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Development of a Sizing System of Mass-customized Clothing for
Wheelchair Users: Men’s Suit Sizes

Kwangae Parkl), Jangwoon Parkl), Chungeun Yangm, Eunjin Je0n3), and Heecheon You"

Y Dept. gf Industrial and Management Engineering, POSTECH, Pohang, Korea
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3)Dept. of clothing & Science, Kyungpook National University;, Daegu, Korea

Abstract : This study develops a sizing system of mass-customized male suits for wheelchair users. One hundred and
three male wheelchair users’ 21 anthropometric dimensions were measured to identify body shapes and develop a sizing
system. The measured wheelchair users’ body sizes were compared with the average body sizes of Korean males from
the 6 Korean Body Size Survey to understand the body size differences between two groups. As a result of body shape
classification using the KS’s Drop method, wheelchair user body shapes were classified into four shapes for upper-body
(A: 32%, B: 26%, BB: 24%, and Y: 18%), and two shapes for lower-body (B: 70% and A: 30%). The upper-body of wheel-
chair users was relatively developed than Korean males; however, the lower-body was relatively stunted. The key dimen-
sions of a sizing system were selected as chest circumference, waist circumference, and trunk length, outside leg length
based on the correlation analysis between anthropometric measures. The top sizes were determined considering chest
and waist circumferences for horizontal sizes, and additionally the trunk length was divided into short, medium, and long
groups for vertical sizes. The bottom sizes were selected considering the waist and hip circumferences for horizontal
sizes, and additionally their outside leg length was divided into short, medium, and long groups for vertical sizes.
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Table 1. Disability types and age ranges of wheelchair users participated in the study

L Age
Type of disability 305 305 205 05 50 Total(%)
Polio 1(0.5) 3(1.6) 13(6.7) 3(1.6) 20(10.4)
Spinal cord injury 13(6.7) 49(25.4) 54(28.0) 34(17.6) 6(3.1) 156(80.8)
Brain lesions 5(2.6) 1(0.5) 1(0.5) 2(1.0) 9(4.6)
Amputation 1(0.5) 5(2.6) 1(0.5) 1(0.5) 8(4.2)
Total(%) 20(10.3) 58(30.1) 69(35.8) 38(19.7) 8(4.1) 193(100)
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Fig. 1. Anthropometric methods of wheelchair users.

Table 2. Measurement items of wheelchair user's
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Measurement items

1. Chest circumference 2. Waist circumference(Omphalion) 3. Neck circumference 4. Front interscye length 5. Back interscye length 6. Shoulder
length 7. Bishoulder length 8. Waist back length(omphlion) 9. Neck point to breast point to waistline(omphalion) 10. Trunk length 11. Upper arm
circumference 12. Upperarm length 13. Arm length 14. Hip circumference 15. Thigh circumference 16. Midthigh circumference 17. Knee
circumference 18. Calf circumference 19. Knee length 20. Outside leg length 21. Inside leg length
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Table 3. Comparison of body dimensions of wheelchair users and non-disabled

Non-disabled (n=2654)

Wheelchair users (n=193)

Items t-value
Mean SD Min Max Mean SD Min Max

Neck circumference 37.5 22 31.1 46.4 42.0 2.4 34.0 485 25.35%**
Chest circumference 95.7 6.2 79.0 133.6 100.8 8.2 79.0 124.0 8.49%**
Waist circumference (omphalion) 84.8 8.3 61.8 1454 89.5 10.2 68.5 120.0 6.27***
Hip circumference 94.0 5.7 79.1 146.0 97.8 9.6 74.0 124.0 5.44%%*
Upperarm circumference 30.5 2.6 22.7 42.0 325 3.8 22.0 43.0 7.46%**
Shoulder length 13.6 1.3 9.5 19.8 14.9 1.2 12.0 18.0 14.40%**
Bishoulder length 422 2.7 32.8 51.7 459 33 37.0 55.5 15.25%#%
Front interscye length 36.6 22 28.5 44.1 33.6 23 28.0 42.0 -17.59%**
Back interscye length 40.9 2.7 322 50.6 40.5 3.4 335 51.0 -1.6
Upperarmlength 334 1.8 279 41.4 349 1.8 30 41.0 11.20%**
Armlength 57.9 2.9 48.8 68.3 61.1 2.9 54.5 68.5 14.48%*%*
Waist back length (omphalion) 47.0 2.5 383 553 46.4 34 345 57.5 -2.41*
Trunklength 68.4 3.1 56.9 779 69.4 45 54.0 81.0 3.04%*
Thigh circumference 55.7 4.5 36.7 83.2 43.7 7.9 26.5 66.5 -20.97%**
Midthigh circumference 51.5 43 334 79.8 379 6.1 27.0 55.0 -30.50%**
Knee circumference 37.1 2.1 313 51.6 385 3.6 28.0 48.5 5.31%**
Calf circumference 37.8 2.8 29.4 532 31.8 49 18.0 48.0 -16.86%**
Outside leg length 103.9 4.8 88.4 122.7 101.3 8.0 71.5 124.0 -4 98#**

