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The morphological characteristics of abdominal muscles in
collegiate baseball pitchers.

Shin HASEGAWA?Y

Abstract

The purpose of this study was to investigate the differences in abdominal muscle thickness between
dominant side and nondominani side of collegiate baseball pitchers, Subjecls were twenty collegiate
basehall pitchers and tweniy collegiate male students who don’t participate in a sports which involves
trunk rotation. Muscle thicknesses were measured by using B-mode ulirasonic equipment with a 7.5MHz
transducer at the following sites: rectus abdominis muscle {RA}, external oblique muscle (BD), internal
ebligue muscle (10, transverses abdominais muscle {TA} and the total of the muscle thickness {LA:
lateral abdominal muscles). In results, nondominant side showed sipnificantly higher values in muscle
thickness than dominant side at 8, IO and LA in colliegiate baschall piichers {(p<{0.01). But, there
was no significant difference between dominant side and nondominant side at all sites in coliegiate
male students. No significant correlation was shown between abdominal muscles thickness { RA,
EO, 10 and LA ) and ball veloclty, In conclusion, the resulls suggested thal the difference of lateral
ahdominal muscles development was shown between dominant and nondominant side in collegiate
baseball pitchers. These results suggested that the difference in the degree of lateral abdominal muscies
development may be affected 10 repeated pitching motion in long term,

KEY WORDS : baseball pilcher, recius abdominal muscle, lateral abdominal muscles
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Table 1. Physical characteristics of subjects.

PG CG
(n=20) (n=20)
Age (yr) 19.540.9 19.3£0.9
Height (cm) 178.244.4 169.9¢4.9  **
Weight (kg) 75 0£6.2 62.8£56  *ex
LBM (kg) 65.1£5.6 57.0+3.9 i

PG: Pitchers group, CG: Control group, LBM: Lean body mass.

**:p<0.01,"*:p<0.001. Significant difference between PG and
CG.
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Fig.1 The location of measurements taken by ultrasonic (Left)
and ultrasound images of abdominal muscles(Right).
RA: Rectus abdominal, EA: External oblique,
I0: Internal oblique, TA: Transversus abdominis,
LA: Lateral abdominal muscle.
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Table 2. Muscle thickness of rectus abdominis muscle.

PG (n=20) CG (n=20)

D (mm) ND (mm) D (mm) ND (mm)

RA-1 13.8+£2.9  14.0+2.3 8.4+1.4 8.8+1.7
RA-2 16.7£2.4  16.2+2.2 15.6£2.0 15.5+1.8
RA-3 17.8+2.4  17.7£2.1 17.1£1.9  16.8+1.9
RA-4 17.8£2.2  17.1£2.4 18.3+2.5 17.2¢1.9

PG: Pitchers group, CG: Control group.
D:dominant side, ND: nondominant side.
RA: Rectus abdominis
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Table 3. Muscle thickness of lateral abdominal muscles.

PG (n=20) CG (n=20)

D (mm) ND (mm) D (mm) ND (mm)

EO 9.7+1.3  10.5£1.6 ** 10.1+1.5  10.0+1.6
IO 14.1£2.3  15.8£2.8 ** 14.7£3.0  13.9+3.2
TA 4.6£0.7 4.8+£0.7 5.2+1.2 5.0£1.2
LA 28.3+3.2  31.1x4.3 ** 30.0+4.9  28.9+5.2

PG: Pitchers group, CG: Control group.

D:dominant side, ND: nondominant side.

EA: External oblique, IO: Internal oblique.

TA: Transversus abdominis, LA: Lateral abdominal muscles.
**:p<0.01. Significant difference between D and ND.
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Table 4. Correlation coefficients between muscle thickness
and maximal ball velocity.

D ND
RA-1 -0.034 ns -0.141 ns
RA-2 -0.053 ns -0.074 ns
RA-3 -0.099 ns -0.134 ns
RA-4 -0.089 ns -0.218 ns
EO 0.286 ns 0.249 ns
10 0.204 ns 0.372 ns
TA 0.172 ns 0.194 ns
LA 0.340 ns 0.374 ns

D:dominant side, ND: non-dominant side.

RA: Rectus abdominis, EA: External oblique, IO: Internal
oblique, TA: Transversus abdominis, LA: Lateral abdominal
muscles.
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A study on the method of instructions for “knack of movement”
~from a perspective of phenomenological and anthropological
movement theory in sports—

Yusuke HAMASAKIY

Abstract
What we instructors should do is to not explain the mechanism of movement or physiological
function, but to glve advice on aspecis which appeal to the learner's consciousness for developing a

sense of movement.

