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SUMMARY 

Three hundred c h i  l d r e n  f rom two weeks t o  48 months o f  age were 
r e c r u i t e d  and measured t o  de te rm ine  t h e  s i z e  and shape o f  t h e  head and 
neck. C h i l d r e n  were s e l e c t e d  t o  o b t a i n  t h i r t y  s u b j e c t s  i n  each o f  t e n  
age c a t e g o r i e s  w i t h  equal numbers o f  males and females i n  each group. 
Sub jec ts  were a l s o  s e l e c t e d  w i t h  rega rd  .to race  and f a m i l y  soc io -  
economic f a c t o r s  i n  o rde r  t o  r e p r e s e n t  t h e  U.S. p o p u l a t i o n  as c l o s e l y  as 
p o s s i b l e .  

Two measurement techn iques were used i n  t h e  d a t a  c o l l e c t i o n .  Manual 
measurements u s i n g  s tandard  an th ropomet r i c  measurement techn iques were 
used t o  c o l l e c t  da ta  on t h i r t y - f o u r  d imensions o f  t h e  head and neck and 
genera l  body s i z e  f o r  t h e  f u l  1 sample o f  t h r e e  hundred s u b j e c t s .  A ten-  
camera stereophotogrammetry system was used w i t h  one hundred o f  t h e  
s u b j e c t s  i n  f o u r  o f  t h e  age groups t o  determine t h e  s i z e  and shape o f  
c r i t i c a l  head con tou rs  as w e l l  as geometr ic  i n f o r m a t i o n  d e s c r i b i n g  t h e  
r e l a t i v e  th ree-d imens iona l  l o c a t i o n s  o f  anatomica l  landmarks used i n  t h e  
manual measurements. 

For the  manual measurements, 5 t h ,  50 th ,  and 9 5 t h  p e r c e n t i l e  va lues 
were c a l c u l a t e d  f o r  each age group. These r e s u l t s  a r e  presented i n  
t a b u l a r  form a long  w i t h  sample means, s tandard  d e v i a t i o n s ,  and sample 
minimum and maximum va lues  i n  b o t h  E n g l i s h  and m e t r i c  u n i t s .  I n  
a d d i t i o n ,  s c a t t e r  p l o t s  o f  measurement va lues  versus s u b j e c t  age a r e  
presented f o r  each measurement v a r i a b l e .  

P r o j e c t e d  f i l m  images o f  c o n t r a s t  t a r g e t s  on t h e  head, neck, and 
t o r s o  were d i g i t i z e d  t o  o b t a i n  the  p r o j e c t e d  f i l m  image c o o r d i n a t e s  o f  
these t a r g e t s  from which t h e  X,  Y ,  and Z ob jec t - space  coo rd ina tes  were 
cons t ruc ted .  These r e s u l t s  were t rans formed t o  t h e  head anatomical  
re fe rence  system and d a t a  f o r  t h e  twenty f i v e  s u b j e c t s  i n  each o f  f o u r  
groups were averaged. Graphic and t a b u l a r  r e s u l t s  o f  landmark 
c o o r d i n a t e s  and contours  a r e  presented f o r  these group averages as w e l l  
as f o r  a  r e p r e s e n t a t i v e  sma l l  and l a r g e  s u b j e c t  f rom each o f  t h e  f o u r  
age groups.  
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l NTRODUCT l ON 

I n  r e c e n t  years,  t h e  D i v i s i o n  o f  Hazard Ana lys i s  o f  t h e  Consumer 
Product  Sa fe ty  Commission (CPSC) has compi l e d  d a t a  on over 472 c h i  l d  
a c c i d e n t s  i n v o l v i n g  head entrapment.  O f  these, 341 r e s u l t e d  i n  death by 
s t r a n g u l a t i o n  due t o  entrapment i n  p roduc t  s t r u c t u r e s  and openings. 
These a c c i d e n t s  have i n v o l v e d  a  w ide range o f  p roduc ts  w i t h  openings 
and/or d e c o r a t i v e  c u t o u t s  which a l l o w  head entrapment w i t h  t h e  p o t e n t i a l  
f o r  subsequent s t a n g u l a t i o n .  A t  t h e  t i m e  o f  t h i s  study,  f o r  example, 
c h i  l d  i n j u r i e s  and deaths due t o  head/neck entrapment and s t r a n g u l a t i o n  
i n  expandable wooden gates  and enc losures  i s  a  s i g n i f i c a n t  i ssue  b e f o r e  
t h e  Commission. The background s e c t i o n  which f o l l o w s  p rov ides  more 
d e t a i l e d  d e s c r i p t i o n s  o f  common head entrapment i n j u r y  scenar ios  and 
geometr ies o f  p r o d u c t  openings t h a t  may be invo lved .  

From a  p u r e l y  mechanical p o i n t  o f  v iew, t h e  i ssue  o f  i n j u r y  o r  
dea th  due t o  head/neck entrapment can be reduced t o  t h e  problem o f  t h e  
i n t e r a c t i o n  o f  two o b j e c t s - -  namely, the  c h i l d ' s  head and neck and t h e  
p h y s i c a l  o b j e c t  o r  p roduc t  t h a t  t he  c h i l d  may encounter .  The p r e v e n t i o n  
o f  i n j u r i e s  and deaths due t o  head entrapment r e q u i r e s  e l i m i n a t i o n  o f  
p roduc t  des igns t h a t  a l l o w  head entrapment. T h i s  i n  t u r n  r e q u i r e s  a  
knowledge o f  t h e  s i z e  and shapes o f  c h i l d r e n s  heads and necks so t h a t  
p roduc t  des ign  c r i t e r i a  r e q u i r e d  t o  prevent  entrapment can be more 
c l e a r l y  e s t a b l i s h e d .  

I n  1975 and 1977 t h e  U n i v e r s i t y  o f  Mich igan T r a n s p o r t a t i o n  Research 
i n s t i t u t e  (UMTRI - - former l y  HSRI) completed two l a r g e - s c a l e  
anthropometr  i c  surveys o f  U.S. c h i  l d r e n  f rom b i r t h  t o  18 years  (Snyder 
e t  a1 . , 1975, 1977) . I  n  these s t u d i e s ,  t e n  measurements o f  t h e  head and 
neck were o b t a i n e d  f o r  c h i l d r e n  two years and o l d e r ,  b u t  o n l y  t h r e e  o f  
these measurements were taken f o r  c h i l d r e n  under rwo years.  From these 
i i m i  t ed  data ,  CPSC subsequent ly  at tempted t o  develop a  headform t e s t  
probe f o r  t h e  purpose o f  conduct ing  performance t e s t s  r e l a t i v e  t o  head 
entrapment i n  c r i b  headboards. Because o f  t h e  l ack  o f  d a t a  a v a i l a b l e  
d e s c r i b i n g  t h e  s i ze ,  shape, and three-d imens iona l  geometry o f  t h e  head 
and neck, t h e  CPSC's e f f o r t s  i n  t h i s  rega rd  o n l y  c l a r i f i e d  the  need f o r  
more complete and s p e c i a l i z e d  anthropometr ic  da ta  t o  address t h e  
p rob  1 ems. 

The purpose o f  t h e  p resen t  s tudy was t o  f i l l  t h i s  need by 
p r o v i d i n g  the  CPSC w i t h  t h e  r e q u i r e d  i n f o r m a t i o n  p e r t a i n i n g  t o  the  s i z e ,  
shape, and c r i t i c a l  con tou rs  o f  t h e  head and neck f o r  c h i l d r e n  f rom 
b i r t h  t o  48 months who a r e  a t  g r e a t e s t  r i s k  o f  head entrapment. These 
d a t a  w i l l  enab le  the  Commission t o  b e t t e r  e v a l u a t e  the  p o t e n t i a l  hazards 
associ ,ated w i t h  v a r i o u s  openings and/or c u t - o u t s  i n  c h i l d r e n ' s  p l a y  

The r i g h t s ,  we1 f a r e ,  and informed consent o f  t h e  v o l u n t e e r  s u b j e c t s  who 
p a r t i c i p a t e d  i n  t h i s  s tudy were observed under g u i d e l i n e s  e s t a b l i s h e d  by 
the  U.S.  Department o f  H e a l t h  and Human Serv i ces  on P r o t e c t i o n  o f  Human 
Sub jec ts  and accompl ished under medical  research  des ign  p r o t o c o l  
s tandards  approved by t h e  Committee t o  Review Grants f o r  C l i n i c a l  
Research and I n v e s t i g a t i o n  I n v o l v i n g  Human Beings, Medical  School, The 
U n i v e r i t y  o f  Mich igan.  



equipment and household products ,  and w i l l  a l so  be used i n  the 
development o f  remedi a1 s t r a t e g i e s  by way o f  standards and/or 
gu ide l ines .  Where app l i cab le ,  improved t e s t  devices can be developed f o r  
use i n  compliance a c t i v i t i e s .  

The remainder o f  t h i s  r e p o r t  i s  d i v i d e d  i n t o  two par ts .  Pa r t  I 
presents f u r t h e r  in fo rmat ion  on head/neck entrapment i n j u r y  scenar i os 
and t y p i c a l  product  geometries invo lved,  and a l s o  descr ibes the 
procedures used f o r  manual and stereophotogrammetry data c o l l e c t i o n  and 
ana lys is .  Pa r t  I I  presents t he  study r e s u l t s  which descr ibe  the  s ize,  
shape, and three-dimensional  geometry o f  the  head and neck f o r  
a p p l i c a t i o n  t o  eva lua t i ng  the  p o t e n t i a l  hazards o f  s p e c i f i c  product  
designs. Sect ion,  f i g u r e ,  and t a b l e  numbers throughout t h i s  r e p o r t  a re  
preceded by a I or  a I I  t o  i n d i c a t e  the  p a r t  t o  which they belong. 



P A R T  I 

S E C T 1  ON PAGE N O .  

A .  BACKGROUND 

B .  M E T H O D S  AND P R O C E D U R E S  

C .  R E F E R E N C E S  





I . A .  BACKGROUND 

I.A.1. PRODUCT INJURY SCENARIOS 

I n  o rde r  t o  b e t t e r  unders tand t h e  problem o f  s t r u c t u r a l  entrapment 
hazards t o  i n f a n t s  and c h i l d r e n ,  a  r e v i e w  o f  i n d i v i d u a l  case r e p o r t s  o f  
i n j u r i e s  and deaths recorded i n  t h e  CPSC f i l e s  and medical  l i t e r a t u r e  
was conducted. Much o f  t h i s  i n f o r m a t i o n  i s  con ta ined  i n  a  r e p o r t  by 
M i  l e s ,  R u t h e r f o r d ,  and Coonley (1983) wh ich  documents over 472 cases o f  
head/neck entrapment r e l a t e d  i n j u r i e s  o c c u r i n g  over  a  p e r i o d  o f  t e n  
years and r e s u l t i n g  i n  341 f a t a l i t i e s .  The f o l l o w i n g  s e c t i o n s  summarize 
t y p i c a l  p r o d u c t  re1  a t e d  head/neck entrapment i n j u r y  s  i t u a t  ions  accord  i ng 
t o  p r o d u c t  c a t e g o r i e s .  

Beds - and - Mat t resses  

Temporary g u a r d r a i l s  a r e  a t t a c h e d  t o  t h e  s ides  o f  r e g u l a r - s i z e d  
beds so t h a t  smal l  c h i l d r e n  w i l l  n o t  a c c i d e n t a l l y  r o l l  o u t  o f  t h e  bed 
and f a l l  t o  t h e  f l o o r .  A hazard e x i s t s ,  however, i f  t h e  c h i l d  i s  smal l  
enough t o  s l i d e  th rough t h e  h o r i z o n t a l  opening between t h e  g u a r d r a i l s .  
I f  t h e  c h i l d ' s  body i s  a b l e  t o  s l i d e  th rough t h e  opening, b u t  t h e  head 
w i l l  n o t  pass between t h e  ba rs ,  t h e r e  i s  a  p o s s i b i l i t y  o f  hanging.  
Entrapment can occur w i t h  t h e  face  downward, pressed i n t o  t h e  ma t t ress  
o r  bed s i d e ,  o r  w i t h  t h e  f a c e  upwards and t h e  c h i n  t rapped on t h e  edge 
o f  t h e  g u a r d r a i l .  Most s e r i o u s  i n j u r i e s  have occu r red  when c h i l d r e n  
s l i p  th rough t h e  temporary g u a r d r a i l s  f e e t  f i r s t .  

Entrapment may a l s o  occur when an i n f a n t  r o l l s  o f f  t h e  edge o f  an 
a d u l t  bed t h a t  i s  a d j a c e n t  t o  a  w a l l ,  t h e  head becoming t rapped between 
the'  m a t t r e s s  o r  bed frame and t h e  w a l l .  Ma t t resses  a r e  a  p a r t i c u l a r  
hazard when they do n o t  adequate ly  f i t  t h e  bed frame and a l l o w  space f o r  
an i n f a n t  t o  become wedged between t h e  m a t t r e s s  and framework o f  t h e  
bed. I n  such cases, a  p l a s t i c  sheet  over  t h e  m a t t r e s s  may o b s t r u c t  t h e  
c h i l d ' s  nose and mouth caus ing s u f f o c a t i o n ,  o r  t h e  p o s i t i o n  o f  t h e  neck 
may be such as t o  compress t h e  t rachea  w i t h  t h e  same r e s u l t .  

C r i b s  

Cons iderab le  a t t e n t i o n  and r e g u l a t o r y  e f f o r t  has been devoted t o  
t h e  entrapment hazards assoc ia ted  w i t h  c r i b s ,  y e t  c r i b s  c o n t i n u e  t o  be 
assoc ia ted  w i t h  i n j u r i e s  and deaths.  S ince t h e  enactment o f  new 

. r e g u l a t i o n s  on c r i b  s l a t  spacing,  t h e r e  have been no r e p o r t e d  cases o f  
head entrapment between t h e  s l a t s  o f  a  newly-manufactured c r i b  t h a t  
compl ies w i t h  t h e  r e g u l a t i o n s .  W i th  o l d e r  c r i b s ,  many o f  which a r e  
s t i l l  i n  use, an i n f a n t  can s l i d e  f e e t  f i r s t  th rough t h e  opening between 
s l a t s  and be "hanged" when t h e  head i s  unab le  t o  c l e a r  t h e  opening 
between s l a t s .  I n  some c i rcumstances,  t h e  head can be wedged face  down 
a g a i n s t  t h e  m a t t r e s s  p roduc ing  s u f f o c a t i o n  o r  compression o f  t h e  
t rachea.  

Another concern w i t h  c r i b s  i s  headboard "cu t -ou ts " .  I f  t h e  c u t - o u t  
i s  open t o  one edge o f  t h e  headboard ( p a r t i c u l a r l y  t h e  top) so as t o  
fo rm a  notch,  i t  i s  p o s s i b l e ,  depending on t h e  dimensions o f  t he  notch,  
f o r  a  c h i l d  t o  s l i d e  t h e  neck i n t o  t h e  opening and, w i t h  l o s s  o f  
f o o t i n g ,  be unab le  t o  e x t r a c t  t h e  head and thereby s t r a n g l e .  



Entrapment has a l s o  o c c u r r e d  i n  c r i b s  w i t h  broken, d e f e c t i v e ,  o r  
m i s s i n g  p a r t s .  I n  severa l  cases, t h e  c h i l d ' s  neck became ent raped i n  a  
V-shaped v e r t i c a l  opening c r e a t e d  when t h e  upper end o f  a  gu ide r o d  
became detached f rom the  bed. I n  o t h e r  ins tances,  c h i l d r e n  have 
s tang led  when c r i b s  w i t h  d e f e c t i v e  hardware came a p a r t  so t h a t  t h e  
ma t t ress  suppor t  dropped a t  one co rne r  and t h e  c h i l d  was t rapped between 
t h e  m a t t r e s s  suppor t  and t h e  c r i b .  

There have been a  number o f  cases i n  wh ich  a  c h i l d  was entrapped 
between a  smal l  ma t t ress  and t h e  c r i b  s ides .  T h i s  u s u a l l y  i n v o l v e d  
f l e x i o n  o f  t h e  neck o r  compression o f  t h e  t rachea and, perhaps, 
o b s t r u c t i o n  o f  t he  nose and mouth by  a  p l a s t i c  sheet .  C h i l d r e n  have 
been found w i t h  t h e  neck and head caught  between the  m a t t r e s s  and t h e  
s i d e  o f  t h e  bed o r  wedged between t h e  m a t t r e s s  and the  headboard. As 
w i t h  f u l l - s i z e d  beds, t h e r e  have been some cases i n  which c h i l d r e n  
have become wedged between a  bed s i d e  and t h e  ad jacen t  w a l l  o r  p i e c e  o f  
f u r n i t u r e .  For example, one c h i l d  d i e d  a f t e r  be ing  caught between t h e  
c r i b  r a i l  and an ad jacent  d r e s s e r .  

Mesh-sided C r i b s  and Playpens 

There a r e  numerous cases r e p o r t e d  o f  i n f a n t s  becoming entrapped and 
d y i n g  i n  t h e  loose mesh pocke t  formed by  t h e  s i d e  o f  a  p laypen t h a t  was 
lowered. I n  a d d i t i o n ,  t h e r e  have been c i rcumstances i n  which the  
m a t t r e s s  pad and bot tom o f  t h e  p laypen separated,  w i t h  t h e  v i c t i m  caught 
between t h e  mesh and the  f l o o r  o r  t h e  d i s p l a c e d  bot tom o f  t h e  playpen.  

Garage Doors 

Garage doors and e l e c t r i c a l l y - o p e r a t e d  doors pose entrapment 
hazards.  A c h i l d ,  i n  t r y i n g  t o  s l i d e  under a c l o s i n g  garage door, 
becomes caught  between t h e  door and t h e  garage f l o o r .  T h i s  u s u a l l y  
occurs  w i t h  t h e  c h i l d  f a c i n g  downward. Pressure  o f  t h e  door causes 
i n j u r i e s  t o  t h e  c h i l d ' s  head o r  a s p h y x i a t i o n  because o f  t r a c h a e l ,  neck, 
o r  ches t  compression. 

Hinged L i d s  on Toy Chests and T o i l e t s  

Entrapment can occur w i t h  t o y  ches ts  t h a t  have h inged l i d s .  As a  
c h i l d  leans i n t o  a  t o y  chest  t o  g e t  a  t o y ,  t h e  u p r i g h t  l i d  may f a l l  and 
h i t  t h e  back o f  t h e  c h i l d ' s  head. T h i s  can r e s u l t  i n  head i n j u r y  
caused by t h e  b low t o  t h e  head o r  i n j u r y  th rough compression o f  t h e  neck 
o n t o  t h e  edge o f  t h e  toy  c h e s t .  The l i d  may come t o  r e s t  on t h e  back o f  
t h e  c h i l d ' s  head and i f  t h e  c h i l d  has l o s t  h i s / h e r  balance,  t h e  e n t i r e  
body we igh t  may be supported by t h e  neck w i t h  the  head t rapped i n s i d e  
t h e  t o y  ches t .  I f  t h e r e  i s  a l i p  on t h e  l i d  o f  t h e  t o y  ches t ,  t h i s  may 
inc rease  t h e  p o t e n t i a l  f o r  head entrapment.  

I n j u r y  mechanisms a s s o c i a t e d  w i t h  t o i l e t  seats  a r e  s i m i l a r  t o  those 
desc r ibed  w i t h  toy  ches ts .  A c h i l d  l e a n i n g  over the  f r o n t  o f  t h e  
commode can be s t r u c k  on t h e  back o f  t h e  head by a  f a l l i n g  seat  l i d .  
Compression o f  t he  neck a g a i n s t  t h e  commode o r  seat  r i m  can occur f rom 
con t inued  p ressu re  o f  t h e  l i d  on t h e  back o f  t h e  head. 



Play Equipment and F u r n i t u r e  

There have been deaths f rom s t r a n g u l a t i o n  when a c h i l d ' s  head and 
neck became entrapped between t h e  s teps o f  a ladder which was p a r t  o f  
t h e  p l a y  equipment. T h i s  has u s u a l l y  occu r red  when t h e  c h i l d  p laced  t h e  
head between the  s t a i r  openings and was unab le  t o  e x t r a c t  i t  o r  l o s t  
f o o t i n g .  Several  cases have been r e p o r t e d  i n  which a c h i l d  had t h e  head 
entrapped w i t h i n  a dresser  drawer. There a r e  a l s o  documented cases o f  
c h i l d r e n  g e t t i n g  t h e  head t rapped i n  t h e  openings o f  a d u l t - s i z e d  
r e c l i n e r  c h a i r s ,  changing tab les ,  and s t r o l l e r s .  

Sa fe ty  Gates and Enclosures 

Al though f r e q u e n t l y  used t o  keep c h i l d r e n  f rom f a l l i n g  down f l i g h t s  
o f  s t a i r s  o r  t o  keep c h i l d r e n  con f ined  i n  t h e  yard,  these dev ices  can 
pose a s e r i o u s  hazard f o r  two reasons. F i r s t ,  c h i l d r e n ,  t r y i n g  t o  
c l i m b  over t h e  p roduc t ,  may s l i p  and f a l l  so t h a t  t he  head and neck 
g e t  caught  i n  one o f  t he  "Vee" shaped openings a long t h e  t o p  edge. The 
hazard appears t o  be r e l a t e d  t o  the  ang les  made by s ides  o f  t h e  "Veel'. 
Second, c h i l d r e n  t r y i n g  t o  c l i m b  through t h e  diamond-shaped openings 
may g e t  t h e i r  head through b u t  then cannot g e t  i t  back ou t .  The neck may 
subsequent ly  undergo compression due t o  t h e  body we igh t  p r e s s i n g  i t  
a g a i n s t  t h e  frame o f  t h e  product .  

PRODUCT GEOMETRIES ASSOCIATED ENTRAPMENT 

As noted i n  the  i n t r o d u c t i o n  t o  t h i s  r e p o r t ,  t he  problem o f  
head/neck entrapment reduces t o  a problem o f  s o l i d  geometry i n  which 
one o b j e c t ,  t h e  c h i  I ds  head, becomes caught  o r  entrapped i n  another 
o b j e c t ,  t he  p roduc t .  I n  e v a l u a t i n g  a p o t e n t i a l  hazard, t h e  s i z e  and 
shape o f  b o t h  o b j e c t s  must be considered.  The f o l l o w i n g  d i s c u s s i o n  
desc r ibes  and c a t e g o r i z e s  product  shapes commonly i nvo l ved  i n  head/neck 
entrapment. Examples o f  p roduc ts  w i t h  these openings a r e  g i ven  and 
i l l u s t r a t i o n s  o f  t h e  geometr ic  shapes a r e  shown i n  F igu re  1 . 1 .  

Hor i zon ta  l Open i n e  

I n  t h i s  geometry, t he  impor tant  f e a t u r e  i s  a p a i r  o f  p a r a l l e l  edges 
which produce an opening t h a t  i s  much wider  than i t  i s  t a l l .  The 
impor tan t  d imension i s  t he  narrow spac ing between the long h o r i z o n t a l  
edges w h i l e  t h e  d i s t a n c e  between t h e  v e r t i c a l  edges i s  so l a r g e  t h a t  i t  
p l a y s  no r e a l  p a r t  i n  the  entrapment. T h i s  geometry can be f u r t h e r  sub- 
d i v i d e d  acco rd ing  t o  the  r i g i d i t y  o f  t h e  edges: 

a. two r i g i d  edges 
b .  one r i g i d  and one compress ib le  edge 
c.  two compress ib le  edges 

Examples o f  t he  f i r s t  group a r e  t h e  h o r i z o n t a l  cpenings formed 
between the  s t e e l  ba rs  i n  a g u a r d r a i l  on a youth  bed, t h e  openings 
between t h e  hor izon ' ta l  s l a t s  on the  back o f  some r o c k i n g  c h a i r s ,  and t h e  
openings between ladder rungs.  Examples o f  t he  second group a r e  the  
openings between bed s t r u c t u r e s  (e.g. headboard, c r i b  frame) and t h e  
ma t t ress ,  and t h e  opening between a wooden c h a i r  back and the  
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Vee or Cu t-Ou t -- 

Encircling Openinq 

Figure 1 . 1  Geometries of product openings involved in 
head/neck entrapment. 



u p h o l s t e r e d  seat .  An example o f  t h e  t h i r d  group i s  t h e  opening between 
two mat t resses  when two beds a r e  pushed s i d e  by s i d e .  

A s p e c i a l  case o f  t h e  h o r i z o n t a l  p a r a l l e l  open ing i s  where one o r  
b o t h  edges may move, Examples o f  t h i s  i n c l u d e  a  garage door moving 
downward w i t h  t h e  p o t e n t i a l  f o r  e n t r a p i n g  an i n d i v i d u a l  a g a i n s t  t h e  
f l o o r ,  o r  a  dresser  drawer b e i n g  c l o s e d  by a  s i b l i n g  w i t h  a  c h i l d ' s  head 
i n s i d e .  

Ver t i ca 1 Open i n g  

T h i s  geometry c o n s i s t s  o f  a  v e r t i c a l  s l o t  bounded by  l ong  v e r t i c a l  
edges t h a t  a r e  f a i r l y  c l o s e  t o g e t h e r .  I n  t h i s  c i rcumstance,  t h e  
v e r t i c a l  h e i g h t  may p l a y  some p a r t  i n  an i n j u r y  s i n c e  t h e  c h i l d  may 
become entrapped by f a l l i n g  f rom a  h ighe r  p o i n t  i n  t h e  s l o t  t o  a  lower 
p o i n t ,  thereby impact ing  t h e  lower edge w i t h  some f o r c e .  T h i s  ca tegory  
can a l s o  be subd iv ided,  depending upon whether t h e  edges a r e  r i g i d  o r  
compressib le,  o r  a  c o m b i n a t i o n o f  bo th .  Examples o f  t h i s  geometry 
i n c l u d e  t h e  s l a t s  i n  i n f a n t  c r i b s ,  v e r t i c a l  s l a t s  i n  c h a i r  backs, t h e  
v e r t i c a l  ba rs  i n  p laypens,  and b a n i s t e r  suppor ts .  

Cut -outs  and & Shapes 

Cutouts and Vee shapes a r e  c h a r a c t e r i z e d  by an incomplete 
enc losu re  whereby t h e r e  i s  access t o  the  opening a t  one edge o f  t h e  
s t r u c t u r e ,  u s u a l l y  a t  t h e  t o p  o f  t h e  p roduc t .  Examples a r e  t h e  Vee- 
shaped openings formed a t  t h e  t o p  o f  expandable gates and t h e  
d e c o r a t i v e  c u t - o u t s  a t  t h e  t o p  o f  t h e  headboards on c r i b s .  C h i l d r e n  
a t t e m p t i n g  t o  c l i m b . o v e r  o r  up on these p roduc ts  may g e t  t h e i r  neck i n t o  
t h e  opening.  Depending on t h e  s i z e  and depth o f  t h e  opening,  i t  may n o t  
be p o s s i b l e  f o r  t h e  c h i l d  t o  remove h i s / h e r  head f rom t h e  enc losu re  
except  by  l i f t i n g  the  neck o u t  i n  t h e  same way i t  en te red .  I f  the  c h i l d  
loses h i s / h e r  f o o t i n g ,  o r  i s  unab le  t o  f i g u r e  o u t  how t o  l i f t  t h e  neck 
o u t ,  t h e  entrapment can lead t o  subsequent s e r i o u s  i n j u r y  and death  
th rough s t r a n g u l a t i o n .  For t h e  Vee-shaped opening,  t h e  ang le  o f  t he  Vee 
may be an impor tan t  f a c t o r  i n  d e t e r m i n i n g  entrapment p o t e n t i a l .  

E n c i r c l i n g  Opening_ 

T h i s  t ype  o f  opening i s  c h a r a c t e r i z e d  by a  comp le te l y  enclosed 
opening such t h a t  t h e  h o r i z o n t a l  and v e r t i c a l  d imensions a r e  s i m i l a r .  
Such openings may be square, c i r c u l a r ,  o r  diamond-shaped as i n  the  gates  
and enc losures  desc r ibed  above. Obv ious ly ,  f o r  entrapment t o  occur i n  
such an opening,  t he  s i z e  o f  t he  opening must a l l o w  t h e  head t o  pass 
through.  T h i s  may be p o s s i b l e  as a  t i g h t  squeeze whereby the  head i s  
f o r c e d  i n t o  an opening b u t  t hen  c a n ' t  be brought  o u t  as e a s i l y .  Also, 
t h e  head may pass th rough t h e  opening by a  s p e c i f i c  o r i e n t a t i o n  o f  t h e  
head r e l a t i v e  t o  t h e  geometry o f  t h e  opening. I f  t h e  c h i l d  cannot  
reproduce t h i s  same o r i e n t a t i o n  t o  g e t  t h e  head back o u t ,  t he  c h i l d  may 
pan ic  w i  t h  subsequent i n j u r y .  

I n  these s  i  t u a t  i ons, t he  head may be i n j u r e d  by t h e  edges o f  t h e  
enc losure ,  b u t  t he  more s e r i o u s  hazard i s  i n j u r y  and compression t o  t h e  
neck t h a t  can r e s u l t  i n  s t r a n g u l a t i o n  and death.  The l a t t e r  hazard i s  o f  
p a r t i c u l a r  concern i f  t h e  opening i s  up h i g h  on t h e  p roduc t  so t h a t  t h e  



c h i l d  has t o  c l imb  o r  reach t o  get  the  head i n t o  i t .  As w i t h  the c u t -  
ou ts  and Vees, loss  o f  f o o t i n g  can lead t o  head entrapment w i t h  the  
weight  o f  the  body producing downward f o r c e  on the neck. 



1 .5 .  METHODS AND PROCEDURES 

To accompl i sh t h e  p r o j e c t  goa ls ,  two measurement techn iques were 
u t i l i z e d .  The f i r s t ,  which w i l l  be r e f e r r e d  t o  as manual measurements, 
i s  essent  i a I1 y an expansion o f  the  head/neck anthropometr i c measurement 
se t  o f  t h e  p rev ious  CPSC s t u d i e s  w i t h  p a r t i c u l a r  emphasis on 
measurements t h a t  more comple te ly  d e s c r i b e  the  s i z e  o f  t h e  head and 
neck. The second technique,  known as stereophotogrammetry, was used t o  
c o l l e c t  i n f o r m a t i o n  on s p a t i a l  r e l a t i o n s h i p s  o f  head and neck landmarks 
used t o  d e f i n e  the  manual measurements and t o  c o l l e c t  head contour  and 
shape in fo rma t ion .  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  t h e  sampl ing 
s t a t e g i e s  and exper imenta l  procedures i nvo lved  i n  c o l l e c t i n g  and 
p rocess ing  t h e  data  f o r  these two approaches. 

I.B.1. SAMPLING STRATEGY SUBJECT RECRUITMENT 

From t h e  beg inn ing,  i t  was decided t o  c o l l e c t  da ta  on t h r e e  hundred 
i n f a n t s  and c h i l d r e n  r e p r e s e n t i n g  t h e  U .S .  p o p u l a t i o n  e t h n i c  
d i s t r i b u t i o n  o f  c h i l d r e n  f rom b i r t h  t o  48 months as w e l l  as t h e  U.S. 
f a m i l y  socio-economic d i s t r i b u t i o n .  Sub jec ts  would be r e c r u i t e d  e q u a l l y  
i n  t e n  age groups cove r ing  the  age ranges l i s t e d  i n  Tab le  1 . 1 ,  w i t h  each 
age group c o n t a i n i n g  equal numbers o f  males and females. As i n d i c a t e d ,  
the  f i r s t  age group spans f o u r  months, t he  nex t  t h r e e  age groups span 
t h r e e  month i n t e r v a l s ,  w h i l e  t h e  o l d e r  groups span s ix-month i n t e r v a l s .  
For purposes o f  age group ing,  a month was cons idered equal t o  e x a c t l y  
t h i r t y  days. As an example o f  t he  age i n t e r v a l  d e f i n i t i o n  used i n  t h i s  
study,  a c h i  l d  was p laced i n  the  4-to-6-month age group i f ,  a t  t h e  da te  
o f  measurement, he/she had reached the  f o u r t h  month ( i  .e.,  120 days o l d )  
b u t  had n o t  y e t  reached the  7 th  month ( i  .e.,  l ess  than 210 days o l d )  ., 

Due t o  the  s i g n i f i c a n t l y  g rea te r  t ime  and c o s t  i n v o l v e d  w i t h  t h e  
c o l l e c t i o n  and p rocess ing  o f  shape and contour  data,  t h e  sampl ing p l a n  
e s t a b l i s h e d  f o r  stereophotogrammetry data  c o l l e c t i o n  c a l l e d  f o r  o n l y  
one hundred sub jec ts  i e . ,  o n e - t h i r d  o f  t he  t o t a l  sample) t o  be 
s e l e c t e d  e q u a l l y  i n  f o u r  o f  t he  t e n  groups d i s t r i b u t e d  over t h e  age 
range o f  t h e  f u l l  sample. Also, because t h e  c o l l e c t i o n  o f  da ta  by 
stereophotogrammetry r e q u i r e d  t h a t  t he  s u b j e c t s  be a b l e  t o  s i t  up i n  a 
c h a i r ,  t h e  4-to-6-month age group was t h e  youngest group f o r  which 
these d a t a  cou ld  be c o l l e c t e d .  The o t h e r  age groups s e l e c t e d  f o r  
stereophotogrammetry measurements i nc luded  13-to-18 months, 25-to-30 
months, and 43-to-48 months. T h i s  sampl i n g  s t r a t e g y  i s  summarized i n  
Tab le  1 . 2 .  

Sub jec ts  were r e c r u i t e d  f o r  measurements u s i n g  seve ra l  approaches, 
i n c l u d i n g  adver t isements  i n  l o c a l  newspapers, pos t i ngs  on shopping m a l l  
boards, rev iew  o f  b i r t h  announcements i n  newspaper m i c r o f i l m s ,  and 
general  word-of-mouth communication o f  t h e  need f o r  young c h i l d r e n .  
Parents responding t o  these r e c r u i t m e n t  methods were informed o f  t h e  
na tu re  and purpose o f  t h e  study and were quest ioned w i t h  rega rd  t o  t h e  
b i r t h  date ,  sex, and race  o f  t h e i r  c h i l d r e n  and w i t h  rega rd  t o  soc io -  
economic f a c t o r s  o f  f a m i l y  income and pa ren ts  educa t iona l  l e v e l .  The 
demographic i n f o r m a t i o n  was en te red  i n t o  a data  base f i l e  f rom which 
s u b j e c t s  would l a t e r  be chosen f o r  measurement. Whi le  many f a m i l i e s  had 
more than one c h i l d  who q u a l i f i e d  f o r  t h e  s tudy,  o n l y  one c h i l d  per 
f a m i l y  was subsequent ly  se lec ted  f o r  p a r t i c i p a t i o n  and measurement. 



