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ABSTRACT	

Shear	wave	elastography	(SWE)	has	been	applied	as	a	noninvasive	method	for	predicting	

regional	 lymph	 node	 (LN)	 metastases	 in	 human	 and	 veterinary	 patients.	 However,	

published	studies	describing	standardized	protocols	and	repeatability	of	this	technique	

are	currently	lacking.	The	objective	of	this	prospective	pilot,	observer	agreement	study	

was	to	determine	whether	different	shear	wave	velocity	(SWV)	measurements	obtained	

in	different	regions	of	presumed	normal	canine	lymph	nodes	(LNs)	would	be	repeatable.	

Two	 imagers	 consecutively	 performed	 shear	 wave	 elastography	 of	 submandibular,	

superficial	inguinal	and	popliteal	LNs	in	ten,	clinically	healthy	adult	dogs.	Ten	elastograms	

of	each	LN	were	acquired	by	each	imager.	In	each	adequate	elastogram,	three	regions	of	

interest	(ROI)	were	placed	in	the	softest	and	stiffest	region	of	the	LN.	Additionally,	one	

ROI	was	drawn	covering	the	entire	LN.	In	each	ROI,	mean,	median	and	maximum	SWVs	

were	calculated.	Mean	values	for	the	mean,	median	and	maximum	SWVs	varied	from	2.33	

to	3.10	m/s,	2.32	to	3.10	m/s	and	2.61	to	4.09	m/s,	respectively.	Intra-	and	interobserver	

agreements	were	 acceptable.	 Superficial	 inguinal	 LNs	 demonstrated	 the	 highest	 intra-	

and	 interobserver	 agreement,	 followed	 by	 the	 popliteal	 and	 the	 submandibular	 LNs,	

respectively.	Using	the	different	measurements	(mean,	median	or	maximum	SWVs)	had	

no	 significant	 effect	 on	 the	 intra-	 and	 interobserver	 variability,	 neither	 did	 the	 region	

(softest,	stiffest,	or	entire	LN).	Findings	indicated	that	all	evaluated	measurements	and	

regions	could	be	used	to	obtain	reliable	elastography	data	of	presumed	normal	canine	

LNs.		
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MAIN	TEXT		

Introduction	

	

Similar	to	staging	in	human	diagnostic	oncology,	regional	lymph	node	(LN)	assessment	is	

an	essential	part	of	the	staging	procedure	in	canine	cancer	patients.1,2	Accurate	evaluation	

of	the	LN	status	is	of	utmost	importance	for	the	prediction	of	outcome	of	many	epithelial	

malignancies	 and	 the	 choice	 of	 optimal	 treatment	 strategy.1	 However,	 currently	 used	

methodologies	 to	evaluate	LNs	such	as	conventional	ultrasonography	(US)	parameters	

(e.g.	size,	echogenicity,	margin	assessment	and	heterogeneity)	and	fine	needle	aspiration	

followed	by	 cytologic	 evaluation	have	 demonstrated	 only	moderate	 sensitivity	 for	 the	

detection	of	metastases.3-6	To	deal	with	the	shortcomings	of	conventional	LN	assessment	

techniques,	elastography	has	been	introduced	as	a	complementary	US	tool	to	evaluate	the	

status	 of	 cervical	 LNs	 in	 human	 head	 and	 neck	 cancer	 patients.7	 This	 method	 takes	

advantage	of	the	changes	in	elasticity	of	soft	tissues	caused	by	specific	physiological	or	

pathological	 processes,	 including	 metastases.8	 The	 majority	 of	 malignancies	 are	

composed	of	less	elastic	tissue	compared	to	the	surrounding	normal	tissue	because	of	the	

stromal	 reaction	 induced	 by	 tumour	 cells,	 resulting	 in	 increased	 levels	 of	 collagen.	

Similarly,	malignant	LNs	tend	to	be	less	compliant	than	normal	LNs.9	

Currently,	 two	 distinct	 types	 of	 elastography	 are	 available.10	 Strain	 elastography	

measures	 the	physical	 tissue	displacement	 (so	called	 ‘strain’)	parallel	 to	applied	 force,	

which	is	generally	induced	by	freehand	compression.	This	technique	is	dependent	on	the	

compression	 technique	 since	 excessive	 compression	 alters	 tissue	 stiffness,	 inducing	

nonaxial	displacement,	 that	 can	 result	 in	 lower	accuracy.9	 In	 shear	wave	elastography	

(SWE),	which	is	more	recently	developed,	a	different	type	of	wave	is	generated	because	

the	tissue	is	mechanically	stimulated	by	focused	pulses.	Shear	waves	move	perpendicular	
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to	the	direction	of	the	applied	pressure.11	Measurement	of	the	shear	wave	velocity	(SWV;	

m/s)	or	elastic	modulus	(kPa)	results	in	more	accurate	quantitative	information	about	the	

tissue	elasticity.9,12	This	technique	is	less	operator-dependent	and	a	higher	interobserver	

agreement	 is	 therefore	 to	 be	 expected.	 In	 human	medicine,	 strain	 elastography13	 and	

SWE14-17	 demonstrated	 moderate	 to	 high	 sensitivity	 for	 predicting	 regional	 LN	

metastases	 in	patients	with	head	and	neck	cancer.	However,	published	human	studies	

differ	in	how	they	performed	elastography	of	LNs.	Particularly	when	SWE	is	used18,	often	

different	velocities	(i.e.	mean	versus	maximum	SWVs)	are	measured	in	different	regions	

of	the	LNs	(i.e.	the	stiffest	region	versus	the	whole	LN),	which	hinders	the	comparison	of	

the	outcome	of	different	studies.	In	addition,	published	cut-off	values	for	the	distinction	

between	normal	and	metastatic	cervical	LNs	vary	as	well.18	Furthermore,	factors	such	as	

fasting,	 breathing,	 obesities,	 and	 positioning	 are	 known	 to	 cause	 variations	 in	

elastography	data	in	abdominal	organs.19	Thus,	it	remains	currently	unclear	what	is	the	

most	 optimal	 protocol	 to	 be	 used.	 In	 veterinary	 medicine,	 only	 few	 research	 groups	

reported	strain	elastography	and	SWE	as	a	diagnostic	tool	for	the	detection	of	metastatic	

LNs.20-23	Very	recently,	a	research	group	published	SWV	values	of	LNs	in	healthy	dogs.24	

Various	technical	factors	with	potential	effect	on	the	reliability	and	reproducibility	were	

investigated	 in	 abdominal	 organs.24	 However,	 the	 evaluation	 of	 different	 velocity	

measurements	(mean,	median	and	maximum	SWV)	and	different	regions	within	the	LN	

was	not	a	topic	of	that	research.		

