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Abstract.	 [Purpose]	In	this	pilot	study,	we	investigated	the	effectiveness	of	physical	therapist-delivered	accep-
tance and commitment therapy in older outpatients with knee osteoarthritis and chronic pain. [Participants and 
Methods]	This	single-center,	open-label,	parallel-group	pilot	randomized	controlled	trial	included	30	patients	as-
signed	 to	 the	physical	 therapist-delivered	acceptance	and	commitment	 therapy	group	 (n=15)	and	 the	usual	 care	
physical	therapy-only	group	(n=15).	Both	treatments	were	administered	once	a	week	for	8	weeks.	Evaluation	was	
performed	4	weeks	before	intervention,	pre-intervention,	post-intervention,	and	4	weeks	after	intervention.	The	pri-
mary	outcome	was	diagnosis	of	a	physical	disability,	and	secondary	outcomes	included	psychological	inflexibility,	
pain	intensity,	anxiety,	depression,	physical	function,	and	objectively	measured	physical	activity.	[Results]	Physical	
therapist-delivered	acceptance	and	commitment	 therapy	had	a	 limited	effect	on	physical	disability,	although	we	
observed	a	favorable	 tendency.	With	regard	 to	secondary	outcomes,	physical	 therapist-delivered	acceptance	and	
commitment	 therapy	did	not	show	significant	effects.	Notably,	15	patients	withdrew	from	this	study	and	6	were	
diagnosed	with	coronavirus	disease.	[Conclusion]	Physical	therapist-delivered	acceptance	and	commitment	therapy	
did	not	appear	to	show	significant	effects	in	the	present	study.	It	is	necessary	to	correct	these	issues	in	this	study,	
and	future	studies	are	warranted	to	investigate	the	effects	of	this	therapy.
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INTRODUCTION

Knee	osteoarthritis	(KOA)	is	a	major	public	health	problem	in	rapidly	aging	Japanese	societies.	Japanese	epidemiological	
studies	of	 those	aged	60	years	or	older	revealed	 that	 the	prevalence	of	 radiographic	KOA	and	knee	pain	was	61.9%	and	
32.8%,	 respectively1).	 Joint	 space	 narrowing	 and	 osteophytosis	 are	 pathological	 features	 seen	 in	 the	 knee	 joint	 of	 older	
adults2).	These	 pathological	 features	 are	 often	 accompanied	 by	 pain	 catastrophizing	 and	 central	 sensitization,	 leading	 to	
increased	chronic	pain	and	physical	dysfunction3).	 In	addition,	KOA	is	deleteriously	associated	with	 the	 risk	of	physical	
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disability,	increased	healthcare	costs,	and	long-term	care4).	Therefore,	it	is	important	to	improve	the	physical	disability	while	
managing	chronic	pain,	psychological	factors,	and	physical	dysfunction	associated	with	degeneration	in	patients	with	KOA.

Older	patients	with	KOA	often	receive	exercise	therapy	from	a	physical	therapist	to	improve	their	physical	disabilities.	
However,	only	a	few	systematic	reviews	have	examined	the	long-term	effects	of	exercise	therapy5).	One	possible	reason	for	
this	result	may	be	low	exercise	adherence	due	to	the	fear	of	increased	pain	following	exercise	therapy	in	these	patients6). 
Previous	studies	have	found	that	maladaptive	pain	coping	strategies,	such	as	catastrophizing,	praying,	resting,	and	excessive	
medication	behavior,	are	associated	with	low	exercise	adherence7, 8).	Therefore,	older	patients	with	KOA	need	an	interven-
tion	to	improve	maladaptive	pain	coping	strategies	in	combination	with	exercise	therapy,	thereby	promoting	their	exercise	
adherence.

Acceptance	 and	 commitment	 therapy	 (ACT)	 is	 attracting	 a	 lot	 of	 attention	 as	 a	 third-generation	 cognitive	behavioral	
therapy	that	emphasizes	the	acceptance	of	pain.	It	attempts	to	increase	valued	action	in	the	presence	of	pain	and	other	nega-
tive thoughts9).	Furthermore,	ACT	therapeutic	theory	targets	psychological	inflexibility	which	consists	of	six	pathological	
conditions;	“experiential	avoidance”,	“cognitive	fusion”,	“lack	of	values	clarity”,	“unworkable	action”,	“dominance	of	the	
conceptualized	past	and	feared	future”,	and	“attachment	to	the	conceptualized	self”10).	Specific	interventions	improve	six	
pathological	conditions	through	techniques	such	as	metaphors,	mindfulness-related	exercise,	and	exposure-based	methods9). 
In	particular,	 experiential	 avoidance	and	cognitive	 fusion	have	been	 reported	 to	 affect	 the	 selection	of	maladaptive	pain	
coping	strategies	and	are	associated	with	physical	disability	in	patients	with	chronic	pain11).	Therefore,	the	combination	of	
exercise	therapy	and	ACT	in	clinical	practice	is	expected	to	allow	patients	to	continue	self-exercise	and	prevent	physical	
disability	without	selecting	maladaptive	pain-coping	strategies.	In	fact,	the	combination	of	physical	therapist-delivered	ACT	
with	exercise	 therapy	for	patients	with	 low	back	pain	 in	 the	UK	has	been	reported	 to	be	effective	 in	 improving	physical	
disability	and	quality	of	life12).

