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Abstract.	 [Purpose]	We	aimed	 to	 investigate	 the	 effects	of	various	modulated	 interferential	 currents	on	deep	
abdominal	muscle	 thicknesses	of	healthy	participants	using	ultrasound	imaging.	[Participants	and	Methods]	We	
recruited	twenty-two	healthy	male	participants	for	this	study.	We	compared	the	rate	of	change	in	muscle	thickness	
of	the	abdominal	muscles	under	different	stimulation	interferential	current	conditions.	[Results]	The	change	in	in-
terclass	correlation	coefficient	of	muscle	thickness	for	each	electrical	stimulation	by	attached	electrode	altering	was	
0.738–0.998,	indicating	normal	to	good	reliability.	The	rate	of	change	for	all	muscle	thicknesses	under	interferential	
current	at	2.5	kHz	and	20	Hz	was	significantly	greater	than	that	under	the	other	conditions.	[Conclusion]	An	inter-
ferential	current	at	2.5	kHz	and	20	Hz	is	a	feasible	and	reproducible	way	to	train	the	abdominal	muscles.
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INTRODUCTION

Previous	studies	have	demonstrated	that	the	specific	training	of	the	transverse	abdominis	(TrA)	provided	functional	and	
therapeutic	benefits,	such	as	unloading	of	the	spine,	anticipatory	postural	control,	intersegmental	stabilization	of	the	spine,	
and	long-term	pain	relief1, 2).	However,	effective	therapeutic	exercises,	known	to	strengthen	the	TrA,	preferentially	involve	
deep	muscle	activation	with	minimal	co-activation	of	the	superficial	muscles,	such	as	the	external	oblique	(EO)	muscle3).

Draw-in	is	a	typical	TrA	exercise.	It	is	supposed	to	allow	for	selective	contraction	of	the	TrA	and	is	considered	important	
because	it	can	prevent	low	back	pain.	Springer	et	al.4)	measured	TrA	thickness	using	ultrasonography	in	a	healthy	group	of	
individuals.	They	reported	that	muscle	thickness	significantly	increased	during	draw-in	as	compared	to	muscle	thickness	at	
rest.	Urquhart	et	al.5)	and	Larivière	et	al.6)	clearly	demonstrated	the	effectiveness	of	the	draw-in	exercise.

However,	 in	addition	 to	 the	difficulty	 in	palpating	 the	TrA,	application	of	draw-in	exercise	 in	clinical	practice	can	be	
challenging	because	the	execution	of	this	exercise	can	be	difficult	to	understand.

Neuromuscular	electrical	stimulation	(NMES)	is	beneficial	if	an	individual	is	incapable	of	intense	voluntary	exercise.	In-
terference	current	(IFC)	is	capable	of	achieving	uniform	stimulation	and	high	reproducibility,	although	it	requires	specialized	
equipment.	NMES	has	been	reported	for	many	years	to	reeducate	and	strengthen	skeletal	muscles7–9).	Cho	et	al.10) indicated 
that	NMES	by	low-frequency	rectangular	pulsed	current	(LFRP)	can	stimulate	contractions	in	deep	abdominal	stabilizing	
muscles.	Most	importantly,	when	analyzing	with	imaging	ultrasonography,	it	was	noted	that	50	Hz	LFRP	produced	greater	
increases	in	muscle	thickness	than	20	or	80	Hz	LFRP.

IFC	is	a	method	of	generating	interference	waves	of	1–100	Hz	by	interfering	two	types	of	mid-frequency	currents	(carrier	
frequencies)	in vivo.	Because	it	uses	a	mid-frequency	band	with	low	skin	resistance,	it	is	thought	to	be	less	stressful,	as	well	
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as enhance deep muscle contraction and promote blood circulation11, 12).
The	purpose	of	this	study	was	to	investigate	the	effect	of	four	different	modulated	IFCs	on	the	thickness	of	deep	abdominal	

muscles	in	healthy	subjects	using	real-time	ultrasound	images.

PARTICIPANTS AND METHODS

Twenty-two	healthy	male	 participants	were	 recruited	 for	 this	 study.	Their	 age,	 height,	weight,	 body	mass	 index,	 and	
body	fat	percentage	were	21.3	±	3.5	years,	172.7	±	5.6	cm,	62.8	±	9.1	kg,	21.0	±	2.7	kg/m2,	and	12.3	±	5.7%,	respectively.	
Participants	with	a	history	of	heart	or	skin	diseases	were	excluded.