	

The	 objective	 of	 the	 current	 study	 was	 to	 determine	 whether	 different	 velocity	

measurements	obtained	in	different	regions	of	presumed	normal	LNs	could	be	used	to	

obtain	 reliable	 elastography	 data.	 Our	 hypotheses	 were	 that	 intra-	 and	 interobserver	

variability	would	be	acceptable	and	that	assessment	of	different	anatomical	LNs,	different	
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velocity	measurements,	and	different	regions	within	the	LNs	would	not	have	a	significant	

effect	on	the	variability.		

	

Materials	&	Methods	

	

Selection	and	Description	of	Subjects	

	

This	 study	 was	 a	 prospective,	 pilot,	 observer	 agreement	 study.	 All	 procedures	 were	

approved	 by	 the	 local	 research	 ethical	 committee	 (Institutional	 Animal	 Care	 and	 Use	

Committee;	EC2019/29).	Additionally,	this	project	received	approval	of	the	deontological	

committee	of	the	Federal	Public	Service	Health,	Food	Chain	Safety	and	Environment	for	

the	enrolment	of	non-purpose-bred	dogs	(DWZ/EV/19/1.15/50).	All	owners	signed	an	

informed	consent	prior	to	enrollment	of	their	dog	into	the	study.	Healthy	client-owned	

dogs	of	different	breeds	and	over	one	year	of	age	were	considered	eligible	for	enrolment	

during	 the	 period	 of	 October	 2019	 and	 February	 2020	 at	 the	 Faculty	 of	 Veterinary	

Medicine	(Ghent	University).	All	dogs	were	presented	for	reasons	unrelated	to	the	LNs.	

For	each	dog,	clinically	healthy	status	was	determined	based	on	history	and	a	thorough	

physical	examination	 indicating	absence	of	symptoms	of	disease.	Decisions	 for	healthy	

status	 and	 subsequent	 enrollment	 were	 based	 on	 a	 consensus	 of	 a	 board-certified	

veterinary	 surgeon	 (H.D.R.,	 European	 College	 of	 Veterinary	 Surgery	 [ECVS]),	 a	 board-

certified	veterinary	radiologist	(K.V.,	European	College	of	Veterinary	Diagnostic	Imaging	

[ECVDI])	and	a	veterinarian	with	7	years	of	clinical	experience	(S.F.).		

	

Data	Recording	and	Analysis		
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All	dogs	that	were	enrolled	for	the	trial	received	sedation	or	anesthesia	for	other	purposes	

(i.e.	 imaging	of	 joints)	 to	reduce	motion	artifacts	on	SWE.10	The	sedative	or	anesthetic	

protocol	 was	 based	 on	 the	 attending	 anesthetist’s	 discretion.	 	 Two	 observers,	 (both	

board-certified	 veterinary	 radiologists	 (K.V.	 and	 E.S.,	 ECVDI),	 independently	 but	

consecutively	 performed	 SWE	 of	 the	 LNs	 in	 all	 dogs,	 following	 an	 identical	 protocol.	

Observers	used	the	same	ultrasound	machine	(Philips	Epiq7	(Brussels,	Belgium)	and	the	

same	 ultra-broadband	 linear	 array	 transducer	 (Pure	 Wave	 eL18-4,	 Philips,	 Brussels,	

Belgium).	The	observers	were	not	aware	of	the	findings	of	the	other	observer.	The	order	

in	 which	 the	 LNs	 were	 imaged	 in	 each	 dog	 was	 randomized	

(https://www.randomizer.org).		

The	 SWE	 protocol	 used	 by	 each	 observer	 was	 as	 follows.	 First,	 the	 fur	 overlying	 the	

superficial	LNs	of	interest	was	clipped.	To	limit	variations	in	the	results	caused	by	patient	

factors,	all	dogs	were	placed	in	a	V-shaped	cushion	in	dorsal	recumbency,	with	the	neck	

extended,	and	the	front	legs	positioned	in	caudal	direction.	For	the	elastography	of	the	

popliteal	LNs,	the	hind	leg	was	raised	in	vertical	direction	by	a	technician.	The	acoustic	

gel	was	applied	 to	 the	 skin.	B-mode	US	was	performed	 to	define	 the	exact	 anatomical	

location,	size,	margins,	shape	and	echogenicity	of	the	different	LNs.	The	transducer	was	

placed	perpendicular	to	the	skin	surface.25	Left	and	right	sides	of	superficial	inguinal	and	

submandibular	LNs	were	imaged	in	the	longitudinal	plane	whereas	the	left	and	right	sides	

of	the	popliteal	LNs	were	imaged	in	the	transverse	plane.	After	B-mode	US,	the	system	

was	switched	to	SWE	mode	(ElastQ,	software	version	3.0.3.,	Philips,	Brussels,	Belgium),	

using	the	same	probe	and	default	elasticity	settings	of	the	m/s	display	scale	(0-3.2).	No	

standoff	pad	nor	ECG	was	used.	Patient	and	transducer	positioning	and	handling	were	

identical	to	that	of	B-mode	US,	 including	the	generous	use	of	acoustic	coupling	gel	and	

gentle	contact	by	the	transducer	on	the	skin	surface.	Care	was	taken	not	to	exert	pressure	
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on	the	transducer	to	avoid	pressure	artifacts.25	In	the	elastography	colour	maps,	so-called	

elastograms,	blue	and	red	areas	represented	low	(soft)	and	high	(stiff)	velocity	regions,	

respectively.	 Images	 were	 acquired	 so	 that	 the	 LNs	 were	 centrally	 located	 in	 the	

elastograms.	 Interfering	 structures	 such	 as	 blood	 vessels	 were	 avoided.26	 The	

elastograms	were	displayed	alongside	the	grey-scale	sonograms	with	a	confidence	map	

on	the	screen	in	real-time	(“dual	mode”).	The	confidence	map	provides	an	indication	of	

quality	across	the	elastogram,	which	assists	the	operator	in	obtaining	measurements	from	

regions	with	the	highest	shear	wave	quality.	The	confidence	threshold	was	set	at	50%,	as	

recommended	by	 the	manufacturer	 (Philips,	 Brussels,	 Belgium),	meaning	 that	 regions	

with	confidence	value	of	less	than	50%	were	rendered	transparent	and	not	measurable.	

