
	

Introduction	

This	is	a	clinically	orientated	paper	in	which	I	detail	an	evidence	based/
informed,	best-practice	clinical	methodology	that	includes:		

	 ‣	 Providing	an	evidence-based	rationale	for	the	inclusion	of	concussion	
screening	protocols	and	clinical	support	of	the	concussion	patient	in	a	
chiropractic	practice;	
	 ‣	 Screening	for	concussion	in	a	chiropractic	practice;		
	 ‣	 Clinical	assessment	of	the	suspected	concussion	patient	in	a	chiropractic	

practice;		
	 ‣	 Development	of	an	interdisciplinary	referral	protocol	and	network	for	

the	concussion	patient	detected	in	a	chiropractic	practice;		
	 ‣	 In-ofCice	clinical	treatment	and	support	strategies	of	the	concussion	

patient	attending	a	chiropractic	practice;		
	 ‣	 Enhancing	patient	and	community	awareness	of	the	illness	burden	of	

undetected	post	concussion	syndrome.		
	 It	is	important	to	note	that:		
	 ‣	 This	document	is	not	a	clinical	training	or	certiCication	document	or	manual;		
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	 ‣	 This	document	outlines	the	steps	necessary	to	integrate	an	evidence	based/best	practice	
approach	to	concussion	management	in	a	chiropractic	clinic;	

	 ‣	 Citation	may	be	made	of	this	paper	in	the	standard	ethical	manner;		
	 ‣	 It	is	recommended	that	chiropractors	wishing	to	implement	the	strategies	in	this	paper	

undergo	clinical	training	in	basic	concussion	diagnostic	and	treatment	protocols	outlined	in	
this	document	in	order	to	integrate	best-practice	concussion	clinical	strategies	into	their	
chiropractic	practices;	and	

	 ‣	 I	have	included	many	references	and	website	links	in	this	document.	There	are	many,	many	
articles	and	websites	related	to	the	topic	of	concussion.	I	have	made	recommendations	that	
I	think	are	pertinent	to	this	topic	and	are	readable	or	watchable.		

Background	

	 These	are	just	some	of	the	questions	that	faced	me	as	I	sat	down	to	write	this	paper.		
	 Not	long	before	being	asked	to	contribute	this	piece	a	fellow	chiropractor	(and	friend)	reached	
out	to	me	after	he	had	recently	experienced	a	recreational	sports-related	traumatic	brain	injury.	
He	had	undergone	a	successful	clinical	rehabilitation	program	for	Post	Concussion	Syndrome	
(PCS)	at	my	clinic.	He	had	never	undertaken	a	post-graduate	chiropractic	clinical	neuroscience	
course,	and	confessed	that	he	had	not	formally	kept	up	with	neuroscience	since	graduating	as	a	
chiropractor	some	30	years	before.		
	 His	brain	injury	had	led	him	to	a	deep	personal	interest	in	catching	up	with	neuroscience	of	
chiropractic.	He	is	a	passionate	chiropractor,	and	over	his	long	career	he	had	observed	many	of	
his	subluxated	patients	undergoing	remarkable	brain-based	neurological	changes	in	response	to	
his	spinal	adjustments.	However,	he	had	never	been	the	subject	of	these	brain	changes.	He	quickly	
realised	that	the	neuroscience	of	concussion	was	an	overwhelming	topic.		
	 Following	his	recovery,	he	decided	to	include	concussion	management	into	his	general	
chiropractic	clinic	in	Auckland,	New	Zealand.	He	wanted	to	know	how	best	to	integrate	the	
evidence-based	management	of	PCS	into	his	practice	without	undergoing	formal	post-graduate	
clinical	neuroscience	training.	He	was	also	intent	on	satisfying	legislative	and	professional	
healthcare	regulations	in	his	country	of	practice	(New	Zealand)	We	spent	many	hours	exploring	
the	empirical	observations	and	epistemological	assertions	that	underpinned	his	intention	to	
include	post-concussion	support	in	his	chiropractic	practice.		
	 Here	are	four	statements/claims	that	best	summarise	the	empirical	observations	of	my	
chiropractic	colleague	during	our	discussions.	I	feel	they	provide	a	starting	point	for	this	paper.		
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‣ Can,	and	should,	generalist	chiropractors	manage	or	co-manage	concussion	cases?		
‣ Is	it	possible	to	translate	and	reduce	the	large	amount	of	new	neuroscience	information	on	
this	topic	to	someone	who	has	not	undertaken	post-graduate	clinical	neuroscience	or	
concussion	training?		

‣ Does	the	scientiCic	literature	clearly	inform	chiropractors	on	how	best	to	manage	
concussion	in	a	general	chiropractic	clinic?		

‣ Is	there	a	clear	set	of	concussion	practice	guidelines	that	would	satisfy	all	chiropractic	
practice	philosophies?		

‣ Chiropractors	practise	within	varying	national	regulatory	scope	of	practice	parameters;	
how	does	this	inCluence	their	management	of	concussion?



	 I	provided	him	with	some	evidence-based,	best	practice	advice	on	how	to	identify	and	manage	
concussion	patients	within	a	general	chiropractic	practice	in	New	Zealand.		
	 These	recommendations	were	directed	towards	a	chiropractor	who	has	had	not	undergone	
concussion	training	within	a	post	graduate	chiropractic	specialist	course	(e.g	Diplomate	of	the	
American	Chiropractic	Board	[DACNB],	or	a	sports	chiropractic	certiCication	course)		
	 This	is	an	expansion	on	those	recommendations.	I	have	used	him	as	my	muse	and	have	
included	examples	of	National	Concussion	Guidelines	that	he	faced	as	a	chiropractor	in	New	
Zealand.	He	had	been	through	the	‘ofCicial’	medical	concussion	rehabilitation	system	in	New	
Zealand	(which,	by	the	way,	is	highly	evidence-based,	extensive	and	generous)	and	was	aware	of	
how	a	registered	chiropractor	might	Cit	into	such	a	system.	The	country	in	which	you	are	
practicing	may	or	may	not	have	the	same	chiropractic	registration	legislation	and	national	
rehabilitation	system	as	New	Zealand.	If	not,	it	would	be	something	to	which	your	national	
chiropractic	association	might	aspire.		
	 My	colleague	is	a	busy	generalist	chiropractor	and	I	imagine	you,	the	reader,	to	be	the	same.	I	
have	written	this	paper	with	the	busy	generalist	chiropractor	in	mind.	I	have	included	clinical	
management	strategies	that	do	not	require	extra	hands-on	clinical	training.	But,	as	you	will	see,	I	
strongly	recommend	that	you	eventually	(sooner	than	later)	embark	on	formal	clinical	training	in	
this	area.	Your	concussion	patients	deserve	your	best	clinical	effort.		
	 As	you	read	this	paper,	please	remember	that:		
‣ the	neuroscience	upon	which	clinical	concussion	models	are	based	is	massive!;	the	
neuroscience	concussion	knowledge	base	is	expanding	exponentially	every	year.	It	is	even	
more	difCicult	to	keep	up	with	the	scientiCic	research	underpinning	clinical	approaches	to	
concussion;	

‣ the	subjects	of	traumatic	brain	injury/mild	traumatic	brain	injury/concussion	are	huge	and	
confusing;	concussion	due	to	sporting	injuries	(Sports	Related	Concussion-SRC)	are	often	
separated	from	concussion	due	to	activities	of	daily	living	(mild	Traumatic	Brain	Injury-mTBI)	
in	the	scientiCic	literature.	Concussion	knowledge	models	(pathophysiology,	cognitive/social,	
etc.)	and	subsequent	clinical	guidelines	change	regularly.	The	1st	International	Conference	on	
Concussion	in	Sport	was	held	in	Vienna	in	2001.	The	5th	conference	was	held	in	Berlin	in	2016	
(1)	and	the	next	(6th),	at	the	time	of	writing,	is	in	Paris	in	late	2020.	Over	the	ensuing	20	years,	
the	amount	of	published	literature	produced	by	these	conferences	alone	has	been	immense.	It	
appears	that	no-one	can	cover	it	all;	I	certainly	can’t.	Diagnostic	and	treatment	models	are	
expanding	rapidly,	as	are	the	technologies	that	underpin	them.	These	too	are	difCicult	to	keep	
up	with;		

‣ Keep	in	mind	that	concussion	is	an	‘emotional’	health-care	topic	that	has	generated	much	
political	and	policy	discussion	over	the	past	20	years.	I	am	sure	you	have	seen	many	media	
presentations	on	the	impact	of	concussion	in	society.	Some	of	these	presentations	have	
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‣ Chiropractors	may	miss	signs	and	symptoms	of	undiagnosed	concussion.		
‣ Chiropractors	should	routinely	screen	their	patients	for	concussion.	
‣ A	high	percentage	of	concussion	patients	may	have	cervical	spine	trauma	related	to	their	
head	injury.	

‣ Chiropractic	post-concussion	treatment	outcomes	may	be	enhanced	by	chiropractic	spinal	
adjustments,	management	of	activities	of	daily	living	and	tailored	home-based	
rehabilitation.



sensationalised	concussion,	often	presenting	information	that	is	discordant	with	concussion	
science;		

‣ Sports	Related	Concussion	(SRC)	is	changing	the	way	people	participate	in	contact	sport;	
sports	administrators	are	struggling	to	maintain	participation	rates	as	they	attempt	to	reduce	
or	eliminate	head	injuries.	The	recognition	that	mild	Traumatic	Brain	Injury	(mTBI)	can	result	
from	a	head	injury	incurred	in	a	motor	vehicle	accident,	or	a	paediatric	or	geriatric	fall	has	
changed	the	way	we	interact	and	play	with	each	other.	In	contrast,	it	has	been	suggested	that	
some	patients	have	‘nocebo’	responses	to	the	vast	amount	of	negative	concussion	information	
in	the	public	domain	(2);	

‣ There	is	ample	evidence	that	the	human	brain	undergoes	signiCicant	adverse	changes	following	
any	sort	of	head	injury,	and	recovery	is	dependent	on	many	factors	including	age,	gender,	type	
of	injury,	the	health	status	of	the	patient	at	the	time	of	injury	amongst	others	(3);	

‣ The	aim	of	this	paper	is	to	explore	the	concussion	literature	and	provide	some	clinical	
direction	for	the	general	chiropractor	who	has	no	post	graduate	concussion	training	and	
wishes	to	integrate	concussion	management	into	his	or	her	general	chiropractic	practice.		

De1initions	&	Epidemiology		

	 As	you	can	imagine,	a	detailed	discussion	of	the	pathophysiology	of	concussion,	as	fascinating	
as	it	is,	is	beyond	the	scope	of	this	paper	(for	further	reading	please	see	:	Satarasingh	et	al	2019.	
Unifying	Pathophysiological	Explanations	for	Sports-Related	Concussion	and	Concussion	Protocol	
Management:	Literature	Review.	Journal	of	Experimental	Neuroscience,	13)	
	 Secondly,	you	will	more	than	likely	be	dealing	with	other	health	professionals	who	specialise	in	
this	area;	it	is	important	that	we	are	all	on	the	same	page	in	regards	to	concussion	deCinitions	and	
vernacular.		
	 You	may	be	surprised	to	discover	that	there	is	a	confusing	range	of	deCinitions	related	to	
traumatic	brain	injury/concussion	when	the	published	literature	is	searched.	For	example,	if	your	
patient	has	experienced	a	sports	related	concussion	(SRC)	much	of	the	confusion	is	often	related	
to	the	type	of	sport	the	concussed	patient	plays.	It	is	agreed	that	mild	traumatic	brain	injury/
concussion	is	usually	the	result	of	an	impulsive	force	transmitted	to	the	head.	In	this	section	I	will	
focus	on	the	deCinitions	of:	“mild	traumatic	brain	injury”;	“concussion”;	“sports	related	
concussion”;	“post	concussion	syndrome	(PCS)	”	and	“post	concussion	disorder	(PCD)”.		

De1inition	of	mild	Traumatic	Brain	Injury	(mTBI)		
	 Mild	Traumatic	Brain	Injury	(mTBI)	is	a	term	commonly	used	to	describe	concussive	injuries	
to	the	brain	from	(mostly	head)	injuries.	Concussion	is	considered	by	many	to	be	a	subset	of	mTBI	
(7).	mTBI	is	typically	a	result	of	motor	vehicle	accidents	(MVA),	falls,	adult	head	injuries,	
paediatric/adolescent	head	injuries	and	sports	related	head	and	body	impact	injuries.	
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Epidemiology of Head Trauma (mTBI/Concussion)

‣ mTBI	appears	to	be	common	(4)		
‣ Not	everyone	with	mTBI	seeks	medical	care	(5)		
‣ The	true	global	population	incidence	of	mTBI	may	exceed	600	per	100,000	people	

annually	(approximately	46	million	people	worldwide	every	year),	with	most	cases	being	
due	to	falls	or	motor	vehicle	collisions	(6)



Chiropractors	consult	a	range	of	patients	who	have	experienced	these	head	injury	categories	and	
may	be	well	placed	to	contribute	to	recovery	from	persistent	post	mTBI	symptoms	(8).	
	 There	is	appears	to	be	no	universally	accepted	deCinition	of	mTBI.	However,	the	deCinition	
devised	by	The	American	Congress	of	Rehabilitation	Medicine	(ACRM)	has	been	continuously	
quoted	in	the	literature	for	almost	thirty	years	(9).		
	 Note,	you	will	see	the	following	deCinition	involves	the	Glasgow	Coma	Scale.	For	a	full	
description	of	the	Glasgow	Coma	Scale,	and	how	to	conduct	a	structured	examination	please	go	
to:https://www.glasgowcomascale.org/	

De1inition	of	Concussion	

	 Let’s	Cirst	look	at	the	word	‘concussion’.	A	quick	online	dictionary	search	(https://
www.lexico.com/en/deCinition/concussion)	reveals	is	derived	from	the	Latin	concutere,	which	
means	to	‘dash	together,	shake’.	In	a	general	sense,	it	refers	to	a	violent	shock	from	something	like	
a	heavy	blow.	There	is	a	high	consensus	amongst	dictionary	editors	as	to	the	meaning	of	the	
word,	in	a	general	sense.		
	 Obtaining	a	medical	deCinition	of	concussion	is	something	entirely	different.	If	you	spend	a	
good	amount	of	time	researching	the	medical	deCinition,	you	will	quickly	see	that	there	is	much	
tension	amongst	experts	when	attempting	to	deCine	concussion	(10).	The	concept	of	concussion	
is	not	universally	agreed	upon.	There	are	variable	symptoms,	no	deCinitive	anatomical	locale,	
unknown	pathology	and	variable	models	of	pathophysiology.	Also,	remember	that	the	deCinition	
of	concussion	has	certainly	been	dominated	by	the	sports	concussion	researchers	and	clinicians.		
	 In	fact,	many	committees	of	health	and	neuroscience	experts	have	spent	many	hundreds	of	
hours	attempting	to	deCine	the	clinical	meaning	of	the	term.		
	 It	should	not	be	surprising	to	you	to	know	that,	according	to	many	researchers	in	the	Cield,	this	
deCinition	alone	is	not	actually	good	enough.	It	appears	that	there	is	some	consensus	in	that	there	
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The	ACRM	deCines	mTBI	as:		
an	‘acute	brain	injury	resulting	from	mechanical	energy	to	the	head	from	external	physical	forces,’	
with	any	of	the	following	symptoms:		
	 1.	 Loss	of	consciousness	(LOC)	not	exceeding	30	min;	
	 2.	 Post-traumatic	amnesia	(PTA)	of	no	more	than	24	h;	
	 3.	 A	score	of	13-15	on	the	Glasgow	Coma	Scale	(GCS)	after	30	min	post	injury	(or	upon	

presentation),	and		
	 4.	 An	(unspeciCied)	period	of	confusion	(feeling	dazed,	disoriented,	and	confused),	or	other	

transient	neurologic	abnormalities	such	as	focal	signs	or	seizures

The	most	commonly	used	deCinition	of	concussion	is	based	on	a	consensus	statement	issued	at	
the	4th	International	Conference	on	Concussion	in	Sport	(ICCS)	(7)	and	it	states	that	a	
concussion	is:	
‘the	rapid	onset	of	short-lived	impairment	of	neurological	function	that	resolves	
spontaneously...caused	either	by	a	direct	blow	to	the	head,	face,	neck	or	elsewhere	on	the	body	with	
an	‘impulsive’	force	transmitted	to	the	head.’	

https://www.glasgowcomascale.org/
https://www.lexico.com/en/definition/concussion
https://www.lexico.com/en/definition/concussion


are	different	concussion	categories	and	conditions	due	to	neurological	impairment	subsequent	to	
an	impulsive	body	impact	injury.		
	 Lumba-Brown	et	al	(11)	recently	assembled	eleven	experts	to	explore	and	characterise	the	5	
concussion	subtypes	(cognitive,	oculo-motor,	headache/migraine,	vestibular,	anxiety/mood)	and	
2	concussion	associated	conditions	(sleep	disturbance,	cervical	strain)	that	had	been	deCined	in	
the	concussion	literature	in	the	previous	seven	years.		

De1inition	of	Sports	Related	Concussion	(SRC)	
	 Sport	Related	Concussion	(SRC)	is	a	common	type	of	concussion	seen	in	chiropractic	practices.	
McCrory	et	al	(1)	included	a	deCinition	of	sports	related	concussion	in	their	summary	of	the	5th	
International	Consensus	Conference	on	Concussion	in	Sport	in	Berlin	in	2016.	You	can	view	the	
complete	online	publication	here:	https://bjsm.bmj.com/content/51/11/838	
	 You	can	see	Dr	Paul	McCrory	(one	of	the	world’s	foremost	experts	on	concussion)	deliver	a	
lecture	on	the	state	of	sports	concussion	in	2016	(just	before	the	Berlin	conference)	at	this	site.	
He	has	some	interesting	comments!:	https://www.youtube.com/watch?v=oPrpTj2Edp8	

De1inition	of	Post	Concussion	Syndrome	(PCS)		
	 It	has	been	suggested	that	approximately	6-7	%	of	people	who	suffer	a	concussion	episode	
may	experience	persistent	neurological	symptoms	for	many	months	or	years	afterwards	(12).	
SigniCicant	differences	of	opinion	about	the	aetiology	of	post	concussion	symptoms	have	existed	
in	the	scientiCic	literature	over	the	past	thirty	years.	This	has	led	to	academic	tension	when	
attempting	to	create	an	operational	deCinition	of	post	concussion	disorders.	Chiropractors	most	
probably	manage	patients	with	post	concussion	presentations	and	knowingly,	or	unknowingly,	
make	positive	contributions	to	these	patients’	recovery.		