The	participants	provided	written	 informed	consent	 for	 inclusion	 in	 this	study.	The	study	was	approved	by	 the	Ethics	
Committee	of	the	International	University	of	Health	and	Welfare	(approval	no.	20-Io-78).

Three	different	muscles	(left	TrA,	left	internal	oblique	(IO),	and	left	EO)	were	selected	as	the	target	for	measurement.	All	
measurements	were	performed	with	the	participants	in	the	supine	position	with	both	hips	and	knee	joint	flexed	at	0	degrees.

We	generated	the	stimulation	pulses	by	attaching	the	four	electrodes,	as	specified	by	the	manufacturer,	using	an	interfer-
ence	wave	type	low-frequency	electric	therapy	device	(Superkine	SK-10WDX;	Minato	Medical	Science,	Co.,	Ltd.,	Tokyo,	
Japan).

Electrical	stimulation	was	applied	through	two	sets	of	two	electrodes	on	the	left	side	of	the	anterolateral	abdominal	wall.	
The	first	electrode	was	located	at	the	anterior	superior	iliac	spine	(ASIS),	the	second	electrode	was	located	on	the	lower	costal	
margin	at	an	intersection	of	the	vertical	line	from	the	ASIS,	and	the	third	and	fourth	electrodes	were	placed	symmetrically	
across	the	anterior	axillary	line	to	the	first	and	second	electrodes.	Electrodes	were	set	in	pairs:	the	first	and	third	electrodes	
and	the	second	and	fourth	electrodes	(Fig.	1).

For	 selecting	 IFC	 stimulation	parameters,	 the	 interferometric	 low-frequency	 electrotherapy	device	provided	 electrical	
stimulation	using	a	kilohertz-frequency	alternating	current	modulated	to	20–60	Hz.

Carrier	frequencies	that	affect	the	depth	to	which	the	electrical	stimulus	reaches	are	2.5	kHz	and	5.0	kHz,	and	20	Hz	and	
60	Hz	were	selected	for	LFRP,	respectively.	In	previous	studies,	60	Hz,	which	has	been	shown	to	be	effective	for	fast-twitch	
muscles,	and	20	Hz,	which	has	been	shown	to	be	effective	for	slow-twitch	muscles,	have	been	employed12).	The	participants	
were	measured	under	all	five	measurement	conditions;	control:	rest	(condition	1);	2.5	kHz	modulated	at	(condition	2)	20	Hz	
and	(condition	3)	60	Hz;	and	5.0	kHz	modulated	at	(condition	4)	20	Hz	and	(condition	5)	60	Hz.	The	five	conditions	were	
randomly	performed.	The	current	strength	was	unified	to	10	mA,	which	is	within	the	pain-free	range,	in	line	with	the	reports	
of	previous	research13).

The	thicknesses	of	the	TrA,	IO,	and	EO	muscles	were	determined	using	the	ultrasonogram	SonoSite	180	Plus	(FUJIFILM	
SonoSite,	Inc.,	Bothell,	WA,	USA).	A	5-MHz	linear	ultrasound	probe	in	B-mode	was	placed	transversely	across	the	abdomi-
nal	wall	between	the	costal	margin	and	iliac	crest,	along	the	left	anterior	axillary	line	(at	the	intersection	of	the	vertical	line	
from	the	left	anterior	axillary	line	and	the	straight	line	from	the	navel).	A	single,	experienced	physiotherapist	calculated	the	
thickness	of	each	muscle	using	images	obtained	from	Image	J	(U.S.	National	Institute	of	Health)	(Fig.	2).	Participants	were	
placed	comfortably	and	instructed	to	breathe	normally.	Muscle	thickness	at	rest	and	during	electrical	stimulation	was	mea-
sured	during	final	exhalation.	The	measurement	was	performed	twice	in	0.1	mm	units,	and	the	average	value	was	calculated.	
The	percent	change	in	muscle	thickness	was	calculated	as	follows:	

(muscle	thickness	during	IFC−muscle	thickness	at	condition	1)	/	muscle	thickness	at	condition	1×100.

Fig. 1.	 	Electrode	position.

