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The purpose of this study was to evaluate the body shape of athletes in comparison with
adult non-athletes by factor analysis. The subjects were 210 male adult non-athletes and 485
male high school age and adult athletes participating in 13 different sporting events. Physique,
skinfold thickness and body composition of each subject were measured. Measured values
from adult non-athletes were analyzed by factor analysis, and body shape of the athletes was
then analyzed according to these factors. The results are summarized as follows: 1. Four
main factors, that is, body fat, mass, leg length to height ratio and length, which could explain
88.5 percent of total variance, were extracted from the measured values from adult non-
athletes.
analysis.

2. Similarity of body shape between sporting events was analyzed by cluster
Body shape of the athletes could be classified into 3 categories: muscular and
well-balanced type ; rich muscular and large-built type ; and rich muscular and long-torso type.
Compared with adult non-athletes, male athletes had less body fat and greater mass except for
long-distance runners. The present results suggested that the athletes had body shapes suitable

to their sporting events.

(Ann. Physiol. Anthrop. 13(6) : 383-392, 1994)
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Physique, body shape and body construction of
athletes significantly affect their sporting abilities
and strategies of teams. Thus, it is well-known that
top-ranking athletes have body shapes that are
specific for their sporting events. Although there
have been many reports on physique and body
construction of athletes (Shephard, 1974; Pipes,
1977 ; Tanaka et al., 1977 ; Thorland et. al.,, 1981 ;
Puhl, 1982; Wilmore, 1983; Fleck, 1983; Butts,
1985 ; Tahara et al., 1990 ; Tsunawake et al., 1989,
1993), only a few studies on body shape have been
performed, including a report using Hearth-Carter
Method (Hearth & Carter, 1966) (Thorland et al.,
1981 ; Carter, 1984 ; Butts, 1985) and a report utiliz-
ing body indices calculated from physical measure-

ments (Tanaka et al., 1977).

Recently, body shape has been discussed in
anthropology (Fukushima, 1967 ; Kouchi, 1977) and
clothing science (Masuda, 1965 ; Yamana et al. 1988)
by multivariate analysis of physique data. In sports
science, multivariate analysis is used for analyzing
physical strength, motor ability (Matuura, 1973;
Imanaka, 1979 ; Kin & Matsuura, 1985) and psycho-
logical factors (Nishida & Inomata, 1981). Using
factor analysis, one of the analytical methods of
multivariate analysis, complex relationships
between many parameters can be represented by a
small number of factors.

Therefore, evaluating body shape of athletes by
factor axis scores would have merit for athletes as
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well as their trainers. In this study, we conducted
measurements of physique, skinfold thickness, and
body composition of adult male non-athletes and
male athletes. Data from the non-athletes were
analyzed by factor analysis, and classifications and
grouping of athletes from different sporting events

were based on the physical model of non-athletes.

METHODS

A. Subjects, period and place of examination

Male non-athletes (as control) were 210 healthy
male in their 20’s or 30’s (mean: 26.8). The study
group consisted of 485 athletes of high school age (S)
and adults (A) from 13 different sporting events:
long-distance running (L), sprinting (Sp), soccer (So),
volleyball (V), canoeing (Ca), weight lifting (W),
swimming (Sw), cycling (Cy) and rugby (R). All
adult weight lifting athletes belonged to the middle-
weight class, and high school athletes belonged to
the lightweight or middleweight classes. All subjects
were representative players (or equivalent) from
Nagasaki Prefecture participating in the National
Athletic Meet and other nationwide tournaments.
Some Olympic tournament players were included
among the adult canoeing and weight lifting ath-
letes. Title holders of high school championships in
soccer, canoeing and cycling were also included
among the subjects. They had 2 to 15 years training
experience and were regularly trained for at least 2
hours. We adopted abbreviations in this paper ; for
example L(S) represents a high school long-distance
runner and L(A) adult long-distance runner. Deter-
minations were performed in the physical education
section of the Faculty of Liberal Arts of Nagasaki
University between 1986 and 1993.
B. Parameters determined and wmethods
1. Physique, body surface area and body volume

Thirteen parameters were measured : height (Ht),
weight, lower height, sitting height, circumferences
of 7 locations, body surface area and body volume.
Lower height was calculated by subtracting sitting

height from height, and was used in place of lower

limb length. Circumferences were measured accord-
ing to Behnke & Wilmore (1974). Body surface area
was calculated with the formula reported by Fu-
jimoto et al. (1968). Body volume was determined by
the underwater weighing method and this value was
used as the denominator in the formula for calculat-
ing body density.
2. Body indices

