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Cer ta in  body types may be advantageous f o r  champi onshi p performances. 
Tanner (1964) has even suggested t h a t  t he re  e x i s t s  a s t rong r e l a t i o n s h i p  
between the  mechanical and phys io log ica l  requirements o f  a p a r t i c u l a r  event 
and the  physique o f  successful p a r t i c i  pants. Physi 01 og i  c a l  and anthropometri  c 
p r o f i l e s  have been developed t o  descr ibe t h e  qua1 i t i e s  and c h a r a c t e r i s t i c s  of 
e l  i t e  a th le tes  i n  t h e i r  respec t ive  spor ts  (see Wilmore, 1983). Such data 
can be usefu l  i n  i d e n t i f y i n g  areas o f  t r a i n i n g  t h a t  should be emphasized 
and those areas t h a t  r equ i re  l i t t l e ,  i f  any a t t en t i on .  Desc r i p t i ve  p r o f i l e s  
a l so  provide data against  which in fo rmat ion  f rom a s p i r i n g  a t h l e t e s  can be 
compared fo r  t h e  i d e n t i f i c a t i o n  and se lec t i on  o f  p o t e n t i a l  championship 
a th le tes  . 

L i t t l e  anthropometric data a r e  a v a i l  ab le  on gymnasts and even l ess  
e x i s t s  pe r ta i n i ng  t o  women gymnasts (see Kreighbaum, 1983, f o r  a review). 
Sinning (1 978; Sinning & L i  ndberg , 1972) co l  1 ected data on f i  ve Sp r i  ng f i  e l  d 
College (SC) women's gymnastics teams a t  a t ime when these teams dominated 
women's gymnastics (1 970-1974). This research found wanen gymnasts t o  com- 
p r i s e  a d i s t i n c t  physical  group (a l so  see Parizkova & Poupa, 1963; Pool, 
B i  nkhorst  & Vos, 1969). The purpose o f  t h e  present  study was t o  p rov ide  
f u r t h e r  anthropometric data on h i g h l y  s k i l l e d  c o l l e g i a t e  female gymnasts w i t h  
reference t o  norms fo r  o the r  gymnasts, dancers, and nonathletes o f  t h e  same 
age. 

METHOD 

Subjects 

Anthropometric data were co l l ec ted  as p a r t  o f  ongoing research on teams from 
the two top  American women ' s  gymnastics programs : t h e  Uni v e r s i  t y  o f  Denver 
(DU; Denver) and The Pennsylvania Sta te  U n i v e r s i t y  (PSU). Circumference, 
ske le ta l  diameter, and s k i n f o l d  measurements were c o l l e c t e d  on t h e  1980 DU 
team (n = 8) ;  hyd ros ta t i c  weight and s k i n f o l d  measures were gathered on t h e  
PSU teams of 1979 (n = 6 )  and 1981 (n  = 8 ) .  Each school has won na t i ona l  
championships i n  the  Associat ion o f  I n t e r c o l l e g i a t e  A t h l e t i c s  f o r  Women 
(AIAW). The 1980 UU team won the  Intermountain AIAW D i v i s i o n  I 1  Championships 
and placed 2nd i n  t h e  AIAW D i v i s i o n  I 1  Nat iona l  Championships. The 1979 PSU 

* A l l  data from Un ive rs i t y  o f  Denver gymnasts were c o l l e c t e d  by t h e  author. 
A l l  data from The Pennsylvania Sta te  U n i v e r s i t y  gymnasts were c o l l e c t e d  
by La r r y  B a r l e t t  and James Hodgson o f  t he  No11 Laboratory f o r  Human 
Performance Research. 



team won the  Eastern AIAW D i v i s i o n  I Championships and placed 4 th  i n  t he  
AIAW D i v i s i o n  I Nat ional  Championships. The 1980 PSU team was the  AIAW 
nat iona l -  champions b u t  no data. were c o l l e c t e d  t h a t  year. The a th le tes  
described were h i g h l y  s k i  11 ed and comparable t o  t h e  S p r i n g f i e l d  Co l l  ege 
gymnasts described by Sinning (1 978). Only gymnasts a c t u a l l y  p a r t i c i p a t i n g  
i n  the  na t iona l  championships served as subjects.  

