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Effects of the wheelchair sitting posture on 
gluteal pressure
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Abstract.	 [Purpose]	To	evaluate	 the	efficacy	of	 the	“forward-tilting	posture”	(the	 trunk	tilted	forward	against	
a	 table)	 in	a	wheelchair	 in	 relieving	gluteal	pressure.	 [Participants	and	Methods]	Thirty-six	healthy	adults	were	
instructed	to	sit	in	a	wheelchair	assuming	the	following	three	postures:	(1)	both	feet	placed	on	the	foot	support	with	
the	trunk	upright	(“basic	sitting	posture”),	(2)	both	feet	placed	on	the	foot	support	with	the	trunk	tilted	forward	
against	a	 table	 (“forward-tilting	posture	A”),	and	 (3)	both	 feet	placed	on	 the	floor	with	 the	 trunk	 tilted	 forward	
against	 a	 table	 (“forward-tilting	 posture	B”).	A	 seat-type	 sensor	 pad	placed	on	 a	wheelchair	 cushion	was	 used	
to	measure	the	maximum	gluteal	pressure	and	gluteal	contact	area.	[Results]	The	maximum	gluteal	pressures	in	
“forward-tilting	postures	A”	and	“forward-tilting	postures	B”	were	significantly	lower	than	those	in	the	basic	sit-
ting	posture.	The	maximum	gluteal	pressure	 in	“forward-tilting	posture	B”	was	significantly	 lower	 than	 that	 in	
“forward-tilting	posture	A”.	The	gluteal	contact	area	in	“forward-tilting	posture	B”	was	significantly	larger	than	
that	in	“forward-tilting	posture	A”.	[Conclusion]	The	study	results	indicate	that	the	“forward-tilting	posture”	in	a	
wheelchair	effectively	relieves	gluteal	pressure.
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INTRODUCTION

A	pressure	ulcer	is	a	localized	injury	to	the	skin	and	underlying	tissue,	usually	over	a	bony	prominence,	resulting	from	
sustained	pressure,	including	pressure	associated	with	shear1).	Sitting	for	long	periods	without	frequent	repositioning	can	lead	
to	pressure	ulcer	development	in	older,	frail,	immobile,	or	neurologically	impaired	individuals2).	Patients	in	care	facilities	
often	sit	in	wheelchairs	with	a	poor	seated	posture	for	long	periods	of	the	day3),	which	increases	their	risk	of	developing	
pressure	ulcers	on	the	buttocks4, 5).	Thus,	the	contact	pressure	of	the	buttocks	against	the	seat	(“gluteal	pressure”)	should	be	
considered	to	prevent	pressure	ulcers	among	older	adults	who	spend	long	periods	sitting	in	wheelchairs.	Repositioning	is	the	
mainstay	of	most	pressure	ulcer	prevention	methods6).	To	prevent	pressure	ulcers,	wheelchair	users	should	maintain	proper	
posture	and	postural	control1).