Tab le  I . 1  

Sampling S t r a t e g y  f o r  Manual Measurements 

Age Range Des i r e d  
Group No. (months) Sample S ize  

T o t a l  Sample S i z e  = 300 

Tab le  1 . 2  

Sampling S t r a t e g y  f o r  Photogrammetry 

Age Range Des i r e d  
Group No. (months) Sample S i z e  

T o t a l  Sample S i z e  = 100 



I.B.2. MANUAL MEASUREMENTS 

The measurements l i s t e d  i n  Tab le  1.3 were taken f o r  each s u b j e c t  
t o  more comple te ly  d e s c r i b e  t h e  s i z e s  o f  c h i l d r e n ' s  heads and necks. I n  
a d d i t i o n  t o  new measurements, t h i s  l i s t  i n c l u d e s  f o u r t e e n  measurements 
taken p r e v i o u s l y  f o r  c h i l d r e n  two through e i g h t e e n  years  o f  age and 
seven measurements taken p rev ious1  y  f o r  c h i  l d r e n  under two years  (Snyder 
e t  a1 . , 1977) . A d e s c r i p t i o n ,  i l l u s t r a t i o n ,  and photograph showing where 
and how each measurement was taken i s  g i v e n  a long  w i t h  t h e  measurement 
r e s u l t s  by v a r i a b l e  i n  s e c t i o n  I1.B o f  t h i s  r e p o r t .  

F igu res  1.2 th rough 1.5 i l l u s t r a t e  sample measurements be ing  taken 
on one s u b j e c t .  Head Circumference was marked by p l a c i n g  a  t h i n  band 
around t h e  head. T h i s  was then used t o  take  o t h e r  measurements 
i n v o l v i n g  t h e  l o c a t i o n  o f  Head Circumference (e.g., Head Breadth  a t  
C i  rcumference, Top-of -Head t o  Head C i  rcumference D i s tance) . An a t tempt  
was made t o  take  measurements i n  a  c o n s i s t e n t  o rde r  t h a t  min imized t h e  
number o f  t imes ins t rumen ts  had t o  be in terchanged o r  modi f  i e d  (e.g., 
change t h e  anthropometer b lades f rom p o i n t s  t o  padd les ) ,  b u t  o f t e n  t h e  
measurement o rde r  had t o  be a l t e r e d  t o  accommodate t h e  moods and 
a c t i v i t i e s  o f  sma l le r  c h i l d r e n  and i n f a n t s .  

I t  had o r i g i n a l l y  been planned t o  use t h e  computer ized 
an th ropomet r i c  measurement system developed i n  t h e  p rev ious  CPSC- 
sponsored s t u d i e s  t o  r e c o r d  measurement va lues  a u t o m a t i c a l l y .  T h i s  
approach was abandoned a f t e r  some p r e l i m i n a r y  measurement sessions,  
however, i n  f a v o r  o f  t r a d i t i o n a l  d a t a  c o l l e c t i o n  and r e c o r d i n g  
techniques u s i n g  s tandard  anthropometers,  c a l i p e r s ,  and measur ing tapes.  
The automated system o f f e r s  d i s t i n c t  advantages f o r  l a r g e  sample s i z e s  
when t h e  measurements a r e  taken i n  many d i f f e r e n t  l o c a t i o n s  where 
env i ronmenta l  c o n d i t i o n s  i nc rease  t h e  l i k e l i h o o d  o f  human e r r o r .  I n  t h e  
p resen t  study,  however, t h e  d i f f i c u l t y  o f  measur ing a c c u r a t e l y  on t h e  
heads and necks o f  squ i rm ing  i n f a n t s  and t o d d l e r s  was t h e  p r imary  
concern, and the  e l e c t r i c a l  readout  i ns t rumen ts ,  w i t h  d a n g l i n g  
e l e c t r i c a l  cab les ,  proved t o  be a  g r e a t e r  source o f  a g g r a v a t i o n  than 
b e n e f i t .  Also,  t he  measurement a s s i s t a n t  was needed p r i m a r i l y  t o  
d i s t r a c t  and/or h o l d  each s u b j e c t  i n  p o s i t i o n ,  making i n t e r a c t i o n  w i t h  
a  keyboard and v ideo  mon i to r  d i f f i c u l t .  

Measurement va lues were read a loud  by t h e  measurer and recorded on 
a  da ta  sheet  by t h e  a s s i s t a n t ,  who repeated t h e  measurement v a l u e  as i t  
was w r i t t e n  down. These va lues  were l a t e r  keypunched i n t o  a  computer 
f i l e  on t h e  Mich igan Termina l  Computer System a long w i t h  coded 
demographic r e s u l t s .  A package o f  s t a t i s t i c a l  programs was then used t o  
e d i t  t he  data.  Sub jec t  age i n  months was c a l c u l a t e d  f rom t h e  
measurement d a t e  and t h e  b i r t h  d a t e  and a  c a t e g o r i c a l  v a r i a b l e  deno t ing  
the  s u b j e c t  group number ( i  .e., f rom 1 t o  10) was c rea ted ,  based on t h e  
age-in-months v a r i a b l e  and t h e  group age ranges shown i n  Tab le  1 . 1 .  T h i s  
new v a r i a b l e  f o r  "Sub jec t  Group Number" was used t o  s o r t  t h e  da ta  and 
compi le  r e s u l t s  by  age group. 

Histograms, s c a t t e r  p l o t s ,  sample s t a t i s t i c s ,  and p r i n t o u t s  o f  
measurement va lues  by i n d i v i d u a l  s u b j e c t  were generated and examined f o r  
"bad" d a t a  p o i n t s .  Where " o u t l i e r s "  o r  q u e s t i o n a b l e  d a t a  va lues were 
found, t h e  o r i g i n a l  d a t a  sheets were c o n s u l t e d  i n  the  hope o f  f i n d i n g  



Table 1.3 

L i s t  o f  Anthropometric Measurements 

+ J( 1 .  Weight 
+ * 2 .  Sta tu re  
+ J( 3. S i t t i n g  Height  

Maximum Head Breadth 
Head Circumference 
Head Breadth a t  Circumference 
Head Length 
Head Height  
T ip-of -Chin  t o  Back-of-Head Distance 
T ip-of -Chin  t o  Back-of-Head Circumference 
Lower Face Height 
Maximum Face Breadth 
Maximum Jaw Breadth 
Head Breadth a t  Ear Openings 
Ear t o  Head/Neck Junc t i on  Distance 
Ear t o  T ip-of -Chin  Dis tance 
Ear t o  Top-of-Head Dis tance 
Top-of-Head t o  Back-of-Head Distance 
Top-of-Head t o  Head Circumference Dis tance 
Back-of-Head t o  Head-Breadth Po in t  D is tance 
Forehead t o  Back-of-Head Arc Length 
Forehead t o  Head/Neck Junc t ion  Arc Length 
Ear-to-Ear Over Top-of-Head Arc Length 
Ear- to-Ear Under Chin Arc Length 
Ear-to-Ear Around Back-of-Head Arc Length 

Neck Circumference 
Neck Breadth 
Neck Depth 
Shoulder Breadth 
Shoulder Circumference 
Shoulder Depth 
Torso Depth 
Top-of-Shoulder t o  Top-of-Head Dis tance 
Shoulder-Circumference-Point t o  
Top-of -Head D i stance 

>k measurements taken i n  1977 C P S C  study f o r  2 - 18 year o lds  
+ measurements taken i n  1977 CPSC s t u d y  f o r  0 - 2 year olds 



F igure  1 . 2 .  Measurement o f  HEAD LENGTH. Note placement 
of  band a t  l o c a t i o n  o f  HEAD CIRCUMFERENCE. 

F igure  1 . 3 .  Measurement o f  FOREHEAD TO BACK-OF-HEAD 
ARC length .  



Figure 1.4. Measurement of  LOWER F A C E  HEIGHT. 

Figure 1.5. Measurement o f  MAXIMUM F A C E  BREADTH. 
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the source o f  the  e r r o r .  Bad da ta  p o i n t s  which cou ld  no t  be t raced  t o  a. 
known source o f  e r r o r  and thereby co r rec ted  were de le ted  from the 
sample. 

For each measurement v a r i a b l e ,  the sample s t a t i s t i c s  were computed 
f o r  the  t h i r t y  sub jects  i n  each o f  the ten  age groups. Tables o f  the 
measurement r e s u l t s  are presented i n  bo th  m e t r i c  and Eng l i sh  u n i t s  and 
inc lude the sample mean and standard dev ia t i on ,  the  sample minimum and 
maximum values, and the computed 5th ,  50th, and 95th p e r c e n t i l e  values. 
Sect ion I I . B . l  presents the r e s u l t s  by measurement v a r i a b l e  and inc ludes 
sca t t e r  p l o t s  o f  the i n d i v i d u a l  measurement va lues versus sub jec t  age. 
Sect ion 11.8.2 presents t abu la r  r e s u l t s  f o r  a l l  measurements by age 
group. 

STEREOPHOTOGRAMMETRY DATA - COLLECTION PROCEDURES 

I.B.3.a. Landmarks and Contours 

The technique o f  stereophotogrammetry was used t o  c o l l e c t  
i n fo rmat ion  desc r i b i ng  the  shapes o f  c r i t i c a l  head contours  and the 
three-dimensional l o ca t i ons  o f  anatomical landmarks used i n  the  manual 
measurements ( i  .e., t o  descr ibe  the  s p a t i a l  r e l a t i o n s h i p s  o f  the manual 
measurements) . As descr ibed ~n t he  nex t  sect ion,  the  
stereophotogrammetry procedures used r e q u i r e  t h a t  i d e n t i f i a b l e  po in t s  
are "seen" i n  two o r  more camera views. I t  was t he re fo re  necessary t o  
p lace c o n t r a s t  ta rge ts  on each sub jec t  t o  i d e n t i f y  c r i t i c a l  contours 
and landmarks be fo re  t ak i ng  photographs. 

The s e t  o f  landmarks and contours l i s t e d  i n  Table 1.4 and 
i 1 l u s t r a t e d  i n  F igure  1.6 was es tab l i shed  t o  accomplish the goals  o f  the 
study. The head and neck landmarks a re  p o i n t s  used i n  the  manual 
measurements and a re  f u r t h e r  de f ined  and i l l u s t r a t e d  i n  Table 11.3 and 
F igure 11.2 o f  t h i s  r epo r t .  The shoulder and t o r so  landmarks were 
included t o  descr ibe  the head and neck geometry r e l a t i v e  t o  the  body. 
The s i x  head contours o r  arcs,  l i s t e d  a t  the  bottom o f  Table 1.4, were 
chosen t o  descr ibe  the s i ze ,  shapes, and r e l a t i v e  l oca t i ons  o f  
d i f f e r e n t  reg ions  o f  the head w i t h  respect  t o  the problem o f  head 
entrapment. These contours i nc l ude  the f o l l o w i n g :  

1 .  TOP-OF-HEAD MIDLINE ARC - A m i d l i n e  contour running from j u s t  
above the  nose ( s e l l  i on ) ,  over the top o f  the head and down the 
back o f  the  head t o  the head/neck j u n c t i o n .  Th is  contour includes 
the arc  lengths o f  Forehead t o  Back-of-Head and Forehead-to- 
Head/Neck Junct ion (measurements #21 and #22 i n  Table 1.3) taken 
manua 1 1 y  . 
2. HEAD CIRCUMFERENCE ARC - A head circumference contour running 
around the  head above the  ears i n  a  p lane connect ing the  f u r t h e s t  
forward p o i n t  on the forehead (g label  l a )  t o  the f u r t h e s t  rearward 
p o i n t  on the back o f  t he  head (op is thocran ion)  . Th i s  contour 
corresponds t o  the  manual measurement o f  Head Circumference 
(measurement #5 i n  Tab1 e 1 .3) . 



Table 1.4 

Surface Landmarks and Contours 
Targeted for Stereophotogrammetry 

No. Name Explanation and/or Comment 

Left Tragion 
Right Tragion 
Left lnfraorbitale 
Right lnfraorbitale 
Sel l ion 
Glabel la 
Vertex 
Opisthocranion 
Men ton 
Head/Neck Junction 
Left Zygion 
Right Zygion 
Left Gonion 
Right Gonion 
Left Maximum Head Brdth Point 
Right Maximum Head Brdth Point 
Left Head Brdth @ Circum. Point 
Anterior Neck Depth Point 
Suprasternale 
Anter i or Torso #1 
Anterior Torso # 2  
Anterior torso Depth Point 
Left Neck Breadth Point 
Right Neck Breadth Point 
Left Shoulder # I  
Left Shoulder #2 
Left Top of Shoulder 
Right Top of Shoulder 
Left Shou 1 der #3 
Left Shoulder Circum. Point 
Right shoulder Circum. Point 
Posterior Neck Depth 
Cervi cale (C ) 
Posterior T O ~ S O  Point # I  
Posterior Torso Point #2 
Posterior Torso Depth Point 

Contours 

Top-of-Head Midline Arc 
Head Circumference Arc 
Ear-to-Ear over Top-of-Head Arc 
Ear-to-Ear thru Tip-of-Chin Arc 
Ear-to-Ear Under Chin Arc 
Ear-to-Ear Around Back-of-Head Arc 

Left Ear Notch 
Right Ear Notch 
Left 16wer rim of eye socket 
Right lower rim of eye socket 
l ndentat ion above nose 
Front of Forehead 
Top of head 
Back of head 
Tip of chin 
Bottom of skull at back 
Left upper cheek 
Right upper cheek 
Left lower back of jaw 
Right lower back of jaw - - - - - 
- - - - - 
- - - - - 
Front of Neck 
Top of sternum (breast bone) 
Front of torso point #I 
Front of torso point #2 
Front of torso at depth 
Left side of neck 
Right side of neck ----- 
----- 
----- 
----- 
----- 
----- 
----- 
Back of Neck 
Process of 7th cervical vertebra 
Back of torso #1 
Back of torso # 2  
Back of torso at depth 

see 'text for 
descr i pt i on 

I 



Figure 1.6. Front, top, and side i 1 lustrations of targeted 
landmarks and contours. Numbers correspond to 
Table 1.4. Circled numbers indicate contours. 



3. EAR-TO-EAR ----- OVER TOP OF HEAD ARC - A contour connect ing the two 
ears ( t rag ions)  across the top o f  t he  head. Th is  contour corresponds 
t o  the  manual measurement o f  the same name (measurement #23 i n  Table 
1.3) 

4. EAR-TO-EAR --- UNDER CHIN ARC - A contour connect ing t he  two ears 
( t rag ions)  under the ch in .  Th i s  contour corresponds t o  t he  manual 

measurement o f  the  same name (measurement #24 i n  Table 1.3). 

5. EAR-TO-EAR THROUGH TIP-OF-CHIN ARC - A contour connect ing the two 
ears ( t rag ions)  through the  t i p  o f  the  c h i n  (menton) . 
6 .  BACK-OF-HEAD ARC - A contour from the  back o f  one ear t o  the  back 
o f  the  o ther  ear through t he  head/neck j unc t i on .  Th is  contour 
corresponds approximately t o  the  a r c  p o r t i o n  o f  the  manual 
measurement o f  the  same name (measurement #25 i n  Table I . 3) . 

I t  w i l l  be noted t h a t  the  combinat ion o f  contours #3 and #4 g i v e  
an approximat ion t o  a  head circumference measurement taken i n  a  f r o n t a l  
p lane j u s t  forward o f  the ears and under the  ch in .  Also, i t  should be 
noted t h a t  contours #2  through #5 a re  a c t u a l l y  ha l f -head contours f o r  
data c o l l e c t i o n  purposes as w i l l  be descr ibed below. The complete head 
contours were obta ined a f t e r  data ana l ys i s  and e d i t i n g  o f  the  ha l f -head 
contours by ass ign ing  bo th  p o s i t i v e  and negat ive Y-coordinate va lues 
( i  ,e., s i de  t o  s ide) t o  contour t a rge t s  no t  on the mid1 ine. 

I.B.3.b. Theory of Stereophotogrammetry 

Stereophotogrammetry i s  a  procedure by which the geometric 
p r i n c i p l e s  o f  o p t i c s  a re  used t o  o b t a i n  p rec i se  coord ina te  in fo rmat ion  
o f  v i s i b l e  t a rge t s  t h a t  can be photographed i n  two or  more cameras. As 
shown i n  F igure  1.7, when an o b j e c t  i s  photographed, the  t h ree  
dimensions o f  t he  o b j e c t  a re  t r a n s l a t e d  i n t o  two dimensions o f  the image 
on the  f i l m .  Thus, any de f inab le  p o i n t  o r  t a r g e t  on the o b j e c t  can be 
loca ted  w i t h  respect  t o  a  de f ined  object-space re ference system by the  
th ree  coord ina te  dimensions X, Y ,  and Z, bu t  w i l l  have on l y  two 
coord inates i n  the  f i l m  plane. 

I n  t h i s  study, f i l m  image coord inatqs ( a c t u a l l y  the  p ro j ec ted  image 
coord inates)  a re  r e f e r r e d  t o  as U and V coord inates.  The values o f  U and 
V f o r  any t a r g e t  o r  p o i n t  depend on the  l o c a t i o n  o f  bo th  the t a r g e t  and 
the f i l m  r e l a t i v e  t o  the  camera lens and a l s o  on the p r o p e r t i e s  o f  the  
lens. As i l l u s t r a t e d  i n  F igure  1.8, i f  i d e n t i f i a b l e  p o i n t s  on an o b j e c t  
can be photographed i n  two or  more cameras whose lens p rope r t i es  and 
geometries a re  known or  ca l i b ra ted ,  then the  two se ts  o f  image or  U,V 
coord inates can be used t o  geomet r i ca l l y  e . ,  mathemat ica l ly )  
recons t ruc t  the  X,  Y ,  and Z coord inates o f  these p o i n t s  i n  the o b j e c t  
space. 

The p a r t i c u l a r  stereophotogrammetry technique used i n  t h i s  study, 
known as d i r e c t  l i n e a r  t rans fo rmat ion  or  DLT (Abdel e t  a l . ,  1971; Alem 
e t  a l . ,  1978), was used t o  determine the  labora to ry  X,  Y ,  and Z 
coord inates o f  t a rge t s  placed on the head, neck, and upper t o r so  o f  
i n f a n t s  and ch i l d ren .  C o l l e c t i v e l y ,  the coord inates o f  these t a rge t s  



FILM - 
F i g u r e  1 . 7 .  Geometric r e l a t i o n  between three-d imens iona l  o b j e c t  

space and twc-dimensional  f i l m  image space. 

F i g u r e  1.8. Labora tory  X ,  Y ,  and Z coo rd ina tes  o f  t a r g e t s  i n  
c a l i b r a t e d  o b j e c t  can be determined f rom U, V f i l m  
image coo rd ina tes  o f  two o r  more cameras. 



o f f e r  a  more complete d e s c r i p t i o n  o f  t he  s i z e  and shape o f  the  head and 
neck than i s  prov ided by measurement dimensions alone. I n  the DLT 
approach, cameras a re  r i g i d l y  pos i t i oned  and f i x e d  i n  the labora to ry  so 
t h a t  they w i l l  no t  move f o r  the  d u r a t i o n  o f  p r o j e c t  data c o l l e c t i o n  and 
so t h a t  a l l  p o i n t s  o f  i n t e r e s t  can be seen i n  a t  l e a s t  two camera views. 
With the  cameras so estab l ished,  a  three-dimensional  a r ray  o f  
c a l i b r a t i o n  t a r g e t s  i s  placed i n  the  des i r ed  t a r g e t  space. These 
t a r g e t s  a re  pos i t i oned  p r e c i s e l y  w i t h  respec t  t o  each o ther  so t ha t ,  
w i t h  respect  t o  a  se lec ted  labora to ry  re ference system (a se lected 
1 aboratory  or  i g i  n  and a se t  o f  or thogonal  axes) , t h e i  r X, Y, and Z 
coord inates a re  known. 

Th is  a r ray  of t a r g e t s  i s  photographed s imul taneous ly  by a l l  cameras 
and the  general geometr ic equat ions r e l a t i n g  object-space coord inates 
(X, Y, and Z) t o  p r o j e c t e d  f i lm-space o r  image coord inates (U and V) are  
so lved f o r  the  equat ion c o e f f i c i e n t s .  I n  e f f e c t ,  f o r  the  spec ia l  case 
o f  t he  c a l i b r a t i o n  g r i d ,  the  answers a re  known and t he  equat ion 
c o e f f i c i e n t s  a re  determined. I n  t h i s  way, t he  three-dimensional  space i s  
c a l i b r a t e d  f o r  a  s p e c i f i c  camera arrangement w i t hou t  having t o  measure 
the  exact d is tances,  o r i e n t a t i o n s ,  and lens c h a r a c t e r i s t i c s  o f  each 
camera. I f  the  cameras a re  no t  moved a f t e r  t h i s  c a l i b r a t i o n  i s  
completed, any o b j e c t  can be p laced i n  t he  c a l i b r a t e d  f i e l d ,  and the  
l abo ra to r y  X, Y ,  and Z coord inates o f  de f ineab le  p o i n t s  "seen" by two 
o r  more cameras can be determined w i t h  respect  t o  the  de f i ned  labora to ry  
re fe rence  system and origin: 

I.B.3.c. Stereophotoqrammetry Measurement F a c i l i t y  

F igures 1.9 and 1.10 show the  camera setup and "photo house" used 
i n  the  cu r ren t  s tudy f o r  stereophotogrammetry data c o l l e c t i o n .  The 
number o f  cameras requ i r ed  was minimized by assuming b i l a t e r a l  symmetry 
o f  t he  head w i t h  regard  t o  t he  i t s  bas i c  shape. Targets  f o r  d e f i n i n g  
head contours were t h e r e f o r e  on ly  placed on the  l e f t  s i d e  o f  the' head. 
Th is  a l s o  reduced the  amount o f  da ta  r educ t i on  and ana l ys i s  involved, 
b u t  t h e  setup s t i l l  r equ i r ed  t en  cameras t o  insure  t h a t  a l l  l e f t - s i d e  
contour t a rge t s  and anatomical landmark t a rge t s  on bo th  s ides o f  the 
head (e,g., l e f t  and r i g h t  t rag ion)  were photographed by a t  l eas t  two 
cameras. 

Table 1.5 descr ibes the  ten  cameras according t o  t h e i r  p o s i t i o n  
and view o f  the  sub jec t  and g ives  t h e i r  assigned camera number. Two 
cameras (# Is  1 and 3) were placed down low and angled up t o  view 
t a r g e t s  on the m i d l i n e  and l e f t  s i de  o f  the  c h i n  and neck. Three cameras 
(# Is  4,5, and 6 )  were p laced h o r i z o n t a l l y  t o  view t a rge t s  on the m i d l i n e  
and l e f t  s i de  o f  t he  back o f  the  head. Camera 7 was a l s o  o r i e n t e d  
h o r i z o n t a l l y  t o  o b t a i n  a  d i r e c t  r i g h t  s i d e  v iew o f  the head and was 
used t o  p o s i t i o n  sub jec t s  i n  the  c a l i b r a t e d  space as w e l l  as t o  
photograph landmark t a r g e t s  on the  r i g h t  s i d e  o f  the head. Cameras 8 and 
9 viewed the  head from above on the  r i g h t  and l e f t  s ides,  r espec t i ve l y ,  
w h i l e  cameras 2 and 10 viewed the face from above and f r o n t  on the l e f t  
and r i g h t  s ides,  r espec t i ve l y .  

As shown i n  F igures 1 - 1 1  and 1.12, each camera was fastened t o  an 
aluminum p l a t e  machined w i t h  a  s l o t  t o  ho ld  and o r i e n t  the camera body 
a t  t h e  appropr ia te  angle.  These p l a t e s  were r i g i d l y  a t tached t o  t he  



Figure 1.9. Schematic drawing o f  "photo house" showing l oca t i ons  
o f  ten cameras. View from l e f t  f r o n t  corner.  

F igure 1 . l o .  View o f  "photo house" from r i g h t  f r o n t  
showi ng 1 ocat  i ons of  several  cameras. 
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Figure 1 . 1 1 .  Camera # 4 mounted horizontaily to view subject 
from the left rear. Solenoid to fire camera 
shutter through the cable release is on right. 

Figure 1.12. Camera #2 mounted vertical ly and angled down 
to view subject from the upper left. 



Table 1.5 

L i s t  o f  Cameras and Assigned Numbers 

Camera # Camera Name Camera View 

1 Lower L e f t  F ron t  
2 Upper L e f t  F ron t  
3 Lower Front  L e f t  Side 
4 Hor i zon ta l  L e f t  Side Rear 
5 Hor izon ta l  L e f t  Rear 
6 Hor izon ta l  R igh t  Rear 
7 Hor izon ta l  R igh t  Side 
8 Upper R igh t  
9 Upper L e f t  

10 Upper R igh t  F ron t  

Under ch i  n  
Face and l e f t  s i de  
Under ch i  n  
L e f t  s i de  and back o f  head 
Back o f  head 
Back and r i g h t  s i d e  o f  head 
D i r e c t  r i g h t  s i de  
R igh t  s i de  and t op  o f  head 
L e f t  s i de  and top  o f  head 
Face and r i g h t  s i de  

s t e e l  support  frame by two a d d i t i o n a l  aluminum p la tes  t h a t  s t r add led  the  
frame member. Holes were d r i l l e d  a t  appropr ia te  l oca t i ons  i n  each 
mounting p l a t e  t o  a l l ow  un loading o f  the f i l m  w i t hou t  removing the 
camera from i t s  c a l i b r a t e d  p o s i t i o n .  

The c a l i b r a t i o n  g r i d  shown i n  F igure  1.13 was composed o f  s i x t y  
spher i ca l  ny lon  beads dyed f i v e  d i f f e r e n t  co lo rs .  The beads were d r i l l e d  
through t he  center  and f i x e d  a t  100 mm i n t e r v a l s  along twelve w i r e  
cab les suspended from p r e c i s e l y  located holes i n  an aluminum p l a t e ,  The 
cables were tensioned by plumb weights placed i n  con ta iners  o f  o i l  t o  
reduce cab le  mot ion and v i b r a t i o n .  The cameras were loaded w i t h  
Ektachrome 200, 35 mm c o l o r  transparency f i l m  and were - f i r e d  
s imul taneous ly  by means of ten  solenoid-powered cable- re lease systems 
connected t o  a  common power supply by a  s i n g l e  push-button swi tch.  A f t e r  
photographing the c a l i b r a t i o n  g r i d ,  the w i r e  cables w i t h  ny lon  beads 
were wound up and fastened abovethe aluminum p la te ,  ou t  o f  the  way, bu t  
a v a i l a b l e  i n  the  event t h a t  r e - c a l i b r a t i o n  was needed a t  a  l a t e r  date. 

I.B.3.d. Subiect  Preparat ion and Data C o l l e c t i o n  

F igures 1.14 through 1.17 i 1 l u s t r a t e  the process o f  t a r g e t i n g  and 
measuring a  sub jec t  which, f o r  the younger ch i l d ren ,  o f t e n  requ i red  
s i g n i f i c a n t  s k i l l  and e f f o r t  i n  the a r t  o f  d i s t r a c t i o n .  P r i o r  t o  
sub jec t  a r r i v a l ,  co lo red  tapes w i t h  con t ras t  co lo red  t a rge t s  spaced 
approximately one-hal f  inch apar t ,  were l a i d  ou t  on a  g lass p l a t e  f o r  
eventual  t r a n s f e r  t o  the sub jec t .  To f a c i l i t a t e  attachment o f  tapes and 
markers t o  head reg ions covered by h a i r ,  a  ny lon cap was p laced t i g h t l y  
over the s u b j e c t ' s  head. Th is  a l s o  compressed the h a i r  and s i g n i f i c a n t l y  
reduced head measurement e r r o r  due t o  h a i r  depth. I t  i s  est imated t h a t  
even on sub jec ts  w i t h  subs tan t i a l  h a i r ,  the  t a rge t s  were w i t h i n  one t o  
t h ree  m i l l i m e t e r s  o f  the sca lp .  

Whi le c o n t r a s t  t a rge t s  a long these contours were placed on on l y  the 
l e f t  s i de  o f  the  head ( i .e. ,  b i l a t e r a l  symmetry was assumed), the 



Figure 1.13. Calibration grid composed o f  colored nylon. 
spheres strung on plumbed wire cables. 



F i gure 1 .14. Measurement o f  HEAD BREADTH AT EAR 
OPENINGS a f t e r  p u t t i n g  on ny lon  cap. 

F igure 1.15. A t tach ing  TOP-OF-HEAD MIDLINE ARC tape 
w i t h  a  l i t t l e  he lp  from the  sub jec t .  



Figure  1 .16 .  P lac ing  tape and t a r g e t s  on back of  head. 

F igure  1.17.  P lac ing t a r g e t s  on face.  



co lo red  contour tapes were cont inued complete ly  around the  r i g h t  s i de  o f  
the  head t o  ma in ta i n  tens ion  and adhesion and t o  improve t he  accuracy o f  
tape placement. Since the con t ras t  t a r g e t s  were placed on the  tapes 
p r i o r  t o  attachment t o  the  sub jects ,  the  t a rge t s  usua l l y  cont inued pas t  
the  m i d l i n e  o f  the head. A spec ia l  color-coded "stop" t a r g e t  was 
t he re fo re  p laced a t  the  est imated m i d l i n e  o f  the  head i e . ,  a t  the  
i n t e r s e c t  i on  wi t h  the "Top-of-Head Mid l  i ne Arc'' tape) a f t e r  t he  tapes 
were i n  p lace,  so t h a t  t he  person subsequently d i g i t i z i n g  t he  f i l m  
would know e x a c t l y  where t o  terminate d i g i t i z a t i o n  o f  each hal f -head 
contour .  Manual measurements were taken as landmark t a rge t s  and tapes 
were at tached.  For example, the measurements o f  Head Length and Head 
Circumference were gene ra l l y  taken immediately a f t e r  attachment o f  the  
head circumference tape. 

Once a l l  tapes and t a r g e t s  were i n  place, the  sub jec t  was moved t o  
the "photo room" and seated i n  the  mod i f i ed  h i gh  c h a i r  as shown i n  
F igures 1.18 and 1.19. For some subjects ,  anatomical landmarks on t he  
face were most e a s i l y  pos i t i oned  and at tached a f t e r  the sub jec t  was 
seated i n  the  h igh  cha i r .  Using t he  view f i n d e r  o f  the  r i g h t  
h o r i z o n t a l  s i d e  camera (camera #7), the  c h a i r  he i gh t  and f ront /back 
p o s i t i o n  were ad justed so t h a t  the  s u b j e c t ' s  head, neck, and shoulders 
were pos i t i oned  i n  the c a l i b r a t e d  o b j e c t  space. For some smal ler  i n f a n t s  
(4-to-6-month age group) who had d i f f i c u l t y  s i t t i n g  up, i t  was necessary 
t o  s t u f f  p i l l o w s  between the  c h i l d  and t he  c h a i r  f o r  support .  I t  was 
a l s o  sometimes necessary t o  ho ld  the  arms o f  younger sub jec ts  t o  insure  
a  c l e a r  v iew o f  the  face, neck, and t o r so  i n  t he  lower f r o n t  cameras. 

When eve ry th i ng  was ready, and a f t e r  a t t ach ing  ' sub jec t  
i d e n t i f i c a t i o n  numbers, the  photo l i g h t s  were turned on and the  sub jec t  
was d i s t r a c t e d  o r  t o l d  t o  look approx imate ly  s t r a i g h t  ahead. A t  t he  
proper moment, the  ten  cameras were f i r e d  s imul taneous ly  us ing  the push- 
b u t t o n  sw i t ch  located near the f r o n t  o f  t he  camera support  frame. The 
cameras were wound immediately t o  check t h a t  a l l  camera shu t t e r s  had 
f i r e d  and a  second se t  of photos was taken i f  the re  was any quest ion o r  
problem suspected w i t h  t he  f i r s t  se t  ( i  .e., c h i l d  may have moved, 
camera d i d n ' t  f i r e ,  t a r g e t  came loose, etc.)  . 

1.8.4. STEREOPHOTOGRAMMETRY OATA PROCESSING AND ANALYSIS PROCEDURES 

I  .B.4.a. S l  i de  Handl i n g  D i q i  t i z i n g  

I n  DLT stereophotogrammetry, the  edges o f  the  f i l m  frames a re  used 
i n  the  c a l i b r a t i o n  and measurement process. These edges a re  generated 
by f i x e d  edges i ns i de  each camera and they can t he re fo re  be used as a  
re fe rence  f o r  the  f i x e d  p o s i t i o n  and o r i e n t a t i o n  o f  each camera. As 
shown i n  F igure  1.20, t he  l i n e a r  b e s t - f i t  reg ress ion  l i n e s  determined 
from n ine  d i g i t i z e d  p o i n t s  a long each o f  the p ro j ec ted  f i l m  edges were 
used t o  e s t a b l i s h  the  o p t i c a l  center  o r  o r i g i n  o f  the p ro j ec ted  f i l m  
frame re fe rence  system and the  d i r e c t i o n s  o f  the p ro j ec ted  U and V 
coord ina te  axes. For any camera, the  o r i e n t a t i o n  o f  these U and V axes 
r e l a t i v e  t o  the X and Y coord inates o f  t he  table-mounted d i g i t i z e r  w i l l  
change from sub jec t  t o  sub jec t  due t o  v a r i a t i o n  i n  s l i d e  mounting 
and s l i d e  p o s i t i o n  and o r i e n t a t i o n  i n  the  p r o j e c t o r .  Once the 
p ro j ec ted  f i l m  edges have been d i g i t i z e d  and the f i l m  image coord ina te  



F igure  1.18. A t tach ing  f i n a l  t a rge t s  and sub jec t  1 .D. 
numbers i n  photo room. View through doorway 

F igure 1.19. F i na l  p repa ra t i on  o f  sub ject .  
View through f r o n t  "window". 



