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Abstract.	 [Purpose]	The	thickness	of	the	perimuscular	connective	tissue	(PMCT)	reflects	muscular	atrophy	and	
decreased	flexibility	that	may	cause	low	back	pain.	However,	few	studies	have	used	ultrasound	imaging	to	measure	
PMCT	thickness.	We	aimed	to	examine	and	confirm	the	reliability	of	ultrasound	in	measuring	the	thickness	of	the	
PMCT	of	 the	abdominal	wall	muscle.	 [Participants	 and	Methods]	The	participants	were	38	healthy	adult	males	
without	chronic	back	pain.	The	images	were	acquired	in	B	mode	with	the	participants	in	the	supine	position	and	the	
PMCT	thickness	of	the	abdominal	wall	muscle	was	measured	on	the	images.	The	intraclass	correlation	coefficient	
(ICC)	was	used	to	confirm	reliability.	[Results]	The	ICC	for	both	within-day	and	between-day	PMCT	measurements	
by	ultrasound	were	0.7–0.9.	The	95%	confidence	interval	ranged	from	0.5–0.9.	The	standard	error	of	measurement	
(SEM)	was	 0.02–0.1	mm	 in	 the	 abdominal	wall	muscle	 and	 0.5	mm	 in	 the	 interrecti	 distance	 (IRD).	 The	 95%	
confidence	interval	(95%	CI)	of	the	minimum	detectable	change	(MDC95)	was	0.1–0.3	mm	in	the	abdominal	wall	
muscle	and	1.3–1.4	mm	in	the	IRD.	[Conclusion]	We	conducted	a	study	to	confirm	the	reliability	of	ultrasound-
based	measurement	of	PMCT	thickness	of	the	abdominal	wall	muscle,	and	the	ICC	results	established	reliability.	
However,	since	 the	values	measured	were	small	 (0.02–1.4	mm)	and	there	 is	a	 limit	 to	visual	observation,	 it	was	
necessary	to	measure	using	computer	software.
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INTRODUCTION

Although	many	studies	have	been	conducted	on	chronic	low	back	pain,	it	is	understood	that	the	relationship	between	the	
cause	and	symptoms	is	difficult	to	identify.	In	addition,	a	large	amount	of	medical	expense	is	paid	due	to	chronic	low	back	
pain,	and	it	becomes	a	great	financial	burden	for	patients	when	work	is	not	possible1).	Many	patients	with	acute	low	back	
pain	are	expected	to	improve	without	specific	treatment,	but	distinguishing	the	cause	of	pain	in	patients	with	recurrent	or	
chronic	low	back	pain	is	not	clear2).	Moreover,	it	is	said	that	80%	or	more	of	chronic	low	back	pain	is	non-specific,	whose	
image	findings	do	not	match	clinical	findings3).	Chronic	low	back	pain	has	been	reported	to	show	excessive	activity	of	the	
trunk	muscles	associated	with	the	upper	limbs	and	abnormal	reactions	of	the	trunk	muscles	associated	with	breathing	while	
resting4–7).	Motor	control	exercise	and	stabilizing	exercise	are	often	selected	as	treatments	for	chronic	low	back	pain8,	9).	The	
following	reports	have	been	made	on	the	motor	control	exercise.	In	addition	to	the	minimal	intervention	in	low	back	pain	
treatment,	it	can	be	expected	to	be	effective	by	further	adding	motor	control	exercise8,	9),	an	effect	for	a	short	period	of	time10), 
it	has	been	shown	to	have	the	effect	of	reducing	pelvic	compensation	exercises	and	excessive	muscle	activity11).
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The	diaphragm,	 lumbar	multifidus,	abdominal	wall	muscles,	and	pelvic	floor	muscles	are	connected	 through	the	peri-
muscular	connective	tissue	(PMCT)	and	work	in	concert	to	increase	intra-abdominal	pressure	and	play	an	important	role	in	
trunk	stability12).	PMCT	is	also	known	to	remodel	in	response	to	micro	stress,	which	is	attributed	to	compensatory	motor	
control.	As	a	result	of	increased	load,	microtrauma,	inflammation,	and	PMCT	fibrosis	occur.	Moreover,	the	reduction	of	load	
is	said	to	cause	atrophy,	structural	disassembly,	and	adhesion.	From	these	results,	it	is	considered	that	the	thickness	of	PMCT	
reflects	muscular	atrophy	and	decreased	flexibility12, 13).	In	recent	years,	ultrasound	measurement	has	been	attracting	atten-
tion	because	it	can	structurally	and	functionally	evaluate	deep	muscles	such	as	the	lumbar	and	abdominal	wall	muscles,	while	
being	 relatively	 inexpensive	and	noninvasive14,	15).	Research	on	ultrasound	measurement	 is	 increasing.	One	 study	 stated	
that	ultrasound	measurements	yield	results	similar	to	those	obtained	by	measuring	with	an	instrument	such	as	a	magnetic	
resonance imaging (MRI) scanner16),	and	another	study	described	the	importance	of	multiple	measurements	through	inves-
tigating	the	reliability	of	ultrasound	measurements17–21).	However,	there	are	still	few	studies	that	have	performed	ultrasound	
measurements	on	PMCT,	which	is	said	to	play	an	important	role	in	controlling	the	lumbar	region	and	trunk,	both	structurally	
and	functionally12, 22).

