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BODY STRUCTURE AND SOMATOTYPE IN PHYSICAL 
EDUCATION STUDENTS

by G. B e u n e n  and A. van  H ellem o n t

(Institute of Physical Education, Catholic University Leuven,
Heverlee, Belgium)

A b s t r a c t .  From several studies it appeared that the predictive value of 
body measurements is fairly low for the mesomorphy component. In the present 
study on 51 physical education students we predicted the somatotype compo
nents from 25 body measurements and 9 tissue measurements taken on radio
graphs of the upper arm, thigh and calf. The somatotype was determined accord
ing to a modified anthroposcopic Sheldon technique.

The interrelationships between the somatotype components, body and tissue 
measurements were analysed by means of factor analysis (maximum likelihood, 
varimax, oblimin); stepwise multiple regression analysis was used to determine 
the predictive value of the body and tissue measurements. After oblique rota
tion four significant factors were extracted: a general size factor, a factor of 
muscle development-mesomorphy, a factor of fal-endomorphy and a fourth factor 
which we tentatively call limb development. The predictive value of a combina
tion of body and tissue measurements amounted to R =  .89 for endomorphy, 
R =  .86 for mesomorphy and R =  .90 for ectomorphy.

The inclusion of tissue measurements in the regression analysis seems to 
increase significantly the prediction of mesomorphy ratings.

Key words: physique, body measurements, tissue measurements on radiographs, 
somatotype, physical education students.

Introduction

Since Sh eld o n  in  1940 proposed  his m ethod  on so m a to ty p in g  (Sh e l d o n , 
Stev en s  and  T ucker  1940) several m odifica tions o f h is o rig inal w ork  h av e  
been  p u t  fo rw ard  (see e.g . Ca r ter  and  H eath  1971). M ost o f th ese  m o d ifica 
tio n s concern th e  ex ten sio n  o f th e  7 -po in t scale and  th e  ob jec tifica tio n s con
cern ing  th e  ex tension  o f  th e  7 -po in t scale an d  th e  o b je c tiv ity  in  so m ato ty p in g . 
To o b ta in  a m ore ob jec tiv e  system  several au th o rs  a tte m p te d  to  p red ic t th e  
th re e  com ponen ts from  b o d y  m easu rem en ts b y  m u ltip le  regression tech n iq u es 
(D amon e t al. 1962, M o n r o e , Cla rk e  and  H eath  1969, W ilm o re  1970), 
w hile P a r n e l l  (1954, 1958) and  H eath  an d  Ca r ter  (1967) proposed  new  
m ethods b ased  on a n th ro p o m e try .

D urin g  th e  sam e p e rio d  severa l au th o rs  have id en tified  th e  s tru c tu re  of 
p h ysique  b y  m eans o f f a c to r  analyses o f bo d y  m easu rem en ts . In  a su rv ey  o f 
th ese  s tu d ies  Simons a n d  Van  Ger v e n  (1970—1971) concluded  th a t  m ost 
p ro b ab ly  th e  s tru c tu re  o f  th e  head , h and  an d  foo t is in d ep en d en t o f th e  
s tru c tu re  o f  tru n k  an d  lim bs and  th a t  in  th e  tru n k  an d  lim bs th e  follow ing 
s tru c tu re  could  be id e n tif ie d :
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—  size fac to r ,
—  lim b-bone len g th ,
—  lim b-bone w id th ,
—  fa t th ick n ess ,
—  m uscle w id th .
T hese conclusions are  in  close ag reem en t w ith  th e  find ings o f  T a n n e r  w ho 

an a ly sed  th e  s tru c tu re  o f  p h y siq u e  b y  m eans o f  tissu e  m easu rem en ts on ra d io 
g rap h s (Ta n n e r  1964).

In  th is  s tu d y  we ana lyse  th e  fa c to r  s tru c tu re  o f  p h y siq u e  described  b y  b o d y  
m easu rem en ts, tissu e  m easu rem en ts on rad io g rap h s an d  so m ato ty p e  com po
n e n ts ; fu rth e rm o re , th e  p red ic tiv e  v a lu e  o f b o d y  an d  tissu e  m easurem ents in  
id en tify in g  so m a to ty p e  com ponen ts w as exam ined .