Figure  1.20. R e l a t i o n  between d i g i t i z e r  X and Y coordinates 
and U and V p ro jec ted  image coordinates determined 
from d i g i t i z e d  f i l m  edges. 



axes es tab l i shed ,  however, d i g i t i z e r  X and Y coord ina te  va lues f o r  
t a r g e t s  i n  t h a t  f i l m  frame can be transformed i n t o  coord inates i n  the 
p ro j ec ted  U,V re ference system which i s  cons i s t en t  f o r  a l l  sub jects  f o r  
each camera. 

Since o n l y  one o r  two photos were taken o f  each sub jec t  per camera, 
several  sub jec ts  were measured and photographed be fo re  the cameras, 
loaded w i t h  20 exposure Ektchrome 200 f i l m ,  were emptied and the f i l m  
sent  ou t  f o r  processing. To insure  t h a t  a l l  f i l m  edges were i n t a c t  f o r  
d i g i t i z a t i o n  and t o  i nsu re  t h a t  the  c o r r e c t  order o f  photographs was 
maintained, the f i l m s  were processed uncut.  Developed f i l m  s t r i p s  were 
placed on a l i g h t  t a b l e  t o  s e l e c t  the bes t  se t  o f  photos f o r  each 
sub jec t  and t o  c a r e f u l l y  c u t  the f i l m s  between frames. The c u t  frames 
were then mounted between two g lass s l i d e s  t o  remove curva tu re  and 
were f i t t e d  i n t o  aluminum mounts w i t h  openings l a rge  enough t o  a l l ow  
a l l  f ou r  p ro j ec ted  f i l m  borders t o  be seen. Care was taken i n  mounting 
the f i l m  frames t o  make sure t h a t  a l l  borders were v i s i b l e ,  bu t  
o therwise the  o r i e n t a t i o n  ( i .e., t i l t )  o f  the s l i d e  i n  the  frame was no t  
c r i t i c a l  f o r  the  reasons noted above. 

The mounted s l i d e s  were p laced i n  carousel  t r ays  i n  camera number 
order  grouped by sub jec t .  Each s l i d e  was subsequently p ro j ec ted  v i a  a  
f r o n t  su r face  m i r r o r  t o  a  smooth ho r i zon ta l  sur face where each v i s i b l e  
c o n t r a s t  t a r g e t  was d i g i t i z e d  by depressing a bu t t on  when the c rossha i r  
o f  the d i g i t i z e r  sensing u n i t  was over the  des i red  t a rge t .  

A spec ia l  computer program was w r i t t e n  t o  sequence the i nves t i ga to r  
through the  t a rge t s  l i k e l y  t o  be v i s i b l e  from each camera view. I n  
a d d i t i o n  t o  sequencing t he  use.r through the  t a rge t s  i n  a  predetermined 
order  t h a t  was s p e c i f i c  t o  each camera, t he  program inc luded the  o p t i o n  
o f  s e l e c t i n g  on ly  s p e c i f i c  p o i n t s  f o r  d i g i t i z a t i o n .  The l a t t e r  was 
use fu l  f o r  r e d i g i t i z a t i n g  a  f i l m  frame t o  c o r r e c t  t a rge t s  t h a t  had been 
p rev i ous l y  d i g i t i z e d  i n c o r r e c t l y ,  The program a l so  al lowed f o r  sk ipp ing  
backward o r  forward i n  the  t a r g e t  sequence and f o r  coding a p a r t i c u l a r  
t a r g e t  as "missing" i f  i t  could  no t  be seen. 

I n  order  t o  a s s i s t  the person do ing the  d i g i t i z i n g  w i t h  
i d e n t i f i c a t i o n  and coun t ing  o f  the t a rge t s  i n  the  d i f f e r e n t  camera 
views, spec ia l  co l o r  cod ing and count ing schemes were developed. For 
example, f o r  each o f  the  s i x  head contours (or ha l f -head contours) , 
"beginning" and "end" t a rge t s  were de f ined  and the p o i n t s  i n  the 
contours were counted sequen t i a l l y .  Also, t o  he lp  keep t rack  o f  the 
contour t a r g e t  numbers i n  t he  d i f f e r e n t  camera views, every t h i r d  do t  i n  
the  contour was assigned a designated c o l o r  according t o  a  coded 
sequence (black do ts  were the  standard contour t a r g e t  co l o r )  . 
I.B.4.b. Reconst ruct ion of Laboratory Coordinates and Data E d i t i n q  

The d i g i t i z e d  U,V f i l m  frame coord inates f o r  each t a r g e t  p o i n t  i n  
each camera view were s to red  i n  a  UV data f i l e  by sub jec t .  These U,V 
coord ina te  data were subsequently used t o  recons t ruc t  the  labora to ry  X, 
Y ,  and Z coord inates f o r  t he  t a rge t s  us ing  the p rev i ous l y  determined 
DLT camera c a l i b r a t i o n  c o e f f i c i e n t s  i n  the  general equat ions t h a t  r e l a t e  
three-dimensional o b j e c t  coord inates t o  two-dimensional image 
coord inates,  I n  c a l i b r a t i n g  the s p e c i f i e d  o b j e c t  space, the  labora to ry  



o r i g i n  was se lec ted  so t h a t  a l l  l abora to ry  coord inate va lues would be 
p o s i t i v e  ( i .e., the o r i g i n  was loca ted  behind, below, and t o  the  r i g h t  
o f  the a r ray  o f  con t ras t  t a rge t s ) .  

The r e s u l t i n g  labora to ry  coord ina te  values f o r  a l l  con t ras t  
t a rge t s  were s to red  i n  an XYZ data f i l e .  The data were subsequently 
examined by producing computer p l o t s  o f  t he  contour and landmark 
t a rge t s  f o r  each sub jec t  as i l l u s t r a t e d  i n  F igure 1.21. Where obvious 
d i g i t i z i n g  e r r o r s  were found, the appropr ia te  f i l m  frames and t a r g e t s  
were r e d i g i t i z e d  and the UV f i l e  was thereby corrected.  The changed U,V 
coord inates were again used t o  r econs t ruc t  and change the  appropr i a t e  
labora to ry  X,  Y, and Z coord inate va lues i n  the  XYZ  f i l e .  The p l o t s  were 
then regenerated t o  v e r i f y  t h a t  the bad data p o i n t s  had been 
s a t i s f a c t o r i l y  cor rected.  Th i s  process o f  p l o t t i n g ,  e d i t i n g ,  
r e d i g i t i z i n g ,  and recons t ruc t i ng  the  data was repeated u n t i l  a1 1 major 
d i g i t i z i n g  e r r o r s  were resolved. 

I . B .4 .c. Tranf  ormat i on t o  Head Anatomical Reference System 

Because the  p o s i t i o n s  and o r i e n t a t i o n s  o f  the sub jec t s '  heads i n  
the l abo ra to r y  va r i ed  somewhat between subjects ,  the labora to ry  
coord ina te  da ta  cou ld  no t  be used d i r e c t l y  t o  combine and average 
landmark and contour t a r g e t  r e s u l t s  f o r  the  twenty f i v e  sub jec ts  i n  each 
group. I n  order  t o  p rope r l y  merge the data,  the  coord inate va lues needed 
t o  be transformed t o  a  re ference system common t o  a l l  sub jec ts .  

The obvious choice was the  head anatomical re fe rence  system 
i l l u s t r a t e d  i n  F igure  1.22. The o r i g i n  of the  head anatomical re ference 
system i s  a t  the midpoin t  o f  a  l i n e  connect ing r i g h t  and l e f t  t r a g i o n  
e . ,  the  notch above the c a r t i l a g i n o u s  f l a p  j u s t  forward o f  the  ear 
opening) . The Y-axis 1 i e s  a long t h i s  l ine  and i s  posi  t i v e  toward the 
l e f t  ear .  The X-axis i s  perpendicu lar  t o  the r i g h t / l e f t  t r a g i o n  l i n e ,  
l i e s  i n  the  F rank fo r t  p lane (see Table 11.4 f o r  d e f i n i t i o n ) ,  and i s  
p o s i t i v e  toward the  f r o n t .  The Z-axis i s  perpendicular t o  the F rank fo r t  
p lane and i s  p o s i t i v e  upward. 

Using the  labora to ry  X, Y ,  and Z coord inate values f o r  l e f t  and 
r i g h t  t r a g i o n  and the average coord ina te  values o f  l e f t  and r i g h t  
i n f r a o r b i t a l e ,  the head anatomical re ference system f o r  each sub jec t  was 
determined. Dur ing d i g i t i z i n g ,  i t  was occas iona l l y  noted t h a t  the l e f t  
and/or r i g h t  t r a g i o n  t a rge t s  had no t  been placed i n  the  c o r r e c t  
l o ca t i ons  (e.g., the con t ras t  t a r g e t  was occas iona1 l y  forward and/or 
below the  intended ear notch l oca t i on )  . I n  these s i t u a t i o n s ,  the 
v i s u a l l y  observed t r a g i o n  landmarks were a lso  d i g i t i z e d  and the 
coord inates o f  these ad justed t r a g i o n  p o i n t s  were used i n  the 
c o n s t r u c t i o n  o f  the head anatomical re ference system. 

Once the  head anatomical re fe rence  system was determined f o r  each 
sub jec t ,  i t  was a s imple mat ter  t o  make the necessary t rans fo rmat ion  
from l abo ra to r y  coord inates t o  head anatomical coord inates.  For t a rge t s  
on the head, a  complete t rans fo rmat ion  was made. Th is  invo lved  f i r s t  
s u b t r a c t i n g  the  labora to ry  coord ina te  va lues o f  the head re ference 
o r i g i n  from the  respec t i ve  X, Y ,  and Z coord inate values o f  each head 
t a r g e t  so t h a t  the head anatomical o r i g i n  was t r ans la ted  and a l igned  
w i t h  the labora to ry  o r i g i n .  Secondly, a  r o t a t i o n  t rans fo rmat ion  was 



Figure 1 . 2 1 .  Side and f r o n t  views o f  reconst ructed head t a r g e t  
coord inates f o r  one sub jec t .  Contour t a r g e t s  are 
a re  connected by s o l i d  l i n e s .  Landmark t a rge t s  a re  
shown by symbols. 



Figure  1 . 2 2 .  Head anatomical re ference system using Frankfor t  
plane determined by l e f t  and r i g h t  t ragions and 
l e f t  i n f r a o r b i t a l e .  



app l ied  t o  the  head whereby t a rge t s  on the  head were r o t a t e d  through 
th ree  angles (yaw, p i t c h ,  and r o l l )  about t h i s  common o r i g i n  t o  a1 ign  
the head anatomical axes w i t h  the  r espec t i ve  labora to ry  axes. 

Since t he  r o t a t i o n  t rans fo rmat ion  angles used f o r  each sub jec t  were 
based on the  o r i e n t a t i o n  o f  the  head w i t h  respect  t o  the  labora to ry  
re ference system, a p p l i c a t i o n  o f  the  r o t a t i o n  t rans fo rmat ions  t o  neck 
and t o r so  t a rge t s  was no t  appropr ia te .  Instead, i t  was assumed t h a t  the 
necks, shoulders, and to rsos  o f  a l l  sub jec ts  were p rope r l y  and s i m i l a r l y  
o r i en ted  r e l a t i v e  t o  t he  labora to ry  system and t o  each o ther  ( i  .e., they 
were o r i e n t e d  forward and u p r i g h t  i n  t he  labora to ry )  and on l y  the 
t r a n s l a t i o n  p a r t  o f  each s u b j e c t ' s  t rans fo rmat ion  was app l i ed  t o  these 
t a rge t s .  

I  .B.4.d. Fur ther  Edi t i n a  o f  Head Contour Targets  

With t he  t a r g e t  coord ina te  da ta  f o r  each sub jec t  t ransformed t o  
t h a t  s u b j e c t ' s  head anatomical re fe rence  system, the  r e s u l t s  were 
r e p l o t t e d  and examined. An example o f  t he  head contour and landmark 
t a rge t s  i n  head re fe rence  system coord inates f o r  one sub jec t  i s  shown i n  
F igure 1.23.  Since the X-Z plane o f  t he  head re fe rence  system de f ines  
the  m i d l i n e  o r  m i d s a g i t t a l  p lane o f  the  head (Y = 0.0), a more d e t a i l e d  
rev iew and re f inement  o f  the  data was poss ib l e  a t  t h i s  t ime. 

When sub jec ts  were measured and targeted,  the tape denot ing " top-  
of-head m i d l i n e  arc"  was p laced a t  t he  bes t  est imate o f  the  head 
m id l i ne .  Th is  tape was then used t o  d e f i n e  the end p o i n t s  f o r  the  o ther  
hal f -head contours.  Cons t ruc t ion  o f  the  head anatomical re ference 
system, however, prov ided d e f i n i t i o n  o f  a  more exact m idsagg i t a l ' p l ane  
based on t r a g i o n  ( i  .e., ear) landmarks. I t  was t he re fo re  poss ib le  t o  
make co r rec t i ons  t o  the  d i g i t i z e d  contour da ta  by f o r c i n g  m i d l i n e  po in t s  
t o  l i e  on the t r u e  m i d l i n e  o f  the head as de f ined  by the  head anatomical 
re ference system. Thus, the  Y-coordinate values o f  a l l  m i d l i n e  p o i n t s  
were se t  t o  zero.  

Also, a t  t h i s  t ime, a  c l ose r  examinat ion o f  the i n d i v i d u a l  contours 
was poss ib l e  and co r rec t i ons  due t o  tape r i p p l e  or less  o b v ~ o u s  
d i g i t i z a t i o n  e r r o r s  than had been found p rev i ous l y  were made. To 
accompl i sh t h i s  edi  t i  ng (and f o r  contour averaging descr ibed 1 a t e r )  , 
each head contour ( i  ,e., the p o i n t s  i n  each contour)  , except "Top-of- 
Head M i d l i n e  Arc", was transformed (i .e., ro ta ted)  so t h a t  the  p lane o f  
the contour was para1 l e l  t o  one o f  the orthogona,l ( i  .e., perpendicu lar )  
planes o f  t he  head anatomical re fe rence  system. I n  ac tua l  f a c t ,  the  
t a r g e t  p o i n t s  o f  each contour d i d  no t  l i e  p r e c i s e l y  i n  a  plane, b u t  
t h i s  was the i n t e n t i o n  when the  tapes were placed on the  sub jec t .  The 
plane o f  each contour was t he re fo re  de f ined  by the  l i n e  connect ing the  
f i r s t  and l a s t  p o i n t s  i n  the ha l f -head contour.  

With the  ha l f -head contours r o t a t e d  i n t o  the  standard re ference 
planes i nd i ca ted  i n  Table 1.6, f u l l  sca le ,  in -p lane p l o t s  o f  the  
contours were e a s i l y  made. F igure 1.24 shows the Y-Z o r  f r o n t  p lane 
view o f  the th ree  ear- to-ear arcs a f t e r  r o t a t i o n  about the common 
t r a g i o n  p o i n t  i n t o  the  re fe rence  planes. The arrows i n  the i n s e r t  
i nd i ca te  the o r i g i n a l  o r i e n t a t i o n s  o f  these arcs p r i o r  t o  r o t a t i o n .  
Correct ions t o  coord ina te  values needed t o  p lace  m i d l i n e  t a rge t s  on the  



Figure  1.23.  X-Z  plane view (s ide  view) o f  head t a r g e t s  
f o r  subject  #I29 transformed t o  head 
reference system coordinates.  



t r u e  m i d l i n e  o f  the head o r  t o  remove e r r o r s  due t o  tape r i p p l e  were 
e a s i l y  made a t  t h i s  time. 

A f t e r  complet ing t h i s  process, the t a rge t s  o f  the  "p lanar ized"  and 
ed i ted  contours were transformed ( i  .e., ro ta ted)  back through t h e i  r 
app rop r i a t e  angles and r e p l o t t e d  as a composite se t  o f  head contours f o r  
each sub jec t .  F igure 1.25 shows a composite s ide-view p l o t  o f  ed i t ed  
contours and head landmarks f o r  one sub jec t ,  

Table 1.6 

Head Reference Sys tern P 1 anes and Rota t i on 
Po in ts  Used f o r  Contour E d i t i n g  and Averaging 

Head Contour 
Reference Plane Po in t  Rotated 

Rotated t o  About 

Top-of-Head M i d l i n e  Arc N/A - a l ready i n  X-Z p lane 
Head Circumference Arc X - Y  p lane X-0 .O 
Ear-to-Ear over Top-of-Head Arc Y-Z plane 1s t  p o i n t  
Ear-to-Ear t h r u  T ip -o f -Ch in  Arc Y-Z plane 1s t  p o i n t  
Ear-to-Ear Under Chin Arc Y-Z plane 1s t  p o i n t  
Ear-to-Ear Around Back-of-Head Arc X - Y  p lane l a s t  p o i n t  

1 .B.4.e. Averaging Resul ts  W i t h i n  Age Groups 

Whi le  computation o f  group average and p e r c e n t i l e  values from 
sca la r  measurement da ta  invo lves  s t r a i gh t - f o rwa rd  mathematical 
procedures, i t  i s  q u i t e  a d i f f e r e n t  mat ter  t o  average coord ina te  data 
o f  t a r g e t s  which descr ibe  three-dimensional  geometric r e l a t i o n s h i p s  and 
contour shapes. As has a l ready  been demonstrated, comparable contours 
f o r  d i f f e r e n t  sub jects  i n  each age group do no t  a l l  have the  same 
o r i e n t a t i o n  r e l a t i v e  t o  the  head anatomical re ference system, nor do the 
contour t a rge t s  have any correspondence between subjects .  I t was 
t h e r e f o r e  necessary t o  develop a s u i t a b l e  technique f o r  combining the 
da ta  from the  twen t y - f i ve  sub jec ts  i n  each group t o  o b t a i n  a meaningful 
se t  o f  coord ina te  va lues descr i b i ng t he  group "average" sub jec t .  

By t ransforming the  head t a r g e t  p o i n t s  t o  the head re ference 
system, an important p a r t  o f  the averaging process was completed. Th is  
pu t  the  head t a r g e t  data f o r  each sub jec t  i n t o  appropr ia te  al ignment 
w i t h  respect  t o  the o ther  sub jec ts  i n  the  group, w i t h  coord ina te  values 
o f  landmarks and contours expressed r e l a t i v e  t o  a re fe rence  system t h a t  
i s  ana tomica l l y  s i m i l a r  f o r  a1 1 sub jects .  Averaging o f  s p e c i f i c  landmark 
p o i n t s  which had a one-to-one correspondence, such as maximum head 
b read th  p o i n t ,  gonion ( jaw) ,  and zyg ion (upper cheek), was now simply a 
mat te r  o f  computing the  averages o f  the  X, Y ,  and Z va lues respec t i ve l y .  
Averaging o f  contours was more complex and invo lved two separate pa r t s .  



Figure 1.24 Y-Z plane views o f  the th ree  ear- to-ear arcs f o r  sub jec t  
#537 a f t e r  r o t a t i n g  each a rc  i n t o  the head re ference 
system Y-Z  plane. Arrows o f  i n s e r t  i nd i ca te  angles 
o f  arc  planes p r i o r  t o  r o t a t i o n  i n t o  "working" planes. 



Figure 1.25. X-Z p lane view (s ide view) of  head ta rge ts  
f o r  subject  #568 a f t e r  "planar i z i  ng" and 
e d i t i n g  contours. 



F i r s t ,  the  average s i z e  and shape o f  each contour were determined f o r  
each age group. Next, the  group average o r i e n t a t i o n s  and p o s i t i o n s  o f  
these shapes r e l a t i v e  t o  the head re fe rence  system were determined. 

To accomplish the f i r s t  p a r t  o f  the  contour-averaging process, i t  
was necessary t o  o r i e n t  contours t o  be averaged p a r a l l e l  t o  the  same 
reference o r  "working" plane. Th is  was achieved as p rev i ous l y  descr ibed 
by r o t a t i n g  each "p lanar ized"  contour so t h a t  i t s  plane was p a r a l l e l  
t o  a head re ference system plane. F igure  1.26 i l l u s t r a t e s  t he  X-Z plane 
(s ide) and X-Y p lane (top) views o f  the  twenty- f  i v e  r o t a t e d  Head 
Circumfernce Arcs f o r  13-to-18-month sub jec ts  a f t e r  r e f l e c t i n g  the  h a l f -  
head contours t o  the r i g h t  s ide.  I t  i s  seen t h a t  the  planes o f  a l l  
contours a re  para1 l e l  t o  the  X - Y  re fe rence  plane, bu t  t h a t  these planes 
a re  a t  d i f f e r e n t  Z values. 

With the  contours r o t a t e d  and a l i gned  as descr ibed, t he  s i z e  and 
shape o f  each group 's  average head contours were computed from each se t  
o f  twen t y - f i ve  separate contours.  I n  do ing t h i s ,  i t  was impor tant  t o  
average along d i r e c t i o n s  which had meaning r e l a t i v e  t o  the  shapes o f  the 
p a r t i c u l a r  head contours be ing averaged. Averaging Head Circumference 
contours along the X or  Y a x i s  d i r e c t i o n s ,  f o r  example, would no t  be 
meaningful and would present  problems when the  d i r e c t i o n  o f  averaging 
was approaching the d i r e c t i o n  o f  the  tangent t o  the contours (e.g., the 
tangent t o  the  Head Circumference contour i s  i n  the X d i r e c t i o n  near the 
s ides o f  the  head and t he re fo re  one cannot mean ing fu l l y  average along 
t h i s  d i r e c t i o n  i n  t h i s  r eg ion  o f  the con tours ) .  Also, s ince  t he re  was 
no t  a one-to-one correspondence between t a r g e t s  i n  the  contours from 
d i f f e r e n t  sub jects ,  i t  would no t  make sense t o  compute the sca lar  
averages o f  X and Y coord inates o f  sequent ia l  t a rge t s  i n  the  contours.  

The averaging procedure used invo lved  f i r s t  determin ing the  bes t  
est imate f o r  the center o f  cu rva tu re  o f  each se t  o f  twenty- f  i v e  
contours (or ha l f-head contours) t o  be averaged f o r  each sub jec t  group. 
The contours were then averaged along r a d i i  from t h i s  cen te r .  Figures 
1.27 and 1.28 i l l u s t r a t e  t h i s  process f o r  data p o i n t s  f o r  two 
hypo the t i ca l  contours or  curves t h a t  l i e  i n  the X - Y  p lane. 

As shown i n  F igure 1.27, the bes t  est imate f o r  the center o f  the  
two curves i s  determined by computing the  s imple sca la r  averages o f  the 
X and Y coord ina te  values f o r  the f i r s t  and l a s t  p o i n t s  i n  the h a l f  
contours (po in ts  A and B) . A s t r a i g h t  l i ne i s  drawn connect ing these 
average p o i n t s  and t h i s  l i n e  i s  b i sec ted  (po in t  0) w i t h  a perpedicu lar  
l i n e .  The i n t e r sec t i ons  o f  t h i s  perpendicu lar  l i n e  w i t h  the two curves 
are determined by a computer program which i n t e r p o l a t e s  between 
adjacent da ta  po in t s  i n  the  curves. The X and Y coord inates o f  these 
i n t e r s e c t i o n  po in t s  are then averaged t o  determine p o i n t  C .  The p o i n t  on 
t h i s  perpendicu lar  b i sec to r  t h a t  i s  equal d i s tance  from p o i n t s  A ,  B, and 
C i l , equal d is tance  from th ree  p o i n t s  on the average contour)  i s  
then determined and used as the center o f  cu rva tu re  ( po in t  D) f o r  the 
se t  o f  contours.  

As shown i n  F igure 1.28, r a d i  i from p o i n t  D a re  const ructed a t  
i n t e r v a l s  o f  a few degrees u n t i l  a l l  p o i n t s  i n  a l l  the  contours have 
been inc luded by the set  o f  r a d i i .  The p o i n t s  o f  i n t e r s e c t i o n  o f  each 
r a d i i  w i t h  the i n d i v i d u a l  contours a re  determined by i n t e r p o l a t i o n  



= Head Clrcurnference Rrc--Go 05 

F igure  1.26. X - Y  (top) and X-Z (bottom) p lane views o f  twen t y - f i ve  
Head Circumference arcs f o r  25 t o  30 month subjects  
a f t e r  r o t a t i o n  i n t o  X-Y  p lane f o r  contour averaging. 



F igure  1 . 2 7 .  Determining the "best est imate"  f o r  the 
center  o f  cu rva tu re  o f  m u l t i p l e  contours.  

F igure 1.28. Averaging m u l t i p l e  contours along r a d i i  
from the center o f  curvature.  



between t a r g e t  p o i n t s  i n  each contour and the  coord ina te  va lues o f  
these p o i n t s  i n t e r s e c t i o n  f o r  each r a d i i  a re  averaged t o  g i v e  the  data 
p o i n t s  def i n i  ng the  average contour.  

A s i m i l a r  process was used f o r  a l l  ta rge ted  head contours,  a l though 
t he  head re fe rence  p lane operated i n  v a r i e d  accord ing t o  the  scheme 
shown i n  Table 1.6. The p o s i t i o n  o f  each average contour was determined 
by averaging the p o s i t i o n s  o f  the  planes o f  the  r espec t i ve  r o t a t e d  
contours f o r  the  twen t y - f i ve  sub jec ts  i n  each group. The o r i e n t a t i o n  
o f  each average contour was determined by t a k i n g  the  s imple average o f  
t he  angles t h a t  the  contours  had been r o t a t e d  through t o  ge t  them 
p a r a l l e l  t o  the  appropr ia te  head re fe rence  system plane. Each group 
average contour was thus pos i t i oned  a t  t he  group average l o c a t i o n  f o r  
t h a t  contour and r o t a t e d  back through t he  group average t rans fo rmat ion  
angle. F igure  1.29 shows a s i d e v i e w  ( i .e. ,  X-Z plane) o f  t he  average 
contours f o r  25-to-30 month sub jec ts  a f t e r  complet ing t h i s  averaging 
process. For each o f  the  four  sub jec t  groups, the  averages o f  the  
d i f f e r e n t  head contours f i t  together  extremely w e l l .  

I  .B.4.f. Combining Head Target  Data w i t h  Neck and Torso Po in t s  ------ 
Most o f  the  ana l ys i s  descr ibed so f a r  has d e a l t  w i t h  head landmark 

and contour t a rge t s .  The head has been considered a r i g i d  body i n  which 
one p a r t  does no t  move r e l a t i v e  t o  another p a r t .  I t  w i l l  be r e c a l l e d  
t h a t  when the  t rans fo rmat ion  f rom 1 aboratory  coord inates t o  head 
coord inates was made, bo th  t r a n s l a t i o n a l  and r o t a t i o n a l  t rans fo rmat ions  
were used f o r  head t a rge t s ,  w h i l e  on l y  t r a n s l a t i o n a l  t rans fo rmat ions  
were used f o r  neck and t o r s o  t a rge t s .  Ro ta t i on  o f  the  t r a n s l a t e d  
labora to ry  coord inates o f  head t a r g e t s  was necessary t o  ad jus t  f o r  
d i f f e rences  between sub jec ts  i n  head o r i e n t a t i o n s  w i t h  respect  t o  the  
labora to ry  re fe rence  system so t h a t  contour averaging could  be 
accomplished i n  a  meaningful way. 

To r o t a t e  the  neck and t o r so  p o i n t s  through the  same r o t a t i o n  
t ransformat ions used f o r  t he  head would have resu l ted ,  i n  many cases, i n  
a  t o r so  t h a t  was i napp rop r i a t e l y  o r i e n t e d  r e l a t i v e  t o  the  l abo ra to r y  o r  
i n e r t i a l  re ference system. However, because the  head re fe rence  system 
o r i g i n  about which the  r o t a t i o n a l  t rans fo rmat ions  o f  the head t a rge t s  
were made i s  no t  a  p o i n t  o f  na tu ra l  a r t i c u l a t i o n  f o r  the  head r e l a t i v e  
t o  the  neck and to rso ,  t he  coord inates o f  head t a rge t s  a f t e r  app ly ing  
the r o t a t i o n a l  t rans fo rmat ion ,  a re  no t  loca ted  app rop r i a t e l y  r e l a t i v e  t o  
the unro ta ted  neck and t o r s o  po in t s .  

To present  the head, neck, and t o r s o  t a r g e t  coord inates together  i n  
t h e i r  proper r e l a t i o n s h i p s ,  t he  head p o i n t s  needed t o  be unro ta ted  o r  
pu t  back t o  t h e i r  o r i g i n a l  o r i e n t a t i o n  w i t h  respect  t o  the labora to ry  
coord ina te  system. Before making t h i s  c o r r e c t i o n  o f  head p o i n t s  r e l a t i v e  
t o  neck and t o r s o  po in t s ,  i t  was determined from a rev iew o f  the  
sub jec t  photos and computer p l o t s  o f  l abo ra to r y  coord ina te  data t h a t  
the  yaw (i.e., r o t a t i o n  about the  head Z ax is )  and t i l t  (i ,e., r o t a t i o n  
about the head X ax is)  ang 1 es o f  the head t r ans fo rma t i on  were general l y 
small and t h a t  these r o t a t i o n s  had r e l a t i v e l y  l i t t l e  e f f e c t  on head-to- 
neck and head-to-torso r e l a t i o n s h i p s .  Therefore,  t he  pr imary angle 
through which the head p o i n t s  needed t o  be "unrota ted"  was the p i t c h  o r  
nod angle i l , r o t a t i o n  about the  head Y ax is )  . For each subject ,  



Figure  1.29.  X-Z plane view (s ide  view) o f  averaged head . 
contours and landmarks f o r  25 t o  30 month 
subjects a f t e r  r o t a t i n g  back through the 
averaged contour-pl ane ang l es . 



then, the  head t a rge t s  were operated on by a  r o t a t i o n a l  t rans fo rmat ion  
which "unrota ted"  the head about t he  head re fe rence  system Y-axis 
through the  angle  t h a t  had been used t o  a l i g n  the  head anatomical X a x i s  
w i t h  the  labora to ry  X ax i s .  Th is  r e s u l t e d  i n  c o r r e c t  p o s i t i o n i n g  o f  
the  head t a r g e t s  r e l a t i v e  t o  the neck and t o r s o  t a rge t s .  

F igure  1.30 i l l u s t r a t e s  these r e s u l t s  f o r  combined head, neck, and 
t o r s o  p o i n t s  f o r  the  25-to-30-month group average. I n  t h i s  case, the  
average head p i t c h  angle was used t o  t rans fo rm the  average head t a r g e t  
po in t s .  As i l l u s t r a t e d ,  t he  head anatomical X and Z axes a re  i n c l i n e d  
r e l a t i v e  t o  t he  labora to ry  axes ( i  .e., t he  F rank fo r t  p lane i s  i nc l i ned )  
b u t  the  head and labora to ry  Y axes and o r i g i n s  a re  s t i l l  a l igned.  

I.B.4.g. Cons t ruc t ion  of Symmetric Head Data Sets 

I n  order  t o  present  r e s u l t s  f o r  the  whole head from the  ha l f -head 
contours,  i t  was a s imple mat te r  t o  ass ign  nega t i ve  as w e l l  as p o s i t i v e  
Y-coordinate values t o  contour t a r g e t s  no t  on the  m idsagg i ta l  p lane. 
Landmark t a r g e t s  o f f  the midsaggi t a l  plane, such as Gonion (jaw) , Zygion 
(cheek), and Maximum Head Breadth Po in t ,  were ta rge ted  on bo th  s ides o f  
the  head. To ma in ta in  head symmetry, the  average coord ina te  va lues f o r  
the p a i r s  o f  t a rge t s  were computed and used f o r  the  landmarks on each 
s ide,  w i t h  the  average Y-coordinate va lues be ing assigned bo th  p o s i t i v e  
and nega t i ve  f o r  the l e f t  and r i g h t  s ides  r espec t i ve l y .  I t  was a l s o  
decided t o  d e l e t e  the  r i g h t  shoulder p o i n t s  i n  favor  o f  r e f l e c t i n g  the 
more complete and accurate  data o f  the  l e f t  shoulder t o  t he  r i g h t  s ide  
by ass ign ing  bo th  p o s i t i v e  and nega t i ve  Y-coordinate va lues t o  these 
po in t s .  

1 .B.4.h. Se lec t i on  o f  Group SMALL and LARGE Subjects.  

For s ing le -va lued  measurement da ta  such as the  manual measurements 
o f  t h i s  study, i t  i s  common p r a c t i c e  t o  compute the  sample 5 t h  and 95th 
p e r c e n t i l e  va lues as an es t imate  o f  smallness and largeness i n  the  
sampled popu la t ion .  I n  us i ng  such p e r c e n t i l e  da ta  from anthropometr ic 
measurements, i t  must be remembered t h a t  t he  p e r c e n t i l e  va lues f o r  
i n d i v i d u a l  measurements do no t  combine t o  g i v e  r ep resen ta t i ve  
popu la t i on  p e r c e n t i l e  va lues f o r  o ther  measurements. One cannot, f o r  
example, add 5 t h  p e r c e n t i l e  l eg  leng th  va lues t o  5 t h  p e r c e n t i l e  s i t t i n g  
he igh t  va lues t o  get  5 t h  p e r c e n t i l e  s t a tu res .  A person who i s  5 t h  
p e r c e n t i l e  f o r  one measurement w i l l  no t  be 5 t h  p e r c e n t i l e  f o r  a l l  o ther  
measurements. 

The purpose i n  us ing  stereophotogrammetric techniques t o  c o l l e c t  
landmark a.nd contour t a r g e t  coord ina te  data was t o  p rov i de  a more 
complete p i c t u r e  o f  the s i ze ,  shape, and geometry o f  the  head and neck 
than would be prov ided by manual measurements alone. As such, the  
pr imary va lue  o f  these da ta  i s  i n  the  combinat ion o r  composite o f  the 
t a r g e t  coord inates which together  descr ibe  the  head i n  many dimensions 
and d i r e c t i o n s .  However, j u s t  as t he re  i s  no s i n g l e  d e f i n i t i o n  o f  
smal l  ness and largeness f o r  the  f u l l  se t  o f  manual measurements ( i  .e., 
the person who i s  5 t h  p e r c e n t i l e  f o r  one measurement i s  no t  5 t h  
percent  i 1 e  f o r  another) , so there  i s  no s i n g l e  measure o f  smal lness and 
largeness f o r  the  composite o f  head t a r g e t  coord ina te  data.  Whi le i t  
would be poss ib l e  t o  compute i n d i v i d u a l  measurement va lues from the 



Figure 1.30. X-Z plane view (side view) of average head, neck, and 
torso landmark coordinates and contours for 25 to 30 
month subjects after rotating head pitch angle back to 
its original orientation. Note angle of head X axis to 
shifted laboratory X axis. 



coord ina te  data o f  ea h  sub jec t  and thereby compute sample s t a t i s t i c s  F 
f o r  these measurements , such an exerc ise  does no t  do j u s t i c e  t o  the  
main purpose o f  the t a r g e t  coord ina te  data.  

