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PURPOSE Para ice hockey requires rapid cornering and directional changes;
however, the influence of athlete—sledge coupling achieved through seating design
on turning mechanics remains underexplored. This study examined whether a
customized bucket (CB) enhances turning performance compared with a general
bucket (GB) in para ice hockey athletes. METHODS Three national-team athletes
with heterogeneous impairments (spinal cord injury and unilateral or bilateral lower-
limb amputation) performed three on-ice turning tasks—a 90° turn, a 180° turn,
and a Z-turn—at maximal speed while using CB and GB in separate trials. Three-
dimensional kinematics data were collected using a 16-camera motion capture
system (Vicon, Oxford, UK) at 100 Hz. Primary outcome variables included in-trial
speed variation (Av), path length, and trunk range of motion (ROM) in flexion/
extension, abduction/adduction, and axial rotation. RESULTS CB yielded smaller in-
trial speed variation (Av) and shorter path lengths than GB across all turning tasks (90°:
Av=1.61+£0.91 vs 2.49+0.71 m/s; 180° 6.37£1.16 vs 6.53+0.51 m/s; Z-turn: 2.86+1.17
vs 3.3620.76 m/s). Corresponding reductions in path length for CB relative to GB were
also observed. Trunk ROM patterns indicated tighter trunk-sledge coupling during
90° and 180° turns and reduced unnecessary axial trunk rotation during the Z-turn
when using CB. CONCLUSIONS The findings suggest that CB reduces speed loss and
improves turning efficiency by enhancing trunk-sledge stability, thereby enabling
tighter movement trajectories during high-speed cornering and directional changes
in para ice hockey.
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A3} QbAoA ol A-AR FF= ]%EP g 4= Yck(Burkett, 2010). Aol
9ItHIPC, 2024). Aofel sTAleE] BAO], Aol 4 Aese 9%, Ao EXAle

Q77 ZrlelHA BZ27)1S BRI 24T =olx 1 9} E9] 9, Aol A7) A9 H27|7] 52 159 A7 4

A¥ AL Flg 4= Qltk(Kayama et al., 2023; Nolan et al.,

(co) This is an open-access article distributed under the terms of the Creative

2018; Tweedy & Vanlandewijck, 2019). ZoflAE= XNsEL2

Commons Attribution Non-Commercial License (http://creativecommons.org/ AR 75, AAA FZRO AHFoZ Qo] AX= HZEV|7]o T
licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, 3t 9|25 7} 2=tHKoo et al., 2014). 3H9%3} vulsk M3k E2to]
S R E=3 ix} . AESLANG) o = O

and reproduction in any medium, provided the original work is properly cited.

84 © Korea Institute of Sport Science


https://crossmark.crossref.org/dialog/?doi=10.24985/kjss.2026.37.1.84&domain=pdf&date_stamp=2026-03-31

Kinematical Effects of a Customized Seating Bucket on Turning Performance in Para Ice Hockey Players 85
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Al b BE-oHA| 119 BUZ oo whE W HeE 7hs
SHA| g AlAFREC

Aofiglofo| Ast7] A7|oA A5 31 2 HeF [ 4718
2 AAA = W4 7]<olth(Beckman, 2007; Fortier et al., 2014)
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Table 1. Characteristic subjects

age height weight

type of disability (years) (m) (k) sex
S1 SCl(parapledgia) 46 1.64 56 male
S2  Single Amputee 44 1.71 86 male
S3  Double Amputee 43 1.20 61 male
Mean + SD 443415 1.5£0.3 67.7+16.1

Korean Journal of Sport Science 2026, 37(1), 084-091



86

D. Koo, H. Kweon, K.-B. Jang, and S.-D. Eun

Fig. 1. Three—dimensional scan of the stump shape (left), fabrication
of a customized simplified mold (center), and application of a
personalized inner liner to the ice sledge (right)
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59], 1A £5 9 At S 97 WA e L2 3R] 2 H A
“J(congruence)S EHEst7] 9o, QA A7 HolHe} HFl HdS
302 M overlapping)Al71= Y& AR o5 7Rle R
Non-Uniform Rational B-Spline (NURBS) = Z2& 7|HE &

