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The Sexual Differences of the Contribution of Physique to Crawl

Swimming Performances in Competitive College Swimmers

Shinichi

Abstract

To investigate the sexual differences in
physique aspects and in the relationship
between physique and swimming performan-
ce in well-trained competitive swimmers, a
total of 257 Japanese male( age=19.9+1.07
yr) and female( age=19.74+0.96 yr) swimmers
were employed in this study. Comparative
and correlative analyses were done on 15
physique variables and 5 crawl swimming
performances from 25m to 400m. As a result,
male swimmers as compared with female
swimmers were taller, heavier, less fat, and
had larger body girths of chest and arm,
greater body density, lean body mass, body
surface area, and vital capacity. For male
swimmers, significant correlations between
swimming performances and many physique
variables except for fat mass and skinfolds
were found. For female swimmers, physique
variables such as skinfolds and fat correlated
significantly only to the 25m performance,
and chest and arm girths to performances of
longer than 200m. It was concluded that the
contribution of physique to swimming perfor-
mances differs between male and female
swimmers.

DEMURA

Introduction

As early as 1939, Beall® found that success-
ful women swimmers were heavier, had
broader hands, hips and shoulders, deeper
chests, and larger chest circumferences than
and
Hirata?® determined that body types of sport-'

unsuccessful swimmers. Cureton®
smen were different in each sport and even
the same competitive swimmers possessed
somewhat different body types in each stroke
event such as crawl, breast, back and butter-
fly. Cureton® also found that champion ath-
lete swimmers as compared with the other
champion athletes had body density traits
and a slightly different body composition,
adding that Olympic swimmers possessed an
unusually high breathing capacity for their
height and weight. Pugh®? reported that col-
lege swimmers were taller and heavier and
had a greater body density than students of
similar age.

Demura'® studied physique traits for
Japanese competitive college male swim-
mers, reporting that swimmers are higher in
stature, heavier in body weight, larger in
chest and limb girths, larger in vital capacity,
thinner 'in skinfolds of arms and back, and
longer in limbs than general -people of similar
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age. Also results reported by some other
researchers were almost consistent with the
above results on the point that well-trained
swimmers are taller and heavier®?® or had
larger lung capacity?® and greater body
density®.

On the other hand, Demura and Matsuura'®
and Demura'® determined that the growth of
physique with age had a close relationship to
the improvement of swimming speed. To
swim fast, competitive swimmers would need
more developed and longer limbs for produc-
ing greater propulsion in water. And
although, in most sports, fat is a disadvanta-
geous factor for its successful performance, it
is not necessarily so in swimming, rather it
would be an advantageous factor because of
increasing buoyancy?V?®, It appears that each
physique attribute is closely related to the
achievement of speed swimming. Therefore,
many researcherSG)SHZ—18)22)30)33)34)35)36) have
studied relationships between swimming per-
formance and physique from various stand-
points although the results obtained were not
necessarily consistent.

As above has been mentioned, until now,
many comparative studies and correlative
studies concerning physique trait for swim-
mers have been done. However, little has
been studied as to whether sexual differences
in physique aspects for well-trained competi-
tive swimmers exist or whether relationships
between physique and swimming perfor-
mance differ between sexes.

The purposes of the present study were (1)
to compare physique attributes between
swimmers and general people of similar age,
and between male swimmers and female
sWimmers, (2) to determine the simple rela-
tionships of physique attributes to various

swimming performances from 25m to 400m
and their sexual differences, and (3) to exam-
ine the contributions of physique elements to
performances and their sexual differences.

Methods

Subjects

A total of 166 male swimmers, ranged from
18.3 to 22.6 ys(mean age= 19.9 ys) and 91
college female swimmers, ranged from 18.3 to
22.3 ys(mean age= 19.7 ys) volunteered to be
subjects for this study. There was no signifi-
cant difference between the mean ages of
both sexes(p<0.05). They were well-trained,
skilled Japanese swimmers and had experi-
enced competitive swimming for at least
more than five years.