However,	no	previous	studies	have	examined	the	effect	of	the	combined	intervention	of	physical	therapist-delivered	ACT	
with	exercise	therapy	in	older	patients	with	KOA.	In	addition,	most	of	the	previous	studies	were	psychologist-delivered	ACT	
interventions,	and	there	were	few	previous	studies	on	physiotherapist-delivered	basis13). According to a survey conducted in 
63	facilities	under	the	Japanese	National	Hospital	Organization,	the	percentage	of	clinical	psychologists	in	medical	institu-
tions	was	at	a	low	of	34.9%14).	Therefore,	it	is	important	that	physical	therapists	who	mainly	rehabilitate	patients	with	chronic	
pain	perform	ACT.	Furthermore,	each	ACT	session	often	requires	60–90	min	and	based	on	research,	many	interventions	are	
group sessions13).	However,	it	is	difficult	to	adapt	such	an	intervention	time	and	style	in	clinical	practice,	where	outpatient	
rehabilitation	 is	generally	provided	 to	patients	on	an	 individual	basis	within	a	 limited	 time.	 It	 is	necessary	 to	develop	a	
program	that	physical	therapists	can	provide	in	clinical	practice	and	examine	its	effects.	Therefore,	we	developed	the	physi-
cal	therapist-delivered	acceptance	and	commitment	therapy	(PACT)	that	physical	therapists	can	in	outpatient	rehabilitation	
based	on	ACT	therapeutic	theory.	The	purpose	of	this	study	was	to	examine	the	effect	of	physical	therapist-delivered	ACT	in	
older outpatients diagnosed with KOA and chronic knee pain.

PARTICIPANTS AND METHODS

This	study	was	a	single-center,	open-label,	parallel	group	pilot	randomized	controlled	trial	comparing	the	combination	of	
exercise	therapy	and	PACT	versus	usual	care	exercise	therapy	only	(UC)	in	older	patients	diagnosed	with	KOA	and	chronic	
knee	pain.	This	study	was	approved	by	the	Human	Research	Ethics	Committee	of	Waseda	University	(No.	2019-250).	All	
the	participants	provided	written	informed	consent.	The	study	was	registered	in	the	University	Hospital	Medical	Information	
Network	Clinical	Trials	Registry	(UMIN000038591)	on	November	15,	2019.	This	study	complied	with	the	Consolidated	
Standards	of	Reporting	Trials	2010	guidelines	and	its	extension	to	randomized	pilot	and	feasibility	trials15).

Participants	were	recruited	from	among	the	patients	attending	outpatient	rehabilitation	at	Hasegawa	Hospital,	Chiba,	Ja-
pan,	between	December	2019	and	September	2021.	The	sample	size	was	based	on	a	previously	reported	pilot	study	in	which	
the	physical	therapist	performed	cognitive-behavior	therapy	for	patients	with	KOA16). In addition, the corresponding author 
and	principal	 investigator	determined	 the	sample	size	considering	 feasibility	and	dropouts	 in	 this	 study.	The	 recruitment	
was	posted	as	an	advertisement	in	the	waiting	room	with	information	about	the	study,	and	the	physical	therapist	informed	
the	eligible	patients	about	the	opportunity	to	participate	in	the	study.	Inclusion	criteria	were	adults	aged	65	years	or	older,	
diagnosis	of	KOA,	presence	of	persistent	knee	pain	for	3	months	or	longer,	and	average	pain	during	the	previous	week	>30	on	
a	100	mm	pain	visual	analog	scale	(PVAS).	The	exclusion	criteria	were	difficulty	answering	the	questionnaire	due	to	cogni-
tive	decline,	knee	surgery	within	3	months,	knee	surgery	scheduled	for	3	months,	and	CBT	experience	within	3	months.	After	
checking	the	criteria,	eligible	participants	were	block-randomized	into	the	PACT	or	UC	groups	using	computer-generated	
random	numbers.	A	random	number	sequence	was	generated	by	an	investigator	who	was	blinded	to	the	participant’s	condi-
tion, and the intervener did not know the sequence until the grouping was decided.

