plane o f  the 
antecubi t a l  crease and t he  olecranon landmark. (The antecubi t a l  crease 
i s  formed a t  t he  j unc tu re  o f  t he  upper arm and lower arm, i . e . ,  i n s i de  
of  e l  bow. The olecranon landmark i s  a  p o i n t  on the  su r face  o f  the  sk i n  
obta ined by pa lpa t i ng  the  most p o s t e r i o r - i n f e r i o r  margin o f  the 
olecranon process o f  t he  u lna,  i . e . ,  approixmately t he  lowest p o i n t  on 
the elbow.) 

N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Large Male I 25 
28.2 3 3 - 9  30.4 1.50 (cm) 4.93 

( 1 1 . 1 )  ( 1 3 . 3 )  ( 1 1 . 9 )  ( 0 . 5 9 )  ( in )  

25 21.5 25.4 23 3 1.04 (cm) 4.46 
( 8.5) ( 1 0 . 0 )  ( 9.2) ( 0 . 4 1 )  ( in )  

Mid-Sized Male 25 26.2 30.3 28.5 1-07 (cm) 3.75 
( 10.3) ( 11.9) ( 11.2) ( 0.42) (in) 



FOREARM BREADTH (upper) 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  p laced f i r m l y  on the 
toeboard, hands on the s t e e r i n g  wheel a t  the  10 o ' c l o c k  and 2 o ' c l o c k  
pos i t i ons ,  the  head and body i n  a re laxed  d r i v i n g  posture.  Use an 
anthropometer he ld  perpendicu lar  t o  t he  long a x i s  o f  the l e f t  forearm t o  
measure the  breadth o f  the forearm a t  the  forearm upper landmark. (The 
forearm upper landmark i s  a p o i n t  marked on the l a t e r a l  su r face  o f  the 
forearm a t  the est imated maximum c i  rcurnference.) 

I N Minimum Maximum Mean S tdDev  CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 5.5 7 . 1  16 . 2  0.40 (crn) 6.54 
( 2.2) ( 2.8) ( 2.4) ( 0.16) ( i n )  

2 5 7 2 9.1 8 . 2  0,51 (cm) 6.26 
( 2 . 8 )  ( 3.6) ( ,3.2) ( 0.20) ( i n )  

25 7 . 8  9.7 8.5 0.48 (cm) 5.66 
( 3.1) ( 3.8) ( 3.4) ( 0.19) ( in )  



FOREARM DEPTH (upper) 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, hands on the steering wheel at the 10 o'clock and 2 o'clock 
positions, the head and body in a relaxed driving posture. Use an 
anthropometer held perpendicular to the long axis of the left forearm to 
measure the depth of the forearm at the forearm upper landmark. (The 
forearm upper landmark is a point marked on the lateral surface of the 
forearm at the estimated maximum ci rcurnf erence.) 

I N Minimum Maximum Mean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 6.1 7.7 6.9 0.41 (cm) 5.91 
( 2.4) ( 3.0) ( 2.7) ( 0.16) (in) 

25 8.1 1 1 . 1  9 0 2 0.66 (cm) 7.16 
( 3.2) ( 4.4) ( 3.6) (0.26) (in) 



FOREARM C I R CUMFERENCE (upper) 

The sub jec t  s i t s  i n  the contoured hardseat,  f e e t  placed f i r m l y  on the 
toeboard, hands on the s t e e r i n g  wheel a t  the  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  the head and body i n  a re laxed  d r i v i n g  posture.  Use a s t e e l  
tape t o  measure the circumference o f  the l e f t  forearm i n  a p lane 
perpendicu lar  t o  the long a x i s  o f  the  forearm a t  the  forearm upper 
landmark. (The forearmupper  landmark i s  a p o i n t m a r k e d o n  t he  l a t e r a l  
su r face  o f  the  forearm a t  the  est imated maximum c i  rcumference.) 

I N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 19.7 23.8 21 $ 5  1.10 (cm) 5.11 
( 7.8) ( 9.4) ( 13.5) ( 0.43) ( in )  

25 25.5 30.4 2:7.5 1.29 (cm) 4.70 
( 10.0) ( 12.0) ( 10.8) ( 0.51) ( in )  

2 5 27.5 33 2 29.6 1.40 (cm) 4.74 
( 1 0 . 8 )  ( 13.1) 6 ( 0 . 5 5 )  ( in )  



FOREARM C l RCUMFERENCE (1 ower) 

The sub jec t  s i t s  i n  t h e  contoured hardseat ,  f e e t  p laced f i r m l y  on t he  
toeboard, hands on t he  s t e e r i n g  wheel a t  t he  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  t h e  head and body i n  a r e l axed  d r i v i n g  posture.  Use a s t e e l  
tape t o  measure t he  c i rcumference o f  t h e  l e f t  forearm i n  a p lane  
perpend icu la r  t o  the  long a x i s  o f  t he  lower arm a t  t he  forearm lower 
landmark. (The forearm lower landmark i s  a p o i n t  marked on t h e  l a t e r a l  
su r f ace  o f  t h e  forearm between t h e  es t imated  maximum c i rcumference and 
the  w r i s t . )  

I N Minimum Maximum Mean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 13.9 18.0 15.8 1 .Og (cm) 6.92 
( 5-51 ( 7.1) ( 6.2) ( 0 . 4 3 )  ( in )  

25 16.0 20.6 18.3 1.17 (cm) 6.43 
( 6.3) ( 8.1) ( 7.2) ( 0 . 4 6 )  ( i n )  

25 17.0 23.5 20.3 1.55 (cm) 7.63 
( 6-71 ( 9.3) ( 8.0) ( 0.61) ( in )  



WR I ST BREADTH (condy 1 es) 

The sub jec t  s i t s  i n  the contoured hardseat, f e e t  p laced f i r m l y  on the  
toeboard, hands on the s tee r i ng  wheel a t  the 10 o ' c l o c k  and 2  o ' c l o c k  
pos i t i ons ,  the  head and body i n  a  re laxed d r i v i n g  posture.  Use an 
anthropometer t o  measure the breadth o f  the l e f t  w r i s t  from the s t y l i o n  
landmark t o  the u l na r  s t y l o i d  landmark. (The s t y l i o n  landmark i s  a 
p o i n t  on the sur face o f  the s k i n  obtained by pa lpa t i ng  the most d i s t a l  
margin o f  the s t y l o i d  process o f  the rad ius.  The u l na r  s t y l o i d  landmark 
i s  a  p o i n t  on the sur face o f  the s k i n  obtained by pa lpa t i ng  the most 
d i s t a l  margin o f  the s t y l o i d  process o f  the ulna.)  

I N Minimum Maximum Mean S tdDev  CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 4.1 5 2  4 , 7 0.24 (cm) 5.06 
( 1.6) ( 2.0) ( 1.9) (0 .09)  ( in )  

25 5.4 6 . 7  5.9 0.34 (cm) 5.69 
( 2.1) ( 2.6) ( 2.3) ( 0.13) ( in )  

2 5 5.8 6.6 6.2 0.21 (cm) 3-48 
( 2.3) ( 2.6) ( 2.4) ( 0 .08 )  ( in )  



WR I ST DEPTH (condy 1 es) 

The subject  s i t s  i n  the contoured hardseat, f e e t  placed f i r m l y  on the 
toeboard, hands on the s tee r ing  wheel a t  the 10 o ' c lock  and 2 o ' c lock  
pos i t ions ,  the head and body i n  a re laxed d r i v i n g  posture. Use an 
anthropometer he ld  perpendicular t o  the long ax is  o f  the forearm t o  
measure the depth o f  the w r i s t  a t  the  l eve l  o f  the condyles. 

I N Minimum Maximum Mean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 3.0 3.9 3.4 0.22 (cm) 6.47 
( 1.2) ( 1.5) ( 1.3) ( 0.09) ( in)  

25 3 * 8 5.1 4.1 0.27 (cm) 6.46 
( 1.5) 2 . 0 )  ( 1.6) (0 .11 )  ( in )  

25 4.2 5.3 4 * 5  0-25 (cm) 5.63 
( 1.7) ( 2.1) ( 1.8) ( 0.10) ( in)  



WR I ST C I RCUHFERENCE (condy 1 es) 

The sub jec t  s i t s  i n  the contoured hardseat, f e e t  placed f i r m l y  on the 
toeboard, hands on the s t e e r i n g  wheel a t  the  10 o ' c l ock  and 2 o ' c l o c k  
pos i t i ons ,  the  head and body i n  a  re laxed d r i v i n g  posture.  Use a s tee l  
tape t o  measure the circumference o f  the l e f t  w r i s t  across the u l na r  
s t y l o i d  landmark and the  s t y1  i on  landmark. (The u lnar  s t y l o i d  landmark 
i s  a  p o i n t  on the sur face  o f  the s k i n  obta ined by pa lpa t i ng  the  most 
d i s t a l  margin o f  the s t y l o i d  process o f  the  u lna.  The s t y l i o n  landmark 
i s  a  p o i n t  on the sur face o f  the s k i n  obta ined by pa lpa t i ng  the most 
d i s t a l  margin o f  the s t y l o i d  process o f  the  radius.)  

I N Minimum Maximum Yean S tdDev  CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 4 13.0 15.1 14.2 0.53 (cm) 3.71 
( 5.1) ( 5.9) 5.6) ( 0.21) ( i n )  

25 15.7 18.3 16.9 0.64 (cm) 3.80 
( 6.2) ( 7.2) ( 6.6) ( 0.25) ( i n )  

2 5 17.2 19.0 18.1 0.48 (cm) 2.67 
( 6-81 ( 7 . 5 )  ( 7.1) ( 0.19) ( i n )  



CHEST HEIGHT (n ipp le )  

The sub jec t  s i t s  i n  t he  contoured hardseat ,  f e e t  p laced f i r m l y  on the 
toeboard, head and body i n  a re laxed  d r i v i n g  pos tu re  w i t h  t he  s t e e r i n g  
wheel removed and hands dropped t o  the s ides o f  the  seat.  Use an 
anthropometer t o  measure t he  v e r t i c a l  d i s t ance  f rom the  re fe rence  
sur face  t o  the  l e f t  n i p p l e  landmark du r i ng  mid- i  nha la t  ion.  (The n i p p l e  
landmark i s  a p o i n t  on t he  sur face  o f  t he  s k i n  a t  the  center  o f  the  
pigmented p r o j e c t i o n  on the  a n t e r i o r  su r face  o f  the  mammary gland.) 

N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Large Male 52.8 61.1 57.1 2.44 (cm) 4.27 / l5 ( 20.8) ( 24.1) ( 22.5) ( 0.96) ( i n )  

25 45.8 55.5 51 - 7  2.16 (cm) 4.18 
( 18.0) ( 21.9) ( 20.4) ( 0.85) ( i n )  

Mid-Sized Male 25 52.1 60.4 5 5 - 4  2 -09  (cm) 3 - 7 7  
( 20.5) ( 23.8) ( 21.8) ( 0.82) ( i n )  



CHEST HE l GHT (poster i or scye) 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, hands on the steering wheel at the 10 o'clock and 2 o'clock 
positions, the head and body in a relaxed driving posture. Use an 
anthropometer to measure the vertical distance from the reference 
surface to the left scye posterior landmark. (The scye posterior 
landmark is a point on the surface of the skin at the posterior-superior 
margin of the skin furrow formed by the juncture of the upper arm and 
torso, i .e., the posterior axi 1 lary fold.) 

I N Minimum Maximum Hean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 52.2 57 9 5  55 1 1.49 (cm) 2.71 
( 20.6) ( 22.6) ( :21.7) ( 0.59) (in) 

25 54.4 59.9 !j7.0 1.63 (cm) 2.87 
(21.4) (23.6) (:22.4) (0.64) (in) 

2 5 54.7 61.3 57.9 1 -95 (cm) 3-36 
( 21 $ 5 )  ( 24.1) ( 22 .8 )  ( 0.77) (in) 



CHEST BREADTH (ax i 1 1  a) 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  placed f i r m l y  on t he  
toeboard, head and body i n  a  re l axed  d r i v i n g  pos tu re  w i t h  the s t e e r i n g  
wheel removed and hands dropped t o  the s ides  o f  the seat.  Use an 
anthropometer h e l d  h o r i z o n t a l l y  t o  measure the  d i s tance  between the  
r i g h t  and l e f t  scye a n t e r i o r  landmarks. The sub jec t  r a i s e s  arms 
s l i g h t l y  w h i l e  t he  anthropometer i s  pos i t ioned ,  then lowers arms t o  the  
s ides j u s t  b e f o r e  the  measurement i s  taken, (The scve a n t e r i o r  landmark 
i s  a  p o i n t  on t he  sur face  o f  the  s k i n  a t  the  an te r i o r - supe r i o r  margin of  
the  s k i n  f u r row  formed by t he  j u n c t u r e  o f  the  upper arm and torso,  i.e., 
the  a n t e r i o r  a x i  1 l a r y  fo ld . )  

I I 

/ N Minimum Maximum Mean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 23.8 29.4 26.0 1 .lg (cm) 4.59 
( 9.4)  ( 11.6) ( 10.2) ( 0.47) ( in )  

25 27.8 32.8 30.4 1 .l5 (cm) 3.78 
(10.9) (12.9) (12.0) (0.45) ( i n )  

2 5 28.5 36.3 32.3 1.80 (cm) 5.56 
( 11.2) ( 14.3) ( 12.7) ( 0.71) ( i n )  



CHEST C I RCUAFERENCE (ax i 1 1 a) 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  p laced f i r m l y  on the  
toeboard, head and body i n  a re l axed  d r i v i n g  pos tu re  w i t h  t he  s t e e r i n g  
wheel removed and hands dropped t o  t he  s ides  o f  t he  seat .  Use a s t e e l  
tape t o  measure the c i rcumference o f  the  ches t  i n  a p lane  perpend icu la r  
t o  t he  long a x i s  o f  the  t o r s o  through the  l e f t  and r i g h t  a x i l l a r y  f o l d s  
d u r i n g  m id - i nha la t i on .  The sub jec t  leans forward i n  t he  seat  and r a i s e s  
arms s l i g h t l y  w h i l e  the  tape i s  pos i t i oned ,  then leans back and lowers 
arms t o  t he  s ides  j u s t  be fo re  the  measurement i s  taken. (The ax i  1 l a r y  
f o l d s  a r e  formed a t  the  j unc tu res  o f  t h e  upper arms and torso.)  

I N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 75 - 0  89.0 82.4 3.94 (cm) 4.79 
( 2 9 . 5 )  ( 3 5 . 0 )  ( 3 2 . 4 )  ( 1.55) ( i n )  

25 99.3 111 - 3  103.9 3.23 (cm) 3.1 1 
( 3 9 . 1 )  ( 4 3 . 8 )  ( 4 0 . 9 )  ( 1 .27 )  ( i n )  

25 107.1 125.4 1 1 7 . 1  5.48 (cm) 4.68 
( 42-21 ( 49.4) ( 46.1) ( 2.16) ( i n )  



CHEST BREADTH (n ipp le )  

The sub jec t  s i t s  i n  t he  contoured hardseat f e e t  placed f i r m l y  on the  
toeboard, head and body i n  a  re l axed  d r i v i n g  pos tu re  w i t h  the  s t e e r i n g  
wheel removed and hands dropped t o  the  s ides  o f  the  seat.  Use an 
anthropometer he ld  h o r i z o n t a l l y  t o  measure the  breadth o f  the  chest  a t  
the  l e v e l  o f  t he  n i p p l e  landmarks. The sub jec t  r a i s e s  arms s l i g h t l y  
w h i l e  the anthropometer i s  pos i t ioned ,  then lowers arms t o  the  s ides 
j u s t  be fo re  the  measurement i s  taken. (The n i p p l e  landmark i s  a p o i n t  
marked on t he  sur face  o f  t he  s k i n  a t  the  center  o f  the  pigmented 
p r o j e c t i o n  on t he  a n t e r i o r  su r face  o f  the mammary gland.) 

I N Minimum Maximum Mean Std Oev CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 25.2 30.8 27.6 1.50 (cm) 5.45 
( 9.9) ( 12 .1 )  ( 1 0 . 9 )  ( 0 .59 )  ( i n )  

25 32 * 5  38.3 34.9 1.63 (cm) 4.67 
( 12.8) ( 15.1) ( 13.7) ( 0.64) ( i n )  

25 34 .O 44.4 38.4 2.47 (cm) 6.44 
( 13.4) ( 17-51 ( 15.1) ( 0.97) ( i n )  



CHEST CIRCUMFERENCE (n ipp le )  

The sub jec t  s i t s  i n  the  contoured hardseat, f e e t  p laced f i r m l y  on the 
toeboard, head and body i n  a  re laxed  d r i v i n g  posture w i t h  the  s t e e r i n g  
wheel removed and hands dropped t o  the s ides o f  the  seat.  Use a s tee l  
tape t o  measure the  c i rcumference o f  the ches t  i n  a  p lane perpendicu lar  
t o  the  long a x i s  of  the  t o r s o  a t  the l e v e l  o f  the  n i p p l e  landmarks 
d u r i n g  m id - i nha la t i on .  The sub jec t  leans forward i n  the seat  and r a i s e s  
arms s l  i g h t l y  whi l e  t he  tape i s  pos i t i oned ,  then leans back and lowers 
arms t o  the  s ides  j u s t  be fo re  the measurement i s  taken. (The n i p p l e  
landmark i s  a  p o i n t  on the  sur face o f  t he  s k i n  a t  the  cen te r  o f  the 
pigmented p r o j e c t i o n  on the a n t e r i o r  su r face  o f  the mammary gland.) 

I N Minimum Maximum Mean S tdDev  CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 95.4 105.5 101 .O 3.12 (cm) 3.10 
( 3 7 . 6 )  ( 4 1 . 5 )  1: 39.7) ( 2 ( i n )  

25 105.4 128.5 115.9 5.28 (crn) 4.56 
( 41.5) ( 50.6) 1: 45.6) ( 2.08) ( i n )  



CHEST C l RCUMFERENCE (tenth rib) 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, head and body in a relaxed driving posture with the steering 
wheel removed and hands dropped to the sides of the seat. Use a steel 
tape to measure the circumference of the chest in a plane perpendicular 
to the long axis of the torso at the level of the tenth rib landmark 
during mid-inhalation. The subject leans forward in the seat and raises 
arms slightly while the tape is positioned, then leans back and lowers 
arms to the sides just before the measurement is taken. (The tenth rib 
landmark is a point on the surface of the skin obtained by palpating the 
most inferior margin of the tenth rib.) 

I N Mi nimum Maximum Mean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5  60.1 80.2 68.9 5.33 (cm) 7 .75  
( 23.7) ( 31.6) ( 27.1) ( 2.10) (in) 



WA I ST BREADTH (umb i 1 i cus) 

The sub jec t  s i t s  i n  the contoured hardseat,  f e e t  placed f i r m l y  on the 
toeboard, head and body i n  a re laxed  d r i v i n g  posture w i t h  the s t e e r i n g  
wheel removed and hands dropped t o  the  s ides  o f  the seat. Use an 
anthropometer he ld  h o r i z o n t a l l y  t o  measure the breadth o f  the  w a i s t  a t  
the l eve l  o f  t he  umbi 1 i cus  landmark. (The umbi l i cus  landmark i s  a p o i n t  
on the sur face  o f  the  s k i n  a t  the center  o f  the  navel o r  " b e l l y  
bu t  t on  . ' I)  

I N M i  nimum Maximum Mean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 21 .O 29.1 24.7 2.11 (cm) 8.55 
( 8.3) ( 11-51 ( 9.7) ( 0.83) ( i n )  

2 5 27.7 35.1 31.4 2.12 (cm) 6.77 
( 10.9) ( 13.8) ( 12.3) ( 0.84) ( i n )  

25 32.8 40.2 36.1 2.02 (cm) 5,60 
( 12.9) ( 15.8) ( 14-21 ( 0.79) ( in )  



WAIST DEPTH (umb i 1 i cus) 

The sub jec t  s i t s  i n  the contoured hardseat, f e e t  placed f i r m l y  on the 
toeboard, head and body i n  a re laxed  d r i v i n g  posture w i t h  the  s t e e r i n g  
wheel removed and hands dropped t o  the s ides o f  the  seat .  Use an 
anthropometer equipped w i t h  spec ia l  blades, t o  measure the  ho r i zon ta l  
depth o f  the wa i s t  through the  seat back opening a t  the l eve l  o f  the 
umbi l i cus  landmark. (Theumb i l i cus  landmark i s  a p o i n t  on the  sur face 
o f  the  s k i n  a t  the center o f  the  navel o r  "be1 l y  b:l t ton.I1) 

1 N Minimum Maximum Mean S tdDev  CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 16.1 23.0 18.8 1.52 (cm) 8.08 
( 6.3) ( 9.1) ( 7.4) ( 0.60) ( in )  

2 5 20.0 27-7 24.4 1.84 (cm) 7.55 
( 7.9) ( 10.9) ( 9.6) ( 0.73) ( i n )  

25 21.7 37 .O 30.1 3 . 5 5  (cm) 1 1 - 7 7  
( 8.5) ( 14.6) ( 1 1  -9)  ( 1.40) ( i n )  



WA I ST C l RCUMFERENCE (umb i 1 i cus) 

The s u b j e c t  s i t s  i n  t h e  contoured hardsea, t ,  f e e t  p laced  f i r m l y  on t h e  
toeboard,  head and body i n  a  r e l a x e d  d r i v i n g  p o s t u r e  w i t h  t h e  s t e e r i n g  
wheel removed and hands dropped t o  t h e  s i d e s  o f  t h e  sea t .  Use a s t e e l  
t ape  t o  measure t h e  c i r cumfe rence  o f  t h e  w a i s t  i n  a p l a n e  p e r p e n d i c u l a r  
t o  t h e  l ong  a x i s  o f  t h e  t o r s o  a t  t h e  u m b i l i c u s  landmark. The s u b j e c t  
leans f o r w a r d  i n  t h e  s e a t  and r a i s e s  arms s l i g h t l y  w h i l e  t h e  tape i s  
p o s i t i o n e d ,  then  leans back and lowers arms t o  t h e  s ides  j u s t  b e f o r e  t h e  
measurement i s  taken. (The umbi 1 i c u s  landmark i s  a  p o i n t  on t h e  su r face  
o f  t h e  s k i n  a t  t h e  c e n t e r  o f  t h e  navel  o r  ' ' b e l l y  bu t ton . " )  

I N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Large Male 94.0 121.6 107.5 6.83 (cm) 6.35 1 25 ( 3 7 . 0 l  ( 4 7 . 9 )  ( 4 2 . 3 )  ( 2 . 6 9 )  ( i n )  

25 61.1 84.4 70.8 5.31 (cm) 7.50 
( 2 4 . 1 )  ( 3 3 . 2 )  ( 2 7 . 9 )  ( 2 . 0 9 )  ( i n )  

M id -S i ted  Male 25 80.0 3 7 - 1  90.4 5.12 (cm) 5 - 6 6  
( 31.5) ( 38.2) ( 35.6) ( 2.02) ( i n )  



ABDOMl NAL BREADTH (maximum) 

The sub jec t  s i t s  i n  the contoured hardseat, f e e t  placed f i r m l y  on the 
toeboard, head and body i n  a re laxed  d r i v i n g  posture w i t h  the  s tee r i ng  
wheel removed and hands dropped t o  t he  s ides o f  the seat.  Use an 
anthropometer he ld  h o r i z o n t a l l y  t o  measure the maximum breadth o f  the 
abdomen. 