De1inition	of	Post	Concussion	Disorder	(PCD)	
	 Ellis	et	al	(14)	explored	a	Post	Concussion	Disorder	classiCication	system.	They	proposed	that	
“the	symptoms	and	impairments	reported	by	patients	in	the	post-concussion	recovery	period	form	
symptom	‘clusters’	that		point	to	operational	post-concussion	disorder	(PCDs)	that	can	be	identiDied	
by	salient	features	of	patient	history,	physical	examination	and	aerobic	treadmill	testing”.	
They	listed	3	main	PCD	categories:	
1. Physiological	PCD	
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The	two	most	commonly	used	deCinitions	of	Post	Concussion	Syndrome	(PCS)	are	as	follows:		
	 1.	 PCS-International	ClassiCication	of	Diseases,	Tenth	Revision	(ICD-10):		
	 a.	 the	presence	of	three	or	more	of	the	following	symptoms	that	must	be	present	within	

the	Cirst	month	post-injury	including:	headache,	dizziness,	fatigue,	irritability,	
insomnia,	and	concentration	or	memory	difCiculty.		

	 2.	 PCS-The	Diagnostic	and	Statistics	Manual	(DSM-IV):		
	 a.	 cognitive	deCicits	in	attention	or	memory,	and		
	 b.	 at	least	three	or	more	symptoms	including;	headache,	dizziness,	fatigue,	irritability,	

apathy,	personality	change,	or	sleep	or	affective	disturbance	for	at	least	3	months.	
It	is	worthwhile	noting	that	Ellis	(13)	suggests	that	there	is	little	agreement	between	these	
deCinitions	in	clinical	practice	and	that	the	ICD-10	deCinition	is	six	times	more	sensitive	than	the	
DSM	deCinition.	

https://bjsm.bmj.com/content/51/11/838
https://www.youtube.com/watch?v=oPrpTj2Edp8


2. Vestibulo-ocular	PCD	
3. Cervical	PCD	

	 This	PCD	classiCication	system	has	provided	translatable	clinical	assessment	and	treatment	
models	that	we	can	use	in	clinical	practice.	We	shall	be	looking	at	these	categories	much	more	
closely	later	in	this	paper.		

Persistent	Post-Concussion	Symptoms	(A	Functional	De1inition	of	PCS)	
	 Polinder	et	al	(15)	suggested	a	different	deCinition	of	PCS.	They	noted	that	in	10–25%	of	mTBI	
patients,	post-concussion	symptoms	persist	over	time,	which	is	often	referred	to	as	post-
concussion	syndrome	(PCS).	They	also	questioned	whether	the	ICD/DSM	classiCications	of	PCS	
was	adequate	in	deCining	PCS	as	a	reliably	identiCiable,	unique	syndrome.	They	suggest	the	term	
post-concussion	symptoms	to	describe	symptoms	following	mTBI	and	refer	to	persistent	post-
concussion	symptoms	when	these	persist	for	at	least	3	months	after	TBI.	

Evidence	Supporting	Concussion	Management	in	a	General	Chiropractic	Practice	
	 As	previously	mentioned,	there	is	a	large	body	of	published	scientiCic	literature	on	the	topic	of	
concussion.	A	selective	literature	search	was	undertaken	with	the	above	four	statements	of	my	
chiropractic	colleague	in	mind.	The	focus	of	the	search	was	management	of	concussion	in	a	
general	chiropractic	practice.	The	search	did	not	screen	articles	based	on	strength	of	evidence.	It	
was	performed	with	a	sense	of	enquiry	as	to	how	chiropractors	in	general	practice	approach	a	
concussion	patient.		
	 Searches	were	performed	within	the	Medline	and	the	Index	to	Chiropractic	Literature	
Databases	and	included	the	following	‘chiropractic’	MeSH	terms:	‘chiropractic’	AND;	‘concussion’;	
‘post	concussion	syndrome’;	‘cervical	spine’	and	‘concussion’;	‘concussion	management’;	
‘concussion	screening’;	‘mild	traumatic	brain	injury’,	‘sports	chiropractic’	and	‘concussion’;	
‘treatment/concussion’	amongst	others.	Articles	were	downloaded,	read	and	reviewed.		
	 There	are	thousands	of	articles	addressing	many	aspects	of	concussion.	Overall,	however,	there	
are	few	published	articles	addressing	the	topic	of	chiropractic	and	concussion.		
	 Further	speciCic	key	words	were	included	with	concussion	such	as	:	‘SCAT’,	‘physio/physical	
therapy’;	‘MVA’;	‘falls’;	non-sports	related	concussion’,	‘balance’,	‘posture’,	‘cognition’,	‘autonomic’	
amongst	others.	I	have	included	references	in	this	article	that	complement	clinical	topics	that	I	
have	addressed.		
Claim	1:	Chiropractors	may	miss	signs	and	symptoms	of	undiagnosed	concussion.		
	 It	is	difCicult	to	substantiate	this	claim.	At	the	time	of	writing	this	paper,	there	were	no	
published	epidemiological	studies	verifying	numbers	of	post	concussion	patients	attending	
generalist	chiropractic	clinics.	There	are	a	number	of	case	reports	documenting	chiropractic	
treatment	of	patients	who	have	experienced	concussion	(16,	17,	18,	19,	20,	21,	22,	23,	24).	
	 Chiropractors	may	be	increasingly	engaging	with	patients	who	have	suffered	sport-related	and	
non	sport-related	head	injuries	(such	as	falls)	(17,	20,	23,	25,	26,	27).	It	does	appear	that	groups	
representing	chiropractors	who	have	undertaken	post-graduate	sports	injuries	training	have	a	
greater	interest	in	concussion	(25,	28,	29).	A	survey	of	sports-certiCied	chiropractors	felt	that	only	
those	health-care	providers	with	training	in	concussion	should	manage	concussion	patients	(30).	
Taylor	et	al	conducted	a	survey	of	generalist	chiropractors’	concussion	knowledge.	The	results	led	
Taylor	to	concluded	that	the	generalist	chiropractors	who	responded	may	have	had	a	mismatch	
between	conCidence	in	diagnosing	and	management	post	concussion	patients	and	actual	
knowledge	of	the	topic	(31).	It	has	also	been	suggested	that	there	may	be	an	under-reporting	of	
the	prevalence	of	concussion-mTBI	across	health	care	practices,	including	general	chiropractic	
practice	(31,	32).		
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	 It	has	also	been	repeatedly	highlighted	that	patients	(or	parents	of	patients)	may	not	report	a	
history	of	head	injury	when	presenting	to	their	health-care	practitioner	(33,	34,	35,	36,	37,	38,	39,	
40).	It	is	possible	that	chiropractors	and	their	patients	may	be	unaware	that	presenting	
symptoms	and	examination	Cindings	may	be	related	to	a	post	head	injury	concussion,	though	the	
actual	number	of	missed	cases	is	unknown.		
Claim	2:	Chiropractors	should	routinely	screen	their	patients	for	concussion.	
	 The	published	‘concussion	literature’	conCirms	that	early	identiCication	of	concussion	and	
implementation	of	concussion	management	strategies	may	result	in	a	decreased	chance	of	post	
concussion	syndrome,	and	improve	post	head	injury	quality	of	life	outcomes	(41,	42,	43,	44,	45,	
46,	47).	A	number	of	chiropractic	authors	have	included	screening	measures	in	reports	and	
reviews	(18,	19,	20,	21,	22,	23,	24,	48,	49).	A	few	published	case	reports	have	detailed	effective	
chiropractic	management	of	post	concussion	cases	using	pre	and	post	concussion	assessment	
tools	(17,	20,	48).	It	is	reasonable	to	conclude	that	more	effective	chiropractic	management	of	
post	concussion	patients	may	be	implemented	when	the	chiropractor	is	able	to	identify	[screen]	
and	educate	patients	at	their	initial	presentation	and	recommend	appropriate	clinical	
intervention	or	referral	to	more	qualiCied	health	professionals.	
Claim	3:	A	high	percentage	of	concussion	patients	may	have	cervical	spine	trauma	related	to	their	
head	injury.		
	 The	published	literature	strongly	supports	the	notion	that	there	is	a	relationship	between	
concussion	and	cervical	spine	injury.	There	is	also	consensus	amongst	concussion	experts	that	
there	are	a	number	of	types	of	post	concussion	disorders	(PCD)	including	Cervicogenic	PCD	(50,	
51).	It	appears	that	chiropractic	patients	with	post	concussion	issues	may	present	with	primary	
cervical	spine	pain/dysfunction	related	to	head	injury	trauma.	Cervicogenic	PCD	may	explain	
persistent	post	concussion	symptoms	experienced	by	chiropractic	patients.	It	might	further	
explain	why	post	concussion	patients’	symptoms	appear	to	be	relieved	by	chiropractic	spinal	
adjustment	therapy	(14,	51).	More	importantly,	patients	commonly	present	to	chiropractors	with	
neck	pain,	visual	disturbances,	headaches,	dizziness	and	balance	disorders	which	are	all	
symptoms	of	traumatic	and	non	traumatic	neck	pain,	concussion	and	Cervicogenic	PCD	(15,	51,	
52,	53,	54,	55,	56,	57,	58,	59,	60,	61,	62,	63,	64).		
Claim	4:	Chiropractic	Treatment,	activities	of	daily	living	(ADL)	management	and	rehabilitation	
may	improve	outcomes	amongst	post	concussion	chiropractic	patients.		
	 The	scientiCic	literature	supports	this	observation.	A	multimodal	approach	to	post	concussion	
management,	including	manual	therapy	treatment	(i.e	chiropractic)	and	post	concussion	lifestyle	
advice	(exercise,	return	to	play,	cognitive	load,	nutritional	advice,	counselling,	sleep	advice,	
neuroscience	education,	balance	and	oculomotor	rehabilitation)	have	been	found	to	signiCicantly	
reduce	the	chances	of	post	concussion	syndrome,	as	well	as	expedite	the	recovery	of	those	
suffering	PCS	(3,	15,	20,	48,	51,	59,	65,	66,	67,	68,	69,	70,	71,	72).	As	noted	earlier,	there	have	been	
case	study	reports	exploring	sole	chiropractic	adjustment	therapy	of	the	post-concussion	patient,	
however,	it	is	difCicult	to	ascertain	exactly	what	concussion	symptoms	resolved,	and	to	what	to	
degree.		

Screening	for	Concussion	in	a	Chiropractic	Practice		
Concussion Awareness in Your Practice

	 This	section	outlines	evidence-based	strategies	to	promote	concussion	awareness	amongst	
chiropractors	and	patients/families	in	chiropractic	practices.	
	 It	appears	that	there	is	a	lack	of	recognition	of	concussion	as	a	consequence	of	head	injury	
amongst	chiropractors,	patients	and	their	families	(29,	35,	40,	73,	74,	75,	76,	77,	78,	79,	80,	81).	A	
lack	of	recognition	of	concussion	in	practice	points	to	a	lack	of	preparedness	for	screening.		
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	 Chiropractic	practice	concussion	screening	should	therefore	include	a	“practice	attitude”	
before	all	else.	Could	the	patient	in	front	of	you	be	suffering	from	concussion?	(This	is	different	to	
being	overly	concerned	that	all	patients	presenting	to	you	might	experiencing	concussion)	Does	
this	patient	complain	of	symptoms	related	to	concussion?	Do	they	engage	in	recreational,	sport	or	
work	activities	that	have	a	high	incidence	of	concussion?	Are	they	in	an	age	group	that	might	
experience	head	injuries?	Have	they	recently	been	involved	in	a	motor	vehicle	accident?	
	 The	literature	review	revealed	two	articles	by	Craton	et	al.	(50)	and	Ellis	et	al	(82)	that	provide	
a	detailed	explanation	of	concussion	and	post	concussion	syndrome,	including	pathophysiological	
mechanisms	underpinning	the	symptoms	and	signs	of	concussion.	It	is	not	the	role	of	this	paper	
to	undertake	a	detailed	neuroscience	explanation	of	concussion.	However,	these	articles	have	
provided	a	basis	for	possible	directions	chiropractors	might	take	when	considering	concussion	
screening.	

Clinical	Management	of	the	Concussion	Patient	in	Chiropractic	Practice	
Recommendations for Generalist Chiropractor Concussion Clinical Upskilling

	 I	strongly	recommend	clinical	upskilling	to	provide	appropriate	chiropractic	clinical	support	to	
concussion	patients	in	practice.	This	section	discusses	the	rationale	behind	my	recommendations.	
It	has	been	previously	noted	that	I	make	an	assumption	that	the	Cirst	aim	of	a	chiropractor	is	to	
triage	a	patient	for	possible	post	concussion	symptoms	or	post	concussion	syndrome	(PCS).		
	 I	have	outlined	(below)	an	evidence-based	clinical	algorithm	that	will	provide	chiropractors	
with	an	opportunity	to	refer	the	patient,	if	necessary,	or	provide	evidence-based	chiropractic	
clinical	support	for	the	cervical	or	vestibular-ocular	post	concussion	syndrome	patient	in	
practice.		
	 The	research	literature	contains	many	evidence	based	clinical	‘tool-boxes’	and	therapy	
protocols	that	can	be	implemented	by	those	who	wish	to	practise	within	statutory	practice	
guidelines	(24,	35,	62,	63,	64,	68,	72,	76,	83.	84,	85,	86,	87,	88,	89,	90).		
	 Many	of	these	clinical	examination	and	treatment	protocols	require	the	therapist	to	perform	
reasonably	complex	neurological	test	and	therapies.	I	have	selected	a	number	of	evidence-based	
‘low-tech’,	low-cost	concussion	assessment	and	therapeutic	protocols	that	can	be	easily	integrated	
into	general	chiropractic	practice.		
	 I	recommend	that	a	chiropractor’s	clinical	skill-set	for	concussion	support	requires:		
1. clinical	diagnostic	and	therapeutic	skills	gained	in	chiropractic	undergraduate	training	

combined	with		
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To	improve	concussion	awareness	amongst	PATIENTS	AND	THEIR	FAMILIES	
‣ Display	patient	information regarding	the	impact	of	head	injury	on	chiropractic	care	
within	general	view	in	the	clinic;		

‣ Display	concussion	awareness	information	on	the	clinic	website;		
‣ Create	awareness	of	head	injury/concussion	amongst	patients	and	their	families	who	are	
actively	engaged	in	contact	sports;		

‣ Create	awareness	of	head	injury/concussion	amongst	patients	and	their	families	who	
engage	in	recreational	activities	with	high	prevalence	of	head	injury	(horse	riding,	
gymnastics,	wave	boarding,	snow	skiing,	skateboarding);	and	

‣ Create	awareness	of	head	injury/concussion	amongst	patients	and	their	families	who	are	
susceptible	to	falls	(paediatric,	geriatric)



2. clinical	diagnostic	and	therapeutic	skills	most	likely	not	encountered	in	undergraduate	
training.		

	 It	is	strongly	recommended	that	any	general	chiropractor	(i.e	chiropractors	without	certiCied	
post-graduate	neurology	or	applied	clinical	neuroscience	training)	undertake	some	form	of	
clinical	up-skilling	in	order	to	competently	examine	and	support	a	concussion	patient	in	
chiropractic	practice.		
	 A	list	of	concussion	clinical	examinations,	therapies	and	tools	that	can	be	integrated	into	a	
general	chiropractic	practice	with	clinical	upskilling	is	provided	in	the	Appendices	of	this	
document.		

Accepting a patient with a suspected mTBI/concussion
	 It	is	assumed	at	this	point	in	the	clinical	journey	of	a	concussion	patient	that	the	chiropractor	is	
aware	that	the	patient	has	experienced	a	head	impact	injury	and	the	symptoms	the	patient	is	
experiencing	is	related	to	that	impact.	I	also	assume	that	you	have	not	had	any	signiCicant	training	
in	concussion	management.	I	suggest	it	is	time	for	you	to	go	to	a	short,	online	concussion	
information	course.		
	 There	are	many	free,	reputable	short	courses	covering	the	basics	of	concussion.	I	recommend	
‘The	Concussion	Awareness	Training	Tool	(CATT)’.	It	includes	a	good	general	information	course	(2	
hours)	for	health	professionals	and	a	fabulous	resource	pool.	It	also	provides	you	with	continuing	
education	certiCication.	CATT	is	based	upon	the	established	principles	of	the	Consensus	
Statement	on	Concussion	in	Sport.	https://cattonline.com/medical-professional-course/		
	 It	is	clear	from	the	scientiCic	literature	that	the	concussed	patient	may	experience	signiCicant	
adverse	neurological	changes	due	to	decreased	brain	function	across	all	age	groups	and	equally	
between	genders	(92,	93).	The	concussed	patient	may	be	much	more	sensitive	to	‘normal	levels’	
of	sensory	input	(light,	sound,	olfactory,	gravity),	including	proprioceptive	input	provided	by	the	
chiropractic	adjustment	(94).	
	 It	is	also	clear	from	the	scientiCic	literature	that	the	chiropractic	adjustment	alters	brain	
function	by	increasing	afferent	input	to	post	synaptic	centres	in	the	central	nervous	system	(95,	
96,	97,	98,	99).	As	previously	mentioned,	published	case	reports	have	detailed	a	chiropractic	
adjustment	regime	titrated	against	observable	and	measurable	reduction	of	CNS	signs	and	
symptoms	(19,	21,	24,	49).	In	my	experience,	the	guesstimated	chiropractic	adjustment	can	be	as	
adverse	as	beneCicial	to	the	concussed	patient.		
	 The	research	evidence	concludes	that	a	multimodal	approach	to	concussion	management	is	
more	appropriate	than	a	single	modality	approach	(100).	Recent	recommendations	regarding	
exercise	rehabilitation	for	concussion	patients	are	quite	sophisticated	(101).		
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‣ ‘Would	your	practice	philosophy	integrate,	evidence-informed,	best-practice	concussion	
management’”	

‣ ‘Do	you	have	the	time	to	conduct	a	focussed	concussion	history/examination,	or	not?	
‣ ‘Do	you	have	the	clinical	resources	to	treat	concussion	in	a	best	practice,	evidence-informed	
manner?’	