In	the	intervention,	the	PACT	group	performed	PACT	and	exercise	therapy,	while	the	UC	group	performed	only	exercise	
therapy.	The	frequency	was	once	a	week	for	8	weeks	 in	both	groups.	Exercise	 therapy	in	both	groups	was	performed	in	
the	rehabilitation	room	by	three	physical	therapists.	The	therapy	comprised	30	min	of	strength	training	for	the	quadriceps,	
hamstrings,	 and	gluteal	muscles.	The	 careers	of	 the	 three	physical	 therapists	who	performed	exercise	 therapy	were	3,	 6	
and	14	years,	 respectively.	PACT	intervention	was	performed	30	min	after	exercise	 therapy.	 Interventions	were	provided	
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individually	to	the	patients	in	the	rehabilitation	room.	The	intervention	was	conducted	by	a	physical	therapist	who	received	
training	on	ACT	and	an	intervention	lecture	from	a	clinical	psychologist	with	rich	ACT	experience	for	6	h	in	3	days.	The	
textbook	was	developed	based	on	the	advice	of	a	psychologist.	In	addition,	the	intervention	was	simulated	by	a	staff	member	
at	the	study	facility	before	the	start	of	the	study.	PACT	aimed	to	accept	pain	and	improve	maladaptive	pain	coping	strategies	
based	on	ACT	therapeutic	theory.	The	first	session	focused	on	how	to	proceed	with	all	the	sessions	and	the	PACT.	From	the	
second	session	onward,	the	program	was	conducted	based	on	the	psychological	flexibility	of	the	ACT	treatment	process.	In	
addition,	confirmation	of	homework	and/or	review	of	the	previous	session	was	conducted	prior	to	each	session.	The	PACT	
program	is	shown	in	Supplementary	Table	1.