I N Minimum Maximum Mean S t d  Dev CV % 

Small Female 

Mid-Sized Male 

Large Ma1 e 

2 5 24 - 0  33.3 27.9 2 -20 (cm) 7.90 
( 9.4) ( 13.1) ( 11.0) ( 0.87) ( in )  

25 29.4 3 5 - 9  32.5 1.79 (cm) 5 - 5 1  
( 1 1  - 6 )  ( 14.1) ( 12.8) ( 0.71) ( i n )  

25 35.8 42.3 38.4 1.78 (cm) 4.63 
( 14.1) ( 16.7) ( 15.1) ( 0.70) ( i n )  



ABDOMINAL DEPTH (maximum) 

The subject  s i t s  i n  the contoured hardseat, f e e t  placed f i r m l y  on the 
toeboard, head and body i n  a  re laxed d r i v i n g  posture w i t h  the s teer ing  
wheel removed and hands dropped t o  the sides o f  the seat.  Use an 
anthropometer equipped w i t h  specia l  blades t o  measure the ho r i zon ta l  
depth o f  the abdomen through the seat bac:k opening a t  the l eve l  o f  the 
maximum abdominal p ro t rus ion  landmairk. (The maximum abdominal 
p r o t r u s i o n  landmark i s  a  p o i n t  on the sur face o f  the s k i n  i n  the 
a n t e r i o r  m i d l i n e  a t  the leve l  o f  the maximum p ro t rus ion  o f  the abdomen.) 

I N Minimum Maximum Mean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 22.8 30 3 26.9 1 - 9 6  (cm) 7 . 2 7  
( 9-01 ( 11.9) ( 10.6) ( 0.77) ( in)  

25 27.1 3 7 - 9  31.6 2.96 (cm) 9.36 
( 10.7) ( 14.9) ( 12.4) ( 1.17) ( i n )  



ABDOMINAL C l RCUMFERENCE (maximum) 

The sub jec t  s i t s  i n  the  contoured hardseat ,  f e e t  p laced f i r m l y  on t he  
toeboard, head and body i n  a  r e l axed  d r i v i n g  pos tu re  w i t h  t he  s t e e r i n g  
wheel removed and hands dropped t o  t he  s ides  o f  the  seat .  Use a  s t e e l  
tape t o  measure t he  c i rcumference o f  the  abdomen i n  a  p lane 
perpend icu la r  t o  the  long a x i s  o f  t he  t o r s o  a t  the  l e v e l  o f  t he  maximum 
abdominal p r o t r u s i o n  landmark. The s u b j e c t  leans fo rward  i n  the seat  
and r a i s e s  arms s l i g h t l y  w h i l e  t he  tape i s  pos i t i oned ,  then leans back 
and lowers arms t o  the  s ides  j u s t  be fo re  t h e  measurement i s  taken. (The 
maximum abdominal p r o t r u s i o n  landmark i s  a  p o i n t  on the  su r f ace  o f  t he  
s k i n  i n  t he  a n t e r i o r  m i d l i n e  a t  t he  l e v e l  o f  the  maximum p r o t r u s i o n  o f  
the  abdomen .) 

1 N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 67 -5 89.2 7 5 - 4  5.00 (cm) 6.63 
( 26-61 ( 35.1) ( 29.7) ( 7.97) ( i n )  

2  5 99 2 121.7 108.2 6 .36  (cm) 5.88 
( 3 9 . 1 )  ( 4 7 . 9 )  ( 4 2 . 6 )  ( 2 . 5 0 )  ( i n )  



ILIOCRISTALE HEIGHT 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  p laced f i r m l y  on the 
toeboard, hands on the  s teer ing 'whee l  a t  the  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  the  head and body i n  a  re laxed  d r i v i n g  posture.  Use an 
anthropometer t o  measure the v e r t i c a l  d i s tance  from the re fe rence  
sur face  t o  the  l e f t  i 1 i o c r i s t a l e  landmark. (The i 1 i o c r i s t a l e  landmark 
i s  a  p o i n t  on the  su r face  o f  the  s k i n  obta ined by pa lpa t i ng  the  most 
super io r  margin o f  the  i 1 i ac  c res t . )  

/ N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

M i  d-S i zed Ma 1 e  

Large Male 

2  5 33 . 4 37.8  35 2  1.15 (cm) 3.25 
( 13J) ( 14.9) ( 13.9) ( 0,451 ( i n )  

25 34.4 37.3 3 5 - 7  0.76 (cm) 2.12 
( 13.6) ( 14.7) ( 14.1)  ( 0.30) ( i n )  

25 33.4 3 9 * 5  35.4 1.51 (cm) 4.25 
( 13.1) ( 15.6) ( 13.9) ( 0.59) ( in )  



THIGH-ABDOMINAL JUNCTION HEIGHT 

The sub jec t  s i t s  i n  t he  contoured hardseat,  f e e t  placed f i r m l y  on the  
toeboard, hands on t h e  s t e e r i n g  wheel a t  t he  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  the  head and body i n  a  re l axed  d r i v i n g  posture.  Use an 
anthropometer t o  measure the  v e r t i c a l  d i s t ance  from the  re fe rence  
sur face t o  the  l e f t  t h i  gh-abdomi na l  j u n c t i o n  landmark. (The t h i gh -  
abdominal j u n c t i o n  landmark i s  a  p o i n t  on t he  sur face  o f  t he  s k i n  a t  the 
crease formed by the  j u n c t u r e  o f  the  t h i g h  and abdomen a t  approx imate ly  
t he  mid1 i n e  of the th igh. )  

N Minimum Maximum Mean S t d D e v  cv % 

Small Female 

Large Male 32.8 36.8 34.5 1.18 (cm) 3.42 
( 1 2 . 9 )  ( 14 .5 )  ( 1 3 . 6 )  ( 0 . 4 6 )  ( i n )  

2  5 30.7 34.5 32 7 0.87 (cm) 2.65 
( 12-11 ( 13.6) ( 12.9) ( 0.34) ( i n )  

Mid-Sized Male 25 33.1 36.2 34.5 0.88 (cm) 2.54 
( 1 3 . 0 )  ( 1 4 . 3 )  ( 13 .6 )  ( 0 .35 )  ( i n )  



ANTERIOR-SUPERIOR ILIAC SPINE HEIGHT 

The sub jec t  s i t s  i n  the  contoured hardseal:, f e e t  placed f i r m l y  on the  
toeboard, hands on the  s t e e r i n g  wheel a t  the  10 o ' c l o c k  and 2  o ' c l o c k  
p o s i t i o n s ,  the  head and body i n  a  re l axed  d r i v i n g  posture.  Use an 
anthropometer t o  measure t he  v e r t i c a l  d i s t ance  from the re fe rence  
s u r f a c e t o  t he  l e f t  an te r i o r - supe r i o r  i l i a c  sp ine landmark. (The 
a n t e r i o r - s u p e r i o r  i l i a c  sp ine landmark i s  a  p o i n t  on the  sur face  o f  the 
s k i n  ob ta ined  by p a l p a t i n g  the  a n t e r i o r - s u p e r i o r  sp ine o f  the i l i a c  
c r e s t  o f  the  pe l v i s . )  

1 N Minimum Maximum Mean S tdDev  CV % 
- - 

Small Female 

Mid-Sized Male 

Large Male 

2  5 32.3 36.6 34.2 0.94 (cm) 2.74 
( 12.7) ( 14.4) ( 13.5) ( 0.37) ( i n )  

25 32.9 36.7 34 7 0.87 (cm) 2.50 
( 13.0) ( 14.4) ( 13.7) ( 0.34) ( i n )  

25 33 2 37-2  34.9 1.07 (cm) 3.06 
( 1 3 . 1 )  ( 1 4 . 6 )  ( 1 3 . 7 )  ( 0 .42 )  ( i n )  



TROCHANTERION HEIGHT 

The sub jec t  s i t s  i n  the  contoured hardseat, f e e t  p laced f i r m l y  on the  
toeboard, hands on the  s t e e r i n g  wheel a t  the  10 o ' c l o c k  and 2 o ' c l o c k  
p o s i t i o n s ,  t he  head and body i n  a  re laxed  d r i v i n g  posture.  Use an 
anthropometer t o  measure t he  v e r t i c a l  d i s t ance  from the re fe rence  
sur face  t o  t he  l e f t  t rochan te r  ion  landmark. (The t rochan te r  i on  1 andmark 
i s  a  p o i n t  on the  su r face  o f  t he  s k i n  obta ined by pa lpa t i ng  the  most 
l a t e r a l  margin o f  the g rea te r  t rochan te r  o f  the femur .) 

I N Minimum Maximum Mean Std Dev C V  % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 24.1 26.3 24.8 0.65 ( 4  2.62 
( 9.5) ( 10.4) ( 9.8) ( 0.26) ( i n )  

25 27.6 30.9 29.2 0.97 (cm) 3.32 
( 10.9) ( 12.2) ( 1 1  -5) ( 0.38) ( in)  

2  5 26.4 30.6 28.4 1 - 1 1  (cm) 3.92 
( 10.4) ( 12.0) ( 11.2) ( 0.44) ( i n )  



H I P BREADTH (max i mum) 

The s u b j e c t  s i t s  i n  the  contoured ha rdsea t ,  f e e t  p laced  f i r m l y  on t h e  
toeboard,  head and body i n  a r e l a x e d  d r i v i n g  p o s t u r e  w i t h  t h e  s t e e r i n g  
wheel removed and hands dropped t o  t h e  s i d e s  o f  t h e  sea t .  Use an 
anthropometer h e l d  h o r i z o n t a l l y  t o  measure t h e  maximum b r e a d t h  o f  t h e  
h i p s ,  

Small Female 

Mid-Sized Male 

Large Male 

N Minimum Maximum Mean S t d  Dev C V  % 

25 33.5 39.5 35.6 1.76 (cm) 4.93 
( 13.2) ( 15.6) ( 14.0) ( 0.69) ( i n )  

2 5 34.6 4 1  .O 3 8 - 5  1.83 (cm) 4.75 
( 13.6) ( 16.1) ( 15.1) ( 0.72) ( i n )  

25 40.7 48.5 43.9 2.19 (cm) 4.99 
( 16.0) ( 19.1) ( 17.3) ( 0.86) ( i n )  



B l TROCHANTER BREADTH 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  p laced f i r m l y  on the  
toeboard, head and body i n  a  re laxed  d r i v i n g  posture w i t h  the  s t e e r i n g  
wheel removed and hands dropped t o  the  s ides o f  the  seat .  Use an 
anthropometer he ld  hor i z o n t a l  l y  t o  measure the breadth o f  the h i ps  
between the  r i g h t  and l e f t  t r ochan te r i on  landmarks w h i l e  p ress ing  the 
t i s s u e  f i r m l y  w i t h  the  blades. (The t r ochan te r i on  landmark i s  a  p o i n t  
on the  su r face  o f  the  s k i n  obta ined by p a l p a t i n g  the most l a t e r a l  margin 
o f  t he  g rea te r  t rochanter  o f  t he  femur .) 

I N Minimum Maximum Mean Std Dev CV % 

Mid-Sized Male 

Large Male 

25 34.5 40.5 36.9 1.69 (cm) 4.59 
( 13-61 ( 15.9) ( 14.5) ( 0.67) ( in )  

25 30.6 38.8 32.9 1.66 (cm) 5.04 
( 12-01 ( 15.3) ( 12.9) ( 0.65) ( in )  

25 33 .4  44.4 38.5 2.33 (cm) 6.05 
( 1 3 - 1 1  ( 17.5) ( 15.1) ( 0.92) ( i n )  



LEG ANGLE (upper) 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, head and body in a relaxed driving posture with the steering 
wheel removed and hands dropped to the sides of the seat. Place the 
flat surface of a modified "inclinometer" on the upper surface of the 
left upper leg along the long axis of the thigh. Read the angle of the 
needle which is the angle of the upper le,g to the horizontal. 

I N Minimum Maximum Mean 5tdDev CV % 

Small Female 

Mid-Sized Male 

Large Male 2 5 12.0 24.0 19.1 3.25 (cm) 17.05 
( 4.7) ( 9.4) ( 7.5) ( 1.28) (in) 



LEG ANGLE ( lower) 

The sub jec t  s i t s  i n  the contoured hardseat,  f e e t  p laced f i r m l y  on the 
toeboard, head and body i n  a r e l axed  d r i v i n g  pos tu re  w i t h  t he  s tee r i ng  
wheel removed and hands dropped t o  the  s ides  o f  the  seat .  Place the 
f l a t  su r face  o f  a  mod i f i ed  " i nc l i nome te r "  on t he  upper su r f ace  o f  the 
l e f t  lower l e g  along the  long a x i s  o f  the  t i b i a .  Read t he  angle o f  the 
needle which i s  the angle o f  t he  lower l e g  t o  the  h o r i z o n t a l .  

- - -- 

Small Female 

Mid-Sized Male 

Large Male 

N Minimum Maximum Mean S t d D e v  CV % 

2  5 45.0 64.0 53.4 4.46 (cm) 8.35 
( 17.7) ( 25.2) ( 21.0) ( 1.76) ( i n )  

2  5 42.0 58.0 52.6 3.47 (cm) 6.60 
( 16-51 ( 22.8) ( 20.7) ( 1.37) ( i n )  

25 47.0 56 .O 51 - 7  2.81 (cm) 5.43 
( 18.5) ( 22.0) ( 20.4) ( 1.11) ( i n )  



RIGHT-LEFT MEDIAL FEMORAL EPICONDYLE 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, head and body in a relaxed driving posture with the steering 
wheel removed and hands dropped to the sides of the seat. Use an 
anthropometer, with blades reversed, to measure the horizontal distance 
between the right and left medial femoral epicondyle landmarks. Add two 
centimeters to the measured value to correct for the reversed blades. 
(The medial femoral epicondyle landmark is a point on the surface of the 
s k i n  obtained by palpating the most prominent aspect of the medial 
epicondyle of the femur.) 

I N Minimum Maximum Mean StdDev CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 1.6 13.6 6 . 4 3.14 (cm) 49.04 
( 0.6) ( 5.4) ( 2-51 ( 1.24) (in) 

25 9.2 27.0 1;T.b 4.43 (em) 25.39 
( 3.6) ( 10.6) ( 6.9) ( 1.74) (in) 

25 12.4 27 -9 151.6 4.48 (em) 22.87 
( 4.9) (11.0) ( 7-71 (1.77) (in) 



RIGHT-LEFT SPHYRION 

The sub jec t  s i t s  i n  t he  contoured hardseat, f e e t  p laced f i r m l y  on the  
toeboard, head and body i n  a re laxed  d r i v i n g  pos tu re  w i t h  t he  s t e e r i n g  
wheel removed and hands dropped t o  the s ides  o f  the seat.  Use an 
anthropometer, w i t h  blades reversed, t o  measure the  h o r i z o n t a l  d i s t ance  
between t he  l e f t  and r i g h t  sphyr ion  landmarks. Add two cen t imete rs  t o  
the measured va lue  t o  c o r r e c t  f o r  the reversed b lades.  (The sphyr ion  
landmark i s  a p o i n t  on the  sur face  o f  the  s k i n  ob ta ined  by p a l p a t i n g  the  
most prominent aspect o f  t he  medial  ma l leo lus  o f  t he  t i b i a . )  

I N Minimum Maximum Mean S t d D e v  CV % 
-- - 

Small Female 

Mid-Sized Male 

Large Male 

25 8.0 14.0 11.3 1.33 (cm) 11.81 
( 3.1) ( 5.5) ( 4.4) ( 0.52) ( in )  

25 10.7 14.9 12.2 1.08 (cm) 8.81 
( 4.2) ( 5.9) ( 4.8) ( 0.42) ( i n )  

2 5 9.8 15.5 12.6 1.47 (cm) 11.64 
( 3.9) ( 6.1) ( 5.0) ( 0 . 5 8 )  ( i n )  



TROCHANTER-TO-LATERAL FEMORAL CONDYLE 

The sub jec t  s i t s  i n  the  contoured hardseat ,  f e e t  p laced f i r m l y  on the  
toeboard, head and body i n  a  r e l axed  d r i v i n g  pos tu re  w i t h  the  s t e e r i n g  
wheel removed and hands dropped t o  the  s ides o f  t he  seat .  Use an 
anthropometer t o  measure t he  d i s t ance  between t he  l e f t  t r ochan te r i on  
landmark and the  l e f t  l a t e r a l  femoral condyle landmark. (The 
t r ochan te r i on  landmark i s  a  p o i n t  on t he  s i r r face o f  the  s k i n  ob ta ined  by 
p a l p a t i n g  t he  most l a t e r a l  marg in  o f  the  g rea te r  t rochan te r  o f  the  . . 

femur.  he l a t e r a l  femoral condyle landmar& i s  a  p o i n t  on t he  su r face  
o f  the  s k i n  obta ined by p a l p a t i n g  the  most prominent aspect o f  the  
l a t e r a l  condyle o f  the  femur.) 

I N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Mid-Sized Male 

Large Male 2 4 43.0 51.1 46.6 2.03 (cm) 4.35 
( 16.9) ( 20.1) ( 18.4) ( 0.80) ( i n )  



TH l GH BREADTH (upper) 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, head and body in a relaxed driving posture with the steering 
wheel removed and hands dropped to the sides of the seat. Use an 
anthropometer held perpendicular to the long axis of the upper leg to 
measure the breadth of the thigh at the thigh upper landmark. (The 
thish upper landmark is a point marked on the lateral surface of the 
thigh at the estimated maximum circumference.) 

I N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 14.5 21.4 17.6 1.53 (cm) 8.70 
( 5.7) ( 8.4) ( 6.9) (0.60) (in) 

25 16.2 22.4 19.4 1.32 (cm) 6.80 
( 6.4) ( 8.8) ( 7.6) (0.52) (in) 



TH l GH C l RCUMFERENCE (upper) 

The sub jec t  s i t s  i n  the contoured hardseat,  f e e t  p laced f i r m l y  on the  
toeboard, head and body i n  a re laxed  d r i r ~ i n g  pos tu re  w i t h  the s t e e r i n g  
wheel removed and hands dropped t o  t h e  s ides  o f  t he  seat. Use a s t e e l  
tape t o  measure the c i rcumference of  the l e f t  t h i g h  i n  a p lane  
perpendicu lar  t o  the  long a x i s  o f  the  upper l e g  a t  t he  t h i g h  upper 
landmark. The sub jec t  r a i s e s  the  l e f t  l e g  w h i l e  the tape i s  pos i t i oned  
and then lowers the  l eg  j u s t  be fo re  t he  measurement i s  taken. (The 
t h i q h  upper landmark i s  a p o i n t  marked on the  l a t e r a l  su r face  o f  the  
t h i g h  a t  the  est imated maximum c i  rcumference.) 

I N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 45.8 56 7 50.1 2.63 (cm) 5.26 
( 18.0) ( 22.3) ( 19.7) ( 1.04) ( i n )  

25 5 3 - 4  64 .O 57 - 9  3.08 (cm) 5.32 
( 21.0) ( 25.2) ( 22.8) ( 1.21) ( i n )  

2 5 56.8 69.7 63.9 3.28 (cm) 5.13 
( 22.4) ( 27.4) ( 25.2) ( 1.29) ( i n )  



THIGH BREADTH (mid) 

The sub jec t  s i t s  i n  the contoured hardseat, f e e t  placed f i r m l y  on the 
toeboard, head and body i n  a re laxed  d r i v i n g  posture w i t h  the s t e e r i n g  
wheel removed and hands dropped t o  the s ides  o f  the seat.  Use an 
anthropometer he ld  perpendicu lar  t o  the long ax i s  o f  the  upper l eg  t o  
measure the  breadth o f  the  t h i g h  a t  the t h i g h  mid landmark. (The t h i g h  
mid landmark i s  a p o i n t  marked on the  l a t e r a l  sur face o f  the t h i g h  
approximately hal fway between the est imated maximum c i rcumference and 
the knee.) 

