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Objective: The purpose of this study was to quantitatively evaluate the Wii Balance Board (WBB)-based jump performance for
the elderly and to confirm the difference in jump performance according to age.

Design: Cross-sectional study.

Methods: 40 young adults (aged 22.5+2.2 years) and 33 elderly (aged 75.145.2 years) without orthopedics disease participated in
this study. Standing on the WBB then, with the signal “start,” jump vertically to the maximum height at which you can jump, land
on the force plate after jump and keep it standing on both feet. All subjects were required to practice the jump sufficiently before
starting the measurement, each measuring three times, and the mean values were used. A one-minute break was provided between
each trial. Evaluators waited within 1meter for every test to prepare for fall.

Results: The vertical ground reaction force of elderly and young adults when jumping using WBB showed a significant difference
(p <0.05) and demonstrated discriminant validity. Between two groups, there were significant differences in overall jump time (p
< 0.05), maximum value (p < 0.05), minimum value (p < 0.05), center of pressure (COP) pathlength (p < 0.05), and flight time p
<0.05).

Conclusions: This study found that performing the vertical jump, the elderly showed longer jump time, lower vertical ground
reaction force, COP pathlength and shorter flight phase than healthy young adults using WBB and demonstrated that as a
measurement tool, WBB discriminated vertical jump performance between elderly and young adults.

Key Words: Geriatric assessment, Biomedical technology, Physical functional performance

N2 WPBT I 39 Se wek wgs B 4 9l

eQlE Yo7t S7kete] whef, 9 ofs} Bl A1 7] HE A sk sHA R 1Y Feh EE
SN AL A s TRsAo] AstEaL wdx 23 gl Aol dis) AR Agehs whiEos,
AeEo] &t A= Qe Zhe ARl wAdE e~ A SN 29S rske | 8% wart dn
sh= sEo] WolklH(l, 2]. 53] 424 Hz= wdest (8] 7]E Aol wEH, wmolit s tdeR o
off e SATT et AWEoB3] =l oPXl—F:%% & T AAeIA 2] RS Sk ek A,
Rl = = tEARD FAdolTH4A]. Bk 2 HE A S5 Aol kelolA diE ol Rt dhEA2e] 2
= s, R W, o7 s 22 Ehéj w2 AT ARbEe] Foladles TAEAAe e
ol f7Ehe FAOR, wRle] Ve Al S sEm HISIANHI). AAlE HEATIE AAEARE Bl 4]

Received: Apr 6, 2021 Revised: May 25, 2021 Accepted: May 30, 2021

Corresponding author: Daesung Park (ORCID https://orcid.org/0000-0003-4258-0878)

Department of Physical Therapy, College of Medical Sciences, Konyang University

158 Gwanjeodong-ro, Seo-gu, Daejeon, Republic of Korea [35365]

Telss#k —skksk —skxk%  Fax: +82-42-600-6565 E-mail: daeric@konyang.ac.kr

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © 2021 Korean Academy of Physical Therapy Rehabilitation Science



Phys Ther Rehabil Sci 10(2)

] 3 Ao ol FAete WAL A A A
she FAYe Alle] dgEo] Aag
o AgHTh TR JPn 494 Tt 24s
Aple] Sile] © HojAm SxAwukteo] At
[10].

wQlz} Hole] I 52 HI} Al A ENre
L QrEFAY olEAE S s AR
o W W NS Gl

Balance Board(WBB)= &lali %
I ghesh olgAdo] S& Auloln, ThFh AShS
oz By 1 78 =9 w7 =
w7} QJZEIQTHIL, 14, 5 5—6] 9
= o83t +9 9 Jﬂ7}9} 7]‘j =

N
o
o T
o M
oo
J;mlo
X
=
e 1
L g
gii
oi»—‘
—‘\l
#z
M
Nm
¥ E
) )
T\EL‘
N
£ [k
2 oot N

53]1 WBB9| #ﬁﬂ
F Feo] tieh =& edAs
E’S‘P‘R‘iibh 1177}11 =S 1‘41”9& WBBE 243}
E e 7R A7) Qdh 3L
2] AA= &5 A4HE A7sk A2l 52l
FHA 28 7Fssha18], 42 Hx 53
s Astet WA 53t 5 A
7] w2ell[9, 19] ARt A4t =919
WBB& &%}l o]& H|uwgt 7|z A7t da
glha], B 93] B 1912 fjale 2 WBBY|
A sl S Hekx o g 3191510 224 WBB -84
shEsla, Ao wE Mz o] 2jols s}
Ll

o & Ho r-
ot ¢
N
>
le
2
ﬂ

> 2 |
4
i
1:1

l Kl
olr
W

&1'
[¢]