‣ ‘What	is	the	physiological	and	clinical	basis	of	your	concussion	treatment	and	how	will	you	
measure	concussion	recovery?

https://cattonline.com/medical-professional-course/


	 These	are	serious	questions,	and	I	feel	the	reader	needs	to	have	a	deep	think	about	the	
answers,	your	concussed	patient	deserves	it.		
	 The	range	of	practice	philosophies	and	treatment	techniques	within	the	chiropractic	
profession	has	been	our	strength	and	weakness.	There	are	published	survey	reports	that	suggest	
generalist	chiropractors	think	they	know	more	about	concussion	than	they	actually	do.	There	are	
chiropractors	within	our	profession	that	feel	a	concussed	patient	should	not	be	treated	by	
someone	without	concussion	training.	And	it	goes	without	saying	that	there	are	those	outside	our	
profession	that	feel	chiropractors	should	never	be	involved	in	concussion	management.		
	 If	you	have	a	practice	epistemology	that	is	focussed	primarily	on	the	identiCication	and	non-
titrated	removal	of	subluxations	via	the	chiropractic	adjustment,	I	recommend	that	you	exercise	
extreme	care	when	treating	the	concussed	patient.	The	process	of	subluxation	removal	by	
chiropractic	adjustment	therapy	can	have	powerfully	beneCicial	as	well	as	potential	adverse	
effects	on	the	concussion	patient	as	can	many	other	therapeutic	interventions	(102,	103).	
	 Are	you	aware	of	your	National	Health	System’s	approach	to	Concussion	Management?	
	 It	is	recommended	that	chiropractors	be	aware	of	the	clinical	reasoning	pathway	underpinning	
a	concussion	patient’s	entry	into	any	government-provided	Concussion	Services	system.	It	is	
assumed	that	an	important	reason	for	assessment	of	the	concussion	patient	by	a	chiropractor	is	
to	facilitate	rapid	into	these	systems	where	they	are	in	place,	for	example	in	New	Zealand.	Direct	
primary	management	of	a	concussion	patient	by	a	chiropractor	at	this	stage	may	or	may	not	be	
within	the	scope	of	chiropractic	practice	where	eligibility	for	concussion	management	is	
predicated	upon	a	medical	practitioner’s	diagnosis.	Below	is	a	graphic	taken	from	the	New	
Zealand	Accident	Commission	website.	It	outlines	criteria	for	entry	into	the	Concussion	Service.	
This	provides	a	template	for	both	patients	and	practitioners	within	the	New	Zealand	health	
service.	You	can	access	this	document	at:	https://www.acc.co.nz/assets/provider/cbc89ef665/
acc883a-concussion-service-criteria.pdf	
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To	improve	concussion	awareness	amongst	CHIROPRACTORS		
‣ Pathophysiology	underpins	the	concussion	event.	For	a	detailed	discussion	please	read	
Ellis	et	al	(91)	;	

‣ Include	speciCic	questions	addressing	head	injury	on	all	new	patient	intake	forms;	
‣ Establish	a	protocol	of	periodic	enquiry	regarding	head	injury	of	regular	patients;	
‣ Enquire	about	signs	of	concussion	in	patients	involved	in	a	motor	vehicle	accident;	
‣ Enquire	about	head	injury	of	all	patients	presenting	with	sudden	onset	neck	pain;	
headache,	head	pain,	balance	disturbance	or	dizziness,	or	upper	limb	injury;		

‣ Consider	including	one	of	the	many	focussed	concussion	screening	tools	(such	as	the	
SCAT5,	a	comprehensive	screening	tool)	into	their	practice	protocols;	and		

‣ Design	referral	letter	protocols.	These	will	facilitate	early	referral	into	a	national	
concussion	service.	

https://www.acc.co.nz/assets/provider/cbc89ef665/acc883a-concussion-service-criteria.pdf
https://www.acc.co.nz/assets/provider/cbc89ef665/acc883a-concussion-service-criteria.pdf
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Concussion	Biomarkers	
	 The	topic	of	concussion	biomarkers	is	‘hot’	at	the	time	of	writing	this	document	(2020)	
Presently	there	are	no	deCinitive	biomarkers	for	the	presence	of	concussion.	A	range	of	
concussion	clinical	tests	have	been	developed	(blood	tests,	body	Cluid	tests,	diagnostic	imaging,	
autonomic	testing,	ocular	tests,	EEG,	balance	tests,	questionnaires,	computer	assessments)that	
may	suggest	the	presence	of	mTBI,	but	none	have	proved	their	worth	beyond	doubt	(109-111).	
	 There	are	concerns	about	distinguishing	the	difference	between	the	physiological	and	
biochemical	consequences	of	cellular	metabolic	load	and	fatigue	noted	with	extreme	athletic	
effort	during	sporting	activities	and	those	noted	following	a	head	injury	(112).	Administration	
and	interpretation	of	almost	all	of	these	tests	require	specialist	centres.		
	 There	are	a	number	of	validated	concussion	assessment	tasks	and	questionnaire	tools	that	can	
be	implemented	into	your	chiropractic	clinic	with	minimum	training	(a	few	hours).	We	will	have	a	
look	at	those	below.		
	 Best	practice	recommendations	for	the	clinical	identiCication	of	concussion	is	through	focused	
clinical	history	and	examination,	rather	than	a	full	neurological	screening	(62,	113).	We	will	look	
at	concussion	history	and	examination	recommendations	in	a	later	section.	

SCAT	5	
(“Sport	Concussion	Assessment	Tool	-	5th	Edition”	2017)	

	 Medical	concussion	and	sporting	organisation	groups	recommend	certain	protocols	when	
conducting	a	sideline	assessment	of	a	head	injury.	The	Sports	Concussion	Assessment	Test	(SCAT)	
is	the	most	commonly	recommended	sideline	assessment	of	concussion.	The	SCAT	has	undergone	
various	iterations	over	a	number	of	years.	At	present	the	SCAT	5	is	the	most	current	version.	
SCAT5	comprises	a	combination	of	Glasgow	Coma	Scale	scoring,	an	evaluation	of	cognitive	and	
sensorimotor	functions,	a	physical	examination,	the	Standardized	Assessment	of	Concussion	and	
the	Balance	Error	Scoring	System	scales.	
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Consideration	Points	for	the	Chiropractor	managing	concussion		
‣ There	are	many	clinical	algorithms	for	the	general	chiropractor	regarding	the	focussed	
clinical	assessment	of	the	concussion	patient	(13,	46,	50,	62,	76,	84,	85,	104-108)	

‣ You	may	be	required	to	provide	return	to	play	(recreational	including	activities	such	as	
jogging	and	bike	riding),	return	to	work	or	return	to	school	advice.		

‣ Communicate	regularly	with	other	participating	HCPs.	
‣ Differentiate	common	post-concussion	symptoms	such	as	neck	pain,	headache,	dizziness,	
postural	instability	from	normal	musculoskeletal	conditions.		

‣ Be	aware	of	physiological	post	concussion	symptoms,	and	be	prepare	to	recommend	
referral	to	a	qualiCied	medical	practitioner	for	further	concussion	assessment	and	co-
management.	

‣ Be	aware	of	autonomic	dysfunction	at	this	stage	(nausea,	cardiovascular	symptoms,	high	
brainstem	signs)		

‣ The	chiropractic	adjustment	imparts	metabolic	load	on	the	patient’s	CNS	
‣ Be	aware	of	Post	Concussion	Syndrome	
‣ See	the	infographic	below	from	Ellis,	Leddy	and	Willer	detailing	a	multi-disciplinary	
approach	to	concussion	to	concussion	(91)

https://paperpile.com/c/Y2L2K6/vwyx


	 Many	patients	in	a	chiropractic	clinic	who	have	experienced	a	head	injury,	may	not	have	done	
so	by	playing	sport.	In	fact,	falls	are	the	most	common	cause	of	concussion	in	the	general	
population.	Paediatric	and	elderly	patients	are	particularly	susceptible	to	falls-based	concussions.	
Chiropractors	may	consult	with	patients	who	have	experienced	head	or	neck	trauma	that	lead	to	
post	concussive	symptoms	(eg,	a	MVA).		
	 Ideally	the	SCAT5	should	Cirst	performed	as	a	baseline	assessment	against	which	a	post	
concussion	assessment	can	be	compared.	If	you	have	a	patient	cohort	that	plays	contact	sports	
(adolescents,	for	example)	then	you	can	easily	administer	the	SCAT5	to	those	patients	prior	to	the	
commencement	of	a	sports	season,	and	re-administer	if	you,	the	patient,	or	patient’s	family	
suspects	a	concussive	event	has	occurred.		
	 You	are	able	to	download	the	SCAT5	at	the	following	site:	https://bjsm.bmj.com/content/
bjsports/51/11/851.full.pdf	
There	is	a	good	YouTube	video	with	Sports	Physician,	Dr	Louis	Holtzhausen	outlining	how	to	
score	the	SCAT5	at	https://www.youtube.com/watch?v=gNoadxx37_E	
You	can	download	the	childscat5	at:	https://bjsm.bmj.com/content/bjsports/51/11/862.full.pdf	
You	can	read	information	about	scoring	the	ChildSCAT5	at:	http://childscat5.cattonline.com/	

Concussion	Recognition	Tool	5	
(“Concussion	Recognition	Tool	5©”	2017)	

	 The	Concussion	Recognition	Tool	has	been	devised	for	families	and	health	professionals	who	
are	not	trained	in	the	diagnosis	and	management	of	concussion.	I	recommend	this	tool	be	used	in	
clinic	to	promote	awareness	of	concussion	amongst	chiropractic	patients.		
	 You	can	download	the	CRT5	at:	https://bjsm.bmj.com/content/51/11/872	
The	impact	of	a	head	injury	on	a	person,	and	whether	that	person	suffers	a	concussive	event	
leading	to	post	concussion	symptoms	depends	on	a	complex	interaction	between	somatic,	
psychological	and	social	factors.		

Rivermead	Post	Concussion	Symptoms	Questionnaire	
	 The	Rivermead	Post	Concussion	Symptoms	Questionnaire	(RPQ)	is	a	16	item,	self	report	scale	
to	measure	the	severity	of	symptoms	following	a	traumatic	brain	injury	(114).	A	proposed	
modiCication	to	the	RPQ	has	resulted	in	a	division	of	items	into	the	RPQ-3	and	RPQ-13	(115).	This	
questionnaire	takes	3-5	minutes	to	complete.	It	is	a	reasonably	reliable	questionnaire	for	
determining	whether	you	patient	is	experiencing	Post	Concussion	Syndrome.		
	 You	can	download	the	RPQ	at:	http://www.tbi-impact.org/cde/mod_templates/
12_F_06_Rivermead.pdf	

A	Paradigm	for	The	Chiropractor’s	Focused	Concussion	Assessment	
	 It	is	assumed	at	this	point	that	the	reader	has	become	aware	of	the	patient’s	history	of	head	
injury.	The	Cirst	step	recommended	is	an	evidence-based	assessment	the	patient.	The	following	
points	are	included	for	the	chiropractor	who	is	assessing	the	patient	in-ofCice	some	days	to	weeks	
after	a	possible	concussion	event.	The	patient	may	or	may	not	be	aware	they	have	suffered	a	
concussion,	and	may	or	may	not	have	previously	been	assessed	(e.g,	an	emergency	department).	
They	may	have	had	a	SCAT5	assessment.	These	assessment	points	(history	and	examination)	are	
for	the	chiropractor	in	his	or	her	ofCice,	within	a	typically	busy	day.	There	are	many	concussion	
history	forms	available	on	line	for	you	to	access.		
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	 I	have	included	a	link	below	to	an	assessment	algorithm	graphic	from	Matuszak,	J.	M.,	McVige,	
J.,	McPherson,	J.,	Willer,	B.,	&	Leddy,	J	(2016)	A	Practical	Concussion	Physical	Examination	
Toolbox.	Sports	Health,	8(3),	260–269.	
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4981071/Cigure/Cig1-1941738116641394/?
report=objectonly	
In	order	to	assist	the	chiropractor	to	conduct	a	focused,	evidence-based,	best	practice	clinical	
assessment	of	the	concussion	patient,	it	is	recommended	that	a	hybrid	clinical	approach	be	
applied,	combining	two	evidence	based	concussion	assessment	approaches:	
1. The	COACH	CV	algorithm	outlined	by	Craton	et	al	(50)		
2. The	clinical	algorithm	for	assessment	and	management	of	concussion	outlined	by	Ellis	et	al	

(91)	
	 The	chiropractor	can	keep	these	approaches	in	mind	when	assessing	the	patient.		

	 COACH	CV	(Craton,	Ali,	and	Lenoski	2017)	
	 When	a	patient	presents	longer	than	5	days	post	head	injury,	there	are	7	Concussion	Clinical	
Phenotypes	to	consider	during	the	history	and	the	examination.	The	phenotypes	relevant	to	the	
chiropractic	examination	are	highlighted.		
1. Cognitive	
2. Oculomotor	(evidence	supports	chiropractor’s	scope	of	practice)	
3. Affective	
4. Cervical	(evidence	supports	chiropractor’s	scope	of	practice)	
5. Headaches	(evidence	supports	chiropractor’s	scope	of	practice)	
6. Cardiovascular	
7. Vestibular	(evidence	supports	chiropractor’s	scope	of	practice)	

Post	Concussion	Syndromes	(Ellis,	Leddy,	and	Willer	2016)	
	 Ellis	outlined	three	post-concussion	disorders	and	evidence-based	multi-disciplinary	clinical	
management	strategies:		
1. Pathophysiological	post-concussion	disorder		
2. Vestibulo-ocular	post-concussion	disorder	(suitable	for	integrated	chiropractic	therapeutic	

support)	
3. Cervicogenic	post-concussion	disorder	(suitable	for	integrated	chiropractic	therapeutic	

support)	
	 I	recommend	that	the	evidence	supports	the	chiropractor	directing	a	focused	history	and	
examination	of	the	cervical	and	vestibular-ocular	phenotypes.		
	 Note:	If	the	chiropractor	is	concerned	that	the	concussion	is	experiencing	acute	physiological	
concussion	symptoms	which	often	involve	greater	autonomic	dysfunction,	he/she	should	refer	to	
an	appropriate	HCP	or	exercise	physiologist	for	further	assessment	(medical	practitioner,	or	
exercise	physiologist	with	experience	with	traumatic	brain	disorders).	Physiological	Post	
Concussion	Syndrome	patients	will	often	experience	onset	of	concussion	symptoms	during	a	
graded	exercise	loading	test	(116).	
	 There	is	an	overlap	of	many	of	the	symptoms	and	tests	for	the	two	concussion	phenotypes	
outlined	here.	It	is	assumed	that	once	one	becomes	familiar	with	the	tests	and	their	signiCicance,	
the	time	to	effectively	assess	a	concussion	patient	will	be	reduced.		
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	 It	is	assumed	that	a	clinical	judgement	has	been	made	regarding	a	full	examination	of	the	
patient	to	a	level	of	the	practitioner’s	professional	clinical	competence	and	satisfaction.	For	a	
qualiCied	and	registered	chiropractor	this	would	include:	vital	sign	assessment	(HR,	BP,	RR);	

standard	neurological	examination	(including	cranial	nerve	assessment,	motor	and	sensory	
assessment);	and	standard	peripheral	and	spinal	orthopaedic	assessment.	It	may	or	may	not	be	
decided	to	implement	a	chiropractic	-orientated	spinal	assessment	at	this	stage,	this	would	be	left	
to	individual	clinical	judgement.		

Concussion Management Ellis 2018- (117) / Post Concussion Management Ellis 2016 (91)
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The	General	Concussion	History	
	 For	concussion	assessment	within	2-10	days	of	an	impact	injury,	clinical	information	obtained	
should	include:	
1. Date	of	Head	Injury	
2. Circumstances	of	Concussion	-(Sport-related,	recreational,	falls-related,	illness-related)	
3. Assessment	by	medical	or	emergency	professional	
4. Diagnostic	Imaging	
5. Hospitalisation	
6. Structural	damage	to	head	or	neck	
7. Loss	of	consciousness	
8. Amnesia	
9. Autonomic	Dysfunction	(nausea,	blood	pressure	changes,	respiration	changes)	
10. Affective	lability	
11. Agitation	
12. Vestibulo-ocular	symptoms	
13. Cervical	spine	symptoms	

	 For	post	concussion	symptoms	assessment	within	2-4	weeks	of	an	impact	injury,	clinical	
information	obtained	should	include:	
1. Headache	
2. Dizziness/Postural	Instability	
3. Visual/visuomotor	disturbances	
4. Fatigue	
5. Noise	Intolerance	
6. Irritability/lability/anxiety/depression	
7. Sleep	problems	
8. Concentration	problems	
9. Memory	DeCicit	
10. Intolerance	of	alcohol	
11. Preoccupation	with	symptoms	
12. Personality	change	
13. Apathy	
14. Perceptual/motor	dysfunction	
15. Social	cognition	
16. Cervical	spine	dysfunction	
17. Autonomic	dysfunction	

6e.	Chiropractor’s	History	and	Examination	of	the	Cervicogenic	Post	Concussion	Syndrome	
	 The	evidence-based	literature	indicates	that	post	concussion	cervicogenic	patients	may	
experience:	
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Headache,	neck	stiffness,	blurred	vision,	disintegration	of	oculomotor	convergence,	
pursuits,	saccades,	optokinetic	reClexes,	vestibulo-ocular	reClexes,	cervico-collic	reClexes,	
vestibulocervical	reClexes,	dizziness,	vertigo,	postural	instability,	autonomic	disturbance,	
blurred	vision.	