Measurements 

Anthropometri c measures were obtained us ing  t r a d i t i o n a l  s i tes  and procedures 
(Behnke, 1961; Behnke & Wilmore, 1974; Maas, 1974; Ross & Marfel l-Jones, 
1983; Sinning, 1978). Sk in fo ld  measures we e taken on standing sub jec ts  h using a Lange c a l i p e r  c a l i b r a t e d  t o  10 g/cm . Diameters were measured w i t h  
a Swiss GPM and circumferences were measured w i t h  a 1/4-inch l i n e n  Lufk in tape 
( f requent ly  checked f o r  accuracy). Using independent repeated measures, a l l  
s k i n fo lds  were measured t o  an accuracy o f  5 5% wh i l e  circumferences and 
diameters were measured t o  an accuracy o f  + 1%. The mean o f  two measures 
w i t h i n  t h i s  range was recorded f o r  data analys is.  Body composit ion estimates 
o f  t he  DU gymnasts were obtained us ing  Sinning's*  (1978) regression equation 
f o r  co l l ege  female gymnasts. The PSU estimates used hyd ros ta t i c  weighing 
w i t h  measured res idua l  volumes ( v i a  n i t r ogen  washout) . C i  rcumference 
somatograms were constructed t o  represent  body segment p r o p o r t i o n a l i t y  con- 
s i de r i ng  the gymnast's segment dimensions i n  r e l a t i o n  t o  her  o v e r a l l  s i z e  and 
shape as w e l l  as t he  dimensions o f  t h e  reference popu la t i o r~  (Behr~ke & Royce, 
1966; Behnke & Wilrmre, 1974). The reference popu la t ion  f o r  t h i s  study con- 
s i s t e d  o f  128 women students a t  t h e  Un i ve rs i t y  o f  C a l i f o r n i a .  The i r  body 
composition c h a r a c t e r i s t i c s  a re  shown i n  Table 1 and t h e i  r circumferences are  
l i s t e d  i n  Table 3. Gymnast circumferences ( c )  were d i v i ded  by i n d i v i d u a l  
segment conversion constants ( k )  from t h e  reference populat ion t o  de r i ve  a 
dev ia t i on  value (d )  f o r  each circumference (i .e., d = c /k ) .  A reference value 
(D) was obtained by sumning a1 1 o f  t h e  segment circumferences and d i v i d i n g  
by 100 ( i  .e., D = c tota1/100). The percent  dev ia t ion  o f  each gymnast circum- 
ference from the  reference value (D) was obtained by sub t rac t i ng  D from d and 
then d i v i d i n g  by D. The ca l cu la ted  percent  dev ia t i on  from the  segmental norm 
was then used t o  g raph i ca l l y  i 11 u s t r a t e  pa t te rns  o f  body segment proport ions.  

RESULTS AND DISCUSSION 

Age, height ,  body mass, body densi ty ,  r e l a t i v e  f a t ,  and l ean  body mass 
f o r  th ree  women's gymnastics teams a r e  presented i n  Table 1. These data 
are  a1 so combined and compared wi t h  o t h e r  competi ti ve gymnasti cs  teams, 
norms f o r  col lege-age women, norms f o r  o the r  young women, and o the r  s i m i l a r  
populat ions ( i  .e., ba l  l e t  dancers, body b u i  1 ders and a i  rl i n e  stewardesses). 
Although the  gymnasts measured i n  t h i s  study were s l i g h t l y  younger and 
l i g h t e r  than t h e  norms developed by Sinning (1978), he igh t ,  dens i ty  and 
r e l a t i v e  f a t  were nea r l y  i d e n t i c a l .  Furthermore, almost a l l  sk info ld,  c i r -  
cumference and diameter measures f rom t h e  DU gymnasts c l o s e l y  matched those 
of t he  SC gymnasts. It seems t h a t  c o l l e g i a t e  championship teams possess 
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simi l a r  anthropometric character is t ics  and t h a t  these character is t ics  are 
d i s t i n c t l y  d i f fe rent  from the noms f o r  co l  lege-aged women. 

