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THE RELATIONSHIP OF PHYSIQUE AND BODY COMPOSITION TO STRENGTH
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ABSTRACT

Fifty-three specialist women physical education students were measured anthropometrically and from these measure-

ments somatotype and body composition were estimated. Leg, back and grip strength dynamometers were used to
measure strength indices. Arm strength was calculated from each subject's pull-ups and push-ups and lung capacity
was measured using a spirometer. The somatotype ratings and percent fat measurements indicate that the P.E. students
are generally more muscular and less fat for their age than non-P.E. students. There was a strong relationship between
percent fat and the endomorphy rating and a moderate relationship between lean body weight and mesomorphy. The
moderate relationship of the strength variables with the muscular rating, whether expressed as mesomorphy or lean
body weight, suggests that the higher a subject's muscular component the greater their dynamic strength.

Key words: Anthropometry, Somatotype, body composition, strength.

In a recent study by the author (Bale, 1979) a significant
relationship was obtained between the physique of
women physical education students and their perform-
ance in motor activities involving strength, speed, agility
and balance. One test item which correlated most highly
with mesomorphy (muscularity in relation to height)
was grip strength (r = 75). However, this raises the
questions, would as high a relationship be obtained
between somatotype and other measures of strength
and what would be the relationship between body
composition and strength?

The purpose of this study therefore, was to examine
the relationship of somatotype and body composition
to strength in a group of women physical education
students. Fifty-three students were measured anthro-
pometrically on a total of nine sites. Skin folds were
measured using Harpenden calipers with a caliper tension
of 10.3 g.mmr2. Bicondylar measurements were made
using the "Harpenden" anthropometer and circum-
ferences with a constant tension steel tape. Height in
cm and weight in kg were also measured. All the skin
folds were taken with the subject in a standing position
except for the biceps fold for which the subject sat on
a chair and rested her arm in supination.

Because of the difficulty in obtaining an accurate
skin fold measurement over the calf in girls who partic-

ipate in physical activity, the Parnell M4 method (Parnell,
1958) of estimating Somatotype was selected in prefer-
ence to the Heath-Carter method (1967). Body com-
position can be assessed precisely using complex, lengthy
and expensive laboratory techniques such as volumetric
displacement, hydrostatic weighing, total body water,
body potassium and radiography (Behnke and Wilmore,
1974), but density, body fat and lean body weight were
assessed in this study by calculations based upon body
weight and total skin folds. Two regression equations
were selected; the first, was to estimate body density
from the logarithm of the sum of the biceps, triceps,
subscapular and suprailiac skin folds. Logarithmic
instead of absolute values are used since the relationship
of skin folds to density is curvilinear and not rectilinear
and because skin folds have a skewed distribution in
the body. (Durnin and Rahaman, 1967, Durnin and
Womersley, 1974).

Density = 1.1599-0.0717 x Log E Skin folds

% Body Fat = (4.95-4.5) x 100
D

(Siri 1956)

Absolute Body fat (kg) = Body weight x % Body Fat
100

Lean Body Weight = Body Weight - Absolute Body Fat
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The second method used the triceps, subscapular
and thigh skin folds in the following equations (Wilmore
and Behnke, 1970).

Density = 1.06234 - (0.00068) x Scap-
ular skin fold (mm) - (0.00039
x triceps skin fold mm) -
(0.00025 x thigh skin fold
mm)

Lean Body Weight = 8.629 + (0.680 x Weight kg) -
(0.163 x Scapular skin fold
mm) - (0.1 x triceps skin
fold mm) - (0.054 x thigh
skin fold mm)

Both estimates are considered by their authors to
have a high reliability and both accurately estimate
percentage fat and lean body weight when compared
with direct estimation obtained from underwater weigh-
ing or body potassium methods. However, in an analysis
of various prediction equations Wilmore and Behnke
(1970) did state that predictive accuracy was "limited
by the degree of similarity between the original and
independent samples".

The Rogers Strength Index (1925) was chosen to
measure strength because of its high relationship with
general athletic ability, as he obtained correlations
between r=.77 and .81 between the index and the
hundred yard dash, high jump, standing broad jump,
shot put and various tests of throwing ability. The
Strength Index and its sub-tests are also related signif-
icantly to those skills necessary for success in physical
education (Welman, 1935, Wessel and Nelson, 1961).

The Strength Index includes measurement of the
subject's pull-ups and push-ups which are combined in
the following formula:

(Pull-ups + Push-ups) (Weight + Height -60)
( 10

to give arm strength. A hand dynamometer was used
to test grip strength in both hands and a dynamometer
was used to measure back strength and leg lift. Lung
capacity was measured by a Benedict-Roth spirometer.
Though the relationship of lung capacity with strength
is no longer regarded with the same confidence, the item
is still included as part of the test battery. The index is
calculated by adding the six scores of arm strength, right
and left grip, back strength, leg lift and lung capacity.