Namely, instructors have to make learners grasp a “knack of movement”. The*knack of movement”
can not be clarified by a natural scientific method which employs physical measurements. It has {0
be extracied by analyzing the feeling of movement {(HUSSERL'S meaning of “Kinasthes™) from a

phenomenclogical approack.

The purpose of this study was to show the importance of instruction in the*knack of movement”

which can be obiained by analyvzing human movement in phenomenociogy and anthropology.

in this study, it was revealed that the®knack of movementcan't be grasped by only understanding

from the outside form of movement.,
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The variation of mental condition date before and after
training camp for university women’s volleyball players

Masahiro OHKAWA !’ , Yatsuo SHIMAYA'" , Eri NAKAMURAY, and
Mitsuru SAKAIY
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Abstract

Although, estimating body composition i3 importast in track-and-field athletes in training, convement and
accurate methods for athletes have not yet been cstablished. Meanwhile, somatotyping has beon used for the
assessment of athletes’ physiques. The purpose of this study was to investigate the utility of somatotyping for
gstimating body composition by clarifving relations of somatotype components and body composition indexes in
college athletes. Measurements were made in thirty-one male college track-and-field athletes (18-22 yr) two times
gach, at 13-month intervals. We measured weight, height, breadth and girth measurements, skinfold thicknesses (8F),
and bioelectrical impedance {BI). Three somatotype components (i.e. endomorphy, mesomorphy and ectomorphy)
were determined depending on the Heath-Carter anthropometric method. Body mass index (BMI; kg-m™), and fat
mass index (FMI; kgem™) and fat-free mass index (FFME kgem™ (e, fat mass and fat-free mass standardized by
height}, caloulated from both SF and B, were used as body composition indexes, The relation between somatotype and
body composition was asalyzed for all two measurements. Mesomorphy and ectomorphy were sigaificantly refated to
BMI. FMY and FFMI by 8F were more accurate than by Bl in relation with somatoiype components. High correlations
were obtained in the endomorphy ve, FMI, mesomorphy vs. FFMI, and ectomorphy vs. FFMI relations. No matter
what estimation method for body composition was used, sach somatotype component was significantly related to body
composition. These findings i the present resulis suggest that anthropomelric somalotype rating would be useful for
gxtimating body composition in track-and-field athletes in tzining.

KEY WORDS : Skinfold thickness, Bioslecirical impedance, BMI, Fat roass index, Fai-free masy index

Purpose impedance (BI} methods used widely in a field of
sports training are ¢asy and convenient methods,
In track-and-field events, io. running, jumping and  predictive equstion using these methods made from

throwing, athietes should have 2 body fitting for their non-sthietes would be inapplicable to athletes with

event characteristics fo atfain higher performance”.
Therefore, estimating body composition is important
in sssessing the progress of performance potential or
physical condition in athletes in training. A two-
component model that divided whole body mass info
fat mess (FM) and fat-free mass (FEM) hag been
generally used to estimate body composition®,
Although, skinfold thickness (8F) or biselectrical

highly-trained physical performance level,
Consequently, convenient and accurate estimation
methods for athletes have not yvet been established.
Meanwhils, anthropometric somatotyping has bean
used for the assessment of athletes’ physiques, which
is easy and correct measure”. If somatotype is greatly
related o body composition, somatotyping would be
useful for assessing body composition. Previous
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studies showed significant relationship between
somatotype and body composition in college-aged
women® > 9, Thorland et al. investigated body
composition and somatotype characteristics of junior
Olympic athletes”. However there is no study that
relationship between both indexes for athletes was
clarified.

The purpose of this study was to investigate the
utility of somatotyping for estimating body
composition by clarifying relations of somatotype
components and body composition indexes based on
both SF and BI in college athletes.

Methods

1) Subjects

Thirty-one male college track-and-field athletes
(18-22 yr) participated in this study, two times each,
at 13-month intervals.

2) Anthropometric measurements

Weight, height, two biepicondylar breadths
(humerus and femur), two girths (fixed upper arm and
calf) and five skinfold thicknesses (SF; biceps, triceps,
subscapular, suprailiac and medial calf) were
measured on the right side of the body and by trained
investigator according to standard techniques.
Biocelectrical impedance (BI) was measured using a
generator” (TP-202K, Toyo Physical, Fukuoka,
Japan).

