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Abstract.	 [Purpose]	This	study	aimed	to	examine	the	immediate	effects	of	a	pelvic	neuromuscular	joint-facili-
tation	intervention	on	the	walking	and	balance	ability	of	patients	with	hemiplegia	caused	by	cerebrovascular	ac-
cidents.	 [Participants	 and	Methods]	A	 total	of	15	patients	with	hemiplegia	 caused	by	cerebrovascular	 accidents	
underwent	a	neuromuscular	 joint-facilitation	 lumbar-pattern	 intervention	 (intervention	group),	a	bridge	exercise	
(bridge	intervention	group),	or	a	neuromuscular	joint-facilitation	bridge	intervention	(neuromuscular	joint-facilita-
tion	bridge	group).	Each	intervention	was	randomly	administered	at	7-day	intervals.	Measurement	items	included	
the	timed	up-and-go	test,	functional	reach	test,	10-m	maximum	walking	speed	test,	and	load	in	the	standing	posi-
tion.	Measurements	were	taken	before	and	after	the	intervention	in	each	group.	[Results]	The	timed	up-and-go	test	
result	was	significantly	 shorter	 in	 the	neuromuscular	 joint-facilitation	 intervention	group.	Timed	up-and-go	 test	
results,	functional	reach,	10-m	walking	time,	and	standing	load	(non-paralyzed	side)	significantly	improved	in	the	
neuromuscular	joint-facilitation	bridge	group.	[Conclusion]	The	neuromuscular	joint-facilitation	bridge	interven-
tion	was	immediately	effective	in	patients	with	hemiplegia	caused	by	cerebrovascular	accidents	and	improved	their	
walking	and	balance	ability.
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INTRODUCTION

Neuromuscular	 joint	 facilitation	 (NJF)	 is	a	new	exercise	 therapy	 that	aims	 to	 improve	 joint	movement	using	passive,	
automatic,	and	resistance	movements	and	integrating	the	facilitating	elements	of	proprioceptive	neuromuscular	facilitation	
and	joint	constituent	movements	based	on	the	knowledge	of	kinematics.	As	a	result	of	searching	for	a	combination	of	mo-
tions	that	can	be	theorized,	NJF	comprises	a	collective	motion	pattern	with	spiral	and	diagonal	motions.	In	particular,	the	
arthrokinematic	approach	is	used,	which	focuses	on	the	resistance	composition	movement	for	the	joint	capsule	associated	
with	 bone	movement	 in	 the	 arthrokinematic	 approach	 and	 the	 proximal	 resistance	 composition	movement	 for	 the	 joint	
capsule	being	added	to	the	diagonal	spiral	movement	pattern1).

J. Phys. Ther. Sci. 34: 172–176, 2022

*Corresponding	author.	Hualong	Xie	(E-mail:	longyuzhektt@126.com)
©2022	The	Society	of	Physical	Therapy	Science.	Published	by	IPEC	Inc.

This	is	an	open-access	article	distributed	under	the	terms	of	the	Creative	Commons	Attribution	Non-Commercial	No	Deriva-
tives	(by-nc-nd)	License.	(CC-BY-NC-ND	4.0:	https://creativecommons.org/licenses/by-nc-nd/4.0/)

 The Journal of Physical Therapy Science

https://creativecommons.org/licenses/by-nc-nd/4.0/


173

Cerebrovascular	accident	may	cause	paralysis	of	half	of	 the	body;	 this	 is	associated	with	somatosensory	disorder	and	
muscle	weakness,	which	are	 linked	 to	diminished	balance	 function,	 reduced	walking	ability,	and	 restricted	movement	 in	
daily	life2, 3).	Balance,	walking,	basic	movement,	independence	in	activities	of	daily	living	(ADL),	and	functional	activity	
evaluations	are	strongly	related	to	core	performance,	and	the	importance	of	evaluation/intervention	regarding	the	trunk	has	
been	reported4, 5).