Material and Methods

Subject

T he sam ple consisted  o f  40 m ale s tu d e n ts  w ho s ta r te d  P hysica l E d u c a tio n  
s tu d ies  a t  th e  K .U . L euven  in  1973. T h e ir chronological age v a ried  betw een
18.1 and  25.7 y ea rs  w ith  a  m ean  of 19.4 years.

Variables

T he bo d y  m easu rem en ts w ere ta k e n  b y  experienced  a n th ro p o m e tr is ts . A 
d esc rip tio n  o f th e  m easu rem en t tech n iq u es is g iven b y  Sim ons e t al. (1978).

T he soft tissu e  X -ray s w ere ta k e n  in  a s ta n d a rd  positio n  from  th e  upper- 
arm , th ig h  and  calf.

F o r th e  positio n in g  o f th e  su b jec t th e  in s tru c tio n s  given b y  T a n n er  (1962) 
w ere care fu lly  follow ed. T h e  m easu rem en ts o f  th e  tissu e  com ponen ts were 
ta k e n  in  th e  m iddle  betw een  o lecranon  and  acrom ion fo r th e  u p p er arm , h a lf
w ay  betw een  th e  sp in a  iliaca  a n te rio r  superio r and  th e  u p p e r b o rd e r o f th e  
p a te lla  for th e  th ig h ; fo r th e  ca lf  l |3 rd  o f th e  d is tan ce  b e tw een  th e  ex te rn a l 
ep icondyle  of th e  fem u r an d  th e  ex te rn a l m alleolus below  tb e  ex te rn a l epicon- 
dyle. T hese po in ts  w ere m ark ed  w ith  a lead  m ark er and  th e  lim b  was p o sitioned  
so t h a t  th e  m iddle o f  th e  ro en tg en  u n it, th e  lead  m ark  on th e  sk in  and  th e  m iddle 
o f th e  casse tte  w hich  was also m ark ed  w ith  a th in  steel w ire, w ere in  th e  sam e 
h o rizo n ta l p lane.

T he m easn rem en ts on th e  X -ray s  w ere ta k e n  a t  th e  m ark ed  levels described  
above, w ith  a slid ing  caliper fo r  m easu rem en ts on p h o to g rap h s w ith  an  accu r
acy  o f l /1 0 th  of a m illim etre  (Jo h n  B ull, B ritish  In d ica to rs  L td , S t. A lbans). 
T he in tra o b se rv e r re lia b ility  o f  th e  tissu e  m easu rem en ts m ade on th e  sam e X - 
ray s ran g ed  from  r tt =  .90 fo r th e  f a t  tissu e  to  r tt =  .999 fo r th e  m uscle tissu e . 
These w ere no s ta tis tic a lly  s ig n ifican t system atic  differences b e tw een  th e  f irs t 
an d  second m easu rem en ts.

T he so m a to ty p e  ra tin g s  w ere carried  o u t b y  th e  sam e observer (G .B.) 
accord ing  to  a m odified  Sheldon tech n iq u e  developed  fo r use in  th e  L euven  
Boys G row th  S tu d y  (S im ons e t al. 1978) and  described  in  d e ta il b y  Cla essen s  
e t al. (1979). This m eth o d  is essen tia lly  an  an th ro p o m etric -an th ro p o sco p ic  
so m a to ty p e  m ethod  based  on th e  A tlas-tech n iq u e  o f  Sh eld o n  (Sh e l d o n , 
D u p e r t u is  and  McD erm ott  1954) w hereby  f irs t  es tim ates  o f  en d om orphy
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a n d  ec to m o rp h y  are  m ad e  using th e  ta b le s  developed  b y  P a r n e l l  (1958) 
an d  H e a t h — Ca r ter  (1967).

In  T ab le  1 a lis t of th e  m easu rem en ts is given.