3) Somatotype

Somatotype was described depending on three
somatotype components (i.e. endomorphy,
mesomorphy and ectomorphy) which were
determined according to the Heath-Carter
anthropometric method”.

4) Body compositions

Estimating body composition was made by both SF
described by Lohrman® and BI. Body mass index
(BMIL; kg-m™), and fat mass index (FMI; kg-m™) and
fat-free mass index (FFMI; kg-m™) (i.e. fat mass and
fat-free mass standardized by height)” '”, calculated
from both SF and BI (FMI-SF, FMI-BI, FFMI-SF and

FFMI-BI, respectively), were used as body
composition indexes.

5) Statistics

All data are presented as mean+SD. A paired t-test
was used to compare two variables. A pearson’s
correlation cocfficient was employed to test the
relationship between two variables. Statistical
significance was accepted at p<0.05.

Results and discussions

1) Comparison of evaluation method
(SF vs. Bl relation; Table 1)
Although present evaluation methods using SF and
BI are estimated from different principle, there was
no significant difference between body composition
indexes evaluated by both. These results would show
that the values estimated from both methods were
proper.

Table 1. Body composition indexes in college athletes.

SF BI
FMI (kg-m?) 32408 3.0£0.7
FFMI (kg-m?) 182412 18.4+1.2

SF: Skinfold thickness, BI: Bioelectrical impedance, FMI: Fat
mass index, FFMI: Fat-free mass index.

2) Somatotype of athletes (Fig. 1)

Somatotype of track and field athletes was
distributed over the Mesomorphy-Ectomorphy range,
which means that subjects were well-muscled athletes.

-8 -8 -4 =2 0 2 4 ]

Fig. 1. Somatochart in college track-and-field athletes.
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3) Somatotype vs. body composition relation (Fig. 2)

The relations of each somatotype component and
body composition index are shown in Fig. 2, and
significant correlations of p<0.001 level are
demonstrated by straight line. Significant relationships
were found between BMI, and mesomorphy (positive)
and ectomorphy (negative). FMI and FFMI-SF were
more accurate than -BI in relation with somatotype

components. High correlations were obtained in the
mesomorphy vs. FFMI (positive) and ectomorphy vs.
FFMI (negative) relations in both -SF and -BI. On the
other hand, endomorphy was highly related to FMI-
SF but weakly related to FMI-BI. These results for
athletes could be consistent with previous studies for
students®>?,
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Fig.2. Relationship between body composition indexes and three somatotype components.
Body composition index vs. endomorphy in left column, mesomorphy in middle column and
ectomorphy in right column, respectively. Somatotype score vs. body mass index (BMI) in
upper line, fat free mass index (FMI) and fat-free mass index (FFMI) by skinfold thikness (SF)
in middle line, and by bioelectrical impedance (BI) in bottom line, respectively. @: body
mass index, M: Fat-free mass index, A: Fat mass index.

Although somatotype and body composition by SF
are calculated from anthropometric measurements, by
Bl is evaluated from different principle of measurement.
Nevertheless, no matter what estimation method for
body composition was used, strong relation was
obtained between somatotype and body composition.
Consequently, these results would support our
hypothesis that anthropometric somatotype rating

would be useful for estimating body composition in
athletes in training.

Conclusions

We investigated the relation between somatotype
and body composition in college track-and-field
athletes. No matter what estimation method for body
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composition was used, strong relation was obtained
between both indexes. Mesomorphy and ectomorphy
were highly related o FFMI in partionlar. These
findings in the present study suggest that
anthropometric somatotype rating would be useful for
egtimating body composition in athletes in training.
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Table 1. Comparison of the competition experience and

gender difference in department of sports science.

Total students Athletes Non-athletes Hest
Meantz.d, Mzants.d. Meants.d.