In	the	sitting	position,	the	majority	of	the	body	mass	is	transmitted	through	the	pelvis	to	the	buttocks	and	onto	the	seat’s	
surface,	consequently	making	the	pelvis	the	most	important	load-bearing	site7).	The	sacral	sitting	posture,	which	is	character-
ized	by	a	posterior	pelvic	 tilt	 and	 lumbar	kyphosis8), increases the gluteal contact pressure9).	Previous	 studies	have	also	
suggested	that	backrest	angles10), seat inclination11),	sitting	postures	(erect	sitting,	slouched	posture	with	cross-legged	sitting,	
and	erect	posture	with	cross-legged	sitting)12),	wheelchair	foot	support	height13,	14),	the	use	of	a	lumbar	support15), the use 
of	wheelchair	cushions	made	with	firm	material	to	support	the	thighs16),	and	wheelchair	seat	cushions	types17, 18)	affect	the	
gluteal	pressure	distribution.	However,	as	a	standardized	method	of	measuring	posture	and	pressure	distribution	simultane-
ously	has	not	yet	been	developed,	the	mechanism	by	which	posture	affects	pressure	distribution	has	not	been	fully	elucidated.	
Clinically	effective	pressure-relieving	techniques	should	be	developed	taking	this	situation	into	account.
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Studies	on	patients	with	spinal	cord	injury	have	reported	that	the	forward-leaning	posture	in	which	the	trunk	is	sufficiently	
tilted	forward	in	a	wheelchair,	effectively	relieves	the	pressure	on	the	ischial	tuberosity19,	20).	However,	the	hip	must	be	suffi-
ciently	flexed	to	tilt	the	trunk	forward,	thereby	making	forward-leaning	difficult	in	older	people	with	limited	hip	joint	motion.	
Moreover,	wheelchair	foot	support	is	less	stable	than	the	floor,	and	it	prevents	users	from	shifting	their	weight	forward	in	the	
wheelchair21).	Because	of	the	structural	instability	of	the	foot	support,	older	adults	in	wheelchairs	may	be	prevented	from	
tilting	their	trunk	forward,	shifting	the	center	of	gravity	forward,	and	thus	adopting	a	forward-leaning	posture.	The	“forward-
tilting	posture”	(the	trunk	tilted	forward	against	a	table)	is	recommended	as	a	variation	of	the	forward-leaning	posture	to	tilt	
the	trunk	forward	in	a	wheelchair22)	(Fig.	1).	Older	adults	with	a	limited	range	of	hip	flexion	can	maintain	a	“forward-tilting	
posture”	because	the	forward	trunk	inclination	angle	is	relatively	small.	The	stability	of	a	desk	that	supports	the	body	com-
pensates	for	foot	instability	and	allows	older	people	to	tilt	their	trunks	and	shift	their	weight	forward.	The	“forward-tilting	
posture”	could	be	a	suitable	technique	for	relieving	gluteal	pressure	that	can	be	used	by	older	adults	in	wheelchairs.

The	posture	required	to	relieve	gluteal	pressure	in	a	wheelchair	can	be	easily	maintained	by	older	people	with	limited	
physical	function	so	that	they	can	benefit	from	decompression.	This	study	aimed	to	evaluate	the	efficacy	of	the	“forward-
tilting	posture”	in	relieving	gluteal	pressure.

PARTICIPANTS AND METHODS

Thirty-six	healthy	adults	(10	males,	26	females;	mean	age,	21.0	±	0.7	years)	participated	in	this	study.	Their	mean	lower	
leg	length	(the	length	of	the	lower	leg	from	the	back	of	the	knee	to	the	bottom	of	the	heel)23)	was	40.1	±	2.6	cm.	Measure-
ments	were	performed	using	a	standard	manual	wheelchair	(AR-101/111;	Matsunaga	manufactory	Co.,	Ltd.,	Gifu,	Japan).	A	
wheelchair	cushion	(type	5	TC-045;	Takano	Heartworks	Co.,	Ltd.,	Nagoya,	Japan)	was	placed	on	the	seat.	The	wheelchair’s	
seat	surface-to-foot	support	distance	and	seat	surface-to-floor	distance	were	adjusted	to	the	lower	leg	length	of	each	partici-
pant.	The	thickness	of	the	wheelchair	cushion	was	40	mm,	and	the	front	seat	height	of	the	wheelchair	AR-101	was	430	mm,	
while	 that	of	 the	wheelchair	AR-111	was	380	mm.	 In	 this	 study,	 the	height	of	 the	 seat	 surface	was	measured	by	adding	
the	thickness	of	the	cushion	and	the	front	seat	height	of	each	of	the	wheelchairs’	seats;	therefore,	the	height	was	470	mm	
(430	mm	+	40	mm)	and	420	mm	(380	mm	+	40	mm)	for	the	AR-101	and	AR-111,	respectively.	The	foot	support	heights	were	
adjusted	by	using	the	foot	support	height	adjustment	function	of	each	wheelchair.	The	height	of	the	floor	surface	was	adjusted	
by	stacking	any	number	of	wooden	boards	with	a	thickness	of	10	mm.	Before	measuring	the	gluteal	pressure	in	the	wheel-
chairs,	the	seating	leg	length	of	the	participants	was	measured	in	1-cm	increments	and	the	wheelchair’s	seat	surface-to-foot	
support	distance	and	seat	surface-to-floor	distance	were	adjusted.	The	participants	with	a	seating	leg	length	of	≤420	mm	used	
the	wheelchair	AR-111,	and	those	with	a	seating	leg	length	of	≥430	mm	used	the	wheelchair	AR-101.	A	research	article	on	
table	heights	used	by	older	adults	reported	that	the	standard	height	of	tables	used	by	elderly	wheelchair	users	was	750	mm24).	
Therefore,	in	this	study,	the	table	height	was	set	to	750	mm	when	using	the	wheelchair	AR-101,	and	to	700	mm	when	using	
the	wheelchair	AR-111,	taking	into	consideration	the	fact	that	the	front	seat	height	was	50	mm	lower	than	that	of	the	AR-101.