The	operator	froze	the	images	that	were	deemed	to	be	temporary	stable.	Each	observer	

saved	at	least	ten	qualitative	images	of	each	LN,	exceeding	the	minimum	measurement	

number	described	in	the	guidelines	of	the	World	Federation	for	Ultrasound	in	Medicine	

and	Biology.26		

	

Image	analyses		

	

All	stored	images	were	evaluated	for	image	quality	by	a	veterinarian	with	seven	years	of	

clinical	experience	(S.F.).	If	the	colour	map	of	the	elastogram	was	not	filling	the	image,	it	

was	 excluded	 from	 further	 analysis.	 At	 least	 eight	 elastograms	 of	 the	 LN	 had	 to	 be	

adequate	before	the	LN	was	included	for	further	analyses.	In	each	adequate	elastogram,	

the	veterinarian	placed	three	circular	regions	of	interest	(ROIs)	with	a	diameter	of	one	

mm	on	the	softest	(bluest)	region	in	the	LN.	Care	was	taken	to	avoid	overlap	between	the	

ROIs.	Subsequently,	three	circular	ROIs	with	a	diameter	of	one	mm	were	placed	on	the	

stiffest	(reddest)	region	in	the	LN.	Finally,	a	ROI	was	drawn	manually	covering	the	total	
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area	 of	 the	 LN	 (Figure	 1).	 In	 each	ROI,	 SWVs	were	 generated	 by	 the	 software	 (mean,	

median,	maximum	SWV	and	interquartile	range	(IQR)).	The	IQR,	reflecting	variability	of	

measurements,	is	equal	to	the	difference	between	the	upper	and	lower	quartiles	and	is	

used	 to	assess	quality	of	 the	data.	An	 IQR<30%	suggests	 that	a	data	set	 is	adequate.27	

Therefore	only	ROIs	with	velocity	data	with	an	IQR<30%	were	included	for	analyses.	The	

veterinarian	repeated	this	procedure	for	each	elastogram.		

	

Statistics	

	

All	 statistical	 analyses	 were	 selected	 and	 completed	 by	 a	 statistician	 (B.B.),	 using	

statistical	analysis	freeware	(R	version	3.6.3,	“Holding	the	Windsock”).	The	analyses	were	

divided	into	four	subparts:	1)	evaluation	of	the	 intra-	and	interobserver	agreement,	2)	

calculation	of	95%	reference	intervals,	3)	evaluation	of	systematic	differences	between	

the	LN	and	the	regions	evaluated	and	4)	evaluation	of	 the	effect	of	age	and	sex	on	the	

values.	For	part	1,	to	evaluate	the	intra-	and	interobserver	agreement,	a	random	effects	

model	was	used	per	LN	(popliteus,	mandibular,	inguinal)	and	per	region	(softest/stiffest	

region	or	whole	LN)	with	as	dependent	variables	the	mean,	median	and	maximum	SWV,	

leading	 to	a	 total	of	27	models	 to	allow	a	direct	 comparison	 further	downstream.	The	

random	effect	of	the	model	was	specified	as	image	(for	the	softest	and	stiffest	region	only)	

within	observer	(1	or	2),	nested	within	side	(left/right),	nested	within	dog	(1	to	10).	The	

residual	variance	and	the	residual	variance	together	with	the	added	variance	by	image	for	

the	region	of	the	whole	LN	and	the	other	two	regions,	respectively,	were	used	to	calculate	

the	95%	intra-observer	agreement.	The	added	variance	by	observer	was	used	to	calculate	

the	 95%	 interobserver	 agreement.	 The	 proportion	 of	 the	 intra-	 and	 interobserver	

agreement	relative	to	the	total	variability	was	next	compared	in	a	simple	 linear	model	
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with	either	the	measured	technique	(i.e.	mean,	median,	maximum	SWV),	LN	(mandibular,	

inguinal,	popliteus)	or	region	(softest	region,	stiffest	region,	whole	LN)	as	independent	

variable.	For	part	2,	the	combination	of	the	residual	variance,	the	variance	added	by	image	

(when	 applicable),	 observer,	 side	 and	 dog	 were	 used	 to	 calculate	 the	 95%	 reference	

intervals	per	LN	and	per	region.	For	part	3	and	4,	a	 linear	mixed	model	with	the	same	

random	effect	as	specified	before,	but	with	LN,	region,	age	or	sex	as	fixed	effect,	was	used.	

A	 likelihood	 ratio	 test	 was	 used	 to	 evaluate	 the	 significance	 of	 the	 fixed	 effects.	

Significance	was	set	at	α	≤	0.05.	

	

Results	

	

Sixty	presumed	LNs	of	 the	 ten	 clinically	healthy	 adult	 dogs	were	 included	 in	 analyses	

(detailed	descriptions	provided	in	Supplement	1).	Of	these,	13	LNs	scans	were	excluded	

because	elastography	could	not	be	performed	(Supplement	2).	B-mode	ultrasonographic	

characteristics	 were	 within	 normal	 ranges	 for	 all	 included	 LNs.28	 In	 total,	 19656	

measurements	were	performed	on	6552	images:	at	least	eight	qualitative	images	of	each	

LN	scan	were	used	for	further	analyses.	All	LNs	were	located	at	a	depth	between	3	and	11	

mm	(i.e.,	all	ROIs	were	placed	at	similar	depths).		

	

Intra-	and	interobserver	agreements	were	acceptable.	Data	demonstrating	the	95%	limits	

of	agreement	(intra-observer	variability,	interobserver	variability,	and	total	variability)	

for	each	LN	and	each	measured	region	are	provided	 in	Table	1.	The	proportion	of	 the	

intra-	and	interobserver	variability	relative	to	the	total	variability	is	also	depicted	in	that	

table.	 For	 all	measured	 regions	 and	 all	measured	 LNs,	 45%	 (for	 the	whole	 superficial	

inguinal	 LN)	 up	 to	 80%	 (for	 the	 softest	 region	 in	 the	 submandibular	 LN)	 of	 the	 total	
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variability	was	caused	by	intra-observer	variability,	and	85%	(for	the	whole	superficial	

inguinal	 LN	 and	 softest	 region	 in	 the	 popliteal	 LN)	 up	 to	 100%	 (for	 the	 whole	

submandibular	LN)	of	the	total	variability	was	caused	by	the	interobserver	variability.		

The	 choice	 of	 measurement	 (mean,	 median	 or	 maximum	 SWVs)	 had	 no	 statistically	

significant	 effect	 on	 the	 intra-	 nor	 interobserver	 variability,	 neither	 did	 the	 evaluated	

region	(most	elastic,	stiffest,	or	whole	LN).		

There	was	a	significant	difference	between	the	evaluated	LNs	(submandibular,	inguinal	

and	 popliteal)	 on	 the	 intra-	 and	 interobserver	 agreement	 scores	 (p<0.001).	 The	

superficial	inguinal	LNs	demonstrated	the	highest	intra-	and	interobserver	agreements,	

whereas	the	lowest	agreements	were	observed	for	the	submandibular	LNs.	Mean	values	

for	the	mean,	median	and	maximum	SWVs	varied	from	2.33	to	3.10	m/s,	2.32	to	3.10	m/s	

and	2.61	to	4.09	m/s,	respectively.	The	95%	reference	intervals	and	an	overview	of	all	

mean	 values	 of	 the	mean,	median	 and	maximum	SWVs	of	 each	LN	 and	 each	 region	 is	

provided	 in	 Table	 2.	 Mean,	 median	 and	 maximum	 SWVs	 were	 significantly	 different	

between	 the	 different	 LNs	 (p<0.001)	 and	 regions	 (p=0).	 Age	 and	 sex	 did	 not	 have	 a	

significant	effect	on	the	SWVs	(p>0.05).		