I N Minimum Maximum Mean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 9 9 14.5 12.5 1.27 (cm) 10.11 
( 3.9) ( 5.7) ( 4.9) ( 0.50) ( i n )  

25 13.2 17.5 15.5 1.22 (cm) 7.87 
( 5.2) ( 6.9) ( 6.1) ( 0.48) ( in )  

25 13.9 19.0 16.9 1.21 (cm) 7.19 
( 5.5) ( 7.5) ( 6.6) ( 0.48) ( in )  



THl GH C l RCUMFERENCE (mid) 

The sub jec t  s i t s  i n  t he  contoured hardseat,  f e e t  p laced f i r m l y  on the  
toeboard, head and body i n  a re laxed  d r i v i ' n g  pos tu re  w i t h  the  s t e e r i n g  
wheel removed and hands dropped t o  the s ides  o f  the  seat.  Use a s tee l  
tape t o  measure the  c i rcumference o f  t he  l e f t  t h i g h  i n  a  p lane 
perpend icu la r  t o  the  long a x i s  of the upper l e g  a t  t he  t h i g h  mid 
landmark. The sub jec t  r a i s e s  the l e f t  l e g  w h i l e  the  tape i s  pos i t i oned  
and then lowers the  l e g  j u s t  be fo re  the measurement i s  taken. (The 
t h i a h  mid landmark i s  a p o i n t  marked on t he  l a t e r a l  su r face  of the t h i g h  
approx imate ly  ha l fway between the  est imated maximum c i rcumference and 
the  knee .) 

I N Minimum Maximum Mean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 37 - 0  47.2 4;!.7 2.41 (cm) 5.64 
( 14.6) ( 18.6) ( 16.8) ( 0.95) ( i n )  

2  5 44.2 55 -0  50.4 3.03 (cm) 6.01 
( 17.4) ( 21.7) ( 19.8) ( 1.19) ( i n )  

25 48.5 63.5 55.9 3.47 (cm) 6.22 
( 19.1) ( 2 5 . 0 )  (211.0) ( 1 . 3 7 )  ( i n )  



K N E E  HEIGHT 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, hands on the steering wheel at the 10 o'clock and 2 o'clock 
positions, the head and body in a relaxed driving posture. Use an 
anthropometer to measure the vertical distance from the reference 
surface to the most superior point on the left knee. 

I N Minimum Maximum Mean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

25 40.9 48.2 45 3 2.27 (cm) 5.02 
( 16.1) ( 19.0) ( 17.8) ( 0.89) (in) 

25 4 3 * 3  52.2 47.8 f.01 (cm) 4.22 
( 17.0) ( 20.6) ( 18.8) ( 0.79) (in) 



KNEE BREADTH 

The sub jec t  s i t s  i n  the contoured hardseat,  f e e t  placed f i r m l y  on the 
toeboard, head and body i n  a  re laxed  d r i v i n g  posture w i t h  the s t e e r i n g  
wheel removed and hands dropped t o  t he  s ides o f  the seat .  Use an 
anthropometer t o  measure the  breadth o f  the l e f t  knee across the l a t e r a l  
and medial  femoral (ep i )condy le  landmarks. (The medial femoral 
ep icondyle landmark i s  a  p o i n t  on the sur face o f  the s k i n  obta ined by 
p a l p a t i n g  t he  most prominent aspect o f  the  medial ep icondyle o f  the  
femur. The l a t e r a l  femoral condyle landmark i s  a  p o i n t  on the sur face  
o f  the  s k i n  obta ined by p a l p a t i n g  the  most prominent aspect o f  the 
l a t e r a l  condyle o f  the  femur.) 

f-', 

I N Minimum Haximum Mean S tdDev  CV % 
-- - 

Small Female 

M i  d-S i zed Ma 1 e  

Large Male 

2 5 7 .6 10.3 8.7 0.63 (cm) 7.20 
( 3.0) ( 4.1) ( 3.4) ( 0 . 2 5 )  ( in )  

25 9.2 11.0 10.1 0.47 (cm) 4.60 
( 3 . 6 )  ( 4.3) ( 4.0) ( 0.18) ( i n )  

25 10.3 12.3 1 1 . 1  0.49 (cm) 4.42 
( 4.1) ( 4.8) ( 4.4) ( 0.19) ( in )  



KNEE DEPTH (pop l i t ea l )  

The sub jec t  s i t s  i n  the contoured hardseat, f e e t  placed f i r m l y  on the 
toeboard, head and body i n  a relaxed d r i v i n g  posture w i t h  the s teer ing  
wheel removed and hands dropped t o  the sides of the seat. Use an 
anthropometer t o  measure the depth o f  the  l e f t  knee from the super ior  
margin o f  the p o p l i t e a l  crease t o  the most super ior  aspect o f  the 
pate1 l a .  

N Minimum Maximum Mean StdDev cv % 

Small Female 

Large Male 13.2 16.1 14.5 0.66 (cm) 4.56 1 25 ( 5-21 I 6 3  5 . 7 )  ( 0.26) ( in)  

2 5 10.1 11.9 1 1 . 1  0.47 (cm) 4.18 
( 4.0) ( 4.7) ( 4.4) ( 0.18) ( in)  

Mid-Si zed Male 25 12.2 14.0 13.2 0.56 (cm) 4.22 
( 4.8) ( 5.5) ( 5.2) (0 .22)  ( in )  



KNEE CIRCUMFERENCE 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, head and body in a relaxed dri,ving posture with the steering 
wheel removed and hands dropped to the sides of the seat. Use a steel 
tape to measure the circumference of the left knee in a plane through 
the popliteal crease and the most superior aspect of the patella. 

I N Minimum Maximum Mean StdDev CV % 

Small Female 

Mid-Sized Male 

Large Ma1 e 

25 31 9 5  37 - 0  33-9 1.57 (cm) 4.62 
( 12.4) ( 14.6) ( '13.3) ( 0.62) (in) 

25 36 3 41.9 39.2 1.38 (cm) 3.52 
( 14.3) ( 16.5) ( 115.4) ( 0.54) (in) 

2 5 40.5 45.6 113.4 1.27 (cm) 2.93 
( 15.9) ( 18.0) ( 17.1) ( 0.50) ( i n )  



CALF BREADTH 

The sub jec t  s i t s  i n  the  contoured hardseat, f e e t  placed f i r m l y  on t he  
toeboard, head and body i n  a re laxed  d r i v i n g  posture w i t h  t he  s t e e r i n g  
wheel removed and hands dropped t o  the s ides  o f  the seat .  Use an 
anthropometer h e l d  perpendicu lar  t o  the  long a x i s  o f  t he  lower l e g  t o  
measure the  b read th  o f  the  l e f t  c a l f  a t  the  c a l f  landmark. (The calf 
landmark i s  a p o i n t  marked on the  l a t e r a l  sur face o f  the c a l f  a t  the  
est imated maxi mum c i rcumf erence,) 

N M i  nimum Maximum Mean Std Dev CV % 

Small Female 

Large Ma1 e 10.8 14.0 12.1 0.84 (crn) 7.01 
( 4.3) ( 5.5) ( 4.7) ( 0.33) ( i n )  

25 8 3 10.5 9.4 0.55 (cm) 5.86 
( 3 . 3  ( 4.1) ( 3.7) ( 0.22) ( i n )  

Mid-Sized Male 25 9 4 11.8 11.0 0.63 (cm) 5.73 
( 3.7) ( 4.6) ( 3 ( 0.25) ( i n )  



C A L F  DEPTH 

The sub jec t  s i t s  i n  t he  contoured hardseat,  f e e t  p laced f i r m l y  on the  
toeboard, head and body i n  a  re l axed  d r i v i n g  pos tu re  w i t h  the s t e e r i n g  
wheel removed and hands dropped t o  the s ides  o f  t he  seat .  Use an 
anthropometer he ld  perpendicu lar  t o  the  long a x i s  o f  the  lower l e g  t o  
measure the depth o f  the  l e f t  c a l f  a t  the  c a l f  landmark. (The calf 
landmark i s  a  p o i n t  marked on the  l a t e r a l  su r f ace  o f  the  c a l f  a t  the 
est imated maximum circumference.)  

I N M i  nimum Maximum Mean Std  Oev CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 10.8 12.6 11.8 0.57 (cm) 4.83 
( 4.3) ( 5.0) ( 4.6) ( 0 . 2 2 )  ( i n )  

25 11.7  13.8 12.8 0.54 (cm) 4.20 

I ( 4.6) ( 5.4) ( 5.0) ( 0.21) ( i n )  



CALF C I R C U M F E R E N C E  

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, head and body in a relaxed driving posture with the steering 
wheel removed and hands dropped to the sides of the seat. Use a steel 
tape to measure the circumference of the left calf in a plane 
perpendicular to the long axis of the lower leg at the level of the calf 
landmark. (The calf landmark is a point marked on the lateral surface 
of the calf at the estimated maximum circumference.) 

Small Female 

Mid-Sized Male 

Large Male 

N Minimum Maximum Mean Std Dev CV % 

2 5  2 8 . 3  3 4 . 5  31 * 5  1 . 3 9  (cm) 4.41 
( 11.1) ( 13.6) ( 12.4)  ( 0.55) (in) 

2 5  33 5  3 9 . 5  3 7 . 3  1.61 (cm) 4 . 3 2  
( 13.2)  ( 15.6)  ( 14.7)  ( 0 . 6 3 )  (in) 

25 37 2 4 4 . 2  4 0 . 6  1.87 (cm) 4 .61  
( 14.6) ( 17.4) ( 16.0) ( 0 . 7 4 )  (in) 



ANKLE BREADTH (mi nimum) 

The sub jec t  s i t s  i n  the contoured hardseal:, f e e t  placed f i r m l y  on the 
toeboard, head and body i n  a re laxed  d r i v i n g  pos tu re  w i t h  the s t e e r i n g  
wheel removed and hands dropped t o  the  s ides  o f  the  seat.  Use an 
anthropometer h e l d  perpendicu lar  t o  t he  long a x i s  o f  the  lower l e g  t o  
measure the  b read th  o f  the l e f t  ank le  a t  the  ank le  landmark. (The ank le  
landmark i s  a p o i n t  marked on the  l a t e r a l  su r face  o f  the lower l e g  a t  
the est imated minimum circumference.)  

I N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Mid-Sized Male 

Large Ma1 e 

25 4.4 7.0 6 .O 0.56 (cm) 9.24 
( 1.7) ( 2.8) ( 2.4) ( 0.22) ( i n )  

25 5 - 2  7 - 7  6.1 0.60 (cm) 9.73 
( 2.0) ( 3.0) ( 2.4) ( 0.23) ( i n )  

2 5 5 * 5  7.7 6.6 0.63 (em) 9.50 
( 2.2) ( 3-01 ( 2.6) ( 0.25) ( i n )  



A N K L E  DEPTH (minimum) 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, head and body in a relaxed driving posture with the steering 
wheel removed and hands dropped to the sides of the seat. Use an 
anthropometer held perpendicular to the long axis of the lower leg to 
measure the depth of the left ankle at the ankle landmark. (The ankle 
landmark is a point marked on the lateral surface of the lower leg at 
the estimated minimum circumference.) 

I N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 6.0 7 .5 6 7 0.39 (cm) 5.73 
( 2.4) ( 3.0) ( 2.7) ( 0.15) (in) 

25 7 * o  9 2 7 * 6  0.55 (cm) 7.16 
( 2-81 ( 3.6) ( 3.0) (0.21) (in) 

2 3 7.2 9 so 8.2 0.47 (cm) 5.72 
( 2.8) ( 3 .5 )  ( 3.2) ( 0.19) (in) 



ANKLE CIRCUMFERENCE (mi nihum) 

The sub jec t  s i t s  i n  the contoured hardseat,  f e e t  p laced f i r m l y  on tne 
toeboard, head and body i n  a  re laxed  d r i v i n g  pos tu re  w i t h  the s t e e r i n g  
wheel removed and hands dropped t o  the  s ides o f  the seat .  Use a s t ee l  
tape t o  measure the c i rcumference o f  the  l e f t  ank le  i n  a  plane 
perpend icu la r  t o  the  long a x i s  o f  the  lower l eg  a t  t he  l e v e l  o f  the  
ank le  landmark. (The ank le  landmark i s  a p o i n t  marked on the l a t e r a l  
su r face  o f  the  lower l eg  a t  t he  estimateld minimum circumference.)  

I N Minimum Maximum Mean S t d D e v  CV % 

Small Female 

Hi d-S i zed Ma 1 e  

Large Male 

2  5 17.8 24.2 21.4 1.45 (cm) 6.76 
( 7-01 ( 9.5)  ( 8.4) ( 0 . 5 7 )  ( in )  

25 21 .O 28.4 22.9 1.75 (cm) 7.62 
( 8-31 ( 11-21 ( 9.0) ( 0.69) ( in )  

2  4  21 - 2  28.3 24.7 1.82 (cm) 7.36 
( 8-31 ( 11 - 1 )  ( 9.7) ( 0.72) ( in )  



A N K L E  BREADTH (condy 1 es) 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, head and body in a relaxed driving posture with the steering 
wheel removed and hands dropped to the sides of the seat, Use an 
anthropometer to measure the breadth of the left ankle from the lateral 
ma1 leolus landmark to the sphyr ion landmark. (The lateral ma1 leolus 
landmark is a point on the surface of the skin obtained by palpating the 
most prominent aspect of the lateral malleolus of the fibula, i.e., 
outside of ankle. The sphyrion landmark is a point on the surface of 
the skin obtained by palpating the most prominent aspect of the medial 
malleolus of the tibia, i.e., inside of ankle.) 

I N Hinimum Maximum Mean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Ma1 e 

24 5.9 6.6 6.3 0.18 (cm, 2.82 
( 2.3) ( 2.6) ( 2.5) (0.07) (in) 

2 5 6.7 8.0 7.3 0.31 (cm) 4.30 
( 2.6) ( 3.1) ( 2.9) (0.12) (in) 

25 6.6 8-5 7-7 0.44 (cm) 5.62 
( 2.6) ( 3.3) ( 3.0) ( 0.17) (in) 



ANKLE DEPTH (condy 1 es) 

The sub jec t  s i t s  i n  the  contoured hardseat,  f e e t  p laced f i r m l y  on the  
toeboard, head and body i n  a re laxed  d r i v i n g  pos tu re  w i t h  the  s t e e r i n g  
wheel removed and hands dropped t o  the  s ides  o f  the  seat.  Use an 
anthropometer he ld  perpend icu la r  t o  the  long a x i s  o f  t he  lower l eg  t o  
measure the  depth o f  the  l e f t  ank le  a t  the  l e v e l  o f  t he  l a t e r a l  
ma1 l e o l u s  landmark and the  sphyr i on  1 andmark. (The l a t e r a l  ma1 1 eolus 
landmark i s  a p o i n t  on the  su r face  o f  the  s k i n  ob ta ined  by p a l p a t i n g  the  
most prominent aspect o f  the  l a t e r a l  m~a l leo lus  o f  the  f i b u l a ,  i .e., 
o u t s i d e  o f  ankle.  The sphyrion.landm& i s  a p o i n t  on the  su r face  o f  
t he  s k i n  obta ined by p a l p a t i n g  the  most prominent aspect o f  the medial 
ma l l eo l us  o f - t h e  t i b i a ,  i.e., i n s i d e  o f  ankle.) 

I N Minimum Maximum Mean Std Dev C V  % 

Small Female 

Large Male 9.1 1.1 .2 10.2 0.59 (cm) 5.84 I 25 ( 3 . 6 )  1 4.4) ( 4.01 ( 0 . 2 3 )  ( in )  

2 5 7.3 8 9 8.1 0.45 (cm) 5.58 
( 2 *9 )  ( 3.5) ( 3.2) ( 0.18) ( in )  

Mid-Sized Male 25 8.1 10.4 9.4 0.54 (cm) 5 - 7 9  
( 3.2) ( 4.1) ( 3.7) ( 0.21) ( in )  



A N K L E  Cl RCUMFERENCE (condyles) 

The subject sits in the contoured hardseat, feet placed firmly on the 
toeboard, head and body in a relaxed driving posture w i t h  the steering 
wheel removed. Use a steel tape to measure the circumference of the 
left ankle in a plane through the lateral malleolus landmark and the 
sphyrion landmark. (The lateral ma1 leolus landmark is a point on the 
surface of the skin obtained by palpating the most prominent aspect of 
the lateral rnalleolus of the fibula, i.e., outside of ankle. The 
sphyrion landmark is a point on the surface of the skin obtained by 
palpating the most prominent aspect of the medial malleolus of the 
tibia, i,e., inside of ankle.) 

I N Mi nimum Maximum Mean Std Dev CV % 

Small Female 

Mid-Sized Male 

Large Male 

2 5 20.6 24.7 22 .O 0.89 (cm) 4.05 
( 8-11 ( 9.7) ( 8.7) ( 0.35) (in) 

2 5 24.5 28.4 26.1 1.10 (cm) 4.19 
( 9.6) ( 11.2) ( 10.3) ( 0.43) (in) 

2 4 26.2 31.2 28.7 1.16 (cm) 4.05 
( 10.3) ( 12.3) ( 11.3) ( 0.46) (in) 



APPENDIX I 

PHASE I I  I MEASUREHENT RESULTS 

(STAT I ST I CS) 

The f o l l o w i n g  t a b l e s  p resen t  t h e  s t a t i s t i c a l  r e s u l t s  

ob ta ined  f rom measurements taken i n  t h e  contoured hardseats .  

Coordinate va lues  g i ven  a re  i n  t he  l a b o r a t o r y  system X ,  Y L ,  

ZL) . Subsc r ip t s  have been o m i t t e d  f rom t h e  t a b l e s  t o  condense 

the  l i s t i n g s .  
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TABLE 1.1 

SMALL FEMALE STANDARD ANTHROPOMETRY 
(Descriptive Statistics. cm or as noted) 

Measurement Variable 

Age (years) . . . . . . . . . . .  
Stature . . . . . . . . . . . . .  
Weight (kg) . . . . . . . . . . .  
Sitting Height (erect) . . . . .  
Buttock-Knee Length . . . . . . .  
CervicaleHeight . . . . . . . .  
Trochanterion Height . . . . . .  
Tibiale Height . . . . . . . . .  
Head Breadth . . . . . . . . . .  
Head Length . . . . . . . . . . .  
Head Height . . . . . . . . . . .  
Shoulder Breadth . . . . . . . .  
Biacromial Breadth . . . . . . .  
Clavicale Length . . . . . . . .  
Suprasternale-Cerv. Dist . . . . .  
Bispinous Breadth . . . . . . . .  
Acromion-Radiale Length . . . . .  
Shoulder-Elbow Length . . . . . .  
Elbow-Hand Length . . . . . . . . .  
Radius Length . . . . . . . . . . .  
Hand Breadth . . . . . . . . . .  
Hand Length . . . . . . . . . . .  

. . .  Troth.-to-Lat. Fem . Condyle 
Tibia Length . . . . . . . . . .  
Foot Breadth . . . . . . . . . .  
Foot Length . . . . . . . . . . .  
Head Circumference . . . . . . .  
Shoulder Circumference . . . . .  
Chest Circumference (axi 1 la) . . 
Chest Circumference (nipple) . . 
Waist Circumference . . . . . . .  
Hip Circumference . . . : . . . .  
Upper Arm C i rcumf erence (b i ceps) 
Forearm Circumference . . . . . .  . . . .  Thigh Circumference (mid) 
Calf Circumference . . . . . . .  
Skinfold. Subscapular (mm) . 
Skinfold. Triceps (mm) . . . . .  
Skinfold. Suprail iac (mm) . . . .  
Skinfold. Posterior Mid-Calf (mm) 

N 

25 
25 
25 
25 
25 

25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 

Mi n . 
19.0 
145.9 
42.5 
78.5 
50.1 

125.4 
65.6 
37.4 

13.4 
17.4 
12.2 
34.9 
31.4 
14.1 
9.1 
18.3 
23.9 
26.4 
37 *4 
20.4 
6.6 
14.6 
28.0 
31.6 
7.8 
20.8 

51 . 0 
85.2 
73.0 
70.3 
58.1 
80.3 
22.6 
19.1 
43 . 0 
29.0 

6.0 
8.0 
7.0 
5.0 

S . D .  

15.4 
2.6 
2.4 
1 . 9 
1.5 

2.4 
2.8 
2.0 

0.6 
0.6 
2.0 
1.4 
1.5 
0.9 
0.6 
1.1 
1.6 
1.7 
1.5 
1 . 0 
0.4 
0.8 
2.1 
1.8 
0.5 
0.9 

1.4 
3.0 
3.5 
4.5 
4.3 
3.3 
1.4 
1.0 
3.0 
1.5 

4.3 
4.2 
8.1 
3.6 

Max . 
65.0 
155.5 
50.9 
85.0 
55.6 

134.1 
77.5 
45.3 

15.7 
19.7 
21.7 
40.1 
36.3 
18.0 
11.2 
22.3 
31 .. 7 
34.0 
43.4 
24.6 
7.9 
18.3 
37.7 
37.6 
9 7 
24.8 

56.7 
99.5 
85.6 
90.3 
73.6 
96.0 
27.5 
23.2 
54.4 
34.7 

21.0 
22.0 
35.0 
20.0 

Mean 

39.8 
151.3 
46.9 
81.2 
52.1 

129.8 
71.8 
41.0 

14.5 
18.3 
20.0 
38.1 
34.2 
15.7 
10.2 
20.6 
27.6 
30.5 
40.0 
22.5 
7.2 
16.2 
32.9 
34.6 
8.6 
22.1 

53.4 
92.5 
79.2 
80.9 
66.0 
87.8 
25.0 
20.9 
48.0 
31.8 

1 1  $9 
15.1 
19.5 
12.2 



TABLE 1 . 2 

SMALL FEMALE CONTOURED HARDSEAT ANTHROPOMETRY 
(Desc r i p t i ve  S t a t i s t i c s .  cm o r  as noted) 

Measurement Var iab le  I N 

. . . . . . . .  S i t t i n g  Height  . . . . . . .  Cerv ica le  Height . . . . . . . . . .  Chin Height  
. . . .  Neck Length ( an te r i o r )  . . . . . .  Neck Breadth (mid) . . . . . . .  Neck Depth (mid) . . .  Neck Circumference (mid) . . . . .  Neck Breadth (lower) . . . . . .  Neck Depth ( lower) 

Neck Circumference (lower) . . 
. . . . .  Shoulder Height  (mid) . . . . . . . .  Acromion Height  

C1av.-to-Acr. C lav ic  . A r t i c  . . . . . . . . .  Shoulder Breadth . . . .  Shoulder Circumference 
. . . . . .  Biacromia l  Breadth . . . . . .  Torso Depth (upper) 

Shoulder Depth (scye) . . . . .  . . . . . . . .  A x i i l a r y  Depth 

. . . . . . .  A r m  Angle (upper) . . . . . . .  A r m  Angle (lower) 
R igh t -Le f t  Med . Hum . Epicondyle . . . . . .  R igh t -Le f t  S t y l i o n  . . .  A r m  C i  rcumference (scye) 

. . . . . .  A r m  Breadth (upper) . . . . . . .  A r m  Depth (upper) . . .  A r m  Circumference (upper) . . .  A r m  Breadth (above elbow) . . . .  A r m  Depth (above e l  bow) 
A r m  C i rcumference (above e l  bow) 

. . . . . . .  Olecranon Height 
Elbow Breadth . . . . . . . . .  