The	participants	assumed	three	postures:	(1)	both	feet	placed	on	foot	support	with	the	trunk	upright	(“basic	sitting	pos-
ture”),	(2)	both	feet	placed	on	foot	support	with	the	trunk	tilted	forward	against	a	table	(“forward-tilting	posture	A”),	and	(3)	
both	feet	placed	on	the	floor	with	the	trunk	tilted	forward	against	a	table	(“forward-tilting	posture	B”)	(Fig.	2).

When	measuring	 the	 “basic	 sitting	posture”,	 participants	were	 instructed	 to	 sit	 on	 the	wheelchair	with	 their	 buttocks	
moved	toward	the	back	of	the	seat	and	their	trunk	in	an	upright	position.	When	measuring	“forward-tilting	posture	A”	and	
“forward-tilting	posture	B”,	participants	were	instructed	to	sit	on	the	wheelchair	with	their	buttocks	moved	toward	the	back	
of	the	seat,	tilt	forward	against	a	table,	place	their	hands	together	in	the	most	comfortable	position	possible,	place	their	head	
on	top	of	them,	and	relax.

Fig. 1.	 	Participant	in	forward-tilting	posture.
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The	participants	randomly	assumed	three	postures	to	exclude	the	effects	of	the	measurement	order	on	the	measured	values.	
For	each	posture,	the	maximum	gluteal	pressure	and	gluteal	contact	areas	were	measured.

An	SR	Soft	Vision	sensor	pad	(Fukoku	Busssan	Co.,	Ltd.,	Tokyo,	Japan)	placed	on	the	wheelchair	cushion	was	used	to	
measure	the	maximum	gluteal	pressure	and	gluteal	contact	areas.	The	SR	Soft	Vision	is	a	seat-type	sensor	pad	with	256	pres-
sure	sensing	points,	indicating	the	loaded	pressure	at	each	point.	The	amount	of	responding	sensing	points	was	considered	to	
be	the	size	of	the	contact	area.

For	the	maximum	gluteal	pressures	and	contact	areas	measured	in	the	three	different	measurement	postures,	the	Friedman	
test	was	used	to	 test	differences	in	median	measurements	after	 the	Shapiro–Wilk	test	for	distribution	measurements.	The	
statistical	significance	was	set	at	p<0.05.	For	multiple	comparisons,	the	Wilcoxon	signed-rank	sum	test	was	used,	with	the	
significance	level	modified	by	Bonferroni	correction.	All	analyses	were	performed	using	the	Japanese	version	of	Statistical	
Package	of	Social	Sciences	version	24.

The	Medical	Ethics	Committee	of	Tohoku	Fukushi	University	approved	this	study	(RS190503),	and	written	 informed	
consent	was	obtained	from	all	participants.

RESULTS

Table 1	 shows	 the	maximum	gluteal	pressures	and	contact	 areas	measured	 in	“basic	 sitting	posture”,	 “forward-tilting	
posture	A”,	and	“forward-tilting	posture	B”.

The	median	values	of	the	maximum	gluteal	pressure	in	“forward-tilting	posture	A”	and	“forward-tilting	posture	B”	were	
94.0	(interquartile	range	[IQR]:	23.5)	and	80.5	(IQR:	20.3)	mmHg,	respectively,	which	were	significantly	lower	than	that	in	
“basic	sitting	posture”	(110.5	[IQR:	31.0])	(p<0.001).	The	median	value	of	the	maximum	gluteal	pressure	in	“forward-tilting	
posture	B”	was	significantly	lower	than	that	in	“forward-tilting	posture	A”	(p<0.001).

