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A Study on Sizing System of Cycle Tights for Athlete depending on Lower
Body Type for High School Boys Cyclist

Hyunjeong Park and Wolhee Do’

Dept. of clothing and Textiles, Chonnam National University/Healthcare Ware R&BD Center,
Chonnam National University; Gwangju, Korea.

Abstract : People have recently became interested in eco-friendly cycling that attracted further attention as a sport activ-
ity. The number of high school cyclists has increased due to the popularity of cycling; however, high school cyclists have
trouble choosing cycling suits because there is no professional cycling suit for high school cyclists in Korea. Therefore,
it is necessary to develop a professional cycling suit for high school cyclists because sportswear for athletes is an import-
ant means to improve performance. This study suggests a standard sizing system for high school student athletes' cycle
tights. The subjects were 111 high school cyclists. The 3 clusters were categorized by cluster analysis, and the sizing sys-
tem was classified according to three lower body types. The size intervals of waist girth, hip girth and height were 5cm,
respectively. The most frequent sizes were 75-100-175 in figure type 1, 70-90-170 and 75-95-170 in figure type 2, 70-90-
175 and 70-90-180 in figure type 3. The sizing system, which had frequencies more than 3.6%, was classified into 9 cases,
8 cases, and 5 cases, respectively by lower body types. The results will contribute to the development of athletic per-

formance cycle wear for high school cyclists.

Key words : sizing system (X5 Z|4]), cycling (*}¢]&3), high school cyclists (582l AFe]Z 41<7), lower body type
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Table 1. Anthropometric measurements
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Category

Measurements Items

Height (6)

Circumference (9)

Breadth (4)

Stature, Waist height, Hip height, Crotch height, Knee height, Thigh clearance

Waist circumference(natural indentation), Waist circumference(omphalion), Hip circumference, Thigh circumference,
Midthigh circumference, Maxthigh circumference, Knee circumference, Calf circumference, Minimum leg circumference

Waist breadth(natural indentation), Waist breadth(omphalion), Hip width, Hip breadth sitting

Depth (4) Waist depth(natural indentation), Waist depth(omphalion), Hip depth, Sitting buttock-abdomen depth

Length (4) Waist to hip length, Crotch length(natural indentation), Crotch length(omphalion), Buttock-knee length

Others (1) Weight
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Table 2. Eigenvalue and proportion of variance according to factor to lower body measurements

Factor Factor contents Eigenvalue  Contribution proportion(%) Cumulative contribution proportion(%o)
1 Horizontal dimension of lower body 6.49 23.19 23.19
2 Vertical dimension of lower body 4.20 15.01 38.20
3 Depth of waist 3.92 14.00 52.20
4 Shape of waist to hip 2.68 9.58 61.79
5 Horizontal dimension of knee to ankle 2.52 9.01 70.79
6 Waist to hip length 1.21 433 75.12
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Table 3. Lower body type factor loadings to get by an orthogonal rotation using the varimax method

1 2 3 4 5 6 Communality (h)
Maxthigh circumference .860 -.033 .189 204 .186 .062 857
Midthigh circumference 783 -.047 141 184 225 .186 754
Thigh clearance 720 .088 .143 .096 149 313 676
Weight .708 213 376 .195 351 -.083 .856
Thigh circumference .683 .020 308 327 023 .013 .669
Waist circumference(Omphalion) .632 107 .545 .199 165 .046 776
Waist circumference (Naturallndentation) .625 .104 .526 240 242 .006 794
Hip circumference 611 .066 379 176 387 -.187 737
Waist breadth(Omphalion) .608 179 394 261 .089 -391 786
Hip width .603 208 373 .200 347 -.041 709
Waist breadth(Natural indentation) 554 .085 429 .349 276 -.264 766
Waist height .084 925 120 071 -.003 .083 .889
Crotch height -018 .886 -.053 -.024 -218 -.001 .837
Hip height .005 .882 -.040 171 -.041 .044 813
Stature 256 .863 .090 -.039 162 047 .849
Buttock-knee length 499 701 .053 -.072 .086 022 756
Knee height -223 564 091 135 082 -110 413
Waist depth(Natural indentation) 301 .048 .825 .083 205 .029 .824
Waist depth(omphalion) 377 .004 .807 135 202 .058 855
Sitting buttock-abdomen depth .196 .045 789 .085 070 270 748
Crotch length(Omphalion) 312 .087 -.003 .826 194 198 .865
Crotch length(Natural indentation) 179 .076 129 .826 .199 .029 776
Hip depth 407 .020 345 .539 -.055 257 .645
Hip breadth, sitting 367 147 357 .507 -.020 -.108 .554
Knee circumference 253 -.061 044 158 769 158 712
Minimum leg circumference 151 .064 273 .045 742 -.077 .660
Calf circumference .529 -.087 175 .161 667 .055 791
Waist to hip length .107 .084 223 .196 .067 745 667
shiile] 42718 Yehll= 89l JIfA7F 649014, A AEA A3 F2H Fa9 ol T 28T Y2 e
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gt 89l 5= FEEY, FolRHAEY, FUAEY 5
2 Uepgon, FEAA W& o2= JHaRloF I
7} 2.5201aL, Al ©FO] 9.01%E Adith &