Relative body weight, relative sitting height and
relative lower height were utilized as body indices,
which were calculated by dividing body weight,
sitting height and lower height by height, respective-
ly. These indices were compared to body shape to in
order obtain balanced information.
3. Skinfold thickness

Skinfold thickness was determined using the
Eiken skinfold caliper. Location and method of
measurements were based on Behnke & Wilmore
(1974). Eight locations were measured: 1) Triceps,
2) Scapula, 3) Abdomen, 4) Supra-iliac, 5) Chest, 6)
Thigh, 7) Knee and 8) Midaxilla
4. Body composition

Percent fat (9%Fat), body density, fat mass (Fat),
lean body mass (LBM), Fat/Ht and LBM/Ht were
included to the body composition indices. These
values were determined by the underwater weighing
method (Tsunawake et al., 1993), and %Fat was
calculated from BroZek’s estimated formula
(BroZek et al., 1963).
C. Statistical analysis

Means and standard deviations of each parameter
were calculated. Differences in mean values
between the control and athletes group were anal-
yzed by Student’s unpaired t-test. Extraction of
factors on body shape of control and calculation of
factor scores for each sporting event were carried
out by the following steps (Matsuura, 1973 ; Nishida
& Inomata, 1981 ; Yamanaka et al.,, 1991). Factors
for control were obtained by the normal varimax
rotation procedure to the factors obtained by princi-
pal factor analysis with an eigenvalue of more than

1.0. Individual factor scores were calculated using
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factor score coefficients from control. To analyze
similarity of body shape between sporting events,
cluster analysis using the hierarchical group aver-
age method was conducted for dissimilarity ; that is,
differences between each factor score of each event
(Imanaka, 1979). For stability of interpretation,
many cluster analyses using different methods were
carried out to discuss clusters. These statistical
analyses were carried out using the ANALYST
statistical data processing package on a FACOM
VP1200 computer at Nagasaki University Informa-

tion Science Center.

RESULTS

1. Physique, body indices, skinfold thickness and

body composition

Table 1 lists the mean and standard deviation
values of control and athletes participating in 13
different sporting events. Results of significance
tests of mean values between control and athletes
and percent representation of ratio between the
mean scores of control and scores of each event are
shown in table 2. Physique, skinfold thickness of
control, and body composition were thought to be
typical of Japanese males (Tahara et al, 1994).
There were some notable significant differences
between control and athletes from e_ach sporting
event. All mass and girth items except for length of
L(S) and L(A) were significantly lower than control.
In contrast, length, mass, and girth items of R(A)
were all significantly higher than those of control.
With regard to skinfold thickness, all 8 measuring
locations of L(S), L(A), Sp(S), So(S) and Ca(S) were
significantly lower than control, whereas there was
no significant difference in Ca(A) or R(A). %Fat
was significantly lower in L(S), L(A), Sp(S), So(S),
Ca(S), W(S), W(A), Sw(S), Cy(S) and R(S). LBM was
significantly lower in L(S) and L(A), and significant-
ly higher in So(S), Ca(A), W(A), R(S) and R(A).
2. Factorial structure of adult male non-athletes

Table 3 shows the factor loading matrix after the

normal varimax rotation procedure. Four factors

with which 88.5% of total variance on physique,
body indices, skinfold thickness and body composi-
tion could be explained were extracted. Factor 1
showed high positive scores in %Fat, Fat, Fat/Ht
and skinfold thickness, and showed high negative
scores in body density. Thus, this factor could be
interpreted as representing "Body fat”. Factor 2
showed high positive scores in body weight, circum-
ference such as thigh and hip girth, body surface
area, body volume, weight/Ht, LBM and LBM/HLt,
and thus, could be interpreted as a "Mass” factor.
Factor 3 showed high positive scores in lower height
and relative lower height, and showed a high nega-
tive score in relative sitting height. Thus, we inter-
preted this as "Leg length to height ratio” factor.
Factor 4 showed high loading scores in height and
sitting height. Thus, we interpreted it as a ”"Length”
factor.
3. Body shape of athletes from each sporting event
Plots of factor scores in male athletes based on
factor score coefficients (Table 3) are shown in Fig.
1. On the Factor 1 axis, all groups were located in
the negative region. On the Factor 2 axis, L(S) and
L(A) were located in the negative region, whereas
other groups were located in the positive region. On
the Factor 3 axis, 8 groups (V(S), Sp(S), Sw(S),
So(S), L(S), Ca(S), L(A) and R(A)) were located in
the positive region. On the Factor 4 axis, W(A),
W(S), Sp(S) and Cy(S) were located in the negative
region, whereas other groups were located in the
positive region.
4. Similarity of body shape between sporting events
Fig. 2 shows a dendrogram of clustering of factor
scores for male athletes. L(A) and Ca(S) had the
shortest distance (0.119) ie. showed the highest
similarity. Next, Sw(S) and L(S) showed high simi-
larity with- L(A) and Ca(S), which constituted a
cluster of well-balanced muscular body shape.
Ca(A), R(S) and R(A) constituted another cluster of
rich muscular large-built type. W(A) solely con-
stituted an independent cluster of rich muscular and