List o f measurements taken on  m ale physical education students

T a b le  1

Tissue measurements
— F at width:

. Arm

. Thigh 

. Calf
— Muscle width:

. Arm

. Thigh 

. Calf
— Bone width:

. A nn

. Thigh 

. Calf

Somatotype components

Endomorphy
Mesomorphy
Ectomorphy

A nlhropomelry
— Height
— Weight
— Biacromial diameter
— Bi-iliac diameter
— Transverse chest
— Chest depth expir.
— Bicondylar femur
— Bicondylar humerus
— Chest circumf. difference
— Chest circumf. expir.
— Abdominal circumf.
— Hip circumf.
— Thigh circumf.
— Calf circumf.
— Upper arm circumf. flexed
— Supra-iliac skinfold
— Triceps skinfold
— Sub-scapular skinfold
— Calf skinfold

S ta tis tica l procedures

T h e  fa c to r  analysis  was ca rried  o u t accord ing  to  th e  m ax im u m  likelihood  
p rin c ip le  using  a co m p u ter p ro g ra m  described  b y  P e e t e r s  (s. d .). T h e  in itia l 
co m m u n alities  a re  es tim ated  b y  m eans o f  th e  sq u ared  m u ltip le  co rre la tio n s. 
A fte r  th e  fac to rs  h av e  been e x tra c te d , th e se  are  ro ta te d  to  an  o rth o g o n a l 
sim p le  s tru c tu re  accord ing  to  th e  V arim ax  m ethod  a fte r  w hich  an  ob lique  
ro ta t io n  in to  a sim ple oblique s t ru c tu re  is ca rried  o u t (O blim in m eth o d ).

T h e  m u ltip le  co rre la tions b e tw een  th e  so m a to ty p e  co m p o n en ts  and  th e  
a n th ro p o m e tr ic  a n d  tissue m easu rem en ts  w ere ca lcu la ted  b y  m ean s o f  a s te p 
wise m u ltip le  regression  c o m p u te r  p ro g ram  described  b y  B o e c k x  (1973). 
T h e  p a r t ia l  v a ria n c e  of th e  d e p e n d e n t v a ria b le  t h a t  could be ex p la in ed  b y  
each  in d e p e n d e n t va riab le  to  b e  en te red  in  th e  eq u a tio n , was te s te d  b y  m eans 
o f  an  F - te s t  (significance lev e l se t a t  oc =  .05).

R esults

T h e  fa c to r  analyses rev ea led  t h a t  fo u r sig n ifican t fac to rs  could  be e x tra c te d . 
T h e  f i r s t  fa c to r  could be id e n tif ie d  as a size factor. H e ig h t, w eigh t, an d  c ircu m 
ferences o f th e  chest, abd o m en  an d  h ip  lo ad  h igh  on th is  fa c to r  (see T ab le  2). 
O n th e  second fac to r , w hich  w e ca ll a m uscularity— m esom orphy factor, a h igh  
lo a d in g  is fo u n d  fo r m eso m o rp h y , th e  m uscle tissu e  m easu rem en ts  ta k e n  a t
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th e  up p er a rm , th ig h  an d  calf, th e  c ircum ferences o f th e  lim bs and  ec to m o rp h y . 
T h e  th ird  fa c to r  is called  adiposity— endom orphy. E n d o m o rp h y  loads h ig h est 
on  th is  fac to r , follow ed b y  th e  skinfold  m easu rem en ts , th e  fa t  tissu e  m easu re 
m en ts  and  th e  circum ferences. T he fo u rth  fa c to r  is n o t so clearly  defined . W e 
te n ta tiv e ly  call th is  fac to r a limb development factor  since th e  h ig h est load ings 
are  found  fo r ank le  b re a d th , bone tissu e  m easu rem en ts , ca lf  circum ference an d  
h e ig h t and  w eigh t.

Table 2

Factor structure (maximum likelihood, varimax, oblimin) after oblique rotation of anthropo
metric measurements, tissue measurements and somatotype components on 40 male physical 

education students (only the highest factor loadings above .45 are reported)