A7e] o] rfo|doe] geloz FHX|7F 1.219]

Ao 4.33%E A3tk (Park & Do, 2016a).

[}
golizo], 7], ool FEru o), FExo] FFow 1
-
-

oo,
o

02 Kl
o,
o X

H
2

(5075 A3t 243E-E 54

=

3193, AFEHAH S Z Duncan-tes
AWE A=32o) thsle] HF-S Table 4

7} 39 59 AuEn, 49 18 o

4 24
o] #FHog BFaY Al &
B #3818 5178 45.9%), F
9H(17.1%)2] EEXE YEel
4= F3E g
o T3] HX] EAHEA
slien 7zt

HeRd.
Al ej gt =0l

S9, v, T, dolgua B BE A £33 by 2
S UERIT T2, Aols Al $89) 0% Ueple
EEBERE e

o

w, 7 fel sl2)ieloln A



G T Aol 179 SRR F el TE 76 ARIFE 519 A7) B 7 33

Table 4. The result of ANOVA according to lower body cluster (unit:cm)
Measurements Cyclist A/(In=111) Clusterjl\/j(n=51) Clusteri/j(n=4l) Cluster13\/1(n=l9) Fovalue
Stature 1742 177.5a 169.9¢ 174.4b 488317
Waist height 107.1 109.4a 103.7b 108.4a 30.596""
Hip height 86.6 88.5a 83.3b 88.5a 23281
Height .
Crotch height 784 79.7a 75.7b 81.0a 24.294
Knee height 47.7 48.6a 46.6a 47.7a 1.840
Thigh clearance 15.5 16.5a 15.0b 14.1¢ 17312
Waist circumference(Natural indentation) 74.2 77.4a 72.7b 69.0c 46.112""
Waist circumference(Omphalion) 76.7 79.9a 74.9b 71.7¢ 34.086"
Hip circumference 94.6 97.7a 93.2b 89.3c 46.958"""
. Thigh circumference 575 60.0a 56.3b 53.3¢ 20.887""
Selrr;t‘c’z Midthigh circumference 53.5 55.4a 52.8b 49.9¢ 29.690::
Maxthigh circumference 56.0 58.1a 55.2b 52.1c 41.349
Knee circumference 36.7 37.4a 36.5a 34.8b 13.908""
Calf circumference 38.1 39.1a 37.9b 35.7¢ 24216
Minimum leg circumference 233 23.8a 23.2a 22.4b 7380
Waist breadth(Natural indentation) 248 25.8a 24.4b 22.9¢ 38.982""
Waist breadth(Omphalion) 26.4 27.4a 25.7b 25.0b 21.244"™
Breadth .
Hip width 323 33.5a 31.6b 30.9¢ 35.674
Hip breadth, sitting 329 33.8a 32.2b 31.9b 9.131""
Waist depth(Natural indentation) 18.0 18.7a 17.6b 16.9¢ 15428
Depth Waist depth(Omphalion) 18.2 18.9a 17.9b 17.1¢ 16.281:’
Hip depth 215 222a 21.1b 20.1c 9.650
Sitting buttock-abdomen depth 18.7 19.1a 18.4b 18.1b 4.808""
Waist to hip length 233 23.8a 22.8a 23.1a 3.168"
Length Crotch length(Natural indentation) 78.2 79.9a 78.3a 73.2b 14.946::
Crotch length(Omphalion) 732 75.1a 72.8b 68.9¢ 18.446
Buttock-knee length 56.6 58.0a 54.9¢ 56.2b 27.135™
Others Weight 674 72.9a 64.2b 59.4¢ 80.988"
*p<.05, **p<.01, ***p<.001, Duncan-test : a>b>c
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Table 5. Correlation analysis between body measurements items for highschool boys cyclist