Therefore,	in	this	study,	we	aimed	to	confirm	and	examine	by	ultrasound	measurement	the	reliability	of	PMCT	measure-
ment	of	the	abdominal	wall	muscle.

PARTICIPANTS AND METHODS

The	participants	were	38	healthy	adult	males	without	chronic	back	pain.	Additionally,	the	participants	had	no	pain	from	
the	lower	back	to	the	pelvis	within	the	previous	6	months,	no	symptoms	such	as	numbness	in	the	lower	limbs,	and	had	not	
been	diagnosed	with	lumbar	spondylolysis,	spondylolisthesis,	or	lumbar	disc	herniation.	The	participants’	age,	height,	and	
weight	were	21.6	±	0.5	years,	169.8	±	5.2	cm,	and	63.2	±	8.1	kg,	respectively.	The	content	of	the	research	and	obtained	data	
will	not	be	used	for	anything	other	than	the	research	itself.	Moreover,	informed	consent	was	obtained	from	all	participants.	
This	study	was	carried	out	with	the	approval	of	the	Aino	University	Research	Ethics	Committee	(Aino2019-09)	and	Kyoto	
Tachibana	University	Research	Ethics	Committee	(19–13).

Using	an	ultrasound	imaging	device,	Noblus	(Hitachi,	Ltd.,	Tokyo,	Japan),	the	PMCT	thickness	of	the	abdominal	wall	
muscle	was	measured	in	a	supine	position	in	B	mode	with	a	linear	L64	probe	(5–18	MHz).	The	measured	position	was	a	
supine	position	placed	on	 the	body	side	with	both	upper	 limbs	 relaxed,	and	 the	measurement	was	performed	during	 the	
final	exhalation,	at	rest.	The	record	value	was	an	average	value	measured	twice	to	reduce	error.	Regarding	the	measurement	
method,	PMCT	was	measured	with	reference	 to	 the	method	of	Whittaker	et	al12).	 In	 the	PMCT,	 the	shallow	layer	of	 the	
external	oblique	muscle	was	PMCT-external	oblique	(PMCT-EO).	The	layer	between	the	external	oblique	muscle	and	the	
internal	oblique	muscle	was	PMCT-external	oblique	to	internal	oblique	(PMCT-EO	to	IO).	The	layer	between	the	internal	
oblique	muscle	and	the	transverse	abdominal	muscle	was	PMCT-internal	oblique	to	 transversus	abdominis	(PMCT-IO	to	
TrA).	The	deep	layer	of	the	transverse	abdominal	muscle	was	PMCT-transversus	abdominis	(PMCT-TrA).	The	shallow	layer	
of	the	rectus	abdominis	was	PMCT-anterior	rectus	abdominis	(PMCT-ARA).	The	deep	layer	of	the	rectus	abdominis	was	
PMCT-posterior	rectus	abdominis	(PMCT-PRA).	The	linea	alba	was	the	interrecti	distance	(IRD).	The	thickness	of	PMCT	
was	measured	on	the	mid-axillary	line	between	the	right	iliac	crest	and	the	lower	ribs.	The	thickness	of	the	rectus	abdominis	
PMCT	was	measured	at	the	height	of	the	navel	level	in	the	center	of	the	right	rectus	abdominis.	For	the	thickness	of	PMCT,	
the	distance	from	the	fascia	outer	edge	to	the	fascia	inner	edge	was	measured.	The	IRD,	which	is	the	distance	between	the	
rectus	muscles,	was	measured	in	the	center	of	the	abdomen	below	the	umbilicus.	The	IRD	thickness	was	measured	between	
the	inner	edge	of	two	rectus	abdominis	muscles.	Anterior	abdominal	wall	connective	tissue	(AAWCT)	was	calculated	by	
the	sum	of	PMCT-ARA	and	PMCT-PRA.	Lateral	abdominal	wall	connective	tissue	(LAWCT)	was	calculated	as	the	sum	
of	PMCT-EO	to	IO,	PMCT-IO	to	TrA	and	PMCT-TrA12).	Each	measurement	area	was	marked	with	an	oil	marker	so	that	
the	measurement	area	could	be	reproduced.	The	pressure	applied	by	the	probe	was	set	to	the	minimum	strength	at	which	
each	muscle	was	clearly	visible	on	the	screen.	At	that	time,	the	position	and	gain	of	the	probe	were	finely	adjusted	so	that	
the	boundary	of	each	muscle	was	exposed.	The	measurement	frequency	that	enabled	each	muscle	and	PMCT	to	be	clearly	
visible	ranged	from	5–18	MHz.	To	keep	the	pressure	during	measurement	constant,	the	measurer	was	one	physical	therapist	
accustomed	to	ultrasound	measurement,	and	the	measurement	was	performed	after	sufficient	practice.

These	were	verified	for	reliability.	To	confirm	whether	there	was	an	influence	of	the	within-day	intra-rater	reliability,	the	
results	measured	twice	within	the	same	day	were	examined	by	intraclass	correlation	coefficient	(ICC).	In	addition,	to	confirm	
whether	there	was	an	influence	of	the	between-day	intra-rater	reliability,	the	results	of	remeasurement	within	2	weeks	were	
examined	with	the	results	of	the	first	measurement	and	ICC.	ICC	interpretation	is	based	on	Cicchetti	and	Sparrow23):	0.40	or	
less	is	low	reliability,	0.40–0.59	is	medium	reliability,	0.60–0.75	is	good	reliability,	and	0.75	or	more	indicates	excellent	reli-
ability.	SPSS	version	20	for	Windows	(IBM	Co.,	Armonk,	NY,	USA)	was	used	for	the	ICC	statistical	analysis.	In	addition,	the	
measurement	error	was	calculated	using	the	95%	confidence	interval	(95%CI)	of	the	minimum	detectable	change	(MDC95).	
MDC95	was	determined	by	MDC95=standard	error	of	measurement	(SEM)	×1.96	×√224).
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RESULTS

Table	1	 shows	 the	 results	 of	 the	within-day	 and	between-day	PMCT	measurements	by	ultrasound.	The	 ICC	 for	both	
within-day	and	between-day	PMCT	measurements	by	ultrasound	were	0.7–0.9.	The	95%	confidence	interval	ranged	from	
0.5–0.9.	PMCT	measurements	ranged	from	0.02–1.4	mm.	SEM	was	0.02–0.1	mm	in	PMCT	of	the	abdominal	wall	muscle	
and	0.5	mm	in	IRD.	MDC95	was	0.1–0.3	mm	in	the	abdominal	wall	muscle	and	1.3–1.4	mm	in	IRD.	The	mean	value	of	
AAWCT	was	2.33	±	1.53	mm	and	that	of	LAWCT	was	3.01	±	0.43	mm.

