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PURPOSE This study seeks to contribute to the enhancement of the performance
of domestic wheelchair racers by producing 3D-printed customized gloves and
verifying their application effect. METHODS A total of three male wheelchair racers
who belong to the T54 and have won gold medals in the National Para Games
within the last three years were selected as subjects. Each subject performed three
session s of muscle activity and maximum speed measurements before and after
applying a 3D-printed glove during the stroke and recovery phases of wheelchair
racing, focusing on the pectoralis major (PM), triceps brachii (TB), and erector spinae
(ES) muscles. To standardize the muscle activity measurement data, the relative
muscle activity level (%) for each section was calculated by maximum voluntary
isometric contraction (MVIC) for each subject. All maximum speeds of each round of
driving were calculated by the average record for comparative analysis. In addition,
to verify the effectiveness of applying the 3D-printed glove, the Wilcoxon signed
rank test, which is a non-parametric test method, was performed on all measured
values using SPSS 24.0. RESULTS This study derived the following results. First, a
statistically significant difference was observed in the muscle activity of each major
muscle before and after using the 3D-printed glove. In common, an increase in
muscle activity of the PM, TB, and ES was confirmed in the stroke section, and an
increase in muscle activity of the TB was confirmed in the recovery section. Second,
a statistically significant difference was documented in the maximum speed before
and after using the 3D-printed glove. When using 3D-printed gloves, the maximum
speed increased by 4.57, 3.63, and 1.06km/h for Payer A, and by 5.9, 6.04, and 7.86km/
h for Player B. In the case of Player C, the speed increased by 6.73, 2.27, and 0.83km/h,
and all three players improved their maximum speed through the 3D-printed gloves.
CONCLUSIONS Our study suggests that the application of 3D-printed customized
gloves can have a positive impact on the performance of wheelchair racers. If the
application of 3D-printed customized equipment is extended to athletes in a wider
range of sports in the future, this could significantly contribute to the improvement
of performance in domestic disability sport.
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Table 1. Experiment protocol

e measuring 3 times using conventional
driving method

o 10 sec maximum speed driving per trial

o 1 min rest between runs

Ist
measurement full recovery time(at least 2 min)
o measuring 3 times using 1st 3D printed glove
o 10 sec maximum speed driving per trial
o 1 min rest between runs
developing glove design
e same as 1st measurement
ond full recovery time(at least 2 min)
n
measurement © Mmeasuring 3 times using 2nd 3D printed glove
o 10 sec maximum speed driving per trial
o 1 min rest between runs
developing glove design
e same as Ist measurement
3ed full recovery time(at least 2 min)
T
measurement © Measuring 3 times using 3rd 3D printed glove

o 10 sec maximum speed driving per trial
o 1 min rest between runs
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Fig. 1. 3D scan data(standard model)
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Table 2. 3D model data of 3D—printed customized gloves

Participants Design of 3D-printed customized gloves

FinScan-Pro 2X Plus(Hustem, Korea)& &-83lo] Z8 B9 7|2
P4 dlolElE HESHH.

4. 3D 22 (3D modeling)

3D 2P 54T oto]HolE 33 HolH & A|Fsta A
AELr FEsle F4 AL A dAZ & 4 Ao 3D
ndyg 2nEolE FoiA= 3D 230 HolEH ] AFAQ B
ooty AFHEe gAl =4 # HF, golH /7 755t
o 2 Aol AFE 9 AR Oxel 99 SolA ZuA &8
I Sl= 3D 2dEg AXE o]l Rhinoceros 7(Robert Mcneel &
Associates, USA)E 285} B0 S48 S HAd A<
Agystict.