. . . . . . . . . .  Elbow Depth 
Elbow Circumference . . . . . .  
Forearm Breadth (upper) . . . .  

. . . . .  Forearm Depth (upper) 
Forearm C i rcumf erence (upper) . 
Forearm C i rcumf erence (1 ower) . 
Wr i s t  Breadth (condyles) . . .  
Wr i s t  Depth (condyles) . . . .  
Wr i s t  C i rcumf erence (condy 1 es) 

S.D.  
. 

Min . Max . Mean 



TABLE 1.2 
HARDSEAT ANTHROPOMETRY STAT I ST I CS: SMALL FEMALE (Continued) 

Measurement V a r i a b l e  

Chest He igh t  (n ipp le )  . . . . .  
Chest He igh t  ( p o s t e r i o r  scye) . 
C h e s t B r e a d t h  ( a x i l l a )  . . . .  
Chest Circumference (axi  1 l a )  . 
Chest Breadth (n ipp le )  . . . .  
Chest Circumference (n ipp le )  . 
Chest Circumference (10th r i b )  
Waist  Breadth (umbi l i cus)  . . .  
Waist  Depth (umb i l i cus )  . . . .  
Wa i s t  C i rcumf erence (umb i 1 i cus) 
Abdominal Breadth (maximum) . . 
Abdominal Depth (maximum) , . . 
Abdorni n a l  C i rcumference (max .) 

l l i o c r i s t a l e  He igh t  . . . . . .  
Thigh-Abdom. Junct .  He igh t  . . 
Ant.-Sup. I l i a c  Spine He ight  . 
T rochan te r i on  He igh t  . . . . .  
H i p  Breadth (max.) . . , . . .  
B i t r o c h a n t e r  Breadth . . . . .  
Leg Angle (upper) . . . . . . .  
Leg Angle ( lower)  . . . . . . .  
R i g h t - L e f t  Med. Fem. Ep icondy le  
R i g h t - L e f t  Sphyr ion  . . . . . .  
Troc . - t o -La t .  Fem. Condyle . . 
Th igh Breadth (upper) . . . . .  
Th igh Circumference (upper) , . 
Th igh Breadth (mid) . . . . . .  
Thigh Circumference (mid) . . .  
Knee He ight  . . . . . . . . . .  
Knee Breadth . . . . . . . . .  
KneeDepth  ( p o p l i t e a l )  . . . .  
Knee Circumference . . . . . .  
C a l f  Breadth . . . . . . . . .  
Ca l f  Depth . . , . . . . . . .  
C a l f  Circumference . . . . . .  
Ankle Breadth (min.) . . . . .  
Ankle Depth (min.) . . . . . .  
Ankle Circumference (min.) . . 
Ankle Breadth (condyles) . . .  
Ankle Depth (condyles) . . . .  
Ank 1 e C i rcumf erence (condy 1 es) 

N 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
24 
25 
25 

Min. 

45.8 
52.2 
23.8 
75.0 
25.2 
76.4 
60.1 
21 .O 
16.1 
61.1 
24.0 
18 .O 
67 95 

33 4 
30.7 
32.3 
24.1 
33.5 
34.5 

1.0" 
45.0" 

1.6 
8.0 

35.1 
14.5 
45.8 
9 * 9 

37 - 0  
33.8 

7 e6 
10.1 
3 1  - 5  

8 3 
8.5 

28.3 
4.4 
6.0 

17.8 
5 - 9  
7.3 

20.6 

Max. 

5 5 - 5  
57.5 
29.4 
89.0 
30.8 
92.6 
80.2 
29.1 
23.0 
84.4 
3393 
24.4 
89.2 

37.8 
34.5 
36.6 
26.3 
3 9 - 5  
40.5 

18.0" 
64.0" 
13.6 
14.0 
41.2 
21.4 
56.7 
14.5 
47.2 
44.5 
10.3 
11.9 
37.0 
10.5 
10.6 
34.5 

7 - 0  
7 9 5  

24.2 
6.6 
8.9 

24.7 

Mean 

51.7 
5 5 - 1  
26.0 
82.4 
27.6 
83.3 
68.9 
24.7 
18.8 
70.8 
27 -9  
21.0 
75.4 

35.3 
32.7 
34.2 
24.8 
35.6 
36.9 

9.3" 
53.4" 

6.4 
11.3 
38.1 
17.6 
50.1 
12.5 
42.7 
38.8 

8 - 7  
1 1 . 1  
33.9 

9 . 4 
9 6 

31 -5  
6.0 
6 - 7  

21.4 
6.3 
8 .1  

22.0 

S.D. 

2.2 
1.5 
1.2 
3.9 
1.5 
3 9 
5.3 
2.1 
1 a 5  

5 3 
2.2 
1.6 
5.0 

1 . 1  
0.9 
0.9 
0.6 
1.8 
1 - 7  

5.0 
4.5 
3.1 
1.3 
1.8 
1.5 
2.6 
1 - 3  
2.4 
2.5 
0.6 
0 - 5  
1.6 
0.6 
0.5 
1.4 
0.6 
0.4 
1.4 
0.2 
0.4 
0.9 



TABLE 1.3 

SMALL FEMALE SURFACE LANDMARK LABORATORY COORDINATES 
( D e s c r i p t i v e  S t a t i s t i c s ,  mrn) 

Max. 

720 
645 

1035 

707 
676 

loo8  

631 
705 
988 

644 
698 
929 

718  
647 
916 

560 
638 
895 

535 
637 
829 

539 
633 
707 

583 
631 
579 

603 
631 
558 
618 
627 
492 

Reference No. and Landmark 

H E A D  AND NECK: 

1 .  G l a b e l l a  . . . . . . . .  

2. l n f r a o r b i t a l e  . . . . . .  

. . . . . . . . .  3 .  T rag ion  

4. Gonion . . . . . . . . .  

5. Gnathion . . . . . . . .  

SPINE AND SCAPULA: 

7 .  c7 . . . . . . . . . . .  

8. T4 . , . . . . . . . . .  

9. T8 . . . . . . . . . . .  

10. T 1 2 . .  . . . . . . . . .  

1 1 . ~ 2  . . . . . . . . . . .  

12. ~5 . . . . . . . . . . .  

N 

25 
25 
25 

25 
25 
25 

22 
22 
22 

25 
25 
25 

25 
25 
25 

18 
18 
j 8  

24 
24 
24 

24 
24 
24 

23 
23 
23 

24 
24 
24 

21 
21 
21 

Coord. 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

x 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
x 
Y 
Z 

x 
Y 
Z 

Min.  

625 
598 
974  

613 
627 
946 

537 
666 
946 

552 
660 
884 

625 
599 
859 

489 
608 
839 

480 
609 
746 

491 
612 
597 

533 
611 
512 

558 
610 
472 

580 
613 
426 

Mean 

665 
619 

1003 

652 
651 
975 

575 
686 
970 

588 
674 
909 

664 
619 
890 

517 
619 
870 

496 
619 
789 

508 
619 
667 

555 
619 
547 

575 
619 
504 

601 
619 
448 

7 

S . D .  

25.0 
11.5 
17.0 

24.7 
11.9 
16.7 

25 -8  
9.9 

12.6 

23.4 
9.6 

13.0 

23.5 
11.2 
14.5 

20.4 
8.6 

13.7 

13.5 
6.4 

22.5 

11.3 
5.2 

31.1  

13.7 
5.1 

17.4 

12.8 
5.1 

19.7 
10.9 

3 . 5  
16.7 



TABLE 1.3 
LANDMARK LABORATORY COORD l NATE STAT I ST I CS: SMALL FEMALE (Cont i nued) 

Min. 

538 
611 
517 

470 
649 
787 
480 
712 
692 

583 
608 
789 

621 
608 
743 

639 
605 
700 
--- 
--- 
--- 
690 
683 
614 

720 
611 
559 

733  
6 1 1  
551 
750 
611 
530 

641 
725 
530 

N 

23 
23 
23 

21 
21 
21 

24 
24 
24 

25 
25 
25 

25 
25 
25 

25 
25 
25 

0 
0 
0 

25 
25 
25 

24 
24 
24 

25 
25 
25 

25 
25 
25 

25 
25 
25 

Reference No. and Landmark 

SPINE AND SCAPULA (Continued) 

13. 10th Rib,  mid-sp ine . . . 

14. Scapula, Sup. Marg . . . 

15. Scapula, I n f .  Marg , , . 

CHEST AND TORSO: 

18. Supras te rna le  . . . . . . 

19. Mesosternale . . . . . . 

20. Substerna le  . . . . . . . 

21. Birnarnrnary M i d l i n e  . . . . 

22. N i p p l e  . . , . . . . . . 

23. 10th R ib ,  Ant .  M i d l i n e  . 

24. Umb i l i cus  . . . . . . . . 

25. Max. Abdom. P r o t r u s i o n  . 

26. 10th R ib  . . . . . . . . 

Coord. 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

Max. 

582 
632 
581 

528 
712 
840 

541 
749 
741 

654 
635 
836 

674 
633 
805 

690 
628 
768 
--- 
- - - 
--- 
756 
726 
704 

779 
627 
594 

789 
626 
587 
806 
626 
575 
678 
767 
582 

Mean 

554 
619 
551 

493 
685 
804 

505 
728 
717  

611 
619 
816 

645 
619 
778 
666 
619 
7 4 1  
--- 
--- 
--- 
716 
704 
675 

745 
619 
575 

756 
619 
566 

7 7 7  
619 
554 

659 
748 
550 

S.D. 

11 - 5  
5.0 

14.0 

15.4 
15.3 
14.2 

17.7 
10.9 
13.3 

17.8 
5.9 

11.3 

14.9 
5.7 

13.7 
12.5 
5.5 

14.7 

- - 
- - 
- - 

15.2 
1 1 . 1  
20.9 

16.3 
4.9 
9.0 

16.6 
4.2 
9.9 

15.9 
4.9 

11.2 

10.2 
9.5 

10.7 



TABLE 1.3 
LANDMARK LABORATORY COORD l NATE STAT I S'TI C S :  SMALL FEMALE (Cont i nued) 

Reference No. and Landmark 

PELVIS AND HIP: 

27. l l i o c r i s t a l e  . . . . . .  

28. Ant .  Sup. I l i a c  Spine . . 

29. Pubic Symphysis . . . . .  

30. Thigh-Abdorn. J u n c t i o n  . . 

31a. Trochanter  i o n  (pa lpated)  

31b. Trochanter  i o n  ( r e c o n s t r  .) 

SHOULDER: 

33. C l a v i c a l e  . . . . . . . .  

34.  Acr,-Clav. A r t i c  . . . .  

35. Gr. Tuberc le  Humerus . . 

36. Acromion . . . . . . . .  

37. Scye, a n t e r i o r  * . . . * I  
. . . . .  38. Scye, p o s t e r i o r  

Min. Max. Mean S.D.  



TABLE 1.3 
LANDMARK LABORATORY COORD l NATE STAT I ST I CS: SMALL FEMALE (Cont i nued) 

Reference No. and Landmark 

ARM AND HAND: 

39. La t .  Hurneral Ep icondy le  . 

40. Rad ia le  . . . . . . . . .  

4 1 .  Med.Humera1 E p i c o n d y l e .  

42. Olecranon . . . . . . . .  

43. U lnar  S t y l o i d  . . . . . .  

44. S t y l i o n  . . . . . . . . .  

LEG AND FOOT: 

45. La t .  Femoral Condyle . . 

46. Med. Femoral E p i c o n d y l e .  

47. T i b i a l e  . . . . . . . . .  

. . . . . . . . .  48. P a t e l l a  

49. Sphyr ion  . , . . . . . ,  

50. Meta tarsa l /Pha langea l  I . 

Mean 

767 
830 
631 

783 
826 
618 

770 
769 
615 

789 
802 
602 

885 
801 
808 

876 
755 
812 

1115 
738 
497 

1120 
651 
494 

1133 
654 
483 

1159 
700 
516 

1354 
676 
253 

1453 
695 
305 

S . D .  

20.0 
14.0 
24.0 

20.5 
15.0 
23.6 

20.6 
15.5 
20.4 

22.7 
17.5 
22.0 

9.0 
1 1 . 7  
18.3 

8.4 
12.9 
17.2 

12.5 
27.0 
24.1 

9.6 
24.8 
27.0 

9.1 
24.5 
26.3 

11.8 
29.1 
25.7 

8.1 
9.3 
4.4 

5.3 
7.6 
7 09 

Coord. 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

x 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

N 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

24 
24 
24 

25 
25 
25 

25 
25 
25 

Min. 

7 1 9  
806 
577 

734 
807 
565 

718 
741 
562 

738 
776 
555 
868 
782 
7 7 1  

856 
733 
779 

1092 
668 
448 

1102 
593 
443 

1 1 1 7  
596 
430 

1140 
627 
459 

1339 
649 
247 

1443 
679 
293 

Max. 

815 
865 
671 

835 
865 
658 

816 
810 
651 

843 
851 
644 

905 
832 
848 

886 
792 
841 

1147 
796 
545 

1141 
706 
556 

1156 
709 
545 

1191 
767 
571 

1370 
696 
263 

1463 
712 
321 



TABLE 1.3 
LANDMARK LABORATORY COORD l NATE STAT I ST I C S :  SMALL FEMALE (Cont i nued) 

Reference No. and Landmark 

LEG AND FOOT (Continued) 

51. D i g i t  I I  . . . . . . . . 

52. Meta ta rsa l /Pha langea l  V . 

53. L a t e r a l  M a l l e o l u s  . . . . 

ANTHRO. MEASUREMENT PO l NTS 

93. Neck, m id  . . . . . . . . 

94. Neck, lower . . . . . . . 

95. A r m ,  upper . . . . . . . 

96. Forearm, upper . . . . . 

97. Forearm, lower . . . . . 

98. Th igh ,  upper . . . . . . 

99. Th igh ,  m id  . . . . . . . 

100. C a l f  . . . . . . . . . .  

101. Ank le  . . , . . . . . . . 

Coord. 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
x 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

N 

24 
24 
24 

25 
25 
25 

25 
25 
25 

24 
24 
24 

24 
24 
24 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

Min. 

1472 
726 
336 

1428 
758 
259 

1327 
704 
221 

537 
652 
855 

531 
656 
832 

617 
799 
693 

771 
809 
645 

833 
791 
712 

839 
749 
442 

941 
720 
455 

1181 
705 
350 

1261 
690 
265 

S.D.  

6.4 
9.8 
8.6 

5.6 
10.7 
9.1 

6.7 
10.4 
5.2 

21.3 
8.3 

12.1 

21.1 
7.6 

12.8 

19.3 
8.6 

15.3 

15.9 
12.3 
21.4 

10.7 
11.2 
20.2 

13.8 
19.4 
10.5 

13.3 
21.3 
19.0 

8.1 
20.6 
23.4 

10.8 
14.6 
16.3 

Max. 

1498 
753 
371 

1449 
808 
300 

1349 
752 
239 

616 
682 
898 

611 
687 
874 

692 
836 
760 

844 
851 
720 

876 
838 
787 

891 
830 
487 

1008 
812 
530 

1213 
792 
450 

1303 
762 
337 

Mean 

1484 
745 
351 

1438 
776 
278 

,1339 
734 
231 

569 
665 
881 

562 
671 
856 

658 
818 
731 

813 
826 
688 

853 
809 
751 

868 
788 
458 
976 
766 
483 

1198 
755 
381 

1281 
736 
293 



TABLE 1.4 

MID-SIZED MALE STANDARD ANTHROPOMETRY 
( D e s c r i p t i v e  S t a t i s t i c s .  cm o r  as noted) 

Measurement V a r i a b l e  

Age (years) . . . . . . . . . . .  
S t a t u r e  . . . . . . . . . . . . .  
Weight (kg) . . . . . . . . .  
S i t t i n g  He igh t  ( e r e c t )  . . . . .  
Buttock-Knee Length . . . . . . .  
C e r v i c a l e  He igh t  . . . . . . . .  
Trochan te r i on  H e i g h t  . . . . . .  
T i b i a l e  He igh t  . . . . . . . . .  
Head Breadth . . . . . . . . . .  
Head Length . . . . . . . . . . .  
Head He ight  . . . . . . . . . . .  
Shoulder Breadth . . . . . . . .  
B iac romia l  Breadth . . . . . . .  
C l a v i c a l e  Length . . . . . . . .  
Suprasternale-Cerv . D i s t  . . . . .  
Bisp inous Breadth . . . . . . . .  
Acromion-Radiale Length . . . . .  
Shoulder-Elbow Length . . . . . .  
Elbow-Hand Length . . . . . . . .  
Radius Length . . . . . . . . . .  
Hand Breadth . . . . . . . . . .  
Hand Length . . . . . . . . . . .  
Troth.-to-Lat. Fem . Condyle . . .  
T i b i a  Length . . . . . . . . . .  
Foot  Breadth . . . . . . . . . .  
Foot  Length . . . . . . . . . . .  
Head Circumference . . . . . . .  
Shoulder Circumference . . . . .  
Chest Circumference (ax i  1 l a )  . . 
Chest Circumference (n ipp le )  . . 
W a i s t  Ci rcumference . . . . . . .  
H i p  Circumference . . . . . . . .  
Upper Arm C i rcumf erence (b i ceps) 

. . . . . .  Forearm Circumference 
Th igh  Circumference (mid) . . . .  
Ca l f  Ci rcumference . . . . . . .  
S k i n f o l d .  Subscapular (mm) . . .  
S k i n f o l d .  T r i c e p s  (mm) . . . . .  
S k i n f o l d .  S u p r a i l  i a c  (mm) . . . .  
S k i n f o l d .  P o s t e r i o r  Mid-Ca l f  (mm) 

N 

25 
25 
25 
25 
25 

25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 

M i  n . 

20.0 
171.2 
70.0 
87.2 
55.9 

145.6 
84.0 
45 . 0 

14.4 
18.8 
21.8 
41.3 
35.7 
16.6 
11.6 
18.7 
30.8 
32.6 
44.5 
24.8 

7 0 6  
17.6 
38.4 
36.2 

8.4 
24.6 

53.3 
102.3 
91.0 
89.3 
77.2 
87.3 
24.6 
21 . 8 
45 7 
33.8 

10.0 
4.0 
7 . 0 
3.0 

Max . 

61.0 
178.6 

83.6  
95.0 
62.6 

153.8 
95.7 
51.8 

16.9 
21.4 
24.9 
47.6 
43.2 
19.9 
13.8 
27.7 
35.1 
38.5 
49.7 
29.1 
10.2 
19.5 
46.2 
44.3 
10.8 
27.8 

60.9 
120.0 
104.5 
102.5 
94.7 

101.5 
35.0 
28.6 
57.3 
39.8 

30.0 
25.0 
37.0 
20.0 

Mean 

38.1 
175.1 
76.7 
91.1  
59.3 

149.8 
90.5 
48.3 

15.8 
19.7 
23.1 
44.9 
39.5 
18.3 
12.6 
22.5 
32.9 
36.5 
47 .4  
26.9 

8.5 
18.7  
43.5 
40.2 

9.6 
26.4 

57.1 
111.5 
97.3  
96.1 
85.9 
94.4 
29.9 
25.4 
51.5 
36.7 

15.1 
10.0 
21.1 
9.9 

S.D.  

12.2 
2.1 
3.5 
2 .  3 
2.1 

2.2 
2.3 
1 . 9 

0.6 
0.7 
0.8 
1 .7  
1.9 
0.9 
0.6 
1.9 
1.2 
1 .3  
1.3 
1 . 1 
0.6 
0.5 
2.0 
2.2 
0.5 
0.8 

1 . 9 
5.3 
3.2 
3.6 
5.2 
3.1 
2.0 
1.7 
3.2 
1 . 7  

4 .5  
6.2 
8.0 
5.1 



TABLE 1.5 

MID-SIZED MALE CONTOURED HARDSEAT ANTHROPOMETRY 
( D e s c r i p t i v e  S t a t i s t i c s .  cm o r  as noted) 

S.D. 

1.8 
1 * 7  
2.3 
1.5 
0.6 
0.7 
1.4 
0.7 
0.6 
1.3 

1.5 
1.8 
0.8 
1.5 
3.5 
1.2 
1.2 
1 .  0 
1 .  0 

6.0 
3.9 
2.2 
1.7 
2.5 
0.6 
1.0 
1 e 7  

0.6 
0.5 
1.5 
2.0 
0.4 
0.4 
1 . 1  
0.5 

Mean 

100.3 
75.3 
77.4 

8.5 
11.4 
11.5 
38 .3  
12.2 
11.5 
39.3 

72.1 
68.3 
17.4 
46.8 

119.9 
40.7 
11.9 
14.5 
1 1 . 7  

40.4" 
35..g0 
33.8 
27.0 
45.3 

8.6 
10.8 
31.5 

8 9 3 
8.2 

28.4 
45.0 

8 . 0 
9 2 

28.5 
8.2 
8.6 

27.5 
18.3 
5.9 
4 . 1  

16.9 

Measurement V a r i a b l e  

. . . . . . . .  S i t t i n g  He igh t  . . . . . . .  C e r v i c a l e  He igh t  . . . . . . . . . .  Chin He igh t  . . . .  Neck Length ( a n t e r i o r )  
. . . . . .  Neck Breadth  (mid) 

Neck Depth (mid) . . . . . . .  . . .  Neck Circumference (mid) 
. . . . .  Neck Breadth  ( lower)  

Neck Depth ( lower)  . . . . . .  
Neck Circumference ( lower)  . . 