DISCUSSION

In	our	study,	the	reliability	of	PMCT	measurement	by	ultrasound	was	obtained	from	ICC	0.7–0.9,	and	it	was	possible	
to	judge	from	“good	reliability”	to	“excellent	reliability”23).	Although	few	studies	have	confirmed	the	reliability	of	PMCT	
by	ultrasound,	Whittaker	et	al.	performed	ultrasound	measurement	of	AAWCT	of	the	front	abdomen	and	PMCT	of	the	side	
abdomen	to	compare	a	chronic	low	back	pain	group	with	a	control	group12).	Among	them,	only	IRD	reports	ICC,	and	intra-
examiner	ICC	reported	a	high	value	of	0.99	both	with-in	day	and	between-day	measurement.	The	PMCT	measurement	by	
ultrasound	in	our	study	was	not	as	high	as	the	ICC	as	reported	in	the	study	by	Whittaker	et	al.,	but	we	verified	it,	except	for	
IRD,	and	confirmed	a	certain	reliability	of	ICC	0.7	to	0.9.	The	values	of	measurement	of	the	control	group	in	the	Whittaker	

Table 1.		Within-day	and	between-day	intrarater	reliability	measurements	(38	males)

Right Left
Mean 
(mm) ICC 95%CI SEM 

(mm)
MDC95 
(mm)

Mean 
(mm) ICC 95%CI SEM 

(mm)
MDC95 
(mm)

