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| Abstract |

Purpose: This study was an investigation of the effect of unstable supporting exercise in young adults with functional ankle
instability. The study tested the use of a jumper and virtual reality (VR) training via a VR-head mounted display (HMD) system
to provide functional improvement in proprioception, range of motion (ROM), ankle muscle strength, agility, and balance.
Methods: The subjects comprised 61 young adults (in their twenties) with functional ankle instability to decide as less than
24 points using Cumberland ankle instability tool. The subjects were divided into three groups: VUS (VR-HMD and unstable
supporting exercise, n = 20), VSS (VR-HMD and stable supporting exercise, n = 19), and NUS (non-VR-HMD and unstable
supporting exercise, n=22). The exercise program was conducted three times per week for three weeks. VR training viaa VR-HMD
system and a VR application on a smart mobile device were used with the VUS and VSS groups, and unstable supporting exercise
was used in the VUS and NUS groups for 30 minutes. Proprioception, ROM, ankle muscle strength, agility, and balance were
measured before and after training.

Results: The VUS group showed significant differences in most results, including proprioception, ROM, ankle muscle strength,
agility, and balance to compare before and after, and the VSS and NUS groups partially. Moreover, the VUS group had significant
differences in most results when compared with the other groups.

Conclusion: Unstable supporting exercise and VR training via a VR-HMD system improved functional ankle instability in
terms of proprioception, ROM, ankle muscle strength, agility, and balance.
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VUS(N=20) VSS(N=19) NUS(N=22) )4
Height (cm) 166.204+8.39% 168.3749.22 164.14+7.38 0.28
Weight (kg) 60.60+11.60 61.90+£12.02 58.91£9.49 0.69
Right leg length (cm) 83.85+4.73 84.76+6.32 83.73+4.27 0.79
Left leg length (cm) 83.63+4.68 84.45+6.49 83.39+4.48 0.80

“MeantStandard deviation *p<0.05
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Table 2. Comparision of after and before group of Proprioceptive sense

VvUS VSS NUS F p
Pre 5.874+3.29% 4.81+2.76 5.33£3.29
Post 2.56+2.47 2.38+1.84 2.5842.13
Lt Ratio 80.33463.03 % 36.21428.91" 40.05+28.34" 4.20 0.02%*
t -435 -3.74 -4.14
P 0.00* 0.05* 0.00*
Pre 4.7643.61 6.94+3.59 4.8343.41
Post 2.86+2.65 2.27+2.96 2.80+3.42
Rt. Ratio 96.95£92.21"% 41.19+36.16" 46.70+37.94" 4.70 0.01**
t 2.14 4.10 -1.95
) 0.05* 0.00* 0.07

“Mean+Standard deviation, *: paired t-test p<0.05, **: ANOVA p<0.05
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Table 3. Intra and intergroup comparisons of muscle strength
VvUS VSS NUS F p
Pre 4.94+2.41% 5.13+2.66 5.11£3.03
Post 7.6343.58 5.86+2.53 5.37+3.00
Lt. Ratio 166.27+70.60""* 114.88438.99" 108.574+57.51" 592 0.01%*
t -4.13 -1.62 -0.40
Inversion p 0.00* 0.12 0.70
Pre 5.09+2.97 6.23+3.98 4.88+3.00
Post 8.57+4.60 7.09+3.91 7.52+4.38
Rt. Ratio 203.22+141.47% 119.58+50.15" 121.84450.94" 4.61  0.02%*
t -3.36 -1.08 -3.60
p 0.00* 0.30 0.00%
Pre 5.1243.06 6.85+4.17 5.77+4.70
Post 7.900+3.59 7.18+2.90 5.16£2.30
Lt. Ratio 174.68+87.08""* 106.04+57.23" 107.96£69.10" 538 0.01%*
t -4.06 033 0.56
. p 0.00* 0.74 0.58
Eversion
Pre 5.3144.14 6.94+5.92 4.98+2.72
Post 7.55+4.36 6.2143.19 5.36+2.52
Rt. Ratio 158.6767.83Y7 106.03::46.85" 111.34£39.74" 6.00  0.00**
t -4.07 0.77 -1.32
p 0.00* 0.45 0.20
Pre 22.57+10.72 25.31+14.02 20.26+14.07
Post 31.12+11.66 32.68+14.55 25.42+12.33
Lt. Ratio 175.00+93.30"* 120.1135.39" 118.74+34.48" 4.54 0.02%
t 291 236 234
Plantar p 0.01* 0.03* 0.03*
flexion Pre 22.86+13.67 5.13+2.66 21.22+12.02
Post 34.48+15.26 34.84+17.76 24.83+12.46
Rt. Ratio 191.17£97.37%°7 129.64+45.63" 124.16+47.24" 5.57 0.01**
t 322 792 -1.81
p 0.01* 0.00* 0.09
Pre 13.5124.01 15.94+9.51 11.1945.38
Post 15.68+5.66 15.94+6.75 12.28+4.11
Lt Ratio 131.53+21.23%"% 100.02+29.45" 107.82+27.84" 566 0.01**
t 212 0.00 -1.28
Dorsi p 0.05* 1.00 0.21
flxeion Pre 13.80::3.80 18.00+11.28 12.68+6.31
Post 17.30+7.83 16.14+7.07 13.39+4.56
Rt. Ratio 129.91:43.33%% 88.06+29.83" 101.43+22.75" 6.72 0.00**
t 222 1.13 -0.99
p 0.04* 0.27 0.33