Variables

Physique is generally divided into the fol-
lowing four elements: body linearity(BL),
weight of body(WB), body girth(BG), and
body width(BW). According to Demura et.
al'®, a close relationship exists between BG
and BW. Therefore, 9 test items were chosen
as representing the four physique elements:
stature, arm length, and leg length from BL,
body weight, arm skinfold and back skinfold
from WB, and thigh, chest and upper arm
girths from BG and BW. Vital capacity was
also measured because this has a close rela-
tionship to physique attributes such as chest
girth, chest width, stature, and so on. These
tests were administered according to stan-
dard procedures 3",

Besides, the following five physique
indexes(composite variables)were calculated
by using values of stature, body weight and
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skinfolds of arm and back:body density®®, %
body fat?, body fat (% body fat x weight),
body surface area(0.007245 x body weight?+2°
x stature °?%), and lean body mass(weight-
body fat).

To test the hypothesis that contributions of
physique elements or attributes to swimming
performances would vary with the extension
of swimming distance, five crawl swimming
speed tests from 25m to 400m were adminis-
tered to all subjects. In 25m and 50m tests, the
subjects started to swim from kicking the
wall of the swimming pool in the water while
in the other tests, they started with a general
competitive starting method.

Statistical technique

Student’s t-test was used to test differences
between the means of swimmers and general
people, and between the means of male swim-
mers and female swimmers. In addition,
Pearson’s product moment correlation and
multiple correlation techniques were em-
ployed to determine the relationship between
swimming performance and physique vari-
ables. A probability level of less than 5% was
taken as indicating statistical significance.

Results and Discussion

Table 1 shows the means and standard
deviations for all variables selected in this
study for male and female swimmers. When
values of stature, body weight, arm length,
chest girth, upper arm girth, body surface
area, skinfolds of arm and back and vital
capacity for swimmers, were compared with
standard values for the same age people, all
values except for both skinfolds were rela-

tively greater in swimmers. Arm skinfold
was somewhat lesser in swimmers than in
general people, while back skinfold did not
differ between groups.

These results seem to be identical to those
reported by previous studies?®9-1012-13)15)18)
232602027 That is, well-trained or skilled swim-
mers are higher in stature, heavier in body
weight, larger in limb girth and chest girth,
greater in body surface.area and vital capac-
ity than general people or nonathletes. In
general, well-trained swimmers as compared
with general people or non-athletes!s? have
lesser body fat although some researchers
M9 reported that body fat or % fat for
swimmers varied even during swimming sea-
son.

From the results of both skinfolds obtained
in this study, Japanease swimmers also seem
to have lesser fat than general people. Fur-
ther, it is inferred that swimmers have less
fat in limbs rather than trunk or they have a
somewhat different distribution trait of fat as
compared with general people because only
arm skinfold showed significant difference.
Lesser fat of limbs for swimmers seems to be
due to the reason that arms and legs are used
entirely to produce propulsion in speed swim-
ming although fat is not always a detrimental
factor because it influences on increasing
buoyancy.

In comparison between male swimmers
and female swimmers, although values of
both skinfolds, body fat, and % body fat for
female swimmers were significantly greater
and thigh girth was not found to differ
between sexes, all the remaining variables
including swimming performances for male
swimmers showed significantly greater val-
ues.
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Table 1. Means and standard deviations for all variables.
male female
variable M SD M SD

1. stature(cm) 171.3 5.37 159.0 4.88 >
2. body weight(kg) 65.8 5.99 55.3 5.86 >
3. arm length(cm) 76.0 3.33 68.8 3.12 >
4. leg length(cm) 92.9  3.88 8.6 3.58 >
5. thigh girth(cm) 53.8 2.73 54.3 3.33