. . . . .  Shoulder He igh t  (mid) . . . . . . . .  Acromion He igh t  
C1av.-to-Acr. C l a v i c  . A r t i c  . . 
Shoulder Breadth  . . . . . . .  
Shoulder Circumference . . . .  

. . . . . .  B iac romia l  Breadth  
Torso Depth (upper) . . . . . .  
Shoulder Depth (scye) . . . . .  
A x i l l a r y  Depth . . . . . . . .  
A r m  Angle (upper) . . . . . . .  
A r m  Angle ( lower)  . . . . . . .  
R i g h t - L e f t  Med . Hum . Epicondy le  

. . . . . .  R i g h t - L e f t  S t y l i o n  
A r m  Circumference (scye) . . .  
A r m  Breadth  (upper) . . . . . .  
A r m  Depth (upper) . . . . . . .  
A r m  Circumference (upper) . . .  
A r m  Breadth  (above elbow) . . .  
A r m  Depth (above elbow) . . . .  
A r m  C i  rcumference (above e l  bow) 
Olecranon He igh t  . . . . . . .  
Elbow Breadth  . . . . . . . . .  
Elbow Depth . . . . . . . . . .  
Elbow Circumference . . . . . .  
Forearm Breadth  (upper) . . . .  
Forearm Depth (upper) . . . . .  
Forearm C i rcumf erence (upper) . 
Forearm C i rcumference ( lower)  . 
W r i s t  Breadth  (condyles) . . .  
W r i s t  Depth (condyles) . . . .  
W r i s t  C i  rcumference (condyles) 

N 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
23 
25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

M i  n . 

97.0 
72.1 
73.7 

5 8 
10.4 
10.4 
35.8 
1 1 . 1  
10.6 
37.0 

69.1 
65.5 
15.9 
42.5 

113.9 
38.5 
10.1 
12.9  
9 9 

29.0' 
28.0. 
30.6 
23.6 
41.7 

7 3 
7.6 

29.0 
7 2 
7.2 

25 9 
41.2 

7 *  1 
8.1 

26.2 
7.2 
7.9 

25.5 
16.0 
5.4 
3.8 

15.7 

Max . 

104.4 
78.5 
81.8 
10.7 
12.9 
12.9 
41.6 
13.6 
12.7 
42.0 

75.2 
7 1 . 3  
18.7 
48.9 

126.8 
42.7 
14.6 
16.5 
13.9 

52.0" 
42.0" 
38.1 
30.2 
51.4 

9.6 
13.3 
35.0 

9.2 
9.1 

31 . 1 
48.2 

8 9 
9 8 

30.3 
9.1 
995 

30.4 
20.6 

6.7 
5.1 

18.3 



TABLE 1.5 
HARDSEAT ANTHROPOMETRY STAT I ST.1 C S :  MI D - S  I  ZED MALE (Continued) 

Measurement V a r i a b l e  

Chest He igh t  ( n i p p l e )  . . . . .  
Chest He igh t  ( p o s t e r i o r  scye) . 
Chest Breadth  (ax i  1 l a )  . . . .  
Chest Circumference (ax i  1 l a )  . 
Chest Breadth  ( n i p p l e )  . . . .  
Chest Circumference (n ipp le )  . 
Chest Circumference (10th  r i b )  
Waist Breadth  (umbi 1 i cus )  . . .  
Waist  Depth (umbi 1 i cus)  . . . .  
Wa i s t  C i rcumf erence (umb i 1 i cus) 
Abdominal Breadth  (maximum) . . 
Abdominal Depth (maximum) . . .  
Abdominal C i rcumference (max.) 

l l i o c r i s t a l e  H e i g h t  . . . . . .  
Thigh-Abdom. Junc t .  He igh t  . . 
Ant,-Sup. I l i a c  Spine He igh t  . 
T rochan te r ion  He igh t  . . . . .  
H i p  Breadth (max.) . . . . . .  
B i t r o c h a n t e r  Breadth  . . . . .  
Leg Angle (upper) . . . . . . .  
Leg Angle ( lower)  . . . . . . .  
R i g h t - L e f t  Med. Fem. Ep icondy le  
R i g h t - L e f t  Sphy r ion  . . . . . .  
Troc . - to -La t .  Fem. Condyle . . 
Th igh Breadth  (upper) . . . . .  
Thigh Circumference (upper) . . 
Th igh Breadth  (mid) . . . . . .  
Thigh Circumference (mid) . . .  
Knee Height  . . . . . . . . . .  

. . . . . . . . .  Knee Breadth 
Knee Depth ( p o p l i t e a l )  . . . .  

. . . . . .  Knee Circumference 
. . . . . . . . .  C a l f  Breadth 

Cal f  Depth . . . . . . . . . .  
. . . . . .  Ca l f  Circumference . . . . .  A n k l e B r e a d t h  (min.) 
. . . . . .  Ankle Depth (mi n.) 

Ankle Circumference (min.) . . . . .  Ankle Breadth  (condyles)  
Ankle Depth (condyles)  . . . .  
Ank 1 e C i rcumference (condyles)  

Min. 

52.1 
54.4 
27.8 
99.2 
32.5 
95.4 
80.2 
27 7 
20.0 
80. 0 
29.4 
22.8 
80.2 

34.4 
33.1 
32.9 
27.6 
34.6 
30.6 

10.0' 
42.0' 

9 2 
10.7 
41.4 
16.2 
53 4 
13.2 
44.2 
40.9 

9.2 
12.2 
36.3 

9 4 
10.8 
33.5 

5 2 
7 - 0  

21 .O 
6.7 
8.1 

24.5 

N 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
23 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

Max. 

60.4 
59.9 
32.8 

111.2 
38.3 

105.5 
99.3 
35.1 
27.7 
97.1 
35.9 
30.3 
99.2 

3 7 - 3  
36.2 
3 6 - 7  
30.9 
41.0 
38.8 

24.0' 
58.0' 
27.0 
14.9 
48.8 
22.4 
64.0 
17.5 
55.0 
48.2 
1 1  .O 
14.0 
41.9 
11.8 
12.6 
3 9 - 5  

7.7 
9 2 

28.4 
8.0 

10.4 
28.4 

Mean 

55.4 
57.0 
30.4 

103.9 
34.9 

101.0 
90.9 
31.4 
24.4 
90.4 
32.5 
26.9 
91.3 

35.7 
34.5 
34 -7  
29.2 
38.5 
32.9 

18.1' 
52.6" 
17.4 
12.2 
44.7 
19.4 
57.9 
15.5 
50.4 
45.3 
10.1 
13.2 
39.2 
11.0 
11.8 
37.3 

6.1 
7.6 

22.9 
7.3 
9.4 

26.1 

S . D .  

2.1 
1.6 
1 .I 
3 2 
1.6 
3.1 
5 2 
2.1 
1.8 
5.1 
1.8 
2 .O 
5 3 

0.8 
0.9 
0 9 
1 .O 
1.8 
1.7 

4.3 
3.5 
4.4 
1 . 1  
1.8 
1.3 
3.1 
1.2 
3.0 
2 3 
0 5 
0.6 
1.4 
0.6 
0.6 
1.6 
0.6 
0 05 
1.7 
0 3 
0.5 
1 . 1  



T A B L E  1.6 

MID-SIZED MALE SURFACE LANDMARK LABORATORY COORDINATES 
(Descriptive Statistics, mrn) 

R e f e r e n c e  No. and Landmark 
-- 

HEAD AND NECK: 

1 .  G labella . . . . . . . .  

2. lnfraorbitale . . . . . .  

. . . . . . . .  3. T r a g i o n .  

4. Gonion . . . . . . . . .  

. . . . . . . .  5. Gnathion 

- -- -- 

SPINE AND SCAPULA: 

7. c7 . . . . . . . . . . .  

Min. Max. Mean S.D. 

28.9 
11.8 
21.5 

28.3 
1 1 . 1  
20.5 

26.0 
11.3 
17.9 
28.8 
9 2 
19.6 

27.9 
12.4 
21 * 3  

23.0 
8.7 
17.2 

10.9 
7.8 

20.6 

7.4 
6.2 
24.7 

12.3 
6.4 

23.2 

12.2 
6 3 
18.4 

10.9 
5.5 
14.1 



TABLE I .6 
LANDMARK LABORATORY COORD l NATE STATI ST1 CS: MI D-S I Z E D  MALE (Cont i nued) 

S.D. 

8 .1  
6 .4  

14.5 

12.9 
15.7 
19.0 

10.5 
1 1 . 1  
16.1 

19.4 
7.5 

14 .4  

17*6  
8.1 

17.5 
14.7 
7.9 

19.8 

15.0 
7.5 

19.2 

14.9 
9.6 

19.8 

16.9 
8.0 

10.8 

16.6 
7.1 
7.8 

16.4 
7.6 

10.6 

16.9 
11.2 
13.7 

Mean 

415 
619 
560 

361 
698 
825 

381 
745 
689 

518 
619 
857 

559 
619 
807 

585 
619 
758 

605 
619 
703 

605 
732 
712 

672 
619 
613 

692 
619 
575 

713 
619 
551 
564 
775 
556 

Max. 

433 
633 
589 

380 
722 
867 

398 
764 
725 

547  
636 
890 

594 
638 
841 

613 
639 
787 

637 
637 
744 

639 
746 
754 

704 
638 
631 

722 
632 
589 

742 
634 
573 

603 
802 
586 

Reference No. and Landmark 

SP l NE AND SCAPULA (Cont i nued) 

13. 10 th  R ib ,  m id -sp ine  . . . 

14. Scapula, Sup. Marg . . . 

15. Scapula, I n f .  Marg . . . 

CHEST AND TORSO: 

18. Supras te rna le  . . . . . . 

19. Mesosterna le  . . . . . . 

20. Subs te rna le  . . . . . . . 

21. Bimammary M i d l i n e  . . . . 

22. N i p p l e  . . . . . . . . . 

23. 10 th  R ib ,  Ant .  M i d l i n e  . 

24. Umb i l i cus  . . - . . . . . 

25. Max. Abdom. P r o t r u s i o n  . 

26. 10 th  R i b  . . . . . . . . 

N 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

24 
2 4  
24 

Coord 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

x 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 

Min. 

401 
610 
535 

337  
664 
778 

360 
721 
650 

482 
609 
834 

517 
603 
770 

549 
608 
721 

571  
605 
677 

574 
7 1 1  
678 

632 
606 
583 

660 
606 
554 

680 
606 
531 

541 
759 
531 



TABLE 1.6 
LANDMARK LABORATORY COORD l  NATE STAT I ST1 CS:  MI D-S I Z E D  M A L E  (Cont i nued) 

Reference No. and Landmark 

PELVIS AND HIP: 

27. l l i o c r i s t a l e  . . . . . . 

28. Ant .  Sup. I l i a c S p i n e .  . 

29. Pub ic  Symphysis . . . . . 

30. Thigh-Abdom. J u n c t i o n  . . 

31a. T r o c h a n t e r i o n  (pa lpa ted)  

31b. T rochan te r  i o n  ( r e c o n s t r  .) 

S H O U L D E R :  

33.  C l a v i c a l e  . . . . . . . . 

34 .  Acr . -Clav.  A r t i c  . . . . 

35. Gr. T u b e r c l e  Humerus . . 

36. Acrornion . . . . . . . . 

3 7 .  Scye, a n t e r i o r  . . . . . 

38. Scye, p o s t e r i o r  . . . . . 

Coord 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

x 
Y 
Z 

N 

25 
25 
25 

25 
25 
25 

25 
25 
2.5 

23 
23 
23 

25 
25 
25 
- .- 
- .- 
- .- 

25 
2!; 
25 

25 
2 5 
2!; 

25 
25 
25 

25 
2 5 
2 5 
211 
211 
24 

2:; 
2:; 
23 

Min. 

552 
750 
502 

616 
705 
489 

687 
605 
4 4 3  

662 
716 
494 

605 
783 
435 
- - - 
- - - 
- - - 

470 
631 
841 

402 
786 
835 

446 
821 
814 

396 
804 
809 

526 
761 
766 

422 
795 
693 

Max. 

618 
802 
531 

657 
756 
531 

727 
635 
487 

691 
761 
522 

647 
826 
463 
- - - 
- - - 
--- 

550 
661 
902 

476 
820 
891 

519 
853 
869 

459 
844 
872 

585 
791 
841 

457 
835 
758 



TABLE 1.6 
LANDMARK LABORATORY COORD l NATE STAT I ST I CS: MI D-S I ZED MALE (Cont i nued) 

Reference No. and Landmark 

ARM AND HAND: 

39. L a t .  Humeral Ep icondy le  . 

40. R a d i a l e  . . . . . . . . .  

41. Med. Humeral Ep icondy le  . 

42. Olecranon . . . . . . . .  

43. Ulnar S t y l o i d  . . . . . .  

44. S t y l i o n .  . . . . . . . .  

L E G  AND FOOT: 

45. La t .  Femoral Condyle . . 

46. Med. Femoral Ep icondy le  . 

47. T i b i a l e  . . . . . . . . .  

48. P a t e l l a  . . . . . . . . .  

. . . . . . . .  49. Sphy r ion  

50. Meta tarsa l /Pha langea l  I . 

Coord 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
x 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 

N 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

21 
21 
21 

25 
25 
25 

25 
25 
25 

Max. 

712 
885 
696 

728 
886 
679 

712 
824 
663 

732 
860 
657 

899 
832 
839 

880 
773 
851 

1082 
842 
581 

1087 
738 
606 

1099 
741 
590 

1131 
816 
633 

1355 
698 
286 

1462 
720 
351 

Min. 

661 
828 
602 

668 
827 
590 

644 
763 
582 

670 
799 
569 
862 
794 
783 

855 
735 
793 

1042 
767 
501 

1041 
672 
522 

1057 
673 
505 

1073 
725 
558 

1333 
665 
261 

1445 
684 
324 

Mean 

689 
861 
646 

703 
862 
631 

689 
792 
621 

710 
829 
608 

883 
810 
809 
868 
754 
821 

1061 
808 
551 

1064 
706 
564 

1081 
707 
550 

1106 
769 
594 

1341 
680 
273 

1453 
703 
336 

S.D. 

16.0 
14.7 
23.8 

16.8 
14.5 
23.5 

17.3 
14.6 
21.2 

16.2 
16.2 
23.4 

8.9 
10 .1  
15.3 

6.7 
10.9 
16.6 

9.4 
17.8 
22.6 

10.8 
17.4 
23.8 

11.0 
1 7 . 1  
22.7 

14.2 
20.4 
21.4 

6.2 
6.6 
6.0 

4.9 
9.1 
7.0 



TABLE 1.6 
LANDMARK LABORATORY COORD l NATE STAT1 ST1 C:S: MI D - S  I ZED MALE (Cant i nued) 

Max. Reference No. and Landmark 

LEG AND FOOT (Continued) 

51. D i g i t  l l . . . . . . . . 

52. Meta tarsa l /Pha langea l  V . 

53. L a t e r a l  Ma l l eo lus  . . . , 

ANTHRO. MEASUREMENT POINTS 

93. N e c k , r n i d . .  . . . . . . 

94. Neck, lower . . . . . . . 

95. Arm, upper . . . . . . . 

96. Forearm, upper . . . , , 

97. Forearm, lower . . . . , 

98. Thigh, upper . . . . . . 

99. Thigh,  mid . . . . . . . 

100. C a l f  . . . . . .  . .  . . 

101. Ankle . . , . . . . . . . 

Coord 

X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

N 

25 
25 
25 

25 
25 
25 

25 
25 
25 

24 
24 
2 4  

2 4  
2 4  
2 4  

2 3  
2 3  
2 3  

214 
214 
24 

2 4  
2 4  
214 

25 
2!; 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

Min. 

1484 
741 
370 

1428 
779 
283 

1323 
732 
227 

406 
664 
903 

405 
666 
885 

517 
838 
719 

742 
829 
670 

817 
800 
743 
686 
791 
449 
82 1 
799 
490 

1154 
776 
380 

1258 
736 
283 



TABLE 1.7 

LARGE MALE STANDARD ANTHROPOMETRY 
( D e s c r i p t i v e  S t a t i s t i c s .  cm o r  as noted) 

Measurement V a r i a b l e  

Age (years)  . . . . . . . . . . .  
S t a t u r e  . . . . . . . . . . . . .  
Weight (kg) . . . . . . . . . . .  
S i t t i n g H e i g h t  ( e r e c t )  . . . . .  
Buttock-Knee Length . . . . . . .  
C e r v i c a l e  H e i g h t  . . . . . . . .  
T r o c h a n t e r i o n  H e i g h t  . . . . . .  
T i b i a l e  H e i g h t  . . . . . . . . .  
Head Breadth  . . . . . . . . . .  
Head Leng ih  . . . . . . . . . . .  
Head H e i g h t  . . . . . . . . . . .  
Shoulder  Breadth  . . . . . . . .  
B i a c r o m i a l  Breadth  . . . . . . .  
C l a v i c a l e  Length . . . . . . . .  
Supras terna le-Cerv  . D i s t  . . . . .  
B isp inous  Breadth  . . . . . . . .  
Acromion-Radia le Length . . . . .  
Shoulder-Elbow Length  . . . . . .  
Elbow-Hand Length . . . . . . . .  
Radius Length  . . . . . . . . . .  
Hand Breadth  . . . . . . . . . .  
Hand Length . . . . . . . . . . .  
Troth.-to-Lat. Fem . Condyle . . .  
T i b i a  Length . . . . . . . . . .  
Foot  Breadth  . . . . . . . . . .  
Foot  Length . . . . . . . . . . .  
Head Ci rcumference . . . . . . .  
S h o u l d e r C i r c u m f e r e n c e  . . . . .  
Chest C i rcumference ( a x i l l a )  . . 
Chest C i rcumference ( n i p p l e )  . . 

. . . . . . .  Waist  Circumference 
H i p  C i rcumference . . . . . . . .  
Upper A r m  C i rcumf erence (b i ceps) 

. . . . . .  Forearm Ci rcumference 
Th igh  C i rcumference (mid) . . . .  
C a l f  C i rcumference . . . . . . .  
S k i n f o l d .  Subscapular  (mm) . . .  
S k i n f o l d .  T r i c e p s  (mm) . . . . .  
S k i n f o l d .  Suprai  1 i a c  (mm) . . . .  
S k i n f o l d .  P o s t e r i o r  Mid-Cal f (mrn) 

N 

25 
25 
25 
25 
2 5  

24 
25 
25 

25 
25 
25 
25 
25 
24 
25 
24 
25 
24 
25 
25 
25 
24 
25 
24 
25 
25 

24 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 

M i  n . 

19.0 
182.5 
94.5 
92.2 
59.6 

156.0 
91 - 9  
51.2 

13.9 
18.1 
21.2 
44.8 
38.2 
19.0 
12.1 
23.6 
33 8 
35.0 
48.4 
26.9 

8 . 3 
19.2 
43.7 
43.5 

9 3 
26.5 

55 . 0 
115.4 
99.2 
98.0 
96.4 
97.0 
27.7 
2 5 . 5  
47 7 
37 . 0 

1 1  . 0 
7.0 

16.0 
6 . 0 

Max . 

55.0 
191.8 
112.7 
101.2 
67.8 

165.6 
99.5 
57.2 

16.6 
21.8 
25.3 
52.1 
45.8 
22.0 
15.9 
28.7 
3 7 . 1  
41.2 
52.8 
30.4 
9.8 

20.7 
50.6 
47.6 
12.0 
29.8 

62.4 
138.3 
118.5 
119.0 
117.0 
112.6 
37.5 
31.3 
63.5 
43.4 

37.0 
26.0 
45.0 
26.0 

Mean 

36.6 
186.4 
102.6 
97.1  
63.8 

160.2 
95.6 
54 .1  

15.6 
20.2 
2 3 * 3  
48.2 
42.3 
20.7 
14.3  
25.2 
35.5 
38.2 
50.2 
28.6 

9.0 
19.7 
46.8 
45.2 
10.7 
28.2 

59.4 
126.4 
108.0 
109.8 
103.3 
105.7 
32.7 
28.2 
55.7 
40.4 

26.6 
16.3 
33.9 
16.7 

S.D.  

10.3 
2.4 
5.0 
2.6 
1.9 

2.4 
2.0 
1.6 

0.7 
0.9 
0.9 
2.1 
1 .7  
0.6 
1.0 
1 .3  
1.0 
1.3 
1.0 
0.9 
0.3 
0.4 
1 . 7  
1 . 1  
0.6 
0.9 

1.5 
5.4 
4.6 
5.0 
5.1 
3.7 
2.2 
1.3 
3.6 
1 . 9 

6.4 
5.6 
6.5 
5.9 



TABLE 1.8 

L A R G E  MALE CONTOURED HARDSEAT ANTHROPOMETRY 
( D e s c r i p t i v e  S t a t i s t i c s .  cm o r  as noted) 

Measurement V a r i a b l e  I N (  /!in . ! M a x  . 

. . . . . . . .  S i t t i n g  He igh t  
. . . . . . .  C e r v i c a l e  He igh t  

Chin He igh t  . . . . . . . . . .  
. . . .  Neck Length ( a n t e r i o r )  

. . . . . .  N e c k B r e a d t h  (mid) 
. . . . . . .  Neck Depth (mid) 

. . .  Neck Circumference (mid) 
. . . . .  Neck Breadth ( lower)  

. . . . . .  Neck Depth ( lower)  
Neck Circumference ( lower)  . . 

. . . . .  Shoulder He igh t  (mid) 
Acromion He igh t  . . . . . . . .  
C1av.-to-Acr. C l a v i c  . A r t i c  . . 

. . . . . . .  Shoulder Breadth  
. . . .  Shoulder Circumference 

. . . . . .  B iac romia l  Breadth 

. . . . . .  Torso  Depth (upper) 
Shoulder Depth (scye) . . . . .  
A x i l l a r y  Depth . . . . . . . .  