	 It	also	indicates	that	manual	therapy	(as	provided	by	a	qualiCied	chiropractor)	combined	with	
cervical	rehabilitation	may	diminish	some	post	concussion	symptoms.		
	 There	is	strong	evidence	regarding	the	role	of	the	cervical	spine	in	concussion	events.	It	is	
suggested	that	many	post	concussion	symptoms,	and	a	signiCicant	part	of	Post	Concussion	
Syndrome,	may	be	related	to	dysafferentation	of	proprioceptive	structures	embedded	in	joints	
and	soft	tissue	around	the	cervical	spine	that	relay	constant	information	to	rostral	brainstem,	
cerebellum,	supranuclear,	thalamic	and	cortical	regions.	It	is	further	reported	that	treatment	and	
rehabilitation	of	cervical	spine	dysfunction	expedites	recovery	from	post	concussion	syndrome	
(50,	51,	57,	58,	59,	60,	61,	62.	63.	64,	118,	119).	
	 It	has	been	suggested	that	brainstem	and	spinal	cord	reClexes	involving	both	postural	stability	
and	ocular	motor	function	are	signiCicantly	impacted	by	cervical	injury	in	concussion	events	(13,	
14,	120).	This	occurs	through	cervico-collic,	vestibulo-cervical,	cervico-ocular	reClexes.	There	is	
ample	evidence	that	post-concussion	head	pain	or	headache	may	be	facilitated	through	
disinhibition	of	the	trigemino-cervical	complex,	which	receives	signiCicant	presynaptic	input	from	
cervical	structures.	Many	patients	suffering	post	concussion	headache	may	also	be	experiencing	
central	sensitization	of	pain	(83,	121).	
	 Postural	stabilising	reClexes	controlled	by	cerebellar	modulation	have	also	been	found	to	be	
disrupted	by	cervical	joint	and	soft	tissue	injury	(122-126).	Postural	instability	due	to	cervical	
joint	dysfunction	may	lead	to	lumbopelvic	dynamic	lumbar	dysfunction	due	to	an	increase	in	back	
and	hip	balance	strategies.	This	may	often	be	manifested	as	an	increase	in	postural	stiffness	in	
midline	spinal	muscle	groups.	This	can	be	assessed	by	postural	stability	testing.		

Taking an evidence-based history for cervical involvement in post concussion syndrome
	 The	following	questions	should	be	asked	of	a	suspected	cervicogenic	post	concussion	
syndrome	(CGPC)	patient	:	

1. Did	you	experience	neck	pain	prior	to	your	concussion	event?	
2. Since	your	head	injury:		

‣ have	you	experienced	pain	or	stiffness	in	your	neck	when	you	move	your	neck	or	
maintain	a	static	load	position?	

‣ have	you	experienced	head	pain	or	a	headache	around	the	back	of	your	head	or	the	top	
of	your	neck?	

‣ do	you	feel	dizzy	when	you	move	your	neck?	
‣ do	you	feel	unstable	in	your	balance	when	you	move	your	neck?	
‣ have	you	experienced	more	general	spinal	pain	since	your	head	injury?	
‣ do	you	feel	disoriented	when	you	move	your	neck?	
‣ do	you	feel	nauseous	when	you	move	your	neck?	
‣ do	you	feel	your	vision	becomes	unclear	when	you	move	your	neck?	
‣ has	your	neck	pain	disturbed	your	sleep?	
‣ do	you	Cind	it	hard	to	concentrate	due	to	your	neck	pain?		
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The	Neck	Disability	Index	(see	Appendix	4)	
	 If	the	chiropractor	suspects	cervicogenic	post	concussion	syndrome	from	a	focused	history	he/
she	should	ask	the	patient	to	complete	the	Neck	Disability	Index	(NDI)	(127).	This	questionnaire	
allows	one	to	identify	domains	of	neck	dysfunction	as	well	as	neck	dysfunction	severity	that	may	
be	related	to	a	concussive	event.	The	NDI	can	be	accessed	at	https://www.worksafe.qld.gov.au/
__data/assets/pdf_Cile/0017/77021/neck-disability-index1.pdf	
	 The	NDI	also	provides	a	clinical	outcome	tool	that	will	sensitively	measure	improvement	in	
neck	function	following	chiropractic	support	therapy.	

The	Central	Sensitisation	Inventory	(see	Appendix	5)	
	 Many	post	concussion	syndrome	patients	have	signiCicant	pain	and	dizziness	post	head	injury.	
Obsessing	over	post	concussion	symptoms	can	be	a	common	occurrence	with	PCS.	Central	
ampliCication	of	pain	or	body	perception	is	a	common	consequence	of	concussion.		
	 This	central	ampliCication	of	pain	is	known	as	Central	Sensitization	(CS)	and	was	Cirst	
described	by	Woolf	in	1983	(121,	128,	129).		
	 The	Central	Sensitization	Inventory	is	a	sensitive	questionnaire	instrument	that	indicates	the	
degree	of	‘central	nervous	system	upset’	in	the	presenting	concussion	patient.	Many	concussion	
patients	may	have	had	some	level	of	CS	prior	to	their	head	injury.	The	CSI	does	not	provide	clues	
to	pre-injury	CS.	Identifying	the	level	of	CS	should	provide	the	chiropractor	with	another	sensitive	
indication	of	the	level	of	chiropractic	therapy	that	may	be	tolerated	by	the	concussion	patient.		

Conducting an evidence-based examination for cervical involvement in post concussion syndrome
	 The	chiropractor’s	cervical	spine	examination	should	follow	a	protocol	as	outlined	below.		

1. Observation	
2. Palpation	

a. Cervical	musculature	
i. The	chiropractor	should	map	the	muscles	palpated	and	record	Cindings	and	

patient	responses.		
ii. Are	musculature	structures	overly	painful	to	palpation?	
iii. Does	palpation	of	a	muscle	group	cause	dizziness?	
iv. Does	palpation	of	a	muscle	group	reproduce	head	pain	or	headache?	

b. Cervical	and	upper	thoracic	(C1-T6)	facet	joint	capsules	
i. The	chiropractor	should	map	the	cervical	and	thoracic	spinal	joints	

palpated	and	record	Cindings	and	patient	responses.	
ii. Are	cervical	or	thoracic	spinal	joint	structures	overly	painful	to	palpation?	
iii. Does	palpation	of	a	cervical	or	thoracic	spinal	joint	capsule	cause	dizziness?	
iv. Does	palpation	of	a	cervical	or	thoracic	spinal	joint	capsule	reproduce	head	

pain	or	headache?	
3. Range	of	Motion	Assessment	

a. Assess	and	record	the	6	degrees	of	cervical	range	of	motion	both	passively	(off	
vertical	axis-supine)	and	actively	(sitting)	
i. Does	any	neck	position	or	movement	cause	pain	or	dizziness?	Provocative	

or	dynamic	neuro-functional	testing	of	cervical	spine?	
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	 The	following	tests	are	designed	to	assess	the	impact	of	cervical	stress	testing	on	brainstem	
and	cord	based	postural,	vestibular	and	oculomotor	function.	I	have	included	only	an	outline	of	
these	tests.	A	full	description	is	for	another	paper.		

4. Swivel	chair	assessment	for	cervicogenic	vertigo	
5. Proprioceptive	assessment	of	cervical	spine	joints-with	laser	
6. Fukuda’s	marching	test	
7. Cervical	torsion	smooth	pursuit	test	
8. Cervical	torsion	saccadic	test		
9. Cervical	torsion	optokinetic	test	
10. Rombergs	test	
11. Rombergs-neck	torsion-6	degrees	test	
12. Computerised	Posturographic	Assessment	(if	available)	
Chiropractor’s History and Examination of Vestibular-Ocular Post Concussion Syndrome -Examination in the 

Chiropractic Office 
	 I	recommend	both	a	focused	vestibular	and	oculomotor	assessment	of	the	concussion	patient	
in	practice.	This	has	been	recommended	in	the	evidence-based	literature	and	I	feel	this	approach	
would	satisfy	a	best	practice	assessment	of	the	concussion	patient	as	well	as	minimising	time	and	
cost	in	a	busy	chiropractic	clinic	(52,	58,	62,	120,	130,	131,	132).	

Taking	a	focused	Vestibular-ocular	post	concussion	syndrome	history	
	 It	is	assumed	at	this	stage	the	chiropractor	has	determined	there	is	little	or	no	involvement	of	
the	cervical	spine	in	his/her	patient’s	concussion,	or	s/he	is	not	satisCied	that	the	cervical	spine	
involvement	accounts	for	the	totality	of	the	patient’s	symptoms.		
	 The	following	questions	should	be	asked	on	the	suspicion	of	a	vestibular-ocular	component	to	
the	patient’s	concussion.		

1. Did	you	have	eye	strain	or	headaches	due	to	eye	movement	(e.g	reading	or	computer	
work)	prior	to	your	head	injury?	

2. Have	you	had	eye	strain	or	headaches	due	to	eye	movement	(e.g	reading	or	computer	
work)	since	to	your	head	injury?	

3. Are	you	Cinding	it	difCicult	to	read	since	your	head	injury?	
4. Are	you	Cinding	it	difCicult	to	concentrate	since	your	head	injury?	
5. If	so,	what	particular	eye	movement	causes	strain	or	headache?	
6. Did	you	have	difCiculties	with	close	up	eye	activity	prior	to	your	head	injury?	
7. Are	you	struggling	with	close-up	eye	activity	since	your	head	injury?	(loss	of	focus,	

headaches,	profound	eye	watering,	nausea,	dizziness,	fogginess)	
8. Are	you	struggling	to	tolerate	large	crowds	since	your	head	injury?	
9. Are	you	struggling	with	loud	noises	since	your	head	injury?	
10. Do	you	struggle	to	walk	down	the	aisles	of	supermarkets	since	your	head	injury?	
11. Do	you	struggle	when	people	wave	their	hands	in	front	of	you?	
12. Do	you	struggle	to	rapidly	turn	your	head	and	focus	on	an	object	(eg,	crossing	the	road)?	
13. Do	you	struggle	to	read	street	signs	while	you	are	walking?	
14. Have	you	experienced	motion	sickness	since	your	head	injury?	
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15. Did	you	have	motion	sickness	prior	to	your	head	injury?	
16. Do	you	get	dizzy	when	you	lie	down	in	bed,	or	roll	over	in	bed?	
17. Do	you	get	dizzy	if	you	look	up	or	down?	
18. Do	you	feel	unsteady	walking	down	stairs	since	your	head	injury?	
19. Do	you	feel	unsteady	when	you	are	in	large	crowds?	
20. Do	you	sometimes	perceive	you	are	moving	when	you	know	you	are	not	moving?	

Performing a focused Vestibular-ocular Post Concussion Syndrome Examination
	 I	recommend	integration	of	the	evidence	protocol	outlined	by	Mucha	(52)	in	order	to	assess	
concussion	patients	for	VO	post-concussion	syndrome.	An	outline	of	the	test	is	found	in	Appendix	
6.	

Videonystagmography	(VNG)	
	 Videonystagmography	(VNG)	is	considered	to	be	a	sensitive	and	accurate	measure	of	eye	
movement	dysfunction	following	concussion.	It	also	provides	a	sensitive	measure	of	improvement	
in	post	concussion	ocular	function	(24,	120,	133).	These	systems	are	expensive	and	require	
considerable	technical	training.	I	believe	that	they	do	not	suit	the	purposes	of	a	general	
chiropractic	practice.		

	 Computerised	Posturography	
The	evidence	based	literature	recommends	use	of	a	computerised	force	plate	in	order	to	
sensitively	assess	and	monitor	postural	stability	after	a	head	injury	(55,	134,	135,	136).		
	 I	recommend	the	purchase	of	a	small	mobile	force	plate	that	enables	both	assessment	and	in	
ofCice	rehabilitation.	Once	again,	however,	these	systems	are	expensive	and	require	technical	
training;	the	general	chiropractor	would	need	to	establish	a	cost-beneCit	analysis	of	purchase.		

Modi1ied	Balance	Error	Scoring	System	
	 It	is	recommended	that	chiropractors	utilise	a	relatively	quick	balance	assessment	protocol.		
	 The	modiCied	BESS	would	be	appropriate	(18).	This	has	been	found	to	be	sensitive	enough	for	
identifying	and	monitoring	postural	stability	changes	after	concussion.	It	is	recommended	that	
the	reader	becomes	up-skilled	in	use	of	this	assessment.	For	a	review	of	the	mBESS	assessment,	
please	see	the	YouTube	video	demonstrating	the	SCAT5	at	https://www.youtube.com/watch?
v=gNoadxx37_E	
Clinical	Protocols	for	Support	of	the	Post-Concussion	Patient	in	a	Chiropractic	Practice	

	 Once	the	concussion	patient	has	been	identiCied	and	examined,	the	chiropractor	should	make	a	
decision	about	referring	for	medical	opinion	and	diagnosis.	The	completed	tests	should	guide	the	
determination	of	whether	the	patient	belongs	to	one	of	the	two	post	concussion	phenotypes	
amenable	to	chiropractic	support	therapy.	The	following	recommendations	are	general	strategies.	
A	formal,	expansive	description	of	management/support	strategies	is	for	another	paper.		

Grading	Your	Therapeutic	Strategies	
	 Probably	the	most	important	message	to	come	out	of	the	evidence	based	literature	regarding	
post	concussion	management	is	ensuring	a	‘graded’	return	to	activity	(137).	This	approach	can	be	
applied	to	all	aspects	of	the	chiropractic	treatment	paradigm:	from	your	examination	to	your	
adjustment	to	your	post	adjustment	advice	and	rehabilitation/lifestyle	recommendations.	
Ensuring	rest	and	good	sleep	in	the	early	stages	is	imperative.	A	gradual	return	to	life	activities	is	
based	on	the	patient’s	response.		

Determining	Metabolic	Fatigue	
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	 As	previously	alluded	to,	post	concussion	patients	have	been	found	to	be	sensitive	to	metabolic	
load	and	fatigue	when	exercising	or	undergoing	clinical	testing.	Most	of	the	signiCicant	symptoms	
a	chiropractor	should	be	wary	of	are	brainstem	autonomic	signs.	The	Autonomic	Nervous	System	
(ANS)	has	major	neural	network	control	centres	in	the	brainstem,	which	are	subject	to	injury	and	
damage	in	a	concussive	event	(94).	Autonomic	dysfunction	may	be	a	major	component	of	the	
immediate	post	concussion	symptom	picture,	the	Post	Concussion	Syndrome	(138).		
	 ANS	dysfunction	may	be	a	release	sign	following	chiropractic	treatment	(i.e	autonomic	
dysfunction	following	chiropractic	treatment).	Patients	may	also	report	ANS	fatigue	when	they	
engage	in	relatively	light	exercise	(eg	walking).	This	should	be	recorded	and	monitored.	It	has	
been	noted	that	patients	who	have	previously	experienced	motion	sickness	are	more	likely	to	
have	prolonged	concussion	recovery.	The	ability	to	perform	such	a	test	might	be	beyond	the	
resources	of	the	average	chiropractic	clinic.	However,	it	is	recommended	that	chiropractors	
clinically	up-skill	to	be	able	to	recognise	autonomic	signs	of	metabolic	fatigue.	
	 As	previously	mentioned,	the	Central	Sensitivity	Inventory	(see	Appendix	5)	can	also	be	used	
to	monitor	ANS	sensitivity	as	a	number	of	the	functional	domains	in	this	questionnaire	are	
related	to	ANS.	This	should	be	identiCied	during	the	history	and	monitored	throughout	the	
treatment-rehabilitation	phase	(139).	
	 The	Buffalo	Concussion	Treadmill	Test	was	designed	to	monitor	ANS	load	during	post	
concussion	recovery	(116).	It	has	since	been	used	in	multiple	studies	as	a	basis	for	post	
concussion	rehabilitation	(140).	A	patient’s	heart	rate	is	monitored	when	walking	on	a	treadmill	
that	is	steadily	increased	in	speed.	The	patient	is	asked	to	report	when	they	feel	exacerbations	of	
their	symptoms.	Based	on	the	heart	rate	(HR)	attained	at	the	level	of	symptom	exacerbation	on	
the	treadmill,	subjects	perform	a	daily	individualised	sub-threshold	HR	progressive	aerobic	
exercise	program	to	the	level	of	their	symptom	exacerbation.		
	 The	clinical	ability	to	recognise	and	monitor	subtle,	soft	autonomic	dysfunction	greatly	
enhances	recovery	following	chiropractic	support	therapy,	and	minimises	the	possibility	of	
adverse	reactions	going	unnoticed	or	unrecognised.		
	 he	ability	to	perform	such	a	test	might	be	beyond	the	resources	of	the	average	chiropractic	
clinic.	However,	it	is	recommended	that	chiropractors	clinically	up-skill	to	be	able	to	recognise	
autonomic	signs	of	metabolic	fatigue.		
	 s	previously	mentioned,	the	Central	Sensitivity	Inventory	(see	Appendix	5)	can	also	be	used	to	
monitor	ANS	sensitivity	as	a	number	of	the	functional	domains	in	this	questionnaire	are	related	
to	ANS.		