The	gluteal	contact	areas	in	the	“basic	sitting	posture”	and	“forward-tilting	posture	A”	were	154.5	(IQR:	41.3)	and	158.5	
(IQR:	35.5)	points,	respectively,	and	the	two	values	did	not	differ	significantly	from	each	other.	In	contrast,	the	median	value	
of	the	gluteal	contact	area	in	“forward-tilting	posture	B”	was	175.0	(IQR:	35.0)	points,	which	was	significantly	larger	than	
that	in	the	“basic	sitting	posture”	(p<0.001).	The	median	value	of	the	gluteal	contact	area	in	“forward-tilting	posture	B”	was	
significantly	higher	than	that	in	“forward-tilting	posture	A”	(p<0.001).

Fig. 2.	 	“Basic	sitting	posture”,	“Forward-tilting	posture	A”,	and	“Forward-tilting	posture	B”.
The	participants	assumed	three	postures:	(1)	both	feet	placed	on	foot	support	with	the	trunk	upright	(“basic	sitting	posture”),	(2)	both	
feet	placed	on	foot	support	with	the	trunk	tilted	forward	against	a	table	(“forward-tilting	posture	A”),	and	(3)	both	feet	placed	on	the	floor	
with	the	trunk	tilted	forward	against	a	table	(“forward-tilting	posture	B”).

Table 1.		Measurement	values	during	tree	postures	(n=36)

Basic	sitting	posture Forward-tilting	posture	A Forward-tilting	posture	B
Maximum	contact	pressure	(mmHg) 110.5	(31.0)a, b 94.0	(23.5)a, c 80.5	(20.3)b, c

Size	of	contact	area	(point) 154.5	(41.3)a 158.5	(35.5)b 175.0	(35.0)a, b

Results	are	expressed	as	the	median	(the	interquartile	range).
a–c	Pairs	of	letters	indicate	significant	difference	between	postures;	the	Friedman	test	and	Bonferroni	post	hoc	test	(p<0.05).
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DISCUSSION

The	study	results	indicate	that	the	“forward-tilting	posture	(the	trunk	tilted	forward	against	a	table)”	in	a	wheelchair	is	
effective	for	relieving	gluteal	pressure.	Previous	studies	have	reported	that	a	forward-leaning	posture	(the	trunk	is	sufficiently	
tilted	forward	in	a	wheelchair)	relieves	contact	pressure	on	the	ischium	tuberosity19,	20).	The	“forward-tilting	posture”	was	
hypothesized	to	be	as	effective	as	the	forward-leaning	posture.

Body	weight	dictates	gravitational	forces	that	act	downward	and	are	responsible	for	body	pressures;	however,	how	well	
they	are	distributed	is	a	function	of	posture7).	In	the	“forward-tilting	posture”,	participants	tilted	their	trunks	forward	and	
shifted	 their	 center	of	gravity	 forward.	This	posture	 change	presumably	 reduced	gluteal	pressure	 and	weight	 in	 the	but-
tocks.	In	this	study,	“forward-tilting	posture	B”	(both	feet	placed	on	the	floor	with	the	trunk	tilted	forward	against	a	table)	
was	associated	with	the	largest	gluteal	contact	area	and	lowest	maximum	gluteal	pressure.	In	“forward-tilting	posture	B”,	
participants	placed	their	feet	on	a	stable	floor.	Therefore,	they	were	able	to	put	enough	weight	on	their	feet	and	shift	their	
weight	forward.	The	increased	weight	on	the	feet	and	the	forward-shifted	center	of	gravity	allowed	participants	to	distribute	
their	weight	over	a	larger	area,	including	the	posterior	thighs,	rather	than	just	the	gluteal	region.	The	weight	distribution	on	
the	buttocks	over	a	larger	body	area	in	contact	with	the	wheelchair	seat	is	considered	to	account	for	the	greatest	decrease	in	
the	maximum	pressure.

