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Abstract
Background and Objective: After	 whiplash	 injury,	 some	 patients	 develop	
chronic	whiplash-	associated	disorders.	The	exact	pathophysiology	of	this	chron-
ification	is	still	unclear	and	more	knowledge	is	needed	regarding	the	different	
post-	injury	 phases.	 Therefore,	 studies	 were	 searched	 that	 examined	 temporal	
changes	in	pain	processing,	measured	by	Quantitative	Sensory	Testing	(QST).
Databases and Data Treatment: This	systematic	review	searched	three	elec-
tronic	 databases	 (Medline,	 Web	 of	 Science	 and	 Embase)	 for	 articles	 meeting	
the	eligibility	requirements.	Risk	of	bias	was	assessed	according	to	a	modified	
Newcastle–	Ottawa	Scale.
Results: The	12	included	studies	presented	moderate	to	good	methodological	quality.	
These	studies	showed	altered	pain	processing	within	the	first	month	after	injury	and	
normalization	within	3 months	in	59%–	78%	of	the	patients.	After	3 months,	recovery	
stagnates	during	the	following	years.	Thermal	and	widespread	mechanical	hyperal-
gesia	occur	already	in	the	acute	phase,	but	only	in	eventually	non-	recovered	patients.
Conclusions: Differences	 in	 pain	 processing	 between	 recovering	 and	 non-	
recovering	patients	can	be	observed	already	in	the	acute	phase.	Early	screening	for	
signs	of	altered	pain	processing	can	identify	patients	with	high	risk	for	chronifica-
tion.	These	 insights	 in	 temporal	changes	show	the	 importance	of	 rehabilitation	
in	the	acute	phase.	Future	research	should	target	to	develop	a	standardized	(bed-	
site)	QST	protocol	and	collect	normative	data	which	could,	in	relation	with	self-	
reported	pain	parameters,	allow	clinicians	to	identify	the	risk	for	chronification.
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1 |  INTRODUCTION

The	proportion	of	patients	developing	a	chronic	condition	
after	whiplash	injury	is	around	38%,	which	is	remarkably	
high	(Al-	Khazali	et	al.,	2020).	Even	without	a	detectable	
pathological	 lesion	 at	 physical	 examinations	 or	 imaging	
techniques,	symptoms	can	maintain	(Ronnen	et	al.,	1996).	
Chronic	Whiplash-	associated	 disorders	 (WAD)	 are	 char-
acterized	as	heterogeneous	conditions,	of	which	the	exact	
pathophysiology	is	still	unclear	(Walton	&	Elliott,	2017).

Current	research	showed	that	changes	in	central	process-
ing	of	sensory	input	play	an	important	role	in	the	discrepancy	
between	 objective	 signs	 of	 tissue	 damage	 and	 complaints	
(Harte	et	al.,	2018).	After	acute	injury,	hypersensitivity	of	the	
peripheral	 nociceptors	 occurs,	 known	 as	 peripheral	 sensi-
tization.	When	pain	persists,	central	sensitization	can	arise	
and	cause	pain	sensations	that	are	no	longer	in	proportion	
with	the	noxious	peripheral	stimuli	(Latremoliere	&	Woolf,	
2009).	 This	 discrepancy	 is	 frequently	 seen	 in	 WAD	 (Van	
Oosterwijck	 et	 al.,	 2013)	 and	 other	 chronic	 pain	 disorders;	
such	as	fibromyalgia	(Banic	et	al.,	2004),	rheumatoid	arthritis	
(Meeus	et	al.,	2012)	and	osteoarthritis	(Lluch	et	al.,	2014).

Although	no	gold	standard	 is	available	 to	assess	pain	
processing,	 Quantitative	 Sensory	 Testing	 (QST)	 is	 com-
monly	utilized	(Uddin	&	MacDermid,	2016).	This	includes	
a	composition	of	different	techniques	to	assess	the	subjec-
tive	response	to	controlled	stimulation	of	somatosensory	
afferents.	The	purpose	of	QST	is	to	provide	a	detailed	and	
reliable	 representation	 of	 pain	 processing	 (Boivie,	 2003;	
Curatolo,	2011).	Widespread	sensory	hypersensitivity	 for	
a	variety	of	stimuli,	 indicative	of	central	sensitization,	 is	
a	consistent	 feature	of	chronic	WAD	and	is	suspected	to	
contribute	to	the	chronification	of	pain	(Van	Oosterwijck	
et	al.,	2013).	Next	to	hypersensitivity,	the	following	signs	
are	 demonstrated:	 (1)	 decreased	 sensation	 detection	 for	
thermal,	electrical	and	mechanical	 stimuli	 (Chien	et	al.,	
2009),	 (2)	 higher	 sensitivity	 during	 the	 Brachial	 Plexus	
Provocation	Test	(BPPT)	(Stone	et	al.,	2013),	(3)	decreased	
Nociceptive	Flexion	Reflex	(NFR)	thresholds	(Lim	et	al.,	
2011),	 (4)	deficient	 inhibitory	endogenous	pain	modula-
tion	(Serrano-	Munoz	et	al.,	2019)	and	(5)	enhanced	tem-
poral	summation	(Van	Oosterwijck	et	al.,	2013).

Central	 alternations	 occur	 already	 shortly	 after	 in-
jury	 (Sterling	 et	 al.,	 2004).	 Widespread	 mechanical	

hypersensitivity	is	present	within	the	first	weeks	and	persists	
in	patients	who	do	not	fully	recover	(Marcuzzi	et	al.,	2015).	
Note	that	these	conclusions	are	solely	based	on	studies	with	
a	short	follow	up.	It	is	unclear	how	somatosensory	functions	
evolves	from	the	acute	to	later	phases.	This	is,	however,	cru-
cial	 in	 the	 understanding	 of	 the	 development	 of	 chronic	
WAD.	 Furthermore,	 most	 prospective	 studies	 are	 solely	
based	 on	 pain	 scales	 and	 questionnaires.	 A	 meta-	analysis	
(Kamper	et	al.,	 2008)	 reported	 that	pain	and	disability	 re-
duce	in	most	individuals	within	the	first	3 months.	Little	im-
provement	was	seen	beyond	this	point.	The	question	arises	
if	QST	measurements	show	a	similar	pattern.

As	 such,	 a	 greater	 understanding	 of	 the	 processes	
throughout	the	different	post-	injury	phases	may	contrib-
ute	 to	better	 treatment	strategies	 in	accordance	with	the	
underlying	mechanisms.	Therefore,	the	aim	of	this	paper	
was	to	systematically	review	the	temporal	changes	in	pain	
processing—	measured	by	QST—	after	whiplash	injury.

2 |  METHODS

2.1 | Protocol and registration

This	 systematic	 review	 follows	 the	 Preferred	 Reporting	
Items	 for	 Systematic	 Reviews	 and	 Meta-	analyses	
(PRISMA)	guidelines	(Moher	et	al.,	2010).	The	protocol	of	
this	systematic	review	was	registered	at	PROSPERO	(reg-
istration	number:	CRD42020176236).

2.2 | Eligibility criteria and 
study selection

In	 order	 to	 perform	 eligibility	 assessment,	 the	 follow-
ing	inclusion	criteria	were	set	up	to	screen	the	obtained	
articles:	(1)	>18 years	old,	(2)	diagnosis	of	whiplash,	(3)	
assessment	 of	 QST,	 (4)	 a	 longitudinal	 study	 design	 or	
studies	 that	 cross-	sectionally	 compared	 patients	 with	
acute	 and	 chronic	 WAD	 or	 Randomized	 Controlled	
Trials	 that	 described	 the	 evolution	 of	 a	 control	 group	
and	 (5)	 written	 in	 English,	 Dutch,	 German	 or	 French	
(Table	 1).	 In	 the	 screening	 of	 title	 and	 abstract,	 two	
independent	 and	 blinded	 researchers	 (J.B.	 and	 D.L.)	

Significance: Altered	 pain	 processing	 is	 present	 soon	 after	 whiplash	
injury,	but	usually	recovers	within	3 months.	Non-	recovering	patients	
show	 little	 to	 no	 improvements	 in	 the	 following	 years.	 Differences	
between	 recovering	 and	 non-	recovering	 patients	 can	 be	 observed	 by	
Quantitative	Sensory	Testing	already	in	the	acute	phase.	Therefore,	it	is	
considered	a	feasible	and	effective	tool	that	can	contribute	to	the	identi-
fication	of	high-	risk	patients	and	the	prevention	of	chronification.
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assessed	the	eligibility	of	the	articles.	Subsequently,	the	
remaining	articles	were	screened	based	on	full	text.	In	
case	of	disagreements,	consensus	was	obtained	by	dis-
cussion	 between	 the	 two	 reviewers	 or	 by	 involving	 a	
third	reviewer	(I.C).

2.3 | Information sources & 
search strategy

The	 following	 three	 electronic	 databases	 were	 searched	
for	 relevant	 articles	 (from	 inception	 to	 March	 2020):	
MEDLINE,	 (http:/ncbi.nlm.nih.gov/pubmed),	 Web	 of	
Science,	 (http://isiwe	bofkn	owled	ge.com)	 and	 EMBASE	
(https://www.embase.com/).	 Based	 on	 the	 PICOs	 ap-
proach,	studies	that	examined	temporal	changes	(S = study	
design	and	C = comparison)	of	pain	processing	(O = out-
come)	in	patients	with	WAD	(P = population),	measured	

with	 QST	 (I  =  Intervention)	 were	 included.	 The	 search	
terms	are	outlined	in	Table	2	and	the	complete	search	strat-
egy	is	reported	in	Table	S1.

2.4 | Data management

The	 following	 information	 was	 systematically	 summa-
rized	in	a	table	of	evidence	(Table	3),	by	the	first	author	
(J.B.)	 and	 checked	 by	 the	 second	 (D.L.)	 and	 third	 (I.C.)	
reviewer:	(1)	author,	year	of	publication	and	country,	(2)	
study	design,	 (3)	 characteristics	of	 the	 study	 sample,	 (4)	
characteristics	 of	 the	 control	 group	 if	 present,	 (5)	 out-
comes	 related	 to	 QST,	 (6)	 moment	 of	 testing	 (baseline/
follow-	up),	(7)	results	and	(8)	remarks.	Effect	sizes	were	
measured	using	Hedges’	g,	for	all	the	outcomes	of	which	
the	 required	 data	 were	 provided	 in	 the	 articles	 (Lakens,	
2013;	Walter	&	Yao,	2007).