Fig. 2.	 	Ultrasound	images	of	abdominal	muscles.
EO:	External	oblique;	IO:	Internal	oblique;	TrA:	Transverse	abdominis.
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The	validity	of	ultrasound	imaging	has	been	tested	against	criterion	methods,	such	as	magnetic	resonance	imaging	and	
computed	tomography13, 14).	Prior	studies	have	also	evaluated	their	reliability	with	intraclass	correlation	coefficients14).	Ul-
trasound	imaging	is	a	highly	reliable	method	for	the	assessment	of	the	TrA	and	lumbar	multifidus	thickness	in	the	static	and	
dynamic	position15–17);	hence,	this	method	was	used	in	this	study.

The	interclass	correlation	coefficient	(ICC)	(1.1)	obtained	from	the	first	and	second	measurements	under	each	condition	
was	used	to	examine	the	intra-evaluator	reliability	of	the	TrA,	IO,	and	EO	thickness.	Furthermore,	to	ensure	the	reliability	of	
the	electrode	position	during	electrical	stimulation,	the	electrodes	were	reconnected	after	the	first	measurement	and	then	the	
second	measurement	was	performed.

Regarding	statistical	analysis,	the	measured	values	of	the	first	and	second	electrode	attachments	were	tested	with	ICC.	
If	normality	was	not	demonstrated,	a	Friedman	test	was	performed,	and	then	comparisons	were	made	among	groups.	The	
significance	 level	 was	 set	 at	 p<0.05.	 Comparisons	 between	 groups	were	made	 using	 the	 Bonferroni	 correction	method	
(0.05/10=0.005;	p<0.005).	TrA	thickness	image	data	of	one	patient	was	excluded	from	the	analysis	due	to	its	unclear	nature.	
All	analyzes	were	performed	using	IBM	SPSS	version	26.0	(IBM	Corp.,	Armonk,	NY,	USA).

RESULTS

As	a	result	of	examining	the	reproducibility	of	the	muscle	thickness	measurement,	the	ICC	(1.1)	were	as	follows:	TrA,	
0.989	 to	0.998;	 IO,	0.992	 to	0.997;	 and	EO,	0.992	 to	0.998.	The	change	 in	 ICC	of	muscle	 thickness	 for	 each	electrical	
stimulation	by	altering	the	electrode	attached	was	0.841	to	0.998	for	the	TrA,	0.738	to	0.989	for	the	IO,	and	0.992	to	0.998	for	
the	EO	muscles.	The	results	of	the	Shapiro–Wilk	test	showed	that	the	values	of	muscle	thickness	change	for	each	condition	
were	not	normalized,	while	the	rate	of	change	in	muscle	thickness	were	normalized.	A	comparison	of	MFAC	condition	and	
abdominal trunk muscle thickness is shown in Table 1.	The	thicknesses	in	the	TrA,	OI,	and	OE	muscles	were	significantly	
changed	during	IFC	(p<0.01).

In	the	TrA,	the	thickness	was	more	significantly	increased	under	condition	2	than	under	conditions	1	and	4.	In	the	IO,	
conditions	2	and	3	yielded	 significantly	 thicker	muscles	 than	condition	1.	 In	 the	EO,	condition	2	produced	 significantly	
thicker	muscles	than	conditions	1	and	5,	and	condition	3	yielded	significantly	thicker	muscles	than	condition	1.

Table 2	shows	the	rate	of	change	in	muscle	thickness.	Under	conditions	2,	3	and	5,	the	rate	of	change	of	the	TrA	was	
greater	than	that	observed	in	the	other	muscles.	Additionally,	the	rate	of	change	of	TrA	muscle	thickness	under	condition	2	
was	significantly	greater	than	under	the	other	conditions.

DISCUSSION

In	this	study,	ICC	(1.1)	was	examined	for	the	reattached	electrode	in	each	condition.	The	ICC	(1.1)	resulting	from	the	
abdominal	muscle	thickness	measurements	was	0.738–0.998,	which	indicate	“normal	reliabilities”–“good	reliabilities”.