	

Discussion	

	

This	 pilot	 study	 was	 intended	 to	 evaluate	 reproducibility	 of	 elastography	 features	 of	

normal	LNs	in	healthy	dogs	using	SWE	and	to	provide	reference	interval	values	for	future	

studies.	This	study	focused	on	the	influence	of	two	technical	factors	(measurements	and	

regions)	because	no	standardized	protocol	 for	 these	 factors	has	been	described	so	 far.	

This	study	demonstrated	that	the	different	evaluated	measurements,	the	mean,	median	

and	maximum	SWVs,	can	be	used	to	collect	reliable	elastography	data	in	the	different	LNs.	
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Furthermore,	ROIs	can	be	placed	in	the	softest	or	stiffest	region	of	the	LN,	and	also	a	ROI	

covering	the	entire	LN	can	be	used	to	generate	reliable	elastography	measurements	 in	

normal	LNs.		

Various	technical	and	patient	factors	have	been	demonstrated	to	influence	SWE	data	of	

f.e.	liver,	prostate,	and	breast,	such	as	motion,	patient	positioning,	tissue	approach,	image	

quality	and	measuring	depth.8,25,26	So	far,	there	are	no	guidelines	available	for	SWE	of	LNs,	

but	 in	an	attempt	to	minimize	variations	 in	SWE	data	caused	by	these	factors,	all	dogs	

were	 anaesthetized	 and	 an	 identical	 positioning	 and	 tissue	 approach	 (transducer	

perpendicular	to	the	skin	and	identical	approach	to	LNs)	was	pursued	in	this	study.	Care	

was	taken	not	to	put	pressure	on	the	transducer	during	the	procedure,	and	at	least	eight	

qualitative	elastograms	had	to	be	acquired	before	the	LN	was	included	for	analysis.	The	

influence	 of	 measuring	 depth	 was	 suspected	 to	 be	 low	 because	 of	 the	 enrolment	 of	

superficial	LNs	only.	

A	 recent	 publication	 described	 SWVs	 of	 various	 canine	 organs	 including	 normal	

superficial	LNs.24	They	reported	mean	SWVs	of	1.62	±	0.07	m/s	and	1.55	±	0.1	m/s	for	the	

submandibular	and	inguinal	LNs	respectively,	based	on	a	ROI	covering	the	largest	part	of	

the	LN.24	Their	high	intraclass	correlation	coefficient	(>0.9)	supported	our	findings	that	

SWE	is	a	reliable	technique	to	evaluate	tissue	elasticity.	On	the	other	hand,	their	mean	

values	 for	 SWVs	 were	 remarkabely	 lower	 than	 our	 mean	 values	 for	 these	 nodes.	

Moreover,	 no	 signficant	 difference	 in	 SWVs	 between	 LNs	 was	 noted	 by	 the	 other	

researchers	 and	 all	 LNs	 showed	 a	 uniform	 blue	 (elastic)	 colour	 in	 the	 elastogram.24	

Conversely,	SWVs	were	siginficantly	different	between	LNs,	and	even	between	different	

regions	in	our	study.	Other	US	device	and	software	tools	were	used	for	this	previous	study,	

making	direct	comparison	of	the	results	challenging	because	a	known	limitation	of	SWE	

is	 the	 lack	 of	 uniformity	 of	 commercial	 system	 design	 and	 settings.11	 Furthermore,	
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different	positioning	and	scan	approach	 (right	 lateral	 recumbency	compared	 to	dorsal	

recumbency	 in	our	 trial)	 and	 the	use	of	 anesthesia	or	not	might	all	be	 factors	 causing	

different	results.10		

Axillary	and	 inguinal	LNs	 in	dogs	with	mammary	cancer	were	evaluated	using	SWE	 in	

another	study.20	Mean	SWVs	of	1.91	±	0.44	m/s,	2.29	±	0.19	m/s	and	2.99	±	0.64	m/s	for	

the	ROIs	of	entire	normal,	reactive	and	metastatic	superficial	inguinal	LNs,	respectively,	

were	reported	whilst	in	our	trial,	a	mean	SWV	for	the	whole	superficial	inguinal	LNs	of	

2.55	±	0.99	m/s	was	found,	with	a	95%	reference	interval	of	1.56	–	3.53	m/s.	The	mean	

SWV	 of	 the	 metastatic	 LNs	 in	 the	 previous	 trial	 is	 clearly	 situated	 within	 our	 95%	

reference	interval.	One	can	question	whether	the	difference	in	mean	SWVs	of	the	entire	

LNs	 between	 normal	 and	 metastatic	 LNs	 is	 large	 enough	 to	 use	 as	 a	 marker	 for	

differentation.	Clinical	trials	evaluating	SWVs	in	the	entire	and	stiffest	part	of	suspected	

LNs	in	dogs	with	cancer	will	reveal	whether	the	SWVs	of	metastatic	LNs	fall	outside	the	

reference	 intervals	 of	 healthy	 LNs	 defined	 in	 our	 trial.	 However,	 based	 on	 the	 results	

obtained	in	the	current	study,	the	intra-	and	interobserver	variability	(presented	as	the	

95%	limits	of	agreement	in	Table	1)	covers	43%	(0.45/(2.99	–	1.91)	and	80%	(0.84/(2.99	

–	 1.05)	 of	 the	 difference	 between	 the	metastatic	 and	 normal	 LNs,	 respectively.	 If	 the	

difference	observed	in	the	previous	study20	between	normal	and	metastatic	LNs	is	indeed	

similar	to	what	we	would	observe,	it	is	clear	that	the	variability	should	be	kept	as	low	as	

possible.	Practically,	this	also	means	limiting	the	number	of	operators,	ideally	to	one.		