Within

PMCT-EO 1st 1.4	±	0.4
0.94 0.89–0.97

0.1 0.2 1.3	±	0.4
0.94 0.89–0.97

0.1 0.2
2nd 1.4	±	0.4 0.1 0.3 1.3	±	0.4 0.1 0.2

PMCT-EO	to	IO 1st 0.9	±	0.2
0.89 0.80–0.94

0.03 0.1 1.0	±	0.2
0.90 0.81–0.95

0.04 0.1
2nd 1.0	±	0.2 0.03 0.1 0.9	±	0.2 0.04 0.1

PMCT-IO	to	TrA 1st 1.1	±	0.2
0.88 0.78–0.94

0.03 0.1 1.1	±	0.2
0.81 0.67–0.90

0.03 0.1
2nd 1.1	±	0.2 0.03 0.1 1.1	±	0.2 0.03 0.1

PMCT-TrA 1st 1.0	±	0.2
0.78 0.62–0.88

0.03 0.1 1.0	±	0.1
0.81 0.67–0.90

0.02 0.1
2nd 1.0	±	0.2 0.03 0.1 0.9	±	0.1 0.02 0.1

PMCT-ARA 1st 0.9	±	0.2
0.86 0.75–0.93

0.03 0.1 1.0	±	0.3
0.91 0.84–0.95

0.04 0.1
2nd 1.0	±	0.2 0.03 0.1 1.0	±	0.2 0.03 0.1

PMCT-PRA 1st 1.1	±	0.2
0.77 0.61–0.88

0.03 0.1 1.2	±	0.2
0.80 0.64–0.89

0.03 0.1
2nd 1.1	±	0.2 0.03 0.1 1.2	±	0.2 0.03 0.1

IRD 1st 7.6	±	3.2
0.99 0.98–0.99

0.5 1.4
2nd 7.6	±	3.1 0.5 1.4

Between

PMCT-EO day1 1.4	±	0.4
0.93 0.86–0.96

0.1 0.2 1.3	±	0.4
0.93 0.86–0.96

0.1 0.2
day2 1.4	±	0.4 0.1 0.2 1.3	±	0.4 0.1 0.2

PMCT-EO	to	IO day1 0.9	±	0.2
0.77 0.60–0.87

0.03 0.1 1.0	±	0.2
0.84 0.71–0.91

0.04 0.1
day2 1.0	±	0.2 0.03 0.1 1.0	±	0.2 0.04 0.1

PMCT-IO	to	TrA day1 1.1	±	0.2
0.77 0.61–0.87

0.03 0.1 1.1	±	0.2
0.79 0.64–0.89

0.03 0.1
day2 1.1	±	0.2 0.03 0.1 1.1	±	0.2 0.03 0.1

PMCT-TrA day1 1.0	±	0.2
0.73 0.55–0.85

0.03 0.1 0.9	±	0.1
0.73 0.54–0.85

0.02 0.1
day2 1.0	±	0.1 0.02 0.1 1.0	±	0.1 0.02 0.1

PMCT-ARA day1 1.0	±	0.2
0.72 0.53–0.84

0.03 0.1 1.0	±	0.2
0.78 0.62–0.88

0.03 0.1
day2 0.9	±	0.2 0.03 0.1 1.0	±	0.2 0.03 0.1

PMCT-PRA day1 1.1	±	0.1
0.72 0.52–0.84

0.02 0.1 1.2	±	0.2
0.73 0.54–0.85

0.03 0.1
day2 1.1	±	0.1 0.02 0.1 1.1	±	0.2 0.02 0.1

IRD day1 7.6	±	3.1
0.98 0.97–0.99

0.5 1.4
day2 7.7	±	2.9 0.5 1.3

ICC:	intraclass	correlation	coefficient;	SEM:	standard	error	of	measurement;	95%CI:	95%	confidence	interval;	MDC95:	minimal	detect-
able	change95%;	PMCT:	perimuscular	connective	tissue;	PMCT-EO:	PMCT-external	oblique;	PMCT-EO	to	IO:	PMCT-external	oblique	
to	 internal	 oblique;	 PMCT-IO	 to	TrA:	 PMCT-internal	 oblique	 to	 transversus	 abdominis;	 PMCT-TrA:	 PMCT-transversus	 abdominis;	
PMCT-ARA:	PMCT-anterior	rectus	abdominis;	PMCT-PRA:	PMCT-posterior	rectus	abdominis;	IRD:	interrecti	distance.