Comparing	“forward-tilting	posture	A”	(both	feet	placed	on	a	foot	support	with	the	trunk	tilted	forward	against	a	table)	
and	“forward-tilting	posture	B”	(both	feet	placed	on	the	floor	with	the	trunk	tilted	forward	against	a	table),	lower	maximum	
gluteal	pressure	and	larger	gluteal	contact	area	were	measured	in	“forward-tilting	posture	B”.	Foot	support	positioning	is	
related	to	the	pressure	on	the	seat	interface	of	the	wheelchair13).	Lowering	the	feet	in	the	wheelchair	transfers	some	leg	weight	
from	the	feet	to	the	foot	support	or	the	floor.	A	previous	study	reported	that	lowering	the	foot	support	reduced	pressure	on	the	
ischial tuberosities16).	A	foot	support	that	is	too	high	raises	the	thigh	of	the	seat	surface,	which	flexes	the	hip	and	reduces	the	
contact	area	at	the	buttocks,	resulting	in	elevated	pressures	on	the	buttock	tissue7).	These	studies	indicate	that	the	height	of	
the	feet,	which	corresponds	to	the	height	of	the	foot	support,	influences	gluteal	pressure.	In	“forward-tilting	posture	B”,	the	
participants’	feet	were	positioned	on	the	floor.	Their	feet	were	positioned	lower	than	those	in	“forward-tilting	posture	A”	in	
which	both	feet	were	placed	on	foot	support.	“Forward-tilting	postural	B”	with	the	foot	height	lower	supposedly	effectively	
expands	the	gluteal	contact	area	and	reduces	gluteal	pressure.

Previous	studies	on	pressure	ulcers	in	older	adults	in	wheelchairs	have	focused	on	seat	cushion	types	and	pressure	distribu-
tions,	demonstrating	their	effects	on	pressure	ulcer	prevention	and	development17, 18).	However,	these	studies	revealed	that	
the	sitting	posture	of	older	participants	has	not	been	adequately	examined.	Future	studies	should	focus	on	the	sitting	posture	
of	older	adults	in	wheelchairs	and	show	that	changes	in	sitting	posture	are	effective	in	relieving	gluteal	pressure;	they	should	
also	demonstrate	the	effects	of	altered	sitting	posture	on	the	prevention	and	development	of	pressure	ulcers.

This	study	has	some	limitations.	This	study	was	conducted	on	healthy	adults;	thus,	the	findings	cannot	be	generalized	
to	older	adults	in	wheelchairs.	The	efficacy	of	the	“forward-tilting	posture”	as	a	posture	to	relieve	gluteal	pressure	should	
be	investigated	in	future	studies	on	older	adults	in	wheelchairs.	In	this	study,	only	the	leg	length	in	a	sitting	position	was	
measured	as	a	physical	characteristic	of	participants,	which	limits	the	generalizability	of	the	study’s	findings.	Furthermore,	
this	study	focused	only	on	the	peak	pressure	and	the	size	of	the	contact	area	of	the	buttocks	against	the	seat.	Detailed	analyses	
of	pressure	distribution,	such	as	the	anterior	and	posterior	parts,	would	provide	a	more	comprehensive	understanding	of	the	
obtained	data.

In	this	study,	the	maximum	gluteal	pressure	and	contact	area	in	“forward-tilting	posture	(the	trunk	tilted	forward	against	a	
table)”	and	in	“basic	sitting	posture	(both	feet	placed	on	a	foot	support	with	the	trunk	upright)”	were	measured	and	compared.	
The	study	results	indicate	that	the	“forward-tilting	posture”	in	a	wheelchair	effectively	relieves	gluteal	pressure.

A	similar	study	should	be	conducted	on	older	adults	in	wheelchairs	to	verify	the	validity	of	these	results.

Conference presentation
Part	of	this	study	result	was	presented	at	the	18th	World	Federation	of	Occupational	Therapists	Congress25).

Funding
This	study	was	funded	by	Grant-in-Aid	for	Scientific	Research	(C),	Japan	(20K12775,	22K12914).

Conflict of interest
There	are	no	conflicts	of	interest	to	declare.

ACKNOWLEDGMENTS

The	author	would	like	to	thank	all	the	study	participants.	The	author	would	also	like	to	thank	Dr.	Masayuki	Soma	for	his	
cooperation	in	this	study.