“MeantStandard deviation, *: paired t-test p<0.05, **

: ANOVA p<0.05
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Table 4. Intra and intergroup comparisons of dynamic or static balance (Y-balance test)

VUS

AN NUS F P
Pre 125.30+17.00% 139.32+25.06 126.72+19.63
Post 141.00+16.61 148.85+29.72 130.41£17.59
Lt Ratio 113.62+13.26 % 103.90+8.25% 103.90+8.68" 5.44 0.01%*
t -4.07 2.62 172
P 0.00* 0.02* 0.10
Pre 126.85+16.02 142.16+26.58 130.67+17.77
Post 141.73+18.25 149.13425.32 135.75+16.55
Rt Ratio 115.88+12.24Y° % 102.09+9.84" 100.85+7.81" 12.58 0.00%*
t 3.67 -1.70 -1.60
p 0.00* 0.11 0.13

“MeantStandard deviation, *: paired t-test p<0.05, **: ANOVA p<0.05

Table 5. Intra and intergroup comparisons of dynamic or static balance (Romberg test)

VUS VSs NUS F p
Pre 57.15+8.35% 75.14£13.14 58.84+15.12
Post 35.96+5.86 45.84+10.36 79.90+17.32
Eye . ) .
open  Ratio 147.31+30.44"" 68.45+12.24" 67.78+13.29" 5.36 0.01**
t 2.77 3.56 -0.86
p 0.02% 0.00* 0.40
Pre 116.31228.37 101.49+33.45 120.49+36.67
Post 51.90+16.24 66.25+10.89 112.27+48 91
Eye . .
ose | Ratio 162.40+30.18"" 84.89+13.89" 64.619.15" 7.70 0.00**
t 2.40 1.04 0.14
p 0.02* 031 0.89
“Mean+Standard deviation, *: paired t-test p<0.05, **: ANOVA p<0.05
A FATHLR ROt o7}k A skt |\
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3t 2}o|7} 9l %le