5 o o r§f:
Q. offf it X

4> _a
2

i3
mlo

rr o = Ok o A
£
K E=

o
o 071 L QL CHAIR

# 70] Ak SERAITR, A A7) 914
3 A=A 654 ol 1e2lz} A AT 2] o
spmolA w 194] olgel 2R e AU A7t w
s,

T;H/K]—X]— /e]x47] 1;}#_1_]. 7%1;} xquH’ ]75173“ T 3}
A ZEAA Age] gle AL S, SHHeR Herd
glo] ekl AojA7], Bal, AZ7} 71531 =) AR, F
= 1d o) ol gl AL WA, H 1d oy #
W el o] gle Aelnh A7l ot
k3, 5 APl AncEeles BaY, o2

e A A, A Bel gl

N AR Sl ok kol £

o=
A, QAR A, B kRS B8 o] gt 4
oIet.
BE el ATl Azt el ojs) AF A

2 At thgt SEgt @“5% AlEsAar, 2e oAk
= Tl Argstar ApA o s Folsiginy. 2 A=
Aordistn YA 4IRS (Institutional Review Board)
RB %QI¥%: 2018-121-01).

=X 11 9l HpH

< od

Be Aol wmole] Az SRl wlwsh] 9,
WBB(WBB, Nintendo of America Inc., USA)%}
Balancia software(ver. 2.0, Mintosys Inc., Korea)[20]&
ARESHRAL,  dlole MEHS 100 HzE AAsHlc
WBBE ARgSto] HZA|9] F2ks AR HEREE (R
Fo)l gk, A0 ATANE Aoz Fu
Ade 2= Yehd Zlo|tiFigure 1). A-D7H =
7177 Mean-3SD)FLRT} o)z Azl Al
7] 27K Mean+3SD)gEETH AR 7] A&sE A Ho= A
A M= A7 etk 1 % B?L7J° 25l v
ARHASAID)S Sufgih CARS AAGHolA 29
& =, ol o] iz STk AHlE Htisksol A
e g oujicy.

o1 SR}
AP WBB $lo] % wE 2ehdl F X wlet
£ 9718 9o e IS Yehpms: T o
0 AE S 1, AL Aol AES sk o

9= # }0}7‘1] =g gith o]of “*17“”0]1“4" kel
‘6]—7]]] Z]-/\ o] 7(—1_1.‘6]— _/r\_ %\_‘L‘; _,_]q-]inoli /\X]__i Xq—'—f)‘}»
Al sk, M & WBBO 2R|sto] £ R A AJEHE
A|5l=2 3l WBBE 24% dojels AlE A|A] ¢
(weight phase), 84|55} THA|(unweighting phase), A
% A|(braking phase), =% ©A|(propulsion phase), |
& THA(flight phase), 2F<] ©HA|(landing phase)® &
o ek BAols A ARKs), 2 dAelA 2 &
(HE%), "A| Al7Hground contact time, s), 2+ THAE
AR AgBlSc A Al SRR odd
FE| Aol 7SIt BE e 2 A
A UEE 3R ALIIES o1 Sl 30H 2Asie
o 7k W7k B2 Aolols 187 FALS FekA sl
ol fulat] Sa) 2E S2olA BAAL 1 m ol
ol ofIstsick



Lim et al: Comparison of vGRF during Jump between Elderly and Young Adults using WBB

200

WBB, vGRF (weight %)

—Young adults
--- Elderly

Time (s)

Figure 1. Procedure of vertical jump and each example data of vertical groun reaction force (vGRF) in young adults and

elderly using the Wii Balance Board (WBB): (A-D) total jump time, (B) flight phase, (C) peak phase.
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Young adults (n=40) Elderly (n=33) p-value
Sex (male/female, n) 20/20 16/17 0.897
Age (years) 22.5(2.2) 75.1 (5.2) <0.001
Weight (kg) 60.2 (10.4) 59.1 (7.6) 0.602
Height (cm) 164.4 (5.5) 166.9 (6.3) 0.084
Body mass index (kg/m?) 21.8 (2.1) 21.5(2.6) 0.593

Values are presented as mean (SD)
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Table 2. Comparison of Jump performance between elderly and young adults