	

In	the	human	literature,	there	seems	to	exist	a	selection	bias	in	the	published	elastography	

studies,	since	elastography	has	been	always	deployed	as	an	additional	US	tool	only	when	

US	 findings	 revealed	 abnormal	 LNs,	 thereby	 resulting	 in	 samples	 that	 included	 a	 high	

portion	of	malignancies.	Therefore,	it	is	important	to	gather	knowledge	on	elastography	
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features	of	normal	structures.9	In	2017,	a	research	group	published	minimum,	maximum,	

and	mean	SWE	features	of	normal	cervical	LNs	in	178	volunteers.29	They	reported	a	mean	

shear	 modulus	 of	 9.5	 ±	 4.6	 kPa	 (equivalent	 to	 a	 mean	 SWV	 of	 3.2	 ±	 1.5	 m/s)	 after	

measurement	of	the	entire	LNs.29	Similar	to	our	results,	there	was	no	systematic	effect	of	

sex	 and	 age	 on	 the	 elastography	 features;	 neither	 did	 body	mass	 index	 (BMI)	 have	 a	

systematic	effect	on	the	features,	except	for	minimum	SWVs	that	significantly	decreased	

with	 increasing	 BMI.	 Moreover,	 a	 trend	 towards	 a	 decreased	 tissue	 stiffness	 with	

increasing	age	was	noticed.29	A	larger	population	of	dogs,	including	dogs	in	different	life	

stages,	would	need	to	be	evaluated	in	order	to	explore	this	topic	further.	More	recently,	

another	group	investigated	SWVs	in	cervical	LNs	of	30	healthy	humans	in	an	intra-and	

interobserver	study.30	SWVs	of	a	ROI	covering	a	large	homogeneous	area	within	the	LNs	

were	 measured.	 They	 described	 a	 median	 SWV	 of	 1.82	 m/s	 and	 1.65	 m/s	 for	 both	

observers.30	Similar	to	our	results	and	the	recently	published	SWV	data	in	normal	canine	

LNs,24	 there	 exists	 a	 remarkable	difference	between	 the	 reported	 SWVs	 in	 the	human	

studies.29,30	 Furthermore,	 the	 more	 recent	 human	 study	 described	 an	 excellent	

repeatability	 (intraclass	 correlation	 coefficient	 >0.90)	 but	 a	 low	 interoperator	

reproducibility	 (ICC:0.4).30	 A	 direct	 comparison	 to	 our	 results	 is	 not	 possible	 as	 the	

variability	is	not	described	in	the	actual	measurement	units,	which	is	the	case	in	our	study.	

However,	similar	to	our	study	and	in	agreement	with	expectations,	 the	repeatability	 is	

better	than	the	reproducibility.30		

	

So	far,	SWE	has	mainly	been	investigated	in	human	head	and	neck	cancer	patients.14-18,31-

33	Velocities	in	the	entire	and	the	stiffest	region	of	the	regional	cervical	LNs	were	assessed	

and	the	results	demonstrated	heterogeneity	in	the	cut-off	values,	particularly	for	mean	

SWV	values	that	were	measured	in	the	entire	LN,	ranging	from	1.94	m/s	to	3.4	m/s.32,33	
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In	clinical	cases,	it	is	interesting	to	determine	whether	selection	of	a	ROI	covering	the	total	

area	 of	 the	 LN	 of	 interest	 or	 only	 the	 stiffest	 region	 might	 reveal	 the	 most	 useful	

information.	Our	study	demonstrated	that,	in	normal	LNs,	the	choice	of	ROI	placement	did	

not	influence	the	elastography	results.	However,	this	finding	will	not	necessarily	remain	

valid	 in	 case	 of	 LN	 pathology	 because	 local	 invasion	 can	 result	 in	 a	 focal	 region	with	

increased	 stiffness,	 without	 complete	 deformation	 of	 the	 lymphatic	 parenchyma.14	

Further	investigation	in	oncology	patients	is	therefore	triggered.		

	

There	 are	 some	 limitations	 to	 the	use	 of	 elastography	 in	 veterinary	medicine.	 First,	 it	

seems	a	challenge	to	obtain	high-qualitative	elastograms.	Elimination	of	movement	due	

to	respiration,	due	to	pulsation	caused	by	blood	vessels	or	limited	cooperation	of	patients	

can	 cause	 artifacts	 that	 result	 in	 unreliable	 data.	 The	 animal	 should	 therefore	 ideally	

always	be	sedated	or	anesthetized.	Another	limitation	of	shear	wave	imaging	is	that	the	

precise	implementation	of	SWE	technology	differs	among	US	system	manufacturers	and	

that	not	only	different	techniques	are	currently	used	to	measure	SWVs,	but	also	various	

software	techniques	are	involved,	such	as	acoustic	radiation	force	impulse	elastography	

and	supersonic	shear	elastography,9	which	might	implicate	that	the	reported	reference	

intervals	in	this	trial	are	only	applicable	for	the	used	software.	

	

A	limitation	of	this	study	is	that,	although	an	enormous	number	of	images	were	obtained	

and	evaluated	in	ten	dogs,	a	larger	number	of	dogs	would	be	needed	in	order	to	set-up	

reference	intervals	for	the	different	LNs.	Furthermore,	only	a	selected	group	of	superficial	

LNs	 were	 examined.	 Ideally,	 SWV	 data	 of	 other	 superficially	 located	 LNs	 should	 be	

gathered	 to	also	define	 reference	 intervals	 for	 those	LNs.	Additionally,	 it	proved	 to	be	

more	 difficult	 to	 obtain	 sufficient	 elastograms	 of	 the	 submandibular	 LNs,	 because	 of	
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superposition	of	the	nearby	located	mandibula	and	a	 limited	contact	area	between	the	

transducer	and	the	skin	of	the	dog.	Another	limitation	is	that	the	LNs	were	deemed	normal	

based	 on	 palpation	 and	 B-mode	 US	 only.	 Ethical	 restraints	 prohibited	 removal	 and	

subsequent	 histopathology	 of	 the	 LNs.	 Yet	 histopathology	 might	 reveal	 important	

information	 about	 correlation	 between	 different	 SWV	measurements	 and	 histological	

features	of	the	LN.	Finally,	ideally,	elastography	data	of	dogs	in	other	life	stages	should	be	

obtained	 as	 well	 to	 evaluate	 the	 effect	 of	 increasing	 age	 on	 elasticity,	 similar	 to	 the	

observations	in	people.29	

	

To	conclude,	this	study	demonstrated	that,	in	normal	LNs,	ROIs	in	different	regions	can	

be	 used	 to	 evaluate	 tissue	 elasticity	 using	 SWE.	 In	 addition,	 different	 measurements	

(mean,	median,	 and	maximum	SWVs)	 are	 suitable	 to	 obtain	 reliable	data;	 preliminary	

reference	intervals	are	provided.	While	intra-	and	interobserver	variability	is	acceptable,	

it	is	clear	that,	ideally,	the	number	of	operators	in	clinical	trials	is	limited	to	reduce	the	

technical	variability.	Although	clinical	trials	in	human	oncology	and	one	clinical	trial	 in	

veterinary	oncology	demonstrated	significant	differences	between	the	SWVs	of	normal	

and	 metastatic	 LNs,	 larger	 clinical	 trials	 are	 warranted	 to	 define	 whether	 SWE	 can	

differentiate	 between	 non-metastatic	 and	 metastatic	 LNs	 and	 which	 area	 should	

preferentially	 be	 examined	 to	 optimize	 the	 accuracy	 of	 this	 technique	 for	 the	

identification	of	metastatic	LNs.		