Stature and Body Mass 

Female gymnasts have been described as short  and l i g h t  r e l a t i v e  t o  most 
o ther  female populations (Carter, 1970; Fa l l s  & Humphrey, 1978; Hirata, 
1966; Medved, 1966; Parizkova & Poupa, 1963; Pool e t  al.,  1969; Sinning 8 
Lindberg, 1972; Sprynamva 8 Parizkova, 1969). Simi 1 a r  resul  t s  were obtained 

Rela t ive  t o  the n o n s  o f  female co l lege freshmen (Zu t i  & kri!;: %$: women gymnasts are  a t  the 25Xile f o r  height, 23%i le  f o r  body 
mass, and 6 % i l e  f o r  body f a t .  Co l leg ia te  female gymnasts a m  approximately 
6 kg l i g h t e r  and 5 cm shor ter  than o ther  women t h e i r  age. They are also 
s l i g h t l y  shor ter  than in te rna t iona l  c lass gymnasts who have a1 ready been 
described as the smallest of a1 1 Olympic pa r t i c ipan ts  (Medved, 1966). Corn- 
p e t i t i v e  female body bu i lders  were the only group found t o  share a s i m i l a r  
s ta ture  and weight. 

Body Fat and Skinfolds 

Women gymnasts are c h a r a c t e r i s t i c a l l y  lean (Parizkova & Poupa, 1963; 
Sinning, 1978; Sinning & Lindberg, 1972). Based on the norms shown i n  
Table 1, col lege women might be described as having 25% body f a t .  Women 
gymnasts have 15% body f a t .  Since some fee l  t h a t  14% body f a t  i s  essent ia l  
fo r  women (Behnke L Wilmon?, 1974), these athletes have extremely l i t t l e  sub- 
cutaneous fat. The percentage body f a t  o f  college-age female gymnasts i s  
considerably lower than non-athletes and lower than many o ther  athletes as 
we1 1 (Plowman, 1974; Wilmore, 1983). It seems t h a t  performance and r e l a t i v e  
body fa t  are h igh ly  related. Using the resu l t s  o f  an AIAW regional champion- 
ship, Fa l l s  and Humphrey (1976) found a s i g n i f i c a n t l y  higher percentage o f  
body fa t  i n  non-pl ace winners than p l  ace-wi nners. Ski n f o l  d measures and 
performance are a1 so negati vel y co r re l  ated (Pool e t  a1 . , 1969). 

Sk in fo ld  measures are presented i n  Table 2 r e l a t i v e  t o  o ther  population 
norms w i th  percenti l e  rankings where avai 1 able. The resul  t s  support other 
f indings t h a t  female gymnasts have ex t rao rd ina r i l y  small sk in fo l  ds (e.g., 
Parizkova & Poupa, 1963; Plowman, 1974; Pool e t  al., 1969; Sinning & 
Lindberg, 1972). A l l  measures were s i m i l a r  t o  those co l l ec ted  on the SC 
gymnasts (Sinning, 1978) except f o r  the DU gymnasts who had smaller f a t f o l d s  
covering the t r iceps,  subra-pubi s and gastrocnemius. Both sets of gymnasts 
had s i m i l a r  sk in fo lds  t o  b a l l e t  dancers and body bui lders,  except the body 
bu i lders  had considerably l a rge r  wais t  sk in fo lds  and smaller th igh  sk in fo l  ds. 
A l l  values f o r  the a th le tes  were considerably lower than the norms f o r  
co l lege and USAF women, most by approximately 50%. The most pronounced 
difference was found near the umbil icus where the gymnasts had approximately 
8 mn and the col lege women had about 21 mn. 
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Based on USAF norms f o r  women, co l  l e g i a t e  women gymnasts rank very 
low i n  sk in fo lds  f o r  t he  arm ( l % i l e ) ,  wa i s t  ( 8% i l e ) ,  c a l f  ( 9 % i l e )  and 
back (10%i le ) .  