&oto] vi1e 32k AL oo, AFHoR +5H I

éZﬂ(Reverse Engineering, RE) @2 54 w7l 2§ A7 @ ot
=9 old(inner cushion) Al 917 71 HlolH = S-H =l

HZ L2419 AZell= ZH A P H(press forming)d A1 &
= (plaster molding) & 7} 4 o] ¥l F7t=rt. =
& AZYoAs E2o9H(PE) ¥ 2 Z2A(PP) EFaAE
12 &off ol A viAE EEo] 7P skle, Aot EE 4
B Al OF 471949] FUgt S Thoto] 2A QPYAdT JH| o
e SHESIGIE o] W42 PES} PPO] 3t Hl&S 2Esto] ©
4 9 ELYS Aol AE YA ARE-S FHasleto] 57 FHof
g &0l Az 3L dS5ote 8845 Aokt 54, 4
EEF2 3D A7 HolEE 7| e & NC 72 Bl 12+ JH
=iy —‘7—, AnEE A & FEI6L 7HE AR A AR
dole Ao R AlFtoto] AFst 2 A4S =9k 18y A1 &
=R @@E"ﬂ/ﬂ% FE Bloy, HE S5 V1R Qs A
BARl TS VA= TAZE IR 47
245 EYE, £ A= ZYA 4P Ax 584 9 AT
I Ax EEP A ALEE TR 53 AR ZEA|A(hybrid
fabrication process)& ZE&H oz Adsto] 1Lx& FA A<
Al 584 7H9] HH 9 43S 2cIAT. 29E WAl -S4
359 BE 53828 Zﬂﬁ‘ﬂ‘” on, AR AA A 5o WE 5
Ae3t o]Y(inner) FA vl 28-S &3l 7HE wEAdo] FEESL
o}, olfgt WAl 27 g3t Zﬂ’&«] 8849 gHsIU

HIl W7o &5 9 XA 75g @3t EEF ol F4
(inner cushion) A& 93}, 7]-9_——4 AW 75 ¥ (sponging
type)d HE FAF(foam-in-place type) 33°] B R = At
EVA, NBR, Artron 59 A2HAY o|y= 7[gAlo] &5,
AU QU4 2 7 9 SES 2 3152 ghEo) of#ko] S8l
o} olo] £ A& Ad I = (Soft Foam, STF-534)S €&

9] FA

ol

A 278

&

vk

o
>
1o
N
oft
o
4z

Korean Journal of Sport Science 2026, 37(1), 084-091

Fig. 2. Installation of an infrared camera (left) and marker attachment
for motion analysis of a para—ice sledge hockey athlete (right)
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ZofjQloto] As}ty| X471 @& WZ(Customized Bucket, CB)T
et #Zl(General Bucket, GB) A0l mh2 A4 37]8& vl ws}
7] 9l5lo] 334 ZRHEA L AT o= 9lsle] 16T9] Ao
7FllZ (Vicon MX T40-s, USA)E WAl AA5te] 8mx 11mx
2mel &9 ¥oE stu sttt A B2 A ARTAIRI] LS55t
WL 4] 18te] A0k olelagd A Wle] 34719 Aol
WAl AS ZF 2o RaseirkFig. 2). B9 I MEY Fut
*(sampling rate)x= 100 Hz& A3} ct.
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AY IA = AA Folj]loto] A5t7] 7] Al e thIEAQ] B
F Agt FFo 2, 90° E(90° turn), 180° E1(180° turn), Z E(Z
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90 degree turn

180 degree turn

Fig. 3. Ice sledge hockey turn tasks
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A H(target poin)= 7|ECE FPH At A= &2 4l
59} 37 7Hsst H1 S 2 | B3 79 FAGHEE A ARk
on, 7 37hE 31 9 WeF Ago] YT A o] R0 =E RES)
H A2 AA] ol eHAl 9JR1= (Fig. 3>} Zo] A5kt 2+ e
A Aol A E 2 mE AASIATE 90° B IA| 3L A3 A
A A T201A &8st T3S B3 & $SWFo 2 sdstes
A A5ttt 180° | A =L QJof A idRolA T1oA &8
sto] T2E Eof oA T1o& HEot L &=E A A|5t9tt. 7 © I
S Aol AR = T1 FEo|A &8s, T29] 58 52
stal, THA] T39] &S Bt AASHAT A =3 A, L&
7 AE dAjol tigh A AES E2 &, 7 & EHE A A}
9] 23 A4S 5ol 2AYS AH. HB 2A(CB, GBI A
(90°, 180°, Z ®) =9 Al T5aIE Hadel] sl F249