The	measurement	visit	was	conducted	4	weeks	before	intervention,	pre-intervention,	post-intervention,	and	4	weeks	after	
the	 intervention.	The	observation	period	was	set	as	a	4-week	period	before	 the	 intervention	 to	determine	 the	efficacy	of	
PACT	and	intergroup	bias.	The	primary	outcome	was	the	presence	of	a	physical	disability.	The	secondary	outcomes	included	
psychological	inflexibility,	pain	intensity,	anxiety,	depression,	physical	function,	and	objectively	measured	physical	activity.	
Sociodemographic	and	pain-related	variables	were	recorded	only	at	assessment,	4	weeks	before	intervention.	The	Japanese	
Knee	Osteoarthritis	Measure	(JKOM)17),	consists	of	25	items	that	include	pain	intensity	or	stiffness	during	the	past	few	days	
(8	items),	daily	life	conditions	during	the	past	few	days	(10	items),	general	activities	during	the	past	month	(5	items),	and	
general	health	conditions	during	the	past	month	(2	items).	Each	item	is	rated	on	a	scale	from	1	to	5,	where	a	higher	score	
indicates	a	higher	level	of	physical	disability.	The	physical	disability	score	was	calculated	by	summing	all	items	except	for	
pain	intensity.	Psychological	inflexibility	was	investigated	using	the	Japanese	version	of	the	Psychological	Inflexibility	in	
Pain	Scale	(PIPS-J)18).	The	Psychological	Inflexibility	in	Pain	Scale	was	developed	to	measure	psychological	inflexibility	in	
relation to chronic pain19).	This	scale	was	used	to	evaluate	the	pathological	condition	of	ACT.	It	consists	of	12	items;	8	items	
concerning	avoidance	behaviors	comprise	a	subscale	for	pain	avoidance,	while	4	items	comprise	a	subscale	for	cognitive	fu-
sion.	All	items	were	rated	on	a	7-point	Likert-type	scale	from	1	(never	true)	to	7	(always	true).	The	total	score	was	calculated	
by	summing	the	responses	for	each	of	 the	12	 items,	with	higher	scores	 indicating	higher	psychological	 inflexibility.	The	
investigation	of	pain	intensity	was	performed	using	PVAS20).	Anxiety	and	depression	were	investigated	using	the	Japanese	
version	of	the	Hospital	Anxiety	and	Depression	Scale	(HADS-J)21).	This	scale	is	a	14	item	self-reported	questionnaire	that	
consists	of	two	7	item	subscales,	one	targeting	anxiety	symptoms	and	the	other	targeting	depression	symptoms.	Each	item	
is	rated	on	a	scale	from	0	to	3,	where	a	higher	score	indicates	a	higher	level	of	anxiety	and	depression.	The	clinical	cutoff	
values	were	0–7	for	normal,	8–10	for	borderline	abnormal,	and	11–21	for	abnormal.	Physical	function	was	evaluated	using	
the	Five-times	sit-to-stand	test	(FTSS)22).	The	FTSS	was	performed	standing	up	from	a	sitting	position	and	sitting	down	
from	there,	five	times	as	quickly	as	possible	without	using	the	hands.	FTSS	was	measured	using	a	45-cm	tall	chair.	The	time	
was	recorded	by	physical	therapists	using	a	stopwatch.	The	measurement	was	performed	twice,	and	measurements	with	a	
shorter	time	were	included	in	the	analysis.	Objectively	measured	physical	activity	and	sedentary	behavior	were	measured	
using	a	tri-axial	accelerometer	(Active	style	Pro	HJA	350-IT;	Omron	Healthcare	Co.	Ltd.,	Kyoto,	Japan).	Participants	were	
asked	to	wear	a	triaxial	accelerometer	on	their	left	hip	during	waking	hours	for	7	consecutive	days.	The	intensity	of	activity	
by	metabolic	equivalents	(METs),	measured	by	this	accelerometer,	has	been	reported	to	correlate	with	METs	calculated	by	
indirect calorimetry23).	Data	were	recorded	in	a	60-sec	epoch.	Non-wear	time	was	defined	at	least	in	continuous	60-min	of	no	
activity	(0.9	or	less	METs),	with	an	allowance	of	up	to	2	minutes	of	observations	for	some	limited	movement	(≤1.0	METs)	
within	these	periods.	Day	wearing	for	10	hours	or	more	was	defined	as	valid.	Participants	were	included	in	the	analyses	if	
there	were	four	valid	days	that	included	at	least	one	weekend.	The	daily	average	time	spent	in	sedentary	behavior	(SB;	≤1.5	
METs),	engaged	in	light-intensity	physical	activity	(LPA;	>1.5	to<3.0	METs),	and	moderate-to-vigorous-intensity	physical	
activity	(MVPA;	≥3.0	METs)	were	calculated.	The	analysis	used	the	percentage	of	each	average	time	divided	by	wearing	
time.	Sociodemographic	 and	pain-related	variables	 included	age,	 gender	 (male/female),	 body	mass	 index	 (BMI),	 educa-
tion	level	(high	school	or	further	education,	lower	secondary	school	or	less),	material	status,	household	size,	rehabilitation	
outpatient	period,	duration	of	pain,	and	radiographic	severity	of	KOA.	These	variables	were	investigated	using	a	self-reported	
questionnaire,	except	for	radiographic	severity	of	KOA.	The	radiographic	severity	confirmed	the	Kellgren–Lawrence	grading	
(KL-grading)	from	the	doctor’s	medical	record.

In	statistical	analysis,	χ2	tests,	unpaired	t-tests,	and	Mann–Whitney	U-tests	were	first	conducted	to	examine	whether	there	
would	be	 significant	differences	 in	 sociodemographic	 and	pain-related	variables	 at	 4	weeks	before	 intervention	between	
the	intervention	and	control	groups.	Second,	a	series	of	repeated	measures	of	analysis	of	covariance	(ANCOVA)	between	
intervention	groups	(PACT	and	UC)	as	a	treatment	factor	were	conducted	to	examine	whether	there	would	be	intergroup	bias	
(interaction	effect	treatment-by-time)	on	each	primary	and	secondary	outcome	between	the	two	assessment	time	points	(4	
weeks	before	intervention	and	pre	intervention).	Covariates	included	sociodemographic	and	pain-related	variables.	When	a	
significant	interaction	was	found,	pairwise	comparison	with	Bonferroni	correction	was	performed	as	a	post-hoc	test	to	inves-
tigate	the	simple	main	effect	of	treatment	(intervention	group)	within	each	time	point.	There	was	no	significant	interaction	
between	treatment	and	assessment	time.	The	main	effects	of	the	treatment	and	assessment	time	were	also	assessed.	Third,	a	
series	of	repeated	measures	of	ANCOVA,	similar	to	the	observation	period,	were	conducted	to	examine	whether	there	would	
be	an	intervention	effect	on	primary	and	secondary	outcome	between	three	assessment	time	points	(pre-intervention,	post-
intervention,	and	4	weeks	after	intervention)	or	not.	The	covariates	were	sociodemographic	and	pain-related	variables,	and	
the	outcomes	were	measured	using	pre-intervention	data.	When	a	significant	interaction	was	found,	pairwise	comparisons	
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were	performed	in	the	intervention	groups,	and	multiple	comparisons	were	performed	for	each	time	point	with	Bonferroni	
correction	to	explore	the	simple	main	effect.	If	there	was	no	significant	interaction	between	treatment	and	assessment	time,	
the	main	effect	of	treatment	and	assessment	time	was	assessed.	Missing	data	were	replaced	with	the	last	measured	data	using	
an	intention-to-treat	principle.	In	addition,	considering	the	small	sample	size	in	this	analysis,	the	effect	size	was	utilized.	The	
eta-squared	effect	size	was	interpreted	based	on	a	previous	study	(small=0.01,	medium=0.06,	and	large=0.14)24). Statistical 
significance	was	declared	at	p<0.05	in	all	analyses.	Data	were	analyzed	using	IBM	SPSS	Statistics	for	Windows	(version	
25.0;	IBM	SPSS	Japan,	Armonk,	NY,	USA).

