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Abstract.	 [Purpose]	This	study	aimed	to	investigate	the	effects	of	visual	feedback	balance	training	on	the	pain	
and	dysfunction	of	patients	with	chronic	degenerative	knee	arthritis.	[Participants	and	Methods]	Twenty-six	pa-
tients	with	chronic	degenerative	knee	arthritis	participated	in	this	study;	the	control	group	(n=13)	performed	muscle	
strength	training	and	the	experimental	group	(n=13)	performed	visual	feedback	balance	training.	General	physical	
therapy	was	applied	to	both	groups	three	times	a	week	for	eight	weeks.	The	visual	analog	scale	was	used	to	measure	
the	patient’s	pain	scale,	and	the	K-WOMAC	(Korean	Western	Ontario	and	McMaster	Universities	Osteoarthritis	
Index)	was	used	as	a	tool	to	evaluate	their	physical	function.	[Results]	In	the	intra-group	comparisons,	significant	
decreases	in	the	visual	analog	scale	and	the	K-WOMAC	were	observed	for	the	control	group	and	the	experimental	
group.	No	 significant	 difference	was	 found	 in	 the	 inter-group	 comparisons	 after	 treatment.	 [Conclusion]	Visual	
feedback	balance	training	is	considered	to	be	an	effective	intervention	method	for	improving	pain	and	dysfunction	
in	patients	with	chronic	degenerative	knee	arthritis.
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INTRODUCTION

Degenerative	arthritis	is	a	disease	caused	by	wear	and	degeneration	of	the	cartilage	tissues	that	cushion	the	ends	of	bones	
and	prevent	friction;	it	is	also	called	osteoarthritis	or	arthritis	deformans.	Due	to	the	pain,	stiffness,	and	reduced	mobility	
range	of	 the	 joint,	 the	patient	ultimately	 loses	 their	 functional	 independence1),	 and	 this	 condition	 is	known	 to	be	highly	
related	to	muscle	weakness	of	the	quadriceps	femoris	muscle2).	Degenerative	arthritis	can	be	prevented	by	regular	exercise	
therapy	while	maintaining	a	healthy	lifestyle,	and	even	patients	with	arthritis	can	improve	their	disease	condition	by	muscle-
strengthening	 and	 aerobic	 exercises3).	 Therefore,	 a	 pyramidal	 approach	 is	 usually	 applied	 to	 patients	with	 degenerative	
arthritis;	first,	muscle-strengthening	exercise	of	the	quadriceps	femoris	muscle	is	recommended,	followed	by	conservative	
treatment.	If	there	is	no	improvement	after	the	conservative	treatment,	drugs	can	be	prescribed,	starting	with	those	with	fewer	
side	effects,	such	as	acetaminophen	and	anti-inflammatory	analgesic,	and	then,	if	this	pharmaceutical	therapy	does	not	work,	
surgical	intervention	can	be	employed4).	Visual	feedback	training,	which	has	been	widely	used	recently,	integrates	afferent	
information	from	vestibular	and	somatic	senses,	contributing	to	posture	control	and	reducing	postural	disturbance5), so it is 
applied	to	improve	postural	balance	and	visual	perception	in	patients	with	damage	in	the	central	nervous	system	or	orthopedic	
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injuries.	The	primary	goal	in	the	treatment	of	patients	with	chronic	degenerative	knee	arthritis	is	to	reduce	pain	and	improve	
gait	and	function.	Laufer	et	al.6)	reported	that	the	visual-feedback	effect	played	an	important	role	in	the	postural	control	of	
patients	with	balance	control	disorders.	The	study	of	Hatzitaki	et	al.7)	in	which	a	postural	control	experiment	was	conducted	
in	 elderly	women,	 reported	 that	 the	 posture	 control	 ability	 of	 the	 participants	was	 improved	 after	 a	 visual	 biofeedback	
mechanism	was	applied.	Although	the	visual	feedback	balance	training	is	widely	used	for	various	chronic	degenerative	knee	
arthritis,	the	evidence	of	their	effects	has	not	been	firmly	established.

Therefore,	this	study	aimed	to	apply	proprioceptive	stimulation	training	accompanied	by	visual	information	in	order	to	
investigate	effects	on	the	pain	and	function	of	patients	with	chronic	degenerative	knee	arthritis.