Mean 

. . . . . . .  A r m  Angle (upper) 
A r m  Angle ( lower )  . . . . . . .  
R i g h t - L e f t  Med . Hum . Ep icondy le  

. . . . . .  R i g h t - L e f t  S t y l i o n  . . .  A r m  Circumference (scye) 

. . . . . . .  A r m  Breadth  (upper) 
A r m  Depth (upper) . . . . . . .  

. . .  Arm Ci rcumference (upper) 

. . .  Arm Breadth  (above elbow) 
A r m  Depth (above e l  bow) . . . .  
Arm C i rcumf erence (above e l  bow) 
Olecranon He igh t  . . . . . . .  
Elbow Breadth  . . . . . . . . .  
Elbow Depth . . . . . . . . . .  
Elbow Circumference . . . . . .  
Forearm Breadth  (upper) . . . .  
Forearm Depth (upper) . . . . .  
Forearm C i rcumf erence (upper) . 
Forearm Circumference ( lower )  . 
W r i s t  Breadth (condyles)  . . .  
W r i s t  Depth (condyles)  . . . .  
Wr i s t  c i rcumf erenie (condy 1 es) 

S.D. 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 



TABLE 1.8 
HARDSEAT ANTHROPOMETRY STAT1 ST1 CS: LARGE MALE (Cont i nued) 

Measurement V a r i a b l e  

Chest He igh t  (n ipp le )  . . . , .  
Chest He igh t  ( p o s t e r i o r  scye) . 
Chest Breadth ( a x i l l a )  . . , . 
C h e s t c i r c u m f e r e n c e  ( a x i l l a )  , 
Chest Breadth (n ipp le )  . . . .  
Chest Circumference (n ipp le )  . 
Chest Circumference (10th r i b )  
Waist Breadth (umbi l icus)  . . .  
Waist Depth (umb i l i cus )  . . , . 
Wa i s t  C i rcumf erence (umb i 1 i cus) 
Abdominal Breadth (maximum) . . 
Abdominal Depth (maximum) . . .  
Abdominal Circumference (max.) 

l l i o c r i s t a l e  He igh t  . . . . . .  
Thigh-Abdom. Junct .  He ight  . . 
Ant.-Sup. I l i a c  Spine He igh t  . 
Trochan te r i on  He igh t  . . . . .  
H ip  Breadth (max.) . . . . . .  
B i t r o c h a n t e r  Breadth  . . . . .  
Leg Angle (upper) . . . . . . .  
Leg Angle ( lower)  . . . . . . .  
R i g h t - L e f t  Med. Fem, Ep icondy le  
R i g h t - L e f t  Sphyr ion  . . . . . ,  
Troc . - t o -La t .  Fem. Condyle . . 
Thigh Breadth (upper) . . . . .  
Thigh Circumference (upper) . . 
Thigh Breadth (mid) . . . . . .  . . .  Thigh Circumference (mid) 
Knee He igh t  . . . . . . . . . .  
Knee Breadth . . . . . . . . :  

. . . .  Knee Depth (pop1 i t e a l )  
Knee Circumference . , . . . . . . . . . . . .  Ca l f  Breadth 
Ca l f  Depth . . . . . . . . . .  

. . . . . .  Ca l f  Ci rcumference 
. . . . .  Ankle Breadth (min.) 

Ankle Depth (min.) . . . . . .  
Ankle Circumference (min.) . . 
Ankle Breadth (condyles) . . .  
Ankle Depth (condyles)  . . . .  
Ank l e C i rcumf erence (condy 1 es) 

Max. 

61.1 
61.3 
36.3 

125.4 
44.4 

128.5 
120.8 
40.2 
37.0 

121.6 
42.3 
37.9 

121.7 

39.5 
36.8 
37.2 
30.6 
48.5 
44.4 

24.0" 
56.0" 
27.9 
15.5 
51.1 
24.8 
69.7 
19.0 
63.5 
52.2 
12.3 
16.1 
45.6 
14.0 
13.8 
44.2 

7 - 7  
9.0 

28.3 
8.5 

11.2 
31.2 

N 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
24 
25 
25 
25 
? 5 
25 
25 
25 
25 
25 
25 
25 
25 
23 
24 
25 
25 
24 

Min. 

52.8 
54.7 
28.5 

107.1 
34.0 

105.4 
92.5 
32.8 
21.7 
94.0 
35.8 
27.1 
99.2 

33 4 
32.8 
3 3 - 2  
26.4 
40.7 
33.4 

12.0" 
47.0" 
12.4 
9.8 

43.0 
18.7 
56.8 
1 3 - 9  
48.5 
43 3 
10.3 
13.2 
40.5 
10.8 
11.7 
37 92 
5 5 
7.2 

21.2 
6.6 
9.1 

26.2 

Mean 

57.1 
57.9 
32.3 

1 1 7 . 1  
38.4 

115.9 
106.5 
36.1 
30.1 

107.5 
38.4 
31  .6 

108.2 

35.4 
34.5 
34.9 
28.4 
43.9 
38.5 

19.1" 
51.7" 
19.6 
12.6 
46.6 
21.4 
63.9 
16.9 
55.9 
47.8 
1 1  .I 
14.5 
43.4 
12.1 
12.8 
40.6 

6.6 
8.2 

24.7 
7 . 7  

10.2 
28.7 

S .D.  

2.4 
1.9 
1.8 
5.5 
2.5 
5.3 
6.9 
2 .O 
3 - 5  
6.8 
1.8 
3.0 
6.4 

1.5 
1.2 
1 .I 
1 . 1  
2.2 
2 - 3  

3.3 
2.8 
4.5 
1 - 5  
2 .O 
1.6 
3 3 
1.2 
3.5 
2 .O 
0.5' 
0 7 
1 .3  
0.8 
0.5 
1.9 
0.6 
0 05 
1.8 
0.4 
0.6 
1.2 



TABLE 1.9 

LARGE M A L E  S U R F A C E  LANDMARK LABORATORY COORD l  NATES 
( D e s c r i p t i v e  S t a t i s t i c s ,  mm) 

Reference No. and Landmark 

H E A D  AND N E C K :  

1 .  G l a b e l l a  . . . . . . . .  

2 .  l n f r a o r b i t a l e  . . . . . .  

3 .  T r a g i o n .  . . . . . . . .  

4. Gonion . . . . . . . . .  

5. Gnath ion  . . . . . . . .  

S P I N E  AND SCAPULA: 

Coord. Max. Mean S . D .  



TABLE l .9 
LANDMARK LABORATORY COORD 1 NATE STATI ST I CS: LARGE MALE (Cont i nued) 

S.D. 

11.2 
6.4 

16.4 

10.9 
18.7 
15.2 

12.2 
16.0 
15.6 

15.7 
10.5 
17.0 

1 3 - 5  
11.8 
19.3 
13.6 
9.1 

20.9 

15.5 
8.4 

22.0 

14.6 
12.1 
22.2 

29.8 
6.1 

13.3 

30.3 
6.2 

11.8 

29.4 
5.7 

11.6 

9.6 
10.9 
16.3 

R e f e r e n ~ e N o ~ a n d L a n d m a r k  

SP 1 NE AND SCAPULA (Cont i nued) 

13. 10th R ib ,  mid-sp ine . . . 

14. Scapula, Sup. Marg . . . 

15. Scapula, I n f .  Marg . . . 

CHEST AND TORSO: 

18. Supras terna l  e . . . , . . 

19. Mesosternale . . . . . . 

20. Substerna le  . . . . . . . 

21. Bimammary M i d l i n e  . . . . 

22. N i p p l e  . . . . . , . . . 

23. 10th R ib ,  Ant. M i d l i n e  . 

24. Umbi l i cus  . . . . . . . . 

25. Max. Abdom. P r o t r u s i o n  . 

26. 10th R ib  . . . . . . . . 

Coord. 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 

N 

24 
24 
24 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

22 
21 
22 

25 
25 
25 

25 
25 
25 

25 
25 
25 

Min. 

318 
609 
522 

267 
671 
831 
288 
733 
646 

426 
596 
840 

472 
598 
783 

507 
602 
736 

524 
606 
678 

529 
732 
678 

587 
610 
593 

619 
603 
557 
638 
603 
541 

474 
791 
519 

Max. 

364 
630 
580 

309 
733 
890 

345 
793 
7 1 4  

485 
638 
904 

522 
639 
872 

554 
635 
824 

592 
634 
760 

587 
777  
768 

691 
631 
661 

726 
635 
604 

748 
631 
582 

509 
831 
585 

Mean 

341 
619 
553 
287 
702 
855 

317 
766 
680 

456 
619 
868 

499 
619 
824 

529 
619 
773 

558 
619 
721 

559 
751 
729 

651 
619 
627 

678 
619 
581 
693 
619 
562 

492 
813 
552 



TABLE 1 ,!j 
LANDMARK LABORATORY COORD 1 NATE STAT I  ST I C S :  LARGE MALE' (Cont i nued) 

Reference No. and Landmark 

PELVIS AND HIP: 1 
27. l l i o c r i s t a l e  . . . . . . 

28. Ant. Sup. I l i a c  Spine . . 

29. Pubic Symphysis . . . . . 

30. Thigh-Abdorn. J u n c t i o n  . . 

31a. Trochanter  i o n  (palpated) 

31b. Trochanter  i o n  ( recons t r  .) 

SHOULDER: 

33. C l a v i c a l e  . . . . . . . . 

34. Acr.-Clav. A r t i c  . .  . . . 

35. Gr. Tuberc le  Humerus . . 

36. Acromion . . . . . . . . 

37.  Scye, a n t e r i o r  . . . . . 

38. Scye, p o s t e r i o r  . . . . . 

Coord 

X 
Y 
z 
X 
Y 
z 

Max. 



TABLE 1.9 
LANDMARK LABORATORY COORD l NATE STAT I ST1 CS: LARGE MALE (Cont i nued) 

Reference No. and Landmark 

ARM AND HAND: 

39. La t .  Humeral Ep icondy le  . 

. . . . . . . .  40. R a d i a i e .  

41. Med. Humeral Ep icondy le  . 

. . . . . . . .  42. Olecranon 

. . . . . .  43. U lnar  S t y l o i d  

44. S t y l i o n  . . . . . . . . .  

L E G  AND FOOT: 

45. La t .  Femoral Condyle . . 

46. Med. Femoral Ep icondy le  . 

47. T i b i a l e  . . . . . . . . .  

48. P a t e l l a . .  . . . . . . .  

49, Sphyr ion  . . . . . . . .  

50. Meta tarsa l /Pha langea l  I . 

Coord. 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

N 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

24 
24 
24 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

25 
25 
25 

Min. 

626 
847 
631 

643 
839 
608 

610 
762 
595 
624 
814 
583 
866 
789 
778 
850 
726 
791 

1004 
776 
514 

1005 
667 
552 

1022 
668 
545 

1045 
730 
560 

1319 
668 
268 

1444 
691 
322 

S.D.  

15.0 
19.4 
29.5 

16.0 
21.3 
29.6 

15.9 
21.5 
24.9 

18.8 
22.1 
27.9 

9.0 
14.0 
18.3 

3.4 
16.7 
17.2 

12.2 
25.5 
22.7 

11.6 
26.7 
15.9 

11.2 
25.8 
15.6 

14.9 
29.0 
20.9 

8 - 7  
7.7 
5.8 

7.6 
8.9 
7.8 

Max. 

681 
925 
747  

707 
925 
732 

676 
853 
696 

697 
901 
698 

897 
842 
842 

875 
793 
866 

1052 
881 
607 

1055 
783 
627 

1069 
778 
614 

1112 
853 
651 

1356 
698 
288 

1478 
728 
354 

Mean 

652 
885 
679 

670 
880 
661 

645 
808 
645 

666 
853 
634 
880 
816 
807 

863 
757 
823 

1029 
826 
566 

1032 
7 1 7  
584 

1051 
716 
572 

1078 
787 
611 

1339 
682 
278 

1463 
707 
339 



TABLE 1.9 
LANDMARK LABORATORY COORD l NATE STAT1 ST I C S :  LARGE MALE (Cont inued) 

Reference No. and Landmark 

LEG AND FOOT (cont inued)  

51.  D i g i t  I I  . . . . . . . . 

53.  L a t e r a l  M a l l e o l u s  . . . . 

ANTHRO. MEASUREMENT POINTS 

93. Neck, mid  . . . . . . . . 

94. Neck, lower . . . . . . . 

95. A r m ,  upper . . . . . . . 

96. Forearm, upper . . . . . 

97.  Forearm, lower . . . . . 

98. Th igh ,  upper . . . . . . 

99. Th igh ,  mid  . . . . . . . 

100. C a l f  . . . . . . . . . . 

101. Ank le  . . . . , . . . . . 

Coord, Min.  

1487 
747 
377 

1437 
789 
289 

131 1 
739 
23 1 

Max. 

1516 
799 
4 10 

1465 
812 
326 

1339 
767 
25 1 

Mean S . D .  

7 .1  
11.4 
8.6 

6.4 
5.8 
9.6 

6.8 
6.3 
5 - 2  

20.2 
14.9 
17.4  

19.5 
14.1 
17.0 

15.8 
13.1 
23.4 

11.8 
17.8 
23.1 

16.6 
13.0 
21 .g 

22.9 
1 1 . 1  
13.2 

18.2 
15.4 
18.7 

11.8 
16.3 
18.7 

11.6 
10.9 
15.8 





APPEND l X J 

PHOTOGRAPHS OF CLAY MODEL DEVELOPMENT AND 
EPOXY/FIBERGLASS SHELL FABRICATION 

The f o l l o w i n g  pages show t h e  p r o g r e s s i o n  o f  s teps i n v o l v e d  i n  

deve lop ing  t h e  c l a y  models, making t h e  p l a s t e r  molds, and f a b r i c a t i n g  

and f i n i s h i n g  t h e  e p o x y / f i b e r g l a s s  s u r f a c e  s h e l l s  f o r  each o f  t h e  t h r e e  

dummy/fami 1 y  members. As desc r ibed  i n  t h e  t e x t  (Sect i o n  4) , t h e  mid- 

s i z e d  male c l a y  model was developed w i t h  d ' i f f e r e n t  procedures than  t h e  

smal l  female and l a r g e  male models. F i g u r e  J-1 shows t h e  process o f  

assembl ing t h e  a d j u s t a b l e  s k e l e t a l  armature w h i l e  F igu res  J-2 and J-3 

show t h e  s c u l p t i n g  o f  t h e  c l a y  model w i t h  P l a s t i c i n e  c l a y  and 

f a b r i c a t i o n  o f  t h e  p l a s t e r  mold and s u r f a c e  s h e l l  f o r  t h e  m id -s i zed  male 

dummy form. F igu res  J-4 th rough J-8 show s i m i l a r  s teps f o r  t h e  l a r g e  

male and sma l l  female  models and t h e  s h e l l s  f o r  which a  welded s t e e l  

armature and i n d u s t r i a l  s t y l i n g  c l a y  were used i n  t h e  model development. 

F i g u r e  J-9 shows t h e  f i n a l  f i n i s h i n g ,  smoothing, and p a i n t i n g  o f  t h e  

assembled s u r f a c e  s h e l l s .  



F I G U R E  J -1 .  Constructing and sculpting t h e  mid-sized m a l e  clay model 
using a "skeletal" a r m a t u r e  and P l a s t i c i n e  clay. 



F I G U R E  J-2.  C o m p l e t i n g  and v a l i d a t i n g  t h e  mid-sized m a l e  c l a y  model 
and f a b r i c a t i n g  t h e  mu1 ti p i e c e  p l a s t e r  mold. 



FIGURE J-3. Assembling and finishing the epoxy/fiberglass shell for 
the mid-sized male. 



F I G U R E  J - 4 .  C o n s t r u c t i n g  and s c u l p  
a  we lded  s t e e l  a r m a t u r e ,  s t y r o f o a m ,  

i n g  t h e  l a r g e  ma le  c l a y  model u s i n g  
and i n d u s t r i a l  s t y l i n g  c l a y .  



F I G U R E  J-5.  Complet ing t h e  l a r g e  male c l a y  model and making t h e  
p las ter /hemp mold. 

J - 6  



F I G U R E  J -6 .  L a y i n g  up  epoxy / f  i be rg  l a s s  i n  mold p a r t s  and assernbl i n g  t h e  
l a r g e  ma le  s h e l l .  



F I G U R E  J -7 .  C o n s t r u c t i n g  and s c u l p t i n g  t h e  sma l l  f ema le  c l a y  model u s i n g  
a  we lded  s t e e l  a rma tu re ,  s t y r o f o a m ,  and i n d u s t r i a l  s t y 1  i n g  c l a y .  

J - 8  



F I G U R E  J -8 .  Making t h e  p l as te r / he rnp  mo ld  and e p o x y / f i b e r g l a s s  s h e l l  f o r  
t h e  smal 1 f e m a l e .  

J - 9  



F I G U R E  J -9 .  F i n i s h i n g ,  p r i m i n g ,  and p a i n t i n g  t h e  assembled l a r g e  ma le  
and s m a l l  f ema le  e p o x y / f i b e r g l a s s  s h e l l s .  



A P P E N D I X  K 

PHOTOGRAPHS OF SURFACE S H E L L S  W I T H  SURFACE 
LANDMARK I D E N T I F I C A T I O N  NUMBERS 

Tab le  K . l  p r o v i d e s  a  l i s t i n g  o f  t h e  s u r f a c e  s h e l l  landmarks by 

body r e g i o n  a long w i t h  t h e  r e f e r e n c e  number used t o  denote  these 

landmarks on t h e  f u l l - s i z e  eng ineer ing  drawings t h a t  supplement t h i s  

r e p o r t  and t h e  an th ropomet r i c  s p e c i f i c a t i o n  packages con ta ined  i n  

separa te  Volumes 1 and 2 o f  t h i s  r e p o r t .  B lack  r i v e t s ,  deno t ing  

s k e l e t a l  p a l p a t i o n s ,  and g o l d  r i v e t s ,  d e n o t i n g  o t h e r  s u r f a c e  landmarks, 

have been p laced  i n  t h e  completed s u r f a c e  s h e l l s  t o  mark these s u r f a c e  

landmarks on t h e  forms. I n  t h e  photographs which f o l l o w  Tab le  K . 1 ,  t he  

r e f e r e n c e  numbers o f  each landmark a r e  p rov ided  nex t  t o  t h e  r i v e t  t o  

i d e n t i f y  t h e  landmark on t h e  form. 



TABLE K .  1 
LIST OF SURFACE LANDMARKS 

Body Region 

Head and Neck 

Spine and Scapula 

Chest and Torso 

Pelvis and Hip 

Shoulder 

Arm and Hand 

Ref. 
No. 

1 
2 
3 
4 
5 

7 
8 
9 
10 
1 1  
12 
13 
14 
15 

18 
19 
20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31a 
31b 

33 
34 
35 
36 
37 
38 

39 
40 
41 
42 
43 
44 

Landmark Name 

Glabella 
lnfraorbitale 
Tragion 
Gonion 
Gnathion 

Cervicale (C7) 
T4 
T8 
TI2 
L 2 
L5  
10th Rib, Mid-Spine 
Scapula, Super i or Marg i n 
Scapula, Inferior Margin 

Suprasternale 
Mesosternale 
Substernal e 
Bimammary Midline 
Nipple 
10th Rib, Anterior Midline 
Umbilicus 
Maximum Abdominal Protrusion 
10th Rib 

I 1  iocristale 
Anter i or-Super i or l 1 i ac Sp i ne (AS I S) 
Symphys i on (Pubic ~ y m p h y s  i s) 
Thigh-Abdominal Junction 
Trochanter ion (palpated) 
Trochanter ion (skeletal reconstruction) 

Clavicale 
Acromio-Clavicular Articulation 
Greater Tubercle Humerus 
Acromion 
Scye, Anterior 
Scye, Posterior 

Lateral Humeral Epi condyle 
Radiale 
Medial Humeral Epicondyle 
Olecranon 
Ulnar Styloid 
Stylion 



TABLE K .  1 
L l ST O F  SURFACE LANDMAFKS (Con t i nued) 

Body Region 1 E* 1 Landmark Name 

Leg and Foot  L a t e r a l  Femoral Condyle 
Media l  Femoral Ep i condy le  
T i b i a l e  
Pate1 l a  
Sphyr i or1 
Me ta ta rsa l /Pha langea l  I 
D i g i t  I I 
Me ta ta rsa l /Pha langea l  V 
L a t e r a l  Mal l e o l u s  

Anthro.  Measurement P t s .  Neck, Mid 
Neck, Lower 
A r m ,  Upper 
Forearm, Upper 
Forearm, Lower 
Thigh,  Upper 
Thigh,  H i d  
C a l f  
Ankle 





SMALL FEMALE - FRONT VIEW 

K - 5  





SMALL FEMALE -- REAR VIEW 



SMALL FEMALE - RIGHT FRONT OBLIQUE VIEW 



SMALL FEMALE - LEFT REAR OBLIQUE VIEW 



SMALL FEMALE - LEFT SIDE CLOSE-UP 



SMALL FEMALE - LEG AND FOOT VIEW 

K - 1 1  





MID-SIZED MALE - FRONT' VIEW 

K -  13 





MID-SIZED MALE - REAR VIEW 



MID-SIZED MALE - LEFT REAR OBLIQUE VIEW 



MID-SIZED MALE - RIGHT FRONT OBLIQUE CLOSE-UP 

K - 17 





MID-SIZED MALE - LEFT SIDE CLOSE-UP 





LARGE MALE - FRONT VIEW 

K - 21 





LARGE MALE - REAR VIEW 

K - 2 3  





LARGE MALE - RIGHT FRONT OBLIQUE VIEW 

K - 25 





APPENDIX L 

COMPARISONS OF D E S I R E D  AND ACTUAL VALUES FOR SEATED 
ANTHROPOMETRY A N D  SURFACE LANDMARK COORDINATES 

FOR THE SURFACE SHELLS 

Wh i le  cons ide rab le  t ime ,  e f f o r t ,  and ca re  went i n t o  s c u l p t i n g  

t h e  c l a y  forms t o  t h e  average Phase I l l  measurement s p e c i f i c a t i o n s  and 

i n t o  t h e  f a b r i c a t i o n  o f  t h e  molds and epoxy s h e l l s ,  i t  was n o t  p o s s i b l e  

t o  g e t  a l l  coo rd ina tes  and measurements e x a c t l y  t o  the  d e s i r e d  va lues.  