The	thickness	of	the	TrA,	OI,	and	OE	muscles	increased	significantly	with	the	2.5	kHz	modulated	at	20	Hz.	TrA	thickness	

Table 1.		Change	in	muscle	thickness	for	each	condition

Condition	1 Condition	2 Condition	3 Condition	4 Condition	5
TrA	(mm)	n=21 3.2	(2.9–3.6) 3.9	(3.4–4.4)* 3.7	(3.3–4.2) 3.3	(3.1–3.7)† 3.4	(3.1–3.9)
IO	(mm)	n=22 10.2	(9.2–11.8) 11.4	(9.6–12.9)* 11.1	(9.4–12.4) 10.1	(9.0–12.0)* 10.3	(8.8–11.7)
EO	(mm)	n=22 8.7	(7.2–10.1) 10.3	(8.1–11.4)* 10.2	(8.0–10.8)* 9.2	(7.8–10.3) 9.0	(7.7–10.3)†

TrA:	Transverse	abdominis;	IO:	Internal	oblique;	EO:	External	oblique.
Statistics:	Friedman	test	(subtest:	Bonferroni	correction,	p<0.005).	*:	vs.	condition	1,	†:	vs.	condition	2.
Condition	1:	control	(rest),	condition	2:	2.5	kHz/20	Hz,	condition	3:	2.5	kHz/60	Hz,	condition	4:	5.0	kHz/20	Hz,	
condition5:	5.0	kHz/60	Hz.

Table 2.		Percent	change	in	muscle	thickness	for	each	stimulus	condition

Condition	2 Condition	3 Condition	4 Condition	5
TrA	n=21 21.1	±	13.6 15.1	±	14.4* 3.0	±	11.5*† 9.1	±	12.0*

IO	n=22 9.3	±	11.0 7.0	±	8.5 1.5	±	5.8*† 1.2	±	6.2*
EO	n=22 16.4	±	13.5 11.7	±	11.7 5.2	±	8.1*† 5.3	±	7.8*†

TrA:	Transverse	abdominis;	IO:	Internal	oblique;	EO:	External	oblique.
Statistics:	One	way	ANOVA	(subtest:	Bonferroni,	p<0.05).
*:	vs.	condition	2,	†:	vs.	condition	3.
The	percent	change	in	muscle	thickness	was	calculated	as	follows:	(muscle	thickness	during	
IFC−muscle	thickness	at	condition	1)	/	muscle	thickness	at	condition	1×100.
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increased	by	1.21-fold	at	2.5	kHz	modulated	with	20	Hz,	when	compared	 to	 the	control,	and	 the	value	was	significantly	
higher	than	the	one	obtained	at	5.0	kHz	modulated	with	20	Hz	MFAC.

According to Ward18),	the	optimum	frequency	of	alternating	current	is	1	kHz	for	indirect	stimulation	via	nerves	and	2.5	
kHz	for	direct	stimulation	to	muscles.	In	the	study,	compared	to	the	resting	state,	the	thickness	of	all	muscles	increased	at	2.5	
kHz,	but	not	at	5.0	kHz,	which	is	the	maximum	carrier	frequency.	Furthermore,	the	IFC	of	2.5	kHz/20	Hz	was	suggested	to	
be	the	most	involved	in	the	muscle	thickness	change	of	the	deep	muscle.

Therefore,	 the	 application	 of	 2.5	 kHz	 (frequency)	was	more	 effective	 than	 the	 application	 of	 5.0	 kHz.	The	 2.5	 kHz	
frequency	may	be	an	effective	option	for	participants	who	have	difficulty	performing	the	draw-in	exercise;	however,	it	is	
necessary	to	consider	increasing	the	fine	setting	from	2.5	kHz	to	5.0	kHz.

According	to	Watanabe	et	al.13),	to	strengthen	the	muscles,	high-frequency	pulse	stimulation	of	30−60	Hz	is	effective	for	
fast	muscles,	and	low-frequency	pulse	stimulation	of	10−20	Hz	is	effective	for	slow	muscles.	Muscle	fatigue	and	tetanus	are	
less	likely	to	occur	at	frequencies	below	20	Hz.	On	the	other	hand,	when	the	frequency	is	30	Hz	or	higher,	tetanus	and	muscle	
fatigue	are	more	likely	to	occur.

The	abdominal	muscles	are	anatomically	classified	as	slow	muscles.	It	has	been	reported	that	the	ratio	of	type	I	fibers	to	
muscle	fibers	of	the	abdominal	muscle	group	is	55%	to	58%,	and	the	difference	between	each	muscle	is	small19).	The	percent-
age	of	type	I	fibers	in	abdominal	muscles	is	higher	than	that	found	in	general	limb	muscles.	This	study	also	demonstrates	that	
since	the	abdominal	muscles	are	slow	muscles,	a	greater	increase	in	muscle	thickness	was	produced	at	20	Hz,	which	is	the	
frequency	found	to	be	more	effective	in	lowering	muscle	fatigue	and	tetanus19).