An i n t e r e s t i n g  f i nd ing  re1 a tes  t o  t he  d i  f f e r e n t i  a1 d i s t r i b u t i o n  o f  
fatness. A i  rl ine  stewardesses represent  a lean populat ion;  thus, i t  was 
n o t  s u r p r i s i n g  t o  f i n d  t h a t  they have sk in fo lds  a t  t he  wa i s t  s i m i l a r  t o  
gymnasts. However, t r i c e p  sk in fo lds  f o r  t he  gymnasts were i n  t h e  1 s t  
percent i  1 e f o r  stewardesses. Pronounced r a c i  a1 d i f fe rences  i n  f a t  d i  s t r i  bu- 
t i on ,  s i m i l a r  t o  those repor ted  by Malina, Muel ler ,  Bouchard, Shoup, and 
L a r i v i e r e  (1982), were a l s o  apparent. 

Circumferences 

circumference measures and percentile rankings are  shown i n  Table 3 r e l a -  
t i v e  t o  o the r  popu la t ion  norms. The DU r e s u l t s  c l o s e l y  matched t h e  SC 
r e s u l t s  except t h a t  t he  DU gymnasts had s l i g h t l y  l a r g e r  neck and shoulder 
g i r t h s  w i t h  s l i g h t l y  smal l e r  lower l e g  g i r t h s .  Circumferences f o r  t h e  
gymnasts were a l ~ o  s i m i l a r  t o  those o f  professional, body bu i l de rs  except f o r  
t he  chest. Over-the-breast measures f o r  t he  body bu i l de rs  (90.6 cm) were 
muchi larger than the  gymnasts (84.9 cm). Re1 a t i v e  t o  o t h e r  co l l ege  women, 
the  gymnasts' g i r t h  measures were smal ler  around the  head, chest, wa is t ,  
h ips,  th ighs,  c a l f  and ankle, b u t  l a r g e r  around the  h igh  chest  and biceps. 
Re la t ive  t o  USAF women, gymnasts have small g i r t h  measures around the  head, 
neck, h ips  and legs w i t h  very l a r g e  measures around the  shoulders, upper 
chest and upper arms. However, compared t o  s lender stewardesses, t he  
gymnasts have small  g i r t h  measures around the  h ios  and ankles, bu t  extremely 
l a r g e  measures around the  neck, shoulders, t h i ghs  and biceps. Sinninq and 
Lindberg (1972) a l so  found co l l ege  gymnasts t o  be smal le r  i n  g i r t h  o f  t he  
h i  ps than co l  1 ege women. 

Figure 1 i s  a circumference somatogram o f  t he  Denver gymnasts, 
S p r i n g f i e l d  College gymnasts, and pro fess iona l  body bu i l de rs  r e l a t i  ve t o  
women students a t  t he  Un i ve rs i t y  o f  C a l i f o r n i a  (Wilmore & Behnke, 1970). 
As a q u a n t i t a t i v e  representa t ion  o f  body shape (segment p ropor t iona l  i t i e s ) ,  
t h i s  somatogram shows t h e  s i m i l a r i t y  o f  th ree  popul a t i  ons and t h e i  r percent 
dev ia t ions  from the  reference norm. Re la t i ve  t o  co l l ege  women, avmnasts and 
body bu i  1 ders have l a rge  upper to rsos  and arms--suggesti ng muscular 
hypertrophy i n  these areas--with s lender h ips  and legs. The exceptions t o  
t h i s  t r end  appears i n  t he  chest, c a l f  and wa i s t  circumference. The DU 
gymnasts have p r o p o r t i o n a l l y  l a r g e  g i r t h s  above and below t h e  breasts, bu t  
on l y  average measures over t he  breasts.  Body bu i lders ,  however, have l a rge  
g i r t h  measures over t he  breasts. The DU gymnasts and body bu i l de rs  both 



T
a

b
le

 3
. 