PN IA—

oz
A H

i1 ol At
fsth wEEe] AL 4
o= 47 et e
of At 45k o
2 QJ9lak Yo 2 of

4



g0t 20 XY 20| JIsy &= 2oy IIXlE 3% | 89

ARk 5 A TR B A 9tk o]
sk A2 HH 9 BAL S T

kol
5
W Bog 4o sl §1dol 9lehChan et .,
v i

° 71
= g ST =TT gufes | 5
ol o] ¢elo] Frk(Han et al., 2006; Willems et

.
apgol )% WE Bel Aol ojuat gk nlx
1A gohuy] Sla) ZAS Agdtel T U 915

Al o 25 A5 H|aof A o5k Zfo|7F 9llom,

W §RA32e] a7 7 2
Al ol Ao g vehth F1F Hlalof A= VUSH
Ik NUSE Apolofl A 58]k zfo]7b Qlgith AlZHA
A=o] Al E8E FHstke] QA9 Wy e B
o] AREHA Btk AP ALe] A= Hol(Horak
& Nashner, 1986), VUS+of| A+ VR-HMD?]| 2|3t =}
Al AFH A[ZHH A0 2 Qlsf o w2 WA W 1A
B7ro) A= WA E A o= Heltk E3, VUST}
VSS AfoJof AT f-2Jet 2ol 7} ISt=T, o] VSS
oA AJZH Aol ofsf FitE= 5
A AW Fgog AAHEE AR}

AEERER

fr o
fl
r
[

i)
Y
o
rlo )
o=
Eh)
¢
i

T.50] S2elo] F83| JshA 2ot 71 Qlrje] 4]
12 917 HrhKwon & Park,
| o] g3to] Hrj

A

e 2gstgon, 28 Y B 24T 5 Uk
245 6004 AL 23k hKim, 2012)

) Jow AZbE ol wEEekgAlel Ul F
shpol Fola] o] oFsKBemier & Perrin, 1998)2 .
ghs) ol Wm o QA Gl Tlelditkn B 4
Qe E mE o] A% wlmolA] wiet gl
2oy 2ol folstAl BTk, 7 2b Hlael A
VUS| ket 99 o) 22 oE T 2o
]} §-0J3F Ahol7} QI o] Hely A2l $lo
A 323 VRHMDE 83t thapeh 4124 %

1
o, ¥, AF871E
=



90 | PNF and Movement Vol. 17, No. 1

24 FPolMe] A% Ao m
Aol7k Qe ol 7)5A W Bt
oA HRLE eEmR %401 =
Sgo] AR 9Tt A 34Kim & Heo, 2015)%}
g AR A o] o] EEEof IAH Rl
3 FE5ELS FAA AT A Han, 2006)9F A
A7k fAste 2 2k Hlael A E VUSEE Lo
F 27} §o)gt 2ol 7t glek. o] <13 VR-HMDS
=351 2R x|gFA ol A ZA 223 2ol A HS
A A&7t A5 e oA 7le BHsHA AdE
ol #¥ FHOE JF& # Ao WrrEh
A Aol AT AT VUSED VSSTEof A=
$ol8HAA T NUSEol A= fofata] ehstet. ol =
A QAR IS HHTE ERo] o7 Hto] §lof
A 8235t 2jo]7t Qltk= A 41A 1K Gouglidis et al.,
200D)AE A ZA z}=o] ¢1E NUSEYE 8-9]5)17
ool # o g AzbE ) wabd Az A2 FHk

=
g2 AR M) 5ol T4 H A 47

rln
=N
2,
lo

4 ooftt f2 gl o2 ok

14 %

].x

ox

oX

tlo
N

Y
oto
&
o,

Bl
%
=]
=

Q.

o] Ao 35:7k0] BRe 717kl 9l ARTHAA}
=5 205 spaolebs Ak AHele] YAAEE 4] &
52 93| AeskA) Stk Alskao) dlck. %
o FA7IS Sela, chopat AT o o
A77 Wadk Ho8 Kk E5 VRHMDO] Ra-g
9l FHen| o] gelow relxl fasdo] TE &
%7} el AnkE Eo| Ao upeh k) Uehs
Ae sefshA] Tokc B ATANE B, chopat

A4S AR U GEY FHOR FUSE FAS
A g R, 71 AR AL 52 BFHO
2 Bgstol Tl 718 f8A713 A AF

V.ZE

B o= 20174 89 281 0]
27 E gistao| A 7)54 e B4 7t
S AHste] VRHMDE 2831l E2Hg A%
A $%E51= 201, VR-HMDE 285111 Q-4 X
o)Al &&35H= 199, VR-HMDE 2}

g AR AN Fche 22082 Wral S

_Fll
O
Ho
3
©,
_\\‘14
N

2]

ol
o
N
52
K
=MD N E S oox
R 2 ox of

ol

T2 DG48U, 7Y, 2L 24

Aol WS FE 2 u), /RN A AT
> AZY ST NG 2, FEAS 0
ok GAAA 715 A WS ol e 4 wng
M Aoz gz tetd 71E Az 7
A5 B8 AR ZRage Bt e AnE

References

Akbari A, Ghiasi F. Comparison of the effects of open and
closed kinematic chain and different target position
on the kKnee joint position sense. Journal of Medical
Sciences. 2007;7(6):969-976.