The	trunk	is	considered	important	for	the	performance	of	daily	activities,	such	as	providing	support	in	the	anti-gravity	
position	of	the	whole	body,	getting	up,	stable	sitting,	and	turning	over	by	fixing	the	proximal	body	during	limb	exercises5). 
The	importance	of	trunk	function	is	recognized	in	the	rehabilitation	of	hemiplegic	patients;	in	particular,	re-education	about	
trunk	muscles	is	emphasized	for	the	acquisition	of	basic	movements	and	ADL6, 7).

Previous	studies	reported	that	NJF	to	the	knee	joint	in	healthy	adults	increased	the	muscle	strength	during	flexion	and	
extension,	shortened	the	reaction	time,	and	improved	the	muscle	contraction	agility8, 9).	NJF	intervention	on	the	pelvis	in	
patients	with	hemiplegia	due	to	cerebrovascular	disorders	was	shown	to	improve	both	dynamic	and	static	balance10).	NJF	
inputs	proprioceptive	sensations	through	the	muscles	and	joints	and	the	intervertebral	space	simultaneously,	leading	to	a	joint	
mobilization	effect1).	From	these	previous	findings,	it	is	considered	that	NJF	to	the	pelvis	may	be	performed	to	improve	trunk	
performance,	balance	function,	and	walking	ability.	Therefore,	this	study	aimed	to	investigate	the	immediate	effects	of	an	
NJF	intervention	on	the	walking	and	balance	ability	of	patients	with	hemiplegia	due	to	cerebrovascular	accident.

PARTICIPANTS AND METHODS

A	total	of	15	patients	with	hemiplegia	caused	by	cerebrovascular	accident	(11	males,	4	females;	age:	54.2	±	13.4	years;	
height:	168.8	±	5.6	cm;	weight:	72.2	±	8.9	kg	[mean	±	standard	deviation])	participated	in	this	study.	The	time	from	cere-
brovascular	accident	was	3–6	months	(3.9	±	1.4	months).	Four	patients	had	cerebral	hemorrhage,	whereas	11	patients	had	
cerebral	infarction;	11	had	right	hemiplegia,	whereas	4	had	left	hemiplegia.	Based	on	the	Brunnstrom	recovery	stage	of	the	
lower	limbs,	11	cases	were	classified	as	stage	III,	2	as	stage	IV,	and	2	as	stage	V.

The	inclusion	criteria	for	participants	were	as	follows:	1)	Brunnstrom	stage	III	and	above;	2)	ability	to	wear	an	ankle	
foot	 orthosis	 and	walk	 alone	without	 a	 cane,	 even	 if	 not	 practical	walking;	 3)	 ability	 to	 perform	 all	measurements	 and	
intervention	tasks	in	this	study;	and	4)	previous	cerebrovascular	accident.	In	contrast,	the	exclusion	criteria	were	unstable	
general	condition	and	neurological	symptoms,	osteoarthritis,	dementia,	and	psychiatric	disorders.	In	addition,	patients	unable	
to	understand	the	study	instructions	were	excluded,	as	were	those	with	brain	stem	lesions,	bilateral	lesions,	or	respiratory/
circulatory	disorders	associated	with	restricted	movement.	This	study	was	approved	by	the	International	University	of	Health	
and	Welfare	Ethics	Review	Committee	(approval	number:	19-Io-146).	The	purpose	and	content	of	this	study	were	explained	
to	the	participants	in	advance,	and	informed	consent	was	obtained	from	all	participants	prior	to	the	start	of	this	study.

All	participants	underwent	 the	 following	 interventions:	 an	NJF	 lumbar	pattern	 intervention	 (NJF	 intervention	group),	
a	 bridge	 exercise	 (bridge	 group),	 and	 an	NJF	 bridge	 intervention	 (NJF	 bridge	 group).	 Each	 intervention	was	 randomly	
performed	at	7-day	intervals.	The	participants	were	informed	in	advance	of	the	purpose	and	contents	of	the	study,	approval	
was	obtained,	and	the	measurement	was	started.	The	following	measurements/tests	were	performed:	timed	up	and	go	test	
(TUG),	functional	reach	test	(FRT),	10-m	maximum	walking	speed	test,	and	load	on	the	left	and	right	feet	while	standing.	
Each	measurement	was	performed	before	and	after	the	intervention	in	each	group.	Two-way	repeated-measures	analysis	of	
variance	(ANOVA)	was	used	to	test	for	statistically	significant	differences	between	the	intervention	and	control	groups.