C
IR

C
U

M
F

E
R

E
N

C
E

S
 

(c
m

) 

NO
TE

: 
S

ou
rc

es
 

li
s

te
d

 i
n

 T
ab

le
 1

. 

C
om

pe
ti

ti
ve

 
G

yr
m

as
ts

 

w
 

P
, :
 

5 
- 

al 
0

 
t
 

U
 

V
) v
 P

I 
u
 

-
I
=

 
- 

P
- 

rn
 a
 

A
-
 

!z
g
 

m
'b

- 
7

 
m

 
a 

c
 

Z
E

 
U

n
iv

.o
fD

e
n

ve
r 

O
"
 

I
-
-
L
 

P
..
Z
 

Q
ln

 
0

, 
A

p
ri

 1
 1

98
0 

-
v
)
 

-
U

 

C
ol

 1
 eg

e 
W

om
en

 

s
 

.F
- 

IC
 

"
;
 

Y
-

m
 

v
 

I
C

 

L
L
 

V
) 

m
z
 

0
;

 
I-

-
Y

 
h

a
 

h
c

 
m
a
 
4
1
3
 

C
n

C
 

- 
-
0

 
-
3
 

h 

4n
 

a
 

-0
 - F 3
 

m
 

h
 

O
 

m
 

m
 

*
O

 

k
 

L
o

ca
ti

o
n

 
R

an
ge

 
SD

 
M

ea
n 

N
or

m
s 4u

 
a
 

=i
E 

a
h

 
E

 
=
W
 

S 
b

P
L

 
a
 

Q
lu

 
Y

>
 

*
<

 
Q

C
 

Z
E

, 
2
 

N
um

be
r 

of
 

S
ub

je
ct

s 
H

ea
d 

N
ec

k 
S

ho
ul

de
rs

 
C

he
st

 (
A

xf
 1

 la
) 

C
he

st
 

(B
re

as
ts

) 
C

he
st

 
(B

el
ow

 B
re

as
ts

: 
Ab

do
m

en
 

(W
ai

st
) 

A
bd

om
en

(U
m

bi
1i

cu
s)

 
H

ip
s 

(P
ub

is
) 

H
ig

h 
T

hi
gh

 
M

id
 T

hf
gh

 
Lo

w 
T

hi
gh

 
Kn

ee
 

G
as

tr
oc

 
A

nk
le

 
R

e1
 ax

ed
 B

i c
ep

 
F

le
xe

d 
B

ic
ep

 
Fo

re
ar

m
 

W
ri
st

 

4n
 

Y
 

a
 

C
V
)
 

m
 

m
u

 
m

 
P

I
V

)
 

m
 

O
 

W
E

 

2 
25

 
m

L
 

v
, 

m
a

 
a
l
>
 

E 
2

5
 

- 
a

n
 

--
 

h
L
 

E
L
 

2
 

2
2
 

19
05

 
54

.9
 

33
.8

 
10

0.
4 

84
.2

 
89

.7
 

74
.3

 
67

.2
 

95
.3

 
55

.5
 

36
.3

 
34

.1
 

21
.1

 
25

.6
 

26
.8

 
23

.5
 

15
.0

 

(9
) 

13
 

13
 

63
 

68
 

20
 

43
 

37
 

10
 

33
 2 25
 

17
 

63
 

78
 

50
 

25
 

42
2 

29
.9

 
95

.5
 

85
.6

 

62
.2

 

90
.1

 
46

.2
 

32
.2

 
20

.1
 

23
.3

 
24

.6
 

51
.5

-5
5.

0 
1.

3 
29

.5
-3

4.
0 

1.
6 

94
.0

-1
09

.5
 

4.
6 

78
.5

-9
4.

5 
4.

9 
78

.0
-9

3.
5 

4.
9 

70
.0

-8
1.

0 
3.

4 
58

.0
-6

9.
0 

4.
7 

60
.5

-7
5.