ZF A 7F EAAZMS 2R 07 EUsle] g £F

Aottt £ Ao AdAE 7359 52}—

AL, o]F Ao JAIE 3T 5719 Al=E 240 28

A FPE Sotol 4% 3 AXARE AR E Visual3D(C-
motion, USA)2} Microsoft Excel 2007(Microsoft, USA)& AME-3]
of EA53int Ated 34 914 # F 7 AEe S
317 Zatoirka Wehe s BEolAL 33 AZelel H7k(cubic
spline interpolation)& AR&sto] Z+29] AJ7to] whE & o] 9]
i dE FE5Hoh R2g vpAY 3 914 #i#E SHT
o] S S (noise)e A E3F WE|(low pass filter) ek F1}
*(cut-off frequency) 6 Hz2 A5} tHHood et al., 2020).
SAE AR B4 72 HAlo] ol Hx HHE AFE AU
L eoRRY A3 BEATS AP 2w olsd
B4 70 RolA 5 Wk o|F A2, Ade] FU/B, 2L 88,
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£9 7% E99e 24elo CBY AT AT S
She 42U B 1 229 Adhest A ol Ao &

AFE3le] 5] Xjol2 AL o5 A AN 7 | Bx
(srun targe0® B34 o) B39} A7 A F49] 34 A2
o 453, AEE A2 WAS ofnlgT A7 AT HEEdE
S0l Tie AzE B8] Zhwo] Mgl ol 24 77t
08 A7 o) Mot Hoghe AT 5 5 3to) Aol2 Azt
2 AeelR Aostent. AHsues 39/8, B8 44, £
24918 Azt

ez

SEs)

Agoflotol 23t7] 4450 CBIF GBS AH83IS 49 2 6 55
A 84 Wel9] Aol (Table 29 k. CBY GBS A3 1)

90° "olA= Z+2F 1.6140.91 m/s, 2.49+0.71 m/s, 180° € I}
XﬂOML CB7} 6.37+£1.16 m/s, GB7} 6.53+£0.51 m/s, Z & &2t
S 9T o Yehhs 429 Hek= CBE 2.86+1.17 m/s, GB=
3.36i0.76 m/s9] Z23=E Byt RE € =& oA CBZ ARR3F
o £x9] Hisrt Aot £r9] Wshyh 2 A2 B4 1 W F
I &Ef FA £19] 2lo|7F H2 AL ou]ah o] &£k §AE
ste IAE FPPcHe A7 E S Sl

of% At ANE © BEES FNT 1 BE} A4 FA] A
2 A&3 7, 2+ 7219 % $0.2 ALSIITHTable 2). © 54 Al

Table 2. Three—dimensional motion analysis results comparing the
customized bucket and the conventional bucket

Variables Turn Task CB GB

oo 90° Turn 1.61£0.91 2.49+0.71

A\('fn‘/’sc)“y 180° Turn  6.37+1.16 6.53£0.51

Z Turn 2.86+1.17 3.36£0.76

) 90° Turn 4.71+0.63 5.08+0.16
D‘zﬁ;‘ce 180° Turn  3.91+0.41 4.60+1.09

Z Turn 4.23+0.10 4.34+0.14

ROM of Trunk  90° Turn 13.2749.16 10.61+5.90
Flexion Angle 180° Turn 14.49+7.04 13.79+7.45
(degree) Z Turn 14.94+3.78 20.55+3.50
Rahstmenk 90° Turn  17.34+7.79 15.08+4.71
Ar‘llglté"“ 180° Turn  12.1144.35 16.44:£4.60
(degree) Z Turn 23.14+7.00 17.90+5.93
ROM of Trunk  90° Turn 24.34+16.81 16.65+9.64
Rotation Angle 180° Turn  17.36+10.57 24.58+16.66
(degree) Z Turn 52.94+22.57 59.73+18.21
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9 Ex A-0) 7HA ' ok A A7 A YeRdT CB
9} GB 28 A] 90° ©19] A9 Z¥7} 4.7140.63 m, 5.08+0.16 m,
180° B12 3.91+0.41 m, 4.60+1.09 m, z ©-& 4.23+0.10 m,
4.34+0.14 m 02 Y} Al 7H4] © BF 95y #7248 A ¢
e olF ATE Bt BE © Ao CBE AMHEIHS 3%
o] F2 o]F AZE Ho|u Fo|x | F&S st