Therefore,  f o r  purposes o f  p resen t ing  t he  complete s e t  o f  
stereophotogrammetry coord i na e  data f o r  a  r ep resen ta t i ve  smal l  and 1 l a rge  head i n  each age group , a  d e f i n i t i o n  o f  head s i z e  based on an 
est imate f o r  t o t a l  head volume was es tab l i shed  us i ng  the  t h ree  measures 
o f  "Head Length", "Head Breadth", and "Head Height" .  When mu1 t i  p l  i ed  
together,  these l i n e a l  dimensions g i v e  an es t imate  o f  r e l a t i v e  head 
volume. To determine the  l a r g e s t  o r  sma l les t  head i n  a  g iven age group, 
the  rank ings o f  t h i s  head volume measure w i t h i n  each sub jec t  group from 
l a rges t  t o  sma l les t  were used as the p r imary  i n d i c a t o r  o f  head s ize ,  
w h i l e  the rank ings o f  the i n d i v i d u a l  measurement va lues f o r  Head 
Length, Head Breadth, and Head He igh t  were used as secondary i nd i ca to r s .  
For example, the sub jec t  w i t h  t he  sma l les t  head volume va lue  i n  each 
group was se lec ted  as the rep resen ta t i ve  smal l  sub jec t  f o r  t h a t  group i f  
the  three separate measurements were a l s o  ranked near o r  a t  the sma l les t  
f o r  t h a t  group. I f  one or  more o f  the t h ree  measurements was no t  ranked 
reasonably c l ose  t o  smal les t ,  the sub jec t  w i t h  the  nex t  l a r g e s t  volume 
( e  second smal lest)  was considered. I n  a  s i m i l a r  manner, the  
r ep resen ta t i ve  l a r g e  sub jec t  was se lec ted  f o r  each age group us i ng  
volume and measurement rank ings a t  or  near the l a r g e s t  f o r  each group. 

1 Some head measurements have been computed from the group 
average stereophotogrammetry t a r g e t  data and a re  compared 
t o  manual measurement r e s u l t s  i n  sec t i on  1I.D. 

2 Smallness and largeness of d i f f e r e n t  reg ions o f  the  head 
a re  a l s o  i nd i ca ted  by the composite p l o t s  o f  i n d i v i d u a l  
head contours i n  sec t i on  I I . C . 6 .  
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I1.A. SUMMARY OF SAMPLE POPULATION DEMOGRAPHICS 

As p rev i ous l y  ind ica ted ,  i t  was des i red  t o  measure a sample o f  
c h i l d r e n  whose r a c i a l  and f a m i l y  socio-economic f a c t o r s  were 
r ep resen ta t i ve  o f  the U.S. popula t ion.  In fo rmat ion  on each c h i l d ' s  
race, f a m i l y  income, and mother ' s  and f a t h e r ' s  educat ion l e v e l  were 
t he re fo re  requested from parents  i n  a d d i t i o n  t o  the bas ic  i n f o rma t i on  o f  
c h i l d ' s  sex and b i r t h  date.  Table 1 1 . 1  summarizes the  r e s u l t s  f o r  the 
f u l l  sample o f  301 sub jec ts  t h a t  were measured and i nd i ca tes  how c l o s e l y  
the  sample matches the  U.S. popu la t i on  i n  o v e r a l l  percentages and mean 
va lues accord ing t o  the 1980 Census o f  Popu la t ion  and Housing (see 
re ferences i n  sec t i on  I .C ) .  

By design, the  sample was composed o f  h a l f  females and h a l f  males 
except t h a t  the  25-to-30 month group conta ined one e x t r a  male sub ject .  
The 1980 U.S. census data show 48.9 percent  females and 51.1 percent  
males f o r  c h i l d r e n  under f i v e  years. Rac ia l l y ,  the  sample i s  somewhat 
lower i n  percentage o f  m i n o r i t y  groups than the na t i ona l  percentages f o r  
c h i l d r e n  under f i v e  years, w h i l e  the mean f am i l y  income f o r  the  sample 
popu la t i on  i s  somewhat h igher  than the  mean f am i l y  income o f  U . S .  
f a m i l i e s .  The l a t t e r  comparison does no t  account f o r  economic i n f l a t i o n  
between 1980 and 1984 which would be expected t o  r a i s e  t he  U.S. 
popu la t i on  mean f a m i l y  income va lue  c l ose r  t o  the sample mean f am i l y  
income va lue.  I t  should a l s o  be noted t h a t  some o f  the f a m i l i e s  w i t h  
lower l eve l  incomes i n  the  study a re  ones i n  which bo th  parents  were 
co l l ege  s tudents  a t  the  t ime t h e i r  c h i l d  was measured. These f a m i l i e s  
a re  t h e r e f o r e  no t  r e a l l y  r ep resen ta t i ve  o f  people whose f a m i l y  incomes 
a re  low because o f  educat ion l eve l  and type or lack o f  employment. 

The g rea tes t  d i f f e r e n c e  between t he  sample popu la t ion  and the  U.S. 
popu la t i on  i s  i n  paren ta l  educat ion l eve l s .  As ind ica ted  i n  the tab le ,  
the p r o p o r t i o n  o f  sub jec t s '  parents  w i t h  p a r t i a l  or  complete co l l ege  
l eve l  educat ions i s  l a rge  compared t o  t he  p ropo r t i on  o f  a d u l t s  w i t h  
co l l ege  l e v e l  educat ion i n  the U.S. popu la t ion .  Also, a l l  of the parents  
o f  sub jec ts  i n  the  sample popu la t i on  had achieved some h igh  school 
educat ion,  whereas 18.5 percent  o f  adu l t s  i n  the U.S. popu la t i on  were 
no t  educated beyond 8 th  grade. These resu l  t s  c l e a r l y  r e f l e c t  the 
educat iona l  environment o f  Ann Arbor and i t s  surrounding communities 
which i s  no t  r ep resen ta t i ve  o f  the  whole Uni ted States i n  t h i s  respect .  



Table 1 1  .I 

Summary o f  Demographic I n f o rma t i on  

* 
Va r i ab le  Study Sample 1980 u .S .  Census 

Sex 

Percent Fema 1 es (# f ema 1 es) 
Percent Males (# males) 

Race 

Percent Wh i t e  (# wh i te)  
Percent Black (# b lack)  
Percent Other (# o ther )  
Percent Non-Caucasian 

Household Income 

Mean Family Income 

Parents Educat ion Level 
(% a t  grade leve ls )  

K - 8 t h  grade 
High school 
Col lege and Grad. school 

* 
see references, sec t i on  I.C. 



I I ,B. MANUAL MEASUREMENT RESULTS 

11.8.1. RESULTS BY MEASUREMENT VARIABLE 

Table 11.2 l i s t s  the  measurements taken i n  t h i s  study by the  
procedures descr ibed i n  sec t i on  1.8.2. F igure  1 1 . 1  p rov ides a v i s u a l  
index t o  the  r e s u l t s  o f  t h i s  sect ion.  For each measurement, a w r i t t e n  
d e s c r i p t i o n  i s  g iven  a long w i t h  a drawing and photograph t o  he lp  
v i s u a l i z e  the  measurement. I n  several  cases i t  w i l l  be noted t h a t  two 
measurement names have been used. The f i r s t  name uses common 
termino logy f o r  persons no t  f a m i l i a r  w i t h  anatomy and anthropometry. The 
second name ( i n  parentheses) uses anatomi ca l  and anthropometr i c 
termino logy t o  r e f e r  t o  the s p e c i f i c  landmarks invo lved.  These 
anatomical  landmark terms a re  a l s o  g iven p a r e n t h e t i c a l l y  w i t h i n  the 
measurement d e f i n i t i o n s  and a re  de f ined  and i l l u s t r a t e d  i n  Table 11.3 
and F igure  11.2, Table 11.4 and F igure 11.3 descr ibe and i l l u s t r a t e  the 
m i d s a g i t t a l  and F rank fo r t  planes used i n  d e f i n i n g  and t ak i ng  many o f  
the  measurements. 

For each measurement va r i ab l e ,  the  d e f i n i t i o n  and i l l u s t r a t i o n  
page i s  fo l l owed by a page g i v i n g  t ab les  o f  measurement s t a t i s t i c  
s t r a t i f i e d  by sub jec t  group. Two tab les  a re  used t o  present me t r i c  and 
Eng l i sh  values f o r  the  sample minimimum, maximum, mean, standard 
d e v i a t i o n ,  and 5th,  50th,  and 95th p e r c e n t i l e s  o f  each age group. Each 
page o f  tabu la r  r e s u l t s  i s  fo l l owed by a s c a t t e r  p l o t  o f  the  measurement 
va lues p l o t t e d  versus sub jec t  age. To a s s i s t  w i t h  l o c a t i n g  the r e s u l t s  
o f  t h e  i n d i v i d u a l  measurements, the  measurement number from Table 11.2 
and F igure  1 1 . 1  i s  g iven i n  the upper r i g h t  o r  l e f t  corner o f  these 
pages. 



Table 11.2 

Index t o  Anthropometric Measurements 

No. Measurement Page No. 

Weight 
S ta tu re  
S i t t i n g  Height 
Maximum Head Breadth 
Head C i rcumf erence 
Head Breadth a t  Circumference 
Head Length 
Head Height 
T ip-of -Chin  t o  Back-of-Head Dis tance 
Tip-of-Chin t o  Back-of-Head Circumference 
Lower Face Height  
Maximum Face Breadth 
Maximum Jaw Breadth 
Head Breadth a t  Ear Openings 
Ear t o  Head/Neck Junc t ion  D i stance 
Ear t o  T ip-of -Chin  Distance 
Ear t o  Top-of-Head Distance 
Top-of-Head t o  Back-of-Head Distance 
Top-of-Head t o  Head Circumference Distance 
Back-of-Head t o  Head-Breadth Po in t  Distance 
Forehead t o  Back-of-Head Arc Length 
Forehead t o  Head/Neck Junc t ion  Arc Length 
Ear-to-Ear Over Top-of -Head Arc Length 
Ear-to-Ear Under Ch i n Arc Length 
Ear-to-Ear Around Back-of-Head Arc Length 
Neck Circumference 
Neck Breadth 
Neck Depth 
Shoulder Breadth 
Shoulder Circumference 
Shoulder Depth 
Torso Depth 
Top-of-Shoulder t o  Top-of-Head Distance 
Shoulder-Circumference-Point t o  
Top-of -Head D i stance 



Figure 1 1 . 1 .  Index to manual measurements. 

57 



Table 11.3 

D e f i n i t i o n s  of Anthropometric Landmarks and Terms 

1 .  Glabel la  

The p o i n t  o f  greatest p ro t rus ion  ( i  .e.,most an te r i o r  po in t  on the 
forehead. 

2 .  Gonion 

The lowest and widest bony po in t  a t  the back o f  the jaw bone (i .e., 
mandible) on each side. 

l n f r a o r b i t a l e  

The lowest p o i n t  on the bony socket o f  the eye that  can be palpated 
under the sk in.  

4. Head/Neck Junct ion 

The lowest po in t  o f  the back o f  the s k u l l  a t  the j unc t i on  of the 
head and neck. 

5 .  Menton 

The most forward and lowest (i.e., a n t e r i o r - i n f e r i o r )  p o i n t  on the 
ch in  ( i  .e., the t i p  o f  the ch in ) .  

6. Opisthocranion 

The p o i n t  o f  greatest p ro t rus ion  ( i  .e., most pos ter io r  po in t )  on the 
back o f  the head. 

7. S e l l i o n  

The p o i n t  o f  deepest indentat ion above the nose and below the brow 
r idge.  

8. Traaion 

The notch on the ear j u s t  forward o f  ( i  .e., an ter io r  to) the ear 
opening and j u s t  above (i.e., superior to) a  small ca r t i l ag inous  
f l ap .  This  p o i n t  corresponds approximately t o  the upper margin o f  
the ear drum. 

9. Vertex 

The h ighest  po in t  on the top of the head. 

The po in t s  o f  the upper cheek bones ( i  .e., zygomat i c  arches) t ha t  
de f ine  the widest breadth o f  the face. 



F i g u r e  11 .2 .  Anatomical landmarks used i n  manual measure- 
ments. Numbers cor rspond w i t h  Tab le  11.3. 



Table 11.4 

Definitions of Anatomical Planes 

Frankfort Plane 

The standard head refernce plane that is used to describe the 
orientation of the head and to define the head anatomical coordinate 
system. Also known as the eye-ear plane, it is traditionally defined by 
the three anatomical landmarks - right and left tragion and left 
infraorbitale. It is approximately horizontal when a person stands 
looking straight ahead and it is approximately vertical when a person is 
1 yi ng on the back looking upward. 

Midsagi ttal Plane 

The plane parallel to the long axis of the body extending to the front 
and back in the midline so that it divides the body into a right and a 
12ft half. 

FRANKFORT 
PLANE 

Figure 11.3 Midsagittal and Frankfort Planes 





WEIGHT 

The subject is weighed on a clinical scale with clothes and without shoes to the nearest half 
pound. The weights of infants who cannot stand are obtained by subtracting the weight of 
the parent from the weight of the parent plus infant. 



Weight (Kg) 

(Males and Females) 

Ages (mo) 

S.D. - 

Weight (lb) 

(Males and Females) 

Mean S.D. 
7 

Min 5th - - 
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STATURE 

The subject stands erect looking straight ahead so that the Frankfort plane is 
approximately horizontal. With an  anthropometer equipped with a paddle blade, measure 
the vertical distance from the standing surface to the top of the head (vertex). 

CROWN-SOLE LENGTH 

Crown-sole length is used for infants who are unable to stand. The infant lies on the back 
looking upward so that the Frankfort plane is approximately vertical. With the legs 
extended, use a n  anthropometer equipped with paddle blades to measure from the heel of 
the right foot to the top of the head (vertex). 



Stature (cm) 
(Crown-Sole Length) 

Ages (mo) - N 

Ages (mo) 

0-3 
4-6 
7-9 
10-12 
13-18 
19-24 
25-30 
31-36 
37-42 
43-48 

(Males and Females) 

Mean - S.D. Min 5th - - 

Stature ( i n )  
(Crown-Sole Length) 

(Males and Females) 

Mean S.D. - - Min - 5th - 
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SITTING HEIGHT 

The child sits with an erect posture and the head oriented so that the Frankfort plane is 
approximately horizontal. With an anthropometer equipped with a paddle blade, measure 
the vertical distance from the sitting surface to the top of the head (vertex). 

CROWN-RUMP LENGTH 

This measurement is used to approximate sitting height on infants who cannot sit up. The 
infant is positioned lying on the back looking up so that the Frankfort plane is 
approximately vertical. With the right leg flexed approximately ninety degrees, use an 
anthropometer equipped with paddle blades to measure the distance from the surface of 
the buttock to the top of the head (vertex). An assistant is required to position and hold 
the infant. 



Ages (mo) 

Sitting Height (cm) 
(Crown Rump Length) 

(Males and Females) 

S.D. Min - 5th 

Sitting Height (in) 
(Crown Rump Length) 

(Males and Females) 

Min - 5th 
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MAXIMUM HEAD BREADTH 

The subject is placed or held in a seated position. With sliding calipers equipped with 
paddle blades, measure the maximum breadth of the head above the ears. 



Maximum Head Breadth (cm) 

(Males and Females) 

Ages (mo) 

Ages (mo) 

Mean S.D. - Min - 5th 

Maximum Head Breadth (in) 

(Males and Females) 

Mean - S.D.  - Min - 50th 95th Max - - - 
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HEAD CIRCUMFERENCE 

The subject is placed or held in a seated position. With a cloth measuring tape, measure 
the circumference of the head in a plane perpendicular to the midsagittal plane passing 
through the point of greatest protrusion on the forehead (glabella) and the point of greatest 
protrusion on the back of the head (opisthocranion). A band is placed around the head to 
mark the location of this circumference. 



Head Circumference (cm) 

(Males and Females) 

Ages (mo) 

Ages (mo) 

.Mean S.D. Min - 5th 

Head Circumference (in) 

(Males and Females) 

Mean - Min 5th 
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HEAD BREADTH AT CIRCUMFERENCE 

The subject is placed or held in a seated position. With sliding calipers equipped with 
paddle blades, measure the maximum breadth of the head on the head circumference band. 



Ages (mo) 

Ages (ma) 

Head Breadth a t  Circumference (cm) 

(Males and Feiiales) 

N - Mean S.D. Min - - 5th  50th 

Head Breadth a t  Circumference ( i n )  

(Males and Females) 

95th Max - - 

N - Mean - S.D. Min - 5th 50th 95th Max - 
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HEADLENGTH 
(Glabella-to-Opisthocranion Distance) 

The subject is placed or held in a seated position. With sliding calipers equipped with 
paddle blades, measure the distance in the midsagittal plane from the point of greatest 
protrusion on the forehead (glabella) to the point of greatest protrusion on the back of the 
head (opisthocranion). 



Ages (mo) 

Head Length (cm) 
(Glabella to Opisthocranion Distance) 

(Males and Females) 

N - Mean - S.D. Min - 5th 50th 

Head Length ,(in) 
(Glabella to Opisthocranion Distance) 

(Males and Females) 

N - Mean S.D. - Min - 5th - 50th 
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HEAD HEIGHT 
(Menton-to-Vertex Distance) 

The subject is placed or held in a seated position with the mouth closed. With an 
anthropometer equipped with paddle blades, measure the height of the head from the tip of 
the chin (menton) to the highest point a t  the top of the head (vertex). The measurement is 
taken approximately perpendicular to the Frankfort plane in the midsagittal plane. 



Ages (mo) 

Ages (mo) 

Head Height (cm) 
(Menton to Vertex Distance) 

(Males and Females) 

Mean S.D. Min - - 5th 

Head Height (in) 
(Menton to Vertex Distance) 

(Males and Females) 

Mean - S.D. Min - 5th 

Max - 

50th 95th Max - - - 
5.3 5.8 6.2 
5.7 6.2 6.5 
5.9 6.4 6.7 
6.2 6.8 6.9 
6.4 6.9 7.0 
6.6 7.0 7.0 
6.8 7.3 7.6 
6.9 7.4 7.7 
7.0 7.8 8.0 
6.9 .7.4 8.0 
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TIP-OF-CHIN to  BACK-OF-HEAD DISTANCE 
(Menton to Back-of-Head Distance) 

The subject is placed or held in a seated position with the mouth closed. With an 
anthropometer equipped with paddle blades, measure the maximum distance in the 
midsagittal plane from the tip of the chin (menton) to the furthest point from the chin on 
the back of the head 



Ages (mo) 

Tip-of-Chin to Back-of-Head Distance (cm) 
(Menton to Back-of-Head Distance) 

(Males and Females) 

Mean - S.D. - Min - 

Tip-of-Chin to Back-of-Head Distance (in) 
(Menton to Back-of-Head Distance) 

(Males and Females) 

N - - Mean - S,D, 

Max - 

Min - - - -  5th 50th 95th Max - 
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TIP-OF-CHIN to BACK-OF-HEAD CIRCUMFERENCE 
(Menton to Back-of-Head Circumference) 

The subject is placed or held in a seated position with the mouth closed. With a cloth 
measuring tape, measure the circumference of the head in a plane passing through the tip 
of the chin (menton) and the furthest point from the chin on the back of the head: ' 



Tip-of-Chin to Back-of-Head Circumference (cm) 
(Menton to Back-of-Head Circumference) 

(Males and Females) 

Ages (mo) - N Mean - S,D, Min - - - -  5th 50th 95th 

Tip-of-Chin to Back-of-Head Circumference (in) 
(Menton to Back-of-Head Circumference) 

(Males and Females) 

Min - 5th 50th 95th - - -  Max - 
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LOWER FACE HEIGHT 
(Menton-to-Sellion Distance) 

The subject is placed or held in a seated position with the mouth closed. With sliding 
calipers equipped with paddle blades, measure the distance from the point of deepest 
indentation above the nose (sellion) to the tip of the chin (menton). 



Ages (mo) 

Ages (mo) 

Lower Face Height (cm) 
(Menton to Sellion Distance) 

(Males and Females) 

Min - 5th 

Lower Face Height (in) 
(Menton to Sellion Distance) 

(Males and Females) 

Mean S.13. Min - 5th 

50th 95th Max - - - 





MAXIMUM FACE BREADTH 
(Bizygomatic Breadth) 

The subject is placed or held in a seated position. With sliding calipers equipped with 
paddle blades, measure the maximum breadth of the face at  the most lateral points of the 
upper cheek bones (i.e., from left to right zygion). Sufficient pressure is applied to cause 
firm contact with the skin overlying the bony points. 



Ages (mo) 

Maximum Face Breadth (cm) 
(Bizygomatic Breadth) 

(Males and Females) 

Mean - S.D. Min - - 5th 50th 

Maximum Face Breadth (in) 
(Bizygomatic Breadth) 

(Males and Females) 

Min - 5th - 

Max - 

50th 95th Max - - - 
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MAXIMUM JAW BREADTH 
(Bigonial Breadth) 

The subject is placed or held in a seated position. With sliding calipers equipped' with 
paddle blades, measure the maximum breadth of the jaw a t  the lowest and widest points 
on the mandible (i.e., between the right and left gonion). Sufficient pressure is applied to 
cause firm contact with the skin overlying the bony points. 



Maximum Jaw Breadth (cm) 
(Bigonial Breadth) 

Ages (mo) 

(Males and Females) 

Min - 

Maximum Jaw Breadth ( i n )  
(Bigonial Breadth) 

(Males and Females) 

Mean S.D. - - 

Max - 

Min - - 5 t h  
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HEAD BREADTH AT EAR OPENINGS 
(Bitragion Breadth) 

The subject is placed in a sitting or supine position. With spreading calipers, measure the 
distance from the notch on the right ear just forward of the ear opening to a similar point 
on the left ear (i.e., from right tragion to left tragion). 



Ages (mo) 

Head Breadth at Ear Openings (cm) 
(Bitragion Breadth) 

(Males and Females) 

N - - Mean S.D. - - - Min 5th 50th 

Head Breadth at Ear Openings (in) 
(Bitragion Breadth) 

(Males and Females) 

Max - 

Min - 5th 50th 95th M a x  - - -  
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EAR TO HEAD/NECKJUNCTION DISTANCE 
(Tragion to HeadNeck Junction Distance) 

The subject is placed or held in a seated position. With sliding calipers equipped with an 
extension on one blade, measure the distance from the notch on the ear just forward of the 
ear opening (tragion) to the lowest point on the skull palpated on the back of the head at 
the junction of the head and neck (headlneck junction). The measurement is made parallel 
to the midsagittal plane. 



Ages (mo) 

Ages (mo) 

Ear to Head/Neck Junction Distance (cm) 
(Tragion to Head/Neck Junction Distance) 

(Males and Females) 

N - Mean S.D. - Min 5th 50th 

Ear to Head/Neck Junction Distance (in) 
(Tragion to Head/Neck Junction Distance) 

(Males and Females) 

N - Mean S.D. - Min 5th 50th 
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EAR TO TIP-OF-CHIN DISTANCE 
(Tragion-to-Menton Distance) 

The subject is placed or held in a seated position. With sliding calipers equipped with an 
extension blade, measure the distance between the notch on the ear just forward of the ear 
opening (tragion) and the tip of the chin (menton). The measurement is made parallel to 
the midsagittal plane. 



Ages (mo) 

Ear to Tip-of-Chin Distance (cm) 
(Tragion to Menton Distance) 

(Males and Females) 

Mean S.D. Min - - 5th 50th 

Ear to Tip-of-Chin Distance (in) 
(Tragion to Menton Distance) 

(Males and Females) 

Max 

Mean - S.D. Min - 5th 50th 95th Max - - -  



+ = Male 

x = Female 

Ear to Tip-of -Chin Distance 
(Tragion to Menton Distance) 

0 6 12 18 24 30 36 42 48 
Age (months) 



EAR TO TOP-OF-HEAD DISTANCE 
(Tragion-to-Vertex Distance) 

The subject is positioned lying on the back and looking upward so that the Frankfort plane 
is approximately vertical and the top of the head is against a vertical plexiglass reference 
plate. With an antl;r'opometer equipped with paddle blades, measure the distance, parallel 
to the long axis of the body, from the back of the reference plate to the notch on the ear 
just forward of the ear opening (tragion) and subtract off the thickness of the plexiglass 
plate. 



Ages (mo) 

Ages (mo) 

Ear to Top-of-Head Distance (cm) 
(Tragion to Vertex Distance) 

(Males and Females) 

N - Mean S.D. Min - 5th 50th 

Ear to Top-of-Head Distance (in) 
(Tragion to Vertex Distance) 

(Males and Females) 

Mean S.D. Min - - 5th 50th 

Max - 
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TOP-OF-HEAD TO BACK-OF-HEAD DISTANCE 
(Vertex-to-Opisthocranion Distance) 

The subject is positioned lying on the back and looking upward so that the Frankfort plane 
is approximately vertical and the top of the head is against a vertical plexiglass reference 
plate. The vertical distance from the table surface to the point a t  which the top of the 
head (vertex) contacts the vertical reference plate is read from a measurement tape on the 
plate. 



Top-of-Head to Back-of-Head Distance (cm) 
(Vertex to Opisthocranion Distance) 

(Males and Females) 

N - - Mean S.D. Min - 5th 50th - 

Top-of -Head to Back-of -Head Distance ( in) 
(Vertex to Opisthocranion Distance) 

(Males and Females) 

S.D. - Min - Max - 





TOP-OF-HEAD TO HEAD CIRCUMFERENCE DISTANCE 
(Vertex to Head Circumference Distance) 

The subject is placed or held in a seated position. With sliding calipers equipped with an  
extension blade, measure the distance perpendicular to the Frankfort plane from the 
highest point on the top of the head (vertex) to the head circumference band. 



Top-of-Head to Head Circumference Distance (cm) 
(Vertex to Head Circumference Distance) 

(Males and Females) 

Ages (mo) l! Mean S.D. Min - - - -  5th 50th 95th - Max 

Top-of-Head to Head Circumference Distance (in) 
(Vertex to Head Circumference Distance) 

(Males and Females) 

Ages (mo) - N Mean S.D. Min - 5th 50th 95th Max - - -  - 
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BACK-OF-HEAD to HEAD-BREADTH-POINT DISTANCE 
(Opisthocranion to Head-Breadth-Point Distance) 

The subje'ct is placed or held in a seated position. With sliding calipers equipped with an 
extension blade, measure the distance from the point of maximum breadth on the head 
circumference band to the point of greatest protrusion at  the back of the head 
(opisthocranion). The measurement is made parallel to the midsagittal plane. 



Back-of-Head to Head Breadth Point Distance (cm) 
(Opisthocranion to Head Breadth Point Distance) 

(Males and Females) 

Ages (mo) - N S.D. 

Back-of-Head to Head Breadth Point Distance (in) 
(Opisthocranion to Head Breadth Point Distance) 

(Males and Females) 

Ages (mo) - N - Mean S.D. Min - 5th 50th 95th Max - 
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FOREHEAD TO BACK-OF-HEAD ARC LENGTH 
(Glabella to Opisthocranion Arc Length) 

The subject is placed or held in a seated position. With a cloth measuring tape, measure 
the arc length in the midsagittal plane from the point of greatest protrusion of the forehead 
(glabella), along the top of the head, to the point of greatest protrusion at the back of the 
head (opisthocranion). 



Forehead to Back-of-Head Arc Length (cm) 
(Glabella to Opisthocranion Arc Length) 

(Males and Females) 

N - Mean - S.D. Min - 5th 50th 

Forehead to Back-of-Head Arc Length (in) 
(Glabella to Opisthocranion Arc Length) 

(Males and Females) 

N - Mean S.D. Min - - 5th - 50th 
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FOREHEAD TO HEADNECK JUNCTION ARC LENGTH 
(Glabella to Hearneck-Junction Arc Length) 

The subject is placed or held in a seated position. With a cloth measuring tape, measure 
the length of the arc in the midsagittal plane from the point of greatest protrusion on the 
forehead (glabella), along the top of the head, to the lowest point on the back of the skull 
palpated a t  the junction of the head and neck (headheck junction). 



Forehead to Head/Neck Junction Arc Length (cm) 
(Glabella to kIead/Neck Junction Arc Length) 

(Males and Females) 

Forehead to Head/Neck Junction Arc Length ( in )  
(Glabella to ~ead/Neck Junction Arc Length) 

(Males and Females) 

Ages (mo) - N Mean - S.D. Min - 5th 50th 95th Max - 
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EAR-TO-EAR OVER TOP-OF-HEAD ARC LENGTH 
(Bitragion Over Top-of-Head Arc Length) 

The subject is placed or held in a seated position. With a cloth measuring tape, measure 
the length of the arc across the top of the head and in a plane approximately perpendicular 
to the Frankfort plane from the notch on the left ear just forward of the ear opening (left 
tragion) to a similar point on the right ear (right tragion). The tape does not necessarily 
pass through bhe highest point on the top of the head (vertex). 



Ages (mo) 

Ear-to-Ear over Top-of-Head Arc Length (cm) 
(Bitragion over Top-of-Head Arc Length) 

(Males and Females) 

N - Mean - S.D. Min - 5th 50th - - 

Ear-to-Ear over Top-of-Head Arc Length (in) 
(Bitragion over Top-of-Head Arc Length) 

(Males and Females) 

N - Mean - S.D. - Min - 5th - 50th Max - 
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EARTO-EAR UNDER CHIN ARC LENGTH 
(Bitragion Under Chin Arc Length) 

The subject is placed or held in a seated position with the neck in slight extension to raise 
the chin up approximately ten degrees. With a cloth measuring tape, measure the length 
of the arc beginning a t  the notch on the left ear just forward of the ear opening (left 
tragion), passing under the chin just forward of where the neck and the chin join, and 
continuing to the notch on the right ear, just forward of the ear opening (right tragion). 
Enough tension is applied to the tape to assure even contact with and slight compression of 
the soft tissue. 



Ages (mo) 

Ear-to-Ear Under Chin Arc Length (cm) 
(Bitragion Under Chin Arc Length) 

(Males and Females) 

Min - 

Ear-to-Ear Under Chin Arc Length ( i n )  
(Bitragion Under Chin Arc Length) 

(Males and Females) 

N - Mean S.D. Min - - 5th Max - 



Ear-to-Ear Under Chin Arc Length 
(Bitragion Under Chin Arc Length) 

+ = Male 

x = Female 

0 6 12 18 24 30 36 42 48 
Age (months) 



EARTO-EAR AROUND BACK-OF-HEAD ARC LENGTH 
(Bitragion through Head/NeckJunction Arc Length) 

Because of the difficulty in measuring an accurate arc length over the ears, this 
measurement was made by taking two separate measurements and adding the results. 
The subject is placed or held in a seated position. With sliding calipers equipped with 
paddle blades, measure the distance from the notch on the left ear just forward of the ear 
opening (tragion) to the junction of the back of the ear a9d the head. Also, with a cloth 
measuring tape, measure the length of an arc from this point just behind the left ear, 
passing through the lowest point on the back of the skull a t  the junction of the head and 
neck (headheck junction) to a comparable point behind the right ear. Multiply the first 
measurement taken across the ear by two and add the result to the arc length measured. 



Ear-to-Ear around Back-of-Head Arc Length (cm) 
(Bitragion through Head/Neck Junction Arc Length) 

(Males and Females) 

Ages (mo) N - Mean S.D. - - 

Ages (mo) 

Ear-to-Ear around Back-of-Head Arc Length (in) 
(Bitragion through Head/Neck Junction Arc Length) 

(Males and Females) 

Mean - S.D. - Min - 

Max 
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NECK CIRCUMFERENCE 

The subject is placed or held in a seated position. With a cloth measuring tape, measure 
the circumference of the neck in a plane perpendicular to the long axis of the neck a t  the ' 

approximate midpoint. 



Neck Circumference (cm) 

Ages (mo) 

(Males and Females) 

Mean - Min 5th - - 

Neck Circumference ( in )  

(Males and Females) 

Max - 





NECKBREADTH 

The subject is placed or held in a seated position. With sliding calipers, measure the 
breadth of the neck a t  the level of neck circumference. 



Neck Breadth (cm) 

(Males and Females) 

Ages (mo) 

Ages (mo) 

Mean S.D. - Min - 5 t h  50th 95th Max - - -  - 

Neck Breadth ( i n )  

(Males and Females) 

Mean S.D. - - Min - 5 t h  50th 95th Max - - -  - 
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NECK DEPTH 

The subject is placed or held in a seated position. With sliding calipers, measure the 
distance perpendicular to the long axis of the neck from the front of the neck to the back of 
the neck in the plane of neck circumference. 



Neck Depth ( c m )  

(Males and Females) 

Ages (mo) 

Ages (mo) 

Mean S.D, - Min -- 5th - 50th - 95th Max 

Neck Depth ( i n )  

(Males and Females) 

N - Mean S.D. Min - - - -  5th 50th 95th Max - 
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SHOULDER BREADTH 

The subject is placed or held in a seated position with arms a t  the sides. With an 
anthropometer equipped with paddle blades, measure the breadth of the shoulders a t  the 
level of the greatest lateral protrusions of the deltoid muscles. For very small infants, the 
measurement is taken with the infant lying on the back and the arms held to the sides. 
Enough pressure is applied to assure even contact between the paddle blades and the skin. 



Shoulder Breadth (cm) 

(Males and Females) 

Ages (mo) 

Ages (mo) 

Mean S.D. Min - - 5th 

Shoulder Breadth ( i n )  

(Males and Females) 

Mean S.D. Min - - 5th 

Max - 
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SHOULDER CIRCUMFERENCE 

The subject is placed or held in a seated position with the arms a t  the sides. With a cloth 
measuring tape, measure the circumference around the shoulders a t  the level of the 
greatest lateral protrusions of the deltoid muscles. The measurement plane is 
perpendicular to the long axis of the torso. 