6. chest girth 1(cm) 97.1  4.39 89.4 3.98 >
7. chest girth 2(cm) 92.6 4.41 84.3 4.05 >
8. mean chest girth(cm) 94.8 4.29 86.8 3.95 >
9. upper arm girth 29.0 2.08 26.8 2.10 >
10, skinfold(arm) 9.8 2.56 14.9 3.25 <
11, skinfold(back) 12.4 2.90 14.7 3.21 <
12. body density(kg/ ) 106.1 0.60 104.9 0.74 >
13, lean body mass(kg) 55.0 4.59 43.3 4.17 >
14, body surface area(m) 178.6 9.79 157.1 9.67 >
15, body fat(kg) 10.8 2.20 11.9 2.49 <
16, % body fat(%) 16.3 2.44 21.3 3.02 <
17, vital capacity(en) 5158.8 591.38 3449.1 460.01 >
18, 25m crawl swim(sec) 13.9 0.92 16.1 0.27 >
19, 50m crawl swim(sec) 30.6 2.30 36.0 2.77 >
20, 100m crawl swim(sec) 66.0 5.54 79.7 7.57 >
21, 200m crawl swim(sec) 151.4 15.79 177.7 22.06 >
22, 400m crawl swim(sec) 320.9 33.31 373.7 48.84 >
23, age(yrs) 19.9 1.07 19.7 0.96

Note ;

1, Values of variable number 12 and 14 are multiplied by 100.

2. Chest girth 1 and 2 are values of maximum inspiration and
expiration times, respectively and mean chest girth is their

means.

3. > Values for male swimmers are significantly greater than those
for female swimmers and < its revers.

From the above results, male swimmers
are considered to have higher swimming
speed abilities than female swimmers if they
had almost the same swimming training
experience. Besides, the sexual differences in
physique aspects for swimmers seem to be
almost the same as those in general people of
the same age category®". Namely, although
female swimmers possess more. fat, male
swimmers are taller, heavier, larger in body
girth such as chest and arm, and greater in

vital capacity, body surface area, lean body
mass, and body density.

The sexual differences in physique aspects
like the above-mentioned may produce also
the difference in the relationships between
swimming performances and physique attrib-
utes. Correlation coefficients between swim-
ming performances and physique variables
are shown in Table 2. For male swimmers,
although physique variables such as skin-
folds, body density and % body fat were not
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Table 2. Correlation coefficients between swimming performances and

physique variables.

male female

Ne. 25m  50m 100m 200m 400m 25m  50m  100m 200m 400m
1, -254% -210% -204% -262% -197% -104 -108 -029 -138 -173

2, -308% -330% -281% -339% -243% 132 012 043 -121 -168

3. -187% -161% -157 -245% -167% -077 002 -092 -146 -169

4, -182% -129 -141 -221% -175% -171  -088 -109 -178 -183

5, -174% -196% -175% -220% -137 216% 069 121 -002 -030

8. -309% -308% -258% -356% -219% 145 028 -046 -181 -237%
9. -258% -333% -351% -362% -293% 071 -042 -059 -220% -243%
10. -096 -119 -088 -153 -090 296% 106 050 -023 -027

11. -017 -116 -024 -087 003 220% 054 090 -057 -061

12, 022 092 034 103 021 -266% -083 -068 040 030

13. -325% -336% -2908% -351% -263% 036 -021 017 -127 -182

14, -325% -329% -277% -353% -253% 058 -029 021 -139 -186

15, - -150  -209% -130 -206% -109 256% (64 074 -071 -090

16. -020 -090 -024 -097 -016 267% 079 067 -037 -028

17. -451% -462% -444% -421% -330% 122 068 082 019 -040

Note ; 1, Decimal point omitted.