The	TUG	measurement	involved	standing	up	from	a	chair,	walking	3	m,	changing	direction,	walking	back	3	m,	turning,	
and	sitting	back	in	the	chair;	the	time	taken	by	the	participants	to	perform	these	tasks	was	measured11).

For	the	FRT	measurement,	the	closed-leg	standing	position	next	to	a	whiteboard	was	the	starting	point.	Both	arms	were	
extended	forward	to	a	horizontal	position	(shoulder	joint	90°	flexion)	at	the	height	of	the	shoulder	peak;	the	third	fingertip	
position	was	marked	on	the	whiteboard,	and	the	arm	farthest	from	the	whiteboard	was	subsequently	lowered.	The	fingers	of	
the	extended	arm	were	kept	at	the	same	height;	the	participants	were	asked	to	reach	as	far	forward	as	possible	without	moving	
their	legs,	and	the	maximum	reach	was	marked.	The	distance	from	the	starting	position	to	the	maximum	forward	extension	
was	measured	and	recorded12).

In	the	measurement	of	the	maximum	walking	time	of	10	m,	we	instructed	participants	to	walk	as	fast	as	possible;	the	
walking	path	was	set	to	13	m,	which	included	a	1.5	m	runway	at	the	starting-	and	end	points,	and	the	time	that	it	took	the	
participants	to	walk	10	m	was	measured13).

The	load	(in	the	standing	position)	was	measured	in	the	standing	position	using	two	commercially	available	weight	scales,	
with	each	foot	placed	on	a	weight	scale	in	the	standing	position.	The	participants	maintained	a	stable	posture	for	5	sec,	and	
the	load	(kg)	on	each	leg	was	measured.	The	interventions	were	performed	by	a	therapist	who	had	been	performing	NJF	for	
7	years	and	was	qualified	as	an	NJF	instructor.

For	the	NJF	bridge	group,	the	intervention	was	as	follows:	The	upper	limbs	on	both	sides	were	placed	on	the	bed	in	the	
supine	position,	the	knee	joints	were	flexed	at	90°,	and	the	legs	were	opened	to	shoulder	width.	As	the	buttocks	were	not	
raised,	manual	 resistance	was	applied	 to	 the	hip	 joint	head	via	 the	 large	 trochanter	 in	 the	opposite	direction	of	hip	 joint	
extension	(Fig.	1).	The	final	position	of	the	bridge	targeted	the	abdominal	muscle	group.	To	activate	the	muscles	around	the	
hip	joint,	the	hip	joint	was	not	fully	extended	but	in	a	slightly	flexed	position,	and	the	pelvic	slightly	posterior	limb	position	
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to	stop.	The	oral	instructions	at	the	time	of	implementation	were	as	follows:	“Contract	the	abdomen	while	exhaling.	Please	
lift	your	bottom	slowly”.

For	the	NJF	intervention	group,	bilateral	pelvis	plus	lumbar	fixation	(anterior	elevation–lumbar	fixation,	posterior	inferior-
ity–lumbar	fixation,	anterior	inferiority–lumbar	fixation,	and	posterior	elevation–lumbar	fixation)	were	randomly	performed	
five	times	each.

For	 the	bridge	group,	both	upper	 limbs	were	placed	on	 the	bed	 in	 the	 supine	position,	 the	knee	 joints	were	flexed	at	
90°,	and	the	legs	were	opened	to	shoulder	width.	Resistance	was	applied	via	the	upper	anterior	iliac	spine	in	the	starting	
limb	position.	The	participants	slowly	raised	the	buttocks	as	much	as	possible	(Fig.	2).	The	oral	instructions	at	the	time	of	
implementation	were	as	follows:	“Please	exhale,	contract	your	abdomen,	and	slowly	lift	your	hips”.