Tables L. 1 th rough L.6 compare the  d e s i r e d  and a c t u a l  va lues  f o r  the  

l e f t  s i d e s  o f  t h e  t h r e e  s u r f a c e  forms. Coord inate  va lues g i v e n  i n  these 

t a b l e s  a r e  i n  :he l a b o r a t o r y  system (X L ,  Y L ,  ZL) . Subscr i p t s  have been 

o m i t t e d  i n  t a b l e s  t o  condense t h e  l i s t i n g s .  

INDEX TO TABLES 

T a b l e  No. 1 T i t l e  1 page NO. 
~ ~ 

Small Female Anthropometry 
Small Female Landmark Labora to ry  Coord inates  
Mid-Sized Male Anthropometry 
Mid-Sized Male Landmark Labora to ry  Coord inates  
Large Male Anthropometry 
Large Ma1 e Landmark Labora to ry  Coord inates  



TABLE L . 1 

SMALL FEMALE S U R F A C E  SHELL ANTHROPOMETRY 
(Des i r e d  vs . Actua l .  cm o r  as noted) 

Measurement V a r i a b l e  

S i t t i n g  He igh t  . . . . . . . .  
Cerv ica le  Height  . . . . . . .  
Chin He igh t  . . . . . . . . . .  
Head Breadth . . . . . . . . .  
Head Height  . . . . . . . . . .  
Head Length . . . . . . . . . .  
Head Circumference . . . . . .  
Neck Length ( a n t e r i o r )  . . . .  
Neck Breadth (mid) . . . . . .  
Neck Depth (mid) . . . . . . .  
Neck Circumference (mid) . . .  
Neck Breadth ( lower) . . . . .  
Neck Depth ( lower)  . . . . . .  
Neck Circumference (lower) . . 
Shoulder He igh t  (mid) . . . . .  
Acromion He igh t  . . . . . . . .  
C1av.-to-Acr. C lav ic  . A r t i c  . . 
Shoulder Breadth . . . . . . .  
Shoulder Circumference . . . .  
Biacroinia l  Breadth . . . . . .  . . . . . .  Torso Depth (upper) 
Shoulder Depth (scye) . . . . .  
A x i l l a r y  Depth . . . . . . . .  
A r m  Angle (upper) . . . . . . .  
A r m  Angle ( lower) . . . . . . .  
R i g h t - L e f t  Med . Hum . Epicondyle 
R i g h t - L e f t  S t y l i o n  . . . . . .  . . .  A r m  C i  rcumference (scye) 
ArmBreadth (upper) . . . . . .  
A r m  Depth (upper) . . . . . . .  

. . .  A r m  Circumference (upper) 

. . .  A r m  Breadth (above elbow) 
A r m  Depth (above elbow) . . . .  
A r m  C i rcumference (above e l  bow) 
Olecranon Height  . . . . . . .  
Elbow Breadth . . . . . . . . .  

. . . . . . . . . .  Elbow Depth 
Elbow Circumference . . . . . .  
Forearm Breadth (upper) . . . .  
Forearm Depth (upper) . . . . .  
Forearm C i  rcumference (upper) . 
Forearm C i rcumference ( lower)  . 
W r i s t  Breadth (condyles) . . .  

Des i r e d  

93.3 
71.2 
73.2 
14.5 
20.0 
18.3 
53.4 

8 .I 
9 *  1 
9.0 

30.4 
10.4 
9.3 

32.2 

68.2 
64.3 
15.5 
38.0 
95.3 
34.2 

9 00 
10.5 
9 8 

43.0. 
50.0. 
30 . 0 
27.2 
36.9 

6.7 
8.9 

25.3 
7.2 
7.4 

24 . 0 
44.4  

6.4 
7.7 

23 3 
6.2 
6.9 

21.5 
15.8 
4.7 

Ac tua  I 

93.3 
71.2 
73 2 
14.5 
20.2 
18.3 
53.4 
Y: 

9.2 
9.2 

30.4 
10.4 
9 4 

32.2 

68.2 
64.3 
15.9 
3 8 + 3  
95.5 
34.2 
9.0 

10.5 
fi 

43.0"  
53.0" 
30.0 
27.2 

9: 

7 0 0  
8.9 

25.2 
7.2 
7 - 4  

23.9 
44.4 

6.5 
7 .7  

23.6 
6.3 
7 - 0  

21.5 
15.7 
4.7 

D i f f  . 
0.0 
0.0 
0.0 
0.0 

+O .2 
0.0 
0.0 
jk 

+O . 1  
+O .2 

0.0 
0.0 

+O . 1 
0.0 

0.0 
0.0 

+0.4 
+O .3  
+0.2 

0.0 
0.0 
0.0 
I 

0.0. 
+3.0° 

0.0 
0.0 
YC 

+O .3  
0.0 

-0.1 
0.0 
0.0 

-0.1 
0.0 

+O . 1  
0.0 

+O . 3 
+O .I 
+O . 1  

0.0 
-0.1 

0.0 



TABLE L.1 
SMALL FEMALE SHELL ANTHROPOMETRY (Cont i nued) 

Measurement V a r i a b l e  

W r i s t  Depth (condyles) . . . .  
Wr i s t  C i rcumf erence (condy 1 es) 

Chest Height  (n ipp le )  . . . . .  
Chest Height  ( p o s t e r i o r  scye) . 
Chest Breadth (ax i  l l a )  . . . .  
Chest C i  rcumference (ax i  1 1 a) . 
Chest Breadth (n ipp le )  . , . . 
Chest Circumference (n ipp le )  . 
Chest Circumference (10th r i b )  
Waist Breadth (umbi 1 i cus)  . . .  
Waist Depth (umbi l icus)  . . . .  
Wa i s t  C i rcumf erence (urnb i l i cus) 
Abdominal Breadth (max.) . . .  
Abdominal Depth (max.) . . . .  
Abdomi na l  C i rcumference (max.) 

l l i o c r i s t a l e  Height  . . . . . .  
Thigh-Abdom. Junct .  He ight  . . 
Ant.-Sup. I l i a c  Spine Height  . 
Trochan te r ion  Height  . . . . .  
H i p  Breadth (max.) . . . . . .  
B i t r o c h a n t e r  Breadth . . . . .  
Leg Angle (upper) . . . . . . .  
Leg Angle ( lower) . . . . . . .  
R i g h t - L e f t  Med. Fem. Epicondyle 
R i g h t - L e f t  Sphyr ion . . . . . .  
Troc . to -La t .  Fem. Condyle . . .  
Thigh Breadth (upper) . . . . .  
Thigh Circumference (upper) . . 
Thigh Breadth (mid) . . . . . .  
Thigh Circumference (mid) . . .  
Knee He igh t  . . . . . . . . . .  
Knee Breadth . . . . . . . . .  
Knee Depth (pop1 i t e a l )  . . . .  
Knee Circumference . . . . . .  
Ca l f  Breadth . . . . . . . . .  
Ca l f  Depth . . . . . . . . . .  
Ca l f  Circumference . . . . . .  
Ankle Breadth (rnin.) . . . . .  
Ankle Depth (min.) . . . . . .  
Ankle Circumference (min.) . . 
Ankle Breadth (condyles) . . .  
Ankle Depth (condyles) . . . .  
Ank 1 e C i rcumf erence (condyles) 

Des i red I Actual  I D i f f ,  

)'Cannot measure on s h e l l .  

L - 3  



TABLE L.2 

SMALL FEMALE S U R F A C E  SHELL LANDMARK LABORATORY COORDINATES 
(Desired vs.  Actua l ,  mm) 

Reference No. and Landmark 

H E A D  A N D  N E C K :  

1. G labe l l a  . . . . , , . . 

2. l n f r a o r b i t a l e  . . . . . . 

3. Trag ion . . . . . . . . . 

4.  Gonion . . . . . . . . . 

5 .  Gnathion . . . . . . . . 

SPINE AND SCAPULA: 

7 .  c7  . . . . . . . . . . . 

8. T4 . , . . . . . . . . . 

9 . ~ 8  . . . . . .  . . . . .  

10. T 1 2 . .  . . . . , . . . . 

1 1 .  L2 . . . . . . . . . . . 

12. ~5 . . . . . . . . . . . 

Coord. 

X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 

X 
Y 
z 
X 
Y 
Z 

x 
Y 
z 
X 
Y 
z 
X 
Y 
z 
x 
Y 
Z 

Desired 

665 
619 

1003 

65 2 
65 1 
975 
575 
686 
970 

588 
674 
909 

664 
619 
890 

517 
619 
870 

496 
619 
789 

508 
6 19 
667 

555 
619 
547 

575 
619 
504 

60 1 
619 
448 

Actual 

667 
6 19 

1003 

652 
650 
976 

575 
686 
970 

588 
674 
909 

664 
619 
890 

516 
6 18 
870 

494 
6 18 
789 

506 
618 
667 

554 
620 
547 
575 
619 
504 

600 
620 
448 

D i f f .  

+ 2 
0 
o 
0 

- 1 
+ 1 

0 
o 
0 

0 
0 
0 

0 
0 
0 

- 1 
- 1 
o 

- 2 
- 1 
0 

- 2 
- 1 
0 

- 1 
+ I 

0 

0 
0 
0 

- 1 
+ 1 

0 



TABLE L .2 
SMALL FEMALE SHELL LABORATORY COORD I NATES ( ~ o n t  i nued) 

Reference No. and Landmark I Coord. I Des i red 

SP l NE AND SCAPULA (Continued) 

13 .  10th  R ib ,  mid-sp ine . . . 

14.  Scapula, Sup. Marg. . . . 

15. Scapula, I n f .  Marg. . . . 

CHEST AND TORSO: 

18. Supras t e r n a  1 e . . . . . . 

19. Mesosterna le  . . . . . . 

20. Substerna le  . . . . . . . 

21. Bimammary M i d l i n e  . . . . 

22, N i p p l e  . . , . . . . . .  

23. 10 th  Rib,  Ant .  M i d l i n e  . 

24. Umb i l i cus  . . . . . . . . 

25. Max. Abdom. P r o t r u s i o n  . 

26. 10 th  R ib  . . . . . . . . 



TABLE 1.2 
SMALL FEMALE SHELL LABORATORY COORD l  NATES (Cont i nued) 

Reference No. and Landmark 

PELVIS AND HIP: 

27. l l i o c r i s t a l e  . . . . . . 

28. Ant .  Sup. I l i a c  Spine . . 

29. Pub ic  SymphYsis . . . . . 

30. Thigh-Abdom. J u n c t i o n  . . 

31a. Trochanter  i o n  (palpated) 

31 b.  Trochanter  i o n  ( recons t r  .) 

SHOULDER: 

33. C l a v i c a l e  . . . . . . . . 

34. Acrornio-Clavicular  A r t i c .  

35. Gr. Tuberc le  Humerus . . 

36. Acromion . . . . . . . . 

37. Scye, a n t e r  i o r  . . . . . 

38. Scye, p o s t e r i o r  . . . . . 

Coord. 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
x 
Y 
z 

Des i red 

672 
757 
51 1 

740 
7 2 2 
500 

799 
619 
457 

7 7 7 
736 
485 

752 
806 
406 
--- 
--- 
--- 

609 
636- 
822 

557 
770 
823 

603 
797 
805 

549 
790 
80 1 

64 9 
749 
762 

564 
783 
71 1 

Ac tua l  

672 
758 
51 1 

9; 

,'i 

I 

A 

I 
$( 

7 7 7 
7 36 
484 

752 
809 
406 

773 
809 
407 

61 1 
6 35 
82 1 

557 
669 
825 

603 
797 
805 

549 
79 1 
803 

650 
749 
762 

564 
783 
71 1 

D i f f .  

0 
+ 1 

0 

:t 
9< 

A 

I 

A 

9~ 

0 
0 

- 1 

0 
+ 3 

0 

- - 
- - 
- - 

+ 2 
- 1 
- 1 

0 
- 1 
+ 2 

0 
0 
0 

0 
+ 1 
+2 

+ 1 
0 
0 

o 
0 
0 



TABLE L.2 
SMALL FEMALE SHELL LABORATORY COORD l NATES (Cont i nued) 

Reference No. and Landmark I Coord. 

ARM AND HAND:  

39. L a t .  Humeral Ep icondy le  . 

40. R a d i a l e  . . . . . . . . . 

41 .  Med. Humeral Ep icondy le  . 

42. Olecranon . , . . . . . . 

43. U lnar  S t y l o i d  . . . . . . 

44. S t y l i o n .  . . . . . . , . 

LEG AND FOOT: 

4 5 .  La t .  Femoral Condyle . . 

46. Med. Femoral Ep icondy le  . 

47. T i b i a l e  . . . . . . . . . 

48. P a t e l l a . .  . . . . . . . 

49. Sphy r ion  . . . . . . . . 

1 Des i red I Ac tua l  I D i f f .  



TABLE L.2 
SMALL FEMALE SHELL LABORATORY COORD l NATES (Cont i nued) 

$(Cannot measure on shell. 

L - 8  

Reference No. and Landmark 

LEG AND FOOT (~dnt i nued) 
51. Digit I I  . . . . . . . . 

52. Metatarsal/Phalangeal V . 

53. Lateral Malleolus . . . . 

ANTHRO. MEASUREMENT PO l NTS 
93. Neck, mid . . . . . . . . 

94. Neck, lower . . . . . . . 

95. Arm, upper . . . . . . . 

96. Forearm. upper . . . . . 

97. Forearm, lower . . . . . 

98. Thigh, upper . . . . . . 

99. Thigh, mid . . . . . . . 

100. Calf . . . . . . . . . . 

101. Ankle . . . . . . . . . . 

Coord. 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

Diff. 

0 
+ 3 
- 1 
0 
+4 
o 
0 
+9 
o 

0 
- 1 

o 
0 
0 

+ 1 
0 
0 
0 

0 
+ 1 
o 
0 
0 
0 

0 
+ 2 
0 

0 
+ 3 
0 

0 
+4 
0 

0 
+ 7 
0 

Desired 

1184 
745 
35 1 
1438 
776 
278 
1339 
7 34 
23 1 

569 
665 
88 1 

562 
67 1 
856 
658 
8 18 
73 1 

813 
826 
688 

853 
809 
75 1 
868 
788 
458 
976 
766 
483 
1198 
755 
38 1 
1281 
736 
293 

Actual 

1184 
748 
350 
1438 
780 
278 

1339 
743 
23 1 

569 
664 
88 1 

562 
67 1 
857 
658 
8i8 
73 1 
81 3 
827 
688 

85 3 
809 
75 1 
868 
7 90 
458 
976 
769 
483 
1198 
759 
38 1 

1281 
743 
293 



TABLE L.3 

M I  D - S  IZED MALE SURFACE SHELL ANTHROPOMETRY 
(Des i red  vs  . A c t u a l .  crn o r  as noted) 

Measurement V a r i a b l e  I 
S i t t i n g  He igh t  . . . . . . . .  
C e r v i c a l e  H e i g h t  . . . . . . .  
Chin  H e i g h t  . . . . . . . . . .  
Head B read th  . . . . . . . . .  
Head H e i g h t  . . . . . . . . . .  
Head Length  . . . . . . . . . .  
Head Ci rcumference . . . . . .  
Neck Length  ( a n t e r i o r )  . . . .  
Neck Breadth  (mid) . . . . . .  
Neck Depth (mid) . . . . . . .  
Neck C i  rcumference (mid) . . .  
Neck Breadth  ( lower )  . . . . .  
Neck Depth ( lower)  . . . . . .  
Neck C i rcumference ( lower )  . . 
Shoulder  H e i g h t  (mid) . . . . .  
Acromion H e i g h t  . . . . . . . .  
Clav..to.Acr. C lav  . A r t i c  . . .  
Shoulder  Breadth  . . . . . . .  
Shoulder  C i rcumference . . . .  
B iac romia l  Breadth  . . . . . .  
Torso  Depth (upper) . . . . . .  
Shoulder  Depth (scye) . . . . .  
A x i l l a r y  Depth . . . . . . . .  
A r m  Angle (upper) . . . . . . .  
A r m  Angle ( lower)  . . . . . . .  
R i g h t - L e f t  Med . Hum . Ep icondy le  
R i g h t - L e f t  S t y l i o n  . . . . . .  
Arm Ci rcumference (scye) . . .  
Arm Breadth  (upper) . . . . . .  
Arm Depth (upper) . . . . . . .  
Arm Ci rcumference (upper) . . .  
Arm Breadth  (above e l  bow) . . .  
A r m  Depth (above elbow) . . . .  
Arm C i  rcumference (above e l  bow) 
Olecranon He igh t  . . . . . . .  
Elbow Breadth  . . . . . . . . .  
Elbow Depth . . . . . . . . . .  
Elbow Ci rcumference . . . . . .  
Forearm Breadth  (upper) . . . .  
Forearm Depth (upper) . . . . .  
Forearm C i rcumf erence (upper) . 
Forearm C i rcumf erence (1 ower) . 
W r i s t  Breadth  (condyles)  . . .  

Des i red  I Ac tua l  

TI 
D i f f  . 



TABLE L.3 
M I D-S I ZED MAL.E SHELL ANTHROPOMETRY (Con t i nued) 

$;Cannot measure on s h e l l .  

L - 10 

D i f f .  

+O. 4 
0.0 

:? 

-0.1 
0.0 
;\ 

7'r 

-0.3 
-0.3 
+O. 1 
+0.8 
+I - 3  
+O. 1 
-0.9 
+3.4 

-0.1 
0.0 
3( 

0.0 
+0.9 

:? 

- 1  .oO 
0, 0" 
0.0 

+ O n  1 
0.0 

-0.1 
+0.8 
+0.2 
-0.2 
-0.2 
+0.3 
-0.1 
-0.1 
0.0 

+O, 1 
0.0 

+O. 2 
0.0 
0.0 

+o. 3 
+1.3 
+2.2 

Ac tua 1 

4 - 5  
16.9 

2'r 

56 9 
30.4 

A 

ft 

100.7 
90. 6 
31  - 5  
25.2 
91 - 7  
32.6 
26.0 
94 7 

35.6 
34.5 

9~ 

29.2 
39.4 

k 

17.0" 
53.0" 
17.4 
12 .3  
44.7 
1 9 - 3  
58.7 
15.7 
50.2 
4 5 - 5  
10.4 
13.1 
3 9 - 1  
11.0 
11.9 
3 7 - 3  
6 3 
7 - 6  

22 .9 
7.6 

10.7 
28.3 

Measurement V a r i a b l e  

W r i s t D e p t h  (condyles) . , . . 
Wr i s t  C i rcumference (condy 1 es) 

Chest Height  (n ipp le )  . . . . .  
Chest Height  ( p o s t e r i o r  scye) . 
Chest Breadth (axi  1 l a )  . . . .  
Chest Circumference ( a x i l l a )  . 
Chest Breadth (n ipp le)  . . . .  
Chest Circumference (n ipp le )  . 
Chest C i  rcumference (10th r i b )  
Waist Breadth (umbi 1 icus) . . .  
Waist Depth (umbi l icus)  . . . .  
Waist Circumference (umbi 1 icus) 
Abdominal Breadth (max.) . . .  
Abdominal Depth (max.) . . . .  
Abdomi nal  C i rcumference (max.) 

l l i o c r i s t a l e  Height  . . . . . .  
Thigh-Abdom. Junct .  He ight  . . 
Ant.-Sup. I l i a c  Spine Height  , 
Trochan te r ion  Height  . . . . .  
H i p  Breadth (max.) . . . . . .  
B i t r o c h a n t e r  Breadth . . . . .  
Leg Angle (upper) . . . . . . .  
Leg Angle ( lower)  . . . . . . .  
R i g h t - L e f t  Med. Fem. Epicondyle 
R i g h t - L e f t  Sphyr ion , . . . . .  
Troc. - to-Lat .  Fem. Condyle . . 
Thigh Breadth (upper) . . . . .  
Thigh Circumference (upper) . . 
Thigh Breadth (mid) . . . . . .  
Thigh Circumference (mid) . . .  
Knee Height  . . . . . . . . . .  
Knee Breadth . . . . . . . . .  
Knee Depth ( p o p l i t e a l )  . . . .  . . . . . .  Knee Circumference 
Cal f  Breadth . . . . . . . . .  
Ca l f  Depth . . . . . . . . . .  
Ca l f  Circumference . . . . . .  
Ankle Breadth (min.) . . . . .  

. . . . . .  Ankle Depth (min.) 
Ankle Circumference (min.) . . 
Ankle Breadth (condyles) . . .  
Ankle Depth (condyles) . . . .  
Ank 1 e C i  rcumf erence (condyles) 

Des i r e d  

4.1 
16.9 

55.4 
57.0 
30.4 

103.9 
34.9 

101 .O 
90.9 
31.4 
24.4 
90. 4 
32 -5  
26.9 
91 - 3  

3 5 - 7  
34.5 
34 7 
29.2 
38.5 
32 -9  

18.0" 
53.0" 
17.4 
12.2 
44 .7  
19.4 
57.9 
15.5 
50.4 
45.3 
10.1 
13.2 
3 9 - 2  
11.0 
11.8 
37 3 

6.1 
7.6 

22.9 
7.3 
9 4 

26.1 



TABLE L.4 

MID-SIZED MALE SURFACE SHELL LANDMARK LABORATORY COORDINATES 
(Des i red  vs .  A c t u a l ,  mm) 

Reference No. and Landmark 

HEAD AND NECK: 

. . . . . . . .  1 .  G l a b e l l a  

2. l n f r a o r b i t a l e  . . . . . .  

3 .  T r a g i o n .  . . . . . . . .  

. . . . . . . . .  4.  Gonion 

. . . . . . . .  5.  Gnath ion  

SPINE AND SCAPULA: 

7 .  c 7  . . . . . . . . . . .  

8. T4 . : . . . . . . . . .  

9. T8 . . . . . . . . . . .  

10. T 1 2 . .  . . . . . . . . .  

1 1 .  L2 . . . . . . . . . . .  