RESULTS

Supplementary	Fig.	1	shows	a	flowchart	of	the	participants.	Of	the	35	recruited	patients,	30	who	met	the	inclusion	criteria	
participated.	The	primary	reasons	for	participant	exclusion	were	age	<65	years	(n=3)	and	a	decline	 in	cognitive	function	
(n=2).	The	mean	age	of	all	30	participants	was	74.2	±	6.9	years.	Twenty-seven	(93.3%)	were	women,	while	16	(53.3%)	were	
overweight	according	to	the	standard	interpretation	of	BMI.	In	addition,	22	(73.3%)	participants	were	high	school	graduates,	
27	(90.0%)	were	married,	and	had	the	mean	household	size	of	2.2	±	1.27.	Furthermore,	the	mean	duration	of	pain	was	46.0	
±	52.4	months	and	the	rehabilitation	outpatient	period	was	9.3	±	9.1	months.	Most	patients	had	a	KL-grade	≥2	(86.6%),	
with	pathological	changes	in	the	knee	joint.	Table	1	shows	the	sociodemographic	and	pain-related	variables	and	other	study	
outcomes	at	4	weeks	before	the	intervention	in	both	groups.	There	were	no	significant	differences	between	the	intervention	
groups	in	any	of	these	variables.

Eight	(53.3%)	patients	in	the	PACT	group	completed	the	study.	The	number	of	dropouts	were	one	at	pre-intervention,	
five	during	the	intervention,	and	one	at	post-intervention.	The	reasons	for	dropout	were	concerns	about	coronavirus	disease	
2019	(COVID-19)	(n=2),	exacerbation	of	complications	(n=3),	and	orthopedic	surgeons’	decision	to	end	rehabilitation	(n=2).	
In	 contrast,	 seven	 patients	 (43.7%)	 in	 the	UC	 group	 completed	 the	 study.	The	 reasons	 for	 dropout	were	 concern	 about	
COVID-19	 infection	 (n=4),	 orthopedic	 surgeons’	 decision	 to	 end	 rehabilitation	 (n=1),	 and	dissatisfaction	with	 the	 study	
(n=3).	Supplementary	Table	2	shows	the	characteristics	of	completed	and	dropouts.	There	were	no	significant	differences	in	
the	sociodemographic	and	pain-related	variables	and	assessment	of	4	weeks	before	the	intervention	between	completers	and	
dropouts in either group.

Table 1.		Participant	sociodemographic	and	health-related	variables	and	4-weeks	before	intervention	data

PACT	(n=15) UC	(n=15)
Age	(years) 73.3	±	7.0 75.1	±	6.9
Gender	(female,	n) 14 13
BMI	(kg/m2) 24.5	±	3.5 25.9	±	3.1
Education	level	(n) Junior	high	school 3 5

High school 10 10
Junior	college 2 0

Marital	status	(married,	n) 13 14
Household	size	(n) 2.0	±	1.1 2.3	±	1.3
Duration	pain	(month) 64.1	±	64.5 27.9	±	28.9
Rehabilitation	outpatient	period	(month) 9.2	±	9.1 9.4	±	9.2
KL-grading 2.1	±	0.5 2.2	±	0.8
Physical	disability 36.6	±	14.1 30.9	±	12.7
Psychological	inflexibility Pain avoidance 27.2	±	11.4 28.3	±	11.9