J. Phys. Ther. Sci. Vol. 36, No. 9, 2024 480

REFERENCES

1)	 National	Pressure	Ulcer	Advisory	Panel,	European	Pressure	Ulcer	Advisory	Panel	and	Pan	Pacific	Pressure	Injury	Alliance:	Prevention	and	treatment	of	pres-
sure	ulcers:	clinical	practice	guideline.	https://cdn.ymaws.com/npiap.com/resource/resmgr/2014_guideline.pdf	(Accessed	Mar.	16,	2024)

2)	 Collins	F:	Use	of	pressure	reducing	seats	and	cushions	in	a	community	setting.	Br	J	Community	Nurs,	2002,	7:	15–22.	[Medline]  [CrossRef]
3)	 Yokoyama	E,	Kusachi	J,	Tsuji	Y,	et	al.:	Sitting	postures	in	wheelchair	and	sleep-wake	activity	during	the	daytime	of	residents	in	the	geriatric	healthcare	facility.	

Bull	Jpn	Red	Cross	Coll	Nurs,	2009,	23:	57–65.
4)	 Fujimoto	Y,	Sanada	H,	Sugama	J:	The	relationship	between	pressure	ulcer	development	and	wheelchair	position	in	the	elderly:	comparison	between	lateral	and	

wheelchair	position.	J	Jpn	Acad	Nurs	Sci,	2004,	24:	36–45.		[CrossRef]
5)	 Kinose	T:	Pressure	ulcer	prevention	by	seating	technology	during	rehabilitation.	Jpn	J	Press	Ulcers,	2008,	10:	98–102.
6)	 Reddy	M,	Gill	SS,	Rochon	PA:	Preventing	pressure	ulcers:	a	systematic	review.	JAMA,	2006,	296:	974–984.	[Medline]  [CrossRef]
7)	 Sprigle	S:	Measure	it:	proper	wheelchair	fit	is	key	to	ensuring	function	while	protecting	skin	integrity.	Adv	Skin	Wound	Care,	2014,	27:	561–572,	quiz	573–574.	

[Medline]  [CrossRef]
8)	 Hirose	H,	Kinose	T:	Wheelchair	seating	for	the	elderly,	2nd	ed.	Tokyo:	Miwa-Shoten,	2014,	pp	49–53.
9)	 Kenmoku	T,	Furumachi	K,	Shimamura	T:	Relationship	of	seated	posture	and	force	on	the	gluteal	region.	Bull	Jpn	Soc	Prosthet	Orthot	Educ	Res	Dev,	2013,	29:	

168–174.
10)	 Park	UJ,	Jang	SH:	The	influence	of	backrest	inclination	on	buttock	pressure.	Ann	Rehabil	Med,	2011,	35:	897–906.	[Medline]  [CrossRef]
11)	 Kim	MH,	Yoo	WG:	Effects	of	an	inclining	seat	support	on	gluteal	pressure.	J	Phys	Ther	Sci,	2012,	24:	849–850.		[CrossRef]
12)	 Yu	JS,	An	DH:	Differences	in	lumbar	and	pelvic	angles	and	gluteal	pressure	in	different	sitting	postures.	J	Phys	Ther	Sci,	2015,	27:	1333–1335.	[Medline]  

[CrossRef]
13)	 Medola	FO,	Elui	VM,	Santana	CS,	et	al.:	Aspects	of	manual	wheelchair	configuration	affecting	mobility:	a	review.	J	Phys	Ther	Sci,	2014,	26:	313–318.	[Med-

line]  [CrossRef]
14)	 Tederko	P,	Besowski	T,	Jakubiak	K,	et	al.:	Influence	of	wheelchair	footrest	height	on	ischial	tuberosity	pressure	in	individuals	with	paraplegia.	Spinal	Cord,	

2015,	53:	471–475.	[Medline]  [CrossRef]
15)	 Shields	RK,	Cook	TM:	Effect	of	seat	angle	and	lumbar	support	on	seated	buttock	pressure.	Phys	Ther,	1988,	68:	1682–1686.	[Medline]  [CrossRef]
16)	 Gilsdorf	P,	Patterson	R,	Fisher	S,	et	al.:	Sitting	forces	and	wheelchair	mechanics.	J	Rehabil	Res	Dev,	1990,	27:	239–246.	[Medline]  [CrossRef]
17)	 Brienza	DM,	Karg	PE,	Geyer	MJ,	et	al.:	The	relationship	between	pressure	ulcer	incidence	and	buttock-seat	cushion	interface	pressure	in	at-risk	elderly	wheel-

chair	users.	Arch	Phys	Med	Rehabil,	2001,	82:	529–533.	[Medline]  [CrossRef]
18)	 Brienza	D,	Kelsey	S,	Karg	P,	et	al.:	A	randomized	clinical	trial	on	preventing	pressure	ulcers	with	wheelchair	seat	cushions.	J	Am	Geriatr	Soc,	2010,	58:	