& Ao Fofd AT fAES & FHY B4 2 715, A
o] 7 &2 5ol Aol A1 Z HWATF EASIAL olof wht A
Qd YAl B 8 TARYE AolstA UEhgth whebA
2 H A2 oA 2T E o g oyt 7]l
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Fig. 3. Experiment scene
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5. 3D Z#E(3D printing)
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ERE Hdsfof st £ T ste] Wut/gda} yt/go] &
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Table 3. Comparison of muscle activity(%MVIC)
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(PM: Pectoralis major; TB: Triceps brachii; ES: Erector spinae)

1st measurement

2nd measurement 3rd measurement

Participants ~ Phase Muscle - - - - - -

Conventional 3D-printed Conventional 3D-printed Conventional 3D-printed

PM 2936 +8.51 43.43+2.10 20.54 +8.15 36.79+3.14 23.97+4.74 31.87+4.13

Stroke TB 8.11 £5.32 17.78 £1.63 12.21£4.48 31.65+0.37 17.81+9.24 2773 £7.34

ES 17.04+2.84  21.66+13.55 43.18+1936  43.81+3.74 6.95+2.71 12.51+£3.23

A PM 8.14+2.16 21.13+£10.29 15.45+6.23 19.07 +4.48 8.75+4.81 420+1.92
Recovery B 7.86 +5.52 13.10+1.83 18.80 £ 1.70 89.02+2.18 25.03+5.14 29.27 £ 6.47

ES 49.99 £2.58 35.66£11.87  8847+18.69 113.07+12.14  26.32+2.39 26.90 +4.30
PM 41.28£6.17 50.25 +6.70 7746+0.58 10694+ 1144  73.57+6.28 82.18 £10.97
Stroke TB 15.44 £ 0.64 18.26 £ 6.27 15.15+1.01 19.19 £4.83 2137+130 4543 +18.79

ES 8.08+1.10 11.85+2.58 1591 +1.34 22.80+6.84 16.26 +3.53 20.00 +4.27

B PM 13.72 £ 6.63 2420+£548  29.82+10.90  37.87+2.25 10.68 £0.72 16.37+£3.36
Recovery TB 8.52+0.58 16.45+3.77 19.32 £ 0.66 33.32+£3.22 26.13+1.37 51.31+£9.52
ES 45.57+£4.55 32.81+6.38 49.23 +1.27 52.08 +5.76 54.80+2.48  79.82+22.29

PM 34.98 +8.86 53.50+2.85 67.44 +8.44 79.78 £9.34 40.26 = 7.64 50.80 +4.07

Stroke B 64.03 +2.57 70.36 +5.24 30.60+3.49 4898 +10.57  39.76 +6.52 68.69 +7.01

c ES 11.81 +£1.99 13.03 £2.84 591 +1.57 13.46 +3.06 3.39+043 4.19+0.20
PM 23.04+£9.24 15.41+0.76 36.62+£5.79  21.77+12.27 12.05+0.82 17.84+£0.79

Recovery TB 71.45+11.06 71.62 +5.40 1291 +£1.63 16.80 £ 4.39 36.01 £2.40 51.00£2.91

ES 35.94+3.75 59.45+10.45 28.89 +1.62 32.38+14.23 1516 £0.25 19.71 £3.18
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Table 4. Result of wilcoxon signed rank test(muscle activity)

Muscle Phase N Conventional / 3D-printed median Q1(25%) Q3(75%) V4 p
Strok 9 Conventional 40.26 26.67 70.51 5 666 008"
oke 2. .
M 9 3D-printed 50.80 40.11 80.98
R 9 Conventional 13.72 9.72 26.43 -770 m
ecove .
i 9 3D-printed 19.07 15.89 22.99 -770
Strok 9 Conventional 17.81 13.68 35.18 5 666 008"
oke 2. .
B 9 3D-printed 31.65 18.73 58.84
9 Conventional 19.32 10.72 31.07 .
Recovery - -2.666 .008
9 3D-printed 33.32 16.63 61.47
Strok 9 Conventional 11.81 6.43 16.65 5 666 008"
roke 2. .
ES 9 3D-printed 13.46 12.18 22.23
9 Conventional 45.57 27.61 52.40
Recovery - -1.362 173
9 3D-printed 35.66 29.64 69.64
"p<.01

Table 5. Comparison of maximum speeds(km/h)

1st measurement

2nd measurement 3rd measurement

Participants Trial - - - - - -
Conventional 3D-printed Conventional 3D-printed Conventional 3D-printed