Boys
n 177 134 43
Stature m 171.7 + 6.3 1717 + 64 1719 + 6.1 nE
Body mass kg 6604 + 8.3 6586 + 82 66.58 + BS ng
Body mass index kg/m* 224 £ 23 223 + 21 225 + 28 ns
Fat masa kg 105 + 43 100 + 33 122 + 6.1 P05
Fat-free mass kg 553 £ 57 558 + 59 544 + 48 ns
%oFat mass % 156 + 4.6 150 + 3.5 17.7 + 6.6 DO
Fat mass index kepim® 36 + 14 34 + 11 41 + 2.1 oS
Fai-free mess index  dgfm” 188 + 14 189 + 14 184 + 14 ns
Triceps-SF mm 11.9 = 6.1 112 = 50 142 £ 84 .05
Subscapular-SF mm 122 £ 46 11.6 = 3.6 141 £ 6.8 A0S
Chest <m 880 * 5.6 BB.1 = 54 877 £ 6.1 ns
Waisl m 0.7 £ 54 0.7 £ 52 0.5 £ 59 ns
Upper srm m 269 £ 34 268 £ 3.5 272 £ 28 ns
Thigh n 537 £ 49 53.9 £ 47 530 = 54 ns
Calf sm 369 = 5.1 370 £ 44 365 £ 6.7 ng
Girls
n 71 58 13
Stature «m 161.9 = 6.0 1620 = 62% 1614 = 5.0 ns
Body mass kg 58.62 & 8A% 59.80 + BA4* 5333 + 6.0* 2005
Bodymassindex  kem® 223 &+ 25 227 + 24 204 + 17+ p<0.05
Fat masz kg 142 + 51% 146 + 5.3* 125 + 39 ns
Fat-free mass kg 444 £ 5.6% 452 + 5.6* 408 + 3.6* <005
%oFat mazs % 239 + 6.1* 241 + 62% 231 + 53% nE
Fat mazs index kg/m* 54 + 1.8* 56 + 1.8* 48 £ 14 ng
Fat-free mags index  kg/m® 169 + 1,7* 17.2 £ 1,7+ 157 + 0.8* o lin)
Triceps-SF mm 182 + 65" 183 + 6,7 184 + 54" ng
Subgcapular-3F mn 158 + 6,6 159 =+ 6.8* 151 = 54 ng
Chest m 859 + 6.2* 866 + 6.3 2.7 + 4.6° ng
Waist m 920 £ 55 527 = 53° 886 = 5.3 005
Upper arm <m 257 += 2.6 260 = 2.6 45 = 22° na
Thigh m 553 = 5.8* 55.7 = 6.0° 536 = 41 1
Call m 358 £ 4.7 364 £ 4.8 331 £ 3.5° "]
iewt; Athlstes va Nom-athletes

Gender difference; *p<0.05

Table 2. Descriptive statistics of stature, body mass, BMI, FM, FFM, %FM, FMI and FFMI by sport entries atheletes.

Stature Body Mass BMI M FFM SFM FMI FFMI
cm kg kg/m® kg kg % kg/m® kg/m®
Meatrts d, Meantad. Megetg.d, Meantsd, Meantgd, Meants d, Meantad. Meantsd.

Males n

Football 26 1718 £ 56 6448 = 64 218 = 15 94 = 22 551 = 53 145 £ 2.7 32 =07 186 = 1.2
Baseball 11 1725 = 80 6906 = 82 232 = 20 11.6 = 40 575 = 58 165 = 42 39 =13 193 = 1.1
Junko baschall 5 1726 £ 55 6446 = 61 216 = 1.9 82 = 20 562 = 43 126 = 2.1 2.7 = 0.6 189 = L&
Rubberball baseball 4 1729 £ 80 6290 = 113 210 = 26 87 = 28 542 = 8.6 13.7 = 21 29 = 08 181 = 1.9
Baakethall 18 173.7 £ 7.0 6663 = 88 221 = 22 104 = 34 562 = 6.6 154 = 3.6 35 = 11 186 = 14
American football 2 1699 +£ 35 6685 £ 04 232 = 1.1 83 = 11 585 £ 15 124 £ 1.7 29 £ 03 203 £ 13
Tennis 5 1719 £ 20 6lle = 57 207 = 20 83 = 30 529 + 32 133 = 36 28 + 1.0 179 + 1.1
Soft tenmis 3 1727 + 60 6453 + 6.1 21.7 + 26 99 + 39 546 + 4.0 151 + 4.7 34 £ 15 183 + 12
Softball T 1679 £ 57 6250 + 43 222 = 14 9.0 = 2.1 535 +£ 33 143 = 2.8 32 =038 190 + 0.9
Track and fisld-Sprinter 9 1717 £ 59 6622 = 33 225 = 18 102 = 27 560 = 2.9 154 = 37 35 1.0 190 = 15
Track ahd field-Throwing 5 1758 = 60 3022 = 160* 258 = 34 146 = 6.1 656 = 10.8* 178 = 43 47 = 1.7 211 + 20%
Track and field-Ekiden 2 1720 £ 67 6040 % 5.1 204 = 0. 83 = 1.1 521 = 62 13.9 = 30 28 = 0.6 176 = 0.7
Badminton 8 1705 £ 53 6373 = 10.1 218 = 23 92 = 40 54.5 = 6.1 13.9 = 39 31 =12 187 = 11
Volleybell 7T 1734 + 87 6600 = 42 220 = 1.8 108 = 2.6 552 + 3.7 163 = 3.5 36 £ 1.0 184 = 1.1
Handball 3 1694 £ 40 6177 = 32 215 = 07 84 = 2.7 533 £ 29 136 = 4.0 29 = 10 186 = 0.2
Futsal 3 1676 + 49 6287 + 54 224 + 10 11.1 + 3.5 518 + 25 174 £ 4.1 39 + 11 184 + 02
Rughy 5 1748 £ 44 7704 £ 79 252 + 23 13.6 = 41 634 £ 40 174 = 3.6 44 + 12 208 + 1.3*
Swimming 2 1758 + 78 6830 + 47 221 + 05 123 + 54 560 + 101 183 + 5.2 41 + 21 180 + 1.7
Gymmastics 9 1648 £ 65 6225 78 228 = 1.1 84 = 30 538 = 54 133 = 32 31 =09 198 = 0.7
Non-athletes 43 1719 £ 6.1 6658 = 85 225 = 28 122 = 6.1 544 = 48 17.7 £ 656 41 = 21 184 = 14
Females

