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The effect of rehabilitation using motion recognition on hand
functions in patients with hand injury
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Abstract This study investigated the impacts of virtual reality tasks using motion recognition on hand
functions in patients with hand injury. In a non-equivalent control group design, a total of 24 patients
with hand injuries visiting C hospital in Changwon city, Korea, from June 2018 to January 2019, were
allocated to three groups according to the types of injuries. These groups included VR (virtual reality
task with visual feedback using Leap-Motion), VO (video observation without visual feedback) and
control groups. The VR and VO groups underwent virtual reality tasks and hand therapy, and video
observation and hand therapy, respectively, each for 15 minutes, and the control group underwent hand
therapy for 30 minutes, all once a day, five times a week, for four weeks. Pre- and post-intervention
evaluations were conducted by employing Jebsen-Taylor hand function test (JTT), grip strength, pinch
strength, Disability of the Arm, Shoulder and Hand (DASH) and visual analogue scale (VAS). In
intra-group comparisons, VR Group showed significant improvements in ten items (p<0.05), except
writing, checkers and light objects. In inter-group comparisons using post-intervention values,
significant differences were shown in checkers and light objects (p<0.017). The findings suggest that
virtual reality tasks using visual feedback and hand rehabilitation can be new interventions with positive
impacts on improved functions of the injured hands.
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Ak 4date} 1093 5
A2 Uil o}

AP A} 2489
Briet FAhe Hgstatt

\ Subjects(n=24) |

A%

‘ ‘ 3 Group‘division | ‘
VR VO CTL
(n=8) ‘ ‘ (n=8) ‘ ‘ (n=8)
\ \ |
Pre-test
* Jebsen-Taylor hand function test - Grip strength
* Pinch strength - DASH - VAS

Intervention

1 session/day, 5 days/week, for 4 weeks
VR 15 min VO 15 min
Hand therapy 15 min Hand therapy 15 min

Post-test

Hand therapy 30 min

* Jebsen-Taylor hand function test - Grip strength

- Pinch sir‘enqth ‘ DASH - ViAS

‘ Statistical analysis by SPSS Version 21.0 ‘

2.2 SME=TH
2.2.1 AMZH mEE0| Q= 7hesdd IHA|(Virtual
reality task with visual feedback; VR)
AlZ¥d mEwo] Sl= 7MdEA Il BAI4] Hbp
olA Z[§te] ERom &9 FAJE Qs
Leap-Motion®| BU¥ Z}H| 7H}o] &2 wrgsta
VI oA tFet AgS Ptk TR0 R
S4AQ AI4A mES 5o A& FXUS A=
sHA gt} A9 AA2 &1 719 J7] 2=ja
2259 9 7|RA [20], A3
=22 Faste] 32 4 89S AFstarizl AR
Fo 2= %9 w|(Petal-picking game), Toke 2|7]
(Piano-playing), WA & &4 F7] AY(Object-
catching with balance board game), 8I5E AY

- o s
2R/E w9

p=e}

(Firefly game) 52& FAJ3l¥thFig. 2, Table 1).

Table 1. Virtual reality task with visual feedback
Task

Virtual reality task with visual feedback

This game was designed to develop the

Peral-picking pinching skills of the fingers by picking

game lotus petals in a virtual environment.
This game was designed to develop their
. . individual motor skills of the fingers by
Piano-playing

improving their dexterity and
coordination.

Fig. 1. Research Procedure
CTL: control group, DASH: Disability of the Arm,
Shoulder and Hand, VAS: Visual Analogue Scale,
VO: video observation without visual feedback,
VR: virtual reality task with visual feedback

This game focused on their hand flexion
and extension, as well as forearm
pronation and supination.

Object-catching
with balance
board game

This game focused on the development
of their hand flexion, extension, and
grasping motor skills.

Firefly game

L
A

e T e

Fig. 2. Leap Motion-based virtual reality system and training games.
a. Leap Motion VR system (the arrow points to the LMC), b. Firefly game, c. Piano-playing,
d. Object-catching with balance board game. e. Petal-picking game
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2.3.1 ME-HYY &7|5 BAKJebsen-Taylor

hand function test, JTT)

JTTE= €715 A7t Q= A 71658 H7ls|
I3l Jebsen, Taylor 5ol Qs 19 77FA] kA
& HEIIE ] 9lom YAEoA] Wol AMgEE &7
5 A ATHQ] WrteFE HARAREAL AF e
Cronbach-e 0.67-0.99 o|tH24]. Ba&3L JTT o
A FEAANA A FPAEE SHWE 7]E9] Bt
oA F=YPATLS HEE TAAA vie 53HE £91 4l
A AAE H-8skiTH2s].