PARTICIPANTS AND METHODS

This	study	was	conducted	in	patients	of	sixty	years	of	age	or	older	who	were	diagnosed	with	degenerative	knee	arthritis	
by	an	orthopedic	specialist.	The	study	group	consisted	of	 those	hospitalized	at	G	Hospital	 in	Gumi,	Gyeongsangbuk-do,	
South	Korea.	Those	with	any	neurological	diseases	that	may	affect	balance	or	gait	and	those	with	a	past	history	of	orthopedic	
surgery	related	to	knee	arthritis	were	excluded	from	the	study.	Consequently,	twenty-six	patients	(males:	7,	females:	19)	were	
included	in	this	study.

For	the	control	group	(n=13),	the	mean	age	was	67.2	±	5.3	years,	the	mean	height	was	158.8	±	7.6	cm,	the	mean	weight	
was	62.1	±	8.2	kg;	for	the	experimental	group	(n=13),	the	mean	age	was	64.5	±	3.6	years	old,	the	mean	height	was	160.0	±	
8.4	cm,	and	the	mean	weight	was	60.9	±	13.6	kg.	Ethical	approval	for	the	study	was	granted	by	the	U1	University	Institutional	
Review	Board	(U1IRB2020-02).	All	participants	read	and	signed	consent	forms	in	accordance	with	the	ethical	standards	of	
the	Declaration	of	Helsinki.

The	control	group	performed	a	muscle-strengthening	exercise	using	an	elastic	band	 (Hygenic	Corporation,	USA).	To	
avoid	straining	muscles	and	joints,	stretching	and	simple	freehand	exercises	were	performed	in	a	comfortable	state	for	warm-
ing	up	and	cooling	down.	The	warm-up	and	cool-down	exercises	were	performed	for	five	minutes,	each	mainly	focusing	on	
the	flexibility	of	the	large	joints	of	the	body.	The	exercise	program	was	composed	of	three	sets	of	10	repetitions	at	maximum	
extension	with	a	two-minute	resting	time	after	each	set;	this	exercise	took	about	20	minutes	total.	The	frequency	of	exercise	
was	set	to	10	times	per	set,	and	the	participants	were	instructed	to	perform	the	exercise	within	the	range	of	joint	movement	
in	which	the	participant’s	rating	scales	of	perceived	exertion	were	at	intensity	levels	of	13	to	15	(a	little	hard	to	hard),	which	
are	the	final	levels	of	exertion	before	the	subject	begins	to	feel	pain8).

The	experimental	group	performed	visual	feedback	balance	training	in	which	Balance	Trainer	(Media	Medizintechnik	
GmbH,	Germany)	was	utilized	to	create	three	simple	games.	The	training	program	instructed	participants	to:	move	a	rabbit	
from	the	center	of	the	screen	to	an	apple	on	the	monitor,	which	could	appear	from	eight	possible	directions,	and	then	put	
the	apple	back	into	a	basket	in	the	center	of	the	screen;	touch	pillars	at	corners	in	four	directions	while	drawing	circles	on	
a	donut-shaped	screen;	and	hit	a	block-shaped	box	with	a	ball	in	a	game	similar	to	tennis.	Both	the	control	group	and	the	
experimental	group	were	treated	with	general	conservative	physical	therapy,	during	which	hot	and	wet	therapy	(20	minutes),	
interference	current	therapy	(100	bps,	15	minutes),	and	ultrasonic	therapy	(1	MHz,	1.5	W;	cm2,	5	minutes)	were	applied.

The	Visual	analogue	scale	(VAS)	was	used	to	evaluate	 the	pain	scale.	The	K-WOMAC	(Korean	Western	Ontario	and	
McMaster	Universities	Osteoarthritis	Index)	was	used	to	evaluate	physical	function.	The	WOMAC	is	an	index	that	evaluates	
the	pain	and	functional	status	of	patients	with	degenerative	knee	arthritis	and	is	widely	used	as	a	measure	for	evaluating	
symptoms	and	treatment	effects	in	patients	with	degenerative	knee	joints.