Shoulder Circumference (cm) 

Ages (mo) 

Ages (mo) 

(Males and Females) 

Mean S.D. Min - 5th 

Shoulder Circumference (in) 

(Males and Females) 

Min 5th - - 



s a q ~  
'OE '8 2 '9 2 '+Z '22 '02 '81 '91 '$1 

b 4 

++; 'Q * 
* + ' a x  

+ x  
+ +"x + 

8+ Xx + 
* x  X 

+ '+Y% 
X + 
M X  + * *+x  

' SL 'OL 'S9 '09 'SS '0s 'SP *O+ 'SE 
sia~aw!~ua=, 



SHOULDER DEPTH 

The subject is placed or held in a seated position with the arms at  the sides. With an  
anthropometer equipped with paddle blades, measure the front to back depth of the 
shoulder across the top of the upper arm and a t  the level of the greatest lateral protrusion 
of the deltoid muscle. 



Shoulder Depth (cm) 

(Males and Females) 

Ages (mo) 

Ages (mo) 

Mean S.D. Min - . - 5th - 50th 

Shoulder Depth (in) 

(Males and Females) 

Mean S.D. - Min - 5th 50th 
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TORSO DEPTH 

The subject is placed or held in a seated position with the arms a t  the sides. With an 
anthropometer equipped with paddle blades, measure the front to back depth of the torso 
in the midsagittal plane a t  the level of Shoulder Circumference measurement. 



Torso Depth (cm) 

(Males and Females) 

Ages (mo) 

Ages (mo) 

Mean - S.D. Min - 5th 50th 95th Max - - -  - 

Torso Depth (in) 

(Males and Females) 

S.D. - Min - 



 say^! 

0'9 S'S 0's S ' t O't S T  O'I 



TOP-OF-SHOULDER TO TOP-OF-HEAD DISTANCE 
(Top-of-Shoulder to  Vertex Distance) 

The subject is positioned lying on the back looking upward so that the Frankfort plane is 
approximately vertical and with the top of the head against a vertical plexiglass reference 
plate. The arms are positioned a t  the sides with the shoulders in a normal and relaxed 
position. With an anthropometer equipped with paddle blades, place the outside edge of 
one blade against the top of the shoulder a t  the position where shoulder depth was taken 
and measure the distance parallel to the long axis of the body to the back side of the 
reference plate. Subtract the thickness of the reference plate and add the thickness of the 
paddle blade to the distance read. 



Ages (mo) 

Top-of-Shoulder to Top-of-Head Distance (cm) 
(Top-of-Shoulder to Vertex Distance) 

(Males and Females) 

N - Mean - - S.D. Min 5th 50th 95th - - - -  

Top-of -Shoulder to Top-of -Head Distance (in) 
(Top-of-Shoulder to Vertex Distance) 

(Males and Females) 

N - - Mean - S.D. - Min - 5th - 50th 

Max - 

95th Max - - 
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SHOULDER-CIRCUMFERENCE-POINT TO TOP-OF-HEAD DISTANCE 
(Shoulder-Circumference-Point to Vertex Distance) 

The subject is positioned lying on the back looking upward so that the Frankfort plane is 
approximately vertical and with the top of the head against a vertical plexiglass reference 
plate. The arms are positioned a t  the sides with the shoulders in a normal and relaxed 
position. With an anthropometer equipped with paddle blades measure the distance 
parallel to the long axis of the body from the level of greatest lateral protrusion of the 
deltoid muscle on the shoulder to the back side of the reference plate. Subtract the 
thickness of the reference plate from the distance read. 



Shoulder Circumference Point t o  Top-of-Head Distance (cm) 
(Shoulder Circumference Point t o  Vertex Distance) 

(Males and Females) 

Ages (rno) - N - Mean S.D, Min - 5 t h  50th 95th - - - 

Shoulder Circumference Point t o  Top-of-Head Distance ( i n )  
(Shoulder Circumference Point t o  Vertex Distance) 

(Males and Females) 

Ages (mo) - N Mean - S.D. Min - 5 t h  50th 95th  - - - Max - 



'OE .9Z 'ZZ '81 *+L '01 
s~a+aw!+uaa 









11 .8 .2 .  RESULTS BY AGE GROUP 

The f o l l o w i n g  pages present the sample s t a t i s i t i c s  o f  the manual 
measurements by age group. For each age group, a t a b l e  o f  values i n  
me t r i c  u n i t s  i s  fo l lowed by a t ab le  o f  values i n  Engl ish u n i t s .  I n  each 
tab le ,  the measurements are numbered as i n  the prev ious sec t ion .  For 
those measurements f o r  which two names have been used, on ly  the name 
w i t h  common terminology i s  g iven i n  the tab les  o f  t h i s  sect ion.  



A n t h r o p o m e t r i c  D a t a  f o r  M a l e s  and F e m a l e s  A g e s  0-3 M o n t h s  

T a b l e  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
2 2 
2 3 
24 
2 5 

. 26 
27 
2 8 
2 9 
30 
3 1 
3 2 
3 3 
3 4 

M e a s u r e m e n t  (un i ts )  . N Mean . M i n  5th 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Weight ( K g )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S t a t u r e  ( c m )  

. . . . . . . . . . . . . . . . . . . . . . . .  S i t t i n g  Height ( c m )  
M a x i m u m  H e a d  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Head C i r c u m f e r e n c e  ( c m )  
Head B r e a d t h  a t  C i r c u m f e r e n c e  ( c m )  . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Head Length ( c m )  
H e a d  Height ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T i p - o f - C h i n  t o  Back-of-Head C i r c u m f e r e n c  ( c m )  
L o w e r  F a c e  H e i g h t  ( c m )  . . . . . . . . . . . . . . . . . . . . .  
M a x i m u m  F a c e  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . .  
M a x i m u m  J a w  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . .  
H e a d  B r e a d t h  a t  E a r  O p e n i n g s  ( c m )  . . . . . . . . . .  
E a r  t o  H e a d / N e c k  Junction D i s t a n c e  ( c m )  . . . .  
E a r  t o  T i p - o f - C h i n  D i s t a n c e  ( c m )  . . . . . . . . . . .  
E a r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  . . . . . . . . . . .  
T o p - o f - H e a d  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . 
T o p - o f - H e a d  t o  H e a d  C i r c u m f e r e n c e  D i s t a n  ( c m )  
B a c k - o f - H e a d  t o  Head B r e a d t h  P o i n t  D i s t a  ( c m )  
F o r e h e a d  t o  B a c k - o f - H e a d  A r c  L e n g t h  ( c m )  . . .  
F o r e h e a d  t o  H e a d / N e c k  Junction A r c  Lengt ( c m )  
E a r - t o - E a r  over T o p - o f - H e a d  A r c  Length ( c m )  . 
E a r - t o - E a r  U n d e r  C h i n  A r c  L e n g t h  ( c m )  . . . . . .  
E a r - t o - E a r  a r o u n d  B a c k - o f - H e a d  A r c  L e n g t  ( c m )  

. . . . . . . . . . . . . . . . . . . .  N e c k  C i r c u m f e r e n c e  ( c m )  
N e c k  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  N e c k  D e p t h  ( c m )  
. . . . . . . . . . . . . . . . . . . . . .  S h o u l d e r  B r e a d t h  ( c m )  

S h o u l d e r  C i r c u m f e r e n c e  ( c m )  . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  S h o u l d e r  D e p t h  ( c m )  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  T o r s o  D e p t h  ( c m )  
T o p - o f - S h o u l d e r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  
S h o u l d e r  C i r c u m f e r e n c e  P o i n t  t o  T o p - o f - H  ( c m )  



Anthropometric Data for Males and Females Ages 0-3 Months 

Table Measurement (units) 

Weight (lb) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Stature (in) 

Sitting Height (in) . . . . . . . . . . . . . . . . . . . . . . . .  
Maximum Head Breadth (in) . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Head Circumference (in) 
. . . . . . . . .  Head Breadth at Circumference (in) 

Head Length (in) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Head Height (in) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tip-of-Chin to Back-of-Head Distance (in) . .  
Tlp-of-Chin to Back-of-Head Circubferenc (in) 
Lower Face Height (in) . . . . . . . . . . . . . . . . . . . . .  
Maximum Face Breadth (in) . . . . . . . . . . . . . . . . . .  
Maximum Jaw Breadth (in) . . . . . . . . . . . . . . . . . . .  
Head Breadth at Ear Openings (in) . . . . . . . . . .  
Ear to Head/Neck dunction Distance (in) . . . .  
Ear to Tip-of-Chin Distance (in) . . . . . . . . . . .  
Ear to Top-of-Head Distance (in) . . . . . . . . . . .  
Top-of-Head to Back-of-Head Distance (in) . .  
Top-of-Head to Head Circumference Dlstan (in) 
Back-of-Head to Head Breadth Point Dista (in) 
Forehead to Back-of-Head Arc Length (in) . . .  
Forehead to Head/Neck Junction Arc Lengt (in) 
Ear-to-Ear over Top-of-Head Arc Length (in) . 
Ear-to-Ear Under Chin Arc Length (in) . . . . . .  
Ear-to-Ear around Back-of-Head Arc Lengt (in) 
Neck Circumference (in) . . . . . . . . . . . . . . . . . . . .  
Neck Breadth (in) . . . . . . . . . . . . . . . . . . . . . . . . . .  
Neck Depth (in) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shoulder Breadth (in) . . . . . . . . . . . . . . . . . . . . . .  
Shoulder Circumference (in) . . . . . . . . . . . . . . . .  
Shoulder Depth (in) . . . . . . . . . . . . . . . . . . . . . . . .  
Torso Depth (in) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Top-of-Shoulder to Top-of-Head Distance (in) 
Shoulder Circumference Point to Top-of-H (in) 

N . .. Mean S.D. . Min Sth Max . 

16.5 
25.5 
17.9 
4.6 
16.7 
4.5 
5.8 
6.2 
6.8 
18.5 
2.8 
3.9 
3.0 
3.6 
2.6 
3.1 
4.4 
2.8 
2.8 
3 . 0 
9.3 
11.3 
10.4 
7.4 
6.9 
10.5 
2.8 
2.9 
8.2 
21.2 
2.7 
4.3 
7.0 
8.5 



A n t h r o p o m e t r i c  D a t a  f o r  M a l e s  and F e m a l e s  A g e s  4-6 M o n t h s  

M e a s u r e m e n t  ( u n i t s )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  W e i g h t  ( K g )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S t a t u r e  ( c m )  

S i t t i n g  H e i g h t  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . .  
M a x i m u m  H e a d  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . .  
H e a d  C i r c u m f e r e n c e  ( c m )  . . . . . . . . . . . . . . . . . . . .  
Head B r e a d t h  a t  C i r c u m f e r e n c e  ( c m )  . . . . . . . . .  
H e a d  L e n g t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e a d  H e i g h t  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  C i r c u m f e r e n c  ( c m )  
L o w e r  F a c e  H e i g h t  ( c m )  . . . . . . . . . . . . . . . . . . . . .  
M a x i m u m  F a c e  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . .  
M a x i m u m  J a w  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . .  
H e a d  B r e a d t h  a t  E a r  O p e n i n g s  ( c m )  . . . . . . . . . .  
E a r  t o  H e a d / N e c k  Junction D i s t a n c e  ( c m )  . . . .  
E a r  t o  T i p - o f - C h i n  D i s t a n c e  ( c m )  . . . . . . . . . . .  
E a r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  . . . . . . . . . . .  
T o p - o f - H e a d  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T o p - o f - H e a d  t o  Head C i r c u m f e r e n c e  D i s t a n  ( c m )  
B a c k - o f - H e a d  t o  H e a d  B r e a d t h  P o i n t  D i s t a  ( c m )  
F o r e h e a d  t o  B a c k - o f - H e a d  A r c  L e n g t h  ( c m )  . . .  
F o r e h e a d  t o  H e a d / N e c k  Junction A r c  Lengt ( c m )  
E a r - t o - E a r  o v e r  T o p - o f - H e a d  A r c  L e n g t h  ( c m )  . 
E a r - t o - E a r  U n d e r  C h i n  A r c  L e n g t h  ( c m )  . . . . . .  
E a r - t o - E a r  around B a c k - o f - H e a d  A r c  L e n g t  ( c m )  
N e c k  C i r c u m f e r e n c e  ( c m )  . . . . . . . . . . . . . . . . . . . .  
N e c k  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Neck D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h o u l d e r  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . .  
S h o u l d e r  C i r c u m f e r e n c e  ( c m )  . . . . . . . . . . . . . . . .  
S h o u l d e r  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . .  
T o r s o  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o p - o f - S h o u l d e r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  
S h o u l d e r  C i r c u m f e r e n c e  P o i n t  t o  T o p - o f - H  ( c m )  

N . Mean . M i n  5th M a x  . 

10.9 
73.5 
48.0 
12.8 
46.3 
12.7 
16.5 
16.4 
18.8 
49.6 

7.9 
10.3 
8.8 
9 .4  
7.6 
8.2 

12.4 
8 . 0  
7 .4  
7 .5  

25.8 
30.7 
28.8 
18.9 
21.4 
24.4 
7.1 
7.6 

23.8 
56.8 

7 .1  
11.9 
17.6 
21.3 





Anthropometric Data for Males and Females Ages 7-9 Months 

Measurement (units) 

Weight (Kg) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stature (cm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  Sitting Height (cm) 
. . . . . . . . . . . . . . . . . .  Maximum Head Breadth (cm) 

. . . . . . . . . . . . . . . . . . . .  Head Circumference (cm) 
Head Breadth at Circumference (cm) . . . . . . . . .  
Head Length (cm) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Head Height (cm) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tip-of-Chin to Back-of-Head Distance (cm) . .  
Tip-of-Chin to Back-of-Head Circumferenc (cm) 
Lower Face Height (cm) . . . . . . . . . . . . . . . . . . . . .  
Maximum Face Breadth (cm) . . . . . . . . . . . . . . . . . .  
Maximum Jaw Breadth (cm) . . . . . . . . . . . . . . . . . . .  
Head Breadth at Ear Openings (cm) . . . . . . . . . .  
Ear to Head/Neck Junction Distance (cm) . . . .  
Ear to Tip-of-Chin Distance (cm) . . . . . . . . . . .  
Ear to Top-of-Head Distance (cm) . . . . . . . . . . .  
Top-of-Head to Back-of-Head Distance (cm) . .  
Top-of-Head to Head Circumference Distan (cm) 
Back-of-Head to Head Breadth Point Dista (cm) 
Forehead to Back-of-Head Arc Length (cm) . . .  
Forehead to Head/Neck Junction Arc Lengt (cm) 
Ear-to-Ear over Top-of-Head Arc Length (cm) . 
Ear-to-Ear Under Chin Arc Length (cm) . . . . . .  
Ear-to-Ear around Back-of-Head Arc Lengt (cm) 
Neck Circumference (cm) . . . . . . . . . . . . . . . . . . . .  
Neck Breadth (cm) . . . . . . . . . . . . . . . . . . . . . . . . . .  
Neck Depth (cm) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  Shoulder Breadth (cm) 
. . . . . . . . . . . . . . . .  Shoulder Circumference (cm) 

. . . . . . . . . . . . . . . . . . . . . . . .  Shoulder Depth (cm) 
Torso Depth (cm) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Top-of-Shoulder to Top-of-Head Distance (cm) 
Shoulder Circumference Point to Top-of-H (cm) 

Mean 

8.5 
69.6 
46.0 
12.3 
44.8 
12.1 
15.8 
15 . 1 
18.0 
49.0 
6.8 
9 . 5  
7 .5  
8.3 
5.9 
7.6 

10.7 
6.2 
6.5 
6 .7  

23.6 
29.5 
27.4 
16.9 
17.9 
21.8 
6 .3  
6 .3  

20.3 
53.7 

5 .9  
10.8 
16.4 
19.7 

S.D. 

1.1  
2.9 
1.7 
0.4 
1.3 
0 . 4  
0 .5  
0 . 9  
0 . 7  
1.7 
0 . 6  
0 .7  
0 . 6  
0 . 5  
0.7 
0.6 
0 . 6  
0.7 
0 . 8  
0 .6  
1.4 
1.4 
1.3 
1.2 
1.2 
1.9 
0 .4  
0 . 5  
1.6 
3.7 
0.7 
0.9 
1.1 
1 . 2  

Min . 

7 . 0  
65.1 
42.2 
11.6 
42.8 
11.3 
14.9 
13.2 
16.3 
46.0 

5.8 
7.5 
6.2 
7 .3  
4.9 
6 .5  
9.8 
4 . 0 
4.4 
5.6 

21.8 
26.7 
25.6 
14.5 
14.6 
18.7 
5.7 
5 . 0  

17.5 
46.5 

4.9 
8.8 

14.4 
17.4 

Max 

11.3 
'16.8 
49.6 
13 .I 
48.0 
12.9 
17.0 
17.1 
20.1 
52.6 

8.3 
11 -3  
9 .1  
9.5 
7.7 
9 .0  

12.1 
8 .0  
8.5 
8 .2  

27.4 
32.2 
31.4 
19.1 
21 . 0 
27.2 

7.5 
7.5 

24.1 
62.8 

7 . 0  
13.0 
18.5 
22.1 





Anthropometric Data f o r  Males and Fernales Ages 10-12 Months 

Table 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
2 2 
2 3 
2 4 
25 
26 
27 
2 8 
29 
30 
3 1 
3 2 
3 3 
34 

Measurement ( u n i t s )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Weight (Kg) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S ta tu re  (cm) 

S i t t i n g  Height  (cm) . . . . . . . . . . . . . . . . . . . . . . . .  
Maximum Head Breadth (cm) . . . . . . . . . . . . . . . . . .  
Head Circumference (cm) . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  Head Breadth a t  Circumference (cm) 
Head Length (cm) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Head Height  (cm) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tip-of-Chin t o  Back-of-Head Dis tance (cm) . .  
Tip-of-Chin t o  Back-of-Head Circumferenc (cm) 
Lower Face Height  (cm) . . . . . . . . . . . . . . . . . . . . .  
Maximum Face Breadth (cm) . . . . . . . . . . . . . . . . . .  
Maximum Jaw Breadth (cm) . . . . . . . . . . . . . . . . . . .  
Head Breadth a t  Ear Openings (cm) . . . . . . . . . .  
Ear t o  Head/Neck Junc t i on  D is tance (cm) . . . .  
Ear t o  T ip-o f -Ch in  D is tance (cm) . . . . . . . . . . .  
Ear t o  Top-of-Head Dis tance (cm) . . . . . . . . . . .  
Top-of-Head t o  Back-of-Head Dis tance (cm) . .  
Top-of-Head t o  Head Circumference D i s t a n  (cm) 
Back-of-Head t o  Head Breadth Po in t  D i s t a  (cm) 
Forehead t o  Back-of-Head Arc Length (cm) . . .  
Forehead t o  Head/Neck Junc t i on  Arc Lengt (cm) 
Ear-to-Ear over Top-of-Head Arc Length (cm) . 
Ear-to-Ear Under Chin Arc Length (cm) . . . . . .  
Ear-to-Ear around Back-of-Head Arc Lengt (cm) 
Neck Circumference (cm) . . . . . . . . . . . . . . . . . . . .  
Neck Breadth (cm) . . . . . . . . . . . . . . . . . . . . . . . . . .  
Neck Depth (cm) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  Shoulder Breadth (cm) 
Shoulder Circumference (cm) . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  Shoulder Depth (cm) 
Torso Depth (cm) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Top-of-Shoulder t o  Top-of-Head Dis tance (cm) 
Shoulder Circumference Po in t  t o  Top-of-H (cm) 

Mean 

9 .8  
74.8 
48.3 
12.5 
46.1 
12.3 
16.3 
15.8 
18.9 
50.6 

7 . 0 
9 . 8  
7 .6  
8 .6  
5 .9  
8 .0  

11.3 
6.4 
6 .9  
6 .8  

24.5 
30.6 
28.0 
17.5 
18.4 
21.9 
6 . 8  
6 . 6  

21.2 
54.9 

5 .9  
11.1 
17.7 
20.8 

Min  . 

7.9 
70.1 
43.4 
11.5 
42 . 0 
11.4 
14.9 
14.4 
17.7 
45.7 

5.2 
8.6 
6 .7  
7.5 
4 .9  
6 .6  

10.3 
4.5 
5.7 
5 . 0  

22.1 
27.7 
25.7 
15.3 
16.6 
18.6 
5.6 
5 .5  

17.5 
47.5 

4.8 
9.0 

15.4 
18.1 

Max . 





A n t h r o p o m e t r i c  D a t a  f o r  M a l e s  and F e m a l e s  A g e s  13-18 M o n t h s  

M e a s u r e m e n t  (un i ts )  

Weight ( K g )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S t a t u r e  ( c m )  

. . . . . . . . . . . . . . . . . . . . . . . .  S i t t i n g  H e i g h t  ( c m )  
. . . . . . . . . . . . . . . . . .  M a x i m u m  Head B r e a d t h  ( c m )  

. . . . . . . . . . . . . . . . . . . .  H e a d  C i r c u m f e r e n c e  ( c m )  
. . . . . . . . .  H e a d  B r e a d t h  a t  C i r c u m f e r e n c e  ( c m )  

H e a d  Length ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e a d  H e i g h t  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  D l s t a n c e  ( c m )  . .  
T i p - o f - C h i n  to  B a c k - o f - H e a d  C l r c u m f e r e n c  ( c m )  
L o w e r  F a c e  H e i g h t  ( c m )  . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  M a x i m u m  F a c e  B r e a d t h  ( c m )  
M a x i m u m  J a w  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  H e a d  B r e a d t h  a t  E a r  O p e n i n g s  ( c m )  
. . . .  E a r  t o  H e a d / N e c k  Junction D i s t a n c e  ( c m )  

. . . . . . . . . . .  E a r  t o  T i p - o f - C h i n  D i s t a n c e  ( c m )  

. . . . . . . . . . .  E a r  t o  T o p - o f - H e a d  D l s t a n c e  ( c m )  
T o p - o f - H e a d  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T o p - o f - H e a d  t o  H e a d  C i r c u m f e r e n c e  D i s t a n  ( c m )  
B a c k - o f - H e a d  t o  Head B r e a d t h  P o i n t  D i s t a  ( c m )  

. . .  F o r e h e a d  t o  B a c k - o f - H e a d  A r c  L e n g t h  ( c m )  
F o r e h e a d  t o  H e a d / N e c k  Junction A r c  Lengt ( c m )  
E a r - t o - E a r  over T o p - o f - H e a d  A r c  Length ( c m )  . 

. . . . . .  E a r - t o - E a r  U n d e r  C h i n  A r c  L e n g t h  ( c m )  
E a r - t o - E a r  around B a c k - o f - H e a d  A r c  Lengt ( c m )  

. . . . . . . . . . . . . . . . . . . .  N e c k  C i r c u m f e r e n c e  ( c m )  
N e c k  B r e a d t h  ( c m )  .......................... 
N e c k  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  S h o u l d e r  B r e a d t h  ( c m )  
. . . . . . . . . . . . . . . .  S h o u l d e r  C i r c u m f e r e n c e  ( c m )  

S h o u l d e r  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . .  
T o r s o  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o p - o f - S h o u l d e r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  
S h o u l d e r  C i r c u m f e r e n c e  P o i n t  t o  T o p - o f - H  ( c m )  

S . D .  M a x  . 

13.6 
86.9 
54.9 
13.7 
51.0  
13.5 
18.4 
17.8 
20.7 
55.9 
8 . 4  

11.3 
9 .0  

10.2 
7.7 
9 . 4  

13.5 
8 . 5  
8 . 5  
8 .4  

28.3 
34.5 
31.7 
20.2 
22.9 
24.0 
8 - 0  
7.5 

24.8 
62.4 

7.6 
13.1 
19.8 
22.9 





T a b l e  

I 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
15 
1 6  
1 7  
1 8  
1 9  
2 0  
2 1 
2 2  
2 3  
2 4 
2 5 
2 6  
2 7 
2 8 
2 9 
30 
3 1 
3 2 
3 3 
3 4 

A n t h r o p o m e t r i c  D a t a  f o r  

M e a s u r e m e n t  (uni ts)  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  W e i g h t  ( K g )  
S t a t u r e  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S l t t i n g  H e i g h t  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . .  
M a x i m u m  Head B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . .  
H e a d  C i r c u m f e r e n c e  ( c m )  . . . . . . . . . . . . . . . . . . . .  
H e a d  B r e a d t h  a t  C i r c u m f e r e n c e  ( c m )  . . . . . . . . .  
Head Length ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Head H e i g h t  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  C l r c u m f e r e n c  ( c m )  
L o w e r  F a c e  H e i g h t  ( c m )  . . . . . . . . . . . . . . . . . . . . .  
M a x i m u m  F a c e  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . .  
M a x i m u m  J a w  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . .  
Head B r e a d t h  a t  E a r  O p e n i n g s  ( c m )  . . . . . . . . . .  
E a r  t o  H e a d / N e c k  Junction D i s t a n c e  ( c m )  . . . .  
E a r  t o  T i p - o f - C h i n  D i s t a n c e  ( c m )  . . . . . . . . . . .  
E a r  to  T o p - o f - H e a d  D i s t a n c e  ( c m )  . . . . . . . . . . .  
T o p - o f - H e a d  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T o p - o f - H e a d  t o  H e a d  C i r c u m f e r e n c e  D i s t a n  ( c m )  
B a c k - o f - H e a d  t o  H e a d  B r e a d t h  P o i n t  D i s t a  ( c m )  
F o r e h e a d  t o  B a c k - o f - H e a d  A r c  L e n g t h  ( c m )  . . .  
F o r e h e a d  t o  H e a d / N e c k  Junction A r c  L e n g t  ( c m )  
E a r - t o - E a r  o v e r  T o p - o f - H e a d  A r c  Length ( c m )  . 
E a r - t o - E a r  U n d e r  C h i n  A r c  Length ( c m )  . . . . . .  
E a r - t o - E a r  around B a c k - o f - H e a d  A r c  L e n g t  ( c m )  
N e c k  C i r c u m f e r e n c e  ( c m )  . . . . . . . . . . . . . . . . . . . .  
N e c k  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e c k  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h o u l d e r  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . .  
S h o u l d e r  C i r c u m f e r e n c e  ( c m )  . . . . . . . . . . . . . . . .  
S h o u l d e r  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . .  
T o r s o  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o p - o f - S h o u l d e r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  
S h o u l d e r  C i r c u m f e r e n c e  P o i n t  t o  T o p - o f - H  ( c m )  

M a l e s  

N . 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
3 0  
2 9 
30 
30 
30 

and F e m a l e s  A g e s  

M e a n  S.D. .. 

1 9 - 2 4  M o n t h s  

M i n  5th . M a x  . 
1 5 . 0  
93.7 
55.9 
1 4 . 2  
52.3 
1 4 . 1  
1 8 . 3  
1 7 . 8  
2 1 . 3  
57.3 

8 . 4  
1 1 . 1  

9 . f  
1 0 . 4  
7 . 3  

1 0 . 1  
1 3 . 3  
8.5 
8 .4  
8.3 

30.3 
37.9 
3 3 . 1  
21'. 7 
2 1 . 2  
2 5 . 3  

7 . 9  
7 .9  

2 4 . 8  
68.6 

7.3 
1 2 . 8  
2 2 . 4  
2 6 . 7  





A n t h r o p o m e t r i c  D a t a  f o r  M a l e s  and F e m a l e s  A g e s  25-30 M o n t h s  

T a b l e  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I I 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
2 4 
25 
26 
27 
2 8 
2 9 
30 
3 1 
3 2 
3 3 
34 

M e a s u r e m e n t  ( u n i t s )  

Weight ( K g )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S t a t u r e  ( c m )  

S i t t i n g  Height ( c m )  . . . . . . . . . . . . . . . . . . . . . . . .  
M a x i m u m  Head B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . .  
H e a d  C i r c u m f e r e n c e  ( c m )  . . . . . . . . . . . . . . . . . . . .  
Head B r e a d t h  a t  C i r c u m f e r e n c e  ( c m )  . . . . . . . . .  
H e a d  L e n g t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e a d  Height ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  C i r c u m f e r e n c  ( c m )  
L o w e r  F a c e  H e i g h t  ( c m )  . . . . . . . . . . . . . . . . . . . . .  
M a x i m u m  F a c e  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . .  
M a x i m u m  J a w  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . .  
H e a d  Breadth a t  E a r  O p e n i n g s  ( c m )  . . . . . . . . . .  
E a r  t o  H e a d / N e c k  Junction D i s t a n c e  ( c m )  . . . .  
E a r  t o  T i p - o f - C h i n  D i s t a n c e  ( c m )  . . . . . . . . . . .  
E a r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  . . . . . . . . . . .  
T o p - o f - H e a d  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T o p - o f - H e a d  t o  Head C i r c u m f e r e n c e  D i s t a n  ( c m )  
B a c k - o f - H e a d  t o  H e a d  B r e a d t h  P o i n t  D i s t a  ( c m )  
F o r e h e a d  t o  B a c k - o f - - H e a d  A r c  L e n g t h  ( c m )  . . .  
F o r e h e a d  t o  H e a d / N e c k  Junction A r c  Lengt ( c m )  
E a r - t o - E a r  over T o p - o f - H e a d  A r c  L e n g t h  ( c m )  
E a r - t o - E a r  U n d e r  C h i n  A r c  L e n g t h  ( c m )  . . . . . .  
E a r - t o - E a r  around B a c k - o f - H e a d  A r c  Lengt ( c m )  
N e c k  C i r c u m f e r e n c e  ( c m )  . . . . . . . . . . . . . . . . . . . .  
N e c k  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e c k  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h o u l d e r  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . .  
S h o u l d e r  C i r c u m f e r e n c e  ( c m )  . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  S h o u l d e r  D e p t h  ( c m )  
T o r s o  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o p - o f - S h o u l d e r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  
S h o u l d e r  C i r c u m f e r e n c e  P o i n t  t o  T o p - o f - H  ( c m )  

N . M e a n  S.D. M i n  5th . 

10.7 10.9 
83.7 83.9 
47.8 48.2 
12.3 12.6 
46.0 47.6 
12.3 12.5 
16.2 16.2 
14.6 16.0 
18.8 19 -1  
50.0 51.6 
6 . 3  6 . 4  
9.2 9.3 
7.2 7.5 
7.9 8.2 
4.4 4.8 
8.2 8.2 

1 0 1  10.3 
5.5 6.0 
5 .1  5.7 
5.6 5.7 

24.8 24.9 
30.5 31.5 
27.9 28.6 
16.7 16.9 
18.6 18.8 
20.0 20.2 
6 .1  6.4 
5.3 5.6 

21.7 22.1 
46.4 51.5 

5 .3  5.5 
10.8 11 - 2  
14.7 15.9 
16.7 18.1 

M a x  - 
18.1 
99.5 
58.4 
14.2 
53.9 
14.1 
19.2 
19.3 
22.8 
58.5 

8 . 9  
11-5 
9.3 
9.8 
7.7 

10.7 
13.5 
8.6 
8 .1  
9 .1  

29.9 
36.3 
33.3 
2 1 - 2  
24.1 
27.0 

8.5 
7.6 

28.3 
69.3 

7.8 
14.1 
21.3 
28.0 





T a b l e  

A n t h r o p o m e t r i c  D a t a  f o r  

M e a s u r e m e n t  ( u n i t s )  

W e i g h t  ( K g )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S t a t u r e  ( c m )  

. . . . . . . . . . . . . . . . . . . . . . . .  S i t t i n g  H e l g h t  ( c m )  
M a x i m u m  H e a d  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . .  
H e a d  C i r c u m f e r e n c e  ( c m )  . . . . . . . . . . . . . . . . . . . .  
H e a d  B r e a d t h  a t  C i r c u m f e r e n c e  ( c m )  . . . . . . . . .  
H e a d  L e n g t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e a d  Height ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  C i r c u m f e r e n c  ( c m )  
L o w e r  F a c e  H e i g h t  ( c m )  . . . . . . . . . . . . . . . . . . . . .  
M a x i m u m  F a c e  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . .  
M a x i m u m  J a w  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . .  
H e a d  B r e a d t h  a t  E a r  O p e n i n g s  ( c m )  . . . . . . . . . .  
E a r  t o  H e a d / N e c k  Junction D i s t a n c e  ( c m )  . . . .  
E a r  t o  T i p - o f - C h i n  D i s t a n c e  ( c m )  . . . . . . . . . . .  
E a r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  . . . . . . . . . . .  
T o p - o f - H e a d  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T o p - o f - H e a d  t o  H e a d  C i r c u m f e r e n c e  D i s t a n  ( c m )  
B a c k - o f - H e a d  t o  H e a d  B r e a d t h  P o i n t  D i s t a  ( c m )  
F o r e h e a d  t o  B a c k - o f - H e a d  A r c  Length ( c m )  . . .  
F o r e h e a d  t o  H e a d / N e c k  Junction A r c  L e n g t  ( c m )  
E a r - t o - E a r  over T o p - o f - H e a d  A r c  Length ( c m )  . 
E a r - t o - E a r  U n d e r  C h i n  A r c  Length ( c m )  . . . . . .  
E a r - t o - E a r  around B a c k - o f - H e a d  A r c  L e n g t  ( c m )  
N e c k  C i r c u m f e r e n c e  ( c m )  . . . . . . . . . . . . . . . . . . . .  
N e c k  B r e a d t h  ( c m )  
N e c k  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  S h o u l d e r  B r e a d t h  ( c m )  
. . . . . . . . . . . . . . . .  S h o u l d e r  C i r c u m f e r e n c e  ( c m )  

S h o u l d e r  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . .  
T o r s o  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o p - o f - S h o u l d e r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  
S h o u l d e r  C i r c u m f e r e n c e  P o i n t  t o  T o p - o f - H  ( c m )  

and F e m a l e s  A g e s  31-36 M o n t h s  

M e a n  . S.D. M i n  5th . 