long-torso type.

NI | -El ectronic Library Service



Ant hr opol ogy

Japan Soci ety of Physi ol ogical

Body Shape of Male Athletes by Factor Analysis

386

(s Fuesp )
Juaprys 983100 pue IMpY (V) ‘Juaprus jeoyos yBIH (s)
*Aq8ny g ‘BmPAD 14D ‘Sunwunimg ‘mg Sunyy yBapm (M ‘Sutsoue) ) ‘eqAafIoA (A '10900g ‘og ‘Supuuds !dg ‘Burunt asuessip-Juor] T ‘90pPE-UON N

0E¥ 6'8€ €TF69€ 9TF9TE 0TF1'TE 0'EF6'8€ 6TFOEE TIFS8E YIFOTE 9TFTeE I'TF1%e 0TF8IE 0'TF80€ €TFL6T S'EFO0TE (/3 31 / NT'T 0€
99 F '89 0SFI'v9 6t F 6'PS v ¥ T'SS S9OFTHI 09FI'SS TIFELY LY FSPS L9 ¥98¢ SYF0'6S G'EFSPS 6EFPTS St F9°0S LIFPPS . (8) WHT 6T
LTF P9 ST¥8E (R 44 CIFLE YOF €€ IT¥vdy L1FEY 9TFPe 0T*9v E1FPE T1¥67 01F0€ 80F 7€ YEFE9 (w33 3H / 18 8T
0TFETL I'v*¥$9 TEF VL TIFE9 90FSS 9EFPL 0EFSL 8TF6S LEFTS TTF6S TIFED 81F0S SIFSS 6SFLOT @ ed L7
T10°0 ¥ 890°T $10°0 ¥ 080'T 0T0°0 ¥ €L0'T 8000 ¥ LLO'T €00°0 F €80°T TI0'0OF HLO'T O10°0F LLO'T 600°0 F 6£0°T 1100 F ZLO'T 800°0 F 080T 600°0 F S80'T L00'Q F 180'T 900°0 ¥ 8L0'T S100¥ €901 (wi/8) Ksusp Apog. 97
Yv ¥ €l SSFI'6 vFL11 I'EF 101 T1¥6L 8P FSII 6'€F 001 LEFS6 SPF ol TEF06 VEFTL 8TFLS TIFLG €9F8¢SI (%) 4% ‘ST
uogisodwios Lpog

96 FTU Fr¥08 0¥ T8 61F9¢ 90¥F 89 CEFER 8TF66 T v9 1'T¥69 9TFT9 YI1¥9¢ L1IF9¢ YIFTS 8SFI'IT (unu) efeepnn '
TFEFT1'6 TEFT6 LTF 08 9IFT9 01F €S TEFTLS €0FE9 TT¥89 TEF 86 6IFPL €IF €9 CIF0S TIF09 SEFSS (unu) sowy] g7
9P FSET PEFLIL SYFTel 8TF 88 €0F L9 LEFOTL 01#871 8EFTO0I SEFSEN T'EF 101 STF6L STF6'9 (A4S %] €9FTYI (uun) 431, 72
I'v¥96 0€EF 99 9EFSL 8IF 6% 01TFSY 0P FHL I'v¥59 61¥65S TT¥89 LIFLS 60F 1S TIF9Y YIF8Y 7S¥6'6 (unw) 3843y 17
L9F 691 TS¥801 9% 97t IPF 06 YiFE9 S9FLOT STFYEL Tv¥88 TP ¥ 901 SEFP6 LIFSL 8TF€9 6'TF69 08 ¥8'S1 (wrw) serp-eadng 07
09¥FL91 09 ¥801 LSFST LTFTL €1¥08 8'9F L 01 TEFT'ET LEF TS AR 4 9TF V'8 81 ¥89 vYi¥89 GT1F99 88F 691 (unu) uawopqy ‘61
YoFoOPl €r¥S01 VY'EF 86 TIFLL €0F €9 LEFO001 L'T1¥901 9T¥F7T8 YIFT6 S1¥78 9TFSL PIFeEL TIFOL €9¥S'El (urur) emdess ‘g1
LEFE6 P's ¥9°01 9EF 96 TIFT9 SOFSY 9EF 66 CIFPL TEFSL 8TF 66 TTF €8 LTF69 9IFLS 0TF b9 0S FH01 (unw) sdoowry, L1
SSAWONY ploJun(S