2.3.2 T O/, & MOHAAKDisability of the Arm,
Shoulder and Hand, DASH)

DASH= v]= ¥ 2] 7}8t3](American Academy of
Orthopedic Surgeons, AAOS)OIA o8] A E= 7
Q19 A F=AA A P H|wsto] FESkL
212 7Rl gt &3 E= AIZE Hato] W2 HIE 3
71171 98l I ERATH26]. DASHE AE2] 29 &=
TE 71EgE 308, AHYE sEToIH £ dAFolA
£ 718TE 3082 AHESHsith DASHS =y 41
EE= Cronbach-e 0.93[27], E13Ee AlZ3 A &
T (visual analogue scale)? 55, 7|5, 245 5

T} 0.65-0.80 o2 AF/gdo] ol EoTH28l
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Table 2. Demographic and clinical data of enrolled

patients (n=24)
. VR VO CTL ,
Variable (1=8) (1=8) (=8 |* /x| p
Male 5 5 6
Gender 0.3750.829
Female 3 3 2
a 46.75+ | 50.38+ |51.13%
Age 1032 | 1200 | oog |08|0651
ins Right 7 6 6
Domina| 18 0.505 | 0.777
nt hand | pefg 1 2 2
DI Fracture 7 7 6
iagnos
is N?we 1 , ) 2.10 | 0.717
injury
Medical care 3.00+ 3.00+
period® 1.60 2.88+1.13 1.60 0.019] 0.991

* mean+SD, CTL: control group, VO: video observation without
visual feedback, VR: virtual reality task with visual feedback

E Ao Fofgt gidREe] duty B2 o3t
7"“4(Table 2). 7+ 259 Y, Yo], A&, gy 1
g3 9|z w2 BAISHY Xolg FlolAlg ¢

Kruskal-Wallis 8-S &3 2435t 21 54
gt Zol= glAtH(p0.05).

)
2
|o
!l

[=n

3.2 18 8 &M Tz H|W

3.2.1 |2 TEHH0| Q= 7H4SiA MHOE

1% W A A% 571 24 A A2+ mjsuo]
= 7HFEA IAIFIA TtEHAY], A2 B A
71, |71 FWW71, 23 BAL B4 &71719 Ao,
£837], 71, AZA7], DASH, VASOIA {9l
Z}o]7} AA(p<0.05)(Table 3), 271, A7 & 2717
3 7 Bd &7171004 |93t et gt
(p0.05)(Table 3).

B

3.2.2 A|ZHM LmEHi0| Q= SAL
5 W A A% g7 24 2
e A BHIIEA T3 e B
A FAE 231 &71719F Aete, DASH, VASOIA 2l

Table 3. Comparisons of hand function ability before and after intervention in each group (n=24)
VR (n=8) VO (n=8) CTL (n=8)
pretest pretest pretest
M+SD posttest M+SD M+SD posttest M+SD M+SD posttest M+SD
Hand function
Writing (score) 11.13 12.25 12.13 12.63 12.38 12.75
riting {score +2.70 +1.67 £3.00 +2.50 +1.85 +1.67
) 4.00 6.63 3.25 . 3.63 3.88
Card turning £3.59 +3.20 +1.75 3652151 +130 +155
Small obf 7.75 11.63 9.00 10.13 8.88 9.75
matl objects +4.33 +2.00° +3.59 +2.70 +2.90 +2.60
simulated feedi 11.50 14.00 11.75 12.38 11.75 13.38
imuated feeding +2.27 +0.76 $3.20 +3.07 +1.91 +1.06
Checkere 11.00 13.38 10.63 11.50 11.00 11.63
+3.74 +0.91 +2.39 +1.41 +2.27 +1.85
Lieht obi 11.13 13.00 10.63 11.75 10.88 11.13
1ght objects +2.10 +0.93 +1.69 +1.16 £1.73 £1.55
Heavy obiects 9.75 1175 .88 10.25 9.25 10.13
vy on +2.76 +1.16 42,95 +2.25 £2.55 +1.72
DASH (score) 70.45 48.64 58.52 55.40 67.05 6051
+13.81 +12.16 +18.53 +17.81 +11.46 +10.09
Hand strength
) 6.65 1131 7.97 11.67 7.39 10.80
Grip strength  (kg) +3.38 +5.14 £6.59 +6.44° +4.09 +527
Tip pinch (kg) 2.16 3.46 2.08 2.48 1.56 2.69
1D pinch e, +1.26 +1.34 +1.90 +1.40 +1.01 +1.39°
Lateral pinch (kg 2.83 5.19 2.80 358 2.40 3.09
ateral pinch (kg +2.15 +2.33 +2.41 +1.83 +0.87 +0.91°
) 1.69 331 2.89 333 2.53 3.28
Three jaw chuck (kg) +0.70 +1.30° +2.62 +2.10 +1.41 +1.06
Pain
VAS (score) 6.63 4.88 6.00 5.38 6.88 5.75
score +2.00 +1.89° +3.21 +3.07° +1.73 +1.16