Cognitive	fusion 16.6	±	3.9 16.7	±	4.0
Pain intensity 46.6	±	18.3 51.4	±	17.9
Anxiety 4.93	±	3.3 3.0	±	2.1
Depression 4.93	±	2.3 4.4	±	2.3
Physical	function	(sec) 10.1	±	2.4 11.2	±	2.3
Physical	activity	(%) SB 52.2	±	13.6 60.7	±	12.9

LPA 42.6	±	9.1 35.3	±	12.5
MVPA 6.2	±	5.4 6.0	±	6.3

PACT:	 physical	 therapist-delivered	 acceptance	 and	 commitment	 therapy;	UC:	 usual	 care;	 BMI:	 body	
mass	 index;	 KL-grading:	 Kellgren–Lawrence	 grading;	 SB:	 sedentary	 behavior;	 LPA:	 light-intensity	
physical	activity;	MVPA:	moderate-to-vigorous	intensity	physical	activity.
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The	differences	 in	primary	and	 secondary	outcomes	between	PACT	and	UC	during	 the	observational	period	are	pre-
sented	in	Supplementary	Table	3.	There	was	no	significant	interaction	in	any	outcome	between	intervention	group	and	time.	
There	was	no	main	effect.	Differences	in	the	primary	and	secondary	outcomes	between	PACT	and	UC	at	pre-intervention,	
post-intervention,	and	4	weeks	after	intervention	are	presented	in	Table	2.	There	was	a	tendency	for	a	significant	interac-
tion	in	physical	disability	scores	between	the	intervention	group	and	time	(F=2.80,	p=0.09,	η2=0.13).	The	main	effect	was	
not	 treatment	 (F=2.79,	 p=0.11)	 and	 assessment	 time	 (F=0.27,	 p=0.69).	 In	 a	 post-hoc	 test,	 the	 physical	 disability	 scores	
in	 the	PACT	group	significantly	decreased	from	pre-intervention	to	post-intervention	(p=0.01,	95%	CI:	1.03–7.36),	 from	
post-intervention	 to	4	weeks	after	 intervention	 (p=0.02,	95%	CI:	0.17–1.82),	and	 from	pre-intervention	 to	4	weeks	after	
intervention	(p=0.01,	95%	CI:	2.49–7.90).	However,	there	were	no	significant	differences	in	physical	disability	scores	among	
the	three	time	periods	in	the	UC	group.	In	addition,	the	physical	disability	score	was	not	significantly	different	between	the	
two	groups	post-intervention.	However,	the	PACT	group	at	4	weeks	after	intervention	was	significantly	lower	than	that	in	the	
UC	group	(p=0.04,	95%	CI	−8.75	to	−0.15).	For	the	secondary	outcomes,	there	was	a	significant	difference	in	LPA	between	
the	intervention	group	and	time	(F=4.85,	p=0.01,	η2=0.21).	The	main	effect	was	treatment	(F=6.28,	p=0.02)	and	assessment	
time	(F=3.51,	p=0.04).	Pairwise	comparisons	showed	that	LPA	in	the	PACT	group	was	higher	than	that	in	the	UC	group	
post-intervention	(p=0.01,	95%	CI:	1.13–10.34)	and	4	weeks	after	intervention	(p=0.03,	95%	CI:	0.52–9.15).	However,	both	
the	PACT	and	UC	groups	showed	no	significant	differences	in	LPA	at	three	time	points.	There	was	a	trend	for	a	significant	
interaction	in	the	SB	between	the	intervention	group	and	time	(F=3.04,	p=0.06).	The	main	effect	was	only	in	the	treatment	
(F=4.55,	p=0.04).	In	the	post-hoc	test,	pair-wise	comparison	showed	that	SB	in	the	PACT	group	was	lower	than	that	in	the	
UC	group	only	post-intervention	(p=0.01,	95%	CI:	−6.50	to	−0.83).	However,	there	were	no	significant	differences	in	SB	at	
three	time	points	between	the	PACT	and	UC	groups.	For	other	secondary	outcomes,	there	were	no	significant	interactions	
between	 the	 intervention	group	and	 time.	A	significant	main	effect	of	assessment	 time	was	also	 found	 for	pain	 intensity	
(F=5.39,	p=0.01)	and	depression	 (F=3.49,	p=0.04).	However,	multiple	comparisons	 showed	no	 significant	differences	 in	
either	variable	at	three	time	points.