T A B L E  1  Inclusion	and	exclusion	criteria

Inclusion Exclusion

Population Human	18–	65 y
Traumatic	neck	pain
Diagnosis	of	whiplash	injury

Idiopathic	neck	pain,	no	neck	pain,	animals,	<18 y,	
>65 y

Systematic	diseases,	metabolic	diseases,	cardiovascular	
diseases,	neurological	diseases,	sever	psychiatric	
diseases

Intervention Quantitative	Sensory	Testing	(QST) No	QST

Comparison QST	in	a	later	phase Single	test	moment	or	not	comparing	with	a	
representative	group	in	a	later	phase

Outcome Quantitative	Sensory	Testing	measurements Not	describing	one	of	the	outcome	measurements

Study	design Longitudinal	studies,	cohort	studies,	prospective	studies,	
comparative	studies,	follow	up	studies,	RCT’s	that	
have	a	waiting	list	group

Not	describing	temporal	changes,	influence	of	any	
kind	of	treatment,	meta-	analysis,	systematic	
review,	review

Availability Full	text	available No	full	text	available

Language English,	French,	German,	Dutch Other	languages

T A B L E  2  Search	terms

Whiplash population QST measurements Pain processing Temporal changes

Whiplash,	whiplash	injuries,	
traumatic	neck	pain,	
cervical	trauma

Quantitative	Sensory	Testing,	
pain	measurement,	
pain	threshold,	pain	
tolerance,	detection	
threshold,	conditioned	
pain	modulation,	temporal	
summation,	wind-	up,	
nociceptive	flexion	reflex,	
diffuse	noxious	inhibitory	
control*,	offset	analgesia,	
hyperalgesia,	allodynia,	
hypoalgesia,	hypoesthesia,	
dysesthesia,	algomet*,	
withdrawal	reflex,	
somatosensory	function

Central	nervous	system,	
sensitization,	central	nervous	
system	sensitization,	central	
sensitization,	pain,	pain	
processing,	pain	modulation,	
nociception,	hypersensitivity

Longitudinal	studies,	
prospective	studies,	
cohort	studies,	prognosis,	
follow-	up	studies,	
temporal,	changes,	
follow	up,	evolution,	
longitudinal,	cohort,	acute,	
chronic,	transition	phase	
chronicity,	chronification,	
randomized	controlled	
trial,	control	group

http://isiwebofknowledge.com
https://www.embase.com/
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2.5 | Risk of bias assessment and 
level of evidence

The	risk	of	bias	of	the	individual	studies	was	assessed	
independently	 by	 the	 same	 two	 reviewers	 (J.B.	 and	
D.L.).	 A	 modified	 version	 of	 the	 Newcastle–	Ottawa	

Scale	(NOS)	was	used	to	make	it	more	appropriate	for	
evaluating	 the	 risk	 of	 bias	 accounting	 for	 the	 specific	
purpose	 of	 this	 review.	 A	 detailed	 description	 can	 be	
found	in	Table	S2.	The	first	topic	(selection	bias)	ques-
tions	 the	 representativeness	 and	 the	 recruitment.	 A	
question	was	added	 to	verify	 if	 the	medical	history	of	

T A B L E  3  Table	of	evidence

Reference Study design Study sample Controls QST outcomes

Baseline/
Follow- up 
after injury Results Conclusion & Remarks

Cluster	1:	Longitudinal	studies	of	patients	with	acute	WAD

Chien	
et	al.	(2010),	
Australia

Prospective	
longitudinal

52	AWAD	(32♀,	20♂;	36.3	±	
13.1y)

Gr1 = High-	risk:	17	Gr2 = Low-	
risk:	35

38	HC	(28♀,	10♂;	
32.6 ± 8.7 y)

Detection	thresholds
-		 cold:	dorsal	hand
-		 heat:	dorsal	hand
-		 electrical:	distal	phalanx	of	index	

finger,	m.	tibialis	anterior
-		 vibration:	palmar	hand

T0:	within	
4w

T1:	3m
T2:	6m

T0
-		 cold:	Gr1	<	HC*	(ES:	0.92);	Gr2	<	HC*	(ES:	0.59)
-		 heat:	Gr1 = Gr2 = HC
-		 electrical	(index):	Gr1	>	HC*	(ES:	1.77);	Gr1	>	Gr2*	(ES:	0.66);	Gr2	

>	HC*	(ES:	1.47)
-		 vibration:	Gr1	>	HC*	(ES:	0.65);	Gr2 = HC	(ES:	0.46);	Gr1 = Gr2	

(ES:	0.41)
T1
-		 cold:	Gr1 = Gr2 = HC
-		 heat:	Gr1	>	HC*	(ES:	0.41);	Gr2	>	HC*	(ES:	0.07)
-		 electrical	(index):	Gr1	>	Gr2	&	HC*;	Gr2 = HC
-		 vibration:	Gr1	>	Gr2*	(ES:	0.51);	Gr1	>	HC*	(ES:	0.57);	Gr2	=	HC	

(ES:	0.05)

=>	Hypoesthesia	soon	after	injury,	persists	only	in	
high-	risk	group

Gr1	(=	NDI	>30/100	and	2	of	3	fulfilled;	cervical	
CPT	>13°,	median	nerve	PPT	<200 kPa,	elbow	
extension	<25°	with	the	BPPT):	Persistent	
moderate/severe	pain	and	disability	at	T2

Gr2:	recovered/mild	pain	and	disability	at	T2

Kamper	
et	al.	(2011),	
Australia

Longitudinal	
cohort

100	AWAD	(72♀,	28♂;	40.1	±	
13.3y)

—	 PPT
-		 at	cervical	spinous	process
-		 at	m.	tibialis	anterior

T0:	within	
4w

T1:	3m

1.	Cervical	PPT:	T0	<	T1*	(MD:	17.3;	ES:	0.21)
2.	M.	tibialis	anterior:	T0 = T1	(MD:	−2.5;	ES:	0.02)

=>	Local	(but	not	distal)	pressure	hyperalgesia	
shortly	after	injury,	reduced	at	3m

Kasch	
et	al.	(2001),	
Denmark

Prospective	
longitudinal

141	AWAD	(74♀,	67♂;	35.6	±	
10.7y)

40	AIC	(21♀,	19♂;	
34.8	±	12y)

PPT
-		 10	neck-		and	jaw	muscle		

spots
-		 dorsal	proximal	IP

T0:	after	1w
T1:	1m
T2:	3m
T3:	6m

T0	&	T2
-		 total	PPT:	WAD	<AIC*	(T0 = MD:	−0.3;	ES:	0.36);	(T2 = MD:	−0.3;	

ES:	0.42)
-		 distal	PPT:	WAD = AIC	(T0 = MD:	−0.1;	ES:	0.21);	(T2 = MD:	−0.2;	

ES:	0.18)
T3
Total	and	distal	PPT:	WAD = AIC

=>	Primary	hyperalgesia	present	until	3m,	normal	
at	6m

Kasch	
et	al.	(2002),	
Denmark

Prospective	
longitudinal

19	AWAD	(10♀,	9♂;	26.3	±	4.5y) 20	AIC	(11♀,	9♂;	
25.4	±	5.7y)

PPT
-		 m.	masseter
-		 m.	temporali
-		 3th	proximal	IP

T0:	within	
4w

T1:	6m

T0	&	T1
AWAD	=AIC
AWAD	&	AIC
T0	=	T1

=>	No	changes	over	6m,	no	difference	with	
controls

Kasch	
et	al.	(2005),	
Denmark

Prospective	
longitudinal

141	AWAD	(74♀,	35.0 ± 10.5y;	
67♂,	33.9 ± 10.5y)	(11	non-	
recovered	at	1y)

40	AIC T0	&	T1:	cold	pressure	test
T2-	T4:	cold	pressure	test,	pain	tolerance	

thresholds	(m.	masseter),	CP	+PTT	
(CPM)

T0:	1w
T1:	1m
T2:	3m
T3:	6m
T4:	12m

1.	Tolerance:	AWAD	<AIC	at	T2*	and	T3*
2.	Tolerance:	recovered	>non-	recovered	at	T3*
3.	Tolerance	during	cold	pressure	test:	AWAD	<AIC	at	T3*
4.	Tolerance	before	<PTT	during	cold	pressure	test*	in	non-	

recovered	at	T3,	=	in	recovered	and	AIC

=>	Mechanical	hyperalgesia	until	6 months,	
reduced	CP	pain	tolerance	in	non-	recovered

Non-	recovered	=not	returned	to	their	usual	level	of	
activity/work	after	1 year

Kasch	
et	al.	(2008),	
Denmark

Longitudinal	
cohort

157	AWAD	(111♀,	46♂;	37.1	±	
13.8y)

—	 Stimulus-	response	between	pressure	
(algometer)	and	pain	(VAS):

-		 m.	masseter
-		 UT
-		 m.	tibialis	anterior

T0:	12d
T1:	3m
T2:	12m

1.	 VAS	during	pressure:	recovered	<non-	recovered	in	all	muscles	at	
T2*

2.	 )(sub-	,	supra-	)	pain	thresholds:	recovered	>non-	recovered	at	T2*	
(except	subthreshold	of	m.	tibialis	anterior)

=>	Different	sensitivity	between	recovered	and	
non-	recovered	at	12m

Non-	recovered	=not	returned	to	their	usual	hours	
of	work

Nebel	
et	al.	(2005),	
Germany

Prospective	
longitudinal

20	AWAD	(11♀,	9♂;	28.75	±	
12.08y)

23	HC	(11♀,	12♂;	
28.83 ± 10.44y)

180″	pressure	at	UT	and	m.	splenius:
-		 PPT
-		 Max	VAS
-		 time	until	PTT
-		 VAS × time	function

T0:	1w
T1:	3w
T2:	4w
T3:	6w

T0	&	T1:
multivariate	comparison	of	pain	parameters	AWAD	>HC*
T2:	first	↓*	pressure	pain	in	AWAD
T2	and	T3:	pain	parameters	AWAD	=HC