F a c to r  I
size

F a c to r  I I  
m u sc u la rity  — 

m eso m o rp h y

F a c to r  I I I  
ad ip o s ity  —  
en d o m o rp h y

F a c to r  IV  
lim b  dev e lo p m en t

Weight .871 Ecto —.871 Endo .941 Ankle breadth .705
Abdom. circ. .859 Meso .779 Subscap. sk. .820 Calf. circ. .594
Hip circ. .844 Up. arm circ. .648 Suprail. sk. .802 Weight .540
Height .841 Up. arm muscle .641 Trie. sk. .797 Height .492
Chest circ. .820 Calf muscle .635 T high fat .722 Up. arm bone .483
Biacr. diam. .751 Calf circ. .594 Calf fat .687 Calf bone .456
Bic. fern. .700 Thigh circ. .547 Weight .685 (Up. arm bone .330)
Thigh circ. .687 Thigh muscle .422) Chest circ. .669
Transv. chest .637 Up. arm. fat .666
Bic. hum. .620 Abd. circ. .659
Calf circ. .573 Calf circ. .543
Up. arm circ. .559 Thigh circ. .542
Sub. scap. sk. .546 Hip circ. .538
Chest depth .535 Calf sk. .487
Bi-il. diam. .527 Up. arm circ. .478
Supra-il. sk. .483 Biacr. diam. .484
Up. arm bone .481 Chest depth .467
Ankle breadth. 478
Endo .455
Thigh muscle .454

The in te rco rre la tio n s  betw een  th e  fo u r e x tra c te d  ob lique fac to rs  w ere v e ry  
low, ran g in g  from  .431 betw een  th e  size and  a d ip o s ity -e n d o m o rp h y  fa c to r  
to  .110 b e tw en  th e  ad ip o sity — endom orphy  an d  lim b  developm ent fac to r.

In  o rd e r to  e v a lu a te  th e  p red ic tiv e  v a lu e  o f  th e  a n th ro p o m e tric  an d  th e  
tissu e  m easu rem en ts in  p red ic tin g  so m a to ty p e  com ponen ts a stepw ise m u ltip le  
regression analysis w as ca rried  o u t.

In  T ab le  3 th e  coeffic ien t o f  d e te rm in a tio n  a f te r  each  step  o f  th e  stepw ise 
regression analysis is re p o rte d  fo r th e  th re e  d ep en d en t va riab les . O nly  th e  
v ariab les t h a t  are a d d ed  to  th o se  a lread y  p resen t in  th e  regression e q u a tio n  
are m en tioned  to g e th e r  w ith  th e  coefficien t o f d e te rm in a tio n  fo r all v a riab les  
in  th e  regression  eq u a tio n .

I t  can  be  clearly  seen th a t  besides f a t  an d  sk in fo ld  m easu rem en ts, bone 
b re a d th  an d  len g th  d iam ete rs  e n te r  th e  regression  eq u a tio n  fo r th e  p red ic tio n  
o f endom orphy . F ive  m easu rem en ts  accoun t fo r 79%  o f th e  to ta l  v a rian ce  in  
endom orphy . F o r m esom orphy  th e  to ta l  v a ria n c e  exp la in ed , am o u n ts  to  74% . 
T he tissu e  m easu rem en t o f  th e  u p p er a rm  is th e  m o st im p o r ta n t p red ic to r
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an d  here tw o  m easu rem en ts  of sk in fo lds an d  o f  ske le ta l fram ew ork  (tran sv e rse  
chest an d  b i-iliac  d iam e te r)  en te r th e  eq u a tio n . O nly  th re e  v a riab les : h e ig h t, 
w eight an d  ca lf  sk info ld  explain 8 2 %  o f th e  to ta l  v a rian ce  in  ec to m o rp h y .

D ep en d en t variab les

Endom orphy M esom orphy Ectom orphy

Subscapular skinfold .61 Up. arm muscle .27
Calf fat .66 Height .41 Height .56
Bi-iliac diam. .72 Transv. chest .50 Weight .79
Supra-iliac skinfold .76 Up. arm circ. .58 Calf skinfold .82
Thigh bone .79 Supra-iliac skinf. .70

Bi-iliac diam. .74

D iscussion an d  Conclusions

T he so m a to ty p e  d is tr ib u tio n  o f  th e  ph y sica l ed u ca tio n  s tu d e n ts  exam ined  
in  th is  s tu d y  w as v e ry  sim ilar to  th e  d is tr ib u tio n s  rep o rted  earlie r b y  Ca rter  
(1964) and  Sw a lu s  (1967— 1968).

T hese d is tr ib u tio n s  show s tr ik in g  sim ila rities  w ith  th e  d is tr ib u tio n s  o f  o u t
s ta n d in g  m ale a th le te s .

T h e  fa c to r  s tru c tu re  found h e re in  is in  general in  ag reem en t w ith  th e  s tru c 
tu re  fo u n d  in  s im ila r s tu d ies .T a n n e r  (1964) using  a m ax im um  likelihood  m eth o d  
e x tra c te d  five sign ifican t fa c to rs . T h ree  o f  th e m  are o f  th e  sam e n a tu re  as 
th e  ones we fo u n d . He could , how ever, d iffe ren tia te  betw een  a lim b-bone 
le n g th  and  a lim b  bone b re a d th  fa c to r .