RESULTS AND DISCUSSION
The mean values of the physique measurements are
shown in Table 1.

TABLE I

Physique
Measurement

Height in cm
Weight in kg
Ponderal Index
Endomorphy
Mesomorphy
Ectomorphy

Range

153.2-1 80
48.8-80.2
11.3-13.7

2-5.0
2-5.5
1-5.0

Mean
Standard
Deviation

166.23
61.29
12.85
3.41
3.72
2.99

5.4
7.4
0.5
0.74
0.74
1.10

The physiques of the physical education students in
this study compare closely with those values obtained
in earlier studies (Bale, 1969, 1978, 1979) and with
similar studies of other women physical education
students from New Zealand and America (Carter, 1965,
Cockeram, 1975, Perbix, 1954). As the somatochart
(Fig. 1) shows, most students have balanced, meso-
morphic endomorph or endomorphic mesomorph phys-
iques indicating that women P.E. students are less fat
and more muscular than non-P.E. students. In contrast
to the girls' somatotypes in this study most female
somatotypes lie towards the endomorphy area of the
somatochart (Sheldon, et al 1954, Parnell, 1958).

_ ,oa9O - ON Ac1oNGTEKNM
SQMfC T-IEW9OT4A POEThe O THE ThEOMTIA SATIA ELATIOSIPSAM THE KON OMATOPES

The mean scores for the two estimates of density,
absolute body fat, percent fat, and lean body weight and
the correlations between them are shown in Table 11.
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TABLE 11

Durnin & Wilmore &
Rahaman Behnke

ition measurements between groups. The latter invest-
igators for example, suggest that climatic and seasonal
variations, diet and genetic factors may also partially

Correlation account for these differences.

Density (g.cm3)

Absolute Body
Fat (kg)

% Fat

Lean Body
Weight (kg)

1.045
07=0.008
14.61
0-=3.96
23.56
0-=3.82
46.68
(=4.32

1.044
P7=0.005
14.92
(7=3.49

24.42
0-2.58

46.18
U7=4.02

0.91

0.95

0.90

0.96

As expected body composition calculated from the
two regression equations was similar, though the
the 1970 equation of Wilmore and Behnke resulted in
slightly higher fat and lower lean body weight estimates
than did the 1967 equation of Durnin and Rahaman.

Comparison of the above measures with those obtained
by other researchers using estimation of body compos-
ition from anthropometric measurement and by direct
measurement also support the view that the physical
education students are generally less fat for their age
than non-P.E. women. Durnin and Womersley (1974)
for example, obtained a density of 1.040 and 26% Fat
in their 16-19 year old and 1.034 and 29% Fat in their
20-29 year old groups of women using the same estimate
of body composition as was used in this investigation.
Wilmore's and Behnke's (1970) underwater weighing
method of measuring body composition in a group of
women students the same age as my students resulted in
a mean body density of 1.041, % Fat 25.73 and lean
body weight of 43.37 kg. Similar findings were obtained
by the underwater weighing method from groups of
college students by Katch and McArdle (1973) and by
Slaughter and Lohman (1976). When compared with
other female athletes the P.E. students in this study had
similar values percent fat as tennis players and track
and field athletes (Katch, Micheal and Jones, 1969,
Brown and Wilmore, 1971) but higher values than
women gymnasts, distance runners, skiers and basketball
players (Sinning and Lindberg, 1972; Wilmore and
Brown, 1974; Vaccaro, Clarke and Wrenn, 1979). Young
and Blondin (1962), Young, Martin et al. (1962) and
Mayhew and Gross (1974) obtained much lower
densities and much higher measurements for percentage
fat and lean body weight in their studies of non-P.E.
students than were achieved in this study. However, the
similar estimates of body composition to those obtained
in the present study (MacMillan, Reid et al., 1965,
Sloan, Burt and Blyth, 1962, Slaughter, Lohman and
Boileau, 1977) and the lower estimate obtained by
Katch and Micheal (1968) in non-P.E. and non-athletic
students suggest that factors other than physical activity
account for the differences observed in body compos-

The means and standard deviations of the scores of
the strength measures were calculated and are presented
in Table Ill.

TABLE Ill

Strength Meaure

Arm Strength (lbs.)
Left Grip (lbs.)
Right Grip (Ibs.)
Leg Lift (lbs.)
Back Strength (lbs.)
Lung Capacity
(litres)
Strength Index

Range

125-1 337
60-104
64-110
118-449
101 -284

Mean

427.08
85.54
91.65

229.67
211.71

2.41-5.10 3.62
859-2273 1260

S.D.