For	 the	 statistical	processing	 in	 this	 study,	a	paired	 t-test	was	performed	 in	 the	 intra-group	comparisons	 to	determine	
the	pain	scale	and	the	physical	function	of	patients	with	chronic	degenerative	knee	arthritis,	and	a	two-sample	t-test	was	
performed	in	the	inter-group	comparisons	after	treatment.	Data	obtained	from	this	study	were	statistically	processed	using	
Microsoft	Excel	365	(Microsoft	office	Inc.,	Korea)	and	the	significance	level	α	was	set	to	0.05.

RESULTS

The	results	of	this	study	showed	that	in	the	intra-group	comparisons,	significant	decreases	in	the	VAS	and	K-WOMAC	
were	observed	for	the	control	group	and	the	experimental	group	(p<0.05).	No	significant	difference	was	found	in	the	inter-
group	comparisons	after	treatment	(p>0.05)	(Table	1).

DISCUSSION

Recently,	 studies	have	been	actively	conducted	on	 the	 types	of	exercise	 therapies	and	programs	 that	can	 induce	 joint	
movement	without	exerting	excessive	load	on	the	articular	cartilage	affected	by	degenerative	arthritis.	Among	these,	visual	
feedback	balance	training	has	been	widely	represented9).	Kim10)	applied	a	knee	joint	muscle-strengthening	exercise	using	an	
elastic	band	to	determine	the	effect	of	such	training	on	the	muscle	strength	and	balance	control	ability	of	the	elderly,	and	it	
was	found	that	both	strength	and	balance,	which	reflect	lower	extremity	strength,	were	enhanced	after	the	five-week	exercise;	
it	was	reported	that	this	exercise	also	had	a	significant	effect	on	improving	the	agility	and	dynamic	balance	control	of	the	
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elderly.	The	study	of	Loughlin	and	Redfern5)	reported	that	all	groups	that	underwent	visual	feedback	showed	an	improvement	
in	their	short-term	motor	learning	ability.	The	study	of	Hatzitaki	et	al.7)	in	which	a	postural	control	experiment	was	conducted	
in	 elderly	women,	 reported	 that	 the	 posture	 control	 ability	 of	 the	 participants	was	 improved	 after	 a	 visual	 biofeedback	
mechanism	was	applied.	Lim11)	researched	exercise	paired	with	visual	information	in	patients	with	degenerative	arthritis	and	
found	a	significant	decrease	in	pain	as	measured	using	the	visual	analogue	scale.

The	results	of	this	study	showed	that	there	were	statistically	significant	decreases	in	pain	and	functional	changes	in	both	
the	control	and	experimental	groups,	but	there	was	no	significant	difference	in	the	inter-group	comparisons	after	treatment.	
These	results	indicate	that	the	visual	feedback	balance	training	reduced	disturbance	to	the	head	and	the	trunk	while	perform-
ing	the	exercise	and	also	reduced	disturbance	to	the	pelvis	and	the	lower	limbs.	In	addition,	it	is	believed	that	the	strategic	
movement	of	the	knee	joint	was	reduced	due	to	the	decreased	disturbance	to	the	body,	which	kept	knee	joint	movement	from	
the	pain-inducing	range12).	Further,	as	a	result	of	the	increase	in	muscle	strength	around	the	knee	joint	due	to	the	muscle-
strengthening	exercise,	standing	stability	increased,	which	is	likely	a	result	of	the	improvement	of	functional	ability	due	to	
pain	relief.

Taken	together,	this	study	shows	that	knee	joint	muscle-strengthening	exercise	using	visual	information	feedback	training	
was	effective	in	improving	the	balance	ability	and	pain	of	patients	with	degenerative	knee	arthritis.	This	training	method	is	
expected	to	help	patients	with	degenerative	knee	arthritis	improve	their	standing	balance	ability	and	reduce	pain.
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Table 1.		Comparison	of	VAS	and	K-WOMAC	within	each	group

Group Pre-test Post-test
VAS	(cm) Control group 7.0	±	2.0 4.9	±	1.4**

Experimental	group 6.9	±	1.8 4.2	±	1.7**, !

K-WOMAC	(points) Control group 28.5	±	10.6 22.9	±	8.3**

Experimental	group 33.3	±	13.7 15.7	±	8.7**, !

VAS:	Visual	Analogue	Scale;	K-WOMAC:	Korean	Western	Ontario	and	McMaster	Universities	Os-
teoarthritis	Index.
**paired	t-test;	**p<0.01;	!No	significant	difference	between	two	groups,	p>0.05.
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