Duration	and	Frequency	of	In-of1ice	Treatment	
	 It	is	difCicult	to	identity	treatment	frequency	protocols	when	offering	chiropractic	support	
therapy	to	a	post-concussion	patient.	Experienced	chiropractors	are	expected	to	be	acutely	aware	
of	response	times	to	chiropractic	treatment	for	neck	disorders.	Response	to	post	concussion	care	
and	rehabilitation	is	complex	and	multifactorial.	It	depends	on	the	patient’s	social	and	
occupational	roles	(student,	athlete,	mother,	father,	computer	work,	construction	work,	
hospitality	etc).	The	chiropractor	must	be	prepared	to	‘buy-in’	when	providing	support	care.	
Patients	may	cancel	appointments,	not	keep	up	exercises,	not	follow	instructions	for	a	variety	of	
personally	valid	reasons.	Try	to	use	objective	outcome	measures	described	in	earlier	sections	of	
this	paper	to	monitor	progress.	The	author’s	recommendation	is	to	exercise	conservative	caution	
when	administering	chiropractic	adjustments	to	post	concussion	patients.	
	 Cervicogenic	Post	Concussion	Syndrome	patients,	in	my	opinion,	need	immediate	attention	to	
cervical	spine	dysfunction.	Frequency	should	be	1-2	visits	per	week,	treatment	should	be	low	
level	in	the	Cirst	month,	with	emphasis	on	avoiding	HVLA	type	treatments	and	including	soft	
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tissue	and	active	release	therapies.	Cervical	rehabilitation	protocols	should	be	gradually	
introduced	from	the	Cirst	treatment.	The	chiropractor	should	inform	the	patient	of	possible	post-
treatment	adverse	reactions	(transient	dizziness,	pain,	stiffness)	in	the	early	phases	of	treatment.	
Care	should	be	taken	regarding	postural	stability	following	treatment.	In	my	clinical	experience	
many	concussion	patients	experience	ANS	dysfunction	some	minutes	or	hours	after	a	chiropractic	
treatment.	
	 ANS	signs	pre	and	post	treatment	should	be	monitored,	as	should	ANS	signs	between	
treatments.	Cervical	ROM	(pain	and	pain	free)	assessments,	muscle	tenderness	and	hypertonus	
assessments,	and	cervico-oculomotor	assessments	should	be	performed	at	every	treatment.	 	
Vestibular-ocular	post	concussion	patients	may	or	may	not	have	a	cervical	component	to	their	
dysfunction.	If	they	do	the	chiropractor	should	employ	the	strategies	outlined	above.		
	 The	chiropractor	should	also	provide	evidence	based	vestibular	rehabilitation	support	therapy	
	 (VRT)	as	outlined	in	a	number	of	references	provided	(48,	56,	59,	68,	70,	89,	94,	111).	
There	are	a	number	of	home	support	therapies	that	the	chiropractor	can	include.	Interactive	
Metronome	has	been	demonstrated	to	improve	outcome	measures	in	concussion	patients	(142	
and	Appendix	5).	
	 I	recommend	that	chiropractors	undertake	clinical	up-skilling	in	a	speciCic	chiropractic-centred	
support	therapies	post	concussion	syndrome	cases.	This	includes	clinical	nutritional	support.		

Conclusion	
	 The	generalist	chiropractor	has	a	high	level	of	undergraduate	clinical	training	to	manage	a	
large	range	of	neuromusculoskeletal	conditions.	Chiropractors	are	well	positioned	to	identify	and	
support	a	concussion	patient,	as	they	most	probably	consult	with	a	range	of	patients	from	
different	walks	of	life	who	have	experienced	falls	and	neck	injuries.	However,	consensus	amongst	
concussion	experts	recommends	that	generalist	chiropractors	require	a	higher	level	of	clinical	
training	speciCic	to	concussion	assessment	and	management.	This	document	has	outlined	a	range	
of	evidence	based	clinical	algorithms	and	recommendations	suitable	for	the	generalist	
chiropractor	when	confronted	with	a	suspected	concussion	patient.	It	also	provides	directions	for	
further	concussion	training.	The	author	recommends	that	you	be	aware	of	concussion	amongst	
patients	in	your	practice,	and	that	you	“buy-in”	when	managing	concussion	patients.	Be	prepared	
to	become	part	of	the	concussion	patients	“team”.	No-one	can	treat	this	cases	by	themselves.		

Paul	Noone	
PhD,	B.App.Sc	(Chiro),	DACNB	

Private	practice,	Melbourne	
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Appendices	
Appendix	1-Clinical	Skills	Training	

	 This	is	a	list	of	clinical	up-skilling	I	recommend	chiropractors	to	undertake	in	order	to	conduct	
appropriate	examinations	and	implement	clinical	support	strategies	of	the	concussion	patient	in	
a	chiropractic	practice	

		

Asia-Pacific Chiropractic Journal Noone, 24

Name Skill Domain Time

Dix-Hallpike Testing Assessment-Vestibular

Smooth Pursuit testing Assessment-Oculomotor

Saccade/Antisaccade testing Assessment-Oculomotor

Optokinetic Reflex testing Assessment-Oculomotor

Convergence testing Assessment-Oculomotor-Autonomic

Velocity Storage Mechanism testing Assessment-Vestibular

Pupil size Assessment-Autonomic

Consensual light reflex Assessment-Autonomic

Direct light reflex Assessment-Autonomic

Supine to Stand up Heart Rate Assessment-Autonomic

VOR Suppression Swivel Assessment-Vestib-Oculomotor

Dynamic Visual Acuity Assessment-Vestib-Oculomotor

Neck torsion smooth pursuit Assessment-Vestib-Oculomotor

Neck torsion saccade Assessment-Vestib-Oculomotor

Cervical joint proprioception-laser Assessment-postural stability

Trigeminal Sensory Assessment-Sensory

Cervicocolllic Swivel Assessment-Cervical-postural 
stability

Rombergs testing Assessment-Cervical-postural 
stability

Rombergs-6 deg/head rotation Assessment-Cervical-post/ stability

Fukuda’s marching test Assessment-Vestibular-Cervical

Dura disc testing Assessment-Cervical-postural 
stability

Gaze stabilization Rehab-vestibular-ocular

Gaze stabilisation with laser Rehab-vestibular-ocular

Gaze stab-laser on dura disc Rehab-vestibular-ocular



Appendix	2-Convergence	Insuf1iciency	Symptom	Survey	(Borsting	EJ	2003)	
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Cervico-collic-swivel Rehab-vestibular-ocular

VOR suppression-swivel Rehab-vestibular-ocular

OKN- swivel Rehab-vestibular-ocular

VSM dumping-stripes on swivel Rehab-vestibular-ocular

VSM dumping-roll-stripes Rehab-vestibular-ocular

Cervical Lordosis Training Rehab-Cervical

Supine cervical-gaze entrainment Rehab-Cervical

Epley Maneuver Treatment-Vestibular

https://paperpile.com/c/Y2L2K6/3eSO


Appendix	3-	Neck	Disability	Index	
(Vernon	and	Mior	1991;	Howard	Vernon	2008)	
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Appendix	4-	Central	Sensitisation	Inventory	
(Neblett	and	Mayer	2017)	
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Appendix	5-	Interactive	Metronome		
Nelson	et	al.	2013	(142)	
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Appendix	6:	Vestibular/Ocular-Motor	Screening	(VOMS)	for	Concussion	
	 The	original	article	outlining	this	examination	protocol	is	available	for	free	download	at	
PubMed.	You	can	also	access	two	supplementary	downloads	that	outline	the	testing	procedures	
and	provide	instructional	diagrams.	https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4209316/	
	 Here	is	a	summary	of	the	tests	involved	

Instructions	
	 Interpretation:	This	test	is	designed	for	use	with	subjects	ages	9-40.	When	used	with	patients	
outside	this	age	range,	interpretation	may	vary.	Abnormal	Cindings	or	provocation	of	symptoms	
with	any	test	may	indicate	dysfunction	–	and	should	trigger	a	referral	to	the	appropriate	health	
care	professional	for	more	detailed	assessment	and	management.	
	 Equipment:	Tape	measure	(cm);	Metronome;	Target	w/	14	point	font	print.	

Baseline	Symptoms	
Record:	Headache,	Dizziness,	Nausea	&	Fogginess	on	0-10	scale	prior	to	beginning	screening	
Smooth	Pursuits	
	 Test	the	ability	to	follow	a	slowly	moving	target.	The	patient	and	the	examiner	are	seated.	The	
examiner	holds	a	Cingertip	at	a	distance	of	3	ft.	from	the	patient.	The	patient	is	instructed	to	
maintain	focus	on	the	target	as	the	examiner	moves	the	target	smoothly	in	the	horizontal	
direction	1.5	ft.	to	the	right	and	1.5	ft.	to	the	left	of	midline.		
	 One	repetition	is	complete	when	the	target	moves	back	and	forth	to	the	starting	position,	and	2	
repetitions	are	performed.	The	target	should	be	moved	at	a	rate	requiring	approximately	2	
seconds	to	go	fully	from	left	to	right	and	2	seconds	to	go	fully	from	right	to	left.	The	test	is	
repeated	with	the	examiner	moving	the	target	smoothly	and	slowly	in	the	vertical	direction	1.5	ft.	
above	and	1.5	ft.	below	midline	for	2	complete	repetitions	up	and	down.	Again,	the	target	should	
be	moved	at	a	rate	requiring	approximately	2	seconds	to	move	the	eyes	fully	upward	and	2	
seconds	to	move	fully	downward.		
Record:	Headache,	Dizziness,	Nausea	&	Fogginess	ratings	after	the	test.	

• Saccades	:	
	 Test	the	ability	of	the	eyes	to	move	quickly	between	targets.	The	patient	and	the	examiner	are	
seated.	

Asia-Pacific Chiropractic Journal Noone, 29

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4209316/


•	Horizontal	Saccades:		
	 The	examiner	holds	two	single	points	(Cingertips)	horizontally	at	a	distance	of	3	ft.	from	the	
patient,	and	1.5	ft.	to	the	right	and	1.5	ft.	to	the	left	of	midline	so	that	the	patient	must	gaze	30	
degrees	to	left	and	30	degrees	to	the	right.	Instruct	the	patient	to	move	their	eyes	as	quickly	as	
possible	from	point	to	point.	One	repetition	is	complete	when	the	eyes	move	back	and	forth	to	the	
starting	position,	and	10	repetitions	are	performed.		
Record:	Headache,	Dizziness,	Nausea	&	Fogginess	ratings	after	the	test.		

•	Vertical	Saccades:		
	 Repeat	the	test	with	2	points	held	vertically	at	a	distance	of	3	ft.	from	the	patient,	and	1.5	feet	
above	and	1.5	feet	below	midline	so	that	the	patient	must	gaze	30	degrees	upward	and	30	
degrees	downward.	Instruct	the	patient	to	move	their	eyes	as	quickly	as	possible	from	point	to	
point.	One	repetition	is	complete	when	the	eyes	move	up	and	down	to	the	starting	position,	and	
10	repetitions	are	performed.		
Record:	Headache,	Dizziness,	Nausea	&	Fogginess	ratings	after	the	test.	

•	Convergence		
	 Administer	the	Convergence	InsufCiciency	Symptom	Survey	(Appendix	2)		
	 Measure	the	ability	to	view	a	near	target	without	double	vision.	The	patient	is	seated	and	
wearing	corrective	lenses	(if	needed)	The	examiner	is	seated	front	of	the	patient	and	observes	
their	eye	movement	during	this	test.	The	patient	focuses	on	a	small	target	(approximately	14	
point	font	size)	at	arm’s	length	and	slowly	brings	it	toward	the	tip	of	their	nose.	The	patient	is	
instructed	to	stop	moving	the	target	when	they	see	two	distinct	images	or	when	the	examiner	
observes	an	outward	deviation	of	one	eye.	Blurring	of	the	image	is	ignored.	The	distance	in	cm.	
between	target	and	the	tip	of	nose	is	measured	and	recorded.	This	is	repeated	a	total	of	3	times	
with	measures	recorded	each	time.		
Record:	Headache,	Dizziness,	Nausea	&	Fogginess	ratings	after	the	test.		
Abnormal:	Near	Point	of	convergence	≥	6	cm	from	the	tip	of	the	nose.		

•	Vestibular-Ocular	ReClex	(VOR)	Test:	
	 Assess	the	ability	to	stabilize	vision	as	the	head	moves.	The	patient	and	the	examiner	are	
seated.	The	examiner	holds	a	target	of	approximately	14	point	font	size	in	front	of	the	patient	in	
midline	at	a	distance	of	3	ft.	

•	Horizontal	VOR	Test:		
	 The	patient	is	asked	to	rotate	their	head	horizontally	while	maintaining	focus	on	the	target.	
The	head	is	moved	at	an	amplitude	of	20	degrees	to	each	side	and	a	metronome	is	used	to	ensure	
the	speed	of	rotation	is	maintained	at	180	beats/minute	(one	beat	in	each	direction)	One	
repetition	is	complete	when	the	head	moves	back	and	forth	to	the	starting	position,	and	10	
repetitions	are	performed.		
Record:	Headache,	Dizziness,	Nausea	and	Fogginess	ratings	10	sec	after	the	test	is	completed.		
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•	Vertical	VOR	Test:		
	 The	test	is	repeated	with	the	patient	moving	their	head	vertically.	The	head	is	moved	in	an	
amplitude	of	20	degrees	up	and	20	degrees	down	and	a	metronome	is	used	to	ensure	the	speed	of	
movement	is	maintained	at	180	beats/minute	(one	beat	in	each	direction)	One	repetition	is	
complete	when	the	head	moves	up	and	down	to	the	starting	position,	and	10	repetitions	are	
performed.		
Record:	Headache,	Dizziness,	Nausea	and	Fogginess	ratings	after	the	test.		

•	Visual	Motion	Sensitivity	(VMS)	Test:	
	 Test	visual	motion	sensitivity	and	the	ability	to	inhibit	vestibular-induced	eye	movements	
using	vision.	The	patient	stands	with	feet	shoulder	width	apart,	facing	a	busy	area	of	the	clinic.	
The	examiner	stands	next	to	and	slightly	behind	the	patient,	so	that	the	patient	is	guarded	but	the	
movement	can	be	performed	freely.	The	patient	holds	arm	outstretched	and	focuses	on	their	
thumb.	Maintaining	focus	on	their	thumb,	the	patient	rotates,	together	as	a	unit,	their	head,	eyes	
and	trunk	at	an	amplitude	of	80	degrees	to	the	right	and	80	degrees	to	the	left.	A	metronome	is	
used	to	ensure	the	speed	of	rotation	is	maintained	at	50	beats/min	(one	beat	in	each	direction)	
One	repetition	is	complete	when	the	trunk	rotates	back	and	forth	to	the	starting	position,	and	5	
repetitions	are	performed.		
Record:	Headache,	Dizziness,	Nausea	&	Fogginess	ratings	after	the	test	

Bibliography	
Journal Articles

1.     Mc Crory, P., & Meeuwisse, W. et al. (2018). Consensus statement on concussion in sport—the 5th international conference on 
concussion in sport held. Br J Sports Med, 51, 838–847. 

2.     Polich, G., Iaccarino, M. A., Kaptchuk, T. J., Morales-Quezada, L., & Zafonte, R. (2020). Nocebo Effects in Concussion: Is All That Is Told 
Beneficial? American Journal of Physical Medicine & Rehabilitation / Association of Academic Physiatrists, 99(1), 71–80. 

3.     Satarasinghe, Praveen, D. Kojo Hamilton, Robert J. Buchanan, and Michael T. Koltz. 2019. “Unifying Pathophysiological Explanations 
for Sports-Related Concussion and Concussion Protocol Management: Literature Review.” Journal of Experimental Neuroscience 13 
(January): 1179069518824125.  

4.     Holm, L., Cassidy, J. D., Carroll, L. J., Borg, J., & Neurotrauma Task Force on Mild Traumatic Brain Injury of the WHO Collaborating 
Centre. (2005). Summary of the WHO Collaborating Centre for Neurotrauma Task Force on Mild Traumatic Brain Injury. Journal of 
Rehabilitation Medicine: Official Journal of the UEMS European Board of Physical and Rehabilitation Medicine, 37(3), 137–141  

5.     Setnik, L., & Bazarian, J. J. (2007). The characteristics of patients who do not seek medical treatment for traumatic brain injury. Brain 
Injury: [BI], 21(1), 1–9.  

6.     Gardner, R. C., & Yaffe, K. (2015). Epidemiology of mild traumatic brain injury and neurodegenerative disease. Molecular and Cellular 
Neurosciences, 66(Pt B), 75–80.  

7.     McCrory, P., Meeuwisse, W. H., Aubry, M., Cantu, B., Dvorák, J., Echemendia, R. J., Engebretsen, L., Johnston, K., Kutcher, J. S., 
Raftery, M., Sills, A., Benson, B. W., Davis, G. A., Ellenbogen, R. G., Guskiewicz, K., Herring, S. A., Iverson, G. L., Jordan, B. D., Kissick, 
J., … Turner, M. (2013). Consensus statement on concussion in sport: the 4th International Conference on Concussion in Sport held in 
Zurich, November 2012. British Journal of Sports Medicine, 47(5), 250–258.  

8.     Donovan, J., Cancelliere, C., & Cassidy, J. D. (2014). Summary of the findings of the International Collaboration on Mild Traumatic 
Brain Injury Prognosis. Chiropractic & Manual Therapies, 22(1), 38.  

9.     Kay, T. 1993. Definition of mild traumatic brain injury. The Journal of Head Trauma Rehabilitation, 8, 86–87.  

10.   Mullally, W. J. (2017). Concussion. The American Journal of Medicine, 130(8), 885–892.  

11.   Lumba-Brown, A., Teramoto, M., Bloom, O. J., Brody, D., Chesnutt, J., Clugston, J. R., Collins, M., Gioia, G., Kontos, A., Lal, A., Sills, 
A., & Ghajar, J. (2020). Concussion Guidelines Step 2: Evidence for Subtype Classification. Neurosurgery, 86(1), 2–13.  

12.   Voormolen, D. C., Cnossen, M. C., Polinder, S., von Steinbuechel, N., Vos, P. E., & Haagsma, J. A. (2018). Divergent Classification 
Methods of Post-Concussion Syndrome after Mild Traumatic Brain Injury: Prevalence Rates, Risk Factors, and Functional Outcome. 
Journal of Neurotrauma, 35(11), 1233–1241.  

13.   Ellis, Michael J., Dean M. Cordingley, Sara Vis, Karen M. Reimer, Jeff Leiter, and Kelly Russell. 2017. “Clinical Predictors of Vestibulo-
Ocular Dysfunction in Pediatric Sports-Related Concussion.” Journal of Neurosurgery. Pediatrics 19 (1): 38–45. 

Asia-Pacific Chiropractic Journal Noone, 31

http://paperpile.com/b/Y2L2K6/XiNO
http://paperpile.com/b/Y2L2K6/XiNO
http://paperpile.com/b/Y2L2K6/XiNO
http://paperpile.com/b/Y2L2K6/XiNO
http://paperpile.com/b/Y2L2K6/XiNO
http://paperpile.com/b/Y2L2K6/T9vO


14.   Ellis, M. J., Leddy, J. J., & Willer, B. (2015). Physiological, vestibulo-ocular and cervicogenic post-concussion disorders: an evidence-
based classification system with directions for treatment. Brain Injury: [BI], 29(2), 238–248.  