=>	Sensitivity	higher	until	3m,	normal	at	6m

(Continues)
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the	 acute	 patient	 group	 was	 extensively	 checked	 for	
chronic	conditions	or	previous	whiplash	 injuries.	The	
following	 adaptations	 were	 performed	 in	 the	 second	
part	 (comparability	 bias):	 (1)	 age	 and	 gender	 were	
used	 as	 the	 most	 important	 confounding	 factors,	 (2)	
in	 the	 case-	control	 studies,	 the	 difference	 between	

two	 groups	 in	 post-	injury	 period	 should	 be	 at	 least	
3  months	 and	 (3)	 a	 sample	 size	 calculation	 should	
have	 been	 described	 and	 reached.	 The	 third	 section	
(outcome/exposure	 bias)	 was	 expanded	 with	 an	 extra	
question	 about	 QST,	 to	 verify	 whether	 a	 variety	 of	
measurements	related	to	pain	processing	was	assessed	

T A B L E  3  Table	of	evidence

Reference Study design Study sample Controls QST outcomes

Baseline/
Follow- up 
after injury Results Conclusion & Remarks

Cluster	1:	Longitudinal	studies	of	patients	with	acute	WAD

Chien	
et	al.	(2010),	
Australia

Prospective	
longitudinal

52	AWAD	(32♀,	20♂;	36.3	±	
13.1y)

Gr1 = High-	risk:	17	Gr2 = Low-	
risk:	35

38	HC	(28♀,	10♂;	
32.6 ± 8.7 y)

Detection	thresholds
-		 cold:	dorsal	hand
-		 heat:	dorsal	hand
-		 electrical:	distal	phalanx	of	index	

finger,	m.	tibialis	anterior
-		 vibration:	palmar	hand

T0:	within	
4w

T1:	3m
T2:	6m

T0
-		 cold:	Gr1	<	HC*	(ES:	0.92);	Gr2	<	HC*	(ES:	0.59)
-		 heat:	Gr1 = Gr2 = HC
-		 electrical	(index):	Gr1	>	HC*	(ES:	1.77);	Gr1	>	Gr2*	(ES:	0.66);	Gr2	

>	HC*	(ES:	1.47)
-		 vibration:	Gr1	>	HC*	(ES:	0.65);	Gr2 = HC	(ES:	0.46);	Gr1 = Gr2	

(ES:	0.41)
T1
-		 cold:	Gr1 = Gr2 = HC
-		 heat:	Gr1	>	HC*	(ES:	0.41);	Gr2	>	HC*	(ES:	0.07)
-		 electrical	(index):	Gr1	>	Gr2	&	HC*;	Gr2 = HC
-		 vibration:	Gr1	>	Gr2*	(ES:	0.51);	Gr1	>	HC*	(ES:	0.57);	Gr2	=	HC	

(ES:	0.05)

=>	Hypoesthesia	soon	after	injury,	persists	only	in	
high-	risk	group

Gr1	(=	NDI	>30/100	and	2	of	3	fulfilled;	cervical	
CPT	>13°,	median	nerve	PPT	<200 kPa,	elbow	
extension	<25°	with	the	BPPT):	Persistent	
moderate/severe	pain	and	disability	at	T2

Gr2:	recovered/mild	pain	and	disability	at	T2

Kamper	
et	al.	(2011),	
Australia

Longitudinal	
cohort

100	AWAD	(72♀,	28♂;	40.1	±	
13.3y)

—	 PPT
-		 at	cervical	spinous	process
-		 at	m.	tibialis	anterior

T0:	within	
4w

T1:	3m

1.	Cervical	PPT:	T0	<	T1*	(MD:	17.3;	ES:	0.21)
2.	M.	tibialis	anterior:	T0 = T1	(MD:	−2.5;	ES:	0.02)

=>	Local	(but	not	distal)	pressure	hyperalgesia	
shortly	after	injury,	reduced	at	3m

Kasch	
et	al.	(2001),	
Denmark

Prospective	
longitudinal

141	AWAD	(74♀,	67♂;	35.6	±	
10.7y)

40	AIC	(21♀,	19♂;	
34.8	±	12y)

PPT
-		 10	neck-		and	jaw	muscle		

spots
-		 dorsal	proximal	IP

T0:	after	1w
T1:	1m
T2:	3m
T3:	6m

T0	&	T2
-		 total	PPT:	WAD	<AIC*	(T0 = MD:	−0.3;	ES:	0.36);	(T2 = MD:	−0.3;	

ES:	0.42)
-		 distal	PPT:	WAD = AIC	(T0 = MD:	−0.1;	ES:	0.21);	(T2 = MD:	−0.2;	

ES:	0.18)
T3
Total	and	distal	PPT:	WAD = AIC

=>	Primary	hyperalgesia	present	until	3m,	normal	
at	6m

Kasch	
et	al.	(2002),	
Denmark

Prospective	
longitudinal

19	AWAD	(10♀,	9♂;	26.3	±	4.5y) 20	AIC	(11♀,	9♂;	
25.4	±	5.7y)

PPT
-		 m.	masseter
-		 m.	temporali
-		 3th	proximal	IP

T0:	within	
4w

T1:	6m

T0	&	T1
AWAD	=AIC
AWAD	&	AIC
T0	=	T1

=>	No	changes	over	6m,	no	difference	with	
controls

Kasch	
et	al.	(2005),	
Denmark

Prospective	
longitudinal

141	AWAD	(74♀,	35.0 ± 10.5y;	
67♂,	33.9 ± 10.5y)	(11	non-	
recovered	at	1y)

40	AIC T0	&	T1:	cold	pressure	test
T2-	T4:	cold	pressure	test,	pain	tolerance	

thresholds	(m.	masseter),	CP	+PTT	
(CPM)

T0:	1w
T1:	1m
T2:	3m
T3:	6m
T4:	12m

1.	Tolerance:	AWAD	<AIC	at	T2*	and	T3*
2.	Tolerance:	recovered	>non-	recovered	at	T3*
3.	Tolerance	during	cold	pressure	test:	AWAD	<AIC	at	T3*
4.	Tolerance	before	<PTT	during	cold	pressure	test*	in	non-	

recovered	at	T3,	=	in	recovered	and	AIC

=>	Mechanical	hyperalgesia	until	6 months,	
reduced	CP	pain	tolerance	in	non-	recovered

Non-	recovered	=not	returned	to	their	usual	level	of	
activity/work	after	1 year

Kasch	
et	al.	(2008),	
Denmark

Longitudinal	
cohort

157	AWAD	(111♀,	46♂;	37.1	±	
13.8y)

—	 Stimulus-	response	between	pressure	
(algometer)	and	pain	(VAS):

-		 m.	masseter
-		 UT
-		 m.	tibialis	anterior

T0:	12d
T1:	3m
T2:	12m

1.	 VAS	during	pressure:	recovered	<non-	recovered	in	all	muscles	at	
T2*

2.	 )(sub-	,	supra-	)	pain	thresholds:	recovered	>non-	recovered	at	T2*	
(except	subthreshold	of	m.	tibialis	anterior)

=>	Different	sensitivity	between	recovered	and	
non-	recovered	at	12m

Non-	recovered	=not	returned	to	their	usual	hours	
of	work

Nebel	
et	al.	(2005),	
Germany

Prospective	
longitudinal

20	AWAD	(11♀,	9♂;	28.75	±	
12.08y)

23	HC	(11♀,	12♂;	
28.83 ± 10.44y)

180″	pressure	at	UT	and	m.	splenius:
-		 PPT
-		 Max	VAS
-		 time	until	PTT
-		 VAS × time	function

T0:	1w
T1:	3w
T2:	4w
T3:	6w

T0	&	T1:
multivariate	comparison	of	pain	parameters	AWAD	>HC*
T2:	first	↓*	pressure	pain	in	AWAD
T2	and	T3:	pain	parameters	AWAD	=HC

=>	Sensitivity	higher	until	3m,	normal	at	6m

(Continues)
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with	 a	 reliable	 and	 standardized	 protocol.	 Questions	
that	were	not	applicable	for	the	respective	study	were	
not	assessed	(i.e.	absence	of	outcome	of	interest	at	the	
start	of	the	study	and	ascertainment	of	exposure).	Each	
study	could	score	a	maximum	of	10 stars	on	the	modi-
fied	 version	 of	 NOS.	 The	 methodological	 quality	 has	
also	been	indicated	by	a	colour;	the	greener	the	better	
the	quality.	After	assessing	the	methodological	quality,	
a	level	of	evidence	was	allocated	to	each	included	arti-
cle	and	a	level	of	conclusion	was	formulated	for	every	
section	of	the	results,	according	to	the	Evidence-	Based	
Guideline	 Development	 (EBRO)	 method	 (Burgers	 &	
van	Everdingen,	2004).

3 |  RESULTS

3.1 | Study selection

A	total	of	1704	citations	were	identified	through	the	selected	
electronic	databases.	Screening	of	references	did	not	result	in	
any	additional	inclusions.	After	removing	duplicates,	1277	ci-
tations	remained.	These	articles	were	screened	based	on	title	
and	abstract,	of	which	1248	were	found	ineligible.	The	full	text	
screening	of	29	potentially	relevant	studies	resulted	in	14	eligi-
ble	articles.	Two	of	them	had	a	cross-	sectional	design.	Whereas	
longitudinal	 analyses	 are	 favoured	 over	 cross-	sectional	 with	
respect	to	the	aim	of	this	review,	we	decided	to	focus	only	on	

Reference Study design Study sample Controls QST outcomes

Baseline/
Follow- up 
after injury Results Conclusion & Remarks

Sterling	
et	al.	(2003),	
Australia

Prospective	
longitudinal

80	AWAD	(56♀,	24♂;	
36.27 ± 12.69y)

Divided	in	groups:
1.	recovered	(NDI	<8%):	29
2.	mild	pain	and	disability	(NDI	

10–	28%):	30
3.	moderate/severe	(NDI	>30%):	

17

20	HC	(12♀,	8♂;	
40.1	±	13.6y)

1.	 PPT:	bilateral	at	cervical	spine,	median	
nerve,	m.	tibialis	anterior

2.	 HPT:	mid-	cervical
3.	 CPT:	mid-	cervical
4.	 BPPT

T0:	within	
1m

T1:	2m
T2:	3m
T3:	6m

1.	PPT:
-	.	 Gr3	<	other	groups	at	T3*
-	.	 Gr3 T0	=	T3
-	.	 group	1	and	2	<	HC*	at	cervical	spine	at	T0,	=	at	T1

2.	HPT:
-	.	 T0	=	T3	for	all	groups
-	.	 Gr3	<	HC*	(ES:	9.25)
-	.	 Gr3	<	Gr1*	(ES:	9.12)

3.	CPT:
	 -	.	 T0	=	T3	for	all	groups
	 -	.	 Gr3	>	HC*	(ES:	6.59)
	 -	.	 Gr3	>	Gr1*	(ES:	6.06)
	 -	.	 Gr3	>	Gr2*	(ES:	6.21)