Football 3 1615 £ 50 5567 = 60 213 = 1.0 144 = 7.6 413 = 1.7 250 = 10.8 54 £ 2.5 159 = 1.6
Soft tennis 5 1591 £ 6.1 5738 = 87 226 = 23 171 = 45 403 = 8.0 299 = 7.6 £8 £ 1.9 158 = 2.0
Softball 4 1548 £ 29 5788 = 535 242 = 2.1 134 = 33 444 = 74 235 £ 69 56 = 1.6 185 + 2.7*
Track and field-Sprinter B 1597 + 49 5393 + 45 212 + 1.5 106 + 1.9 433 + 34 196 + 2.8 42 + 08 170 + 038
Track and field-Throwing 6 1626 = 7.5 6850 £ 172% 256 = 3.8 178 = 105 507 £ 8.6* 249 = 78 635 + 3.1 191 + 19*
Baskstball 10 1632 £ 60 5799 + 48 218 = 24 128 = 23 451 + 35 221 =30 49 £ 1.0 170 = 1.7
Badminton 2 1657 £ 09 6080 = 57 221 = 18 11.7 = 04 491 = 53 193 = 12 43 = 0.1 179 = 1.7
Volleyball 9 1678 + 63 6472 + 59* 230 = 16 165 = 53 482 + 4.6* 252 = 69 58 £ 18 171 = 13
Kendo 2 1650 £ 52 6090 = 0.1 224 = 14 140 = 06 469 = 0.7 230 = 1.0 52 £ 0.5 172 = 0.8
Swimming 9 1603 = 47 5944 = 63 231 = 2.1 163 = 4.8 432 + 36 270 = 60 63 £ 1.9 168 = 1.0
Non-athletes 13 1614 = 50 35334 = 60 204 = 17 125 = 39 408 + 3.6 231 £ 53 48 = 14 157 £ 0.8

t-test: * p<0.05, vs Non-gtheletes.
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Table 3. Descriptive statistics of the skinfolds thickness and the circumference by sport enfries atheletes.

Triceps-SF  Subscapular-SF Chest Waist Upper arm Thigh Calf
nmm mm cm cm cm cm
Meants.d Mean:s.d Meants.d. Meants.d. Meants.d Meaniz.d. Mean<s.d