A n t h r o p o m e t r i c  D a t a  f o r  M a l e s  and F e m a l e s  Ages 31-36 M o n t h s  

T a b l e  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 I 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
2 4 
2 5 
26 
2 7 
28 
29 
30 
3 I 
3 2 
3 3 
34 

M e a s u r e m e n t  ( un i t s )  

W e i g h t  ( l b )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t u r e  ( in )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S i t t i n g  H e i g h t  ( i n )  . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  M a x i m u m  H e a d  B r e a d t h  ( in )  
Head C i r c u m f e r e n c e  ( i n )  . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  H e a d  B r e a d t h  a t  C i r c u m f e r e n c e  ( in )  
H e a d  L e n g t h  ( in)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e a d  Height ( in )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  D i s t a n c e  ( in )  . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  C i r c u m f e r e n c  ( i n )  
L o w e r  F a c e  H e i g h t  ( i n )  . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  M a x i m u m  F a c e  B r e a d t h  ( in )  
M a x i m u m  J a w  B r e a d t h  ( i n )  . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  H e a d  B r e a d t h  a t  E a r  O p e n i n g s  ( in )  
. . . .  E a r  t o  H e a d / N e c k  Junction D i s t a n c e  ( i n )  

. . . . . . . . . . .  E a r  t o  T i p - o f - C h i n  D i s t a n c e  ( i n )  

. . . . . . . . . . .  E a r  t o  T o p - o f - H e a d  D i s t a n c e  ( i n )  
T o p - o f - H e a d  t o  B a c k - o f - H e a d  D i s t a n c e  ( in )  . .  
T o p - o f - H e a d  t o  H e a d  C i r c u m f e r e n c e  D i s t a n  ( i n )  
B a c k - o f - H e a d  t o  Head B r e a d t h  P o i n t  D i s t a  ( in )  

. . .  F o r e h e a d  t o  B a c k - o f - H e a d  A r c  L e n g t h  ( in )  
F o r e h e a d  t o  H e a d / N e c k  Junction A r c  Lengt ( i n )  
E a r - t o - E a r  over T o p - o f - H e a d  A r c  L e n g t h  ( in)  . 

. . . . . .  E a r - t o - E a r  U n d e r  C h i n  A r c  L e n g t h  ( i n )  
E a r - t o - E a r  around B a c k - o f - H e a d  A r c  Lengt ( in )  
N e c k  C i r c u m f e r e n c e  ( i n )  . . . . . . . . . . . . . . . . . . . .  
N e c k  B r e a d t h  ( i n )  . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e c k  D e p t h  ( in )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h o u l d e r  B r e a d t h  ( in )  . . . . . . . . . . . . . . . . . . . . . .  
S h o u l d e r  C i r c u m f e r e n c e  ( i n )  . . . . . . . . . . . . . . . .  
S h o u l d e r  D e p t h  ( i n )  . . . . . . . . . . . . . . . . . . . . . . . .  
T o r s o  D e p t h  ( i n )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o p - o f - S h o u l d e r  t o  T o p - o f - H e a d  D i s t a n c e  ( i n )  
S h o u l d e r  C i r c u m f e r e n c e  P o i n t  t o  T o p - o f - H  ( i n )  

M i n  5th . M a x  . 



A n t h r o p o m e t r i c  D a t a  fo r  M a l e s  and F e m a l e s  A g e s  3 7 - 4 2  M o n t h s  

T a b l e  M e a s u r e m e n t  (un i ts )  N . M e a n  S.D. M i n  5th . 

.... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Weight ( K g )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S t a t u r e  ( c m )  

. . . . . . . . . . . . . . . . . . . . . . . .  S i t t i n g  H e i g h t  ( c m )  
. . . . . . . . . . . . . . . . . .  M a x i m u m  H e a d  Breadth ( c m )  

. . . . . . . . . . . . . . . . . . . .  H e a d  C i r c u m f e r e n c e  ( c m )  
. . . . . . . . .  H e a d  B r e a d t h  a t  C i r c u m f e r e n c e  ( c m )  

H e a d  L e n g t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e a d  Height ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i p - o f - C h l n  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T i p - o f - C h l n  to  B a c k - o f - H e a d  C i r c u m f e r e n c  ( c m )  
L o w e r  F a c e  H e i g h t  ( c m )  . . . . . . . . . . . . . . . . . . . . .  
M a x i m u m  F a c e  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . .  
M a x i m u m  J a w  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  Head B r e a d t h  a t  E a r  O p e n i n g s  ( c m )  
E a r  t o  H e a d / N e c k  Junction D i s t a n c e  ( c m )  . . . .  

. . . . . . . . . . .  E a r  t o  T i p - o f - C h i n  D i s t a n c e  ( c m )  

. . . . . . . . . . .  E a r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  
T o p - o f - H e a d  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T o p - o f - H e a d  t o  H e a d  C i r c u m f e r e n c e  D i s t a n  ( c m )  
B a c k - o f - H e a d  t o  H e a d  B r e a d t h  P o i n t  D i s t a  ( c m )  

. . .  F o r e h e a d  t o  B a c k - o f - H e a d  A r c  Length ( c m )  
F o r e h e a d  t o  H e a d / N e c k  Junction A r c  L e n g t  ( c m )  
E a r - t o - E a r  over T o p - o f - H e a d  A r c  Length ( c m )  . 
E a r - t o - E a r  U n d e r  C h i n  A r c  L e n g t h  ( c m )  . . . . . .  
E a r - t o - E a r  around B a c k - o f - H e a d  A r c  L e n g t  ( c m )  

. . . . . . . . . . . . . . . . . . . .  N e c k  C i r c u m f e r e n c e  ( c m )  
N e c k  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e c k  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  S h o u l d e r  B r e a d t h  ( c m )  
. . . . . . . . . . . . . . . .  S h o u l d e r  Circumference ( c m )  

S h o u l d e r  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . .  
T o r s o  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o p - o f - S h o u l d e r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  
S h o u l d e r  C i r c u m f e r e n c e  P o i n t  t o  T o p - o f - H  ( c m )  

M a x  . 





A n t h r o p o m e t r i c  D a t a  f o r  

M e a s u r e m e n t  (un i ts )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  W e i g h t  ( K g )  
S t a t u r e  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  S i t t i n g  H e i g h t  ( c m )  
M a x i m u m  H e a d  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Head C i r c u m f e r e n c e  ( c m )  
Head B r e a d t h  a t  C i r c u m f e r e n c e  ( c m )  . . . . . . . . .  
H e a d  L e n g t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e a d  H e i g h t  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T i p - o f - C h i n  t o  Back-of-Head C i r c u m f e r e n c  ( c m )  
L o w e r  F a c e  Height  ( c m )  . . . . . . . . . . . . . . . . . . . . .  
M a x i m u m  F a c e  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . .  
M a x i m u m  J a w  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . .  
H e a d  B r e a d t h  a t  E a r  O p e n i n g s  ( c m )  . . . . . . . . . .  
E a r  t o  H e a d / N e c k  Junction D i s t a n c e  ( c m )  . . . .  
E a r  t o  T i p - o f - C h i n  D i s t a n c e  ( c m )  . . . . . . . . . . .  
E a r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  . . . . . . . . . . .  
T o p - o f - H e a d  t o  B a c k - o f - H e a d  D i s t a n c e  ( c m )  . .  
T o p - o f - H e a d  t o  Head C i r c u m f e r e n c e  D i s t a n  ( c m )  
B a c k - o f - H e a d  t o  Head B r e a d t h  P o i n t  D i s t a  ( c m )  
F o r e h e a d  t o  B a c k - o f - H e a d  A r c  Length ( c m )  . . .  
F o r e h e a d  t o  H e a d / N e c k  Junction A r c  L e n g t  ( c m )  
E a r - t o - E a r  over T o p - o f - H e a d  A r c  Length ( c m )  . 
E a r - t o - E a r  U n d e r  C h i n  A r c  Length ( c m )  . . . . . .  
E a r - t o - E a r  around B a c k - o f - H e a d  A r c  L e n g t  ( c m )  

. . . . . . . . . . . . . . . . . . . .  N e c k  C i r c u m f e r e n c e  ( c m )  
N e c k  B r e a d t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e c k  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  S h o u l d e r  B r e a d t h  ( c m )  
S h o u l d e r  C i r c u m f e r e n c e  ( c m )  . . . . . . . . . . . . . . . .  
S h o u l d e r  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . .  
T o r s o  D e p t h  ( c m )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o p - o f - S h o u l d e r  t o  T o p - o f - H e a d  D i s t a n c e  ( c m )  
S h o u l d e r  C i r c u m f e r e n c e  P o i n t  t o  T o p - o f - H  ( c m )  

M a l e s  and F e m a l e s  A g e s  

C? M e a n  L. 
30 15.7 1 .8  
30  99.5 3 .8  
30 55 .6  3 . 0 
30  13.6 0 . 5  
30 50 .9  1 .4  
30 13.4 0 . 4  
30 18 .1  0 . 5  
30 17.7 0 .9  
30 21 . 0 0 . 7  
30 55.4 1.9 
30 8 . 1  0 . 5  
30  10.3 0 . 5  
30  8 . 4  0 .4  
30 9.4 0 . 7  
30  6 . 6  0 . 7  
30  9 . 6  0 . 5  
30 12.3 0 . 8  
30 7 . 5  1 . 0 
30 7 . 2  0 . 7  
30 7 . 6  0 . 9  
30  26.8 1.2 
30 33.9 1.3 
30  31.4 1.3 
30  19.2 1.5 
30  21 .1  1 .6  
30 24 .1  1 .3  
30  7 . 4  0 . 5  
30 7 . 0 0 . 5  
30 25.4 1.4 
30 63.5 3 . 6  
29 6 . 6  0 . 5  
30 12.6 0 . 9  
30 19.2 1.5 
30 23.4 1 .9  

43-48 M o n t h s  

M i n  5th . 

13.2 13.2 
94 .1  94 .1  
50.3 50 .3  
12.3 12.3 
48.0 48.0 
12.0 12.0 
16.9 16.9 
15.5 15.5 
19.6 19.6 
51 .5  51 .5  

7 . 2  7 . 2  
9 . 0  9 . 0  
7 . 6  7 . 6  

. 8 . 0  8 . 0  
4 . 5  4.5 
8 . 6  8 . 6  

10.4 10.4 
5 . 9  5 .9  
5 .6  5 . 6  
6 . 0  6 . 0  

24.5 24.5 
32.2 32.2 
28.5 28.5 
16.7 16.7 
17.8 17.8 
22 .0  22 .0  

6.2 6 . 2  
6 .3  6 .3  

22.3 22.3 
56 .1  56.1 

5 . 8  5.8 
11.3 11.3 
16.5 16.5 
20 .1  20 .1  

M a x  . 

20.0 
108.2 
62 .4  
14.4 
53.7 
14.2 
19.5 
20.4 
22.5 
58.8 

9 . 1  
11.0 
9 .2  

11.6 
7 . 9  

11.0 
14.0 
9 .9  
8 . 9  
9 . 0  

28.9 
36.5 
34.1 
22.7 
23.5 
25.9 

8 .2  
8 . 0  

28.6 
69 .1  

7 .7  
14.8 
22.0 
26.8 



A n t h r o p o m e t r i c  D a t a  f o r  M a l e s  and F e t n a l e s  A g e s  43-48 M o n t h s  

T a b l e  M e a s u r e m e n t  (un i ts )  

Weight ( l b )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t u r e  ( In) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S i t t i n g  H e i g h t  ( in )  . . . . . . . . . . . . . . . . . . . . . . . .  
M a x i m u m  H e a d  B r e a d t h  ( in )  . . . . . . . . . . . . . . . . . .  
H e a d  C i r c u m f e r e n c e  ( i n )  . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  H e a d  B r e a d t h  a t  C i r c u m f e r e n c e  ( i n )  
H e a d  L e n g t h  ( i n )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e a d  H e i g h t  ( i n )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  D i s t a n c e  ( i n )  . .  
T i p - o f - C h i n  t o  B a c k - o f - H e a d  C i r c u m f e r e n c  ( i n )  
L o w e r  F a c e  Height ( in )  . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  M a x i m u m  F a c e  B r e a d t h  ( i n )  
M a x i m u m  J a w  B r e a d t h  ( in )  . . . . . . . . . . . . . . . . . . .  
H e a d  B r e a d t h  a t  E a r  O p e n i n g s  ( i n )  . . . . . . . . . .  

. . . .  E a r  t o  H e a d / N e c k  Junction D i s t a n c e  ( in )  
. . . . . . . . . . .  E a r  t o  T i p - o f - C h i n  D i s t a n c e  ( in )  
. . . . . . . . . . .  E a r  t o  T o p - o f - H e a d  D i s t a n c e  ( i n )  

T o p - o f - H e a d  t o  B a c k - o f - H e a d  D i s t a n c e  ( i n )  . .  
T o p - o f - H e a d  t o  H e a d  C i r c u m f e r e n c e  D l s t a n  ( in) 
B a c k - o f - H e a d  t o  H e a d  B r e a d t h  P o i n t  D i s t a  ( i n )  

. . .  F o r e h e a d  t o  B a c k - o f - H e a d  A r c  L e n g t h  ( i n )  
F o r e h e a d  t o  H e a d / N e c k  Junction A r c  Lengt ( in )  
E a r - t o - E a r  over T o p - o f - H e a d  A r c  Length ( i n )  . 

. . . . . .  E a r - t o - E a r  U n d e r  C h i n  A r c  Length ( i n )  
E a r - t o - E a r  around B a c k - o f - H e a d  A r c  Lengt ( in)  
N e c k  C i r c u m f e r e n c e  ( i n )  . . . . . . . . . . . . . . . . . . . .  
N e c k  B r e a d t h  ( i n )  . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e c k  D e p t h  ( in )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h o u l d e r  B r e a d t h  ( i n )  . . . . . . . . . . . . . . . . . . . . . .  
S h o u l d e r  C i r c u m f e r e n c e  ( in )  . . . . . . . . . . . . . . . .  
S h o u l d e r  D e p t h  ( i n )  . . . . . . . . . . . . . . . . . . . . . . . .  
T o r s o  D e p t h  ( in )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o p - o f - S h o u l d e r  t o  T o p - o f - H e a d  D i s t a n c e  ( i n )  
S h o u l d e r  C i r c u m f e r e n c e  P o i n t  t o  T o p - o f - H  ( in )  

M e a n  

34. 5 
39.2 
21.9 
5.4 
20.1 
5.3 
7.1 
7 . 0 
8.3 
21.8 
3.2 
4.1 
3.3 
3.7 
2.6 
3.8 
4.8 
3.0 
2.8 
3 . 0 
10.6 
13.4 
12.4 
7.5 
8.3 
9.5 
2.9 
2.8 
10.0 
25 . 0 
2.6 
5.0 
7 . 6 
9.2 

S . D .  

3.9 
1.5 
1.2 
0.2 
0.6 
0.2 
0.2 
0.4 
0.3 
0.8 
0.2 
0.2 
0.2 
0.3 
0.3 
0.2 
0.3 
0.4 
0.3 
0.3 
0.5 
0.5 
0.5 
0.6 
0.6 
0.5 
0.2 
0.2 
0.5 
1.4 
0.2 
0.3 
0.6 
0.8 

M i n  5th . 

29.0 29.0 
37.0 37.0 
19.8 19.8 
4.8 4.8 
18.9 18.9 
4.7 4.7 
6.7 6.7 
6.1 6.1 
7.7 7.7 
20.3 20.3 
2.8 2.8 
3.5 3.5 
3.0 3.0 
3 . I  3 . I  
1.8 1.8 
3.4 3.4 
4.1 4.1 
2.3 2.3 
2.2 2.2 
2.4 2.4 
9.6 9.6 
12.7 12.7 
11.2 11.2 
6.6 6.6 
7.0 7.0 
8.7 8.7 
2.4 2.4 
2.5 2.5 
8.8 8.8 
22.1 22.1 
2.3 2.3 
4.4 4.4 
6.5 6.5 
7.9 7.9 

M a x  . 









I1.C. STEREOPHOTOGRAMMETRY MEASUREMENT RESULTS 

Three-dimensional coord inate data were c o l l e c t e d  f o r  sub jec ts  i n  
fou r  o f  the ten  age groups i nc l ud ing  the  4-to-6 month, 13-to-18 month, 
25-to-30 month, and 43-to-48 month groups. Table 1 1.5 1 i s t s  the  
landmark t a rge t s  and head contours f o r  which these coord ina te  data a re  
presented. I t  w i l l  be noted t h a t  these landmark t a r g e t  numbers a re  
d i f f e r e n t  from those o f  Table 1.4 i n  Pa r t  I  o f  t h i s  r epo r t  which l i s t s  
the landmark t a rge t s  placed on the sub jec ts  f o r  data c o l l e c t i o n  
purposes. There a re  two reason f o r  t h i s .  F i r s t ,  landmark po in t s  denot ing 
s i m i l a r  anatomical po i n t s  on the  r i g h t  and l e f t  s ides o f  the head (e.g., 
r i g h t  and l e f t  gonion) have been averaged t o  produce symmetry i n  
r e s u l t s .  Second, the th ree  r i g h t  shoulder p o i n t s  were de le ted  and the  
l e f t  shoulder po in t s  have been r e f l e c t e d  t o  the r i g h t  s ide.  

Coordinates o f  ta rge ts  placed on the s i x  head contours p rov ide  
in fo rmat ion  about the  shape as w e l l  as the  s ize,  l o ca t i on ,  and 
o r i e n t a t i o n  o f  these contours, w h i l e  coord ina te  va lues o f  t a rge t s  placed 
a t  anatomical landmarks prov ide in fo rmat ion  about the  r e l a t i v e  l oca t i ons  
o f  these landmarks and thus the r e l a t i v e  l oca t i ons  and o r i e n t a t i o n s  o f  
the manual measurements which used them. Th is  sec t i on  presents these 
r e s u l t s  i n  both graphica l  and tabu la r  form and conta ins sub-sect ions 
I  I  . C . 1  through l l  .C,6 1 i s t e d  and i l  l u s t r a t e d  i n  Table 1 1  $ 6 .  

Figures 11.4 through 11.6 i d e n t i f y  the landmarks and contours f o r  
the composite p l o t s  o f  sect ions I I .C . l  and l l .C.2. The numbers 
correspond t o  those i n  Table 11.5. I n  the  contour p l o t s  o f  sect ions 
l  l  . C . 3  through l  l  .C.6, i t  should be remembered t h a t  a1 1 contours except 
the "Top-of-Head Mid1 i ne, Arc" have been r o t a t e d  i n t o  the appropr i a t e  
re ference system plane t o  a l l ow  presenat ion and comparison o f  s izes and 
shapes o f  these contours between subject .groups and between d i f f e r e n t  
sub jects  w i t h i n  each group. Resul ts  i n  sec t ions  I I .C . l  and l l .C.2 have 
been reduced t o  65% and 55% o f  ac tua l  s i z e  r espec t i ve l y  i n  order t o  
f i t  the p l o t s  on the repo r t - s i ze  pages. P lo t s  i n  sect ions I I .C.3 through 
I  I  . C . 6  a re  shown ac tua l  s ize.  Whi l e  f u r t h e r  reproduct ions o f  these 
pages may a l t e r  the sca l i ng  somewhat, exact sca l i ng  can be determined 
from the m e t r i c  or  Engl ish values on the  coord ina te  axes o f  each p l o t .  



Table 11.5 

Index t o  Surface Landmarks and Contours 

No. Name Exp lana t ion  and/or Comment 

Landmar ks 

Trag i on  
l n f r a o r b i  t a l e  
S e l l  i o n  
Glabel l a  
Vertex 
Opis thocran ion 
Men ton  
Head/Neck Junc t ion  
Zyg i on 
Gon i on 
Maximum Head Brd th  Po in t  
Head Brd th  @ Circum. Po in t  
An te r i o r  Neck Depth Po in t  
Suprasterna le  
An te r i o r  Torso #1 
An te r i o r  Torso #2 
An te r i o r  t o r s o  Depth Po in t  
Pos te r i o r  Neck Depth 
Cerv ica le  (C ) 
Pos te r i o r  ~ o ? s o  P o i n t  #1 
Pos te r i o r  Torso Po in t  #2 
Pos te r i o r  Torso Depth Po in t  
Neck Breadth Po in t  
Shoulder #1 
Shoulder #2 
Top o f  Shoulder 
Shou 1 der #3 
Shoulder Circum. Po in t  

Con tours  

Ear Notch 
Lower r i m  o f  eye socket 
I nden ta t i on  above nose 
F ron t  o f  Forehead 
Top o f  head 
Back o f  head 
T i p  o f  c h i n  
Bottom o f  s k u l l  a t  back 
Upper cheek 
Lower back o f  jaw ----- 
- - - - - 
F ron t  o f  Neck 
Top o f  sternum (breast  bone) 
F ron t  o f  t o r so  p o i n t  #1 
F ron t  o f  t o r so  p o i n t  #2 
F ron t  o f  t o r so  a t  depth measure 
Back o f  Neck a t  depth measure 
Process o f  7 th  c e r v i c a l  ve r t eb ra  
Back o f  t o r s o  #1 
Back o f  t o r so  #2 
Back o f  t o r so  a t  depth measure 
S ide o f  neck a t  breadth measure 

1 Top-of-Head M i d l i n e  Arc 
2 Head Circumference Arc 
3 Ear-to-Ear over Top-of-Head Arc 
4 Ear-to-Ear through T ip -o f -Ch in  Arc 
5 Ear-to-Ear Under Chin Arc 
6 Ear-to-Ear Around Back-of-Head Arc 



Figure 11.4. Surface landmarks and contours identified in 
front view. Numbers correspond to Table 11.5. 
Circled numbers indicate contours. 



F i g u r e  11.5. Sur face landmarks and con tou rs  i d e n t i f i e d  i n  
s i d e  view. Numbers correspond t o  Tab le  11.5. 
C i r c l e d  numbers i n d i c a t e  con tou rs .  



a 
$ .. 

8 
d.. 

8 
., 
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Figure 1 1.6. Surface landmarks and contours identified in 
top view. Numbers correspond to Table 11.5. 
Circled numbers indicate contours. 



Table 11.6 

Index t o  Stereophotogrammetric Resul ts 

Sect i on  # Page Contents I l l u s t r a t i o n  

1. 193 Head Landmarks and Contours 
- Tabular Data and Composite 
Computer P l o t s  

315 Head Landmarks and Contours 
r e l a t i v e  t o  Neck and Torso 
Landmarks - Tabular Data and 
Composite Computer P l o t s  

365 GroupAverageLandmarkand 
Contour Results - Tabular 
Data and Computer P l o t s  o f  
Average Head Contours 

395 Small and Large Subject Resul ts 
w i t h  Group Averages - Computer 
P lo t s  o f  Head Contours 

417 Overlay P lo t s  o f  I nd i v i dua l  
Head Contours by Subject Group 

459 Overlay P lo t s  o f  I nd i v i dua l  
Head Contours By Subject Group 
Merged on a Common Po in t  i n  
the Contour 



HEAD LANDMARKS AND CONTOURS 
(Tabu1 ar da ta  and compos i t e  computer p l o t s )  

I n  t h i s  sect ion,  the  coord inates o f  head landmarks and contours are 
presented i n  head anatomical re ference system coord inates f o r  the 
r ep resen ta t i ve  smal l and l a rge  subjects  i n  each group (see sec t ion  
I.B.4.h) as we11 as t h e g r o u p a v e r a g e .  I n e a c h  case, a  t ab l e  o f  
landmark coord ina te  va lues i s  fo l l owed by t ab les  o f  the p o i n t s  t h a t  
c o n s t i t u t e  the head contour arcs. Values f o r  Y-coordinates a re  g iven as 
p l us  and minus when the  t a r g e t  does no t  l i e  on the  m id l i ne .  Tabular 
da ta  a re  f o l  lowed by computer p l o t s  showing the  f r o n t  (Y-Z p lane) ,  top 
( X - Y  plane) , and s ide  (X-Z plane) views o f  the  composite head landmark 
and contour r e s u l t s  f o r  each s i z e  sub jec t  i n  each group. For purposes 
o f  p resen ta t ion  i n  t h i s  r e p o r t ,  these p l o t s  have been reduced t o  65% o f  
ac tua l  s i ze .  

I n  each p l o t ,  head contours are presented as s o l i d  l i n e s  w i thou t  
i d e n t i f i c a t i o n  o f  the i n d i v i d u a l  contour p o i n t s  shown i n  the  tab les.  
Anatomical landmark po in t s  no t  o therwise i d e n t i f i a b l e  on a  contour o r  by 
the i n t e r s e c t i o n  o f  two contours,  a re  denoted by the symbol "0". Figures 
4a through 4c i l l u s t r a t e  the  head landmarks f o r  the d i f f e r e n t  views. 

Index Sect ion Resul ts  - 

Group/Subject Page No. 

4 TO 6 MONTHS: SMALL 
AVERAGE 
LARGE 

13 TO 18 MONTHS: SMALL 
A V E R A G E  
LARGE 

2 5  TO 30 MONTHS: SMALL 
AVERAGE 
LARGE 

43 TO 48 MONTHS: SMALL 
A V E R A G E  
LARGE 



HEAD LANDMARK COORDINATES 
re Head Anatomical Axis System 

4-6 MONTHS SMALL SUBJECT 

Landmark X 

1. Ear Notch (Tragion) ................ 
2. Under Eye (Infraorbitale) ...,...... 
3. Above Nose (Sellion) .,............. 
4. Forehead (Glabella) .........,...... 
5, Top of Head (Vertex) ............... 

I 
0.0 
56.0 
64.6 
68.5 
-18.3 

6. Back of Head (Opisthocranion) ...... 
7. Head/Neck Junction .............,... 
8, Tip of Chin (Menton) ......,........ 
9. Upper Cheek (Zygion) ............... 
10. Back of Jaw (Gonion) .,............. 

-82.1 
-66.4 
n/a 
28.4 
12.9 

11. Maximum Head Breadth Point ......... 
12. Head Breadth @ Circumference Point , 

-27.8 
-22.7 



TOP-OF-HEAD MIDLINE ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS SMALL SUBJECT 

Target number (name) 

1 (Sellion) .......... 
2 .................... 

31 .................... 
32 (Head/Neck Junction) 



HEAD CIRCUMFERENCE ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS SMALL SUBJECT 

Target number (name ) 

21 .................... 
22 .................... 
23 (Opisthocranion) ... 



EAR-TO-EAR OVER TOP-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS SMALL SUBJECT 

Target number (name) 

1 (Tragion) .......... 
2 .................... 
3 .................... 

11 .................... 
12 .................... 
13 .................... 
14 (Midline) .......... 



EAR-TO-EAR THROUGH TIP-OF-CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS SMALL SUBJECT 

Target number (name) 

1 (Tragion) .......... 
2 .................... i 



EAR-TO-EAR UNDER CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS SMALL SUBJECT 

Target number (name) X 

.......... 1 T r a g o n  
2 .................... .................... 3 
4 .................... .................... 5 

0.0 
3.0 
5.3 
7.7 
10.3 

6 .................... 
7 .................... .................... 8 .................... 9 .......... 10 (Midline) 

13.4 
16.0 
17.5 
18.6 
18.9 



BACK-OF-HEAD ARC . 
Target Coordinates r e  Head Anatomical Axis System 

4-6 MONTHS SMALL SUBJECT 

Z Target number (name) X 
I 

6 .................... 
7 .................... 
8 .................... 
9 (Head/Neck Junction) 

Y 

-60.9 
-64.4 
-66.6 
-66.4 

f 23.0 
f 12.3 
f 4.6 

0.0 

-3.7 
-5.3 
-6.3 
-6.2 









HEAD LAND- COORDINATES 
re Head Anatomical Axis System 

4-6 MONTHS GROUP AVERAGE 

Z Landmark I X 

1 . Ear Notch (Tragion) ................ 
2 . Under Eye (Infraorbitale) .......... 
3 . Above Nose (Sellion) ............... 
4 . Forehead (Glabella) ................ 
5 . Top of Head (Vertex) ............... 

11 . Maximum Head Breadth Point ......... .18.9 k 58.4 64.9 
12 . Head Breadth @ Circumference Point . 1 -21.4 1 f 59.2 1 40.8 

Y 

6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 

0.0 
58.1 
67.0 
72.5 
-14.1 

.83.9 

.66.6 
42.1 
28.3 
10.0 

+ 52.5 
f 24.0 

0.0 
0.0 
0.0 

0.0 
0. 0 
14.6 
42.6 
106.7 

0.0 
0.0 
0.0 

+ 49.4 
f 43.4 

39.9 
.3.7 
.57.8 
1.5 

-29.8 



TOP-OF-HEAD MIDLINE ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS GROUP AVERAGE 

Target number (name) 

1 (Sellion) .......... 
2 .................... 
3 .................... 

.................... 36 
37 (Head/Neck Junction) 



HEAD CIRCUMFERENCE ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS GROUP AVERAGE 

Target number (name) 

36 .................... 
37 (Opisthocranion) ... 



EAR-TO-EAR THROUGH TIP-OF-CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS GROUP AVERAGE 

Target number (name) X 

16 .................... 
17 .................... 
18 .................... ........... 19 (Menton) 

39.5 
40.7 
41.5 
42.1 



EAR-TO-EAR OVER TOP-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS GROUP AVERAGE 

Target number (name) X 

1 (Tragion) .......... 
2 .................... 
3 .................... 
4 .................... 
5 .................... 

I 
0.0 
2.9 
4.6 
6.2 
7.8 

.................... 16 .................... 17 .................... 18 .......... 19 (Midline) 

23.3 
23.8 
24.1 
24.3 



EAR-TO-EAR UNDER CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS GROUP AVERAGE 

Target number (name) X 

11 .................... 
12 .................... 
13 (Midline) .......... 

9.4 
9.7 
9.8 



BACK-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS GROUP AVERAGE 

Target number (name) 

11 .................... 
12 .................... 
13 (Head/Neck Junction) 

X 

-65.0 
-66.2 
-66.6 

Y Z 

f 12.8 
f 6.5 

0.0 

-3.1 
-3.5 
-3.7 









HEAD LANDMARK COORDINATES 
r e  Head Anatomical Axis System 

4-6 MONTHS LARGE SUBJECT 

Landmark I X 

1 . Ear Notch (Tragion) ................ 
2 . Under Eye (Infraorbitale) .......... ............... 3 . Above Nose (Sellion) 
4 . Forehead (Glabella) ................ 
5 . Top of Head (Vertex) ............... 

11 . MaxinumHeadBreadth Point ......... -27.5 + 59.2 59.4 
12 . Head Breadth F Circumference Wint . 1 -26.4 1 t 57.8 1 30.7 

0.0 
63.2 
72.7 
76.6 
-26.3 

6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 

10 . Back of Jaw (Gonion) ............... 

.90.2 

.69.5 
43.8 
20.8 
10.8 



TOP-OF-HEAD MIDLINE ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS LARGE SUBJECT 

Target number (name ) 

1 (Sellion) .......... 
2 .................... 

36 (Head/Neck Junction) 



HEAD CIRCUMFERENCE ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS LARGE SUBJECT 

Target number (name) 

1 (Glabella) ......... 
2 .................... 

... 26 (Opisthocranion) 



EAR-TO-EAR OVER TOP-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS LARGE SUBJECT 

Target number (name) 

1 (Tragion) .......... 
2 .................... 
3 .................... 

12 .................... 
13 .................... 
14 (Midline) .......... 



EAR-TO-EAR THROUGH TIP-OF-CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS LARGE SUBJECT 

Tar get number (name) X 

1 (Tragion) .......... 
2 .................... 
3 .................... 
4 .................... 
5 .................. 

0.0 
8.4 

13.3 
18.0 
21.8 

.................... 11 
12 (Menton) ........... 41.7 

43.8 



EAR-TO-EAR UNDER CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS LARGE SUBJECT 

Target number (name) 

11 (Midline) .......... 1 18.1 

X 

1 (Tragion) .......... .................... 2 
3 .................... 
4 .................... 
5 .................... 

0.0 
5.1 
7.6 
10.1 
11.9 



BACK-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

4-6 MONTHS LARGE SUBJECT 

Target number (name) X 

6 .................... 
7 .................... 
8 .................... 
9 .................... 
10 (Head/Neck Junction) 

.57.4 

.62.5 

.65.4 

.67.9 
-69.5 







0 

2 .* 1 4 
D -4.00 -3.00 -2.00 -1.00 1.00 2.00 3.00 4.00 

0 

K .. 
F 

4-6 MONTHS 



HEAD LANDMARK COORDINATES 
re Head Anatomical Axis System 

13-18 MONTHS SMALL SUBJECT 

Landmark X 

1 . Ear Notch (Tragion) ................ .......... . 2 Under Eye (Infraorbitale) ............... . 3 Above Nose (Sellion) 
4. Forehead (Glabella) ................ ............... . 5 Top of Head (Vertex) 

11 . Maximum Head Breadth Point ......... -27.8 
12 . Head Breadth @ Circumference Point . I -24.6 I 

0.0 
57.6 
67.6 
73.5 
-24.1 

6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 

.90.5 

.69.3 
45.0 
29.3 
7.3 



TOP-OF-HEAD MIDLINE ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS SMALL SUBJECT 

Target number (name) X 

1 (Sellion) .......... 
2 .................... 
3 .................... 
4 .................... 
5 .................... 

67.6 
69.7 
71.9 
73.1 
71.2 

31 .................... 
32 .................... 
33 .................... 
34 .................... 
35 (Head/Neck Junction) 

.86.5 

.83.2 

.75.4 

.69.0 
-69.3 



HEAD CIRCUMFERENCE ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS SMALL SUBJECT 

Target number (name) 

21 .................... 
22 .................... 
23 .................... 
24 (Opisthocranion) ... 



EAR-TO-EAR OVER TOP-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS SMALL SUBJECT 

11 ................... 18.7 + 11.5 94.6 
12 (Midline) .......... / 18.8 1 0.0 1 95.0 

Target number (name) X Y Z 



EAR-TO-EAR THROUGH TIP-OF-CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS SMALL SUBJECT 

Target number (name) 

11 .................... ........... 12 (Menton) 



EAR-TO-EAR UNDER CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS SMALL SUBJECT 

Target number (name) 

1 (Tragion) .......... 
2 .................... 