DISCUSSION

The	purpose	of	this	pilot	study	was	to	investigate	the	effect	of	PACT	in	older	outpatients	with	KOA	and	chronic	knee	
pain.	The	present	study	expands	on	previous	studies	by	focusing	specifically	on	KOA	and	conducting	a	physical	therapy.	
The	results	of	this	study	for	primary	outcome	showed	that	the	effect	of	combined	ACT	with	exercise	therapy	on	physical	
disability	was	limited,	even	though	a	favorable	tendency	and	medium	effect	size	were	observed	among	patients	with	KOA	
in	outpatient	rehabilitation.	Regarding	secondary	outcomes,	such	a	combined	approach	of	physical	therapist-based	ACT	and	
exercise	therapy	did	not	have	enough	impact	on	improving	psychological	inflexibility.	In	addition,	there	were	no	apparent	
changes	in	LPA	over	time	in	either	group,	although	the	LPA	immediately	and	4	weeks	after	intervention	in	the	PACT	group	
was	higher	than	that	in	the	UC	group.	A	major	concern	in	this	study	was	the	negative	influence	of	the	coronavirus	disease	
2019	(COVID-19)	pandemic,	as	the	sample	size	decreased	more	than	expected.	Thus,	future	studies	should	be	conducted	in	
more	stable	environments.

Table 2.		Comparison	of	study	outcomes	between	PACT	and	UC	from	pre-to	4-weeks	after	intervention

PACT UC
Pre  

intervention
Post  

intervention
4-weeks	after	
intervention

Pre  
intervention

Post  
intervention

4-weeks	after	
intervention

Physical	disability 35.8	±	17.6† 31.6	±	14.6† 30.6	±	14.4† 27.8	±	11.9† 26.7	±	11.2† 27.1	±	11.1†

Psychological inflexibility
Pain avoidance 27.5	±	9.6 26.2	±	8.7 24.4	±	9.6 28.3	±	11.4 26.9	±	11.4 26.7	±	12.0
Cognitive	fusion 17.0	±	4.3 14.9	±	3.9 14.9	±	3.5 16.2	±	3.5 16.6	±	4.1 17.0	±	3.5

Pain intensity 41.3	±	18.1 36.0	±	20.2 35.7	±	19.2 41.1	±	16.6 39.0	±	16.3 38.6	±	17.9
Anxiety 4.2	±	2.9 4.1	±	2.5 3.7	±	2.4 3.6	±	1.8 3.6	±	1.8 3.4	±	2.0
Depression 5.4	±	2.7 5.1	±	2.8 4.5	±	2.9 4.5	±	2.3 3.9	±	2.4 4.0	±	2.5
Physical	function	(sec) 9.5	±	2.6 9.2	±	2.4 8.8	±	2.4 10.6	±	2.4 10.4	±	1.8 10.1	±	1.7
Physical	activity	(%)
SB 52.3	±	10.8 50.6	±	9.9 50.9	±	9.1 57.8	±	13.8 56.1	±	14.1 55.2	±	19.4
LPA 43.3	±	8.7* 45.4	±	8.1* 44.9	±	8.2* 37.3	±	11.4* 36.2	±	11.0* 36.0	±	10.9*
MVPA 4.7	±	2.9 5.0	±	2.6 5.2	±	2.7 4.7	±	4.1 5.5	±	4.1 5.8	±	4.8
*Significant	interaction	between	treatment	and	assessment	time	(p<0.05).
†Significant	interaction	between	treatment	and	assessment	time	(p<0.1).
PACT:	physical	therapist-delivered	acceptance	and	commitment	therapy;	UC:	usual	care;	SB:	sedentary	behavior;	LPA:	light-intensity	
physical	activity;	MVPA:	moderate-to-vigorous	intensity	physical	activity.
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In	this	study,	improvement	in	psychological	inflexibility	was	the	focus	of	ACT-based	interventions.	Thus,	it	was	hypoth-
esized	that	physical	disability	could	be	improved	by	enhancing	psychological	flexibility.	However,	there	were	no	apparent	
changes	in	psychological	 inflexibility	 items,	 including	pain	avoidance	and	cognitive	fusion,	 in	 the	PACT	group,	whereas	
physical	disability	had	the	potential	for	improvement.	Although	the	underlying	mechanism	is	unknown,	extra	30	min	inter-
vention	with	a	physical	therapist	may	have	had	some	positive	effects	on	physical	disability.	In	addition,	one	of	the	possible	
reasons	why	the	PACT	did	not	have	enough	impact	on	improving	psychological	inflexibility	may	be	the	insufficient	skill	and	
experience	of	the	physical	therapist	conducting	the	ACT	intervention.	Nielsen	et	al.25) suggest that physical therapists lack 
intervention	skills	in	negative	thoughts	about	pain.	In	addition,	there	was	no	intervention	effect	on	psychological	inflexibility	
in	a	previous	study	in	which	PACT	was	performed	on	patients	with	low	back	pain12). This previous study also suggested the 
need	for	an	intervention	support	system	for	physical	therapists	and	private	rooms	where	patients	could	focus	on	intervention.	
In	this	study,	the	intervener	attended	a	6	h	3	days	lecture,	simulated	intervention	before	starting	the	study,	and	used	a	textbook	
during	 the	ACT	 intervention.	No	additional	 support	 from	 the	clinical	psychologist	or	private	 room	was	provided	during	
the	intervention	period.	Based	on	the	findings	of	previous	studies	and	the	present	study,	it	may	be	necessary	to	reconsider	
intervention	support	and	facilities	for	ACT	skill	shortages	in	the	future	study.