Data	 from	 the	TUG,	FRT,	10-m	maximum	walking	 speed	 test,	 and	 load	 in	 the	 standing	position	before	and	after	 the	
intervention	in	each	group	were	analyzed.	The	mean	values	and	standard	deviations	were	calculated	for	each	group	before	
and	after	the	intervention.	If	any	significant	interaction	was	observed,	the	paired	t-test	was	performed	to	compare	the	outcome	
indicators	before	and	after	 the	 intervention.	Data	were	analyzed	using	IBM	SPSS	statistics	 for	Windows	ver.	23.0	 (IBM	
Corp.:	Armonk,	NY,	USA),	and	values	of	p<0.05	were	considered	statistically	significant.

RESULTS

The	measured	values	of	the	variables	for	each	group	are	presented	in	Table	1.	In	the	TUG,	a	significant	effect	was	observed	
by	comparing	the	results	before	and	after	the	intervention:	in	the	NJF	and	NJF	bridge	groups,	the	time	required	for	the	TUG	
was	significantly	shortened	after	the	intervention	(p<0.05).	As	for	the	FRT,	the	results	obtained	indicated	an	interaction.	A	
significant	increase	in	extension	after	the	intervention	was	observed	in	the	NJF	bridge	group	(p<0.01),	unlike	the	control	and	

Fig. 1.	 	The	neuromuscular	joint	facilitation	(NJF)	bridge	group.
Arrows	indicate	the	direction	of	resistance.

Fig. 2.	 	The	bridge	group.
Arrows	indicate	the	direction	of	resistance.

Table 1.		Results	for	each	measurement	item	before	and	after	the	intervention

Bridge group NJF	group NJF	bridge	group
Pre- 

intervention
Post- 

intervention
Pre- 

intervention
Post- 

intervention
Pre- 

intervention
Post- 

intervention
TUG	(sec) 30.3	±	17.1 35.6	±	16.0 30.9	±	16.3 27.6	±	14.7** 30.8	±	16.8 28.7	±	16.0*

FRT	(mm) 29.2	±	5.4 27.4	±	3.9 28.2	±	5.1 28.7	±	5.5 27.5	±	5.0 31.3	±	4.4**

10-m	walking	time	(sec) 28.5	±	18.1 31.0	±	21.0 30.1	±	19.4 27.9	±	19.6 31.4	±	19.9 28.2	±	18.5*

Load in the standing 
position	(kg)

Paralyzed	side 35.8	±	9.2 35.3	±	8.7 36.0	±	9.0 34.8	±	6.7 36.0	±	9.1 32.9	±	8.0
Non-paralyzed	side 37.8	±	6.4 38.0	±	6.4 37.7	±	6.6 39.2	±	6.6 37.9	±	6.2 40.8	±	6.1*

NJF:	neuromuscular	joint	facilitation;	TUG:	timed	up	and	go	test;	FRT:	functional	reach	test.
Mean	±	standard	deviation;	before	and	after	the	intervention:	*p<0.05;	**p<0.01.
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bridge	groups.	Regarding	the	10-m	walking	time,	the	results	obtained	indicated	an	interaction.	A	significantly	shortened	time	
following	the	intervention	was	observed	in	the	NJF	bridge	group	(p<0.05),	unlike	the	control	and	bridge	groups.	Moreover,	
regarding	 the	 amount	 of	 load	 in	 the	 standing	 position,	 an	 interaction	was	 observed	 in	 the	 results	 obtained.	The	 load	 in	
the	standing	position	was	significantly	increased	on	the	non-paralyzed	side	after	the	intervention	in	the	NJF	bridge	group	
(p<0.05),	unlike	the	control	and	bridge	groups	(Table	1).

DISCUSSION

In	this	study,	we	investigated	the	immediate	effects	of	an	intervention	involving	NJF	on	the	pelvis	on	the	balance	function	
and	walking	ability	of	hemiplegia	patients.