15.   Polinder, Suzanne, Maryse C. Cnossen, Ruben G. L. Real, Amra Covic, Anastasia Gorbunova, Daphne C. Voormolen, Christina L. 
Master, Juanita A. Haagsma, Ramon Diaz-Arrastia, and Nicole von Steinbuechel. 2018. “A Multidimensional Approach to Post-
Concussion Symptoms in Mild Traumatic Brain Injury.” Frontiers in Neurology 9 (December): 1113.  

16.   Bales, S. (2015). A Case Report on the Management of a Patient Presenting With Post-concussion Syndrome and Post-traumatic Stress 
Disorder, Using the Upper Cervical Chiropractic Technique. Topics in Integrative Health Care, 6(1)  

17.   Gergen, D. M. (2015). Management of Mild Traumatic Brain Injury Symptoms in a 31-Year-Old Woman Using Cervical Manipulation and 
Acupuncture: A Case Report. Journal of Chiropractic Medicine, 14(3), 220–224.  

18.   Hunt, B. B., Holt, K., & Cade, A. (2018). Improvement in concussion symptoms of headache, poor concentration and photophobia in a 
13-year-old male receiving chiropractic care: A case report. JOURNAL OF CLINICAL CHIROPRACTIC PEDIATRICS, 17(1), 1389.  

19.   Moore, J. (2019). Chiropractic management of the craniocervical junction in post-concussion syndrome: A case series Journal of 
Contemporary Chiropractic, 2, 92–102.  

20.   Olson, Harold M., Michael J. Tunning, and Ronnie J. Boesch. 2016. “Chiropractic Management of Musculoskeletal Symptoms in a 14-
Year-Old Hockey Player With Postconcussion Symptoms: A Case Report.” Journal of Chiropractic Medicine 15 (3): 208–13.  

21.   Olson, H., Tunning, M., & Lindholm, S. (2018). Chiropractic management of three young athletes with concussion. Chiropractic Journal 
of Australia.  

22.   Pfefer, M. T., Cooper, S. R., & Boyazis, A. M. (2011). Chiropractic management of post-concussion headache and neck pain in a young 
athlete and implications for return-to-play. Topics Integrat Health Care, 2(3), 1–5.  

23.   Wasylynko, D. E. (2017). Chiropractic Care of a 10-Year-Old Boy With Nonorganic Gait Disorder: A Case Report. Journal of Chiropractic 
Medicine, 16(2), 175–179. 

24.   Swingen, Laura A., Rosi Goldsmith, Judith Boothby, Terry McDermott, and Catherine Kleibel. 2017. “Video Nystagmography to 
Monitor Treatment in Mild Traumatic Brain Injury: A Case Report.” Integrative Medicine  16 (2): 46–52.  

25.   Johnson, C. D., Green, B. N., Nelson, R. C., Moreau, B., & Nabhan, D. (2013). Chiropractic and concussion in sport: a narrative review 
of the literature. Journal of Chiropractic Medicine, 12(4), 216–229.  

26.   Young, T. E., & Chen, M. (2016). One-Year Concussion Prevalence in Marion County, Florida High School Athletes. Journal of 
Chiropractic Medicine, 15(3), 204–207.  

27.   Holt, K. R., Noone, P. L., Short, K., Elley, C. R., & Haavik, H. (2011). Fall risk profile and quality-of-life status of older chiropractic 
patients. Journal of Manipulative and Physiological Therapeutics, 34(2), 78–87.  

28.   Moreau, W. J., & Nabhan, D. C. (2013). Development of the 2012 American Chiropractic Board of Sports Physicians position statement 
on concussion in athletics. Journal of Chiropractic Medicine, 12(4), 269–273.  

29.   Kazemi, Mohsen, Mary Emma Bogumil, and Khushboo Vora. 2017. “Concussion Knowledge among Sport Chiropractic Fellows from 
the Royal College of Chiropractic Sports Sciences (Canada).” The Journal of the Canadian Chiropractic Association 61 (3): 239–52.  

30.   Moreau, William J., Dustin C. Nabhan, and Taylor Walden. 2015. “Sport Concussion Knowledge and Clinical Practices: A Survey of 
Doctors of Chiropractic With Sports Certification.” Journal of Chiropractic Medicine 14 (3): 169–75.  

31.   Taylor, David N., Frank J. Ponce, and Stephen J. Dyess. 2017. “Survey of Primary Contact Medical and Chiropractic Clinicians on Self-
Reported Knowledge and Recognition of Mild Traumatic Brain Injuries: A Pilot Study.” Journal of Chiropractic Medicine 16 (1): 19–30.  

32.   Meier, Timothy B., Bradley J. Brummel, Rashmi Singh, Christopher J. Nerio, David W. Polanski, and Patrick S. F. Bellgowan. 2015. “The 
Underreporting of Self-Reported Symptoms Following Sports-Related Concussion.” Journal of Science and Medicine in Sport / Sports 
Medicine Australia 18 (5): 507–11.  

33.   Bloodgood, Bonny, Derek Inokuchi, Willis Shawver, Kristina Olson, Rosanne Hoffman, Elyse Cohen, Kelly Sarmiento, and Kavitha 
Muthuswamy. 2013. “Exploration of Awareness, Knowledge, and Perceptions of Traumatic Brain Injury among American Youth Athletes 
and Their Parents.” The Journal of Adolescent Health: Official Publication of the Society for Adolescent Medicine 53 (1): 34–39.  

34.   Hassen, Getaw Worku, Nicholas Tinnesz, Michelle Popkin, Jovan Mirkovic, Abhishek Pingle, Christine Umandap, Visalakshi 
Sethuraman, Richard Warren, Jorge Alejandro Cardenas Villa, and Hossein Kalantari. 2018. “Concussion Awareness among Children 
and Their Care Givers.” The American Journal of Emergency Medicine 36 (12): 2328–31.  

35.   Coghlin, Craig J., Bryan D. Myles, and Scott D. Howitt. 2009. “The Ability of Parents to Accurately Report Concussion Occurrence in 
Their Bantam-Aged Minor Hockey League Children.” The Journal of the Canadian Chiropractic Association 53 (4): 233–50.  

36.   Tsushima, William T., Andrea M. Siu, Hyeong Jun Ahn, Bolin L. Chang, and Nathan M. Murata. 2019. “Incidence and Risk of 
Concussions in Youth Athletes: Comparisons of Age, Sex, Concussion History, Sport, and Football Position.” Archives of Clinical 
Neuropsychology: The Official Journal of the National Academy of Neuropsychologists 34 (1): 60–69.  

37.   Guo, David, Lee Verweel, and Nick Reed. 2017. “Exploring Gaps in Concussion Knowledge and Knowledge Translation Among 
Coaches of Youth Female Hockey.” Clinical Journal of Sport Medicine: Official Journal of the Canadian Academy of Sport Medicine, 
October. https://doi.org/10.1097/JSM.0000000000000542.  

38.   Sandel, Natalie, Luke C. Henry, Jonathan French, and Mark R. Lovell. 2015. “Parent Perceptions of Their Adolescent Athlete’s 
Concussion: A Preliminary Retrospective Study.” Applied Neuropsychology. Child 4 (3): 211–16.  

39.   Sullivan, S. John, Liam Bourne, Sharon Choie, Brigitte Eastwood, Sarah Isbister, Paul McCrory, and Andrew Gray. 2009. “Understanding 
of Sport Concussion by the Parents of Young Rugby Players: A Pilot Study.” Clinical Journal of Sport Medicine: Official Journal of the 
Canadian Academy of Sport Medicine 19 (3): 228–30.  

Asia-Pacific Chiropractic Journal Noone, 32

http://paperpile.com/b/Y2L2K6/PX4A
http://paperpile.com/b/Y2L2K6/PX4A
http://paperpile.com/b/Y2L2K6/JC5t
http://paperpile.com/b/Y2L2K6/YkVz
http://paperpile.com/b/Y2L2K6/cGi2
http://paperpile.com/b/Y2L2K6/gsBh
http://paperpile.com/b/Y2L2K6/gB9g
http://paperpile.com/b/Y2L2K6/biJU


40.   Waltzman, Dana, and Jill Daugherty. 2018. “Concussion Knowledge and Experience among a Sample of American Adults.” Journal of 
Concussion 2 (January): 1–11.  

41.   Simpson-Jones, Mary E., and Anne W. Hunt. 2018. “Vision Rehabilitation Interventions Following Mild Traumatic Brain Injury: A 
Scoping Review.” Disability and Rehabilitation, April, 1–17.  

42.   Howell, David R., Julie C. Wilson, Michael W. Kirkwood, and Joseph A. Grubenhoff. 2019. “Quality of Life and Symptom Burden 1 
Month After Concussion in Children and Adolescents.” Clinical Pediatrics 58 (1): 42–49. 

43.   Russell, Kelly, Erin Selci, Brian Black, and Michael J. Ellis. 2019. “Health-Related Quality of Life Following Adolescent Sports-Related 
Concussion or Fracture: A Prospective Cohort Study.” Journal of Neurosurgery. Pediatrics, January, 1–10. 

44.   Russell, Kelly, Erin Selci, Stephanie Chu, Samuel Fineblit, Lesley Ritchie, and Michael J. Ellis. 2017. “Longitudinal Assessment of Health-
Related Quality of Life Following Adolescent Sports-Related Concussion.” Journal of Neurotrauma 34 (13): 2147–53.  

45.   Iadevaia, Cheree, Trevor Roiger, and Mary Beth Zwart. 2015. “Qualitative Examination of Adolescent Health-Related Quality of Life at 1 
Year Postconcussion.” Journal of Athletic Training 50 (11): 1182–89.  

46.   Houston, Megan N., R. Curtis Bay, and Tamara C. Valovich McLeod. 2016. “The Relationship between Post-Injury Measures of 
Cognition, Balance, Symptom Reports and Health-Related Quality-of-Life in Adolescent Athletes with Concussion.” Brain Injury: [BI] 30 
(7): 891–98.  

47.   Novak, Zuzana, Mary Aglipay, Nick Barrowman, Keith O. Yeates, Miriam H. Beauchamp, Jocelyn Gravel, Stephen B. Freedman, et al. 
2016. “Association of Persistent Postconcussion Symptoms With Pediatric Quality of Life.” JAMA Pediatrics 170 (12): e162900.  

48.   Shane, E. R., Pierce, K. M., Gonzalez, J. K., & Campbell, N. J. (2013). Sports chiropractic management of concussions using the Sport 
Concussion Assessment Tool 2 symptom scoring, serial examinations, and graded return to play protocol: a retrospective case series. 
Journal of Chiropractic Medicine, 12(4), 252–259.  

49.   Craton, Neil, Haitham Ali, and Stephane Lenoski. 2017. “COACH CV: The Seven Clinical Phenotypes of Concussion.” Brain Sciences 7 
(9). https://doi.org/10.3390/brainsci7090119 .  

50.   Marshall, Cameron M., Howard Vernon, John J. Leddy, and Bradley A. Baldwin. 2015. “The Role of the Cervical Spine in Post-
Concussion Syndrome.” The Physician and Sportsmedicine 43 (3): 274–84.  

51.   Mucha, Anne, Michael W. Collins, R. J. Elbin, Joseph M. Furman, Cara Troutman-Enseki, Ryan M. DeWolf, Greg Marchetti, and 
Anthony P. Kontos. 2014. “A Brief Vestibular/Ocular Motor Screening (VOMS) Assessment to Evaluate Concussions: Preliminary 
Findings.” The American Journal of Sports Medicine 42 (10): 2479–86.  

52.   Bin Zahid, Abdullah, Molly E. Hubbard, Julia Lockyer, Olivia Podolak, Vikalpa M. Dammavalam, Matthew Grady, Michael Nance, 
Mitchell Scheiman, Uzma Samadani, and Christina L. Master. 2018. “Eye Tracking as a Biomarker for Concussion in Children.” Clinical 
Journal of Sport Medicine: Official Journal of the Canadian Academy of Sport Medicine, August. https://doi.org/10.1097/
JSM.0000000000000639.  

53.   Eisenberg, Matthew A., William P. Meehan 3rd, and Rebekah Mannix. 2014. “Duration and Course of Post-Concussive Symptoms.” 
Pediatrics 133 (6): 999–1006.  

54.   Register-Mihalik, J. K. (2008). Balance Deficits after Sports Related Concussion in Individuals reporting Post Traumatic Headache. 
Neurosurgery, 63, 76–82.  

55.   Treleaven, Julia. 2017. “Dizziness, Unsteadiness, Visual Disturbances, and Sensorimotor Control in Traumatic Neck Pain.” The Journal 
of Orthopaedic and Sports Physical Therapy 47 (7): 492–502.  

56.   Streifer, M., Brown, A. M., Porfido, T., Anderson, E. Z., Buckman, J. F., & Esopenko, C. (2019). The Potential Role of the Cervical Spine 
in Sports-Related Concussion: Clinical Perspectives and Considerations for Risk Reduction. The Journal of Orthopaedic and Sports 
Physical Therapy, 49(3), 202–208.  

57.   Reneker, Jennifer C., M. Clay Moughiman, and Chad E. Cook. 2015. “The Diagnostic Utility of Clinical Tests for Differentiating between 
Cervicogenic and Other Causes of Dizziness after a Sports-Related Concussion: An International Delphi Study.” Journal of Science and 
Medicine in Sport / Sports Medicine Australia 18 (4): 366–72.    

58.   Schneider, Kathryn J., Willem H. Meeuwisse, Alberto Nettel-Aguirre, Karen Barlow, Lara Boyd, Jian Kang, and Carolyn A. Emery. 2014. 
“Cervicovestibular Rehabilitation in Sport-Related Concussion: A Randomised Controlled Trial.” British Journal of Sports Medicine 48 
(17): 1294–98.  

59.   Leddy, John J., John G. Baker, Asim Merchant, John Picano, Daniel Gaile, Jason Matuszak, and Barry Willer. 2015. “Brain or Strain? 
Symptoms Alone Do Not Distinguish Physiologic Concussion from Cervical/vestibular Injury.” Clinical Journal of Sport Medicine: 
Official Journal of the Canadian Academy of Sport Medicine 25 (3): 237–42.  

60.   Ellis, Michael J., Patrick J. McDonald, Ashley Olson, James Koenig, and Kelly Russell. 2019. “Cervical Spine Dysfunction Following 
Pediatric Sports-Related Head Trauma.” The Journal of Head Trauma Rehabilitation 34 (2): 103–10.  

61.   Matuszak, Jason M., Jennifer McVige, Jacob McPherson, Barry Willer, and John Leddy. 2016. “A Practical Concussion Physical 
Examination Toolbox.” Sports Health 8 (3): 260–69.  

62.   Tiwari, D., Goldberg, A., Yorke, A., Marchetti, G. F., & Alsalaheen, B. (2019). Characterization of Cervical Spine Impairments in Children 
and Adolescents Post-Concussion. International Journal of Sports Physical Therapy, 14(2), 282–295.  

63.   Morin, Michael, Pierre Langevin, and Philippe Fait. 2016. “Cervical Spine Involvement in Mild Traumatic Brain Injury: A Review.” The 
Journal of Sports Medicine 2016 (July): 1590161.  

64.   Dobney, Danielle M., Matthew B. Miller, and Emily Tufts. 2019. “Non-Pharmacological Rehabilitation Interventions for Concussion in 
Children: A Scoping Review.” Disability and Rehabilitation 41 (6): 727–39.  