Several	studies	have	investigated	changes	in	the	thickness	of	the	transverse	abdominal	muscles	during	exercise.	It	has	
been	reported	that	trunk	flexion	exercise	in	the	supine	position	increases	muscle	thickness	by	114%20), and that lower limb 
elevation	exercise	increases	muscle	thickness	by	13.1%21).	In	addition,	there	are	many	reports	of	changes	in	TrA	thickness	
caused	by	abdominal	drawing-in	maneuver,	with	an	increased	rate	of	44−85%21–23).

Regarding	the	rate	of	increase	in	the	thickness	of	the	TrA	muscle	caused	by	electrical	stimulation,	Cho	et	al.	reported	an	
increase	of	21−33%10),	while	Coghlan	et	al.	reported	an	increase	of	16.8%24).

In	this	study,	the	rate	of	change	in	the	thickness	of	the	TrA	muscle	increased	by	an	average	of	21.1%	under	condition	2.	It	
can	be	said	that	the	effect	of	abdominal	muscle	contraction	by	electrical	stimulation	is	more	effective	on	the	TrA	muscle	as	
demonstrated	in	other	studies.

One	of	the	limitations	of	the	present	study	was	that	it	was	not	clear	whether	MFAC	penetrated	deep	tissues	and	evoked	
great	fiber	recruitment,	as	no	significant	difference	was	found	in	the	change	of	thickness	of	the	three	muscles	in	the	abdomen.	
In	addition,	since	the	results	were	not	compared	to	LFRP,	they	could	not	be	interpreted	as	IFC	characteristics.	Therefore,	
further	research	is	needed,	such	as	comparing	IFC	with	LFRP.

In	conclusion,	IFC	at	2.5	kHz	and	20	Hz	can	be	used	as	a	feasible	and	reproducible	way	to	train	abdominal	muscles.

Funding and Conflicts of interest
There	are	no	financial	and	personal	relationships	with	other	people	or	organizations	that	could	inappropriately	influence	

or	bias	the	contents	of	this	manuscript.

REFERENCES

1)	 Hodges	PW,	Cresswell	AG,	Daggfeldt	K,	et	al.:	 In	vivo	measurement	of	 the	effect	of	 intra-abdominal	pressure	on	 the	human	spine.	J	Biomech,	2001,	34:	
347–353.	[Medline]  [CrossRef]

2)	 Hodges	PW,	Richardson	CA:	Feedforward	contraction	of	transversus	abdominis	is	not	influenced	by	the	direction	of	arm	movement.	Exp	Brain	Res,	1997,	114:	
362–370.	[Medline]  [CrossRef]

3)	 Murakami	K,	Sakuraba	K:	Effective	training	of	the	transversus	abdominis	in	a	sitting	position	based	on	measurement	of	muscle	thickness	by	ultrasound	imag-
ing.	Phys	Ther,	2010,	37:	477–484	(in	Japanese).

4)	 Springer	BA,	Mielcarek	BJ,	Nesfield	TK,	et	al.:	Relationships	among	lateral	abdominal	muscles,	gender,	body	mass	index,	and	hand	dominance.	J	Orthop	
Sports	Phys	Ther,	2006,	36:	289–297.	[Medline]  [CrossRef]

5)	 Urquhart	DM,	Hodges	PW,	Allen	TJ,	et	al.:	Abdominal	muscle	recruitment	during	a	range	of	voluntary	exercises.	Man	Ther,	2005,	10:	144–153.	[Medline]  
[CrossRef]

6)	 Larivière	C,	Gagnon	D,	De	Oliveira	E	Jr,	et	al.:	Reliability	of	ultrasound	measures	of	the	transversus	abdominis:	effect	of	task	and	transducer	position.	PM	R,	
2013,	5:	104–113.	[Medline]  [CrossRef]

7)	 Kamel	DM,	Yousif	AM:	Neuromuscular	electrical	stimulation	and	strength	recovery	of	postnatal	diastasis	recti	abdominis	muscles.	Ann	Rehabil	Med,	2017,	
41:	465–474.	[Medline]  [CrossRef]