Ist 329 33.1 25.8 29.5 31.2 332

2nd 27.1 337 273 30.8 31.7 323

A 3rd 26.8 337 27.6 31.3 31.8 324
Mean 28.93 335 269 30.53 31.57 32.63

Ist 33.1 31.6 319 36.7 32.6 40.0

2nd 30.8 40.7 31.0 37.1 32.0 40.1

B 3rd 30.6 39.9 30.9 38.1 33.1 41.2
Mean 315 37.4 31.26 37.3 32.57 40.43

Ist 182 32.6 28.1 30.3 264 249

2nd 30.1 327 29.0 314 249 272

¢ 3rd 29.9 33.1 294 315 243 26.0
Mean 26.07 32.8 28.83 31.1 252 26.03

T AR AERS 9 AW P4, 281
9] AERF PN BE BAHOR {3t Aol
ATHpL.01).
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Table 6. Result of wilcoxon signed rank test(maximum speeds)
Methods N Median Q1(25%) Q3(75%) Z p
Conventional 9 2893 2689  31.54
3D-printed 9 32.80  30.82 37.35
'p<.01
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d Feing Agstel Ao £41& YASH: ALE 4H 28
of @A Fgahul L1l Ferk AAAHA FEHL o] o]
Qg $49 SL ML HoT BekHrh, B3 B A70|A 3D =
WY FEBE AGT 7P AESI TN BE 5% 28]
2 249 371 3FS Uehdn SA0) BE GRS A3 S
71% A PHE AL BAlo] A 2 BHES F7He £
2719 9o Bato] Urk AYATY FoHHwang, 20208 F¥

Hote Aver Am
ahH, Alo] 3 BN B YD HTRH FAES T
Ast7] P ARk 223 AX] 2L FAo) Agstel T
o] M=ol #4122 AL 4 glolof sH=t] o] H THAolA
WAHE FR% 54 F sk AT T 249 Flolt
(Kong et al., 2002). WebA] £ A79] % Ao} go] 3D L
9 2ene 489S O AERI 71kt A TRl A%
AEY 2 BHESL FEHOE R $71E ek AL B
of §4 Fqol A 3D LY IS AL Flo] B4 Y 2
LA FA FE 705t 9L vekick 4T 4 ek,

e

ESHE AojA= 3D ZYY S EE AT Y AERT
FZHA g2 & €4 S HE HARERE FEHoRE
RIT 4= AUt LS 53] 2AERET F1HoA o g ZS5ET
A-gotH Ao AA AHH 0 R FgE= Ao 19 F8
St 958 982 sl= Z8o|th(Vanlandewijck et al., 2001). wt
A 2 AFoA A= DojUls 54F XPcts AERH +
Zroll geld {9 <+ &4 571 A2 3D =dY =8Bt ¥

St 2802 A& v} ti(ones et al., 1992; Kumnerddee et
al., 2018). Al B9 A A 5 3D =¥y S EE A8
o AERF oA o S 257 VIR HF7|E3Y
=+ 84 37 BFE DAY 5 A oH o] FA] Hi £&
7180 E FE AaE I 4= QIS o g 2 A+ A
Ais JF27"H3Y & 24 20 31 S50 3F A
Uehe 53] EAo] §4 T8 T54 57 A9 4 = 3
Aol o1& 83 FFL vHATE= A A9 AIHE(Guo et al.,
2023) Hetdob= Adtel woEnh I &5 7152 Ag A7 Y
of T 7sd £E9 HAE ZRlst] AE&H FY 58S T
5= F82 240]tHKim & Kim, 2017). E3F Ao 84

e ook

£ F8T Higoy A9 25 9 22 FAT 4+ U
3 & 5 lth(Kawabata et al., 2022). wehA] B Ao A A g
AT AR mRolA 2T £=9] FIt vehd AL A A mE
3D =Yg A& FEE Bl 3 a&4g0] FEHL HEHATL
FAEE IS 7HAL Ao 4T 4 ot fEo] £ AFolA
Al B BAlo] & e BF 3D ZEH A YR s &
A(infill) 2 #lolol(layer) 872 & dAsto] M Few Z
2B Aotiet ol Hothard) S2EE AHERS 1 T53,
T54 55 Aol &4 A4E9 £ i &% 7150] S7H¥he
AP A (Rice et al., 2016)Y Aitg Hetdot= A3t fE

BB 2
)
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