Asia-Pacific Chiropractic Journal Noone, 33

http://paperpile.com/b/Y2L2K6/B5bm
http://paperpile.com/b/Y2L2K6/uErX
http://paperpile.com/b/Y2L2K6/mVLg
http://paperpile.com/b/Y2L2K6/LQJ8
http://paperpile.com/b/Y2L2K6/LQJ8
http://paperpile.com/b/Y2L2K6/Mid3
http://paperpile.com/b/Y2L2K6/Mid3
http://paperpile.com/b/Y2L2K6/Mid3
http://paperpile.com/b/Y2L2K6/Mid3
http://paperpile.com/b/Y2L2K6/Mid3
http://paperpile.com/b/Y2L2K6/8zX4
http://paperpile.com/b/Y2L2K6/SvHR
http://paperpile.com/b/Y2L2K6/SvHR
http://paperpile.com/b/Y2L2K6/SvHR
http://paperpile.com/b/Y2L2K6/SvHR
http://paperpile.com/b/Y2L2K6/SvHR
http://dx.doi.org/10.3390/brainsci7090119
http://paperpile.com/b/Y2L2K6/0Cpe
http://paperpile.com/b/Y2L2K6/0Cpe
http://paperpile.com/b/Y2L2K6/0Cpe
http://paperpile.com/b/Y2L2K6/0Cpe
http://paperpile.com/b/Y2L2K6/0Cpe
http://paperpile.com/b/Y2L2K6/urFw
http://paperpile.com/b/Y2L2K6/urFw
http://paperpile.com/b/Y2L2K6/urFw
http://paperpile.com/b/Y2L2K6/urFw
http://paperpile.com/b/Y2L2K6/urFw
http://paperpile.com/b/Y2L2K6/urFw
http://paperpile.com/b/Y2L2K6/urFw
http://paperpile.com/b/Y2L2K6/urFw
http://dx.doi.org/10.1097/JSM.0000000000000639
http://dx.doi.org/10.1097/JSM.0000000000000639
http://dx.doi.org/10.1097/JSM.0000000000000639
http://dx.doi.org/10.1097/JSM.0000000000000639
http://paperpile.com/b/Y2L2K6/urFw
http://paperpile.com/b/Y2L2K6/0fph
http://paperpile.com/b/Y2L2K6/0fph
http://paperpile.com/b/Y2L2K6/0fph
http://paperpile.com/b/Y2L2K6/gKL7
http://paperpile.com/b/Y2L2K6/gKL7
http://paperpile.com/b/Y2L2K6/gKL7
http://paperpile.com/b/Y2L2K6/gKL7
http://paperpile.com/b/Y2L2K6/gKL7
http://paperpile.com/b/Y2L2K6/gKL7
http://paperpile.com/b/Y2L2K6/8DnO
http://paperpile.com/b/Y2L2K6/8DnO
http://paperpile.com/b/Y2L2K6/8DnO
http://paperpile.com/b/Y2L2K6/8DnO
http://paperpile.com/b/Y2L2K6/8DnO
http://paperpile.com/b/Y2L2K6/8DnO
http://paperpile.com/b/Y2L2K6/8DnO
http://paperpile.com/b/Y2L2K6/8DnO
http://paperpile.com/b/Y2L2K6/wxWG
http://paperpile.com/b/Y2L2K6/wxWG
http://paperpile.com/b/Y2L2K6/wxWG
http://paperpile.com/b/Y2L2K6/wxWG
http://paperpile.com/b/Y2L2K6/wxWG
http://paperpile.com/b/Y2L2K6/wxWG
http://paperpile.com/b/Y2L2K6/wxWG
http://paperpile.com/b/Y2L2K6/wxWG
http://paperpile.com/b/Y2L2K6/H5iA
http://paperpile.com/b/Y2L2K6/H5iA
http://paperpile.com/b/Y2L2K6/H5iA
http://paperpile.com/b/Y2L2K6/H5iA
http://paperpile.com/b/Y2L2K6/H5iA
http://paperpile.com/b/Y2L2K6/H5iA
http://paperpile.com/b/Y2L2K6/H5iA
http://paperpile.com/b/Y2L2K6/H5iA
http://paperpile.com/b/Y2L2K6/qcdC
http://paperpile.com/b/Y2L2K6/qcdC
http://paperpile.com/b/Y2L2K6/qcdC
http://paperpile.com/b/Y2L2K6/qcdC
http://paperpile.com/b/Y2L2K6/qcdC
http://paperpile.com/b/Y2L2K6/Rgol
http://paperpile.com/b/Y2L2K6/Rgol
http://paperpile.com/b/Y2L2K6/Rgol
http://paperpile.com/b/Y2L2K6/Rgol
http://paperpile.com/b/Y2L2K6/Rgol
http://paperpile.com/b/Y2L2K6/bL0J
http://paperpile.com/b/Y2L2K6/bL0J
http://paperpile.com/b/Y2L2K6/bL0J
http://paperpile.com/b/Y2L2K6/bL0J
http://paperpile.com/b/Y2L2K6/bL0J
http://paperpile.com/b/Y2L2K6/bL0J
http://paperpile.com/b/Y2L2K6/aJzJ
http://paperpile.com/b/Y2L2K6/aJzJ
http://paperpile.com/b/Y2L2K6/aJzJ
http://paperpile.com/b/Y2L2K6/aJzJ
http://paperpile.com/b/Y2L2K6/aJzJ


65.   Carrick, Frederick Robert, Joseph F. Clark, Guido Pagnacco, Matthew M. Antonucci, Ahmed Hankir, Rashid Zaman, and Elena Oggero. 
2017. “Head-Eye Vestibular Motion Therapy Affects the Mental and Physical Health of Severe Chronic Postconcussion Patients.” 
Frontiers in Neurology 8 (August): 414.  

66.   Elbin, R. J., Phil Schatz, Harrison B. Lowder, and Anthony P. Kontos. 2014. “An Empirical Review of Treatment and Rehabilitation 
Approaches Used in the Acute, Sub-Acute, and Chronic Phases of Recovery Following Sports-Related Concussion.” Current Treatment 
Options in Neurology 16 (11): 320.  

67.   Gurley, James M., Bryan D. Hujsak, and Jennifer L. Kelly. 2013. “Vestibular Rehabilitation Following Mild Traumatic Brain Injury.” 
NeuroRehabilitation 32 (3): 519–28.  

68.   Burns, Sylvia L. 2015. “Concussion Treatment Using Massage Techniques: A Case Study.” International Journal of Therapeutic Massage 
& Bodywork 8 (2): 12–17.  

69.   Murray, Drew A., Dara Meldrum, and Olive Lennon. 2017. “Can Vestibular Rehabilitation Exercises Help Patients with Concussion? A 
Systematic Review of Efficacy, Prescription and Progression Patterns.” British Journal of Sports Medicine 51 (5): 442–51.  

70.   Sawyer, Quinton, Brian Vesci, and Tamara C. Valovich McLeod. 2016. “Physical Activity and Intermittent Postconcussion Symptoms 
After a Period of Symptom-Limited Physical and Cognitive Rest.” Journal of Athletic Training 51 (9): 739–42.  

71.   Park, Kyoungyoun, Thomas Ksiazek, and Bernadette Olson. 2018. “Effectiveness of Vestibular Rehabilitation Therapy for Treatment of 
Concussed Adolescents With Persistent Symptoms of Dizziness and Imbalance.” Journal of Sport Rehabilitation 27 (5): 485–90.  

72.   Lin, Ann C., Garrett A. Salzman, Shelby L. Bachman, Rita V. Burke, Tracy Zaslow, Carolina Z. Piasek, Bianca R. Edison, Anita Hamilton, 
and Jeffrey S. Upperman. 2015. “Assessment of Parental Knowledge and Attitudes toward Pediatric Sports-Related Concussions.” 
Sports Health 7 (2): 124–29.  

73.   Rieger, Brian, Lawrence Lewandowski, Heather Potts, Kyle Potter, and Lawrence S. Chin. 2018. “Parent Knowledge and Perceptions of 
Concussion Related to Youth Football.” Cureus 10 (3): e2268.  

74.   Weerdenburg, Kirstin, Suzan Schneeweiss, Ellen Koo, and Kathy Boutis. 2016. “Concussion and Its Management: What Do Parents 
Know?” Paediatrics & Child Health 21 (3): e22–26.  

75.   Taylor, D. N., & Wynd, S. (2018). Survey of chiropractic clinicians on self-reported knowledge and recognition of concussion injuries. 
Chiropractic & Manual Therapies, 26, 19.  

76.   Anderson, Brit L., Michael A. Gittelman, Jessica K. Mann, Roseann L. Cyriac, and Wendy J. Pomerantz. 2016. “High School Football 
Players’ Knowledge and Attitudes About Concussions.” Clinical Journal of Sport Medicine: Official Journal of the Canadian Academy 
of Sport Medicine 26 (3): 206–9.  

77.   Kroshus, Emily, Christine M. Baugh, Daniel H. Daneshvar, Christopher J. Nowinski, and Robert C. Cantu. 2015. “Concussion Reporting 
Intention: A Valuable Metric for Predicting Reporting Behavior and Evaluating Concussion Education.” Clinical Journal of Sport 
Medicine: Official Journal of the Canadian Academy of Sport Medicine 25 (3): 243–47.  

78.   Valovich McLeod, Tamara C., Christian Schwartz, and R. Curtis Bay. 2007. “Sport-Related Concussion Misunderstandings among Youth 
Coaches.” Clinical Journal of Sport Medicine: Official Journal of the Canadian Academy of Sport Medicine 17 (2): 140–42.  

79.   Kazemi, Mohsen, Alessandro Pichini, Steven Scappaticci, and Mitchell Savic. 2016. “Concussion Assessment and Management 
Knowledge among Chiropractic Fourth Year Interns and Residents.” The Journal of the Canadian Chiropractic Association 60 (4): 273–
85.  

80.   Moreau, William J., Dustin C. Nabhan, and Taylor Walden. 2015. “Sport Concussion Knowledge and Clinical Practices: A Survey of 
Doctors of Chiropractic With Sports Certification.” Journal of Chiropractic Medicine 14 (3): 169–75.  

81.   Ellis, M. J., Leddy, J. J., & Willer, B. (2015). Physiological, vestibulo-ocular and cervicogenic post-concussion disorders: an evidence-
based classification system with directions for treatment. Brain Injury: [BI], 29(2), 238–248.  

82.   Neblett, Randy, and Tom G. Mayer. 2017. “The Central Sensitization Inventory (CSI): Some Background and Current Trends.” The Spine 
Journal: Official Journal of the North American Spine Society 17 (11): 1766–67.  

83.   Sussman, Eric S., Allen L. Ho, Arjun V. Pendharkar, and Jamshid Ghajar. 2016. “Clinical Evaluation of Concussion: The Evolving Role of 
Oculomotor Assessments.” Neurosurgical Focus 40 (4): E7.  

84.   Anzalone, Anthony J., Damond Blueitt, Tami Case, Tiffany McGuffin, Kalyssa Pollard, J. Craig Garrison, Margaret T. Jones, Robert 
Pavur, Stephanie Turner, and Jonathan M. Oliver. 2017. “A Positive Vestibular/Ocular Motor Screening (VOMS) Is Associated With 
Increased Recovery Time After Sports-Related Concussion in Youth and Adolescent Athletes.” The American Journal of Sports 
Medicine 45 (2): 474–79.  

85.   Kozlowski, Karl F., James Graham, John J. Leddy, Lee Devinney-Boymel, and Barry S. Willer. 2013. “Exercise Intolerance in Individuals 
with Postconcussion Syndrome.” Journal of Athletic Training 48 (5): 627–35.  

86.   Hadanny, Amir, and Shai Efrati. 2016. “Treatment of Persistent Post-Concussion Syndrome due to Mild Traumatic Brain Injury: Current 
Status and Future Directions.” Expert Review of Neurotherapeutics 16 (8): 875–87.  

87.   Henry, L. C., Elbin, R. J., Collins, M. W., Marchetti, G., & Kontos, A. P. (2016). Examining Recovery Trajectories After Sport-Related 
Concussion With a Multimodal Clinical Assessment Approach. Neurosurgery, 78(2), 232–241.  

88.   Dobney, Danielle M., Lisa Grilli, Helen Kocilowicz, Christine Beaulieu, Meghan Straub, Debbie Friedman, and Isabelle Gagnon. 2017. 
“Evaluation of an Active Rehabilitation Program for Concussion Management in Children and Adolescents.” Brain Injury: [BI] 31 
(13-14): 1753–59.  

89.   Davis GA, E. al. (2017). Sport concussion assessment tool - 5th edition. British Journal of Sports Medicine, 51(11), 851–858.  

90.   Ellis, Michael J., John Leddy, and Barry Willer. 2016. “Multi-Disciplinary Management of Athletes with Post-Concussion Syndrome: An 
Evolving Pathophysiological Approach.” Frontiers in Neurology 7 (August): 136.  

Asia-Pacific Chiropractic Journal Noone, 34

http://paperpile.com/b/Y2L2K6/Iawy
http://paperpile.com/b/Y2L2K6/Iawy
http://paperpile.com/b/Y2L2K6/Iawy
http://paperpile.com/b/Y2L2K6/Iawy
http://paperpile.com/b/Y2L2K6/Iawy
http://paperpile.com/b/Y2L2K6/VI4A
http://paperpile.com/b/Y2L2K6/VI4A
http://paperpile.com/b/Y2L2K6/VI4A
http://paperpile.com/b/Y2L2K6/VI4A
http://paperpile.com/b/Y2L2K6/VI4A
http://paperpile.com/b/Y2L2K6/VI4A
http://paperpile.com/b/Y2L2K6/VI4A
http://paperpile.com/b/Y2L2K6/VI4A
http://paperpile.com/b/Y2L2K6/JI7R
http://paperpile.com/b/Y2L2K6/JI7R
http://paperpile.com/b/Y2L2K6/JI7R
http://paperpile.com/b/Y2L2K6/3JiF
http://paperpile.com/b/Y2L2K6/3JiF
http://paperpile.com/b/Y2L2K6/3JiF
http://paperpile.com/b/Y2L2K6/3JiF
http://paperpile.com/b/Y2L2K6/3JiF
http://paperpile.com/b/Y2L2K6/3JiF
http://paperpile.com/b/Y2L2K6/53hJ
http://paperpile.com/b/Y2L2K6/53hJ
http://paperpile.com/b/Y2L2K6/53hJ
http://paperpile.com/b/Y2L2K6/53hJ
http://paperpile.com/b/Y2L2K6/53hJ
http://paperpile.com/b/Y2L2K6/CoUA
http://paperpile.com/b/Y2L2K6/CoUA
http://paperpile.com/b/Y2L2K6/CoUA
http://paperpile.com/b/Y2L2K6/CoUA
http://paperpile.com/b/Y2L2K6/CoUA
http://paperpile.com/b/Y2L2K6/QoX0
http://paperpile.com/b/Y2L2K6/QoX0
http://paperpile.com/b/Y2L2K6/QoX0
http://paperpile.com/b/Y2L2K6/QoX0
http://paperpile.com/b/Y2L2K6/QoX0
http://paperpile.com/b/Y2L2K6/wu3j
http://paperpile.com/b/Y2L2K6/wu3j
http://paperpile.com/b/Y2L2K6/wu3j
http://paperpile.com/b/Y2L2K6/wu3j
http://paperpile.com/b/Y2L2K6/wu3j
http://paperpile.com/b/Y2L2K6/gqrn
http://paperpile.com/b/Y2L2K6/gqrn
http://paperpile.com/b/Y2L2K6/gqrn
http://paperpile.com/b/Y2L2K6/gqrn
http://paperpile.com/b/Y2L2K6/gqrn
http://paperpile.com/b/Y2L2K6/XgiC
http://paperpile.com/b/Y2L2K6/XgiC
http://paperpile.com/b/Y2L2K6/XgiC
http://paperpile.com/b/Y2L2K6/XgiC
http://paperpile.com/b/Y2L2K6/XgiC
http://paperpile.com/b/Y2L2K6/RxmS
http://paperpile.com/b/Y2L2K6/RxmS
http://paperpile.com/b/Y2L2K6/RxmS
http://paperpile.com/b/Y2L2K6/RxmS
http://paperpile.com/b/Y2L2K6/RxmS
http://paperpile.com/b/Y2L2K6/RxmS
http://paperpile.com/b/Y2L2K6/RxmS
http://paperpile.com/b/Y2L2K6/RxmS
http://paperpile.com/b/Y2L2K6/awEW
http://paperpile.com/b/Y2L2K6/awEW
http://paperpile.com/b/Y2L2K6/awEW
http://paperpile.com/b/Y2L2K6/awEW
http://paperpile.com/b/Y2L2K6/awEW
http://paperpile.com/b/Y2L2K6/awEW
http://paperpile.com/b/Y2L2K6/awEW
http://paperpile.com/b/Y2L2K6/awEW
http://paperpile.com/b/Y2L2K6/YEvW
http://paperpile.com/b/Y2L2K6/YEvW
http://paperpile.com/b/Y2L2K6/YEvW
http://paperpile.com/b/Y2L2K6/YEvW
http://paperpile.com/b/Y2L2K6/YEvW
http://paperpile.com/b/Y2L2K6/ocay
http://paperpile.com/b/Y2L2K6/ocay
http://paperpile.com/b/Y2L2K6/ocay
http://paperpile.com/b/Y2L2K6/ocay
http://paperpile.com/b/Y2L2K6/ocay
http://paperpile.com/b/Y2L2K6/ocay
http://paperpile.com/b/Y2L2K6/ocay
http://paperpile.com/b/Y2L2K6/ocay
http://paperpile.com/b/Y2L2K6/R0xR
http://paperpile.com/b/Y2L2K6/R0xR
http://paperpile.com/b/Y2L2K6/R0xR
http://paperpile.com/b/Y2L2K6/R0xR
http://paperpile.com/b/Y2L2K6/R0xR
http://paperpile.com/b/Y2L2K6/oV16
http://paperpile.com/b/Y2L2K6/oV16
http://paperpile.com/b/Y2L2K6/oV16
http://paperpile.com/b/Y2L2K6/oV16
http://paperpile.com/b/Y2L2K6/oV16
http://paperpile.com/b/Y2L2K6/oV16
http://paperpile.com/b/Y2L2K6/KnY9
http://paperpile.com/b/Y2L2K6/KnY9
http://paperpile.com/b/Y2L2K6/KnY9
http://paperpile.com/b/Y2L2K6/KnY9
http://paperpile.com/b/Y2L2K6/KnY9
http://paperpile.com/b/Y2L2K6/2Uml
http://paperpile.com/b/Y2L2K6/2Uml
http://paperpile.com/b/Y2L2K6/2Uml
http://paperpile.com/b/Y2L2K6/2Uml
http://paperpile.com/b/Y2L2K6/2Uml
http://paperpile.com/b/Y2L2K6/2Uml
http://paperpile.com/b/Y2L2K6/2Uml
http://paperpile.com/b/Y2L2K6/2Uml
http://paperpile.com/b/Y2L2K6/QuOT
http://paperpile.com/b/Y2L2K6/QuOT
http://paperpile.com/b/Y2L2K6/QuOT
http://paperpile.com/b/Y2L2K6/QuOT
http://paperpile.com/b/Y2L2K6/QuOT
http://paperpile.com/b/Y2L2K6/v55k
http://paperpile.com/b/Y2L2K6/v55k
http://paperpile.com/b/Y2L2K6/v55k
http://paperpile.com/b/Y2L2K6/v55k
http://paperpile.com/b/Y2L2K6/v55k
http://paperpile.com/b/Y2L2K6/NXYJ
http://paperpile.com/b/Y2L2K6/NXYJ
http://paperpile.com/b/Y2L2K6/NXYJ
http://paperpile.com/b/Y2L2K6/NXYJ
http://paperpile.com/b/Y2L2K6/NXYJ
http://paperpile.com/b/Y2L2K6/NXYJ
http://paperpile.com/b/Y2L2K6/NXYJ
http://paperpile.com/b/Y2L2K6/NXYJ
http://paperpile.com/b/Y2L2K6/5k5d
http://paperpile.com/b/Y2L2K6/5k5d
http://paperpile.com/b/Y2L2K6/5k5d
http://paperpile.com/b/Y2L2K6/5k5d


91.   Narayana, P. A. (2017). White matter changes in patients with mild traumatic brain injury: MRI perspective. Concussion (London, 
England), 2(2), CNC35.  