4.	BPPT:
-	.	 elbow	ROM

5.	Gr2	&	Gr3	<	Gr1	&	HC*	at	T3
-	.	 VAS

6.	Gr2	&	Gr3	>	Gr1	&	HC	at	T0;	Gr2	=	HC	at	T1;	Gr3	>	HC*	at	T3

=>	local	hyperalgesia	at	1m.	Persists	in	group	3,	
resolved	by	2m	in	other	groups

Cluster	2:	Longitudinal	studies	of	patients	with	chronic	WAD

Sterling	
et	al.	(2006),	
Australia

Prospective	
longitudinal	
(sequel	
Sterling	et	al.	
2003)

65	CWAD
Divided	in	groups:
1.	Recovered:	26	(15♀,	11♂;	30.5	±	

8.4)
2.	Mild:	25	(19♀,	6♂;	36.4 ± 14.8)
3.	Moderate/severe:	14	(12♀,	2♂;	

45.6	±	13)

–	 1.	 PPT:	bilateral	at	cervical	spine,	upper	
limb,	m.	tibialis	anterior

2.	 HPT:	mid-	cervical
3.	 CPT:	mid-	cervical
4.	 BPPT

T0-	T3:	
Sterling	
et	al.	2003

T4:	2-	3y

1.	All	measurements:	T3	=	T4
2.	PPT/HPT/CPT:	Gr3	<	other	groups	at	T4*
3.	BPPT:
4.	elbow	ROM	Gr3	<	other	groups*
5.	VAS	Gr3	>	other	groups

=>	changed	sensitivity	in	group	3 remains	stable	
between	6m	and	3y

Olivegren	
et	al.	(1999),	
Sweden

Prospective	
longitudinal

22	CWAD	(16♀,	6♂;	37y	[22-	66y]) 30	HC	(20	♀,	10♂;	
32y	(19-	63y))

1.	 PPT:	14	points	at	neck,	shoulder	and	
elbow

2.	 pain	tolerance	thresholds:	distal	
phalanx	digit	2

T1:	1y
T2:	3y

1.	PPT:
-	.	 CWAD	T1 = T2,	except	UT*	(ES:	0.51)	and	ECRL*	(ES:	0.73)
-	.	 CWAD	<HC*

2.	Pain	tolerance	thresholds:	CWAD	T1	<	T2*

=>	Improvement	still	possible	after	1y,	but	limited

Dunne	
et	al.	(2012),	
Australia

Wait	list	group	
of	RCT	
(longitudinal	
design)

26	CWAD	(13♀,	13♂;	32.54	±	
7.09y)

13	allocated	to	
treatment,	13	to	
wait	list

1.	 PPT:	median	nerve,	m.	tibialis	anterior,	
cervical	spine

2.	 CPT:	cervical	spine
3.	 HPT:	cervical	spine

T0
T1:	10-	12w

T0 = T1	for	all	outcomes =>	No	changes	over	12 weeks
Time	after	injury:	mean =28.5 m,	range =3m–	5y

T A B L E  3  (Contiuned)
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longitudinal	data.	Accordingly,	12 studies	were	eventually	se-
lected	for	this	systematic	review.	The	specifics	of	the	two	cross-	
sectional	studies	can	be	found	in	File	S1.	An	overview	of	the	
selection	process	as	well	as	reasons	for	exclusion	are	depicted	
in	Figure	1.

3.2 | Study characteristics

The	 12	 included	 studies	 provide	 data	 of	 838	 patients	
with	WAD	and	233	controls.	Based	on	 the	Quebec	Task	
Force	 Classification	 (Hartling	 et	 al.,	 2001),	 three	 studies	
included	 patients	 with	 WAD	 grade	 I–	III	 (Daenen	 et	 al.,	

2014;	De	Kooning	et	al.,	2015;	Dunne	et	al.,	2012;	Kamper	
et	al.,	2011;	Olivegren	et	al.,	1999),	one	study	with	grade	
I–	II	 (Nebel	 et	 al.,	 2005),	 three	 studies	 with	 grade	 II–	III	
(Sterling,	2010;	Sterling	et	al.,	2003,	2006)	and	one	study	
with	 grade	 II	 (Chien	 et	 al.,	 2010).	 Four	 studies	 (Kasch	
et	al.,	 2001,	2002,	2005,	2008)	did	not	describe	 this	 clas-
sification,	but	also	excluded	patients	 in	case	of	 fractures	
or	dislocations	(i.e.	criteria	for	grade	IV).	Some	studies	di-
vided	their	subjects	 into	groups	based	on	their	recovery.	
Distribution	criteria	can	also	be	found	in	Table	3.	In	this	
review,	the	term	‘non-	recovered’	is	used	for	patients	who	
still	had	moderate	to	severe	pain	and	disability	6 months	
after	injury.

Reference Study design Study sample Controls QST outcomes

Baseline/
Follow- up 
after injury Results Conclusion & Remarks

Sterling	
et	al.	(2003),	
Australia

Prospective	
longitudinal

80	AWAD	(56♀,	24♂;	
36.27 ± 12.69y)

Divided	in	groups:
1.	recovered	(NDI	<8%):	29
2.	mild	pain	and	disability	(NDI	

10–	28%):	30
3.	moderate/severe	(NDI	>30%):	

17

20	HC	(12♀,	8♂;	
40.1	±	13.6y)

1.	 PPT:	bilateral	at	cervical	spine,	median	
nerve,	m.	tibialis	anterior

2.	 HPT:	mid-	cervical
3.	 CPT:	mid-	cervical
4.	 BPPT

T0:	within	
1m

T1:	2m
T2:	3m
T3:	6m

1.	PPT:
-	.	 Gr3	<	other	groups	at	T3*
-	.	 Gr3 T0	=	T3
-	.	 group	1	and	2	<	HC*	at	cervical	spine	at	T0,	=	at	T1

2.	HPT:
-	.	 T0	=	T3	for	all	groups
-	.	 Gr3	<	HC*	(ES:	9.25)
-	.	 Gr3	<	Gr1*	(ES:	9.12)

3.	CPT:
	 -	.	 T0	=	T3	for	all	groups
	 -	.	 Gr3	>	HC*	(ES:	6.59)
	 -	.	 Gr3	>	Gr1*	(ES:	6.06)
	 -	.	 Gr3	>	Gr2*	(ES:	6.21)

4.	BPPT:
-	.	 elbow	ROM

5.	Gr2	&	Gr3	<	Gr1	&	HC*	at	T3
-	.	 VAS

6.	Gr2	&	Gr3	>	Gr1	&	HC	at	T0;	Gr2	=	HC	at	T1;	Gr3	>	HC*	at	T3

=>	local	hyperalgesia	at	1m.	Persists	in	group	3,	
resolved	by	2m	in	other	groups

Cluster	2:	Longitudinal	studies	of	patients	with	chronic	WAD

Sterling	
et	al.	(2006),	
Australia

Prospective	
longitudinal	
(sequel	
Sterling	et	al.	
2003)

65	CWAD
Divided	in	groups:
1.	Recovered:	26	(15♀,	11♂;	30.5	±	

8.4)
2.	Mild:	25	(19♀,	6♂;	36.4 ± 14.8)
3.	Moderate/severe:	14	(12♀,	2♂;	

45.6	±	13)

–	 1.	 PPT:	bilateral	at	cervical	spine,	upper	
limb,	m.	tibialis	anterior

2.	 HPT:	mid-	cervical
3.	 CPT:	mid-	cervical
4.	 BPPT

T0-	T3:	
Sterling	
et	al.	2003

T4:	2-	3y

1.	All	measurements:	T3	=	T4
2.	PPT/HPT/CPT:	Gr3	<	other	groups	at	T4*
3.	BPPT:
4.	elbow	ROM	Gr3	<	other	groups*
5.	VAS	Gr3	>	other	groups

=>	changed	sensitivity	in	group	3 remains	stable	
between	6m	and	3y

Olivegren	
et	al.	(1999),	
Sweden

Prospective	
longitudinal

22	CWAD	(16♀,	6♂;	37y	[22-	66y]) 30	HC	(20	♀,	10♂;	
32y	(19-	63y))

1.	 PPT:	14	points	at	neck,	shoulder	and	
elbow

2.	 pain	tolerance	thresholds:	distal	
phalanx	digit	2

T1:	1y
T2:	3y

1.	PPT:
-	.	 CWAD	T1 = T2,	except	UT*	(ES:	0.51)	and	ECRL*	(ES:	0.73)
-	.	 CWAD	<HC*

2.	Pain	tolerance	thresholds:	CWAD	T1	<	T2*

=>	Improvement	still	possible	after	1y,	but	limited

Dunne	
et	al.	(2012),	
Australia

Wait	list	group	
of	RCT	
(longitudinal	
design)

26	CWAD	(13♀,	13♂;	32.54	±	
7.09y)

13	allocated	to	
treatment,	13	to	
wait	list

1.	 PPT:	median	nerve,	m.	tibialis	anterior,	
cervical	spine

2.	 CPT:	cervical	spine
3.	 HPT:	cervical	spine

T0
T1:	10-	12w

T0 = T1	for	all	outcomes =>	No	changes	over	12 weeks
Time	after	injury:	mean =28.5 m,	range =3m–	5y
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This	review	covers	data	of	assessments	starting	from	the	
first	week	up	to	3 years	after	whiplash	injury.	First,	five	stud-
ies	 (Chien	et	al.,	2010;	Nebel	et	al.,	2005;	Olivegren	et	al.,	
1999;	Sterling,	2010;	Sterling	et	al.,	2003)	followed	patients	
with	acute	WAD	and	compared	them	with	healthy	controls.	
Second,	 three	 studies	 (Kasch	 et	 al.,	 2001,	 2002,	 2005)	 fol-
lowed	acute	patients	as	well,	but	compared	them	with	an-
other	acute	pain	population.	Third,	 three	 studies	 reported	
no	comparative	data	but	followed	a	cohort	of	patients	with	
WAD	(Kamper	et	al.,	2011;	Kasch	et	al.,	2008;	Sterling	et	al.,	
2006).	And	last,	one	randomized	controlled	trial	(RCT)	com-
pared	baseline	and	follow-	up	data	of	a	waitlist	group	of	pa-
tients	with	chronic	WAD	(Dunne	et	al.,	2012).	A	considerable	

amount	of	the	included	studies	was	published	by	just	two	re-
search	groups	(i.e.	Sterling	et	al.	and	Kasch	et	al.).	However,	
with	the	exception	of	one	study	(Sterling	et	al.,	2006)	that	
was	 the	 continuation	 of	 a	 previous	 study	 (Sterling	 et	 al.,	
2003),	they	all	describe	data	of	a	new	sample.