In  a s tu d y  on  336 p re -ad o lescen t an d  318 adolescen t boys V an  G er v en  
(1976) id en tified  th ree  m ax im u m  like lihood  fa c to rs , n a m ely  a length—m uscle-  
w idth  fac to r, a f a t  fac to r a n d  a m esom orphy-m uscle  fac to r.

Sk ib in sk a  (1977) too , re p o r te d  n e a r ly  th e  sam e th re e  fac to rs . F ro m  h er 
s tu d ie s  she concluded  th a t  ir re sp e c tiv e  o f  sex, n u m b er o f m easu rem en ts  and  
p o p u la tio n  u n d e r  in v es tig a tio n  th e  th re e  follow ing fac to rs  are fo u n d :

—  a size fa c to r ,
-— a m e so m o rp h y -m u sc u la rity  fa c to r ,
—  an  e n d o m o rp h y -a d ip o s ity  fa c to r .
O u r fin d in g s seem  to  co n firm  th is  conclusion. T h a t i t  w as n o t  possib le to  

d iffe re n tia te  in  th is  s tu d y  b e tw een  a lim b-bone le n g th  an d  lim b-bone  b re a d th  
fa c to r  is m ost p ro b ab ly  d u e  to  th e  la ck  o f le n g th  m easu rem en ts o f  d iffe ren t 
p a r ts  o f th e  b o d y . H ow ever, in  a s e p a ra te  analysis o f th e  12 tissu e  m easu rem en ts  
i t  could  be d em o n stra ted  t h a t  th e  th re e  tis su e  com ponen ts lo ad ed  h igh ly  on 
th e i r  re sp ec tiv e  tissue fa c to rs , n a m e ly  a fa t , a muscle an d  a bone fa c to r.

F ro m  th e  fa c to r  analysis o n  all m easu rem en ts  i t  is also clear t h a t  en d o m o rp h y  
a n d  m eso m o rp h y  load on a  s e p a ra te  fa c to r  w hile ec to m o rp h y  loads n e g a tiv e ly  
on  th e  m u scu la rity -m e so m o rp h y  fa c to r . A lth o u g h  i t  is co n v en ien t to  th in k  o f
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Table 3

Multiple correlations (only coefficients of determination are reported) between somatotype 
components and anthropometric and tissue measurements on 40 male physical education students 
(for each dependent variable the independent variables entered the regression equation in each

step are mentioned)



th e  th ree  so m a to ty p e  com ponen ts as th re e  in d e p e n d e n t o r o rth o g o n a l com po
n e n ts  th is  need  n o t to  be  tru e . P ro b a b ly  th e  in te rd ep en d en cy  o f th e  com ponen ts 
can  he exp la ined  b y  som e physio logical o r genetical fac to rs .

F ro m  th e  analysis  also appears t h a t  m uscle an d  bone w id th  are  in d e p e n d e n t. 
M esom orphy is re la te d  to  m uscle w id th  dev e lo p m en t b u t  n o t  to  lim b -b o n e  
b re a d th . T h is confirm s th e  f in d in g s o f W ilm ore  (1970) an d  Sl a u g h t e r  
an d  L ohman (1977).

In  com parison  -with th e  find ings o f o th e r  au th o rs  a fa ir ly  h igh  p ercen tag e  
o f  th e  v a ria n c e  in  m esom orphy  could  be ex p la ined  using  tissu e  m easu rem en ts  
a n d  a n th ro p o m e tric  m easu rem en t (see T ab le  4).