TLFeor VIFI9P TTF 19 80FI'LY €0FTSH TIF1'9% LOoF8's VIF Loy e 0TF¥ 69 TIFSLY T1¥99 T'T*89 PIFTOL (W) If / By JamoT 91
VIFLES ViFees 'TF6'€S 80F6T¢ €0F VS TT1¥6'¢S LOFEPS TTIFS€S TIFL7TS OTFTI'eS TIFSTS 1Fv'es riFTes PIF8€s  (wauo) i /Sy Sunis g1

ESFYSE  OEFLOP  9EFOLE LIFSSE OEFTTY  GEFYLIE SOFLI CEFHSE  CEFLE  STFSLE GIFECHE  TIFREE LIFRIE  LSFESE (W) 11/ MBBM b1

xaput Apog

BOIFLYL OSFL'SO  SOFI8S TSFILS 6SFHPY LLFEBS  PIFH6D  09F6SS €8FE€L9  6VF009 ObFIbS IbFTES  ISFOLS  SOIFEDS (1) sumjoa £pog €1

PUOFI6T  LOOFO8'T  600FLYT 800F8YT OIOFILT TIOFSYT SOOFSET 600FSOT SIOFLLT 600FILT LOOFPOT LOOFIOT 600F 09T $I0FOLT  (pu)eore soepms Apog 7

PSFI'96  9EF6T6  SHFLBY  UEFLUS  VTILT6 SPFOL8  CIFSTL6  OVFOL8  8PIPI6  PEFI06 OEFIL8  LTFSS8 bEFOSE  gSFIU6 (u) dig 11

89FET8  ECEFLPL  OSFOOL OVFT69 6TFOSL ESFLEY USTOI®  OEFI6) ObFTIL TEFOIL STFELY PEFRLO  SCFTLO  C8FT6bL (o) 157 01
OEFTOP  0TFUBE  TTFYOE  STFLSE STFOLE PIFESE LOFELE E€IFLYE HTFIBE  SIFSLE O1F09¢ SIFLSE TIFISE TEFEOE (wo) Y18 oy Jomo'] '6
8PFLO9 EEFELS TEFIPS GIFEC0S €TFE8S SEFLYS  80FY9S  9EFSOS OEFLES BIFEES LIFR0S  TIF66 9TFE8Y  bHFLIS (uro) yud y8ry, '8

TF LI TT*s'67 0TFILT €1¥9'97 SOF 1’0t 0TFILT TI*FS1E STFTULT TI¥T'92 YiFe9r TTFLPT E1F0PT STF9ET TEFO'LT (wo) qurid wire saddpy +f,
Y9F 178 SEFLSL I's¥6lL Tv¥F10L EEFTSL €SF6OL +'0F8'8L SEFSOL YrFOoeL TEFIUL Y ¥ L'89 TEFT69 V'EF 189 98 F 9L () yui8 feunuopqy -9