Males 1

Football 26 107 + 34 11.0 + 3.0 865 + 3.6 90.8 + 4.1 260 + 2.0 541 + 32 362 + 21
Baseball 11 144 + 62 11.6 + 3.6 904 + 34 913 + 57 274 £ 25 558 & 34 367 + 2.0
Junko baseball 5 65 = 2.7 112 = 2.4 9.1 £ 5.1 915 = 25 262 = 22 551 £ 35 366 = 2.9
Ruhberball haseball 4 96 £ 33 103 = 1.6 882 = 7.7 893 + 49 259 + 24 522 £ 57 417 + 143
Baskeiball 18 120 + 5.0 11.8 + 31 875 = 6.1 912 + 52 264 + 22 524 + 50 378 + 58
American footbsll 2 73 = 33 160 = 0.5 875 £ 07 906 £ 2.1 268 £ 1.1 553 = 12 374 = 23
Soft tennis 3 126 % 85 105 = 1.6 866 = 0.8 889 = 4.1 262 = 19 53.9 & 40 358 = 1.5
Sofiball 7 20 + 31 124 £ 31 879 = 39 899 = 57 256 = 24 531 £ 37 350 = 1.3
Track and figld-Sprinter 9 127 £ 70 109 = 1.8 862 + 29 897 £ 3.0 272 + 29 549 + 30 378 = 34
Track and field-Throwing 5 136 + 6.0 151 + 68 %6.1 + 98 917 + 119 302 + 39 6l.1 + 60 403 + 3.9
Badminton 8 107 = 59 99 = 2.8 859 = 4.2 902 = 76 255 £ 1.7 533 = 57 363 = 3.0
Volleyball 7 113 £ 43 143 £ 446 882 = 36 912 + 46 295 = 108 5095 £+ 68 359 £ 35§
Handball 3 04 + 48 10.3 = 3.8 863 = 26 877 £ 3.7 261 = 1.8 542 + 33 359 = 09
Futsal 3 133 £ 55 146 + 3.5 863 + 9.7 923 + 6.0 244 £ 0.7 548 + 45 363 + 2.0
Rughy 5 125 £ 25 154 = 58 96.6 = 3.4* 962 £ 6.6 296 £ 1.9 539 = 82 41.7 = 110
Elriden 2 103 = 47 102 = 1.6 824 = 3.7 89.1 £ 05 42 = 14 523 £ 1.5 354 = 06
Tertis 5 85 £ 36 10.7 £ 44 828 = 75 384 + 42 243 = 23 513 £ 319 350 = 32
Swimming 2 150 £ 141 147 + 52 56 = 1.5 923 + 4.6 263 £ 1.8 550 + 14 350 = 14
Gymnastics 9 94 £ 53 98 £ 26 908 = 43 873 + 4.1 290 + 39 536 £ 55 362 = 1.5
Non-athletes 43 142 = 84 141 = 6.8 87.7 = 6.1 9.5 = 59 273 = 28 53.0 = 54 366 = 6.7
Females

Football 3 246 + 195 121 + 63 80.7 + 1.1 903 + 18 233 + 1.1 56.7 + 64 412 + 11.5
Soft tennis 5 219 + 21 235 + 125 873 + 57 923 + 4.3 250 £ 1.3 486 + 13.0 345 + 25
Sofiball 4 185 = 6.6 158 = 64 88.7 + 4.7 930 + 52 271 = 20 60.6 + 4.8 339 = 22
Track and ficld-Sprinter 8 152 £ 27 120 £ 42 81.7 = 46 886 x 4.7 242 = 2.1 517 £ 6.1 372 £ 94
Track and field-Throwing 6 216 £ B2 149 = 59 932 = 11.0* 976 + 88* 276 £ 30 576 + 39 390 = 47
Basketball 10 177 + 29 140 + 53 840 + 44 918 + 4.3 247 + 2.1 56.2 + 3.6 355 + 1.8
Badminton 2 151 £ 91 136 £ 7.0 86.5 £ 35 934 £ 02 253 £ 1.1 581 £ 13 353 = 18
Volleyball 9 188 * 6.8 183 = 6.6 898 + 4.2 955 = 49 274 £ 24 580 = 3.6 368 = 26
Kendo 2 193 % 49 140 £ 3.1 882 = 1.7 920 = 00 268 = 25 54% £ 04 368 = 1.1
Swimming 9 224 + 57 180 + 58 866 + 5.2 924 + 42 273 + 30 564 + 39 352 + 15
Non-gthletes 13 184 = 54 15.1 = 5.4 82.7 £ 4.6 886 £ 5.3 245 £ 2.2 53.6 4.1 33.1 = 3.5

test: ® p<.05, vz Non-atheletes.

Fat mass index, kg/m?

Fat mass index, kg/m?

BMI=16.8

P m— T
150 160 170 180 190 200 210 220 230 240
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BMI=2041
St

20.0
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150 160 17.0 180 1%.0 210 220 230 240

Fat-free mass index, kg/m?

Fig. 1 Characteristics of the body composition status in college athletes.
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