Weight  Stature Crotch H. Knee H. Crotch L. Wh?}i)StLt'O Waist C.  Hip C. Thigh C. Knee C. Mll:;m(;l m
Weight 1
Stature 498" 1
Crotch H. 062 704" 1
Knee H. 058 3460 386 1
Crotch L. 5027 232" -.003 084 1
Waist to hip L. 206 .168 -021 049 318" 1
Waist C. 8047 3247 -006 045 556" 3097 1
Hip C. 797" 3287 -077 -008 4547 161 7187 1
Thigh C. 647" 236 -039 .005 490" 189" 6357 504" 1
Knee C. 4617 144 -194° -072 289 147 4017 468 3237 1
Mini-mum leg C. 443" .199° -102 046 222" 103 3787 405" 208" 4337 1

H.: Height, L.: Length, C.: Circumference
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Table 6. Distribution of waist and hip circumference according to intervals of 3cm and stature according to intervals of Scm

R 270 THE 78 AOFE 379 A7) B A7 325

Hip C. Total
Stature Waist 79 82 85 88 91 94 97 100 103 106 (%)
160 76 B(0.9) 1(09)
67 C(0.9) B(0.9) 2(18)
165 70 C(0.9) B(0.9)  B(0.9) B(0.9) 436)
73 B(0.9) 1(09)
76 B(0.9) 1(09)
67 C(@0.9)  C(0.9) 2(18)
BBBBB BC
70 C(0.9) @.5) (1.8) B(0.9) 9@81)
B BBB BBBB ABB
73 0.9) Q.7 3.6) @.7) HE9)
170 BB BB
76 (1.8) 1.8) B(0.9) A(0.9) 6(5.4)
79 B(0.9) 1(09)
82 0(0)
85 0(0)
88 A(0.9) 1(09)
64 C(0.9) 1(09)
CC C
67 (18) 0.9) 32.7)
ABBC ABBB
70 3.6) 3.6) 9(8.1)
BBC AAB
175 73 A(0.9) @7 @7 7(6.3)
AAAAB| AA AA
76 B(0.9) A(0.9) 45) 1.8 1.8 11(9.9)
AAA A A
7 .7 0.9) 0.9) 5(4.3)
82 A(0.9) 1(09)
85 A(0.9) 1(09)
C
67 0.9) 1(09)
C AC A
70 0.9) 0.9) 0.9) 469
ACCC  AAB AA
73 3.6) 2.7 (1.8) o@.1)
A AA AA AA
180 76 0.9) (1.8) (1.8) (1.8) 76.3)
AA AAA A
7 (1.8) Q.7 0.9) 654
AA A A
82 (1.8) 0.9) 0.9) 469
85 0(0)
A
38 0.9) 1(09)
A
79 09) 1(09)
185 82 0(0)
A
85 0.9) 1(09)
Total 1 0 2 9 29 24 26 11 7 2 111
n(%) 0.9 ) (1.8) ®.1) (26.1) (21.6) 23.4) 9.9) 6.3) (1.8) (100)

C.: Circumference, A: clusterl, B: cluster2, C: cluster3

bold type :

1.8% over, [_]: 2.7% over
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Table 7. Distribution of waist according to intervals of 3cm and hip circumference and stature according to intervals of Scm

Hip C. Total
Stature m 75 80 85 90 95 100 105 %)
160 76 B(09) 109)
67 C(09) B(09) 219)
65 70 C(09) B(09) B(09) B(09) 436)
73 B(09) 1(09)
76 B(09) 109)
67 CC(09) 2(18)
BBBBB BBC
70 C(09) 45 an 9@8.1)
BBBB A
73 36 BBBBB B(09) 1109)
170 ' 4
76 BB(13) BB(09) B(09) A©09) 6(54)
79 B(09) 109)
82 0(0)
85 0(0)
88 A09) 1009)
64 C(09) 109)
CCC
67 an 327)
ABBCC ABBB
70 45 3.6 9@8.1)
AA
73 A@9) BBBC 763)
175 G.4)
AAAAA
76 B(09) AA(LS) ABGS) 1000)
AAAA
79 AA(LS) a6 6(54)
82 A©09) 109)
85 A@9) 1(09)
67 C(09) 109)
70 ACCR7) A©09) 4G36)
ACCC AAB AA
3 3.6) 2.7 (1.8) 9@.1)
AAA AAA
180 76 A09) @7 @7 763)
AA AAA
79 (08 @ A@09) 6(54)
82 A@9) AA(18) A(09) 4(36)
85 0(0)
88 A©09) 1009)
79 AQ9) 1(09)
1855 82 0(0)
85 A©09) 109)
Total 111
%) 0(0) 1009) 4G6) 36(324) 40360) 25(225) 545) (100)