Young adults (n=40) Elderly (n=33) Z-value
Time (s) 1.98 (0.44) 2.40 (0.41) -4.203™
Peak (BW%) 399.45 (80.31) 348.57 (66.66) 2.905™
Min (BW%) -0.29 (0.55) -.03 (0.01) -6.969™"
Int SUM (BW%) 197.35 (46.65) 241.96 (40.98) -4.293™"
COP path length (mm) 945.24 (294.46) 785.83 (168.96) 2261
W difference peak (kg) 54.55 (21.28) 58.38 (25.54) -.587
W symmetry ratio (%) 1.15 (0.23) 1.13 (0.21) 537
X range (mm) 62.98 (66.02) 408.38 (1953.94) -1.485
Y range (mm) 56.77 (44.22) 227.90 (1067.34) -.510
Jump(flight) time (ms) 40.37 (6.36) 21.34 (6.60) 12.503"

p<0.05, “p<0.01, "p<0.001
Values are presented as mean (SD)

BW: body weight, Int SUM: integral summation, COP: center of pressure.

ol Ae|(p=0.024), AFAZHp<0.001)0ll4 EAZH 0
2 Fofg Aolzt 9U9irkTable 2). =212 #2 A3lo]
Hlal], 71 A At W SRR ARk, 11 ol

72, &2 AsARE HAok

2] ofgh= ot} oA U= AIAIA
Hatoln], Yt dod 4= 3= diEA 89 & s
ok k=219] M 3L VHEe R kdlof whE 514
=2 oot SRAQl AIEIHA 8 sEe WA

AUt & Aolld= WBBE ARE-SH

e of 15% o Yotk w3, w9lo] A9 Fe A
Qlof ulal ArjE oz AT Al FL, e S92

o5 A7k wliA W Uekiek

B Ao ARA HI ol ZAekA Fatdl
oL}, 71E ATt fARE AT Beth A4 42 10
Wik A w9l 109S o AFole] JFL Bl
shardh, WHE A 49 Eore] thElo)ita e gy
DTYERENY D FAYSH) L dBOR T 4
AR, FAZHA ol Ael, AZ o] 5L v
W AT[9]S] 8 Aol wpEH, FS A2 uls)
Qlo] AAHOR o A AT} FAZHHo]
FOE WE YLES syt Husir ol ¥

a8 o

o2 =Q19] Fxe] ;
TS A 71E AP{20eIAE W eelat Fe
A&

Qe AOR 42 HE FOk 7 s TS
T, 58 w90 o] i) 714

ahx) 2] w91 ulastgich. 7 2uk WA =91e 3
© g Aolunt ) Aol 64%, SAIX R

= 26%, 7

K li=4=!

FA3e] 44 &

Z] 3L e

A7 WBBS 3 422 A|uvbae e sholsh
FE HEoR o 4 9otk

1}

=

i of

72120

2%

QN

= 35% Wk ESF e

QloflAIA A7ket Fd AdRlET} HE S| EofA] W2
T7F TR ITHPE T -60%; T8 TE:-72%;
=5 B -68%). = A diAEY Hdt dRE Ve
Ato] B =Ql(74.544.6) B A EAd Ad1(21.8+2.8)
W vt od, & Aol dY BE7E 23ESLY)
o] & et 7k =R HEhE xjo]7} 15%2 vl
A A Uepd ZloR F5Hch

P Aol A

j=lg=y
=2

off dieh g7l -8t

EOJARE BgH Rgo] L3, o5 BTk Awlol
PEREECERHE
o] QIe{13]. WhHo] WBBL: 159] AHE A 474 A

AR AN ofele



Lim et al: Comparison of vGRF during Jump between Elderly and Young Adults using WBB 5

&3t Asa o A

B AT ARES Tl AgHE FWL 3502
TAElo] glo] Al W] T & 4 YN WBBE 15

[}
Z4o] E7hssicHE Aol

mu
I
i)
T
Etj:'f
it
£
=
o)
w
rir K
>~
i3
b
=)
>
o
offt
o

= g Prleky s Y oEIE B 4 9

fr (& o TZ& i)
1

zs
B AT wolih e A4S o WBBS olg
sfo] AHZ 49 2L, AN, QeiEA
A olEAY, AT AR 5L lwstag stk £ 9
A, wolede e Ale HEsie o 1 Y
we) 9 EFAE ol

1. Tinetti ME, Ginter SF. Identifying mobility dys-
functions
muscular examination or direct assessment? JAMA.
1988;259:1190-3.