8S¥98  TEFET6 9VFELZ  OVFO68 EVFVI6  bPF068 OPFOIOI 6bFH88  OPFLOS OEFE8E  OPFIO8  OEFLS8S  SETOEE 89T LR () yns 183y s
SEFEI8  PPFT08 TEFYLL 8TIF608 €TFIVPL PEFG6IL 9TF008 TEFT6L TISFECEY CEFI'I8 LIFTI8 TEFT6L OEFL6L THFSSL (o) WB1ay oMo
STFIP6  9TFSE6 STFL06 1TF016 SIFH06 6TF868 8IF6P6 9IFTI6 LEFOL OETLI6 TEFQ68 1TFLO6  6TFS06 OEFTI6 (u) 3yBiay Sumyts ¢
8OLFL6L OSFOOL 99FPTY  TSFSI9 SOFL69 GLFST9 TTFLYL TIFE09 S8FLYY ISFRYY THPFLSS CHPFSLS E€ST6SS +H0IFISO @D wdnm g
VSFYSLL SSTFLELL €vF 9891 6TF6ILI  TvF0S9T €SFLIIN  GEF6HLI  IPFEOLT TSFGSLI TSFQILI ObFOILT  LEFS69T. PHTEOLl  SSTFLET (o) W81 1
onbisAyg
ST¥6TL  SOFOLT  60F691  8O0F9IL  0TFEST  9OFILL  60FEPL TIFILL  SOFSOT  OIFTLI  OQEF6LI  SEF6TIL PEF6SI 69F89T (s1eak) a8y
91 S1 s €t € 0z 4 7L o1 921 1 911 14 (1114 Isqumy
[COR' [OX: ) & (8) s S22 [OFN (V) e (®) e ®A (8) og (8)dg )1 )1 (VIN sqerrep \ ON

‘'$9J9[Yie pue Salajyle-ucu Jjew J0J UOIJBIASP piepuels pue ueow .mEQum 191, 1 9Iqe],

NI | -El ectronic Library Service



Ant hr opol ogy

Japan Soci ety of Physi ol ogical

387

N. TsuNAWAKE, Y. TAHARA, K. Yukawa, T. KATSUURA, H. HARADA and Y. KIKUCHI

100'0>dxxx T0°0>dxx ‘'SO'0>dx
“Juopnys 989[j00 pue yMPY (V) 1Wepms [0oyds Y3IH (S)
“AqSny 'y ‘Fanok) K0 Sulmnums ‘mg Sunjidom . ‘Suooue) &) [[eqAfIoA A 19900 ‘og ‘Sunuudg ‘dg ‘Sutmuni soursip-3uoy 7 ‘ayIe-ION (N