C.: Circumference, A: clusterl, B: cluster2, C: cluster3
bold type : 1.8% over, [__]: 2.7% over
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Table 8. Distribution of waist and hip circumference and stature according to intervals of Scm

e & Total
Stature Waist C. 80 85 90 95 100 105 %)
B
160 " 0.9) 1(0.9)
C B
® 0.9 0.9) 2(1.8)
C B B B
' " 0.9) 0.9) (0.9) 0.9) 4(3.6)
B B
B 0.9) 0.9) 2(1.8)
BBBBBBB
C ABBC
” cc 14(12.6)
0.9) ©3) 3.6)
BBB
BBBB BB A
7 BBBB 14(12.6)
170 (36 ©63) (1.8) 0.9)
B
¥ 0.9) 1(0.9)
85 0
A
” 0.9) 1(0.9)
C C
® 0.9) 0.9) 2(1.8)
A AA
BB BBBBB
" cccce C 15(13.5)
6.3) (72)
175 AB AAA AAAAAAA
" 18 B B 14(12.6)
9 (36) (72)
AA AAA
! (1.8) Q2.7 5(4.5)
A A
® (0.9) 0.9) 2(1.8)
C
® 0.9) 1(0.9)
A A
70 ccce B 263)
.5 (1.8)
AA AAA AAA
» ¢ AA AA 13(11.7)
180 @7 (4.5) 4.5)
AAA
80 ‘(?7’? AA (?/;) 1009)
' 4.5) ‘
85 0
A
N 0.9) 10.9)
A
¥ 0.9) 1(0.9)
185 )
® 09) 1(0.9)
Total 1(0.9) 4(3.6) 36(32.4) 40(36) 25(22.5) 5(4.5) 111(100)

C.: Circumference, A: clusterl, B: cluster2, C: cluster3 bold type, | | :3.6% over
n(%)
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Table 9. Sizing system for uniform tights of stature and waist and hip circumference according to intervals of Scm

Overall size-spec Coverage(%) Cluster Size-spec Coverage(%)

70-95-170 0.9

70-90-175 0.9

70-95-175 1.8

75-95-175 2.7

Cluster 1 75-100-175 6.3

70-90-180 0.9

75-95-180 45

70-90-170 81 75-100-180 45

70-95-170 36 80-100-180 45
75-90-170 3.6

75-95-170 63 Total(%) 210

70-90-175 6.3 70-90-170 6.3

70-95-175 7.2 70-95-170 1.8

75-95-175 3.6 75-90-170 3.6

75-100-175 7.2 Cluster 2 75-95-170 6.3

70-90-180 4.5 70-90-175 1.8

75-95-180 45 70-95-175 45

75-100-180 45 75-95-175 0.9

80-100-180 4.5 75-100-175 0.9

Total(%) 26.1

70-90-170 1.8

70-95-170 0.9

Cluster 3 70-90-175 3.6

70-95-175 0.9

70-90-180 3.6

Total(%) 63.9 Total(%) 10.8
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Table 10. New sizing system of uniform tights for highschool boys cyclist

Control dimensions(cm)

Referable dimension(cm)

Size - - Coverage(%)
Waist C. Hip C. Stature Waist to hip L.  Crotch L. Thigh C.

70-90-170 70 90 170 22.6 76.0 55.7 8.1
70-95-170 70 95 170 23.1 81.0 58.5 45
75-90-170 75 90 170 234 78.6 56.4 3.6
75-95-170 75 95 170 234 78.6 574 54
70-90-175 70 90 175 23.1 76.4 54.2 6.3
70-95-175 70 95 175 22.6 74.7 56.9 7.2
75-95-175 75 95 175 24.0 76.1 57.8 3.6
75-100-175 75 100 175 233 79.8 61.2 72
70-90-180 70 90 180 22.6 74.0 53.5 45
75-95-180 75 95 180 25.0 80.5 56.2 45
75-100-180 75 100 180 23.9 79.9 60.2 45
80-100-180 80 100 180 244 80.3 61.2 45

Total(%) 63.9

C.: Circumference, L.: length
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