2. Fiatarone MA, Evans WJ. 11 The Etiology and
Reversibility of Muscle Dysfunction in the Aged. J
Gerontol. 1993;48:77-83.

3. Siglinsky E, Krueger D, Ward RE, Caserotti P,
Strotmeyer ES, Harris TB, et al. Effect of age and
sex on jumping mechanography and other measures

in elderly patients: standard neuro-

of muscle mass and function. J Musculoskelet
Neuronal Interact. 2015;15:301.

10.

11.

12.

13.

14.

15.

VAN ZANDWIIK JP, BOBBERT MF, Munneke M,
Pas P. Control of maximal and submaximal vertical
jumps. Med Sci Sports Exerc. 2000;32:477.
Haguenauer M, Legreneur P, Monteil KM. Vertical
jumping reorganization with aging: a kinematic
comparison between young and elderly men. J Appl
Biomech. 2005;21:236-46.

De Vito G, Bernardi M, Forte R, Pulejo C, Macaluso
A, Figura F. Determinants of maximal instantaneous
muscle power in women aged 50-75 years. Eur J
Appl Physiol Occup Physiol. 1998;78:59-64.
Holsgaard Larsen A, Caserotti P, Puggaard L,
Aagaard P. Reproducibility and relationship of sin-
glejoint strength vs multijoint strength and power
in aging individuals. Scand J Med Sci Sports.
2007;17:43-53.

Kim S. Countermovement jump strategy changes
with arm swing to modulate vertical force advantage.
Korean Journal of Sport Biomechanics. 2017;27:141-7.
Liu Y, Peng C-H, Wei S-H, Chi J-C, Tsai F-R,
Chen J-Y. Active leg stiffness and energy stored in
the muscles during maximal counter movement jump
in the aged. J Electromyogr Kinesiol. 2006;16:342-51.
Lee S-Y, Kwon M-S. The Effect of Gender Difference
in Injury Experience on Biomechanical Variables of
Lower Extremity during Two Leg Drop Landing.
Journal of the Korean Applied Science and Technology.
2019;36:424-33.

Clark RA, Mentiplay BF, Pua Y-H, Bower KJ.
Reliability and validity of the Wii Balance Board
for assessment of standing balance: A systematic
review. Gait Posture. 2018;61:40-54.

Argaud S, Pairot de Fontenay B, Blache Y, Monteil
K. Explosive movement in the older men: analysis
and comparative study of vertical jump. Aging Clin
Exp Res. 2017;29:985-92.

Blosch C, Schifer R, de Marées M, Platen P.
Comparative analysis of postural control and verti-
cal jump performance between three different meas-
urement devices. PLoS One. 2019;14:¢0222502.
Mhatre PV, Vilares 1, Stibb SM, Albert MYV,
Pickering L, Marciniak CM, et al. Wii Fit balance
board playing improves balance and gait in
Parkinson disease. PM R. 2013;5:769-77.

Park D-S, Lee D-Y, Choi S-J, Shin W-S. Reliability
and validity of the balancia using wii balance board



Phys Ther Rehabil Sci 10(2)

16.

17.

18.

19.

20.

21.

for assessment of balance with stroke patients.
Journal of the Korea Academia-Industrial coopera-
tion Society. 2013;14:2767-72.

Kwok B-C, Clark RA, Pua Y-H. Novel use of the
Wii Balance Board to prospectively predict falls in
community-dwelling older adults. Clin Biomech.
2015;30:481-4.

Yamamoto K, Matsuzawa M. Validity of a jump
training apparatus using Wii Balance Board. Gait
Posture. 2013;38:132-5.

Hardcastle SA, Gregson CL, Rittweger J, Crabtree
N, Ward K, Tobias JH. Jump power and force have
distinct associations with cortical bone parameters:
findings from a population enriched by individuals
with high bone mass. J Clin Endocrinol Metab.
2014;99:266-75.

Haguenauer M, Legreneur P, Monteil KM. Vertical
jumping reorganization with aging: a kinematic
comparison between young and elderly men. J Appl
Biomech. 2005;21:236-46.

Park DS, Lee G. Validity and reliability of balance
assessment software using the Nintendo Wii balance
board: usability and validation. J Neuroeng Rehabil.
2014;11:1-8.

Jeong YJ, Park DS. Validity of ground reaction
forces during gait and sit-to-stand using the ninten-
do wii balance board in healthy subjects. J Korean
Soc Phys Med. 2016;11:85-92.