All	 studies,	 except	 Chien	 et	 al.	 (2010),	 measured	
sensitivity	 for	 pressure	 by	 algometry.	 Five	 studies	
measured	thermal	pain	thresholds	(Chien	et	al.,	2010;	
Dunne	et	al.,	2012;	Sterling,	2010;	Sterling	et	al.,	2003,	
2006)	 and	 only	 one	 examined	 electrical	 pain	 thresh-
olds	 (Chien	 et	 al.,	 2010).	 The	 studies	 by	 Sterling	
et	 al.	 also	 included	 BPPT	 (Sterling	 et	 al.,	 2003,	 2006)	
or	NFR	(Sterling,	2010).	During	the	BPPT,	mechanical	

F I G U R E  1  Preferred	reporting	items	for	systematic	reviews	and	meta-	analyses	flow	diagram
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sensitivity	of	 the	plexus	brachialis	 is	assessed	by	con-
trolled	 longitudinal	 provocation,	 whilst	 scoring	 range	
of	motion,	protective	muscle	activity	and	reproduction	
of	pain	(Sterling	et	al.,	2002).	NFR	thresholds	are	deter-
mined	by	measuring	the	lowest	intensity	of	sural	nerve	
electrical	stimulation	to	release	a	reflex	motor	response	
in	 the	 biceps	 femoris	 (Lim	 et	 al.,	 2011).	 Conditioned	
pain	modulation	(CPM),	described	as	an	evaluation	of	
the	 endogenous	 pain	 inhibitory	 pathway	 by	 combin-
ing	a	painful	conditioning	stimulus	with	a	painful	test	
stimulus	(Yarnitsky	et	al.,	2010),	was	only	described	in	
one	studies	(Kasch	et	al.,	2005).	Unfortunately,	tempo-
ral	summation,	an	increased	pain	reaction	that	occurs	
when	 repetitive	 noxious	 stimulation	 is	 applied	 to	 the	
skin	more	often	than	once	every	3 s	(Price	et	al.,	1977),	
was	not	described	by	one	of	the	included	studies.

3.3 | Risk of bias and level of evidence

Risk	of	bias	and	level	of	evidence	of	the	included	studies	are	
presented	 in	Table	4.	An	agreement	of	86%	on	methodo-
logical	quality	(121/140	items)	was	achieved	between	both	
reviewers	(J.B.	and	D.L).	In	general,	 the	included	studies	
scored	 moderate	 to	 good.	 The	 most	 prominent	 source	 of	
risk	of	bias	was	the	 lack	of	sample	size	calculation.	Only	
three	studies	reported	an	a	priori	sample	size	calculation	
and	adhered	to	this	sample	size	(Kasch	et	al.,	2001,	2002;	

Sterling,	 2010).	 Another	 item	 causing	 increased	 risk	 of	
bias,	was	the	blinding	of	the	assessors	for	previous	results	
and	medical	history.	This	was	described	in	only	four	arti-
cles	(Chien	et	al.,	2010;	Sterling,	2010;	Sterling	et	al.,	2003,	
2006).	 All	 but	 three	 studies	 (Dunne	 et	 al.,	 2012;	 Kamper	
et	al.,	2011;	Olivegren	et	al.,	1999)	 that	 included	patients	
with	acute	WAD,	screened	for	previous	whiplash	traumas	
and	chronic	pain	conditions.	All	studies	that	involved	con-
trols	justified	comparability	for	age	and	gender.	Only	two	
longitudinal	 studies	 had	 a	 follow-	up	 period	 of	 less	 than	
3 months	(Dunne	et	al.,	2012;	Nebel	et	al.,	2005).	Finally,	
the	QST	protocol	was	well	described	in	the	majority	of	the	
studies	(with	the	exception	for	Kasch	et	al.,	2008;	Olivegren	
et	al.,	1999),	but	only	6	of	the	12	included	studies	used	a	
validated	protocol	(Daenen	et	al.,	2014;	De	Kooning	et	al.,	
2015;	Dunne	et	al.,	2012;	Kasch	et	al.,	2008;	Nebel	et	al.,	
2005;	Sterling,	2010;	Sterling	et	al.,	2003,	2006).

Regarding	 the	 level	of	 evidence,	 the	 reviewers	agreed	
about	 10	 of	 the	 12  studies	 (86%).	 After	 deliberation,	 six	
studies	were	classified	as	level	A2	and	six	studies	as	level	B.

4 |  RESULTS OF INDIVIDUAL 
STUDIES — SYNTHESIS OF RESULTS

With	the	intention	to	divide	results	 into	central	changes	
during	 the	 acute	 and	 during	 the	 chronic	 phase,	 studies	
were	 allocated	 to	 one	 of	 the	 following	 two	 clusters:	 (1)	

T A B L E  4  Methodological	quality

NOS cohort

Study Selection Comparability Outcome Stars LOE

1 2 3 4 5 6 7 8 9 10

Chien	et	al.	(2010) a	* a	* a	* a	* c a	* d a	* a	* b 7/10 B

Dunne	et	al.	(2012) a	* NA b NA b b b	* c a	* a	* 4/8 B

Kamper	et	al.	(2011) a	* NA b NA c a	* c c a	* b 3/8 B

Kasch	et	al.	(2001) d b a	* a	* a	* a	* a	* c a	* b 6/10 A2

Kasch	et	al.	(2002) b b a	* a	* a	* a	* b	* c a	* b 6/10 A2

Kasch	et	al.	(2005) b c a	* a	* c a	* c c a	* b 4/10 B

Kasch	et	al.	(2008) a	* NA a	* NA c a	* c c b a	* 4/8 B

Nebel	et	al.	(2005) b a	* a	* a	* c b b	* c a	* a	* 6/10 B

Olivegren	et	al.	
(1999)

c c b a	* c a	* b	* c b b 3/10 B

Sterling	et	al.	(2003) a	* a	* a	* a	* c a	* b* a	* a	* a	* 9/10 A2

Sterling	et	al.	(2006) a	* NA a	* NA c a	* b* a	* a	* a	* 7/8 A2

Sterling	et	al.	(2010) a	* a	* a	* a	* a	* a	* b* a	* a	* a	* 10/10 A2

1 = case	definition;	2 = selection	of	controls;	3 = ascertainment	of	WAD-	related	complaints;	4 = comparability;	5 = sample	size;	6 = duration	of	follow-	up;	
7 = lost	to	follow-	up;	8 = blind	assessment;	9 = description	of	QST	protocol;	10 = reliability	of	QST	protocol;	LOE = level	of	evidence;	NA = not	applicable;	
a = full	accordance	to	the	requirements/minimal	risk	of	bias;	b = requirements	not	completely	met/possible	risk	of	bias;	c = requirements	not	met/strong	risk	
of	bias;	d = no	statement;	* = NOS	star.
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longitudinal	studies	of	patients	with	acute	WAD,	(2)	lon-
gitudinal	studies	of	patients	with	chronic	WAD	(Table	5).

4.1 | Longitudinal studies of patients 
with acute WAD

The	first	cluster	comprised	nine	studies	starting	with	baseline	
testing	within	the	first	4 weeks	after	whiplash	injury	(Chien	
et	al.,	2010;	Kamper	et	al.,	2011;	Kasch	et	al.,	2001,	2002,	2005,	
2008;	Nebel	et	al.,	2005;	Sterling,	2010;	Sterling	et	al.,	2003).

4.2 | Mechanical hyperalgesia

Sensitivity	for	pressure	was	the	most	commonly	measured	
outcome	 in	 these	 studies.	 Six	 studies	 described	 pressure	
algometry	 at	 a	 local	 area	 (neck	 or	 shoulders),	 reflecting	
local	mechanical	hyperalgesia	(Kamper	et	al.,	2011;	Kasch	
et	al.,	2001,	2008;	Nebel	et	al.,	2005;	Sterling,	2010;	Sterling	
et	al.,	2003).	Five	of	these	studies	concluded	that	sensitiv-
ity	for	pressure	is	increased	in	the	first	month	after	whip-
lash	injury,	when	comparing	with	a	control	group	(Kamper	
et	al.,	2011;	Kasch	et	al.,	2001;	Nebel	et	al.,	2005;	Sterling,	
2010;	Sterling	et	al.,	2003).	These	findings	normalized	after	
4 weeks	(Nebel	et	al.,	2005),	3 months	(Kamper	et	al.,	2011)	
or	 6  months	 (Kasch	 et	 al.,	 2001).	 Two	 studies	 by	 Sterling	
et	al.	(Sterling,	2010;	Sterling	et	al.,	2003)	found	that	the	de-
velopment	 of	 mechanical	 hyperalgesia	 was	 influenced	 by	
recovery.	Pressure	pain	thresholds	(PPTs)	of	patients	who	
were	 fully	 recovered	or	had	only	mild	pain	and	disability	
(Neck	Disability	 Index	[NDI]	score	<28%)	after	6 months	
were	 no	 longer	 different	 from	 controls	 after	 2  months	
(Sterling	et	al.,	2003).	In	contrast,	patients	who	developed	
moderate	to	severe	pain-	related	disability	(NDI	score	>30%)	
persistently	 showed	 lower	 PPTs.	 The	 divided	 outcome	
depending	on	 the	extent	of	 recovery	can	be	 supported	by	
Kasch	et	al.	(2008),	who	concluded	that	hypersensitivity	for	
pressure	only	remained	in	non-	recovered	patients.

To	conclude,	there	is	strong	evidence	for	local	mechan-
ical	 hyperalgesia	 within	 the	 first	 month	 after	 whiplash	
injury	(level	of	conclusion	1).	Overall,	these	findings	nor-
malize	within	 the	 first	3–	6 months	post-	injury.	However,	
only	recovered	patients	show	these	normalizations.	Local	
mechanical	hyperalgesia	remains	stable	from	1	to	6 months	
in	non-	recovered	patients	(level	of	conclusion	2).