.......... 11 (Midline) I 



BACK-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS SMALL SUBJECT 

Z 

13.0 
7.1 
3.5 

.1.1 

.4.0 

Tar get number (name) 

1 .................... 
2 .................... .................... 3 
4 .................... 
5 ................... 
6 .................... .................... 7 .................... 8 
9 (Head/Neck Junction) 

X 

.29.7 

.40.0 

.46.2 

.54.2 

.59.2 

-63.6 
-67.6 
-68.3 
-69.3 

Y 

f 57.2 
f 54.9 
f 51.7 
f 44.4 
f 37.9 

f 31.0 
f 22.1 
k 12.3 

0.0 

-6.5 
-8.8 
-9.3 
-9.7 









HEAD LANDMARK COORDINATES 
re Head Anatomical Axis System 

13-18 MONTHS GROUP AVERAGE 

Landmark 

................ 1 . Ear Notch (Tragion) .......... 2. Under Eye (Infraorbitale) ............... 3 . Above Nose (Sellion) 
4 . Forehead (Glabella) ................ 
5 . Top of Head (Vertex) ............... 
6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 
11 . Maximum Head Breadth Point ......... 
12 . Head Breadth @ Circumference Point . 



TOP-OF-HEAD MIDLINE ARC 
Target Coordinates r e  Head Anatomical Axis System 

13-18 MONTHS GROUP AVERAGE 

Target number (name) 

1 (Sel l ion)  .......... 
2 .................... 

36 .................... 
37 (Head/Neck Junction) 



HEAD CIRCUMFERENCE ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS GROUP AVERAGE 

Target number (name ) 

1 (Glabella) ......... 
2 .................... 

36 .................... ... 37 (Opisthocranion) 



EAR-TO-EAR OVER TOP-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS GROUP AVERAGE 

Target number (name) t 

16 .................... 
17 .................... 
18 .................... .......... 19 (Midline) 



EAR-TO-EAR THROUGH TIP-OF-CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS GROUP AVERAGE 

Target number (name) 

.......... 1 (Tragion) 
2 .................... 

18 .................... ........... 19 (Menton) 



EAR-TO-EAR UNDER CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS GROUP AVERAGE 

Target number (name) X 

1 (Tragion) .......... 
2 .................... .................... 3  
4 .................... 
5 .................... 

0.0 
5.0 
6.2 
7 . 3  
8.5 

11 .................... .................... 12 .......... 13 (Midline) 

13.6 
13.9 
14.1 



BACK-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS GROUP AVERAGE 

.................... 11 .................... 12 
13 (Head/Neck Junction) 

Target number (name) 1 X Y 









HEAD LANDMARK COORDINATES 
re Head Anatomical Axis System 

13-18 MONTHS LARGE SUBJECT 

Landmark 

1 . Ear Notch (Tragion) ................ .......... 2 . Under Eye (Infraorbitale) 
3 . Above Nose (Sellion) ............... 
4 . Forehead (Glabella) ................ 
5 . Top of Head (Vertex) ............... 
6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 

10 . Back of Jaw (Gonion) ............... 
......... 11 . Maximum Head Breadth Point 

12 . Head Breadth @ Circumference Point . 



TOP-OF-HEAD MIDLINE ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS LARGE SUBJECT 

Target number (name) 

1 (Sellion) .......... 
2 .................... 
3 .................... 

36 .................... 
37 (Head/Neck Junction) 



HEAD CIRCUMFERENCE ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS LARGE SUBJECT 

Target number (name) 

26 (Opisthocranion) ... I 



EAR-TO-EAR OVER TOP-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS LARGE SUBJECT 

Target number (name) 

.......... 1 (Tragion) 
2 .................... 
3 .................... 
4 .................... 
5 .................... 

.......... 16 (Midline) I 



EAR-TO-EAR THROUGH TIP-OF-CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS LARGE SUBJECT 

Target number (name) 

1 (Tragion) .......... 
2 .................... 
3 .................... 
4 .................... 
5 .................... 

11 .................... 
12 (Menton) ........... 



EAR-TO-EAR UNDER CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS LARGE SUBJECT 

Target number (name) 

11 (Midline) .......... 1 22.3 

X 

.......... 1 (Tragion) 
2 .................... .................... 3 .................... 4  
5 .................... 

0.0 
4 . 2  
6.7 
9.6 
12.7 



BACK-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

13-18 MONTHS LARGE SUBJECT 

Tar get number (name) 

8 .................... 
9 (Head/Neck Junction) 









HEAD LANDMARK COORDINATES 
re Head Anatomical Axis System 

25-30 MONTHS SMALL SUBJECT 

Landmark X 

1 . Ear Notch (Tragion) ................ 
2 . Under Eye (Infraorbitale) .......... 
3 . Above Nose (Sellion) ............... 
4 . Forehead (Glabella) ................ 
5 . Top of Head (Vertex) ............... 

0.0 
62.2 
75.3 
81.7 
-19.5 

6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 

.86.6 

.68.0 
55.2 
32.3 
8.1 

11 . Maximum Head Breadth Point ......... 
12 . Head Breadth @ Circumference Point . .24.4 

-12.0 



TOP-OF-HEAD MIDLINE ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS SMALL SUBJECT 

Target number (name) 

21 .................... 
22 (Head/Neck Junction) 



HEAD CIRCUMFERENCE ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS SMALL SUBJECT 

Target number (name) X 

1 (Glabella) ......... 
2 .................... 
3 .................... 
4 .................... 
5 .................... 

81.7 
80.4 
77.4 
71.8 
62.8 

16 .................... 
17 .................... 
18 (Opisthocranion) ... 

-83.2 
-86.0 
-86.6 



EAR-TO-EAR OVER TOP-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS SMALL SUBJECT 

Tar get number (name) 

1 (Tragion) .......... 
2 .................... 
3 .................... 

9 .................... 
10 (Midline) .......... 



EAR-TO-EAR THROUGH TIP-OF-CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS SMALL SUBJECT 

Tar get  number (name) 

1 (Tragion) .......... 
2 .................... .................... 3 

6 .................... 
7 .................... ........... 8 (Menton) 



EAR-TO-EAR UNDER CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS SMALL SUBJECT 

Target number ( name) 

1 (Tragion) .......... 
2 .................... .................... 3 
4 .................... .................... 5 

6 .................... .................... 7 
8 (Midline) .......... 

X 

0.0 
7.4 
8.4 
9.8 

10.4 

11.1 
11.5 
11.6 

Y 

f 53.7 
f45.2 
+ 40.5 
f 33.4 
f 26.2 

Z 

0.0 
-14.6 
-26.5 
-44.0 
-50.9 

f 16.3 
f 7.1 

0.0 

.59.0 
-64.1 
-65.3 



BACK-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS SMALL SUBJECT 

Target number (name) I X 

6 .................... 
7 .................... 
8 (Head/Neck Junction) 

.66.5 

.68.4 
-68.0 









HEAD LANDMARK COORDINATES 
re Head Anatomical Axis System 

25-30 MONTHS GROUP AVERAGE 

Landmark 

................ . 1 Ear Notch (Tragion) .......... . 2 Under Eye (Infraorbitale) ............... . 3 Above Nose (Sellion) ................ . 4 Forehead (Glabella) ............... 5. Top of Head (Vertex) 

...... 6 . Back of Head (Opisthocranion) 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 

......... 11 . Maximum Head Breadth Point 
12 . Head Breadth @ Circumference Point . 



TOP-OF-HEAD MIDLINE ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS GROUP AVERAGE 

Target number (name) 

1 (Sellion) .......... 
2 .................... 

36 .................... 
37 (Head/Neck Junction) 



HEAD CIRCUMFERENCE ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS GROUP AVERAGE 

Tar get number (name) X 
I 

1 (Glabella) ......... 87.1 
2 .................... 85.8 
3 .................... 84.1 
4 .................... 81.6 
5 .................... 78.4 

36 .................... .94.3 
37 (Opisthocranion) ... .94.0 



EAR-TO-EAR OVER TOP-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS GROUP AVERAGE 

Target number (name) 1 X 

1 (Tragion) .......... .................... 2 
0.0 
5.0 

.................... 16 .................... 17 .................... 18 .......... 19 (Midline) 

2 4 . 4  
25.0 
25.3 
25.5 



EAR-TO-EAR THROUGH TIP-OF-CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS GROUP AVERAGE 

Target number (name) X 

1 (Tragion) .......... 
2 .................... 
3 .................... 
4 .................... 
5 .................... 

0.0 
8.2 
11.0 
14.6 
18.0 

16 .................... 
17 .................... 
18 .................... 
19 (Menton) ........... 

51.6 
53.3 
54.6 
55.7 



EAR-TO-EAR UNDER CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS GROUP AVERAGE 

Target number ( name ) 

1 (Tragion) .......... 
2 .................... 
3 .................... 

11 .................... 
12 .................... 
13 (Midline) .......... 



BACK-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS GROUP AVERAGE 

Target number (name) 

11 .................... 
12 .................... 
13 (Head/Neck Junction) 

X I Y Z 

.67.1 

.68.0 

.68.4 

+ 14.1 
f 7.1 

0.0 

.13.2 

.13.6 

.12.9 









HEAD LANDMARK COORDINATES 
re Head Anatomical Axis System 

25-30 MONTHS LARGE SUBJECT 

Landmark 

1 . Ear Notch (Tragion) ................ 
2 . Under Eye (Infraorbitale) .......... 
3 . Above Nose (Sellion) ............... 
4 . Forehead (Glabella) ................ 
5. Top of Head (Vertex) ............... 
6 . Back of Head (Opistbocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 

10 . Back of Jaw (Gonion) ............... 
......... 11 . Maximum Head Breadth Point 

12 . Head Breadth @ Circumference Point . 



TOP-OF-HEAD MIDLINE ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS LARGE SUBJECT 

Target number (name ) 

1 (Sellion) .......... 
2 .................... 
3 .................... 

41 .................... 
42 (Head/Neck Junction) 



HEAD CIRCUMFERENCE ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS LARGE SUBJECT 

Target number (name ) 

26 .................... 
27 .................... 
28 .................... 
29 (Opisthocranion) ... 



EAR-TO-EAR OVER TOP-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS LARGE SUBJECT 

16 .................... 
17 .................... .......... 18 (Midline) 



EAR-TO-EAR THROUGH TIP-OF-CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS LARGE SUBJECT 

Target number (name) 

1 (Tragion) .......... 
2 .................... 

12 .................... 
13 (Menton) ........... 



EAR-TO-EAR UNDER CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS LARGE SUBJECT 

Target number (name) X 

1 (Tragion) .......... .................... 2 .................... 3 .................... 4 .................... 5 

0.0 
8.4 
9.1 
9.9 

10.5 

11 .................... 
12 (Midline) .......... 13.3 

13.4 



BACK-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

25-30 MONTHS LARGE SUBJECT 

Tar get number (name ) 

11 (Head/Neck Junction) 1 .77.5 1 0.0 









HEAD LANDMARK COORDINATES 
re Head Anatomical Axis System 

43-48 MONTHS SMALL SUBJECT 

Landmark I X I Y I Z 

1 . Ear Notch (Tragion) ................ 
2 . Under Eye (Infraorbitale) .......... 
3 . Above Nose (Sellion) ............... 
4 . Forehead (Glabella) ................ 
5 . Top of Head (Vertex) ............... 
6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 

. ......... 11 Maximum Head Breadth Point 
12 . Head Breadth @ Circumference Point . 



TOP-OF-HEAD MIDLINE ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS SMALL SUBJECT 

.......... 1 (Sellion) .................... 2 .................... 3 .................... 4 

Target number (name) X 

31 .................... 
32 .................... 
33 (Head/Neck Junction) 

.80.9 
-74 .6  
-70.7 

Y Z 



HEAD CIRCUMFERENCE ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS SMALL SUBJECT 

Target number (name) I 



EAR-TO-EAR OVER TOP-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS SMALL SUBJECT 

Target number (name) X 

.......... 1 T r a g o n  
2 .................... .................... 3 .................... 4 .................... 5 

I 

0.0 
8.1 
9.1 
10.0 
10.7 

11 .................... 
12 .................... 
13 .................... 
14 .................... .......... 15 (Midline) 

15.7 
16.1 
16.3 
16.6 
16.6 



EAR-TO-EAR THROUGH TIP-OF-CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS SMALL SUBJECT 

1 (Tragion) .......... 
2 .................... 

Tar get number (name) 
I 

X Y Z 



EAR-TO-EAR UNDER CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS SMALL SUBJECT 

Tar get number (name) 

.......... 1 (Tragion) .................... 2 .................... 3 .................... 4 .................... 5 

8 .................... 
9 .................... .......... 10 (Midline) 



BACK-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS SMALL SUBJECT 

Target number (name) X 

6 .................... 
7 .................... 
8 .................... 
9 .................... 
10 (Head/Neck Junction) 

.59.2 

.64.0 

.67.4 

.69.9 
-70.7 





C I 
-4.00 -1.M 1.M 2.M 3.W 4.00 

SMRLL SUBJECT 





HEAD LANDMARK COORDINATES 
re Head Anatomical Axis System 

43-48 MONTHS GROUP AVERAGE 

Landmark 

................ 1 . Ear Notch (Tragion) .......... 2 . Under Eye (Infraorbitale) ............... . 3 Above Nose (Sellion) 
4 . Forehead (Glabella) ................ ............... . 5 Top of Head (Vertex) 

6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8. Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 

......... 11 . Maximum Head Breadth Point 
12 . Head Breadth B Circumference Point . 



TOP-OF-HEAD MIDLINE ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS GROUP AVERAGE 

Target number (name) 

1 (Sellion) .......... 
2 .................... 

36 .................... 
37 (Head/Neck Junction) 



HEAD CIRCUMFERENCE ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS GROUP AVERAGE 

Target number (name) X 

......... 1 (Glabella) 
2 .................... 
3 .................... 
4 .................... 
5 .................... 

90.1 
88.5 
86.8 
84.1 
80.8 

36 .................... 
37 (Opisthocranion) ... .95.5 

.95.2 



EAR-TO-EAR OVER TOP-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS GROUP AVERAGE 

Target number (name) 

1 (Tragion) .......... 
2 .................... 
3 .................... 
4 .................... 
5 .................... 

18 .................... 
19 (Midline) .......... 



EAR-TO-EAR THROUGH TIP-OF-CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS GROUP AVERAGE 

Target number (name) 

1 (Tragion) .......... 
2 .................... 
3 .................... 
4 e................... 

5 .................... 

X 

16 .................... 
17 .................... 
18 .................... 
19 (Menton) ........... 

Y 

0.0 
7.9 
11.8 
15.7 
19.5 

f 60.0 
f 57.5 
f 56.0 
f 54.7 
f 53.5 

55.8 
57.8 
59.1 
60.5 

k 17.9 
f 12.3 
f 6.3 

0.0 



EAR-TO-EAR UNDER CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS GROUP AVERAGE 

Target number (name) I X 

1 (Tragion) .......... 0.0 
2 .................... 5.6 
3 .................... 6.9 
4 .................... 8.2 
5 .................... 9.4 

.................... 12 15.7 .......... 13 (Midline) 15.9 



BACK-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS GROUP AVERAGE 

Target number (name) X 

.................... 11 .................... 12 
13 (Head/Neck Junction) 

I 

.66.9 

.67.9 
-68.0 
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HEAD LANDMARK COORDINATES 
re Head Anatomical Axis System 

43-48 MONTHS LARGE SUBJECT 

Landmark X 

1 . Ear Notch (Tragion) ................ .......... 2 . Under Eye (Infraorbitale) ............... 3. Above Nose (Sellion) 
4. Forehead (Glabella) ................ ............... 5 . Top of Head (Vertex) 

0.0 
67.4 
86.0 
95.0 

-16.3 

6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek ( Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 

-98.8 
-72.1 
48.8 
3 1.3 
10.1 

11 . Maximum Head Breadth Point ......... 
12 . Head Breadth @ Circumference Point . -19.0 

-26.2 



TOP-OF-HEAD MIDLINE ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS LARGE SUBJECT 

Target number (name) X 

1 (Sellion) .......... 
2 .................... 
3 .................... 
4 .................... 
5 .................... 

86.0 
88.8 
92.0 
95.9 
94.9 

36 .................... 
37 .................... 
38 .................... 
39 .................... 

.95.9 

.89.7 

.82.8 

.76.6 
40 (Head/Neck Junction) 1 -72.1 



HEAD CIRCUMFERENCE ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS LARGE SUBJECT 

Target number (name) 

1 (Glabella) ......... 
2 .................... 
3 .................... 

28 .................... 
29 (Opisthocranion) ... 



EAR-TO-EAR OVER TOP-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS LARGE SUBJECT 

Target number (name) I 

16 .................... 
17 (Midline) .......... 



EAR-TO-EAR THROUGH TIP-OF-CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS LARGE SUBJECT 

Target number (name) 

1 (Tragion) .......... I 

11 .................... 
12 (Menton) ........... 



EAR-TO-EAR UNDER CHIN ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS LARGE SUBJECT 

Target number (name) I 
1 (Tragion) .......... I 

11 (Midline) .......... I 



BACK-OF-HEAD ARC 
Target Coordinates re Head Anatomical Axis System 

43-48 MONTHS LARGE SUBJECT 

Target number (name) 





43-48 MONTHS 
LRRGE SUBJECT 







HEAD LANDMARKS AND CONTOURS RELATIVE TO NECK AND TORSO LANDMARKS 
(Tabular data and compos i t e  computer p l o t s )  

I n  t h i s  sect ion,  the coord inates o f  head landmark and contour 
ta rge ts  a re  g iven  w i t h  respect t o  those o f  neck and t o r so  landmark 
ta rge ts  us ing  the t rans la ted  labora to ry  re ference system w i t h  o r i g i n  a t  
the head anatomical re ference system o r i g i n .  Resul ts  are presented f o r  
the represen ta t i ve  small and l a rge  subjects  o f  each group as we1 1 as the 
group average. For each s i z e  sub jec t  i n  each group, a  t a b l e  o f  
coord inate va lues f o r  head, neck, and t o r so  landmark ta rge ts  i s  fo l lowed 
by computer p l o t s  showing the f r o n t  ( Y - Z  plane) ,  s ide  ( X - Z  plane) ,  and 
top (X -Y  plane) views o f  the composite landmark and contour r e s u l t s .  
P l o t s  have been reduced t o  55% o f  ac tua l  s i ze  t o  f i t  on the repo r t  
pages. 

I n  each p l o t ,  head contours a re  presented as s o l i d  l i n e s  w i thou t  
i d e n t i f i c a t i o n  o f  the i nd i v i dua l  contour p o i n t s  shown i n  the tab les.  
Anatomical landmark po in t s  no t  o therwise i d e n t i f i a b l e  on a  contour o r  by 
the i n t e r s e c t i o n  o f  two contours, a re  denoted by the symbol "o". 

l ndex t o  Sect ion  Resu 1 t s  -- 

Group/Subject Page No. 

4 TO 6 MONTHS: SMALL 
AVERAGE 
LARGE 

13 TO 18 MONTHS: SMALL 
A V E R A G E  
LARGE 

25 TO 30 MONTHS: SMALL 
AVERAGE 
LARGE 

43  TO 48 MONTHS: SMALL 
A V E R A G E  
LARGE 



HEAD. NECK AND TORSO LANDMARK COORDINATES 
re  Translated Laboratory Reference System 

4-6 MONTHS SMALL SUBJECT 

Landmark 

1 . Ear Notch (Tragion) ................ .......... 2 . Under Eye (Infraorbitale) ............... . 3 Above Nose (Sellion) 
4 . Forehead (Glabella) ................ ............... 5 . Top of Head (Vertex) 

6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 

10 . Back of Jaw (Gonion) ............... 
11 . Maximum Head Breadth Point ......... 
1 2  . Head Breadth @ Circumference Point . 
13 . Neck Depth Point a t  Front .......... ...................... . 1 4  Suprasternale 
15 . Front Torso # 1 .................... 
16 . Front Torso # 2 .................... 
17  . Torso Depth Point a t  Front ......... 
18 . Neck Depth Point a t  Back ........... 
19 . 7th Cervical Vertebra (Cervicale) .. 
20 . Back Torso # 1 ..................... 
21  . Back Torso # 2 ..................... 
22 . Torso Depth Point a t  Back .......... 
23 . Neck Breadth Point a t  Side ......... 
24.  Shoulder # 1 ....................... 
25 . Shoulder # 2 ....................... 

.................... 26 . Top of Shoulder 
27 . Shoulder # 3 ....................... 
28 . Shoulder Circumference Point ....... 







I 4-6 MONTHS I 



HEAD. NECK AND TORSO LANDMARK COORDINATES 
re Translated Laboratory Reference System 

4-6 MONTHS GROUP AVERAGE 

Landmark X 

1 . Ear Notch (Tragion) ................ 
2 . Under Eye ( I n f r a o r b i t a l e )  .......... 
3. AboveNose (Se l l ion )  ............... 
4 . Forehead (Glabel la)  ................ 
5 . Top of Head (Vertex) ............... 

0.0 
55.6 
59.9 
57.0 

-44.5 

6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junct ion ................. 
8 . Tip of Chin (Menton) ............... 
9. Upper Cheek (Zygion) ............... 

10 . Back of Jaw (Gonion) ............... 

.91.9 

.62.6 
57.1 
26.6 
18.3 

11 . Maximum Head Breadth Point ......... 
12. Head Breadth @ Circumference Point . 
13 . Neck Depth Point a t  Front .......... 
1 4  . Suprasternale  ...................... 
15 . Front.Torso # 1 .................... 

-36.9 
-32.3 

17.4 
24.1 
28.4 

16 . Front Torso # 2 .................... 
17 . Torso Depth Point a t  Front ......... 
18. Neck Depth Point a t  Back ........... 
19 . 7th  Cervical Vertebra (Cervicale)  .. 
20 . Back Torso # 1 ..................... 

32.2 
33.5 

-57.1 
-58.5 
-64.0 

21 . Back Torso # 2 ..................... . .......... 22 Torso Depth Point a t  Back 
23 . Neck Breadth Point a t  Side ......... 
24 . Shoulder # 1 ....................... 
25 . Shoulder # 2 ....................... 

-69.5 
-75.3 
-14.8 
-20.6 
-20.5 

26 . Top of Shoulder .................... 
27 . Shoulder # 3 ....................... 
28 . Shoulder Circumference Point ....... 

.19.7 

.14.3 

.16.0 









HEAD. NECK AND TORSO LANDMARK COORDINATES 
re Translated Laboratory Reference System 

4-6 MONTHS LARGE SUBJECT 

Landmark X 

1 . Ear Notch (Tragion) ................ 
2 . Under Eye (Infraorbitale) .......... 
3 . Above Nose (Sellion) ............... 
4 . Forehead (Glabella) ................ 
5 . Top of Head (Vertex) ............... 

0.0 
60.6 
65.7 
60.7 
-56.2 

6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 

.92.3 
-64.5 
60.7 
19.7 
19.9 

11 . Maximum Head Breadth Point ......... 
12 . Head Breadth @ Circumference Point . 
13 . Neck Depth Point at Front .......... 
14 . Suprasternale ...................... 
15 . Front Torso # 1 .................... 

-43.4 
-34.1 
n/a 

, 26.7 
. 30.2 

16 . Front Torso # 2 .................... 
17 . Torso Depth Point at Front ......... 
18 . Neck Depth Point at Back ........... 
19 . 7th Cervical Vertebra (Cervicale) .. 
20 . Back Torso # 1 ..................... 

31.5 
33.3 
n/a 

-60.4 
-69.1 

21 . Back Torso # 2 ..................... 
22 . Torso Depth Point at Back .......... 
23 . Neck Breadth Point at Side ......... 
24 . Shoulder # 1 ....................... 
25 . Shoulder # 2 ....................... 

n/a 
n/a 

-12.0 
n/a 

-20.4 

.................... 26 . Top of Shoulder 
27 . Shou'lder # 3 ....................... 
28 . Shoulder Circumference Point ....... 

-23.0 
-18.1 
-28.0 





1 4-6 MONTHS I 





HEAD. NECK AND TORSO LANDMARK COORDINATES 
re Translated Laboratory Reference System 

13-18 MONTHS SMALL SUBJECT 

Landmark 

................ 1 . Ear Notch (Tragion) .......... 2 . Under Eye (Inf raorbitale) 
3 . Above Nose (Sellion) ............... ................ 4 . Forehead (Glabella) ............... 5 . Top of Head (Vertex) 
6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 
11 . Maximum Head Breadth Point ......... 
12 . Head Breadth @ Circumference Point . 
13 . Neck Depth Point at Front .......... ...................... 14 . Suprasternale 
15 . Front Torso # 1 .................... 
16 . Front Torso # 2 .................... 
17 . Torso Depth Point at Front ......... 
18 . Neck Depth Point at Back ........... 
19 . 7th Cervical Vertebra (Cervicale) .. 
20 . Back Torso # 1 ..................... 
21 . Back Torso # 2 ..................... 
22 . Torso Depth Point at Back .......... 
23 . Neck Breadth Point at Side ......... 
24 . Shoulder # 1 ....................... 
25 . Shoulder # 2 ....................... 
26 . Top of Shoulder .................... 
27 . Shoulder # 3 ....................... 
28 . Shoulder Circumference Point ....... 









HEAD. NECK AND TORSO LANDMARK COORDINATES 
re Translated Laboratory Reference System 

13-18 MONTHS GROUP AVERAGE 

Landmark 

1 . Ear Notch (Tragion) ................ 
2 . Under Eye (Infraorbitale) .......... 
3 . Above Nose (Sellion) ............... 
4 . Forehead (Glabella) ................ 
5 . Top of Head (Vertex) ............... 
6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 
11 . Maximum Head Breadth Point ......... 
12 . Head Breadth @ Circumference Point . 
13 . Neck Depth Point at Front .......... 
14 . Suprasternale ...................... 
15 . Front Torso # 1 .................... 
16 . Front Torso # 2 .................... 
17 . Torso Depth Point at Front ......... 
18 . Neck Depth Point at Back ........... 
19 . 7th Cervical Vertebra (Cervicale) .. 
20 . Back Torso # 1 ..................... 
21 . Back Torso # 2 ..................... .......... 22 . Torso Depth Point at Back 
23 . Neck Breadth Point at Side ......... 
24 . Shoulder # 1 ....................... ....................... 25 . Shoulder # 2 

26 . Top of Shoulder .................... 
27 . Shoulder # 3 ....................... 
28 . Shoulder Circumference Point ....... 









HEAD. NECK AND TORSO LANDMARK COORDINATES 
re Translated Laboratory Reference System 

13-18 MONTHS LARGE SUBJECT 

Landmark 

1 . Ear Notch (Tragion) ................ 
2 . Under Eye (Infraorbitale) .......... 
3. Above Nose (Sellion) ............... 
4. Forehead (Glabella) ................ 
5. Top of Head (Vertex) ............... 
6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 
11 . Maximum Head Breadth Point ......... 
12 . Head Breadth @ Circumference Point . 
13. Neck Depth Point at Front .......... 
14 . Suprasternale ....................... 
15 . Front Torso # 1 .................... 
16 . Front Torso # 2 .................... 
17 . Torso Depth Point at Front ......... 
18 . Neck Depth Point at Back ........... 
19 . 7th Cervical Vertebra (Cervicale) .. 
20 . Back Torso # 1 ..................... 
21 . Back Torso # 2 ..................... .......... 22 . Torso Depth Point at Back ......... 23 . Neck Breadth Point at Side 
24 . Shoulder # 1 ....................... 
25 . Shoulder # 2 ....................... 
26 . Top of Shoulder .................... 
27 . Shoulder # 3 ....................... 
28. Shoulder Circumference Point ....... 



8 
0 -- - 

e - 
No 
9 
W.. 
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HEAD. NECK AND TORSO LANDMARK COORDINATES 
re Translated Laboratory Reference System 

25-30 MONTHS SMALL SUBJECT 

Landmark 

1 . Ear Notch (Tragion) ................ 
2 . Under Eye (Infraorbitale) .......... 
3 . Above Nose (Sellion) ............... 
4 . Forehead (Glabella) ................ 
5 . Top of Head (Vertex) ............... 

X 

0.0 
60.8 
70.4 
72.2 
-43.1 

6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 

-94.6 
-64.8 
66.5 
32.5 
16.5 

11 . Maximum Head Breadth Point ......... 
12 . Head Breadth @ Circumference Point . 
13 . Neck Depth Point at Front .......... 
14. Suprasternale ...................... 
15 . Front Torso # 1 .................... 

-37.7 
-20.3 
13.5 
15.9 
23.4 

16 . Front Torso # 2 .................... 
17 . Torso Depth Point at Front ......... 
18 . Neck Depth Point at Back ........... 
19 . 7th Cervical Vertebra (Cervicale) .. 
20. Back Torso # 1 ..................... 

30.3 
35.9 
n/a 

-58.4 
-65.9 

21 . Back Torso # 2 ..................... 
22. Torso Depth Point at Back .......... ......... 23 . Neck Breadth Point at Side ....................... 24. Shoulder # 1 ....................... 25 . Shoulder # 2 

-73.3 
-79.4 
-14.2 
n/a 

-16.0 

26 . Top of Shoulder .................... 
27 . Shoulder # 3 ....................... 
28 . Shoulder Circumference Point ....... 

.6.5 
7.0 
12.7 









HEAD. NECK AND TORSO LANDMARK COORDINATES 
r e  Translated Laboratory Reference System 

25-30 MONTHS GROUP AVERAGE 

Landmark 

................ 1 . Ear Notch (Tragion) 
2 . Under Eye (Infraorbitale) .......... ............... 3 . Above Nose (Sellion) 
4 . Forehead (Glabella) ................ 
5 . Top of Head (Vertex) ............... 
6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 

10 . Back of Jaw (Gonion) ............... 
11 . Maximum Head Breadth Point ......... 
12 . Head Breadth @ Circumference Point . 
13 . Neck Depth Point a t  Front .......... 
1 4  . Suprasternale ...................... 
15 . Front Torso # 1 .................... 

.................... 16 . Front Torso # 2 
1 7  . Torso Depth Point a t  Front ......... 
18 . Neck Depth Point a t  Back ........... 
19 . 7th Cervical Vertebra (Cervicale) . . 
20 . Back Torso # 1 ..................... 

21 . Back Torso # 2 ..................... 
22 . Torso Depth Point a t  Back .......... 
23 . Neck Breadth Point a t  Side ......... 
24 . Shoulder # 1 ....................... 
25 . Shoulder # 2 ....................... 
26 . Top of Shoulder .................... 
27. Shoulder # 3 ....................... 
28 . Shoulder Circumference Point ....... 









HEAD. NECK AND TORSO L-ANDMARK COORDINATES 
re  Translated Laboratory Reference System 

25-30 MONTHS LARGE SUBJECT 

Landmark 

1 . Ear Notch (Tragion) ................ 
2 . Under Eye (Infraorbitale) .......... 
3 . Above Nose (Sellion) ............... 
4 . Forehead (Glabella) ................ 
5 . Top of Head (Vertex) ............... 
6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 

10 . Back of Jaw (Gonion) ............... 
11 . Maximum Head Breadth Point ......... 
12  . Head Breadth @ Circumference Point . 
13 . Neck Depth Point a t  Front .......... 
1 4  . Suprasternale ...................... 
15. Front Torso # 1 .................... 
1 6  . Front Torso # 2 .................... 
17  . Torso Depth Point a t  Front ......... 
18 . Neck Depth Point a t  Back ........... 
19 . 7th Cervical Vertebra (Cervicale) .. ..................... . 20 Back Torso # 1 

2 1  . Back Torso # 2 ..................... 
22 . Torso Depth Point a t  Back .......... 
23 . Neck Breadth Point a t  Side ......... ....................... . 24 Shoulder # 1 ....................... 25 . Shoulder # 2 

26 . Top of Shoulder .................... 
27. Shoulder # 3 ....................... 
28 . Shoulder Circumference Point ....... 









HEAD. NECK AND TORSO LANDMARK COORDINATES 
re Translated Laboratory Reference System 

43-48 MONTHS SMALL SUBJECT 

Landmark 

1 . Ear Notch (Tragion) ................ 
2 . Under Eye (Infraorbitale) .......... 
3 . Above Nose (Sellion) ............... 
4 . Forehead (Glabella) ................ 
5 . Top of Head (Vertex) ............... 
6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junction ................. 
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 
10 . Back of Jaw (Gonion) ............... 
11 . Maximum Head Breadth Point ......... 
12 . Head Breadth @ Circumference Point . 
13 . Neck Depth Point at Front .......... 
14 . Suprasternale ...................... 
15 . Front Torso # 1 .................... 
16 . Front Torso # 2 .................... 
17 . Torso Depth Point at Front ......... 
18 . Neck Depth Point at Back ........... 
19 . 7th Cervical Vertebra (Cervicale) .. ..................... . 20 Back Torso # 1 

21 . Back Torso # 2 ..................... 
22 . Torso Depth Point at Back .......... 
23 . Neck Breadth Point at Side ......... 
24 . Shoulder # 1 ....................... 
25 . Shoulder # 2 ....................... 
26 . Top of Shoulder ..................... 
27 . Shoulder # 3 ....................... 
28 . Shoulder Circumference Point ....... 









HEAD. NECK AND TORSO LANDMARK COORDINATES 
re T r a n s l a t e d  Laboratory Reference System 

43-48 MONTHS GROUP AVERAGE 

Landmark X 

................ 1 . Ear Notch (Tragion)  .......... 2 . Under Eye ( I n f r a o r b i t a l e )  ............... 3 . Above Nose ( S e l l i o n )  
4 . Forehead ( G l a b e l l a )  ................ ............... 5 . Top of Head (Vertex)  

0.0 
66.0 
76.7 
77.3 

-42.6 

6 . Back of Head (Opis thocranion)  ...... ................. 7 . Head/Heck J u n c t i o n  
8 . Tip of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) .............., 

10 . Back of Jaw (Gonion) ............... 

.103.3 
.62.7 

73.8 
35.8 
23.4 

11 . Maximum Head Breadth Point  ......... 
12 . Head Breadth @ Circumference Point  . 
1 3  . Neck Depth Po in t  at Front  .......... 
14 . S u p r a s t e r n a l e  ...................... ..................... 15 . Front  Torso # 1 

-35.8 
-24.7 

22.6 
23.6 
35.0 

16 . Front  Torso # 2 .................... 
17 . Torso Depth Po in t  at Front  ......... 
1 8  . Neck Depth Po in t  a t  Back ........... 
19 . 7 t h  Cervical Vertebra  (Cerv ica le )  .. 
20 . Back Torso # 1 ..................... 