	

	 	



 17 

LIST	OF	AUTHOR	CONTRIBUTIONS	

Category	1:	

(a) Conception	and	design:	Favril,	Vanderperren,	de	Rooster,	Stock	

(b) Acquisition	of	data:	Favril,	Vanderperren,	Stock	

(c) Analysis	and	interpretation	of	data:	Favril,	Broeckx,	de	Rooster	

	

Category	2:	

(a) Drafting	the	article:	Favril	

(b) Revising	article	for	intellectual	content:	de	Rooster,	Vanderperren,	Stock,	Broeckx	

	

Category	3	

(a) Final	approval	of	completed	article:		Favril,	de	Rooster,	Vanderperren,	Stock,	

Broeckx	

	

ACKNOWLEDGEMENTS	

The	authors	acknowledge	 the	dog	owners	 for	providing	 cooperation	 in	 this	 study	and	

Philips	Medical	Systems	for	providing	technical	support.	

	

FUNDING	

This	study	was	supported	by	the	Research	Foundation	–	Flanders	(FWO,	grant	number	

1S	00717N).	

	

	 	



 18 

REFERENCES	

1. Tuohy	JL,	Milgram	J,	Worley	DR,	Dernell	WS.	A	review	of	sentinel	lymph	node	evaluation	

and	the	need	for	its	incorporation	into	veterinary	oncology.	Vet	Comp	Oncol.	2009;7:81-

91.	

2. Herring	 ES,	 Smith	MM,	 Robertson	 JL.	 Lymph	 node	 staging	 of	 oral	 and	maxillofacial	

neoplasms	in	31	dogs	and	cats.	J	Vet	Dent.	2002;19:122-126.	

3. Ku	CK,	Kass	PH,	Christopher	MM.	Cytologic-histologic	concordance	in	the	diagnosis	of	

neoplasia	in	canine	and	feline	lymph	nodes:	a	retrospective	study	of	367	cases.	Vet	Comp	

Oncol.	2017;15:1206-1217.	

4. Amores-Fuster	 I,	 Cripps	 P,	 Graham	P,	Marrington	AM,	Blackwood	 L.	 The	 diagnostic	

utility	of	lymph	node	cytology	samples	in	dogs	and	cats.	J	Small	Anim	Pract.	2015;56:125-

129.	

5. Worley	 DR.	 Incorporation	 of	 sentinel	 lymph	 node	 mapping	 in	 dogs	 with	 mast	 cell	

tumours:	20	consecutive	procedures.	Vet	Comp	Oncol.	2014;12:215-226.	

6. Nyman	 HT,	 Kristensen	 AT,	 Flagstad	 A,	 McEvoy	 FJ.	 A	 review	 of	 the	 sonographic	

assessment	 of	 tumor	 metastases	 in	 liver	 and	 superficial	 lymph	 nodes.	 Vet	 Radiol	

Ultrasound.	2004;45:438-448.	

7. Lyshchik	A,	Higashi	T,	Asato	R,	Tanaka	S,	Ito	J,	Hiraoka	M,	Insana	MF,	Brill	AB,	Saga	T,	et	

al.	 Cervical	 lymph	 node	metastases:	 diagnosis	 at	 sonoelastography--initial	 experience.	

Radiology.	2007;243:258-267.	

8. Shiina	T,	Nightingale	KR,	Palmeri	ML,	Hall	TJ,	Bamber	JC,	Barr	RG,	Castera	L,	Choi	BI,	

Chou	YH,	et	al.	WFUMB	guidelines	and	recommendations	for	clinical	use	of	ultrasound	

elastography:	 Part	 1:	 basic	 principles	 and	 terminology.	 Ultrasound	 Med	 Biol.	

2015;41:1126-1147.	



 19 

9. Choi	 YJ,	 Lee	 JH,	 Baek	 JH.	 Ultrasound	 elastography	 for	 evaluation	 of	 cervical	 lymph	

nodes.	Ultrasonography.	2015;34:157-164.	

10. Holdsworth	A,	Bradley	K,	Birch	S,	Browne	WJ,	Barberet	V.	Elastography	of	the	normal	

canine	liver,	spleen	and	kidneys.	Vet	Radiol	Ultrasound.	2014;55:620-627.	

11. Sigrist	RMS,	Liau	J,	Kaffas	AE,	Chammas	MC,	Willmann	JK.	Ultrasound	elastography:	

review	of	techniques	and	clinical	applications.	Theranostics.	2017;7:1303-1329.	

12. Barr	RG.	Sonographic	breast	elastography:	a	primer.	J	Ultrasound	Med.	2012;31:773-

783.	

13. Ishibashi	N,	Yamagata	K,	Sasaki	H,	Seto	K,	Shinya	Y,	Ito	H,	Shinozuka	K,	Yanagawa	T,	

Onizawa	K,	et	al.	Real-time	tissue	elastography	for	the	diagnosis	of	lymph	node	metastasis	

in	oral	squamous	cell	carcinoma.	Ultrasound	Med	Biol.	2012;38:389-395.	

14. Bhatia	 KS,	 Cho	 CC,	 Tong	 CS,	 Yuen	 EH,	 Ahuja	 AT.	 Shear	wave	 elasticity	 imaging	 of	

cervical	lymph	nodes.	Ultrasound	Med	Biol.	2012;38:195-201.	

15. Sasaki	 Y,	 Ogura	 I.	 Shear	wave	 elastography	 in	 differentiating	 between	 benign	 and	

malignant	cervical	lymph	nodes	in	patients	with	oral	carcinoma.	Dentomaxillofac	Radiol.	

2019:20180454.	

16. Chen	 BB,	 Li	 J,	 Guan	 Y,	 Xiao	WW,	 Zhao	 C,	 Lu	 TX,	 Han	 F.	 The	 value	 of	 shear	 wave	

elastography	 in	 predicting	 for	 undiagnosed	 small	 cervical	 lymph	 node	 metastasis	 in	

nasopharyngeal	carcinoma:	A	preliminary	study.	Eur	J	Radiol.	2018;103:19-24.	

17. Azizi	 G,	 Keller	 JM,	Mayo	ML,	 Piper	 K,	 Puett	 D,	 Earp	 KM,	Malchoff	 CD.	 Shear	wave	

elastography	 and	 cervical	 lymph	 nodes:	 predicting	 malignancy.	 Ultrasound	 Med	 Biol.	

2016;42:1273-1281.	



 20 

18. Suh	 CH,	 Choi	 YJ,	 Baek	 JH,	 Lee	 JH.	 The	 diagnostic	 performance	 of	 shear	 wave	

elastography	for	malignant	cervical	lymph	nodes:	A	systematic	review	and	meta-analysis.	

Eur	Radiol.	2017;27:222-230.	