Six	studies	included	pressure	measurements	at	a	remote	
non-	injured	area,	reflecting	widespread	mechanical	hyper-
algesia	(Kamper	et	al.,	2011;	Kasch	et	al.,	2001,	2002,	2008;	
Sterling,	2010;	Sterling	et	al.,	2003).	The	studies	by	Kasch	
et	al.	(2001)	and	Kasch	et	al.	(2002)	reported	that	PPTs	at	
an	asymptomatic	location	were	similar	across	patients	with	
WAD	 and	 ankle-	injured	 controls.	 Additionally,	 Kamper	

et	al.	(2011)	found	no	changes	in	distal	PPTs	shortly	after	
injury	compared	to	3 months	later.	Studies	that	divided	pa-
tients	based	on	recovery	found	that	only	the	non-	recovered	
group	showed	lower	PPTs	at	distal	locations,	compared	to	
healthy	controls	(Sterling,	2010;	Sterling	et	al.,	2003).	These	
findings	 occurred	 from	 the	 first	 assessment	 (at	 3  weeks)	
and	 remained	 during	 all	 examinations	 (until	 6  months’	
post-	injury).	 Furthermore,	 another	 study	 by	 Kasch	 et	 al.	
(2008)	noted	lower	distal	PPTs	in	non-	recovered	compared	
to	recovered	patients	at	12 months.

In	summary,	there	is	strong	evidence	that	widespread	me-
chanical	hyperalgesia	does	not	occur	at	any	stage	in	the	total	
WAD	group	(level	of	conclusion	1).	It	is	likely	that	widespread	
hyperalgesia	 for	 pressure	 is	 only	 present	 in	 non-	recovered	
patients,	 appearing	 soon	 after	 injury	 and	 remaining	 stable	
through	the	following	stages	(level	of	conclusion	2).

4.3 | Thermal hyperalgesia

Only	two	studies	utilized	thermal	measurements	(Sterling,	
2010;	 Sterling	 et	 al.,	 2003).	 These	 studies	 showed	 lower	
heat	(Sterling	et	al.,	2003)	and	higher	cold	pain	thresholds	
(Sterling,	2010;	Sterling	et	al.,	2003)	at	the	cervical	spine	in	
non-	recovered	patients	compared	to	healthy	controls	and	
recovered	 patients,	 from	 the	 first	 month	 until	 6  months	
post-	injury.	Unfortunately,	no	studies	measured	thermal	
hyperalgesia	at	a	remote	location.

There	is	moderate	evidence	that	local	hyperalgesia	for	
thermal	 stimuli	 only	 occurs	 in	 the	 non-	recovered	 group	
and	 is	 present	 from	 the	 early	 post-	injury	 phase	 until	 at	
least	6 months	(level	of	conclusion	2).

4.4 | Sensory hypoesthesia

Chien	 et	 al.	 (2010)	 examined	 sensory	 detection	 thresh-
olds	at	the	hand.	Cold	detection	thresholds	were	lower	in	
patients	 with	 WAD	 than	 in	 healthy	 controls	 in	 the	 first	
month,	 but	 normalized	 within	 3  months.	 No	 difference	
was	found	in	heat	detection	thresholds	between	patients	
with	 acute	 WAD	 and	 controls.	 Elevated	 heat	 detection	
thresholds	were	solely	seen	 in	non-	recovered	patients	at	
3	 and	 6  months.	 In	 the	 first	 month,	 electrical	 detection	
thresholds	 were	 higher	 in	 all	 patients	 with	 acute	 WAD	
than	in	controls.	At	3	and	6 months,	only	electrical	detec-
tion	thresholds	from	non-	recovered	patients	still	differed	
from	controls.	Vibration	detection	thresholds	were	signifi-
cantly	 higher	 in	 non-	recovered	 patients	 than	 in	 healthy	
controls,	but	not	in	the	total	or	recovered	group.

Although	 only	 one	 study	 measured	 detection	 thresh-
olds,	there	is	evidence	of	moderate	quality	that	supports	
the	 presence	 of	 hypoesthesia	 soon	 after	 injury,	 which	
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persists	predominantly	in	non-	recovered	patients	(level	of	
conclusion	3).

4.5 | Pain tolerance

Kasch	 et	 al.	 (2005)	 found	 lower	 pressure	 pain	 tolerance	
thresholds	 in	 patients	 with	 WAD	 compared	 to	 ankle-	
injured	 controls	 after	 3	 and	 6  months,	 but	 not	 after	
12 months.	A	reduction	in	cold	pressure	pain	endurance	
was	solely	seen	in	non-	recovered	patients	and	was	present	
immediately	after	injury.

To	 conclude,	 pain	 tolerance	 seems	 to	 be	 reduced	
during	 the	 first	6 months	and	 is	 likely	 to	persist	only	 in	
non-	recovered	patients	(level	of	conclusion	3).

4.6 | Conditioned pain modulation

Evaluation	 of	 the	 endogenous	 pain	 inhibition	 mecha-
nisms	 by	 adding	 a	 painful	 conditioning	 stimulus	 to	 the	
test	stimulus,	was	only	performed	by	Kasch	et	al.	(2005).	
Pressure	 pain	 tolerance	 thresholds	 during	 immersion	 of	
the	hand	in	cold	water	were	significantly	reduced	in	pa-
tients	with	WAD	compared	to	controls	at	6 months,	but	
not	at	3	and	12 months.	These	thresholds	were	also	lower	
in	 non-	recovered	 patients	 than	 in	 recovered	 patients	 at	
6 months.	Comparing	pain	tolerance	before	and	after	the	
cold	 water	 immersion,	 to	 asses	 CPM	 responses,	 showed	
no	 differences	 in	 controls	 and	 patients,	 except	 for	 non-	
recovered	patients	at	6 months.

No	strong	conclusion	could	be	made	about	endogenous	
pain	modulation,	as	this	study	failed	to	demonstrate	a	sig-
nificant	CPM	effect	in	patients	or	controls.

4.7 | Brachial plexus provocation test

Sterling	et	al.	 (2003)	 reported	 lower	elbow	range	of	mo-
tion	 and	 higher	 VAS-	scores	 in	 the	 non-	recovered	 group	
than	in	the	recovered	and	control	group	in	the	first	month.	
Although	the	recovered	group	showed	similar	results	on	
the	 BPPT	 as	 controls	 after	 2  months,	 the	 non-	recovered	
group	showed	no	change	over	time.

These	findings	suggest	altered	BPPT,	starting	from	the	
early	stage,	in	patients	who	do	not	recover	(level	of	con-
clusion	2).

4.8 | Nociceptive flexion reflex

The	NFR	following	electrical	stimulation	to	the	sural	nerve	
at	the	ankle	was	measured	by	electromyography	(EMG)	at	

the	biceps	femoris	muscle,	in	the	study	by	Sterling	(2010).	
Three	weeks	after	injury,	whiplash	patients	showed	lower	
NFR	thresholds	than	controls.	At	3	and	6 months,	the	dif-
ference	persisted	only	in	the	non-	recovered	group.

Although	evidence	is	limited	to	one	study,	there	is	mod-
erate	evidence	for	spinal	cord	hyperexcitability,	measured	
by	NFR,	soon	after	whiplash	injury	and	is	only	persisting	
in	non-	recovered	patients	(level	of	conclusion	2).

4.9 | Longitudinal studies of patients 
with chronic WAD

A	second	cluster	was	made	for	 longitudinal	studies	as-
sessing	 patients	 with	 chronic	 WAD	 at	 two	 different	
moments,	 in	 order	 to	 reach	 conclusions	 on	 temporal	
changes	 in	 the	 chronic	 stage.	 The	 study	 by	 Olivegren	
et	 al.	 (1999)	 found	 no	 differences	 in	 PPTs	 between	 as-
sessments	at	1	and	3 years	after	injury	at	12	of	the	14 lo-
cations,	 albeit	 increased	 PPTs	 at	 the	 trapezius	 muscle	
and	extensor	carpi	radialis	longus.	With	the	exception	of	
a	remarkable	increase	in	pain	tolerance	level,	this	study	
implies	 improvement	 in	 the	 chronic	 stage	 is	 limited.	
The	 study	 by	 Sterling	 et	 al.	 (2006)	 was	 a	 continuation	
of	their	study	in	2003	(Sterling	et	al.,	2003)	with	an	as-
sessment	after	2–	3 years.	By	measuring	BPPT,	local	and	
distal	PPTs	and	mid-	cervical	heat	and	cold	pain	thresh-
olds,	 they	 found	 no	 differences	 between	 the	 6  month’	
and	the	3 years’	assessment.	Only	the	results	of	the	non-	
recovered	 group	 remained	 different	 from	 healthy	 con-
trols.	 The	 RCT	 by	 Dunne	 et	 al.	 (2012)	 was	 considered	
as	a	longitudinal	study,	as	only	the	results	of	the	control	
intervention	 group	 were	 extracted.	 This	 rather	 small	
group	of	patients	with	chronic	WAD	was	examined	two	
times	with	an	interval	of	12 weeks.	No	differences	across	
time	points	were	established	in	local	and	distal	PPTs	or	
local	heat	or	cold	pain	thresholds.

To	 conclude,	 there	 is	 moderate	 evidence	 that	 im-
paired	sensory	function	is	present	in	the	chronic	phase	
and	 is	 likely	 to	maintain	during	 the	 late	chronic	phase	
(level	 of	 conclusion	 2).	 However,	 minor	 improvements	
are	possible.

5 |  DISCUSSION

To	 our	 knowledge,	 this	 is	 the	 first	 systematic	 review	 to	
summarize	 changes	 in	 QST	 outcomes	 from	 the	 acute	
until	the	late	chronic	phase	in	patients	with	chronic	WAD	
grade	I–	III,	based	on	the	Quebec	Task	Force	Classification	
(Hartling	et	al.,	2001).	In	general,	results	show	adaptations	
in	the	nociceptive	pathways.	These	changes	occur	within	
the	 first	month	and	seem	to	normalize	within	3 months	
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in	 most	 patients.	 This	 normalization	 follows	 the	 princi-
ples	 and	 timeline	 of	 normal	 soft-	tissue	 repair	 (Järvinen	
et	al.,	2014).	However,	in	patients	who	eventually	develop	
chronic	complaints,	the	somatosensory	function	remains	
disturbed	for	years.