43.4 
48.9 

-51.1 
-56.2 
-67.6 

21 . Back Torso # 2 ..................... 
22 . Torso Depth Po in t  a t  Back .......... ......... 23 . Neck Breadth Po in t  a t  S ide  
24 . Shoulder # 1 ....................... 
25 . Shoulder # 2 ....................... 

.74.8 

.78.5 
.9.2 

.17.1 

.18.5 

26. Top of Shoulder .................... 
27 . Shoulder # 3 ....................... 
28 . Shoulder Circumference Point  ....... 

-14.8 
-5.2 
-2.3 
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HEAD. NECK AND TORSO LANDMARK COORDINATES 
re Trans la ted  Laboratory Reference System 

43-48 MONTHS LARGE SUBJECT 

Landmark X 

................ 1 . Ear Notch (Tragion) 
2 . Under Eye ( I n f r a o r b i t a l e )  .......... ............... 3 . Above Nose ( S e l l i o n )  ................ 4 . Forehead (Glabe l la )  
5 . Top of Head (Vertex) ............... 

0.0 
65.0 
78.6 
79.6 

-51.0 

6 . Back of Head (Opisthocranion) ...... 
7 . Head/Neck Junc t ion  ................. 
8 . Tip  of Chin (Menton) ............... 
9 . Upper Cheek (Zygion) ............... 

10 . Back of Jaw (Gonion) ............... 

.110.4 
.67.0 

65.8 
31.3 
18.6 

11 . Maximum Head Breadth Point  ......... 
12 . Head Breadth @ Circumference Point  . 
13. Neck Depth Point  a t  Front  .......... 
14 . Supra s t e rna l e  ...................... 
15 . Front  Torso # 1 .................... 

.39.6 
-39.1 

21.4 
19.9 
32.9 

16 . Front  Torso # 2 .................... 
17 . Torso Depth Po in t  at Front  ......... 
18 . Neck Depth Po in t  a t  Back ........... 
19 . 7 t h  Ce rv i ca l  Vertebra  (Cerv ica le )  .. 
20 . Back Torso # 1 ..................... 

39.9 
42.2 

-54.1 
-58.1 
-71.1 

21. Back Torso # 2 ..................... 
22 . Torso Depth Point  a t  Back .......... 
23 . Neck Breadth Po in t  a t  S ide  ......... 
24. Shoulder # 1 ....................... 
25 . Shoulder # 2 ....................... 

.81.9 

.86.9 
.8.3 

-13.1 
-16.4 

26 . Top of Shoulder .................... 
27 . Shoulder # 3 ....................... 
28 . Shoulder Circumference Point  ....... 

.8.1 
0.1 
3.2 











GROUP AVERAGED LANDMARK AND CONTOUR RESULTS 
(Tabular d a t a  and Computer P l o t s  o f  Average Head Contours) 

T h i s  s e c t i o n  p resen ts  t h e  average landmark and contour  r e s u l t s  f o r  
t h e  f o u r  s u b j e c t  groups. A t a b l e  o f  average head landmark coo rd ina te  
va lues  i n  t h e  head anatomical  re fe rence  system i s  f o l l o w e d  by a t a b l e  o f  
average head, neck, and t o r s o  landmark c o o r d i n a t e  va lues i n  t h e  
t r a n s l a t e d  l a b o r a t o r y  r e f e r e n c e  system w i t h  o r i g i n  a t  t he  head 
anatomical  r e f e r e n c e  system o r i g i n .  These t a b l e s  a r e  f o l l o w e d  by 
computer p l o t s  o f  t h e  s i x  average head con tou rs  t h a t  have been r o t a t e d  
i n t o  t h e  a p p r o p r i a t e  r e f e r e n c e  p lanes so t h a t  t h e  f u l l ,  u n d i s t o r t e d  v iew 
o f  each average contour  i s  presented.  

The f i r s t  s e t  o f  p l o t s  compares averaged head contours  f o r  t h e  f o u r  
age groups. These a r e  f o l l o w e d  by p l o t s  o f  t h e  d i f f e r e n t  contours  
p l o t t e d  s e p a r a t e l y  by s u b j e c t  group. I n  each case, t h e  d i f f e r e n t  head 
con tou rs  have been p l o t t e d  on separa te  graphs except  f o r  "Ear-to-Ear 
Over Top-of -Head Arc" and "Ear-to-Ear Under Chi n Arc" which have been 
p l o t t e d  toge the r  as an approx imat ion  t o  head c i rcumference taken i n  a 
f r o n t a l  p l a n e  j u s t  f o rward  o f  t h e  ears.  A l l  p l o t s  i n  t h i s  s e c t i o n  a r e  
shown a c t u a l  s i z e .  

Index S e c t i o n  Resu l t s  - 
Contents Page No. 

Head Landmark Coord inate  Values r e  Head 
Anatomical Reference System 

Head, Neck, and Torso Landmark Coord inate  Values 
r e  T r a n s l a t e d  Labora to ry  Reference System 

Comparison o f  Average Contours f o r  D i f f e r e n t  Age Groups 370 

4 t o  6 Month Average Contours 375 

13 t o  18 Month Average Contours 380 

25 t o  30 Month Average Contours 385 

43  t o  48 Month Average Contours 3 90 



Head Landmark Coordinates (mrn) 
re Head Anatomical Reference System 

Group Averages 

Landmark 

Ear Notch 
(Tragion) 

Under Eye 
(Inf raorbitale) 

Above Nose 
(Sellion) 

Forehead 
(Glabella) 

Top of Head 
(Vertex) 

Back of Head 
(Opisthocranion) 

Head/Neck Junction 

Tip of Chin 
(Menton) 

Upper Cheek 
(Zygion) 

Back of Jaw 
(Gonion) 

Maximum Head 
Breadth Point 

Head Breadth at 
Circumference Point 

Axis 

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 
2 

2 

0.0 
f 52.5 

0.0 

58.1 
f 24.0 

0.0 

67.0 
0.0 
14.6 

72.5 
0.0 
42.6 

-14.1 
0.0 

106.7 

-83.9 
0 .O 
39.9 

-66.6 
0.0 
-3.7 

42.1 
0.0 

-57.8 

28.3 
+ 49.4 

1.5 

10.0 
f 43.4 
-29.8 

-18.9 
f 58.4 
64.9 

-21.4 
f 59.2 

40.8 

Group Number 

7 

0.0 
f 58.4 

0.0 

66.6 
f 26.8 

0.0 

78.6 
0.0 
13.5 

87.1 
0.0 
45.4 

-18.9 
0.0 

122.7 

-94.0 
0.0 
43.5 

-68.4 
0.0 

-12.9 

55.7 
0.0 

-65.8 

33.3 
f 53.1 
-0.3 

11.9 
f 44.3 
-38.0 

-20.0 
f 67.3 
72.9 

-20.4 
f 66.5 
44.4 

Subject 

5 

0.0 
f 57.9 

0.0 

62.4 
f 25.8 

0.0 

73.9 
0.0 
12.7 

81.2 
0.0 
46.0 

-20.4 
0.0 

116.3 

-91.2 
0.0 
39.5 

-70.3 
0.0 
-9.7 

53.2 
0.0 

-62.4 

31.8 
f 52.3 

-1.2 

13.9 
f 45.0 
-36.6 

-17.6 
f 64.9 
58.1 

-19.7 
f 64.7 
42.1 

10 

0.0 
f 60.0 

0.0 

67.7 
f 28.3 

0.0 

82.0 
0.0 
14.9 

90.1 
0.0 
48.3 

-15.4 
0.0 

125.5 

-95.2 
0.0 
47.7 

-68.0 
0.0 

-16.5 

60.5 
0.0 

-67.3 

36.5 
f 53.9 

-0.9 

14.9 
f 45.4 
-40.8 

-20.3 
f 68.3 
73.4 

-14.5 
f 68.7 
48.2 



Average Landmark Coordinates for Head, Neck, and Torso 
re Translated Laboratory Coordinate System 

No. 

1. 

2. 

3, 

4. 

5, 

6. 

7. 

8. 

9. 

10. 

11. 

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 

Landmark 

Ear Notch 
(Tragion) 

Under Eye 
(Infraorbitale) 

Above Nose 
(Sellion) 

Forehead 
(Glabella) 

Top of Head 
(Vertex) 

Back of Head 
(Opisthocranion) 

Head/Neck Junction 

Tip of Chin 
(Menton) 

Under Cheek 
( Zygion) 

Back of Jaw 
(Gonion) 

Maximum Head 
Breadth Point 

4-7 

0.0 
f52.5 
0.0 

55.6 
f24.0 
16.9 

59.9 
0.0 
33.5 

57.0 
0.0 
61.9 

-44.5 
0.0 
98.0 

-91.9 
0.0 
13.8 

-62.6 
0.0 

-22.9 

57.1 
0.0 

-43.1 

26.6 
249.4 
9.6 

18.3 
f43.4 
-25.6 

-36.9 
f58.4 
56.5 

Age Group 

13-18 

0.0 
257.9 
0.0 

61.0 
f25.8 
13.2 

69.5 
0.0 
28.0 

69.7 
0.0 
62.1 

-44.5 
0.0 

109.4 

-97.5 
0.0 
19.4 

-66.7 
0.0 

-24.3 

65.2 
0.0 

-49.8 

31.3 
f52.3 

5.5 

21.3 
f45.0 
-32.9 

-29.6 
f64.9 
53.1 

(Months) 

25-30 

0.0 
f58.4 
0.0 

64.9 
226.8 
14.8 

73.6 
0.0 
30.6 

74.8 
0.0 
63.6 

-45.7 
0.0 

115.4 

-101.3 
0.0 
21.5 

-63.8 
0.0 

-27.8 

68.9 
0.0 

-51.8 

32.4 
k53.1 
7.1 

20.1 
f44.3 
-34.4 

-35.7 
k67.3 
66.6 

43-48 

0.0 
f60.0 
0.0 

66.0 
f28.3 
14.8 

76.7 
0.0 
32.5 

77.3 
0.0 
66.9 

-42.6 
0.0 

119.1 

-103.3 
0.0 
25.7 

-62.7 
0.0 

-31.0 

73.8 
0.0 

-52.4 

35.8 
f53.9 
7.1 

23.4 
f45.4 
-36.5 

-35.8 
f68.3 
67.1 

1 



Average Landmark Coordinates for Head, Neck, and Tor so 
r e  Translated Laboratory Reference System 

(Continued) 

No. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

Coord 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
2 

X 
Y 
2 

X 
Y 
2 

X 
Y 
Z 

X 
Y 
Z 

Landmark 

Head Breadth a t  
Circumference Point 

Neck Depth 
a t  Front 

Suprasternale 

Front Torso #1 

Front Torso #2 

Torso Depth 
Point a t  Point 

Neck Depth 
Point a t  Back 

7 t h  Cervical 
Vertebra 

Back of Torso 
Point #1 

Back of Torso 
Point #2 

Torso Depth 
Point a t  Back 

43-48 

-24.7 
f68.7 
44.1 

22.6 
0.0 

-77.2 

23.6 
0.0 

-100.6 

35.0 
0.0 

-119.4 

43.4 
0.0 

-135.9 

48.9 
0.0 

-154.6 

-51.1 
0.0 

-53.2 

-56.2 
0.0 

-69.3 

-67.6 
0.0 

-100.7 

-74.8 
0.0 

-132.5 

-78.5 
0.0 

-157.6 

(Months) 

25-30 

-29.8 
f66.5 
38.5 

17.9 
0.0 

-72.9 

18.4 
0.0 

-93.2 

28.2 
0.0 

-109.8 

35.4 
0.0 

-125.7 

41.7 
0.0 

-146.4 

-53.6 
0.0 

-47.0 

-58.0 
0.0 

-61.6 

-68.3 
0.0 

-84.4 

-76.5 
0.0 

-116.0 

-83.8 
0.0 

-142.4 

4-7 

-32.3 
f59.2 
32.7 

17.4 
0.0 

-57.8 

24.1 
0.0 

-66.6 

28.4 
0.0 

-78.1 

32.2 
0.0 

-91.7 

33.5 
0.0 

-107.5 

-57.1 
0.0 

-34.0 

-58.5 
0.0 

-44.5 

-64.0 
0.0 

-58.9 

-69.5 
0.0 

-74.5 

-75.3 
0.0 

-91.4 

Age Group 

13-18 

-28.1 
f64.7 
36.0 

17.6 
0.0 

-68.4 

20.2 
0.0 

-83.4 

28.2 
0.0 

-99.2 

35.3 
0.0 

-113.3 

39.0 
0.0 

-131.4 

-55.1 
0.0 

-43.9 

-58.2 
0.0 

-57.2 

-66.7 
0.0 

-77.6 

-74.2 
0.0 

-100.6 

-81.0 
0.0 

-127.1 



Average Landmark Coordinates for Head, Neck, and Torso 
re Translated Laboratory Reference System 

(Continued) 

No, 

23, 

24. 

25. 

26, 

27. 

28. 

Coord 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

X 
Y 
Z 

Landmark 

Neck Breadth Point 

Shoulder #1 

Shoulder #2 

Top of Shoulder 

Shoulder #3 

Shoulder 
Circumference 
Point 

Age Group (Months) 

43-48 

-9.2 
f42.3 
-59.7 

-17.1 
f50.6 
-77.0 

-18.5 
f67.6 
-85.1 

-14.8 
f91.9 
-89.7 

-5.2 
f117.7 
-112.1 

-2.3 
2126.6 
-142.4 

4-7 

-14.8 
f38.3 
-40.6 

-20.6 
f40.1 
49.4 

-20.5 
f47.4 
-46.7 

-19.7 
261.1 
-47.6 

-14.3 
284.5 
-58.3 

-16.0 
296.6 
-81.5 

13-18 

-14.3 
f39.0 
-52.8 

-18.4 
f45.4 
-61.7 

-19.4 
f58.1 
-66.6 

-17.5 
f76.1 
-68.9 

-9.5 
f103.2 
-83.0 

-10.6 
f116.7 
-111.6 

25-30 

-14.3 
540.5 
-57.2 

-20.7 
f47.0 
-71.1 

-22.2 
f59.1 
-79.3 

-21.5 
f80.3 
-84.7 

-9.0 
2109.3 
-101.3 

-6.6 
4121.8 
-132.2 
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Rverage  Back-of-Head Rrc--R11 Groups 
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Rverage 
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Rverage  E a r - t o - E a r  Through  

Tip-of -Chin Rrc, 25-30 Months 



Qverage Back-of -Head Qrc, 25-30 Months 







Average 
Ear-to-Ear over Top-of -Head 

and Under Chin Arcs, 43-48 Months 



Flverage E a r - t o - E a r  Through  
T i p - o f  -Chin Rrc,  43-48 Months 



Rve rage  Back-o f -Head R r c ,  43-48 Months 



SMALL AND LARGE SUBJECT RESULTS WITH GROUP AVERAGES 
(Computer P l o t s  o f  Head Contours) 

Th is  sec t i on  separate ly  compares p l o t s  o f  the s i x  d i f f e r e n t  head 
contours  f o r  the r ep resen ta t i ve  small and l a rge  subjects  from each group 
w i t h  t he  group average contours. Where necessary, the contours have 
been r o t a t e d  i n t o  the appropr ia te  head re ference p lane so t h a t  the f u l l ,  
u n d i s t o r t e d  view o f  each contour i s  presented. I n  each case, the 
d i f f e r e n t  head contours have been p l o t t e d  on separate graphs except f o r  
"Ear-to-Ear Over Top-of-Head Arc" and "Ear-to-Ear Under Chin Arc" which 
have been p l o t t e d  together as an approximat ion t o  head circumference 
taken i n  a f r o n t a l  p lane j u s t  forward o f  the ears. A l l  p l o t s  i n  t h i s  
s e c t i o n  a re  shown ac tua l  s i ze .  

Index t o  Sect ion Resul ts  -- 

Contents Page No. 

4 t o  6 Month Contours 396 

13 t o  18 Month Contours 40 1 

25 t o  30 Month Contours 406 

43 t c  48 Month Contours 41 1 
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and Under Chin Arc, 4-6 Months 
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Ear- to -Ear  th rough T i p -o f -Ch in  Flrc 
4-6 Months 

[Large and Small Subject 1111th Group Rveragel 



Back-of-Head Flrc, 4-6 Months 
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Ear-to-Ear over Top-of -Head 
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Ear-to-Ear over Top-of -Head 
and Under C h i n  Arc, 25-30 Months 
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Back-of -Head Flrc, 25-30 Months 
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Ear-to-Ear over  Top-of-Head 
and Under C h i n  flrc. 43-48 Months 



Ear-to-Ear through T i p - o f  -Chin A r c  

43-48 Months 
[Large and Small Subject wlth Group Averagel 



Back-of -Head Arc, 43-48 Months 





OVERLAY PLOTS OF INDIVIDUAL H E A D  CONTOURS BY SUBJECT GROUP 

Th is  sec t i on  presents over lay  p l o t s  o f  the  s i x  d i f f e r e n t  head 
contours f o r  a1 1 sub jec ts  (N= 25) i n  each age group and thereby 
prov ides in fo rmat ion  on the range and d i s t r i b u t i o n  o f  head s izes w i t h  
respect  t o  t he  head anatomical re fe rence  system. I n  each case, except 
f o r  "Top-of-Head M i d l i n e  Arcii, two views a re  shown. F i r s t ,  the  f u l l ,  
u n d i s t o r t e d  views o f  s i m i l a r  contours f o r  the sub jec ts  i n  each group a re  
p l o t t e d  together  a f t e r  r o t a t i n g  each contour i n t o  the same reference 
system plane. I n  add i t i on ,  s ide,  o r  X-Z plane views, o f  the  contours are 
shown p r i o r  t o  r o t a t i o n  t o  i l l u s t r a t e  the  range o f  o r i e n t a t i o n s  o f  the 
contours r e l a t i v e  t o  the  head anatomical re fe rence  system. As i n  the  two 
prev ious sec t ions ,  the d i f f e r e n t  head contours have been p l o t t e d  on 
separate graphs except f o r  "Ear-to-Ear Over Top-of-Head Arc" and "Ear- 
to-Ear Under Chin Arc" which have been p l o t t e d  together  as an 
approximat ion t o  head circumference taken i n  a  f r o n t a l  p lane j u s t  
forward o f  the ears.  A l l  p l o t s  i n  t h i s  sec t i on  a re  shown ac tua l  s i ze .  

Index t o  Sect ion Resul ts  -- 

Con t e n t s  Page No. 

4 t o  6 Month Contours 418 

13 t o  18 Month Contours 428 

25 t o  30 Month Contours 438 

43 t o  48 Month Contours 448 
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Head Circumference Rrc.  4-6 Months 



Ear-to-Ear over Top-of -Head 
and Under C h i n  Flrcs, 4-6 Months 



Ear- to-Ear  over  Top-of -Head Rrcs 
4-6 Months 



Ear-to-Ear Under Chin Flrcs 

4-6 Months 
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Ear-to-Ear through Tip-of-Chin Arc 

4-6 Months 



Back-of -Head Rrcs,  4-6 Months 
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Ear-to-Ear over Top-of-Head 
and Under C h i n  Arcs, 13-18 Months 



Ear - to -Ea r  ove r  Top-of -Head Rrcs 
13-18 Months 



Ear-to-Ear Under Chin Rrcs 
13-18 Months 
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Ear-to-Ear through Tip-of-Chin Arc  

13-18 Months 



Back-of-Head Rrcs, 13-18 Months 
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Ear-to-Ear over Top-of -Head 
and Under Chin Rrcs, 25-30 Months 



Ear-to-Ear over Top-of-Head Rrcs 
25-30 Months 



Ear-to-Ear Under Chin arcs 
25-30 Months 
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Back-of -Head Flrcs, 25-30 Months 
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Ear-to-Ear over Top-of -Head 

and Under Chin Arc, 43-48 Months 



Ear-to-Ear over Top-of-Head Arcs 
43-48 Months 



Ear-to-Ear Under Chin R rcs  

43-48 Months 





Ear-to-Ear through Tip-of-Chin Flrc 

43-48 Months 



Back-of -Head Flrcs, 43-48 Months 
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OVERLAY PLOTS OF INDIVIDUAL HEAD CONTOURS BY SUBJECT GROUP 
MERGED ON A COMMON POINT IN THE CONTOUR 

Th is  sec t i on  presents over lay  p l o t s  o f  the s i x  d i f f e r e n t  head 
contours f o r  a l l  sub jects  i n  each age group a f t e r  r o t a t i n g  each contour 
i n t o  the  appropr ia te  re fe rence  plane t o  o b t a i n  the f u l l ,  und is to red  
view, and a f t e r  s h i f t i n g  each contour so t h a t  s i m i l a r  contours  a re  
merged on a  common p o i n t  i n  the  contour.  The i n t e n t  i s  t o  b e t t e r  
i l l u s t r a t e  the range o f  s i zes  and shapes f o r  each head contour than i s  
revealed by the  p l o t s  i n  the  prev ious sec t i on  where cross ings o f  
contour l i n e s  tend t o  obscure t he  contours f o r  the  i n d i v i d u a l  sub jects ,  
Table 11.7 g ives the  merging p o i n t  f o r  each o f  the s i x  head contours.  
The head anatomical axes a re  no t  shown i n  p l o t s  o f  t h i s  sec t i on  s ince  
the p o s i t i o n s  o f  the  contours are no longer c o r r e c t  r e l a t i v e  t o  t h i s  
re fe rence  system. A l l  computer p l o t s  i n  t h i s  sec t i on  are shown ac tua l  
s i ze .  

Index t o  Sect ion Resu l t s  -- 

Contents Page No. 

4  t o  6  Month Contours 46 1 

13 t o  18 Month Contours 467 

25 t o  30 Month Contours 4 7 3 

43 t o  48 Month Contours 479 



Table 11.7 

Merging Po in ts  f o r  Composite P l o t s  
o f  I n d i v i d u a l  Contours 

Head Contour Merging Po in t  

Top o f  Head M i d l i n e  Arc 

Head Circumference Arc 

Ear-to-Ear Over Top-of- 
Head Arc 

Ear-to-Ear Through T ip -  
o f -Chin  Arc 

Ear-to-Ear Under Chin Arc 

Back-of-Head Arc 

I nden ta t i on  above the  nose 
( s e l l  ion) 

Most forward p o i n t  on forehead 
(g label  l a )  

Top o f  head p o i n t  

T i p  o f  c h i n  (menton) 

Under c h i n  p o i n t  

Back o f  head p o i n t  
(head/neck j unc t ion) 
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Ear-to-Ear over  Top-of-Head Rrcs 

(merged), 4-6 Months 
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Ear- to-Ear through T i p - o f  -Chin Rrcs 

(merged), 4-6 Months 



Back-of-Head Rrcs (merged), 4-6 Months 
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Ear - t o -Ea r  ove r  Top-of  -Head A r c s  
(merged), Months 





E a r - t o - E a r  t h r o u g h  Tip-of -Chin R r c s  

(merged), 13-18 Months 



Back-of-Head Rrcs  (merged), 13-18 Months 
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Ear -  to-Ear over  Top-of -Head Flrcs 

(merged), 25-30 Months 



Ear- to-Ear through Tip-of-Chin Flrcs 
(merged), 25-30 Months 



OO'OE 



Back-of-Head Arcs  (merged), 25-30 Months 
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Ear-to-Ear over Top-of-Head Rrcs  

(merged), 43-48 Months 





Ear-to-Ear through T ip-o f -Chin  Rrcs 

(merged), 43-48 Months 



Back-of -Head R rcs  (merged), 43-48 Months 



11.0. COMPARISONS OF MANUAL AND STEREOPHOTOGRAMMETRY RESULTS 

I t  i s  p o s s i b l e  t o  c a l c u l a t e  t h e  d i s t a n c e s  between two landmark 
p o i n t s  on t h e  head by t a k i n g  t h e  square r o o t  o f  t h e  sum o f  t h e  squared 
d i f f e r e n c e s  between t h e  cor respond ing c o o r d i n a t e  va lues as shown below: 

2 2 
(X, - X2) + (Y, - Y2) + (Z, - Z*) 

2 

Since these landmarks represent  the  end p o i n t s  f o r  many o f  t h e  manual 
measurements, t h e  c a l c u l a t i o n  o f  v e c t o r  d i s t a n c e s  between s e l e c t e d  head 
landmarks shou ld  g i v e  r e s u l t s  t h a t  correspond t o  t h e  dimensions measured 
w i t h  anthropometers and c a l i p e r s .  S i m i l a r l y ,  i t  i s  p o s s i b l e  t o  sum the  
d i s tances  between t a r g e t  p o i n t s  on the  head con tou rs  t o  o b t a i n  a r c  
l e n g t h  measures t h a t  can be compared w i t h  t h e  a r c  l e n g t h  and 
c i rcumference measurements taken manual ly .  

Tables 11.8 through I I .  1 1  compare t h e  average o r  mean va lues o f  
se lec ted  manual measurements f o r  t h e  twenty f i v e  s u b j e c t s  used f o r  
stereophotogrammetry i n  each o f  t he  f o u r  groups, w i t h  t h e  mean va lues o f  
d i s tances  c a l c u l a t e d  f rom the  stereophotogrammetry data.  I t  w i l l  be 
noted t h a t  t h e  sample s i z e s  f o r  neck depth and neck b read th  c a l c u l a t e d  
f rom stereophotogrammetry r e s u l t s  f o r  t h e  younger age groups a r e  smal l ,  
b u t  o the rw ise  t h e  sample s i z e s  f o r  manual and stereophotogrammetry a r e  
equal o r  d i f f e r  by o n l y  one. 

I n  genera l ,  t h e r e  i s  e x c e l l e n t  agreement between the  manual and 
stereophotogrammetry r e s u l t s .  Where c o n s i s t e n t  d i f f e r e n c e s  e x i s t  (e.g., 
neck depth and neck breadth)  the  stereophotogrammetry da ta  general  1 y  
g i v e  l a r g e r  d i s tances  due t o  compression o f  s o f t  t i s s u e  i n  t h e  manual 
measurements. One o f  t he  l a r g e s t  d i f f e r e n c e s  i s  f o r  "Head Breadth a t  Ear 
Openings" f o r  which t h e  stereophotogrammetry da ta  g i v e  d i s tances  t h a t  
a r e  about an i nch  l a r g e r  i n  t h e  mean f o r  a l l  groups. T h i s  i s  due t o  t h e  
f a c t  t h a t  t h e  manual measurement was ob ta ined  by  a p p l y i n g  a  s i g n i f i c a n t  
amount o f  p ressure  w i t h  the  t i p s  o f  t h e  spread ing c a l i p e r s  t o  t h e  s o f t  
t i s s u e  j u s t  fo rward  o f  t h e  ear openings. I n  c o n t r a s t ,  t he  t a r g e t s  f o r  
stereophotogrammetry r e s t e d  on the  undepressed s k i n .  

The r e l a t i v e l y  l a r g e  d i f f e r e n c e s  f o r  Head He igh t  a r e  most l i k e l y  
due t o  t h e  i n a b i  l i t y  t o  a c c u r a t e l y  determine v e r t e x  ( t o p  o f  head) i n  the  
manual measurement. I n  t h e  stereophotogrammetry data,  v e r t e x  was 
a c c u r a t e l y  d e f i n e d  as the  p o i n t  i n  the  Top-of-Head M i d l i n e  Arc w i t h  the  
l a r g e s t  Z-coord inate  v a l u e  when t h e  da ta  were expressed i n  head 
anatomical  re fe rence  system coord ina tes .  T h i s  p o i n t  g e n e r a l l y  l i e s  
beh ind the  ears  and i t  i s  b e l i e v e d  t h a t  a  p o i n t  f u t h e r  fo rward ,  and 
t h e r e f o r e  lower, was g e n e r a l l y  used i n  t h e  manual measurement. I t  i s  
a l s o  p o s s i b l e  t h a t  compression o f  t h e  t i s s u e  under t h e  c h i n  i n  t h e  
manual measurement cou ld  account f o r  some o f  t h e  d i f f e r e n c e s  b u t  t h i s  
should a l s o  cause d i f f e r e n c e s  i n  Lower Face He igh t  va lues which a r e  n o t  
c o n s i s t e n t l y  observed. 

As i n d i c a t e d  i n  t h e  tab les ,  t he re  was e x c e l l e n t  agreement i n  a r c  
lengths  and c i rcumferences determined by manual and stereophotogrammetry 
procedures. The l a r g e s t  d i f f e r e n c e s  a r e  f o r  Ear- to-Ear Under Chin Arc 
where t i s s u e  compression i n  t h e  manual measurement i s  p robab ly  the  
pr imary  cause. 



Table 11.8 

Comparison o f  Measurement Values i n  mm 
from Manual and Photogrammetry Procedures 

(4 - 6 MONTHS) 

Measurement 
Photo Manua l Di f f e rence  

N Mean N Mean i n  Means 

4. Maximum Head Breadth 25 116.8 25 117.0 -0.2 
5. Head Circumference 25 439.8 25 436.2 3 6 
6. Head B rd th  a t  C i rc .  25 118.4 25 115.7 -2.7 
7. Head Length 25 156.4 25 154.5 - 1  .9 
8. Head He igh t  24 164.5 25 144.1 20.4 

1 1 .  Lower Face Height 24 72.4 25 69.7 2.7 
12. Maximum Face Breadth 25 98.8 25 95.5 3 3 
13. Maximum Jaw Breadth 23 86.8 25 76.8 10.0 
14. Head Brd th  a t  Ears 25 105.0 25 81.3 23.7 
15. Ear t o  Head/Neck Junct.  25 66.7 25 57.5 9 2 
16. Ear t o  Tip-of-Chin 24 71.5 25 70.8 0 7 
17. Ear t o  Top-of-Head 25 106.7 24 106.3 0.4 
18. Head Top t o  Head Back D i s t .  25 69.8 25 67.4 2.4 
20. Head Back t o  Head-Brdth Pt .  25 62.5 25 59-3 3 2 
21. Fron t  t o  Back Head Arc Ln. 25 227.3 25 228.8 -1.5 
22. Fron t  t o  H/N Junct.  Arc Ln. 25 274.2 25 282.0 -7.8 
23. Ear-to-Ear Over Head Arc Ln. 25 263.3 25 265.2 -1 .9 
24. Ear-to-Ear Under Chin Arc Ln. 25 175.1 25 162.8 12.3 
25. Ear-to-Ear by H/N Junct Arc Ln, 25 156.0 25 157.7 -1.7 
27. Neck Breadth 13 76.0 25 60.7 15.3 
28. Neck Depth 5 78.2 25 61.0 17.2 



Table 11.9 

Comparison o f  Measurement Values i n  mm 
from Manual and Photogrammetry Procedures 

(13 - 18 MONTHS) 

Measurement 
Photo Manua 1 D i f f e rence  

N Mean N Mean i n  Means 

Maximum Head Breadth 25 
Head Circumference 2 5 
Head Brd th  a t  C i rc .  2 3 
Head Length 25 
Head Height  2 4 
Lower Face Height  2 5 
Maximum Face Breadth 25 
Maximum Jaw Breadth 2 4 
Head Brd th  a t  Ears 25 
Ear t o  Head/Neck Junct.  25 
Ear t o  T ip-of -Chin  25 
Ear t o  Top-of-Head 2 4 
Head Top t o  Head Back D i  s t .  2 4 
Head Back t o  Head-Brdth P t .  2 3 
Front  t o  Back Head Arc Ln. 25 
Front  t o  H /N  Junct.  Arc Ln. 2 5 
Ear-to-Ear Over Head Arc Ln. 25 
Ear-to-Ear Under Chin Arc Ln. 25 
Ear-to-Ear by H/N Junct Arc Ln. 25 
heck Breadth 20 
Neck Depth 5 



Table 11.10 

Comparison o f  Measurement Values i n  mm 
from Manual and Photogrammetry Procedures 

(25 - 30 MONTHS) 

Measurement 
Photo Manua 1 D i f f e rence  

N Mean N Mean i n  Means 

Maximum Head Breadth 26 
Head Circumference 26 
Head Brd th  a t  C i rc .  26 
Head Length 26 
Head He igh t  2 6 
Lower Face Height  26 
Maximum Face Breadth 26 
Maximum Jaw Breadth 2 5 
Head B rd th  a t  Ears 2 6 
Ear t o  Head/Neck Junct.  26 
Ear t o  T ip-of -Chin  2 6 
Ear t o  Top-of-Head 26 
Head Top t o  Head Back D i s t .  26 
Head Back t o  Head-Brdth Pt.  26 
Front  t o  Back Head Arc Ln. 26 
Front  t o  H/N Junct.  Arc Ln. 26 
Ear-to-Ear Over Head Arc Ln. 2 6 
Ear-to-Ear Under Chin Arc Ln. 26 
Ear-to-Ear by H/N Junct Arc Ln. 26 
Neck Breadth 2 4 
Neck Depth 2 3 



Table I 1  . I 1  

Comparison o f  Measurement Values i n  mm 
from Manua 1 and Photogrammetry Procedures 

(43 - 48 MONTHS) 

Measurement 
Photo Manua 1 Di f f e rence  

N Mean N Mean i n  Means 

4. Maximum Head Breadth 25 
5. Head Circumference 25 
6. Head B rd th  a t  C i r c .  2 5 
7. Head Length 2 5 
8. Head He igh t  2 5 

1 1 .  Lower Face Height 25 
12. Maximum Face Breadth 25 
13. Maximum Jaw Breadth 24 
14. Head Brd th  a t  Ears 2 5 
15. Ear t o  Head/Neck Junct.  2 5 
16. Ear t o  T ip-of -Chin  2 4 
17. Ear t o  Top-of-Head 25 
18. Head Top t o  Head Back D i s t .  25 
20. Head Back t o  Head-Brdth P t .  2 5 
21. Fron t  t o  Back Head Arc Ln. 25 
22. Fron t  t o  H/N Junct.  Arc Ln. 25 
23. Ear-to-Ear Over Head Arc Ln. 25 
24. Ear-to-Ear Under Chin Arc Ln. 25 
25. Ear-to-Ear by H/N Junct Arc Ln. 25 
27. Neck Breadth 25 
28. Neck Depth 2 4 

136.6 
51 1.8 
137.4 
185.3 
192.8 
82.2 
107.8 
go. 8 
120.0 
71 $0 
90.5 
125.5 
79.8 
80.7 
270.5 
339.1 
314.3 
195.8 
174.4 
84.6 
77.5 