sk SITT wex 1'STT 9’101 1001 sxxx €71T1 0'€0T  xxx 0°0TI x L'66 L'EOT  axx 901 66 xxx €96 *xx 976 H/WgT10¢
sxx 9STT xxx 8LIT 6001 +'101 x 0’811 €101 xxx 9°€T1 1001 9'LOT  xxx €801 1°001 *x £96 *x 676 Wea1 6T
7701 2% ¥09 xex €0L sz €8S (1239 xT0L 189 sxx LYS T°€EL x3ex 0FS *xx V'6E e 1LY *xx 0'1S IH /%] 8T
1901 *x 609 s L'69 2x 065 SIS * 1’69 70L rxx 8PS €9L x2xx 0SS *xx 6°6E wxx 'L sxx €IS 'l LT
S00T  xxx 9101 xxx 6001 *x €101 x 8’101 =x 0’101 PI0T  xxx ST10T 6001  #xx 9101 xxx 0T0T  xxx L'TOT  xxex ¥'101 &nsusp Apod 97
0'L8 *xx S'LS sxx CYL xx 09 *x T0S wx O'EL 1'€9 *xx 1'09 8'SL *x%x 6'9S *xx S'SY sxxx 0'SS xxx €19 ®i% ST
6601 *L'IL sxx 1PL xxx 908 v'19 YL 688 *xxx 6'LS =919 *xx V'SS *x L'OS xxx 00S xxx L'SP BIIIXePIN VT
Lot 1801 L6 xS 879 L'96 L'EL *xx 96L (231! *xx L'L8 *SYL *xxx 6'8S xx SOL Ru €T
616 978 x LS8 2% 819 * 0Ly x»TLL 868 sxx 0TL 166 xxx 0'1L *x LGS *xx S8P xx €8S LEIUA a4
€16 * L'99 % L'SL xxk 0'6Y Sy = 0'SL LS9 xxx 8°CS 789 xex 6'LS % 6°1IS xxx L'OP sxx 6'8Y 199D 1T
0L01 % 0'89 2% S6L *x I'LS = 00F = 9'L9 698 xxx €6 * 999 *xx V65 sxx T'LP xxx 8'6€ *xx S'EP oeyji-exdng ‘07
9'86 *x 9°€9 xxx S'EL xxx 81V Ly xx 0°€9 S'LL *xx 08 *x T'SS 2% 96V *xx 00V *xxx 6'6€ xxx 6'8E wwopqy ‘61
9801 8L xex 6°TL x VLS oLy *0VL 6'8L *xx 0’19 x €89 *xx 809 *x LSS sxx 1S xxx L'IS eindeog 'g{
£68 0201 $T6 *x 965 x €€b 816 0IL *xx S'TL €6 sxx 108 * 099 xxx CSS *xx 8’19 sdoouy, ‘L1
7001 866 L'66 « 8101 8'L6 L'66 686 % 0’101 x €701 *xx S'101 *x L'T01 £ 8001 » €101 IH /WB12Y 1m0 97
866 7001 2001 * 7’86 6101 7001 6001 $'66 % 086 *xx L 86 2% L'L6 * £66 x 686  IH /4Sioy Junys 61
2xx €811 7901 +'96 £'€6 1011 o'L6 STIT  xxx €76 L86 8'L6 *x S68 *xx 088 *xx LS8 H/ WBPM b1
*x* 8121 L'901 x 816 1'¢6 0's01 L6Y6 TEIT  xx2T'16 S101 6L6 x £88 2% L'98 *xx 818 aumnjoa Apog ‘€]
sk 0TI % §°S01 6'L6 $'86 1ot TLe x L'801 *x 1'L6 L0t A (]} 79 xxx 86 +xx 8'€6  vare ooepns £pog ‘Tl
xx §'SO1 0701 2= VL6 * £96 8101 * 96 90T xxx 1'96 001 686 % 966 *xx 6'€6 *xx 6'€6 diH 11
xxx 8601 £'66 xxx EV6 *¥'i6 T001 *x 0'€6 T80T  xxx €76 0's6 *xx 966 xx L'06 *xx 906 xxx L'68 BRM 01
xxx C601 9'¢01 L86 o'Le 001 x L'S6 TIOL  xxxTV6 €01 % 6’101 8°L6 xxx 6°96 *xx C'S6 8 Sop om0 g
xxx CSTT  xxx 6801 *x L'€01 66 x 8011 €01 801  *xx 096 S 101 *x Y701 96 =xx 86 xx 8706 s gy g
xxx L'ETT $'So1 €L6 7%6 8'L01 886 x 6711 v'L6 8'¢6 22x V6 %x 9'88 *xx 098 xex S8 g8 une soddpy o,
*x V'LOT 1'66 *x £66 % L'16 +'86 % L'T6 0'€0T  *xx €76 $'S6 *xx 676 xx 668 2xx 106 xx 68 Ui [euwopqy 9
*xxx 9011 * ¢H01 6'L6 866 1°801 866  xxx 6'El1 766 TLe 066 996 *xx L'S6 *xx 8'€6 quis 194D g
2% 9'€01 7t 166 * 1°€01 166 086 0701 6001  #xx 1'90T  sxx €'€01 * V€01 6001 9101 1310 10007 p
*xx TE01 *x $°701 966 L66 1’66 $'86 = 0401 0001 9’101 9001 $'86 66 £66 1810y Sumug "¢
*xxx V'TCL x $'801 866 144 1°L01 096 8PIl  xxx 9'T6 201 966 *x 706 *xx €88 xkx 668 WiPM T
xxx V€01 *x V701 v'66 €101 €L6 x £86 1°€01 PO0T  xxx L'E0T  yxx 6101 8001 1001 €001 W80 1
% % % % % k3 % % % % % % %
2kt ) )50 (S) mg )M S)m e e $)A (s)os (8)ds W1 )1 dqeHeA \ ON

'$919[Y1E PUB SII9[YIB-UOU I[BW UIIM]I] 9OUSISJJIP JUBIIUSIS PUR SOID[YIB-UOU 03 SAI[Y3e JO oNey g d[qe],

NI -El ectronic Library Service



Japan Soci ety of Physiol ogical Anthropol ogy

388 Body Shape of Male Athletes by Factor Analysis

Table 3 Rotated factor pattem matrix and factor score coefficient of 30 variabtes on male non-