19. Zelesco	M,	Abbott	S,	O'Hara	S.	Pitfalls	and	sources	of	variability	in	two	dimensional	

shear	wave	elastography	of	the	liver:	An	overview.		2018;5:20-28.	

20. Silva	P,	Uscategui	RAR,	Maronezi	MC,	Gasser	B,	Pavan	L,	Gatto	IRH,	de	Almeida	VT,	

Vicente	WRR,	Feliciano	MAR.	Ultrasonography	for	lymph	nodes	metastasis	identification	

in	bitches	with	mammary	neoplasms.	Sci	Rep.	2018;8:17708.	

21. Belotta	 AF,	 Gomes	 MC,	 Rocha	 NS,	 Melchert	 A,	 Giuffrida	 R,	 Silva	 JP,	 Mamprim	 MJ.	

Sonography	and	 sonoelastography	 in	 the	detection	of	malignancy	 in	 superficial	 lymph	

nodes	of	dogs.	J	Vet	Intern	Med.	2019;33:1403-1413.	

22. Seiler	GS,	Griffith	E.	Comparisons	between	elastographic	stiffness	scores	for	benign	

versus	malignant	lymph	nodes	in	dogs	and	cats.	Vet	Radiol	Ultrasound.	2018;59:79-88.	

23. Choi	M,	 Yoon	 J,	 Choi	M.	 Contrast-enhanced	ultrasound	 sonography	 combined	with	

strain	elastography	to	evaluate	mandibular	 lymph	nodes	 in	clinically	healthy	dogs	and	

those	with	head	and	neck	tumors.	Vet	J.	2020;257:105447.	

24. Jung	 JW,	 Je	H,	Lee	SK,	 Jang	Y,	Choi	 J.	Two-dimensional	 shear	wave	elastography	of	

normal	soft	tissue	organs	in	adult	Beagle	dogs;	interobserver	agreement	and	sources	of	

variability.	Front	Bioeng	Biotechnol.	2020;8:979.	

25. Barr	RG,	Nakashima	K,	Amy	D,	Cosgrove	D,	Farrokh	A,	Schafer	F,	Bamber	JC,	Castera	L,	

Choi	BI,	 et	 al.	WFUMB	Guidelines	 and	 recommendations	 for	 clinical	 use	 of	 ultrasound	

elastography:	part	2:	breast.	Ultrasound	Med	Biol.	2015;41:1148-1160.	

26. Ferraioli	G,	Filice	C,	Castera	L,	Choi	BI,	Sporea	I,	Wilson	SR,	Cosgrove	D,	Dietrich	CF,	

Amy	D,	 et	 al.	WFUMB	Guidelines	 and	 recommendations	 for	 clinical	 use	 of	 ultrasound	

elastography:	part	3:	liver.	Ultrasound	Med	Biol.	2015;41:1161-1179.	



 21 

27. Barr	RG,	Ferraioli	G,	Palmeri	ML,	Goodman	ZD,	Garcia-Tsao	G,	Rubin	J,	Garra	B,	Myers	

RP,	Wilson	SR,	et	al.	Elastography	assessment	of	liver	fibrosis:	society	of	radiologists	in	

ultrasound	consensus	conference	statement.	Radiology.	2015;276:845-861.	

28. Ruppel	MJ,	Pollard	RE,	Willcox	JL.	Ultrasonographic	characterization	of	cervical	lymph	

nodes	in	healthy	dogs.	Vet	Radiol	Ultrasound.	2019;60:560-566.	

29. Herman	 J,	 Sedlackova	 Z,	 Vachutka	 J,	 Furst	 T,	 Salzman	 R,	 Vomacka	 J.	 Shear	 wave	

elastography	parameters	of	normal	 soft	 tissues	of	 the	neck.	Biomed	Pap	Med	Fac	Univ	

Palacky	Olomouc	Czech	Repub.	2017;161:320-325.	

30. Kishimoto	R,	Kikuchi	K,	Koyama	A,	Kershaw	J,	Omatsu	T,	Tachibana	Y,	Suga	M,	Obata	

T.	 Intra-	 and	 inter-operator	 reproducibility	 of	 US	 point	 shear-wave	 elastography	 in	

various	organs:	evaluation	in	phantoms	and	healthy	volunteers.	Eur	Radiol.	2019.	

31. Heřman	J,	Sedláčková	Z,	Fürst	T,	Vachutka	J,	Salzman	R,	Vomáčka	J,	Heřman	M.	The	

role	of	ultrasound	and	shear-wave	elastography	in	evaluation	of	cervical	 lymph	nodes.	

BioMed	Research	International.	2019;2019:4318251.	

32. Fujiwara	T,	Tomokuni	J,	Iwanaga	K,	Ooba	S,	Haji	T.	Acoustic	radiation	force	impulse	

imaging	for	reactive	and	malignant/metastatic	cervical	lymph	nodes.	Ultrasound	Med	Biol.	

2013;39:1178-1183.	

33. Zhang	JP,	Liu	HY,	Ning	CP,	Chong	J,	Sun	YM.	Quantitative	analysis	of	enlarged	cervical	

lymph	nodes	with	ultrasound	elastography.	Asian	Pac	J	Cancer	Prev.	2015;16:7291-7294.	

34.	Creevy	KE,	Grady	 J,	 Little	SE,	Moore	GE,	 Strickler	BG,	Thompson	S,	Webb	 JA.	2019	

AAHA	Canine	Life	Stage	Guidelines.	J	Am	Anim	Hosp	Assoc.	2019;55:267-290.	

35.	LaFlamme	DP.	Development	and	validation	of	a	body	condition	score	system	for	dogs.	

Canine	Pract.	1997;22:10-15.	



 22 

TABLES	1 

Table	1.	An	overview	of	the	95%	limits	of	agreement	for	the	intra-,	inter-	and	total	variability	for	each	measured	region	(most	elastic,	2 

stiffest	and	whole	region	of	the	lymph	node)	in	each	type	of	lymph	node	(submandibular,	superficial	inguinal,	and	popliteal).	3 

LN	 Region*(number	

of	observations)		

Intra-

mean**	

	

Inter-

mean**	

Tot	

mean**	

	Intra-

mean***	

Inter-

mean***	

Intra-

med**	

Inter-

med**	

Tot	

med**	

Intra-

med***	

Inter-

med***	

Intra-

max**	

Inter-

max**	

Tot	

max**	

Intra-

max***	

Inter-	

max***	

M	 E	(n=762)	 ±	0.53	 ±	0.66	 ±	0.67	 79	 98	 ±	0.54	 ±	0.66	 ±	0.67	 80	 98	 ±	0.60	 ±	0.75	 ±	0.77	 78	 97	

M	 S	(n=762)	 ±	0.53	 ±	0.72	 ±	0.73	 73	 99	 ±	0.55	 ±	0.73	 ±	0.74	 74	 99	 ±	0.63	 ±	0.81	 ±	0.83	 76	 98	