5 
5.

5 
81

.0
-9

3.
0 

4.
1 

45
.5

-5
9.

5 
4.

6 
44

.5
-5

6.
0 

3.
8 

38
.0

-4
8.

0 
3.

4 
29

.5
-3

5.
0 

1.
7 

28
.5

-3
6.

0 
2.

3 
18

.0
-2

1.
0 

1.
2 

23
.0

-2
8.

5 
2.

2 
24

.5
-3

1.
0 

2.
3 

21
.0

-2
5.

8 
1.

6 
13

.3
-1

5.
5 

0.
8 

(%
I 

93
 

99
 

42
 

83
 

25
 

99
 

58
 

36
 

99
 

99
 

8 
44

 
5 

52
.9

 
31

.8
 

30
.6

 
10

1.
7 

99
.8

 
85

.9
 

86
.4

 
84

.9
 

73
.0

 
73

.3
 

64
.9

 
64

.9
 

68
.8

 
70

.9
 

87
.8

 
89

.2
 

53
.6

 
51

.0
 

52
.9

 
48

.1
 

43
.9

 
31

.8
 

34
.1

 
32

.6
 

34
.1

 
34

.3
 

19
.8

 
20

.4
 

26
.1

 
25

.0
 

24
.7

 
28

.2
 

27
.4

 
26

.8
 

23
.4

 
23

.7
 

22
.8

 
14

.4
 

14
.7

 

83
 

69
 

12
8 

56
.2

 
55

.0
 

31
.8

 
99

.7
 

10
1.

7 
10

1.
9 

84
.6

 
85

.2
 

87
.7

 
92

.0
 

87
.8

 
75

.5
 

74
.1

 
67

.1
 

77
.1

 
67

.9
 

75
.0

 
80

.4
 

75
.3

 
93

.1
 

94
.1

 
95

.9
 

56
.5

 
55

.4
 

57
.0

 

36
.5

 
36

.1
 

33
.9

 
37

.1
 

35
.0

 
20

.8
 

21
.9

 
21

.1
 

27
.0

 
25

.0
 

27
.2

 
23

.8
 

26
.0

 
23

.5
 

14
.8

 
16

.1
 

14
.9

 

10
 

10
1.

7 

90
.6

 

64
.5

 
69

.7
 

87
.0

 

53
.0

 

33
.4

 
32

.4
 

20
.3

 
25

.8
 

28
.9

 
24

.0
 

15
.1

 



SOMATOGRAM 
Porcont rgo  Oovlat lon From Proport lonal  Norm 

NECK 

SHOULDERS 

CHEST (Ax1 11 a) 

CHEST 

CHEST (Below 
Breasts ) 

WAIST 

HIPS (Pubis) 

MID THIGH 

KNEE 
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ANKLE 

BICEP ( ~ l e x e d )  

FOREARM 

WRIST 

Flgure 1. Circumference somatogram I l l u s t r a t i n g  the proport ional 
re la t lonshlp o f  three populatlons (Unlversl t y  o f  Denver Women 
Gymnasts, Spr ingf ie ld  College Women Gymnasts, and Professional 
Body Builders) expressed I n  percentage deviat ion fran a 
reference population of col lege m e n  (Unlverslty of Cal l fornla 
students -- Wllmore & Behnke. 1970). 



SOMATOGRAM 
Percentage  Dev la t lon  From Proport lonal  Norm 

NECK 
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Figure 2 .  Circumference somatogram i l l u s t r a t i n g  the proport ional  
re la t ionship  a f  three populations (U. o f  Denver Gymnasts, 
USAF Women, and A i r l i n e  Stewardesses) expressed i n  percentage 
deviat ion from a reference population a f  co l lege  women ( U .  of 
Ca l i forn ia  students -- Wilmore & Behnke, 1970).  



have smal le r  gastrocnemi us g i r t h s  than t h e  SC gymnasts. The DU gymnasts ' 
ankles were s lender compared t o  t h e  SC gymnasts and body bu i lders .  