athletes.
Factor loading Factor score coefficient

Factor 1 Factor2 Factor3 Factor 4 Communality Factor 1 Factor2 Factor3 Factor4
1. Height -0.011 0.268 0.504 0.816 0.991 0.008 -0.076 0.110 0.416
2. Weight 0.544 0.797 0.065 0.242 0.992 -0.015 0.094 0.010 0.027
3. Sitting height 0.039 0293  -0.297 0.901 0.988 -0.007 -0078 -0.157 0.515
4. Lower height -0.044 0.143 0.888 0.431 0.998 0.016  -0.044 0.261 0.180
5. Chest girth 0.529 0.758  -0.051 0.113 0.869 -0.021 0.110  -0.020 -0.038
6. Abdominal girth 0.720 0620 -0.006 0.101 0.914 0.034 0.044 0.003 -0.016
7. Upper arm girth 0.454 0.645 -0.029 0.025 0.623 -0.019 0.105 -0.008 -0.076
8. Thigh girth 0.551 0.753  -0.088 0.099 0.888 -0.018 0.108  -0.031 -0.042
9. Lower leg girth 0.364 0.632 0.011 0.009 0.532 -0.032 0.117 0.004 -0.090
10. Waist 0.669 0.642  -0.047 0.087 0.869 0.020 0061 -0011 -0.028
11. Hip 0.577 0.717 0.039 0.216 0.895 0.001 0.072 0.00s 0.028
12. Body surface area 0.453 0.753 0.195 0.432 0.997 -0.011 0.060 0.039 0.138
13. Body volume 0.600 0.757 0.056 0.233 0.989 0.000 0.076 0.010 0.031
14, Weight / Ht 0.586 0797 -0.042 0.081 0.988 -0.018 0.118  -0.014 -0.063
15. Sitting height / Ht 0.068 0.033  -0.990 0.120 0.999 -0.018 -0.006  -0.330 0.131
16. Lower height / Ht -0.068  -0.033 0990  -0.120 0.999 0.018 0.006 0330 -0.131
17. Triceps 0.809 0.352 0.015 0.034 0.780 0.087 -0.031 0.022  -0.007
18. Scapula 0.816 0436 -0070 -0.067 0.865 0.069 0.010 -0.001 -0.077
19. Abdomen 0.830 0308 -0.030 0.003 0.785 0.095 -0.041 0.010 -0.014
20. Supra-iliac 0.762 0420 -0.067 0.005 0.762 0.065 0.001 -0.006 -0.033
21.Chest 0.870 0309 -0.046 -0.010 0.855 0.101  -0.044 0.007 -0.020
22.Thigh 0.827 0258 -0.028 -0012  0.752 0102  -0.051 0.012 -0.015
23. Knee 0.673 0368 -0.021 -0.059 0.593 0.057 0.010 0011 -0.070
24. Midaxilla 0.813 0412 -0020 -0.026 0.832 0075 -0.004 0013 -0.052
25. %Fat 0.969 0.045 -0.044 0.093 0.952 0.162  -0.150 0.008 0.094
: 26. Body density -0.969  -0.040 0.044  -0.095 0.951 -0.163 0.151 -0.008 -0.095
27. Fat 0.909 0332 -0.020 0.131 0.954 0.111  -0.068 0.007 0.062
28. Fat/ Ht 0.916 0318 -0.054 0.082 0.950 0111 -0.064 0.000 0.037
29. LBM 0.051 0.953 0.118 0.263 0.994 -0.120 0.207 0.008 -0.013
30. LBM / Ht 0.060 0995 -0.015 0.052 0.996 -0.138 0256 -0.023 -0.139

Amount of contribution 12.133 9.023 3.188 2209 26553

Degree of contribution (%) D 40443 30075 10.627 7365  88.509

Degree of contribution (%) 2  45.693  33.980  12.006 8321  100.000

1) Degree of contribution to total variance, 2) Degree of contribution to total communality.

DISCUSSION

Thorlant et al. (1981), Carter (1984) and Butts
(1985) classified body shape of Olympic tournament
and top-ranked athletes using the Heath-Carter
method (Hearth & Carter, 1966) which is a modifica-
tion of the classification method described by Shel-
don (1940) considering embryological factors. They
reported that almost all athletes from different
sporting events belonged to the mesomorphy type in
which bone and muscle are markedly developed.
Tanaka et al. (1977) reported that many body in-
dices of judo, distance throw, and rugby players

were significantly higher than those of non-athletes.

In our present study, body shape for each sporting
event could be characterized more definitively than
in those previous studies since evaluations were
made according to 4 factors based on the physical
model of non-athletes ; content of body fat could be
evaluated by Factor 1, body size by Factor 2, leg to
height ratio by the Factor 3 and height by Factor 4.