2308–2314.	[Medline]  [CrossRef]
19)	 Henderson	JL,	Price	SH,	Brandstater	ME,	et	al.:	Efficacy	of	three	measures	to	relieve	pressure	in	seated	persons	with	spinal	cord	injury.	Arch	Phys	Med	Re-

habil,	1994,	75:	535–539.	[Medline]  [CrossRef]
20)	 Takeda	M,	Furusawa	K,	Tanimoto	Y,	et	al.:	Buttock	pressure	relief	in	seated	patient	with	spinal	cord	injury.	Sogo	rehabilitation,	2010,	38:	563–569.
21)	 Kamegaya	T:	Comparison	of	upper-extremity	function	in	wheelchair-	and	chair-seated	postures.	J	Phys	Ther	Sci,	2017,	32:	615–619.
22)	 Kinose	T,	Morita	T:	Seating	technology—technical	basis	and	clinical	applications.	Tokyo:	Ishiyaku	Publishers,	2020,	pp	241–246.
23)	 Waugh	K,	Crane	B:	A	clinical	application	guide	to	standardized	wheelchair	seating	measures	of	the	body	and	seating	support	surfaces.	https://www.ncart.us/

uploads/userfiles/files/documents/GuidetoSeatingMeasuresRevisedEdition_November2013-compressed.pdf	(Accessed	Mar.	16,	2024)
24)	 Hisano	S,	Shimizu	H:	Are	standard	desks,	tables,	and	chairs	suitable	for	the	elderly?	Occup	Ther,	2002,	21:	67–78.
25)	 World	Federation	of	Occupational	Therapists:	Effect	of	wheelchair	sitting	posture	on	gluteal	pressure:	18th	World	Federation	of	Occupational	Therapists	Con-

gress	Poster	Programme.	https://archive.wfot.org/wfot2022/uploads/files/WFOT_Poster-List_21.8.22.pdf	(Accessed	Mar.	16,	2024)

http://www.ncbi.nlm.nih.gov/pubmed/11823726?dopt=Abstract
http://dx.doi.org/10.12968/bjcn.2002.7.1.9439
http://dx.doi.org/10.5630/jans1981.24.4_36
http://www.ncbi.nlm.nih.gov/pubmed/16926357?dopt=Abstract
http://dx.doi.org/10.1001/jama.296.8.974
http://www.ncbi.nlm.nih.gov/pubmed/25396675?dopt=Abstract
http://dx.doi.org/10.1097/01.ASW.0000456446.43330.70
http://www.ncbi.nlm.nih.gov/pubmed/22506220?dopt=Abstract
http://dx.doi.org/10.5535/arm.2011.35.6.897
http://dx.doi.org/10.1589/jpts.24.849
http://www.ncbi.nlm.nih.gov/pubmed/26157213?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.1333
http://www.ncbi.nlm.nih.gov/pubmed/24648656?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24648656?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.313
http://www.ncbi.nlm.nih.gov/pubmed/25600309?dopt=Abstract
http://dx.doi.org/10.1038/sc.2014.242
http://www.ncbi.nlm.nih.gov/pubmed/3186795?dopt=Abstract
http://dx.doi.org/10.1093/ptj/68.11.1682
http://www.ncbi.nlm.nih.gov/pubmed/2401955?dopt=Abstract
http://dx.doi.org/10.1682/JRRD.1990.07.0239
http://www.ncbi.nlm.nih.gov/pubmed/11295017?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2001.21854
http://www.ncbi.nlm.nih.gov/pubmed/21070197?dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2010.03168.x
http://www.ncbi.nlm.nih.gov/pubmed/8185445?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(21)01615-4
https://www.ncart.us/uploads/userfiles/files/documents/GuidetoSeatingMeasuresRevisedEdition_November2013-compressed.pdf
https://www.ncart.us/uploads/userfiles/files/documents/GuidetoSeatingMeasuresRevisedEdition_November2013-compressed.pdf