CTL: control group, DASH: Disability of the Arm, Shoulder and Hand, JTT: Jebsen-Taylor hand function test, M: mean, SD: standard
deviation, VAS: Visual Analogue Scale, VO: video observation without visual feedback, VR: virtual reality task with visual feedback

~p { 0.05, vs. pretest
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F 2}ol7}F AAT(p<0.05)(Table 3), 27|, 7F=F 7],
2 27 71, 971 W7, A7 2 &7171, &84

A7, AREA7NA fst Aozt ek
(p)o 05)(Table 3).

N r°1'

3.2.3 EH?EJ.—E—

I5 W A A% 87 24 A dRIE0NM 22
=4 371, 97 v141141719‘r g, &8, U4

7], AAA7], DASH, VASOIA 895t =ol7} Aqin
(p€0.05)(Table 3), 271, ZI=FHRA7], Z7] & &7171,
33 7P B4 &717], 33 FAL B4 &7171004
frolgt &to|7h AT p)0.05)(Table 3).

3.2.4 O

Aot Bl

7], 31 7 81 %7171011 1—t— gt zfol7t 9l
A1(p(0.05)(Table 4), 271, &2 &4 %7171, 97]
FUH~], 33 FAL 24 iﬂ 719} DASH, &ete,
£E837], FA7], AE-71 VASE F8t Ao)7t
RAHp0.05)(Table 4). AFHA At 7t=FH 7]l
A VRIEH VOIFOA gt Aol7h glolx
(p)0.017)(Table 5), 71 & %7|ol|A VRIEZ} VOL
FollA §ol3t Zo]7} A (p<0.017)(Table 5), I
I 7L B &7171A+= VRIES CTLIEANA
o3k Zol7h SIATHp<0.017)(Table 5).

4, nF

2 dFoMe HREdERES s R4

275 5
].

2t
A 28 3 A%

Ao AAEFHRT], F7) T

Table 4. Comparison of the posttest median values of hand function, DASH, strength and VAS among the

three groups (n=24)
VR (n=8) | VO (n=8) | CTL (n=8)
median (min-max) e
Function (score)

Writing 13 (10-14) 13.5 (7-15) 13 (11-15) .627
Card turning 6 (-12) 3 (2-6) 3.5 @-7) 037
Small objects 11.5 (9-15) 11 (5-13) 10 (4-13) 368
Feeding 14 (13-15) 14 (7-15) 13.5 (12-15) 463
Checkers 13 (12-15) 11.5 (9-14) 11.5 (8-14) 021"
Light objects 13 (12-14) 115 (10-13) 115 8-13) 025
Heavy objects 12 (10-14) 10.5 (7-13) 10 (7-13) 125
DASH 50 (30-64) 45 (40-86) 60 (48-80) 237
Hand strength (kg)

Grip strength 12.1 (5-18) 12.3 (2.6-20) 9.7 (5.3-20) .961
Tip pinch 3.8 (1.5-5) 2.3 (1-5) 2.3 (1-4.5) 341
Lateral pinch 4.8 (3-9) 3.3 (1.5-6.5) 3 (2-5) 123
Three jaw chuck 3.8 (1.5-5) 3.5 (1-6.5) 3.5 (1.5-4.6) .998
VAS (score) 5.5 2-7) 5 (2-10) 6 (4-8) 789

p<0.05, statistically significant by Kruskal-Wallis test
CTL: control group, DASH: Disability of the Arm, Shoulder and Hand, VAS: Visual Analogue Scale, VO: video observation without
visual feedback, VR: virtual reality task with visual feedback

Table 5. A post-hoc analysis after the Jebsen-Taylor hand function test

VR vs VO VR vs CTL VO vs CTL
Card turning .020 .048 574
Checkers 009" 034 786
Light objects .046 011 481

Values are presented as the P-values from the Mann-Whitney test with Bonferroni method, p<0.017
CTL: control group, VO: video observation without visual feedback, VR: virtual reality task with visual feedback
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