Skinfold thickness and %Fat are decreased and
LBM is increased by long-term training (Ikegami et
al.,, 1979 ; Isigure et al., 1980 ; Wilmore, 1983). We
also clarified that the % Fat of each athlete was low,
about 46 to 87 percent of that in control. As shown

in Fig.1, on the Factor 1 axis, athletes from all
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Factor 2 Fig.2 Dendrogram of clustering of factor scores for
male athletes.
r 3 L ; Long-distanse running, Sp; Sprinting, So;
Soccer, V; Volleyball, Ca; Canoeing, W;
Weight lifting, Sw; Swimming, Cy; Cycling,
-2 R ; Rugby (S) ; High school student, (A) ; Adult
and college student
e &
™ Ca(s();) of_ ;) S0(S) scores of W(A), R(S), Ca(A), R(A) etc. were high (1.5
S r T Ca(s S‘”,(S) - , to 2.1). Thus, sporting events requiring higher power
t 2 _1 Cy(s). L(A). 2 3 .
S - Ws)® 0 sp(s) demand were supposed to require large body shape
W?A) - with high LBM. LBM has often been utilized as an
index representing muscular volume (Forbes &
- -2 Lewis, 1956), and there have been some reports
Factor 4

Fig.1 Plots of factor scores in male athletes.
L: Long-distanse running, Sp; Sprinting, So;
Soccer, V; Volleyball, Ca; Canoeing, W;
Weight lifting, Sw; Swimming, Cy; Cycling,
R ; Rugby (S) ; High school student, (A) ; Adult
and college student

sporting events had negative scores, which showed
that they had less body fat than control. W(A) had
higher negative scores (—1.9) comparing with those
of other athletes (about —1.0). Excessive Fat acts as
a negative factor in physical activities (Kitagawa et
al., 1974 ; Tsunawake et al., 1994). Furthermore, the
contribution of Factor 1 to the total variance was
about 40 9%. Thus, Factor 1 might be the most
important information for determining physical
condition. The loading score for factor 2 load of
LBM (0.963) was higher than those of body weight
(0.797) and circumferences (0.62 to 0.76). The factor

showing strong relationships between LBM and
aerobic and anaerobic work capacities (Kitagawa et
al., 1974 ; Tahara et al, 1990 ; Tsunawake et al.,
1993, 1994). High school and adult long-distance
runners had negative scores in this factor, and had
slim body shapes. Although even in the long-
distance runners where excessive body weight and
Fat react as negative factors, LBM must be neces-
sary for physical resources to exert competitive
performance (Tsunawake et al.,, 1994). In Factor 3,
athletes from many events showed long leg ten-
dencies. However, the factor score of W(A) was
—0.9 showing a marked long-torso tendency. W(S)
also had negative value. These results suggested
that there might be some relationship between
Factor 3 and characteristics required for these
events. Further analysis of body weight and compet-
itive performance would be required. In Factor 4,
V(S) and Ca(A) had high positive scores, while W(A)
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and W(S) had negative scores as in Factor 3. Height
of athletes is closely related with rules and charac-
teristics of the event involved. In volleyball, as well
as basketball, height is an advantage in relation to
the rules and techniques of the game. Thus, volley-
ball athletes have the highest Factor 4 scores (Puhl
et al., 1982 ; Wilmore, 1983 ; Butts, 1985). Atrand &
Rodahl (1986) reported that when physical strength
factors were interpreted by a physiological dimen-
sion as a scale for height, speed was proportional to
raising the scale to the 0th power, and power was
proportional to the square of the scale. That is, in
sporting events requiring speed such as sprinting
and long-distance running, height of the athletes had
less or no effect on competitive performance, how-
ever, in distance throwing requiring power, height is
advantageous. This might be important when deter-
mining suitability for sporting events.

In some sporting events, many factors tended to
be located in the same quadrant. We analyzed the
similarity and relationship between each sporting
event using cluster analysis, and they could be
categorized into 3 clusters as shown in Fig. 2. They
were clustered mainly according to Factors 2 and 3.
Thus, these groups could be characterized as 1)
well-balanced muscular body type, 2) full muscular
large-built type and 3) rich muscular and long-torso
type. Furthermore, the well-balanced muscular body
type could be classified into three sub-clusters : slim
body-shaped type (L(S), L(A), Ca(S), Sw(S) and
Sp(S)), average-shaped type (W(S) and Cy(S)) and
sturdy built type (So(S) and V(S)). High school
athletes and adult athletes participating in canoeing
and weight lifting were clustered into different
categories. This might be due to the fact that the
adults in these events were top-class athletes and
that there were significant differences in training
experience between high school and adult subjects.
In conclusion, male athletes had less body fat and
greater body mass except for long-distance runners
when compared with male adult non-athletes. There
were some characteristic differences in leg to height

ratio and length between sporting disciplines. The
results suggested that athletes had body shapes

suitable to their sporting events.
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