¥p<.05, **p<01, ***p<.001
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Table 4. Correlation coefficients between body dimensions of wheelchair users

Waist Neck  Waist
Neck .Chest circumfe Hlp Upperarm Thlg_h Mldthlgh Knee Calf Shoul deUppera Arm Blshoul‘Front .Back point to  back Trunk  Knee Outside Inside
Items circumfcircumfe rence circumf circumferen c1rcumfc1rcumfer01rcumf01rcumfr tenath - ™ leneth der interscye interscy breast  length lenath  lenath leg leg
erence rence (omphali erence ce erence ence erence erence et length et length length e length point to (omphali et et length length
on) waistline  on)
Chest 0.704
circumference
Waist
circumference 0.689 0.712
(omphalion)
Hip circumference 0.632 0.558  0.798
Upperarm 0637 0813 0519 0417
circumference
Thigh 0370 0382 0581 0656 0270
circumference
Midthigh 0407 0382 0577 0667 0265 0932
circumference
Knee

. 0435 0331 0589 0.687 0.220 0.710 0.782
circumference

Calf circumference 0.350 0.344 0477 0.549 0.229 0.728 0.718 0.653

Shoulder length 0.482 0487 0384 0337 0.510 0271 0279 0.269 0.211

Upperarm length  0.193  0.277  0.075 0.104 0.235 0.090 0.126  0.154 0.039 0.166

Arm length 0.185 0279 0.108 0.059 0.218 0.107  0.140 0.166 -0.012 0.200 0.855
Bishoulder length 0.562 0.592 0383 0.324 0.533 0243 0294 0.205 0228 0.663 0.232 0.250

Front interscye

length 0.442 0612 0387 0.322 0.584 0329 0318 0206 0224 0227 0270 0278 0.342

Back interscye
length

Neck point to
breast point to 0325 0505 0.243 0.168 0.525 0.078 0.045 0.031 0.135 0.229 0.252 0241 0201 0.393 0.254
waistline

0464 0619 0419 0354 0.512 0.208 0.194 0.183 0.232 0.189 0.118 0.088 0.495 0.466

Waist back length 07 (198 0205 0149 0139 0081 0074 0.146 0178 0064 0069 0032 0017 0121 0255 0283

(omphalion)
Trunk length 0.265 0204 0267 0355 0.126 0316 0.330 0.381 0332 0.115 0.275 0228 0.130 0.161 0311 0.181 0516
Knee length 0.060 -0.082 0.042 0201 -0.135 0386 0.408 0395 0.221 0.014 0341 0.324 0.048 0.084 -0.026 0216 -0.028 0.394

Outside leg length 0.118 -0.002 0.145 0318  -0.084 0408 0436 0516 0303 0.046 0.404 0388 0.049 0.076 0.052 -0.140 0.081 0471 0912
Inside leg length  0.069 0.008 -0.082 0.082 0.008 0.145 0.161 0266 0.166 -0.009 0441 0396 -0.002 0.146 0.098 0.116  0.189 0317 0574 0.695
Crotch length 0.094 -0.010 0.283 0359  -0.124 0420 0443 0450 0.255 0.073 0.117 0.139 0.069 -0.041 -0.027 -0.311 -0.079 0335 0.687 0.689 -0.043
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Table 5. Classification of body-type of wheelchair users