2. Variable numbers correspond to those in Table 1.

found with any swimming performance, the
other physique variables showed significant
correlations with all or many swimming per-
formances. However, for female swimmers,
some physique variables such as thigh girth,
skinfolds, body density, body fat, and % fat
correlated significantly to the 25m swimming
performances and only chest and arm girths
to relatively longer performances (200m and
400m). In addition, the signs of correlation
coefficients between 25m swimming perfor-
mance and physique attributes of thigh girth,
both skinfolds, body fat, and % fat were
negative in males but positive in females.
As a whole, the present results were not
entirely identical to those, especially in
female swimmers, reported by Kita®?, using
Japanese competitive swimmers as subjects.
However, the subjects in Kita’s study seem to

be fairly inferior in swimming ability to those
used in this study. As already stated, the
results of previous studies concerning rela-
tionships between swimming performance
and physique are not always the same. Name-
ly, some researchers!®?#®® found that swim-
ming speed related significantly to physique
attributes such as stature and body weight,
but others®**® reported no significant rela-
tionships.
Probably,

affected the
previousely reported data: skill level, degree
of training experience, group trait, and so on.

following factors may have
inconsistent results among

However, as far as judging from the present
results, a relationship of each physique attrib-
ute to swimming performances seems to
differ in sexes. Namely, male swimmers have
a greater influence of physique to swimming
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Table 3.
swimming performances.

Multiple correlation coefficients of physique elements to various crawl

25m S0m  100m 200m  400m

body linearity
male weight of body

body girth

whole physique

body linearity

272% 248% . 244%  .275% .254%
.347% .335% .312% .355% .286%
.347%  .363% .370% .405% .314%
A44% . 425%  439% .462% .395%

.209 .199 .202 .186 .187

female weight of body .305%  .120 .090 .132 185
body girth .285 .184 .315%  .400% .424%
whole physique .469% 313 .394 434% 449 %

Note ; s Significant at the 0.05.

performances than female swimmers. Espe-
cially, it may be noted that the way of rela-
tionship of physique attributes such as body
density, skinfolds, and fat to 25m perfor-
mance differ extremely in both sexes. Nega-
tive correlations in Table 2 can be interpret-
ed as that the faster a swimmer swims the
greater his physique value is because time
was used as a unit of swimming performance.
Therefore, it is considered that in female
swimmers, the greater thigh girth they have,
or the more fat they have, the slower they
swim in 25m swimming, but, in male swim-
mers, such a trend does not exist.

It should also be noted that in male swim-
mers, lean body mass, body surface area, and
lung capacity showed significant correlations
with all swimming performances, but not in
female swimmers.

Table 3 shows multiple correlations of
physique elements to each swimming perfor-
mance. In case of male swimmers, all phy-
sique elements or whole physique correlated
significantly with all swimming perfor-
mances. In contrast, for female swimmers,
significant correlations were found only

between weight of body and 25m perfor-
mance, and between body girth and perfor-
mances of longer than 100m. It is apparent
that the sexual difference in contribution of
physique elements to swimming perfor-
mances exists although the point is somewhat
different when compared to viewing from
each physique variable like in Table 2. Both
groups of male and female swimmers were
the same in age and training experience
although speed swimming ability was fairly
different. Therefore, as the reason of the
sexual differences obtained in this study, the
following can be considered: in case of female
as compared to male, physique itself is not
always one of more important factors for
limiting swimming performances, and physi-
cal elements such as muscular strength, flexi-
bility and endurance rather than physique are
closely related to the achievement of speed
swimming. Or, physique with many other
physical factors rather than by itself relates
strongly to swimming performance. How-
ever, from the present results, in both sexes,
the hypothesis that the contribution of phy-
sique to swimming performance would vary
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with the change of swimming distance can
not be comfirmed.

In summary, well-trained swimmers have
greater values in many physique attributes
except for arm skinfold than general people
of the same age and there is a similar sexual
difference in physique aspects between male
and female swimmers as that of general
people. Furthermore, the contribution of phy-
sique to swimming performance for male
swimmers is generélly higher than that for
female swimmers and also a sexual differ-
ence in the way of its relationship exists.
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