Bernier JN, Perrin DH. Effect of coordination training on
proprioception of the finctionally unstable ankle. The
Journal of Orthopaedic and Sports Physical Therapy.
1998;27(4):264-275.

Braham RA, Hale SA, Hertel J, et al. Simplifying the star
excursion balance test: analyses of subjects with and
without chronic ankle instability. Journal of
Orthopaedic & Sports Physical Therapy. 2006;36(3):
131-137.

Butler RJ, Gorman PP, Plisky PJ, et al. The reliability of



VR-HVDE 8ot

20FY TN 2301 JIsy &= SR80 DiKiE 3 | 91

an instrumented device for measuring components
of the star excursion balance test. North American
Journal of Sports Physical Therapy. 2009;4(2):92-96.

Chan KM, So CH, Yeung MS, et al. An epidemiological survey
on ankle sprain. British Journal of Sports Medicine.
1994;28:112-116.

Chan KW, Ding BC, Mroczek KJ. Acute and chronic lateral
ankle instability in the athlete. Bulletin of the NYU
Hospital for Joint Diseases. 2011;69(1):17-26.

Choi MJ, Han GH. The effect of 12 Weeks elastic band and
weight bearing exercise program on functional ankle
instability in soccer club players. Journal of Sports
Science. 2014;26:103-124.

Choi SM, Kim JH, Kwon SC, et al. A study on technical
elements for vision therapy based on VR HMD.
Journal of the Institute of Electronics Engineers of
Korea. 2016;53(12):161-168.

Colby LA, Kisner C. Therapeutic exercise: foundations and
techniques, 6th ed. Philadelphia. F. A. Davis company.
2013.

Drziri C, Moussa AZB, Zouita S, et al. Single-leg assessment
of postural stability and knee functional outcome
two years after anterior cruciate
reconstruction. Annals of Physical and Rehabilitation
Medicine. 2009;52(6):475-484.

Fardipour S, Hadadi M, Mousavi ME. Effect of soft and semirigid

ankle orthoses on star excursion balance test

ligament

performance in patients with functional ankle
instability. Journal of Science and Medicine in Sport.
2014;17(4):430-433.

Fong DTP, Hong Y, Chan LK, et al. A systematic review
on ankle injury and ankle sprain in sports. Sports
Medicine. 2007;37(1):73-94.

Freeman MAR. Instablilty of the foot after injuries to the
lateral ligament of the ankle. The Bone and Joint
Journal. 1965;47(4):669-677.

Friel K, McLean N, Myers C. Ipsilateral hip abductor weakness

after inversion ankle sprain. Journal of Athletic
Training. 2006;41(1):74-78.

Gauffin H, Odenrick P, Tropp H. Effect of ankle disk training
on postural control in patients with functional
instability of the ankle joint. International Journal
of Sports Medicine. 1998;9(2):141-144.

Gioftsidou A, Malliou P, Veradakis N, et al. Typical balance
exercises or exercises or exergames for balance
improvement. Journal of back and Musculoskeletal
Rehabilitation. 2013;26(3):299-305.

Gouglidis V, Hatzitaki V, Nikodelis T, et al. Changes in the
limits of stability induced by weight-shifting training
in elderly women. Experimental Aging Research.
2011;37(1):46-62.

Han SW, Jung JH, Lee HJ, et al. A change of balance ability
and EMG analysis of ankle jointaround muscle by
balance training at an unstable footboard during 4
wks. Journal of KSSPT. 2006;2(1):11-19.

Herrington LC, Munro AG. Between-session reliability of the
star excursion balance test. Physical Therapy in Sport.
2010;11(4):128-132.