Several	reviews	have	focussed	on	altered	pain	process-
ing	in	the	acute	or	the	chronic	phase	separately,	but	not	
combined	(Curatolo	et	al.,	2004;	Marcuzzi	et	al.,	2015;	Van	
Oosterwijck	et	al.,	2013).	In	addition,	many	studies	exam-
ined	recovery	after	whiplash,	but	the	great	majority	only	
used	 questionnaires	 and	 were	 restricted	 to	 self-	reported	
parameters	(Al-	Khazali	et	al.,	2020;	Kamper	et	al.,	2008).	
In	contrast,	QST	has	the	advantage	to	be	semi-	objective,	
combining	 physiological	 and	 psychological	 factors	 to	
evaluate	 the	 mechanisms	 underlying	 the	 pain	 experi-
ence.	Those	mechanisms	do	not	necessarily	correlate	with	
subjective	symptoms	and	are	implicated	in	the	transition	
from	acute	to	chronic	pain	(Uddin	&	MacDermid,	2016).

Three	static	(i.e.	targeting	pain	thresholds)	and	three	dynamic	
(i.e.	CPM,	BPPT	and	NFR)	QST	measures	were	described:

First,	 strong	 evidence	 was	 found	 for	 mechanical	 hy-
peralgesia	 in	 symptomatic	 areas	 within	 the	 first	 month.	
These	impairments	normalized	within	3 months.	Patients	
who	did	not	recover	remained	mechanical	hypersensitive	
during	 all	 post-	injury	 phases.	 This	 dovetails	 with	 a	 sys-
tematic	 review	 that	 reports	 recovery	 of	 most	 patients	 in	
the	 initial	 3  months	 and	 limited	 improvements	 beyond	
this	 point	 (Kamper	 et	 al.,	 2008).	 Furthermore,	 mechan-
ical	 sensitivity	 in	 patients	 with	WAD	 differed	 only	 from	
controls	 when	 measured	 at	 local	 areas.	 This	 suggests	
that	 local	 mechanical	 hyperalgesia	 occurs	 in	 the	 acute	
phase,	but	generally	widespread	mechanical	hyperalgesia	
does	 not.	 Hyperalgesia	 at	 asymptomatic	 areas	 was	 only	
found	in	patients	who	eventually	developed	chronic	pain.	
Hence,	 the	non-	recovered	subgroup	 tends	 to	 show	signs	
of	 adaptations	 of	 the	 central	 nervous	 system	 soon	 after	
injury.	The	crucial	role	of	central	sensitization	in	the	per-
sistence	of	pain	complaints	(Van	Oosterwijck	et	al.,	2013)	
indicates	the	high	risk	of	chronicity	in	patients	with	initial	
widespread	 mechanical	 hyperalgesia.	 Pressure	 algome-
try	is	a	reliable	tool	to	assess	mechanical	hyperalgesia	in	
patients	 with	 chronic	 neck	 pain	 (Jorgensen	 et	 al.,	 2014;	
Prushansky	et	al.,	2007)	and	healthy	persons	(Cathcart	&	
Pritchard,	2006).	However,	caution	is	needed	when	inter-
preting	widespread	hyperalgesia	as	a	 central	adaptation,	
as	peripheral	involvement	cannot	be	completely	excluded.

Second,	thermal	pain	thresholds	are	commonly	used	
in	QST	and	have	shown	good	reproducibility	(Heldestad	
et	 al.,	 2010;	 Wasner	 &	 Brock,	 2008).	 They	 are	 strongly	
correlated	 with	 pressure	 and	 electrical	 pain	 thresholds	
(Neddermeyer	 et	 al.,	 2008),	 but	 have	 additional	 value	
in	 identifying	 high-	risk	 patients.	 Especially	 the	 pres-
ence	of	cold	hyperalgesia	is	predictive	for	poor	outcome	

after	whiplash	 injury	(Sterling	et	al.,	2005).	The	results	
of	 this	 review	 also	 suggest	 that	 sensitivity	 for	 thermal	
stimuli	follows	the	same	pattern	as	mechanical	sensitiv-
ity.	Thermal	hyperalgesia	occurs	within	the	first	month,	
but	 only	 in	 the	 group	 that	 developed	 moderate	 to	 se-
vere	symptoms.	Unfortunately,	thermal	thresholds	were	
only	 measured	 at	 the	 cervical	 spine	 and	 consequently	
no	statement	could	be	made	about	widespread	thermal	
hyperalgesia.	However,	previous	studies	described	ther-
mal	hyperalgesia	at	remote	areas	in	chronic	WAD	(Van	
Oosterwijck	 et	 al.,	 2013),	 as	 well	 as	 in	 other	 chronic	
conditions	 such	 as	 knee	 osteoarthritis	 (Moss	 et	 al.,	
2016),	 chronic	 myofascial	 temporomandibular	 disorder	
(Fernandez-	de-	las-	Penas	 et	 al.,	 2010)	 and	 chronic	 low	
back	pain	(Hübscher	et	al.,	2014).

Third,	 sensory	 detection	 thresholds	 were	 only	 de-
scribed	in	one	study	(Chien	et	al.,	2010),	but	correspond	
with	previous	findings	in	acute	and	chronic	WAD	(Chien	
et	al.,	2008,	2009).	Evidence	was	provided	for	hypoesthesia	
soon	after	injury	in	non-	recovered	patients.	This	indicates	
that	 central	 facilitatory,	 as	 well	 as	 inhibitory	 processes,	
are	early	affected	in	this	subgroup.	Patients	with	chronic	
pain	 often	 report	 numbness	 in	 the	 painful	 area,	 even	 in	
the	absence	of	structural	peripheral	or	central	nerve	lesion	
(Geber	et	al.,	2008;	Moriwaki	&	Yuge,	1999).	This	sensory	
decline	 in	 clinical	 pain	 conditions	 has	 also	 been	 shown	
by	 experimentally	 induced	 pain	 in	 healthy	 individuals,	
supporting	that	pain-	induced	somatosensory	plasticity	in-
duces	hypoesthesia	and	hyperalgesia	 (Geber	et	al.,	2008;	
Magerl	&	Treede,	2004).	Both	are	caused	by	altered	pro-
cessing	by	neurons	in	the	central	nervous	system,	leading	
to	central	inhibition	of	non-	painful	processing	(Moriwaki	
&	Yuge,	1999).	However,	remarkably	different	brain	pro-
cessing	 is	 involved	 in	 hypoesthesia	 than	 in	 hyperalgesia	
(Stammler	et	al.,	2008).

Fourth,	 few	 studies	 executed	 dynamic	 QST	 methods.	
Results	of	the	BPPT,	CPM	and	NFR	measurements	suggest	
early	changes	 in	central	hyperexcitability	as	well	as	dys-
functional	pain	inhibition	in	the	group	of	non-	recovered	
patients.	 Notwithstanding	 the	 importance	 of	 evaluating	
the	 level	 of	 excitability	 or	 inhibition,	 the	 knowledge	 on	
temporal	 changes	 of	 dynamic	 QST	 measurements	 re-
mains	inconclusive.

Moderate	 evidence	 was	 found	 that	 improvements	 in	
pain	and	disability	as	well	as	in	QST	outcomes	stagnate	after	
3 months.	This	highlights	the	need	for	early	detection	and	
treatment	of	high-	risk	patients.	As	QST	measurements	es-
pecially	 showed	 to	 be	 altered	 in	 patients	 that	 eventually	
develop	 chronic	 complaints,	 there	 might	 be	 a	 prognostic	
role	for	QST	in	clinical	practice.	A	lot	of	prognostic	factors	
have	been	previously	demonstrated,	that	is,	cold	hyperalge-
sia	 (Goldsmith	 et	 al.,	 2012),	 general	 psychological	 distress	
(Kamper	 et	 al.,	 2008),	 age	 and	 gender	 (Cote	 et	 al.,	 2001;	



240 |   BONTINCK et al.

Walton	et	al.,	2013).	Yet,	these	findings	are	inconsistent.	Only	
high	initial	neck	pain	and	disability	are	widely	accepted	as	a	
prognostic	factor	for	chronic	complaints	(Sarrami	et	al.,	2017;	
Scholten-	Peeters	et	al.,	2003).	Notwithstanding	the	potential	
added	value	of	these	prognostic	factors,	understanding	the	
processes	involved	in	chronification	is	essential	to	decrease	
the	prevalence	of	chronic	pain	conditions.	Nevertheless,	the	
presence	of	altered	sensory	function	in	high-	risk	patients	in	
the	earliest	tests	arises	the	question	if	there	was	not	already	
a	difference	in	pain	processing	before	the	trauma.	Some	pa-
tients	are	possibly	predisposed	to	develop	chronic	pain	due	
to	 an	 already	 impaired	 somatosensory	 system	 before	 the	
injury.	 Also,	 genetic	 variants	 can	 induce	 predisposition	 to	
chronic	pain	(Zorina-	Lichtenwalter	et	al.,	2016).	This	argu-
mentation	could	also	explain	why	high	initial	pain	is	such	an	
important	prognostic	factor.	But	of	course,	it	is	not	feasible	to	
assess	patients	before	their	accident.	This	only	strengthens	
the	need	for	early	screening	in	order	to	provide	appropriate	
mechanism-	based	management	strategies	in	the	acute	stage.