8)	 Park	M,	Seok	H,	Kim	SH,	et	al.:	Comparison	between	neuromuscular	electrical	stimulation	to	abdominal	and	back	muscles	on	postural	balance	in	post-stroke	
hemiplegic	patients.	Ann	Rehabil	Med,	2018,	42:	652–659.	[Medline]  [CrossRef]

9)	 Durmus	D,	Durmaz	Y,	Canturk	F:	Effects	of	therapeutic	ultrasound	and	electrical	stimulation	program	on	pain,	trunk	muscle	strength,	disability,	walking	
performance,	quality	of	life,	and	depression	in	patients	with	low	back	pain:	a	randomized-controlled	trial.	Rheumatol	Int,	2010,	30:	901–910.	[Medline]  [Cross-
Ref]

10)	 Cho	HK,	Jung	GS,	Kim	EH,	et	al.:	The	effects	of	neuromuscular	electrical	stimulation	at	different	frequencies	on	the	activations	of	deep	abdominal	stabilizing	

http://www.ncbi.nlm.nih.gov/pubmed/11182126?dopt=Abstract
http://dx.doi.org/10.1016/S0021-9290(00)00206-2
http://www.ncbi.nlm.nih.gov/pubmed/9166925?dopt=Abstract
http://dx.doi.org/10.1007/PL00005644
http://www.ncbi.nlm.nih.gov/pubmed/16715829?dopt=Abstract
http://dx.doi.org/10.2519/jospt.2006.2217
http://www.ncbi.nlm.nih.gov/pubmed/15922235?dopt=Abstract
http://dx.doi.org/10.1016/j.math.2004.08.011
http://www.ncbi.nlm.nih.gov/pubmed/23313039?dopt=Abstract
http://dx.doi.org/10.1016/j.pmrj.2012.11.002
http://www.ncbi.nlm.nih.gov/pubmed/28758085?dopt=Abstract
http://dx.doi.org/10.5535/arm.2017.41.3.465
http://www.ncbi.nlm.nih.gov/pubmed/30404414?dopt=Abstract
http://dx.doi.org/10.5535/arm.2018.42.5.652
http://www.ncbi.nlm.nih.gov/pubmed/19644691?dopt=Abstract
http://dx.doi.org/10.1007/s00296-009-1072-7
http://dx.doi.org/10.1007/s00296-009-1072-7


J. Phys. Ther. Sci. Vol. 34, No. 4, 2022 310

muscles.	J	Back	Musculoskeletal	Rehabil,	2016,	29:	183–189.	[Medline]  [CrossRef]
11)	 Satoh	S:	Mechanism	of	action	of	electrotherapy	device.	Phys	Ther	Jpn,	2001,	28:	32–33	(in	Japanese).
12)	 Fuentes	JP,	Armijo	Olivo	S,	Magee	DJ,	et	al.:	Effectiveness	of	interferential	current	therapy	in	the	management	of	musculoskeletal	pain:	a	systematic	review	

and	meta-analysis.	Phys	Ther,	2010,	90:	1219–1238.	[Medline]  [CrossRef]
13)	 Watanabe	K,	Masanori	N:	Prospects	of	electrotherapy	in	rehabilitation.	Juntendo	Med,	2010,	56:	29–36	(in	Japanese).		[CrossRef]
14)	 Koppenhaver	SL,	Hebert	JJ,	Parent	EC,	et	al.:	Rehabilitative	ultrasound	imaging	is	a	valid	measure	of	trunk	muscle	size	and	activation	during	most	isometric	

sub-maximal	contractions:	a	systematic	review.	Aust	J	Physiother,	2009,	55:	153–169.	[Medline]  [CrossRef]
15)	 Nijholt	W,	Scafoglieri	A,	Jager-Wittenaar	H,	et	al.:	The	reliability	and	validity	of	ultrasound	to	quantify	muscles	in	older	adults:	a	systematic	review.	J	Cachexia	