Hertel J. Functional instability following lateral ankle sprain.
Sports Medicine. 2000;20(5):361-37.

Hertel J. Functional anatomy, pathomechanics, and
pathophysiology of lateral ankle instability. Journal
of Athletic Training. 2002;37(4):364-375.

Hertel J. Functional instability following lateral ankle sprain.
Sports Medicine. 2000;29:3611-371.

Hiller CE, Kilbreath SL, Refshauge KM. Chronic ankle
instability: evolution of the model. Journal Athletic
Training. 2011;46(2):133-141.

Horak FB, Nashner LM. Central programming of postural
movements. Adaptation to altered support-surface
configurations.  Journal
1986;55(6):1369-1381.

Hrysomallis C. Balance ability and athletic performance. Sports
Medicine. 2011;41(3):221-232.

of  Neurophysiology.



92 | PNF and Movement Vol. 17, No. 1

Hupperets MD, Mechelen W, Verhagen EA. Is an unsupervised
proprioceptive balance board training programme,
given in addition to usual care, effective in preventing
ankle sprain recurrences? Design of a randomized
controlled trial. BMC Musculoskeletal Disorders.
2008;9:71.

Jang YS, Beak JY, Jung GW, et al. Clinical effectiveness
of body function on virtual reality clinical
effectiveness of body function on virtual reality.
Journal of Special Education & Rehabilitaion science
2013;.52(3):419-436.

Jegal H, Jeon HJ, Kim GJ, et al. The comparison of balance
using cumberland ankle instability tool to stable and
instability ankle. Korean Society of Physical Medicine.
2013;8(3):361-368.

Kaminski TW, Morrison KE. Foot characteristics in association
with inversion ankle injury. Jowrnal of athletic
training. 2007;42(1):135-142.

Kim KO. Nintendo Wii sports adoption process in older
population based on diffusion of innovation. Korean
Journal of Physical Education. 2005;54(4):93-109.

Kim KJ. The effect of strength and proprioception combined
training on functional ankle instability. Dongshin
University. Dissertation of Master’s Degree. 2012.

Kim KJ, Heo M. Effects of virtual reality programs on balance
in functional ankle instability. Journal of Physical
Therapy Science. 2015;27(10):3097-3101.

Kwon JY, Park JS. The effects of exercising program for
functional improvement of performance and stability
on ballet dancer with chronic ankle instability. The
7th Asia Conference on Kinesiology. 2016;2016(11):

80-80.

Lee CS. A study on the usability evaluation in using virtual
reality. Digital Design Studies. 2007;7(1):313-325.

Loughlin PJ, Redfern MS. Spectral characteristics of visually
induced postural sway in healthy elderly and healthy
young subjects. IEEE transactions on rehabilitation
engineering. 2001;9(1):24-30.

Ma JS. The effects of the changes of movement speed and
visual feedback on the movement accuracy in rotary
locomotion. Dong-A University. Dissertation of
Master’s Degree. 1996.

McGregor SJ, Yaggie JA. Effects of isokinetic ankle fatigue
on the maintenance of balance and postural limits.
Archives of Physical Medicine and Rehabilitation.
2002;83(2):224-228.

Plisky PJ, Rauh MJ, Kaminski TW, et al. Star excursion balance
test as a predictor of lower extremity injury in high
school basketball players. Journal of Orthopaedic
& Sports Physical Therapy. 2006;36(12):911-919.

Verhagen E, Van der Beek A, Twisk J, et al. The effect of
a proprioceptive balaance board training program for
the prevention of ankle sprains, a prospective
controlled trial. The American journal of sports
medicine. 2004;32(6):1385-1393.

Verstuyft J, Willems T, Witvrouw E, et al. Proprioception
and muscle strength in subjects with a history of
ankle sprains and chronic instability Jowrnal of athletic
training. 2002;37(4):487-493.

Yu GH, Kim HJ, Kim HS, et al. Virtual home training-virtual
reality small scale rehabilitation system. Korea
Computer Graphics Society. 2018;24(3):93-100.