Classification of body-type

Upper body Lower body
Type (range of drops: cm) Mean(cm) Distribution(%) Type (range of drops: cm) Mean(cm) Distribution(%)
Y-type (18.4 ~ 32.0) 21.0 18 A-type (11.7 ~ 30.0) 15.8 30
A-type (13.0 ~ 18.3) 15.0 32 B-type (-12.0 ~ 11.6) 6.5 70
B-type (7.0 ~ 12.9) 9.5 26
BB-type (-82 ~ 6.9 ) 1.4 24
100 100
FEdoh slelsd, dHolEd Fol T8 AA Fert E + L BSARF(AR) 34.5%, slE7F #2 AP (BE) 314%, &
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(BR) 26%, ¥i7} o] b2 AP (BBY) 24%, G2 D (Y
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& Ad 70%, BEAF 30%2 BRI R} 827 F& Al
ol FEgo] 2 Ao vehth ole WAl A WA

1

7} Bo| v Aol A4zt AP ETE B BXE XA,
alolg Ao AN E DA el d7)7t 2 Aol
%o BIE o|fy Ao FIEIL) ol FFHFS
2 3] Ao AFoligle] HRu|Rle] uldoln) A Z A
FEE GAlo] golle] AFE A Hit H]
Table 6, 73 2t} Felge Ay, EEY, VEE

TrsiE| =, Angdditeldoe], o7f7IEAe] o]
%"ﬂ’ﬁ AFE gt 2ot e A= vehd vhH, wljd
FETHC], wEA0], Tol, AngFEHALodo] FollX= A

0]
AT

5_7)\

o] AP ot o7t e Ao melElrh Kang and G Fogt Aozt gl3let. skelg-e] B, wirrsiel s
Seong(2007)] WISl A<l o] AFEFIM FelE Al o} JolEElE AT o] SUFES AP Folgk 2
Table 6. Descriptive statistics of wheelchair user's upper body-types (unit: cm)
Y-type A-type B-type BB-type Total
Items F-value
Mean SD Mean SD Mean SD Mean SD Mean SD

Neck circumference 413 b 2.5 417 b 22 427 a 23 422 a 23 42.0 24 3.18*
Chest circumference 1004 a 7.0 101.0 a 7.6 1029 a 8.6 982 b 8.7 100.8 8.2 2.81%*
Waist circumference (omphalion)  80.4 d 8.1 859 ¢ 7.6 934 b 8.6 96.8 a 9.2 89.5 102 32.77%%**
Hip circumference 90.1 ¢ 83 952 b 8.6 101.5a 82 102.8 a 8.4 97.8 9.6 20.33%**
Upperarm circumference 333 a 39 324 ab 35 335 a 3.1 311 ¢ 4.1 325 3.8 4.11%*
Shoulder length 14.8 1.2 14.9 1.1 152 1.3 14.7 1.2 14.9 1.2 1.42
Bishoulder length 45.8 ab 32 46.0 ab 2.8 470 a 33 444 b 3.6 459 3.5 4.53*
Front interscye length 341 a 2.6 336 a 2.0 341 a 2.5 327 b 2.0 33.6 23 3.56*
Back interscye length 404 34 412 33 40.7 34 39.5 35 40.5 34 2.09
Upperarm length 354 a 1.9 353 a 1.8 346 b 1.7 344 b 1.9 349 1.8 3.57*
Arm length 61.8 3.0 61.7 2.7 60.5 2.5 60.5 2.8 61.1 29 3.26
Waist back length (omphalion) 46.7 3.8 46.1 32 46.2 3.2 46.6 3.7 46.4 34 0.33
I;Z:iﬁﬁ Z‘?L;‘;}F;fzit) point to 442 3.6 434 44 426 37 423 44 433 42 171
Trunk length 68.4 4.8 69.3 48 69.8 3.6 69.9 4.6 69.4 4.5 0.89

¥p<.05, ¥*p<01, ***p<001

Alphabet is the result of post-hoc test(Tukey's ): a>b>c>d
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Table 7. Descriptive statistics of wheelchair user's lower body-types (unit: cm)
A-type B-type Total
Items T-value
M SD M SD M SD