Previous	studies	provided	evidence	that	due	to	adap-
tations	of	neurons	in	the	central	nervous	system,	the	pain	
is	no	longer	corresponding	with	the	presence,	intensity	
or	duration	of	noxious	peripheral	stimuli	(Latremoliere	
&	Woolf,	 2009;	 Uddin	 &	 MacDermid,	 2016).	 Moreover,	
peripheral	nociceptive	input	might	even	not	be	required	
to	 provoke	 pain	 hypersensitivity	 (Harte	 et	 al.,	 2018;	
Woolf,	2011).	On	the	other	hand,	some	studies	show	that	
central	adaptations	depend	on	the	presence	of	nocicep-
tive	 input	 (Curatolo,	2011;	Herren-	Gerber	et	 al.,	 2004).	
In	60%	of	the	patients	with	chronic	WAD,	the	zygapoph-
ysial	 joints	are	a	 source	of	pain	 (Lord	et	 al.,	 1996)	and	
selective	nerve	blocks	in	the	cervical	spine	decreases	sen-
sory	 hypersensitivity	 (Schneider	 et	 al.,	 2010).	 Based	 on	
an	MRI	study,	unhealed	ligaments	in	the	upper	cervical	
spine	in	patients	with	chronic	WAD	are	associated	with	
pain	 and	 disability	 (Kaale	 et	 al.,	 2005).	 Furthermore,	
neuroinflammation	 in	 the	 peripheral	 and	 central	 ner-
vous	 system	 may	 be	 involved	 in	 the	 development	 of	
central	sensitisation	(Ji	et	al.,	2018).	This	could	also	be	
an	 explanation	 for	 the	 sensory	 changes,	 as	 systematic	
inflammation	was	found	to	contribute	to	the	chronifica-
tion	of	WAD	(Farrell	et	al.,	2020).	The	altered	response	
to	stimuli	can	also	be	caused	by	lesions	or	diseases	of	the	
somatosensory	 nervous	 system,	 as	 seen	 in	 neuropathic	
pain	 mechanisms	 (Baron	 et	 al.,	 2017;	 Merskey,	 1994).	
Patients	with	WAD	can	show	local	hypersensitivity	due	
to	peripheral	nerve	damage,	muscle	 tension	or	cervical	
malposition.	Widespread	hypersensitivity	can,	however,	
not	be	unilaterally	explained	by	peripheral	lesions.	Their	
pain	 mechanism	 is	 therefore	 often	 described	 as	 ‘noci-
plastic	pain’	(Kosek	et	al.,	2021),	which	is	defined	by	The	
International	 Association	 for	 the	 Study	 of	 Pain	 (IASP)	
as	 pain	 that	 arises	 from	 altered	 nociception	 despite	

no	 clear	 evidence	 of	 actual	 or	 threatened	 tissue	 dam-
age	 causing	 the	 activation	 of	 peripheral	 nociceptors	 or	
threatened	tissue	damage	causing	the	activation	(Kosek	
et	 al.,	 2016).	 However,	 there	 are	 many	 similarities	 in	
underlying	 mechanisms	 of	 sensitization	 between	 neu-
ropathic	 and	 musculoskeletal	 chronic	 pain	 conditions	
(Arendt-	Nielsen	 &	 Graven-	Nielsen,	 2011).	 Involvement	
of	peripheral	nerve	tissue	in	the	changed	sensitivity	can-
not	be	excluded.	Previous	research	showed	that	34%	of	
patients	 with	 acute	 WAD	 demonstrate	 predominantly	
neuropathic	pain	(Sterling	&	Pedler,	2009).	In	addition,	
a	mix	of	pain	mechanisms	is	frequently	seen	in	patients	
with	chronic	pain.	The	level	of	certainty	that	a	patient's	
pain	 is	 neuropathic	 in	 nature	 can	 be	 evaluated	 by	 the	
neuropathic	pain	grading	system	(Finnerup	et	al.,	2016),	
which	 is	 taking	 into	 account	 the	 history	 of	 neurologi-
cal	 lesions,	 pain	 distribution,	 clinical	 examination	 and	
diagnostic	 tests.	 Identifying	 the	 patient's	 pain	 mecha-
nism,	based	on	the	clinical	pattern	and	the	presence	of	
detectable	nerve	or	tissue	damage,	could	help	guide	the	
rehabilitation	approach	(Nijs	et	al.,	2016)	and	could	also	
shed	more	light	on	the	extent	to	which	such	mechanisms	
contribute	to	alterations	in	pain	processing.

It	 is	nevertheless	possible	 that	QST	outcomes	are	al-
tered	as	a	consequence	of	pain,	disability	or	psychosocial	
factors.	That	 could	 explain	 why	 they	 only	 normalize	 in	
patients	 without	 persisting	 pain.	 Hence,	 it	 remains	 un-
clear	whether	ongoing	nociceptive	input	is	necessary	for	
central	sensitization.	This	makes	it	difficult	for	clinicians	
to	decide	to	focus	more	on	affecting	peripheral	input	or	
on	 central	 changes	 and	 psychological	 distress.	 Patients	
with	WAD	often	experience	psychological	distress,	for	in-
stance	caused	by	anxiety,	depression,	compensation	claim	
lodgement	or	post-	traumatic	stress	symptoms	(Andersen	
et	 al.,	 2011;	 Sterling	 et	 al.,	 2010).	 Psychological	 factors	
are	even	found	to	be	predictors	of	poor	outcome	(Sterling	
et	 al.,	 2006).	 Abnormalities	 in	 stress-	regulating	 systems	
have	also	been	demonstrated	after	whiplash	injury	(Gaab	
et	al.,	2005).	Even	 in	 the	absence	of	 tissue	 injury,	stress	
can	 alter	 pain	 sensitivity	 and	 induce	 allodynia	 and	 hy-
peralgesia	(Crettaz	et	al.,	2013;	McLean,	1976;	Olango	&	
Finn,	2014).	This	may	 indicate	 that	stress	plays	a	major	
role	 in	 the	 maintenance	 of	 hypersensitivity,	 which	 this	
review	 shows	 to	 be	 present	 in	 non-	recovered	 patients.	
The	results	of	psychological	questionnaires	were	consis-
tent	 with	 the	 QST	 findings;	 higher	 scores	 compared	 to	
healthy	 controls	 were	 seen	 in	 the	 acute	 phase,	 whereas	
after	3–	6 months	the	recovered	patients	showed	improve-
ments	 and	 the	 non-	recovered	 patients	 did	 not	 (Chien	
et	 al.,	 2010;	 Sterling	 et	 al.,	 2003,	 2006).	 Targeting	 psy-
chological	 factors	has	been	 found	an	efficacious	part	of	
treatment	in	acute	and	chronic	WAD	(Dunne	et	al.,	2012;	
Sterling	et	al.,	2019).
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As	 pain	 hypersensitivity	 is	 considered	 a	 prognos-
tic	 indicator	 for	 poor	 outcome	 in	 musculoskeletal	 pain	
(Georgopoulos	et	al.,	2019),	quantifying	pain	processing	is	
of	paramount	importance	in	identifying	high-	risk	patients	
and	 adjusting	 suitable	 treatment	 strategies.	 QST	 might	
be	a	feasible	and	effective	tool,	to	be	combined	with	self-	
reported	 questionnaires	 and	 clinical	 examination.	 The	
German	Research	Network	on	Neuropathic	Pain	(DFNS)	
has	developed	a	valid	laboratory-	based	QST	protocol	and	
offers	 a	 reference	 database	 of	 healthy	 individuals	 and	
patients	 with	 neuropathic	 pain	 syndromes	 (Rolke	 et	 al.,	
2006;	Vollert	et	al.,	2015).	However,	the	high	costs,	specific	
equipment	 and	 required	 amount	 of	 time	 of	 laboratory-	
based	QST	obstruct	the	clinical	application.	Bed-	site	QST	
could	be	an	attainable	alternative.	These	protocols	allow	
clinicians	 to	easily	and	cheaply	asses	 somatosensory	ab-
normalities.	 Bed-	site	 QST	 has	 recently	 shown	 to	 be	 cor-
related	with	laboratory-	based	QST	(Koulouris	et	al.,	2020;	
Reimer	et	al.,	2020).	However,	a	standardized	bed-	site	QST	
protocol	and	normative	data	for	chronic	musculoskeletal	
pain	 populations	 should	 be	 available	 to	 identify	 sensory	
phenotypes,	which	may	guide	 therapeutic	 interventions.	
Given	the	 fact	 that	chronic	pain	after	whiplash	 injury	 is	
a	complex	condition	and	spontaneous	improvements	are	
infrequent,	rehabilitation	should	focus	on	the	early	phase	
in	order	to	prevent	chronification.

5.1 | Strengths and limitations

Combining	different	aspects	of	QST	is	one	of	the	strengths	
of	this	review.	Focussing	on	QST	outcomes,	instead	of	on	
self-	reported	 pain	 intensity,	 provides	 a	 more	 clear	 and	
thorough	answer	 to	 the	study	aim	and	has	been	 less	 in-
vestigated.	Moreover,	by	making	an	overview	of	the	find-
ings	of	altered	pain	processing	 in	all	post-	injury	phases,	
conclusions	can	be	made	about	the	development	of	these	
disturbances	 in	 the	 sensory	 function.	 Nevertheless,	 the	
present	review	was	confronted	with	some	contextual	limi-
tations.	First,	the	heterogeneity	in	QST	protocols	and	fol-
low-	up	timelines	made	it	hard	to	cluster	specific	results.	
Second,	 few	 studies	 used	 dynamic	 QST	 measurements,	
which	 made	 it	 impossible	 to	 make	 strong	 conclusions	
about	 pain	 excitability	 or	 inhibition.	 This	 is	 regrettable,	
because	these	tests	can	evaluate	important	characteristics	
of	the	pain	system.	Third,	most	studies	only	measured	at	
local	areas,	restricting	the	findings	regarding	widespread	
hyperalgesia.	 Fourth	 and	 final,	 the	 use	 of	 medical	 or	
physical	treatment	during	the	study	duration	was	seldom	
reported.	This	information	could	influence	the	interpreta-
tion	of	the	results.

Future	research	should	target	to	develop	a	standard-
ized	(bed-	site)	QST	protocol	and	collect	normative	data	

which	could,	in	relation	with	self-	reported	pain	param-
eters,	 allow	 clinicians	 to	 identify	 the	 risk	 for	 chronifi-
cation.	 In	 order	 to	 draw	 stronger	 conclusions	 about	
central	 changes,	 multiple	 QST	 outcomes	 and	 assess-
ments	of	brain	alternations	should	be	combined.	There	
is	 a	 need	 for	 more	 insights	 on	 why	 some	 patients	 are	
predisposed	to	develop	chronic	pain,	how	to	identify	pa-
tients	with	high	risk	in	a	clinical	setting	and	the	best	way	
to	approach	the	patients	who	are	already	in	the	chronic	
phase.

6 |  CONCLUSION

Based	 on	 QST,	 changes	 in	 pain	 processing	 occur	 soon	
after	 whiplash	 injury	 and	 normalize	 within	 3  months	
in	 most	 individuals.	 Already	 in	 the	 early	 phase,	 differ-
ences	can	be	observed	between	patients	that	will	recover	
and	those	developing	chronic	pain.	These	differences	are	
indicative	of	the	predictive	value	of	QST.	In	the	chronic	
stage,	little	to	no	improvements	in	pain	processing	were	
reported.	 This	 highlights	 the	 need	 and	 feasibility	 for	
early	 screening,	 to	 help	 clinicians	 to	 identify	 high-	risk	
patients	 and	 adjust	 appropriate	 treatment	 strategies	 in	
the	acute	phase.
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