Table 4

Coefficients of d e te rm ination  am ong an thropom etric  m easurem ents, body com position, tissue 
com ponents and  som ato type com ponents as rep o rted  b y  several au thors

(m ales)

Author Sam ple m easurem ents
D ependent variables

M ethod Endo Meso Ecto

D amon e t al. (1962) 225 soldiers Sheldon, a tlas .61 .44 .81
(an th ropom etry )

Mu n r o e  e t al. (1969) 207 boys 12Y. H e a tb .82 .60 .95
(an th ropom etry )

Slau gh ter  and
L ohman  (1977) 45 boys 7 —12Y. Sheldon .78 .21 .74

(an th ro p o m etry  and tru n k  index
body  com position)

H e a th — C arter .83 .74 .81

B e u n e n  and  van 40 phys. ed. studen ts M odified Sheldon .79 .74 .82
H e l l e m o n t (an th ro p o m etry  and a tla s

tissue m easurem ents)

T his leads to  th e  conclusion th a t  th e  in c lu sio n  o f tissu e  m easu rem en ts in  
th e  regression e q u a tio n  adds s ig n ifican tly  to  th e  p red ic tiv e  va lu e . A lthough  
we w ould  n o t recom m end  ta k in g  X -ray s  fo r so m a to ty p in g , i t  reveals  th a t  m eso
m o rp h y  as defined  b y  th e  m odified  S h e ldon-techn ique  (Cla essen s  e t al. 1979) 
is closely re la ted  to  m uscle deve lo p m en t. As a lre a d y  e stab lish ed , en d o m o rp h y  
can be  fa ir ly  a c c u ra te ly  p re d ic te d  from  sk in fo ld  m easu rem en ts  w hile ecto- 
m o rp h y  is closely re la te d  to  th e  p o n d era l in d e x  (a co rre la tio n  coeffic ien t o f 
.90 w as found  in  th is  s tu d y ).

C onsidering  th e  sam p le  in v o lv ed  w hich  show s a  specific  so m a to ty p e  d is tr i
b u tio n , as m en tio n ed  above, i t  could  p ro b a b ly  be  ex p ec ted  th a t  h ig h er p red ic 
tiv e  v alues w ill be  fo u n d  in  a n o rm a l h e a lth y  p o p u la tio n  o f  th e  sam e age an d  
sex. Since, in  th e  p re se n t sam ple, th e  v a rian ce  in  each  o f th e  so m a to ty p e  com 
pon en ts  is reduced  in  com parison  w ith  a re p re se n ta tiv e  sam ple o f  a to ta l  p o p u 
la tio n  o f th e  sam e age an d  sex.

I t  shou ld  also be  n o te d  th a t  in  th e  reg ression  eq u a tio n  fo r p re d ic tin g  m eso
m orp h y  m easu rem en ts  ta k e n  a t  th e  lim bs (u p p er a rm  m uscle, u p p e r a rm  c ircu m 
ference) as well as m easu rem en ts  ta k e n  a t  th e  t r u n k  (tran sv e rse  ch est, su p ra - 
iliac skinfold  and b i-iliac  d iam ete r) c o n tr ib u te  s ig n ifican tly .
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N everthele less , n e ith e r  P a rnell  (1954, 1958) n o r  H ea th — Ca r t e r  (1967) 
include tru n k  dim ensions in  th e  e s tim a tio n  o f  m eso m o rp h y  w hereas th e  d isc ri
m in a tio n  b e tw een  endo m o rp h y  a n d  m eso m o rp h y  in  Sheldon’s tr u n k  in d e x  
m ethod  (1968) is so lely  based  on t r u n k  m easu rem en ts .

T his analysis suggests th a t  in  e s tim a tin g  m eso m o rp h y  one should  ta k e  in to  
accoun t th e  d im ensions o f  the  t r u n k  an d  th e  lim bs as well.

M oreover, as s ta te d  a t  th e  b eg inn ing  o f th is  p a p e r , th e  s tru c tu re  o f  h ead , 
hand  and  foo t is m ost p ro b ab ly  fa ir ly  in d e p e n d e n t o f  th e  s tru c tu re  o f  t r u n k  
and  lim bs. T herefo re, w e conclude th a t  th e  sep a ra tio n  in to  d ifferen t b o d y  
regions, as p roposed  b y  Sheldon  e t  al. (1940) seem s to  h av e  a s ta tis tic a l m ean 
ing. T his dees n o t im p ly  th a t  one  has to  e s tim a te  th e  so m ato ty p e  fo r each  
bo d y  reg ion  se p a ra te ly  b u t it  suggests  th a t ,  in  e s tim a tin g  th e  so m a to ty p e  
com ponen ts, one has to  tak e  in to  acco u n t th e  d iffe ren t aspects  o f  th e  d iffe r
en t b o d y  regions.
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