The somatogram dev ia t ions  i n  Figure 1 suggest t h a t  t he re  e x i s t s  
reg iona l  s p e c i f i c i t y  w i t h  regard t o  t h e  l o c a t i o n  o f  muscular hypertrophy 
and t h a t  t he  pa t t e rn  i s  s i m i l a r  f o r  bo th  populat ions o f  gymnasts and the  
body bu i  1 ders. 

F igure 2 ill us t ra tes  segmental p ropor t iona l  i t i e s  o f  t he  Denver gymnasts, 
USAF women, and stewardesses r e l a t i v e  t o  women students a t  t h e  Un i ve rs i t y  
o f  C a l i f o r n i a  (Wilrnore & Behnke, 1970). The somatogram suggests t h e  USAF 
women and stewardesses have p ropo r t i ona l  c  i rcurnferences s f  mi 1 a r  t o  co l  1 ege 
women. Gymnasts, i n  cont ras t ,  have 1 a rge r  upper bodies and arms w i t h  small e r  
lower bodies. With t he  except ion o f  a l a rge  neck g i r t h  and small  c a l f  
g i r t h ,  USAF women c l o s e l y  resemble co l l ege  women. Cornpared t o  co l l ege  
women, a i  rl i n e  stewardesses have a propor t iona l  l y  1 a rger  chest  ( a t  breasts)  
w i t h  a s m l  l e r  waist ,  lower legs  and upper arms. 

Diameters 

Diameter measures and percent i  l e  ranks a re  presented i n  Table 4 r e l a t i v e  t o  
o the r  populat ion norms. The present  data c l o s e l y  matches those of t he  
S p r i n g f i e l d  College gymnasts and body bu i lders ,  except w i t h  regard t o  
b i i l i a c  measures where t he  body b u i l d e r s  had narrower upper h ips  than the  
gymnasts. Gymnasts and co l  1 ege women have s imi  1 a r  diameters except gymnasts 
have narrower b iacromial ,  chest width,  b i i l i a c  and b i t r o c h a n t e r i c  measures. 

Pe rcen t i l e  rankings o f  t he  Denver gymnasts w i t h  USAF women and 
stewardesses suggest d i s t i n c t  p ropor t iona l  d i  fference. Using t he  USAF 
norms, extreme shoulder muscle hypertrophy i s  evidenced by t h e  gymnasts' 
narrow biacromial  measures (31 i  l e )  and l a r g e  bide1 t o i d  measures (64%i 1 e)  . 
Chest w id th  was very narrow re1 a t i  ve t o  USAF women ( 1  %i 1 e) , bu t  average f o r  
stewardess norms. Gymnasts appear t o  have broad and shal low waists r e l a t i v e  
t o  USAF women s ince  t h e i r  abdominal w id th  was h igh  (75%i le ) ,  wh i l e  t h e i r  
abdominal depth was low (18%i le ) .  Since stewardesses have s lender waists, 
both abdominal w id th  (99%i le )  and Qepth (76%i le )  were very high. 

Soma to type 

Gymnasts have been descr i  bed as 1 i gh te r ,  s t ronger  by body mass, leaner and 
more f l e x i b l e  than a l l  o t h e r  a th le tes  (Montpet i t ,  1976). Studies on female 
na t iona l  and Olympic gymnastics champions have charac ter ized these a th le tes  
as being excep t i ona l l y  h igh  i n  mesomorphy compared t o  women i n  general, and 
even r e l a t i v e  t o  o the r  female a th le tes  (Carter ,  1970; F a l l s  b Humphrey, 
1978; H i ra ta ,  1966; Sinning & Lindberg, 1972). Because these a th le tes  are 
a l so  low i n  body f a t ,  Plowman (1974) describes female gymnasts as small ,  
neat ectomesomorphs. Fa1 1 s and Humphrey ( 1  978) found h i  gher endomorphic 
and lower mesomorphic r a t i n g s  f o r  t he  nonplacers and nonathletes than 
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placers i n  a  co l l eg ia te  regional  championship. They conclude t h a t  "cer ta in  
body types may be requ is i te  f o r  championship performance i n  women's 
gymnastics" (p. 43). They a lso speculate economy and grace o f  movemer~t are 
achieved by gymnasts ' lower re1 a t i v e  f a t  and endomorphy, t h a t  greater 
dynamic strength i s  cor re la ted w i t h  t h e i r  higher mesomorphy, and t h a t  
ectomesomorphic body types are  more aes the t i ca l l y  pleasing t o  gymnastics 
judges .- 