Our	results	indicated	significant	improvements	in	the	TUG	in	the	NJF	and	NJF	bridge	groups	and	in	the	FRT	measure-
ment,	10-m	walking	 time,	and	 load	on	 the	non-paralyzed	side	 in	 the	standing	position	 in	 the	NJF	bridge	group	after	 the	
intervention.	Thus,	the	NJF	bridge	group	showed	significant	effects	on	all	measurements.	This	suggests	that	the	NJF	bridge	
movement	intervention	is	immediately	effective	among	hemiplegia	patients.

NJF	is	thought	to	have	improved	trunk	performance	and	TUG	by	performing	near-normal	movements,	with	distal	resis-
tance	predominantly	promoting	helical	movements.	In	the	NJF	lumbar	pattern	intervention,	distal	resistance	diagonal	spiral	
movement	was	promoted,	lumbar	joint	composition	movement	was	promoted	in	proximal	resistance,	and	opposite	direction	
mobilization	was	practiced.	The	NJF	lumbar	intervention	improves	muscle	strength	around	the	lumbar	spine	and	mobiliza-
tion	of	the	trunk	facet	joint-by-joint	composition	movement	simultaneously.

The	results	indicated	that	the	NJF	bridge	intervention	improved	participants’	performance	in	the	TUG,	FRT,	10-m	walking	
time,	and	load	in	the	standing	position	(non-paralyzed	side).	According	to	previous	research,	in	the	NJF	bridge	intervention	
with	healthy	participants,	the	multifidus	and	transversus	abdominis	muscles	contracted	significantly14)	and	similarly	contrib-
uted	to	the	stability	of	the	trunk	function.	It	was	considered	that	the	inner	muscle	is	contracted	in	the	NJF	intervention	and	
can	contribute	to	improving	standing	balance	function.	From	this	viewpoint,	the	intervention	of	the	NJF	bridge	exercise	gives	
the	hip	joint	head	a	resistance	to	the	rotation	of	the	hip	joint	extension	in	the	opposite	direction	during	the	bridge	exercise.	In	
addition,	NJF	proximal	resistance	increases	abdominal	pressure	by	facilitating	the	activation	of	the	multifidus	and	transverse	
abdominal	muscles	by	resistance	to	the	hip	head,	and	the	lower	limbs	engage	in	more	efficient	muscle	contraction	and	trunk	
performance	and	balance,	 leading	 to	 improved	 function	and	walking	ability.	A	previous	 report	 indicated	 the	 relationship	
between	trunk	muscle	strength	and	balance	ability	in	patients	with	hemiplegia	due	to	cerebrovascular	accident15). Balance 
ability	 requires	 instantaneous	movement,	 particularly	 in	 the	back	muscles,	 and	muscular	 strength	has	been	 suggested	 to	
be	required16).	Therefore,	improving	the	trunk	function	of	patients	with	cerebrovascular	accident	is	an	important	factor	in	
promoting	balance,	walking	ability,	and	ADL.	As	such,	 it	 is	necessary	to	establish	effective	rehabilitation	of	 the	trunk	in	
patients	with	hemiplegia	due	to	cerebrovascular	accident17).	Based	on	our	results,	the	NJF	bridge	intervention	provided	an	
NJF	proximal	counterforce	to	the	hip	head,	improving	balance	function	and	walking	ability.

As	a	limitation	of	this	study,	trunk	muscle	and	trunk	function	were	not	assessed	after	the	NJF	bridge	intervention	.	Thus,	it	
is	necessary	to	further	clarify	the	effects	of	intervention	on	the	trunk.	In	the	future,	we	would	like	to	verify	the	effects	of	the	
NJF	bridge	intervention	on	other	diseases	among	athletes.

Our	results	suggest	the	importance	of	trunk	function	in	the	rehabilitation	of	hemiplegic	patients.	The	NJF	bridge	interven-
tion	was	immediately	effective	among	hemiplegic	patients	and	improved	their	walking	and	balance	ability.
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