261.28
10.02
9.36

73.49
42.63

0.54
317

The mean scores for grip strength by the students in
this study are similar to those obtained by Heyward
and McCreary (1977) in their study of women athletes
and to those achieved by elite basketball players tested
by Vaccaro, Clarke and Wrenn (1979) and they are
superior to the grip strength scores achieved by non-P.E.
students tested by Mayhew and Gross (1974) even after
these students had completed a nine-week period of
circuit weight training. When the scores for left and right
grip were combined the mean combined score achieved
by the P.E. students of 80.06 kg. was over 30 kg. higher
than the mean score achieved by nearly six hundred
women of the same age tested by Montoye and
Lamphiear (1977). However, the arm strengths, leg
lifts and strength indices of the P.E. students in this
study were inferior to those achieved by Vaccaro's
elite basketball players who were taller, heavier, had
greater lean body weights and lower percent fats than
the P.E. students.

Montoye and Lamphiear also tested arm strength in
a large sample of girls and older women using a dynamo-
meter and overhead pulley system. In every age group
they tested the ratio of arm strength to body weight
was less than one. They comment that, "pull-ups is not
a good test for girls, since more than half of them cannot
exert a force equal to their body weight". This applies
to push-ups also. As the large standard deviation and
wide range of scores for arm strength achieved by the
students in this study show, many of them had difficulty
in doing this test which greatly influenced their overall
strength index score.

In order to examine the relationship between phys-
ique, body composition and strength variables a multiple
correlation analysis was computed (Table IV).
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Variable

1. Height

2. Weight

3. Ponderal Index

4. Endomorphy

5. Mesomorphy

6. Ectomorphy

7. Body Density

8. % Fat

9. Absolute Fat

10. L.B.W.

11. Arm Strength

12. Left Grip

13. Right Grip

14. Leg Lift

15. Back Strength

16. Lung Capacity

17. Strength Index

TABLE IV

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

34 40 -01 -37 41 -08 07 18 41 -15 24 28 23 -02 43 -02

-70 73 40 -65 -71 71 88 90 08 47 37 32 18 30 21

-69 -67 96 63 -63 -70 -55 -21 -28 -16 -17 -18 04 -25

20 -72 -95 95 92 41 -12 17 16 14 15 13 -02

-64 -19 -19 28 43 41 44 40 19 19 20 -02 43

62 -62 -67 -50 -22 -34 -23 -14 -20 01 -26

-99 -95 -35 13 -11 -11 -09 -08 -09 07

95 35 -13 1 1 1 1 09 08 09 -07

67 -07 26 20 18 15 17 03

18 58 45 38 18 35 32

25 30 16 1 1 02 90

81 26 25 35 35

31 36 47 44

69 27 54

31 44

24

r = .23 P >0.05
r = .32 P > 0.01
r = .40 P > 0.001

Somatotype describes body morphology and
structure as well as body composition and therefore, by
definition, some degree of relationship between somato-
type and body composition is to be expected. The zero
order correlations between the physique components
and body composition estimates do indicate a high
relationship between percent fat and endomorphy (.94)
which is to be expected as both were estimated from
skin fold measurements. Similar studies on women
students (Slaughter and Lohman, 1976, Slaughter,
Lohman and Boileau, 1977) and on children (Hunt and
Barton, 1959, Slaughter and Lohman, 1977) also
indicate a close relationship between endomorphy and
body fat. There was a moderate negative relationship
between lean body weight and ectomorphy and a
moderate positive relationship between lean body weight
and mesomorphy. Wilmore (1970) in his study of male
and female college students and Slaughter and Lohman
(1976), Slaughter, Lohman and Boileau (1977) in their
studies of women students found only low relationships
between these two components. They comment that,
since mesomorphy (which they assessed by the Heath-
Carter Anthropometric method) is defined as lean body
weight in relation to height rather than the absolute

All decimal Points are omitted

weight of lean body mass, it is not surprising that
mesomorphy and lean body mass are not closely related.

Both lean body weight and mesomorphy were mod-
erately related to the indices of strength. Though it was
not as high as that achieved in an earlier study (Bale,
1979), a significant relationship was obtained between
grip strength and mesomorphy. Moderate correlations
were also obtained between mesomorphy and arm
strength, mesomorphy and the overall strength index
and between lean body weight and grip strength. Lower
but still significant relationships were obtained between
lean body weight, leg lift and lung capacity. These
findings suggest that the higher a person's muscular
rating, whether expressed as mesomorphy or lean body
weight, the greater their dynamic strength. Care must
be taken, however, not to over-emphasise the relation-
ship between body composition, physique and strength
on the basis of the above findings. Back strength, for
example, showed little relationship with either meso-
morphy or lean body weight. Apart from a relation-
ship between weight and grip strength the other
physique variables and measures of body composition
were not related to strength.
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