Waist circumference (omphalion) 85.7 10.5 91.2 9.7 89.6 10.2 -3.39%*
Hip circumference 101.4 9.8 96.3 9.2 97.8 9.6 3.38%*
Thigh circumference 45.1 8.2 43.1 7.7 43.7 79 1.54
Midthigh circumference 39.1 6.3 374 59 379 6.1 1.77
Knee circumference 39.2 35 38.2 3.6 38.5 3.6 1.77
Calf circumference 322 4.4 31.6 5.1 31.8 49 0.92
Knee length 58.5 52 55 5.1 56.1 54 4.25% %
Outside leg length 104.9 7.0 99.8 7.9 101.3 8.0 4 4THkx
Inside leg length 73.8 52 71.2 5.8 72 5.8 3.07**
Crotch length 30.9 44 28.7 53 29.3 52 2.73%*

¥p<.05, **p<01, ***p<.001
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Table 8. Key dimensions and body size range of wheelchair users

(unit: cm)

Key dimensions

Body size range(cm)

Chest circumference (4 cm Deviation)

...80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120...

Tops Waist circumference (5 cm Deviation) ...70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120...
Trunk length (5 cm Deviation) ...64.6, 69.5, 74.5...
Waist circumference (5 cm Deviation) .73, 78, 83, 88, 93, 98, 103, 108, 113, 118...
Bottoms Hip circumference (4 cm Deviation) ...90, 94, 98, 102, 106, 110, 114, 118, 122...
Outside leg length (8 cm Deviation) ...94, 102, 110...

Table 9. Classification of waist back length and outside leg length

Division Trunk length Outside leg length
Mean (cm) SD (cm) Distribution (%) Mean (cm) SD (cm) Distribution (%)
Short (< 33rd %ile) 64.6 2.6 33 94 5.1 37
Medium (33 ~ 66th %ile) 69.5 1.1 35 102 1.9 33
Long (> 66th %ile) 74.5 22 32 110 3.0 30

)

o 8cm HolE VERNAL Ut

Fslg e, Fedolet t§(7F€ﬂ]9+ Bl e

oVgel APANE BN B ATE BA] PN FF W el OB AFFRS WA BAHES sl 018 Al]
FRES AT Alel= AAE Table 100 AAJsksde. DAyl 2 7] ARSI HHE’“ZOMEEH ol tE7
FolQle] Felg Alelze 71 AAAF TiEEd, v dol¢} stem(doledel visrEsielsale] 2hell <7t A
Table 10. Size system of tops of wheelchair users
Chest circumference Waist circumference (omphalion) Trunk length Body-type
Size Range Size Range Size Range Drop Range
80 ~81.9 70 675724 6446(sh(.)rt) 54~67.8 Y type 18.4~32.2
84 82~85.9 75 72577 4 69.5(medium) 67.9~71 A type 13~18.3
38 86~89.9 ’ ’ 74.5(long) 71.1~81 B type 7.0~12.9
80 77.5~82.4
92 90~93.9 BB type -8.2~6.9
85 82.5-87.4
96 94~97.9
90 87.5~92.4
100 98~101.9
95 92.5~97.4
104 102~105.9
100 97.5~102.4
108 106~109.9
105 102.5~107.4
112 110~113.9
110 107.5~112.4
116 114~117.9
115 112.5~117.4
120 118-121.9 120 117.5~122.4
124 122~125.6 ' ’
Table 11. Size system of bottoms of wheelchair users
Waist circumference (omphalion) Hip circumference Outside leg length Body-type
Size Range Size Range Size Range Drop Range
68 ~70.4 74 72~75.9 94(short) 78~99 B type -12~11.6
73 70.5~75.4 78 76~81.9 102(medium) 99.1~105 A type 11.7~30
78 75.5~80.4 82 80~83.9 110(long) 105.1~115
83 80.5~85.4 86 84~87.9
88 85.5~90.4 90 88~91.9
93 90.5~95.4 94 92~95.9
98 95.5~100.4 98 96~99.9
103 100.5~105.4 102 100~103.9
108 105.5~110.4 106 104~107.9
113 110.5~115.4 110 108~111.9
118 115.4~120.4 114 112~115.9
118 116~119.9
122 120~123.9
126 124~127.9
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