Az 4 715 WS

g 52 A A7ke] 2T A9 74 WO 2851S H$- 90° ©
oA CBE 13.2749.16°, GB: 10.61+5.90°, 180° B4 CB=
14.49+7.04°, GBE 13.79+7.45°, Z ©lo|A] CBE= 14.94+3.78°,
GB+ 20.55+3.50°9] Ztol7t AlRlth. CBE AHESHlE A% GBS
AHEBFE Tt 90° B2 oF 3° 7t & Ao R A&, 7 |
2 oF 6° A YEhEon 180° H GARE #3/8 7FeRYE B
9l Ao g FQIF .

2g/EY 7HEHY B4 A3 90° "’ 17.34+7.79°, 180° &
S 12.114£4.35°, 7 §1:& 23.1447.00°2 YEFGA, GBS A&31%
S A9 90° ©E 15.08+4.71°, 180° ©1& 16.44+4.60°, 7 €1
17.90+5.93°9] 7FsH 9IS Blch 2&/2Y SaoA= CBE A
/35198 o 90° ©-2 9F 2°, 7 " oF 5° I YERF, 180° B2
9= GBE AT Y oF 4° H= Z 7eH SIS Btk

90° ® 545 P o Azte] 5 7MeH e CBE AMESINS
| 24.34+16.81°, GBE AH&oI9E W 16.65+£9.64°= <F 8° lo|&
KA, 180° & H& oA CB 17.36+10.57°, GB 24.58+16.66°
2 GBE AREI9S o oF 7° & ATk 7He 9] Afolg Bt vt
Auto g 7 | 52 Al A7t 59 7Fe s CBE AMSStS o
52.94+22.57°, GBE A&t W] 59.73+18.21°% ettt

=9
CBE AM&SH 9 BE © 539 £k ¥sl= GBE ARSer F9-HEtt
SA Yl ol 3 F Aol A, 8 X&Hog §A]5)
HA B SRS n|eict

Fortier et al.(2014)= ofo]Ast7] A40] ek Mgk Bajo] &
Aoz yehtol A7| Aol FHHolEta shleH, o)A
A 2L T o £29] £4o] w2 A2 HagAQl 5Eog 47
g sl o= olojlrta & = St} &, PP AAE FAISHHEA
4E 9% % | A4S #gshe Zlo] 4719 ol East,
CBEZ AMET o] et A8 &5 &2o] o2t Aalo] Bglsic)
28 < otk E3] fHY A40] A7|olA H7]7]9] 23
A5 g2 w2 S a5t (Burkett, 2010). CB&= A5=9] 4l
A BAell 93] AFE o] A7-HF AR P AE Eol=E AlE
AcHBurkett, 2010). ¥ A4 CB 249 £ £4lo] ¢ 27
vebd A3k=, g 7oA EHast A7 ST 24 &4
o] A 7Fs3S AARITHFortier et al., 2014). £ 9] 4
= ol et TS A A5k, CB7F &R <k 414 1 A% HE8 S
o] st A] 218 £ 4512 HojE)

90° & 527} 180° © 54 =3 Al CBE AMH&5I9lS 4% GB
£ AHEOI9S A ET 34 W o] AA Yehd 23S B th(Fig.

&
-
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90 degree Turn 180 degree Turn Z Trun
(degree) (degree) (degree)
224 204 314

a1

s 2]

24 T T T 1 15 T T T 1 A2t
. 4 R 2

Time(%) Time(%) Time(%)

Fig. 4. Movement trajectories of the customized and conventional
buckets during 90° turn (left), 180° turn (center), and Z-turn
(right) maneuvers

4). 2A0|FoA A 7oA TS FEol 5ol &S &
&40 8 517] 9ol AA| F4lol 'Y UtE WFOo R FFsfjof gt
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