Sarcopenia	Muscle,	2017,	8:	702–712.	[Medline]  [CrossRef]
16)	 Sánchez	Romero	EA,	Alonso	Pérez	JL,	Muñoz	Fernández	AC,	et	al.:	Reliability	of	sonography	measures	of	the	lumbar	multifidus	and	transversus	abdominis	

during	static	and	dynamic	activities	in	subjects	with	non-specific	chronic	low	back	pain.	Diagnostics	(Basel),	2021,	11:	632.	[Medline]  [CrossRef]
17)	 Endo	Y,	Ito	A,	Hotta	S,	et	al.:	Intraclass	correlation	coefficient	of	trunk	muscle	thicknesses	in	different	positions	measured	using	ultrasonography.	J	Phys	Ther	

Sci,	2021,	33:	283–287.	[Medline]  [CrossRef]
18)	 Ward	AR:	Electrical	stimulation	using	kilohertz-frequency	alternating	current.	Phys	Ther,	2009,	89:	181–190.	[Medline]  [CrossRef]
19)	 Ito	J:	About	the	muscle	fiber	composition	of	the	human	flank	muscle.	J	Akira	Med	Assoc,	1988,	48:	471–843	(in	Japanese).
20)	 Teyhen	DS,	Rieger	JL,	Westrick	RB,	et	al.:	Changes	in	deep	abdominal	muscle	thickness	during	common	trunk-strengthening	exercises	using	ultrasound	

imaging.	J	Orthop	Sports	Phys	Ther,	2008,	38:	596–605.	[Medline]  [CrossRef]
21)	 Koppenhaver	SL,	Hebert	JJ,	Fritz	JM,	et	al.:	Reliability	of	rehabilitative	ultrasound	imaging	of	the	transversus	abdominis	and	lumbar	multifidus	muscles.	Arch	

Phys	Med	Rehabil,	2009,	90:	87–94.	[Medline]  [CrossRef]
22)	 Pulkovski	N,	Mannion	AF,	Caporaso	F,	et	al.:	Ultrasound	assessment	of	transversus	abdominis	muscle	contraction	ratio	during	abdominal	hollowing:	a	useful	

tool	to	distinguish	between	patients	with	chronic	low	back	pain	and	healthy	controls?	Eur	Spine	J,	2012,	21:	S750–S759.	[Medline]  [CrossRef]
23)	 Dafkou	K,	Kellis	E,	Ellinoudis	A,	et	al.:	The	effect	of	additional	external	resistance	on	inter-set	changes	in	abdominal	muscle	thickness	during	bridging	exer-

cise.	J	Sports	Sci	Med,	2020,	19:	102–111.	[Medline]
24)	 Coghlan	S,	Crowe	L,	McCarthyPersson	U,	et	al.:	Electrical	muscle	stimulation	for	deep	stabilizing	muscles	in	abdominal	wall.	Annu	Int	Conf	IEEE	Eng	Med	

Biol	Soc,	2008,	2008:	2756–2759.	[Medline]

http://www.ncbi.nlm.nih.gov/pubmed/26444328?dopt=Abstract
http://dx.doi.org/10.3233/BMR-150638
http://www.ncbi.nlm.nih.gov/pubmed/20651012?dopt=Abstract
http://dx.doi.org/10.2522/ptj.20090335
http://dx.doi.org/10.14789/pjmj.56.29
http://www.ncbi.nlm.nih.gov/pubmed/19681737?dopt=Abstract
http://dx.doi.org/10.1016/S0004-9514(09)70076-5
http://www.ncbi.nlm.nih.gov/pubmed/28703496?dopt=Abstract
http://dx.doi.org/10.1002/jcsm.12210
http://www.ncbi.nlm.nih.gov/pubmed/33915766?dopt=Abstract
http://dx.doi.org/10.3390/diagnostics11040632
http://www.ncbi.nlm.nih.gov/pubmed/33814717?dopt=Abstract
http://dx.doi.org/10.1589/jpts.33.283
http://www.ncbi.nlm.nih.gov/pubmed/19095805?dopt=Abstract
http://dx.doi.org/10.2522/ptj.20080060
http://www.ncbi.nlm.nih.gov/pubmed/18827329?dopt=Abstract
http://dx.doi.org/10.2519/jospt.2008.2897
http://www.ncbi.nlm.nih.gov/pubmed/19154834?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2008.06.022
http://www.ncbi.nlm.nih.gov/pubmed/21451982?dopt=Abstract
http://dx.doi.org/10.1007/s00586-011-1707-8
http://www.ncbi.nlm.nih.gov/pubmed/32132833?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19163276?dopt=Abstract