M	 W	(n=260)	 ±	0.42	 ±	0.63	 ±	0.64	 66	 98	 ±	0.45	 ±	0.67	 ±	0.67	 66	 100	 ±	0.91	 ±	1.04	 ±	1.16	 79	 90	

I	 E	(n=1038)	 ±	0.46	 ±	0.82	 ±	0.94	 49	 87	 ±	0.47	 ±	0.82	 ±	0.94	 50	 87	 ±	0.58	 ±	0.91	 ±	1.03	 56	 88	

I	 S	(n=1038)	 ±	0.61	 ±	0.97	 ±	1.12	 54	 86	 ±	0.61	 ±	0.98	 ±	1.12	 54	 87	 ±	0.80	 ±	1.16	 ±	1.30	 61	 89	

I	 W	(n=354)	 ±	0.45	 ±	0.84	 ±	0.99	 45	 85	 ±	0.47	 ±	0.85	 ±	1.00	 47	 85	 ±	0.88	 ±	1.21	 ±	1.43	 62	 85	

P	 E	(n=1002)	 ±	0.51	 ±	0.72	 ±	0.85	 61	 85	 ±	0.52	 ±	0.72	 ±	0.85	 61	 85	 ±	0.61	 ±	0.81	 ±	0.95	 64	 85	

P	 S	(n=1002)	 ±	0.54	 ±	0.82	 ±	0.86	 62	 95	 ±	0.54	 ±	0.83	 ±	0.87	 63	 95	 ±	0.68	 ±	0.94	 ±	0.99	 69	 95	

P	 W	(n=334)	 ±	0.43	 ±	0.72	 ±	0.80	 54	 91	 ±	0.46	 ±	0.72	 ±	0.81	 57	 90	 ±	0.91	 ±	1.18	 ±	1.25	 72	 94	

	4 
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*	The	region	refers	to	the	exact	location	where	the	regions	of	interest	were	placed	within	the	lymph	node	to	define	the	shear	wave	velocities	5 

(in	 the	most	 elastic	 region,	 stiffest	 region	or	 the	whole	 lymph	node).	 **Data	 are	 expressed	 in	m/s	 and	 represent	1.96	 x	 the	 standard	6 

deviation.	 ***The	 proportion	 of	 the	 intra-	 and	 interobserver	 variability	 relative	 to	 the	 total	 variability,	 provided	 in	 percentages.	7 

Abbreviations:	E,	most	elastic	region	of	the	lymph	node;	I,	superficial	inguinal	lymph	node;	LN,	lymph	node;	M,	submandibular	lymph	node;	8 

max,	maximum,	med,	median;	P,	popliteal	lymph	node;	S,	stiffest	region;	tot,	total,	W,	whole	lymph	node.		 	9 



 24 

Table	2.	An	overview	of	the	mean	shear	wave	velocities	and	95%	reference	intervals	for	each	region	within	each	type	of	lymph	node.	10 

	11 

LN	 Region*(number	

of	observations)	

Mean	of	the	

mean	SWV		

95%	RI	mean	

SWV	

Mean	of	the	

median	SWV	

95%	RI	median	

SWV	

Mean	of	the	

maximum	SWV	

95%	RI	maximum	

SWV	

M	 E	(n=762)	 2.39	 1.72	–	3.07	 2.38	 1.71	–	3.06	 2.61	 1.84	–	3.38	

M	 S	(n=762)	 3.08	 2.35	–	3.81	 3.07	 2.34	–	3.81	 3.36	 2.53	–	4.18	

M	 W	(n=260)	 2.83	 2.19	–	3.47	 2.80	 2.12	–	3.47	 4.09	 2.93	–	5.24	

I	 E	(n=1038)	 2.33	 1.38	–	3.27	 2.32	 1.38	–	3.26	 2.54	 1.51	–	3.57	

I	 S	(n=1038)	 2.75	 1.63	–	3.87	 2.74	 1.62	–	3.87	 3.03	 1.73	–	4.33	

I	 W	(n=354)	 2.55	 1.56	–	3.53	 2.52	 1.53	–	3.52	 3.32	 1.89	–	4.75	

P	 E	(n=1002)	 2.49	 1.64	–	3.34	 2.47	 1.62	–	3.33	 2.73	 1.78	–	3.68	

P	 S	(n=1002)	 3.10	 2.24	–	3.97	 3.10	 2.23	–	3.97	 3.39	 2.40	–	4.39	

P	 W	(n=334)	 2.84	 2.04	–	3.63	 2.80	 1.99	–	3.61	 3.97	 2.72	–	5.23	

	12 

All	data	are	expressed	in	m/s.	13 
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*	The	region	refers	to	the	exact	location	where	the	regions	of	interest	were	placed	within	the	lymph	node	to	define	the	shear	wave	velocities	14 

(in	the	most	elastic	region,	stiffest	region	or	the	whole	lymph	node).	15 

Abbreviations:	E,	most	elastic	region;	I,	superficial	inguinal	lymph	node;	LN,	lymph	node;	M,	submandibular	lymph	node;	P,	popliteal	lymph	16 

node;	RI,	reference	interval;	S,	stiffest	region;	SWV,	shear	wave	velocity;	W,	whole	lymph	node.17 
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FIGURE	LEGENDS	18 

	19 

Figure	1.	Ultrasonography	images	of	a	popliteal	lymph	node	in	dog	6	(dorsal	recumbency	20 

with	hind	leg	raised	in	vertical	direction,	eL18-4,	transverse	plane).	Image	(A)	represents	21 

a	grey-scale	image	in	which	the	lymph	node	is	delineated	by	a	red	dotted	line.	Images	(C)	22 

and	 (E)	 represent	 grey-scale	 images	 covered	 by	 a	 confidence	 colour	 map.	 Reliable	23 

elastography	measurements	can	be	performed	in	tissue	that	is	located	in	the	green	area.	24 

Images	(B,	D,	F)	illustrate	elastography	colour	maps,	so	called	elastograms,	with	regions	25 

of	interest	(ROIs)	placed	in	different	regions.	The	colour	scale	bar	in	the	right	upper	side	26 

represents	a	 colour	code	 for	 the	elasticity	 in	 tissue	 in	which	blue	areas	 represent	 soft	27 

tissue	and	red	areas	represent	stiff	tissue.	In	image	(B)	and	(D),	three	circular	ROIs	are	28 

placed	in	the	softest	(B)	and	stiffest	(D)	region	of	the	lymph	node.	In	image	(F),	one	ROI	is	29 

placed	covering	the	entire	parenchyma	of	the	lymph	node.	Mean,	median	and	maximum	30 

shear	wave	velocities	were	calculated	for	each	ROI	by	the	ultrasound	machine’s	software	31 

and	are	shown	on	the	right	side	of	the	images.	 32 
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