In	terms	of	LPA	and	SB,	the	patients	in	the	PACT	group	were	more	physically	active	and	less	sedentary	than	those	in	the	
UC	group	at	both	4	weeks	before	intervention	and	pre-intervention.	Although	all	analyses	examining	the	intervention	effect	
were	adjusted	for	pre-intervention	data,	this	factor	may	have	caused	intergroup	differences	in	SB	and	LPA.	Physical	disability	
may	also	have	affected	the	LPA	results.	The	JKOM	items	include	difficulties	such	as	standing	up,	changing	clothes,	walking,	
stairs, light housework, and shopping17).	These	activities	had	a	 favorable	 tendency	 in	 the	PACT	group,	which	may	have	
affected	the	significant	differences	between	the	groups.

No	effect	 in	 either	 group	was	observed	 in	 the	 secondary	outcomes,	 including	pain	 intensity,	 anxiety,	 depression,	 and	
physical	function.	It	is	understandable	that	PACT	was	not	effective	in	relieving	pain	intensity	because	the	treatment	purpose	
of	ACT	is	pain	acceptance	and	increased	value-based	action9).	The	anxiety	and	depression	levels	in	both	groups	were	within	
normal	range	at	baseline	data,	so	it	may	not	have	seen	any	significant	changes.	Therefore,	future	studies	should	consider	
whether	to	target	interventions	based	on	baseline	scores.	The	results	of	physical	function	may	be	due	to	the	lower	amount	of	
exercise	therapy	conducted	in	the	intervention	in	both	groups.	Most	previous	studies	reported	that	the	frequency	and	duration	
of	exercise	to	observe	effectiveness	on	physical	function	among	KOA	patients	were	at	 least	2–3	times	a	week	for	20–30	
minutes a day5).	The	World	Health	Organization	(WHO)	recommends	strength	training	and	balance	training	for	at	least	3	days	
a	week	to	improve	physical	function	in	older	people26).	However,	this	study	consisted	of	a	weekly	30	min	stretch	and	strength	
training.	Therefore,	it	will	be	necessary	to	revise	the	program	in	future	studies,	such	as	the	frequency	of	exercise	therapy	and	
the	introduction	of	self-exercise.

The present study had several limitations. First, the results may not apply to the general older population with KOA 
and	knee	pain	because	this	study	was	performed	in	only	one	facility	and	most	of	the	participants	were	women.	Second,	the	
grouping	randomization	was	not	blinded	or	stratified.	Therefore,	measurements	and	 interventions	may	have	been	biased.	
Third,	the	number	of	dropouts	in	this	study	was	half	the	total	number.	As	a	countermeasure,	the	intention-to-treat	principle	
was	applied	to	correct	for	the	missing	values,	but	the	results	were	not	fully	reflected.	Half	of	the	dropouts	had	been	affected	by	
the	COVID-19	pandemic.	During	this	period,	the	government	requested	activity	restrictions	and	patient	behavior	was	greatly	
limited.	Therefore,	it	is	necessary	to	address	these	problems	and	investigate	the	effects	of	PACT	in	a	more	stable	environment.

In	conclusion,	PACT	did	not	seem	to	have	a	sufficient	impact	on	physical	disability	as	the	primary	or	secondary	outcomes,	
even	though	the	PACT	showed	a	possibility	of	physical	disability	improvement.	The	quality	and	amount	of	physical	therapy-
based	ACT	intervention	may	need	to	be	modified	to	observe	its	apparent	effectiveness	on	both	psychological	inflexibility	and	
physical	disability.	In	addition,	the	present	study	was	heavily	influenced	by	COVID-19.	Therefore,	it	is	necessary	to	modify	
the	interventions	and	investigate	the	effects	of	PACT	in	future	studies.
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