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et	al.	study	reported	AAWCT,	LAWCT,	and	IRD	and	were	2.0	mm,	2.3	mm,	and	7.4	mm,	respectively.	Similar	to	Whittaker’s	
method,	the	results	of	our	study	were	the	same	(except	PMCT-EO).	The	results	were	2.05	mm	for	AAWCT,	3.01	mm	for	
LAWCT,	and	7.6	mm	for	IRD.	The	LAWCT	values	were	slightly	larger,	but	almost	no	significant	difference	was	observed.	In	
a	study	by	Morales	et	al.25),	PMCT	was	measured	by	ultrasound	in	amateur	and	elite	athletes.	Although	no	ICC	was	reported,	
the	thickness	of	the	left	and	right	PMCTs	of	amateur	athletes	was	reported	to	be	0.06–0.9	cm	when	compared	to	the	measured	
values.	The	result	of	our	research	this	time	was	0.9–1.4	mm	(0.09–0.14	cm),	and	no	significant	difference	was	seen.

In	this	study,	we	conducted	a	study	to	confirm	the	reliability	of	PMCT	measurement	of	abdominal	wall	muscle	by	ultra-
sound.	From	the	results,	a	certain	reliability	was	recognized.	However,	the	method	of	measuring	PMCT	by	ultrasound	is	not	
unified,	and	in	this	study,	the	method	of	determining	the	PMCT	edge	from	the	measured	image	was	performed	visually.	From	
the	obtained	values,	it	was	found	that	it	contained	a	very	small	value	of	0.02–1.4	mm,	so	that	it	was	difficult	to	perform	visual	
measurement,	and	there	was	a	limit	in	reliability.	Future	studies	should	consider	methods	of	determining	the	PMCT	edge	that	
use	computer	software	that	measure	echogenicity,	as	in	the	study	by	Langevin	et	al13).

The	limitations	of	the	present	study	are	that	it	was	first	only	measured	in	healthy	young	adult	males,	and	second,	only	
an	examination	of	the	intra-rater	reliability.	In	addition,	there	is	a	limit	in	that	the	PMCT	edge	is	visually	determined	on	the	
screen	of	the	ultrasound	device.	Furthermore,	the	measurement	area	was	also	measured	only	by	the	abdominal	wall	PMCT.	
In	the	future,	it	is	considered	necessary	to	confirm	whether	reliability	could	be	obtained	for	measurements	on	females	and	the	
elderly.	It	is	also	necessary	to	study	whether	the	reliability	of	ultrasound	measurements	can	be	obtained	with	PMCT	of	other	
parts.	Furthermore,	it	was	considered	necessary	to	study	the	significance	of	measuring	PMCT	by	ultrasound	by	comparing	
males	and	females,	and	young	and	elderly.
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