The higher body dens i t ies  o f  women gymnasts t o  o ther  norms (Table 1  ) 
suggests these gymnasts possess greater muscularity. S i m i  1  a r  t o  female pro- 
fess i  onal body bu i  1  ders, co l  1  eg ia te  female gymnasts appear t o  have d i  spro- 
por t ionate ly  well-developed upper torsos. Using the USAF women n o m ,  
la t is imus dorsi  hypertrophy i s  re f lec ted i n  the narrow chest width ( l % i l e ) ,  
but  la rge chest a x i l l a  circumference and t h e  d i s t i n c t  drop i n  chest circum- 
ference from the a x i l l a  (68Xile) t o  the breasts (20%ile).  Shoulder muscle 
develo ment i s  evidenced by the d i f fe rence i n  narrow biacromial diameter 
(BXile! and the large b i d e l t o i d  diameter (64%11e). Ranking i n  the 78%i le  on 
the f lexed bicep circumference measure, whi le  having a  t r i c e p  s k i n f o l d  i n  the 
l%i le ,  suggests the gymnasts have considerable upper am muscular hyper- 
trophy. These a th le tes  a lso appear t o  have a  high muscle mass which i s  
disproport ionately concentrated i n  the upper trunk and shoulder g i rd le .  

Such unique physique character is t ics  may provide a  biomechanical 
advantage for  arm support and inver ted balancing a c t i v i t i e s  (Chri stensen, 
1979; LeVeau, Ward & Nelson, 1974; Parizkova & Poupa, 1963; Pool e t  al., 
1969; Salmela, 1979; Sinning & Lindberg, 1972). For instance, " the small 
s ta ture  observed among gymnasts resu l t s  i n  a  smal ler  moment o f  i n e r t i a  about 
an ax is  i n  the transverse plane through the mass center when compared w i th  
l a rge r  a th le tes"  (LeVeau e t  a l . ,  1974, p. 150). Presumably, t h i s  makes a  
smaller person b e t t e r  able t o  perform spinning movements whi le  i n  f ree 
f l i g h t .  On the o ther  hand, upper body muscular hypertrophy resu l t s  i n  an 
elevated center o f  g rav i t y  which i s  a  disadvantage f o r  upr ight  balancing and 
s tab i  1  i t y  (Hay, 1978). 

CONCLUSIONS 

Highly s k i  1  l e d  Amerlcan c o l l  eg ia te  female gymnasts comprise a  special popul a- 
t i o n  according t o  anthropometric character is t ics .  Re1 a t i  ve t o  other co l  lege- 
aged women and o ther  female athletes,  women gymnasts tend t o  be shor ter  i n  
stature, l i g h t e r  t n  body mass and higher i n  body density. These athletes 
may be described as having ectomesomorphic body types. They have extra- 
o r d i n a r i l y  small skinfolds w i t h  disproport ionate upper body muscle hypertrophy, 
Their  anthropometric cha rac te r i s t i cs  are  unique, but  i n  some respects s im i la r  
t o  those of competit ive body bu i l de rs  and professional b a l l e t  dancers. 

These f indings may be useful i n  the i d e n t i f i c a t i o n  and select ion of 
potent ia l  championship athletes,  t r a i n i n g  diagnostics, and equipment design. 
Such f indings also suggest t h a t  special  considerat ion be given t o  the unique 
physiques o f  women gymnasts when doing k i n e t i c  analysis of gymnastics move- 
ments. 
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