12. 15 . . . . . . . . . . .  

- 

Coord. 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 

- -- - - 

D e s i r e d  

5 7 7 
6 19 

1073 

56 1 
653 

1042 

472 
702 

1036 

484 
689 
966 

556 
619 
933 

39 1 
6 19 
91 1 

364 
6 19 
802 

373 
619 
675 

41 1 
619 
568 

440 
6 19 
509 

483 
619 
4 35 

- 

Actua l  

575 
615 

1065 

562 
650 

1042 

467 
697 

1036 

479 
684 
965 

558 
616 
933 

39 1 
61 7 
91 2 

365 
6 19 
80 2 

372 
619 
675 

409 
619 
568 

437 
620 
509 

482 
62 1 
433 

D i f f .  

- 2 
- 4 
- 8 

+ 1 
- 3 

0 

+5 
-5 

o 

-5 
-5 
- 1 

+ 2 
- 3 
0 

0 
- 2 
+ 1 

+ 1 
0 
o 

- 1 
0 
0 

- 2 
0 
0 

- 3 
+ 1 

0 

- 1 
+2 
- 2 



TABLE 1.4 
MI 0-S I ZED MALE SHELL LABORATORY COORD l NATES (Cont i nued) 

Reference No. and Landmark I Coord. 

SP l NE AND SCAPULA (Cont i nued) 

13. 10 th  R ib ,  mid-sp ine . . . 

14. Scapula, Sup. Marg. . . . 

15. Scapula, I n f .  Marg. . . . 

CHEST AND TORSO: 

18. Supras te rna le  . . . . . . 

19. Mesosterna le  . . . . . . 

20. Subs te rna le  . . . . . . . 

21. Bimammary M i d l i n e  . . . . 

2 2 .  N i p p l e  . . . . . . . . . 

23. 10th R ib ,  Ant. M i d l i n e  . 

24. Umb i l i cus  . . . . . . . . 

25. Max. Abdom. P r o t r u s i o n  . 

26. 10th  R i b  . . . . . . . . 

Des i red  Actua l  D i f f .  4-k 



TABLE L.4  
M I  D - S  I Z E D  MALE SHELL LABORATORY COORD l NATES (Cont i nued) 

Reference No. and Landmark 
- -  - 

PELVIS AND HIP: 

. . . . . .  27. l l i o c r i s t a l e  

28. Ant. Sup. I l i a c  Spine . . 

. . . . .  2 9 .  Pubic Symphysis 

30. Thigh-Abdom. Junc t i on  . . 

31a. Trochanter  i o n  (palpated) 

31b. Trochanter  i  on ( recons t r  .) 

SHOULDER: 

33.  C l a v i c a l e  . . . . . . . .  

3 4 .  Acromio-Clav icu lar  A r t i c .  

35. Gr.  Tuberc le  Humerus . . 

36. Acrom i on . . . . . . . .  

37 .  Scye, a n t e r i o r  . . . . .  

38.  Scye, p o s t e r i o r  . . . . .  

Coord. I Desired Actual  D i f f .  

0 
+6 
0 
.I. 

Z 

k 

:k 

t 
t 

- 2 
+3 
+ 2 

0 
+9 
+ 1 

- - 
- - 
- - 

+ 1 
- 2 

0 

0 
0 

+ 2 

- 1 
0 

- 2 

0 
+3 
+ 3 

- 3  
- 1 
0 

- 1 
- 4 
- 2 



TABLE L.4 
MI D-S I ZED MALE SHELL LABORATORY COORD l NATES (Continued) 

Reference No. and Landmark 

ARM AND HAND: 

39. Lat. Humeral Epicondyle . 

40. Radiale. . . . . . . . .  

41. Med. Humeral Epicondyle . 

. . . . . . . .  42. Olecranon 

. . . . . .  43. Ulnar Styloid 

. . . . . . . . .  44. Stylion 

LEG AND FOOT: 

45. Lat. Femoral Condyle . . 

46. Med. Femoral Epicondyle . 

. . . . . . . . .  47. Tibiale 

. . . . . . . . .  48. Patella 

. . . . . . . .  49. Sphyrion 

50. Metatarsal/Phal angeal I . 

Coord. 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 

Desired 

689 
86 1 
646 

703 
862 
63 1 

689 
792 
62 1 

710 
829 
608 

883 
8 1 o 
809 

868 
754 
82 1 

1061 
808 
55 1 
1064 
706 
564 

108 1 
707 
550 

1106 
769 
594 

1341 
680 
2 7 3 
1453 
703 
336 

Actual 

687 
862 
646 

70 1 
856 
63 1 
686 
7 95 
620 

710 
826 
607 

883 
809 
809 

865 
753 
821 1 

1060 
808 
552 
1061 
708 
566 

1079 
709 
552 
1103 
769 
596 

1341 
683 
273 
1453 
707 
336 

Diff. 

- 2 
+I 
0 

- 2 
- 6 
0 

- 3 
+ 3 
- 1 
0 

- 3 
- 1 
0 

- 1 
o 

- 3 
- 1 
o 

- 1 
o 

+ 1 
- 3 
+ 2 
+ 2 

- 2 
t2 
+2 

- 3 
0 

+ 2 
0 

+3 
0 

0 
+4 
0 



TABLE L.4 
MI D - S  I ZED MALE SHELL LABORATGlRY COORD l NATES (Cont i nued) 

Reference No. and Landmark I Coord. I Des i red  

LEG AND FOOT (Continued) 

. . . . . . . .  51. D i g i t  l l 

. . . .  53.  L a t e r a l  M a l l e o l u s  

ANTHRO. MEASUREMENT POINTS 

. . . . . . . .  93. Neck, mid  

. . . . . . .  94,  Neck, lower 

. . . . . . .  95. A r m ,  upper 

. . . . .  96. Forearm, upper 

. . . . .  97. Forearm, lower 

. . . . . .  98. Th igh ,  upper 

. . . . . . .  99. Th igh ,  mid 

100. C a l f  . . . . . . . . . .  

. . . . . . . . . .  101. Ankle 

Ac tua  1 

1504 
769 
38 1 

1442 
795 
298 

1339 
755 
237 

459 
673 
934 

453 
678 
915 

55 1 
850 
758 

767 
852 
703 

848 
8 14 
7 75 

788 
820 
484 

882 
82 1 
51 1 

1168 
805 
417 

1282 
760 
300 

D i f f .  

- -- 

"Cannot measure on s h e l l .  



TABLE L.5 

LARGE MALE SURFACE SHELL ANTHROPOMETRY 
(Desired vs . Actua l .  cm o r  as noted) 

Measurement Var iab le  

S i t t i n g  Height  . . . . . . . .  
Cerv ica le  Height  . . . . . . .  
Chin Height  . . . . . . . . . .  
Head Breadth . . . . . . . . .  
Head Height  . . . . . . . . . .  
Head Length . . . . . . . . . .  
Head Circumference . . . . . .  
Neck Length ( a n t e r i o r )  . . . .  
Neck Breadth (mid) . . . . . .  
Neck Depth (mid) . . . . . . .  
Neck Circumference (mid) . . .  
Neck Breadth ( lower) . . . . .  
Neck Depth ( lower)  . . . . . .  
Neck Circumference (lower) . . 
Shoulder Height  (mid) . . . . .  
Acromion Height  . . . . . . . .  
C1av.-to-Acr. C lav ic  . A r t i c  . . 
Shoulder Breadth . . . . . . .  
Shoulder Circumference . . . .  
Biacromia l  Breadth . . . . . .  
Torso Depth (upper) . . . . . .  
Shoulder Depth (scye) . . . . .  
A x i l l a r y  Depth . . . . . . . .  
A r m  Angle (upper) . . . . . . .  
Arm Angle ( lower) . . . . . . .  
R i g h t - L e f t  Med . Hum . Epicondyle 
R i g h t - L e f t  S t y l i o n  . . . . . .  
A r m  C i  rcumference (scye) . . .  
A r m  Breadth (upper) . . . . . .  
A r m  Depth (upper) . . . . . . .  
A r m  Circumference (upper) . . .  

. . .  A r m  Breadth (above e l  bow) 
A r m  Depth (above elbow) . . . .  
A r m  C i rcumf erence (above e 1 bow) 
Olecranon Height  . . . . . . .  
Elbow Breadth . . . . . . . . .  
Elbow Depth . . . . . . . . . .  
Elbow Circumference . . . . . .  
Forearm Breadth (upper) . . . .  
Forearm Depth (upper) . . . . .  
Forearm C i rcumference (upper) . 
Forearm C i rcumference (lower) . 
W r i s t  Breadth (condyles) . . .  

Des i r e d  

102.9 
78.2 
80.6 
15.6 
23.3 
20.2 
59.6 

9.8 
12.6 
12.6 
42.1 
13.6 
13.1 
43 3 

74  7 
70.5 
19.1 
50.2 

131 - 7  
43.4 
13.8 
15.7 
13.3  

37 o0 
24.0' 
37.8 
27.5 
50.6 

9 8 
12.5 
35.8 

9 2 
9.2 

31.3 
47.6 

8.5 
9.5 

30 3 
8.5 
9.2 

29.6 
20.3 

6.2 

Ac tua  1 

103.4 
78.4 
80.6 
15.8 
23.0 
20.2 
60.0 
I 

12.8 
13.0 
42 . 0 
13.8 
13.8 
43.5 

74.8 
70.4 
18.7 
50.2 

131 - 7  
43.4 
13.8 
17.0 

A 

40.0" 
24 . O 0  
36.5 
27.5 

A 

9.8 
12.6 
36.0  

9.4 
9.2 

31 - 3  
47.6 

8.6 
9.6 

30 3 
9.0 
9.3 

29 7 
20.6 

6.3 

D i f f  . 
+O.5 
+0.2 

0.0 
+0.2 
-0.3 
0.0 

+0.4 
A 

+O .2 
+O .4 
-0.1 
+0.2 
+o. 7 
+0.2 

+O . 1  
-0.1 
-0.4 
0.0 
0.0 
0.0 
0.0 

-1.3 
>t 

+3  . 0"  
0.0. 

-1.3 
0.0 
A 

0.0 
+O . 1  
+0.2 
+O . 2 

0.0 
0 . 0 
0.0 

+O . 1  
+O . 1  

0.0 
+0.5 
+O . 1  
+O . 1 
+0.3 
+O . 1 



TABLE 1..5 
LARGE MALE SHELL ANTHROF'OMETRY (Cont i nued) 

ACannot measure on s h e l l .  

L - 17 

D i f f .  

+0.3 
-0.1 

A 

0.0 
0.0 
I 

;t .*. 
:k 

+2.9 
+3-7 
+3 7 
+I .6 
+2.6 
+6.3 

+ O n  2 
+0.5 

f( 

+0.2 
+ I  .8 

.'r 

O .OO 
0.O0 

-0.5 
0 .O 

-0.3 
0.0 

-0.8 
0.0 

+2.1 
+O. 1 
-0.2 
-0.1 
0.0 

+0.3 
+O. 1 
+O. 1 
+O. 2 
+O. 1 
+O. 1 
+O. 1 

0 .O 
0.0 

Measurement Va r i ab l e  

Wr i s t  Depth (condyles) . . . .  
Wr i s t  C i r curnf er ence (condy 1 es) 
Chest Height  (n ipp le)  . . . . .  
Chest Height  (pas t e r  i or  scye) . 
Chest Breadth ( a x i l l a )  . . . .  
Chest C i  rcumference (ax i l la)  . 
Chest Breadth (n ipp le)  . . . .  
Chest C i rcumference (n ipp le )  . 
Chest Circumference (10th r i b )  
Waist Breadth (umbi l icus)  . . .  
Waist Depth (umbi l icus)  . . . .  
Wa i s t  C i rcumference (umb i 1 i cus) 
Abdominal Breadth (max.) . . .  
Abdominal Depth (max.) . . . .  
Abdomi na l  C i rcumf erence (max.) 

l l i o c r i s t a l e  Height . . . . . .  
Thigh-Abdom. Junct.  He igh t  . . 
Ant.-Sup. I l i a c  Spine Height  . 
Trochanter ion Height . . . . .  
H ip  Breadth (max.) . . . . . .  
B i t rochan te r  Breadth . . . . .  
Leg Angle (upper) . . , . . . .  
Leg Angle (lower) . . . . . . .  
R igh t -Le f t  Med. Fern. Epicondyle 
R igh t -Le f t  Sphyr ion . . . . . .  
Troc. - to-Lat .  Fern. Condyle . . 
Thigh Breadth (upper) . . . . .  
Thigh Circumference (upper) . , 
Thigh Breadth (mid) . . . . . .  
Thigh Circumference (mid) . . .  
Knee Height  . . . . . . . . . .  
Knee Breadth . . . . . . . . .  
Knee Depth ( p o p l i t e a l )  . . . .  
Knee Circumference . . . . . .  
Cal f  Breadth . . . . . . . . .  
Ca l f  Depth . . . . . . . . . .  
Ca l f  Circumference . . . . . .  
Ankle Breadth (min.) . . . . .  
Ankle Depth (min.) . . . . . .  
Ankle Circumference (rnin.) . . 
Ankle Breadth (condyles) . . .  
Ankle Depth (condyles) . . . .  
Ank 1 e C i rcumf erence (condy 1 es) 

Des i red  

4.5 
18.1 
57.1 

57.9 
32.3 

117 .1  
38.4 

115 -9  
106.5 
36.1 
30.1 

107.5 
38.4 
31.6 

108.2 

35.4 
34-5  
34-9  
28.4 
43.9 
38.5 

1 9 .OO 
52.0' 
19.6 
12.6 
46.6 
21.4 
63.9 
16. 9 
5 5 - 9  
47.8 
11.1 
14.5 
43.4 
12.1 
12.8 
40.6 

6.6 
8.2 

24.7 
7 7 

10.2 
28.7 

Actual  

4.8 
18.0 

fi 

57.9 
32.3 

.L 

I 

k 

9; 

39.0 
33.8 

111.2 
40.0 
34.2 

114.5 

3 5 - 6  
35.0 

r'c 

28.6 
45 7 

,'r 

19.0" 
52.0' 
19.1 
12.6 
46.3 
21.4 
64.1 
16.9 
58.0 
47-9  
11.3 
14.4 
43.4 
12.4 
2.7 

40.7 
6.8 
8.3 

24.6 
7 - 8  

10.2 
28.7 



TABLE L.6 

LARGE MALE SURFACE SHELL LANDMARK LABORATORY COORDINATES 
(Des i r e d  vs .  Ac tua l ,  rnm) 

Reference No. and Landmark 

H E A D  AND N E C K :  

1 .  G l a b e l l a  . . . . . . . . 

2. l n f r a o r b i t a l e  . . . . . . 

3. T r a g i o n  . . . . . . . . . 

4. Gonion . . . . . . . . . 

5. Gnathion . . . . . . . . 

SPINE AND SCAPULA: 

7. c7 . . . . . . . . . . . 

8. T4 . . . . . . . . . . . 

9 .  T8 . . . . .. . . . . . . 

10. T 1 2 . .  . . . . . . . . . 

1 1 .  L2 . . . . . . . . . . . 

12. L5 . . . . . . . . . . . 

Coord. 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

Des i red 

507 
619 

1093 

490 
656 

1059 

406 
702 

1055 

423  
689 
985 

5 10 
619 
964 

318 
619 
940 

285 
6 19 
830 

29 1 
6 19 
693 

335 
619 
564 

372 
619 
504 

4 16 
619 
428 

Ac tua l  

5 10 
6 16 

1093 

49 1 
65 1 

1059 

410 
700 

1057 

423 
687 
985 

5 10 
6 18 
962 

3 17 
6 18 
940 

285 
619 
830 

292 
6 19 
693 

335 
6 19 
564 

37 1 
619 
504 

416 
619 
428 

D i f f .  

+ 3 
- 3 
0 

tl 
- 5 
0 

t 4  
- 2 
t 2 

0 
- 2 
0 

0 
- 1 
- 2 

- 1 
- 1 
0 

0 
0 
0 

+ 1 
0 
0 

0 
0 
0 

- 1 
0 
0 

0 
0 
0 



TABLE L.61 
LARGE MALE SHELL LABORATORY COORD l NATES (Cont i nued) 

Actual I Diff. 
- -- - 

Reference No. and Landmark 

SP l NE AND SCAPULA (Cont i nued) 

13. 10th Rib, mid-spine . . . 

14. Scapula, Sup. Marg. . . . 

15. Scapula, Inf. Marg. . . . 

CHEST AND TORSO: 

18. Suprasternale . . . . . . 

19. Mesosternale . . . . . . 

20. Substernale . . . . . . . 

21. Bimammary Midline . . . . 

22. Nipple . . . . . . . . . 

23. 10th Rib, Ant. Midline . 

24. Umbilicus . . . . . . . . 

25. Max. Abdom. Protrusion . 

26. 10th Rib . . . . . . . . 

--- - 

Coord. 

X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

x 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
x 
Y 
z 
X 
Y 
z 
X 
Y 
z 

Des i red 

34 1 
6 19 
55 3 
287 
702 
855 

317 
766 
680 

456 
6 19 
868 

499 
6 19 
824 

529 
6 19 
773 
558 
619 
72 1 

559 
75 1 
729 

65 1 
619 
627 

678 
6 19 
58 1 
693 
6 19 
562 

492 
813 
552 



TABLE 1.6 
LARGE MALE SHELL LABORATORY COORD l NATES (Cont i nued) 

Reference No. and Landmark 

PELVIS AND HIP: 

. . . . . .  27. l l i o c r i s t a l e  

28. Ant. Sup. I l i a c  Spine . . 

. . . . .  29. Pubic Symphysis 

30. Thigh-Abdom. Junct ion . . 

!la. Trochanter ion  (palpated) 

31b. Trochanter ion  ( reconst r  .) 

SHOULDER:  

33. C lav ica le  . . . . . . . .  

34. Acromio-Clavicular A r t i c .  

35. Gr . Tubercle Humerus . . 

. . . . . . . .  36. Acromion 

37. Scye, anter i or . . . . .  

38. Scye, p o s t e r i o r  . , . . .  

Coord. 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 

X 
Y 
z 
X 
Y 
Z 

Desired 

504 
816 
514 

59 1 
740 
507 
668 
6 19 
459 

637 
774 
50 3 

584 
836 
442 
- - - 
- - - 
- - - 

447 
644 
882 

37 1 
81 1 
889 

433 
842 
878 

362 
836 
863 

503 
786 
830 

37 3 
840 
737 

Actual 

504 
817 
514 

)k 
a 
A 

3( 

$c 

>k 

638 
775 
506 

584 
84 1 
442 

640 
834 
387 

55 1 
644 
878 

37 1 
81 1 
890 

433 
842 
88 1 

362 
836 
864 

504 
780 
8 30 

373 
837 
737 

D i f f  . 

0 
+ 1 

0 
I 

A 

J( 

z 
A 

t 

+ 1 
+ 1 
+ 3 

0 
+5 

0 
- - 
- - 
- - 

+4 
0 

- 4 

0 
o 

+ 1 

0 
0 

+3 
0 
0 

t 1  

+ 1 
-6 
0 

0 
- 3 
0 



TABLE L.16 
LARGE M A L E  SHELL LABORATORY COORD I NATES (Cont i nued) 

Reference No. and Landmark I 
ARM A N D  HAND: 

39. Lat. Humeral Epicondyle . 

40. Radiale . . . . . . . . . 

41, Med. Humeral Epicondyle . 

4 2 .  Olecranon . . . . . . . . 

43. Ulnar Styloid . . . . . . 

44. Sty1 ion . . . . . . . . . 

L E G  AND FOOT: 

45. Lat. Femoral Condyle . . 

46. Med. Fernor21 Epicondyle . 

47. Tibiale . . . . . . . . . 

48. Patella . . . . . . . . . 

49. Sphyr ion . . . . . . . . 

50. Metatarsal/Phalangeal I . 

Coord. 
7 

I 

;( 

\I 
i! 

Desired 

652 
885 
679 

Actual 

652 
886 
679 

Diff. 

0 
+ 1 
o 



TABLE L .6  
LARGE M A L E  SHELL LABORATORY COORD l NATES (Cont i nued) 

*Cannot measure on s h e l l .  

Reference No. and Landmark 

LEG AND FOOT (Continued) 

51. D i g i t  I I  . . . . . . . . 

52. Meta tarsa l /Pha langea l  V . 

53. L a t e r a l  M a l l e o l u s  . . . . 

ANTHRO. MEASUREMENT PO l NTS 

93. Neck, m i d .  . . . . . . . 

94. Neck, lower . . . . . . . 

95. Arm, upper . . . . . . . 

96. Forearm, upper . . . . . 

97. Forearm, lower . . . . . 

98. Thigh,  upper . . . . . . 

99. Thigh,  mid  . . . . . . . 

100. C a l f  . . . . . . . . . . 

101. Ankle . . . . . . . . . . 

L - 22  

*U . S .  GOVERNMENT PRINTING OFFICE : 1985 0 - 418-785 (V0l . 1 ) 

Coord. 

X 
Y 
z 
X 
Y 
Z 

X 
Y 
Z 

X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z 

Des i red  

1507 
769 
392 

1450 
803 
304 

1329 
754 
240 

392 
682 
953 

385 
687 
929 

508 
872 
786 

7 40 
87 1 
7 2 7 

834 
830 
78 1 

75 1 
844 
489 
842 
843 
52 1 

1150 
818 
427 

1281 
762 
298 

Actua l  

1507 
769 
392 

1450 
802 
304 

1329 
755 
240 

392 
680 
95 3 

385 
686 
929 

508 
8 7 2 
786 

740 
873 
727 

834 
832 
78 1 

75 1 
848 
489 
842 
845 
52 1 

1150 
823 
427 

1281 
764 
298 

D i f f .  

0 
0 
0 

0 
- 1 

0 

0 
+ 1 

0 

0 
- 2 

0 

0 
- 1 
0 

0 
0 
o 
0 

+2 
0 

0 
+2 

0 

0 
+4 

0 

0 
+2 

0 

0 
+5 

0 

0 
+ 2 

0 