92.  Tagge, C. A., Fisher, A. M., Minaeva, O. V., Gaudreau-Balderrama, A., Moncaster, J. A., Zhang, X.-L., Wojnarowicz, M. W., Casey, N., Lu, 
H., Kokiko-Cochran, O. N., Saman, S., Ericsson, M., Onos, K. D., Veksler, R., Senatorov, V. V., Jr, Kondo, A., Zhou, X. Z., Miry, O., Vose, L. 
R.Goldstein, L. E. (2018). Concussion, microvascular injury, and early tauopathy in young athletes after impact head injury and an impact 
concussion mouse model. Brain: A Journal of Neurology, 141(2), 422–458.  

93.  Pertab, J. L., Merkley, T. L., Cramond, A. J., Cramond, K., Paxton, H., & Wu, T. (2018). Concussion and the autonomic nervous system: 
An introduction to the field and the results of a systematic review. NeuroRehabilitation, 42(4), 397–427.  

94.  Daligadu, J., Haavik, H., Yielder, P. C., Baarbe, J., & Murphy, B. (2013). Alterations in cortical and cerebellar motor processing in 
subclinical neck pain patients following spinal manipulation. Journal of Manipulative and Physiological Therapeutics, 36(8), 527–537.  

95.   Haavik, H., Niazi, I. K., Holt, K., & Murphy, B. (2017). Effects of 12 Weeks of Chiropractic Care on Central Integration of Dual 
Somatosensory Input in Chronic Pain Patients: A Preliminary Study. Journal of Manipulative and Physiological Therapeutics, 40(3), 127–
138.  

96.   Holt, K., Niazi, I. K., Nedergaard, R. W., Duehr, J., Amjad, I., Shafique, M., Anwar, M. N., Ndetan, H., Turker, K. S., & Haavik, H. (2019). 
The effects of a single session of chiropractic care on strength, cortical drive, and spinal excitability in stroke patients. Scientific 
Reports, 9(1), 2673.  

97.   Lelic, D., Niazi, I. K., Holt, K., Jochumsen, M., Dremstrup, K., Yielder, P., Murphy, B., Drewes, A. M., & Haavik, H. (2016). Manipulation 
of Dysfunctional Spinal Joints Affects Sensorimotor Integration in the Prefrontal Cortex: A Brain Source Localization Study. Neural 
Plasticity, 3704964.  

98.   Navid, M. S., Lelic, D., Niazi, I. K., Holt, K., Mark, E. B., Drewes, A. M., & Haavik, H. (2019). The effects of chiropractic spinal 
manipulation on central processing of tonic pain - a pilot study using standardized low-resolution brain electromagnetic tomography 
(sLORETA). Scientific Reports, 9(1), 6925.  

99.   Makdissi, M., Schneider, K. J., Feddermann-Demont, N., Guskiewicz, K. M., Hinds, S., Leddy, J. J., McCrea, M., Turner, M., & Johnston, 
K. M. (2017). Approach to investigation and treatment of persistent symptoms following sport-related concussion: a systematic review. 
British Journal of Sports Medicine, 51(12), 958–968.  

100. Worts, P. R., Burkhart, S. O., & Kim, J.-S. (2019). A Physiologically Based Approach to Prescribing Exercise Following a Sport-Related 
Concussion. Sports Medicine , 49(5), 683–706.  

101. Grabowski, P., Wilson, J., Walker, A., Enz, D., & Wang, S. (2017). Multimodal impairment-based physical therapy for the treatment of 
patients with post-concussion syndrome: A retrospective analysis on safety and feasibility. Physical Therapy in Sport: Official Journal of 
the Association of Chartered Physiotherapists in Sports Medicine, 23, 22–30.  

102. Carrick, F. R. (1998). Changes in brain function after manipulation of the cervical spine. Journal of Manipulative and Physiological 
Therapeutics, 21(4), 304.  

103. Hobbs, Jonathan G., Jacob S. Young, and Julian E. Bailes. 2016. “Sports-Related Concussions: Diagnosis, Complications, and Current 
Management Strategies.” Neurosurgical Focus 40 (4): E5.  

104. Schatz, Philip. 2014. “Computer Instrumentation Issues in Sport-Related Concussion Assessment.” Oxford Handbooks Online. https://
doi.org/10.1093/oxfordhb/9780199896585.013.8.  

105. Parrington, Lucy, Peter C. Fino, Clayton W. Swanson, Charles F. Murchison, James Chesnutt, and Laurie A. King. 2019. “Longitudinal 
Assessment of Balance and Gait After Concussion and Return to Play in Collegiate Athletes.” Journal of Athletic Training, April. https://
doi.org/10.4085/1062-6050-46-18.  

106. Sherry, Natalie Sandel, Vanessa Fazio-Sumrok, Alicia Sufrinko, Michael W. Collins, and Anthony P. Kontos. 2019. “Multimodal 
Assessment of Sport-Related Concussion.” Clinical Journal of Sport Medicine: Official Journal of the Canadian Academy of Sport 
Medicine, March. https://doi.org/10.1097/JSM.0000000000000740.  

107. Kontos, A. P., & Collins, M. W. (2018). Comprehensive assessment of concussion. In American Psychology Association (Ed.), 
Concussion: A Clinical Profile Approach to Assessment and Treatment. (pp. 73–108). American Psychological Association.  

108. Gan, Z. S., Stein, S. C., Swanson, R., Guan, S., Garcia, L., Mehta, D., & Smith, D. H. (2019). Blood Biomarkers for Traumatic Brain Injury: 
A Quantitative Assessment of Diagnostic and Prognostic Accuracy. Frontiers in Neurology, 10, 446.  

109. Maruta, J., Spielman, L. A., Rajashekar, U., & Ghajar, J. (2018). Association of Visual Tracking Metrics With Post-concussion 
Symptomatology. Frontiers in Neurology, 9, 611.  

110. Hunfalvay, M., Roberts, C.-M., Murray, N. P., Tyagi, A., Barclay, K. W., Bolte, T., Kelly, H., & Carrick, F. R. (2020). Vertical smooth pursuit 
as a diagnostc marker of traumatic brain injury. Concussion (London, England), 5(1), CNC69.  

111. Devilbiss, D. M., Etnoyer-Slaski, J. L., Dunn, E., Dussourd, C. R., Kothare, M. V., Martino, S. J., & Simon, A. J. (2019). Effects of Exercise 
on EEG Activity and Standard Tools Used to Assess Concussion. Journal of Healthcare Engineering, 2019, 4794637.  

112. Willer, Barry S., and John J. Leddy. 2016. “Time to Change from a Symptom-Based Concussion Assessment to a Structured Physical 
Examination.” Academic Emergency Medicine. https://doi.org/10.1111/acem.12940.  

113. N. S. King S. Crawford F. J. Wenden N. E. G. Moss D. T. Wade. (1995). The Rivermead Post Concussion Symptoms Questionnaire: a 
measure of symptoms commonly experienced after head injury and its reliability. Journal of Neurology, 242, 587–592.  

114. Eyres, S., Carey, A., Gilworth, G., Neumann, V., & Tennant, A. (2005). Construct validity and reliability of the Rivermead Post-
Concussion Symptoms Questionnaire. Clinical Rehabilitation, 19(8), 878–887.  

115. Leddy, John J., John G. Baker, Karl Kozlowski, Leslie Bisson, and Barry Willer. 2011. “Reliability of a Graded Exercise Test for Assessing 
Recovery from Concussion.” Clinical Journal of Sport Medicine: Official Journal of the Canadian Academy of Sport Medicine 21 (2): 
89–94.  

Asia-Pacific Chiropractic Journal Noone, 35

http://paperpile.com/b/Y2L2K6/uNTl
http://paperpile.com/b/Y2L2K6/uNTl
http://paperpile.com/b/Y2L2K6/51Xy
http://paperpile.com/b/Y2L2K6/51Xy
http://paperpile.com/b/Y2L2K6/51Xy
http://paperpile.com/b/Y2L2K6/51Xy
http://paperpile.com/b/Y2L2K6/51Xy
http://paperpile.com/b/Y2L2K6/51Xy
http://dx.doi.org/10.1093/oxfordhb/9780199896585.013.8
http://paperpile.com/b/Y2L2K6/96Nu
http://paperpile.com/b/Y2L2K6/96Nu
http://paperpile.com/b/Y2L2K6/96Nu
http://paperpile.com/b/Y2L2K6/96Nu
http://paperpile.com/b/Y2L2K6/96Nu
http://dx.doi.org/10.4085/1062-6050-46-18
http://paperpile.com/b/Y2L2K6/LTRM
http://paperpile.com/b/Y2L2K6/LTRM
http://paperpile.com/b/Y2L2K6/LTRM
http://paperpile.com/b/Y2L2K6/LTRM
http://paperpile.com/b/Y2L2K6/LTRM
http://dx.doi.org/10.1097/JSM.0000000000000740
http://paperpile.com/b/Y2L2K6/dC72
http://paperpile.com/b/Y2L2K6/dC72
http://dx.doi.org/10.1111/acem.12940
http://paperpile.com/b/Y2L2K6/dC72
http://paperpile.com/b/Y2L2K6/nTtk
http://paperpile.com/b/Y2L2K6/nTtk
http://paperpile.com/b/Y2L2K6/nTtk
http://paperpile.com/b/Y2L2K6/nTtk
http://paperpile.com/b/Y2L2K6/nTtk


116. Ellis, M. J., Leddy, J., Cordingley, D., & Willer, B. (2018). A Physiological Approach to Assessment and Rehabilitation of Acute 
Concussion in Collegiate and Professional Athletes. Frontiers in Neurology, 9, 1115.  

117. Cheever, Kelly, Keisuke Kawata, Ryan Tierney, and Anne Galgon. 2016. “Cervical Injury Assessments for Concussion Evaluation: A 
Review.” Journal of Athletic Training 51 (12): 1037–44.  

118. Smith, Laura, Thomas Ruediger, Bara Alsalaheen, and Ryan Bean. 2016. Performance of High School Football Players on Clinical 
Measures of Deep Cervical Flexor Endurance and Cervical Active Range of Motion: Is a History of Concussion a Factor? International 
Journal of Sports Physical Therapy 11 (2): 156–63.  

119. Schlosser, Hans-Georg, Jan-Nikolaus Lindemann, Peter Vajkoczy, and Andrew H. Clarke. 2009. “Vestibulo-Ocular Monitoring as a 
Predictor of Outcome after Severe Traumatic Brain Injury.” Critical Care / the Society of Critical Care Medicine 13 (6): R192.  

120. Latremoliere, Alban, and Clifford J. Woolf. 2009. “Central Sensitization: A Generator of Pain Hypersensitivity by Central Neural 
Plasticity.” The Journal of Pain: Official Journal of the American Pain Society 10 (9): 895–926. 

121.Gosselin, G., & Fagan, M. J. (2014). Effects of cervical muscle fatigue on the perception of the subjective vertical and horizontal. 
SpringerPlus, 3, 78. 

122. Grande-Alonso, M., Moral Saiz, B., Mínguez Zuazo, A., Lerma Lara, S., & La Touche, R. (2018). Biobehavioural analysis of the vestibular 
system and posture control in patients with cervicogenic dizziness. A cross-sectional study. Neurologia , 33(2), 98–106. 

123. Karlberg, M., Johansson, R., Magnusson, M., & Fransson, P. A. (1996). Dizziness of suspected cervical origin distinguished by 
posturographic assessment of human postural dynamics. Journal of Vestibular Research: Equilibrium & Orientation, 6(1), 37–47.  

124. Lee, E., & Lee, S. (2019). Impact of Cervical Sensory Feedback for Forward Head Posture on Headache Severity and Physiological 
Factors in Patients with Tension-type Headache: A Randomized, Single-Blind, Controlled Trial. Medical Science Monitor: International 
Medical Journal of Experimental and Clinical Research, 25, 9572–9584. 

125. Treleaven, J., Jull, G., & Sterling, M. (2003). Dizziness and unsteadiness following whiplash injury: characteristic features and 
relationship with cervical joint position error. Journal of Rehabilitation Medicine: Official Journal of the UEMS European Board of 
Physical and Rehabilitation Medicine, 35(1), 36–43. 

126. Vernon, H., and S. Mior. 1991. “The Neck Disability Index: A Study of Reliability and Validity.” Journal of Manipulative and 
Physiological Therapeutics 14 (7): 409–15.  

127. Woolf, C. J. 1983. “Evidence for a Central Component of Post Injury Pain Hypersensitivity.” Nature 306: 686.  

128. Woolf, Clifford J. 2011. “Central Sensitization: Implications for the Diagnosis and Treatment of Pain.” Pain 152 (3 Suppl): S2–15.  

129. Whitney, Susan L., and Patrick J. Sparto. 2019. “Eye Movements, Dizziness, and Mild Traumatic Brain Injury (mTBI): A Topical Review of 
Emerging Evidence and Screening Measures.” Journal of Neurologic Physical Therapy: JNPT 43 Suppl 2 Supplement, Special 
Supplement: International Conference on Vestibular Rehabilitation (April): S31–36.  

130. Alvarez, Tara L., Eun H. Kim, Vincent R. Vicci, Sunil K. Dhar, Bharat B. Biswal, and A. M. Barrett. 2012. “Concurrent Vision Dysfunctions 
in Convergence Insufficiency with Traumatic Brain Injury.” Optometry and Vision Science: Official Publication of the American Academy 
of Optometry 89 (12): 1740–51.  

131. Capó-Aponte, José E., Thomas A. Beltran, David V. Walsh, Wesley R. Cole, and Joseph Y. Dumayas. 2018. “Validation of Visual 
Objective Biomarkers for Acute Concussion.” Military Medicine 183 (suppl_1): 9–17.  

132. Cifu, David X., Joanna R. Wares, Kathy W. Hoke, Paul A. Wetzel, George Gitchel, and William Carne. 2015. “Differential Eye 
Movements in Mild Traumatic Brain Injury versus Normal Controls.” The Journal of Head Trauma Rehabilitation 30 (1): 21–28.  

133. Pickett, Treven C., Laleh S. Radfar-Baublitz, Scott D. McDonald, William C. Walker, and David X. Cifu. 2007. “Objectively Assessing 
Balance Deficits after TBI: Role of Computerized Posturography.” Journal of Rehabilitation Research and Development 44 (7): 983–90.  

134. Buster, T. W., Chernyavskiy, P., Harms, N. R., Kaste, E. G., & Burnfield, J. M. (2016). Computerized dynamic posturography detects 
balance deficits in individuals with a history of chronic severe traumatic brain injury. Brain Injury: [BI], 30(10), 1249–1255.  

135. Catena, Robert D., Paul van Donkelaar, and Li-Shan Chou. 2011. “The Effects of Attention Capacity on Dynamic Balance Control 
Following Concussion.” Journal of Neuroengineering and Rehabilitation 8 (February): 8.  

136. McLeod, T. C. V., Lewis, J. H., Whelihan, K., & Bacon, C. E. W. (2017). Rest and Return to Activity After Sport-Related Concussion: A 
Systematic Review of the Literature. Journal of Athletic Training, 52(3), 262–287.  

137. Esterov, D., & Greenwald, B. D. (2017). Autonomic Dysfunction after Mild Traumatic Brain Injury. Brain Sciences, 7(8). https://doi.org/
10.3390/brainsci7080100.  

138. Sufrinko, A. M., Kegel, N. E., Mucha, A., Collins, M. W., & Kontos, A. P. (2019). History of High Motion Sickness Susceptibility Predicts 
Vestibular Dysfunction Following Sport/Recreation-Related Concussion. Clinical Journal of Sport Medicine: Official Journal of the 
Canadian Academy of Sport Medicine, 29(4), 318–323.  

139. Leddy, J. J., Wilber, C. G., & Willer, B. S. (2018). Active recovery from concussion. Current Opinion in Neurology, 31(6), 681–686.  

140.Borsting EJ, Rouse M. W. et al. 2003. “Validity and Reliability of the Revised Convergence Inefficiency Symptom Survey in Children.” 
Optometry and Vision Science: Official Publication of the American Academy of Optometry 80 (12): 832–38.  

141. Nelson, Lonnie A., Margaret Macdonald, Christina Stall, and Renee Pazdan. 2013. “Effects of Interactive Metronome Therapy on 
Cognitive Functioning after Blast-Related Brain Injury: A Randomized Controlled Pilot Trial.” Neuropsychology 27 (6): 666–79. 

Asia-Pacific Chiropractic Journal Noone, 36

http://paperpile.com/b/Y2L2K6/lNXp
http://paperpile.com/b/Y2L2K6/lNXp
http://paperpile.com/b/Y2L2K6/tuFq
http://paperpile.com/b/Y2L2K6/tuFq
http://paperpile.com/b/Y2L2K6/tuFq
http://paperpile.com/b/Y2L2K6/tuFq
http://paperpile.com/b/Y2L2K6/tuFq
http://paperpile.com/b/Y2L2K6/3UYS
http://paperpile.com/b/Y2L2K6/3UYS
http://paperpile.com/b/Y2L2K6/eCLY
http://paperpile.com/b/Y2L2K6/eCLY
http://paperpile.com/b/Y2L2K6/kH2k
http://paperpile.com/b/Y2L2K6/kH2k
http://paperpile.com/b/Y2L2K6/kH2k
http://paperpile.com/b/Y2L2K6/kH2k
http://paperpile.com/b/Y2L2K6/kH2k
http://paperpile.com/b/Y2L2K6/kH2k
http://paperpile.com/b/Y2L2K6/0kBM
http://paperpile.com/b/Y2L2K6/0kBM
http://paperpile.com/b/Y2L2K6/0kBM
http://paperpile.com/b/Y2L2K6/fmJw
http://paperpile.com/b/Y2L2K6/TlK4
http://paperpile.com/b/Y2L2K6/PZgJ
http://paperpile.com/b/Y2L2K6/PZgJ
http://paperpile.com/b/Y2L2K6/PZgJ
http://paperpile.com/b/Y2L2K6/PZgJ
http://paperpile.com/b/Y2L2K6/PZgJ
http://paperpile.com/b/Y2L2K6/djID
http://paperpile.com/b/Y2L2K6/djID
http://paperpile.com/b/Y2L2K6/zfD0
http://paperpile.com/b/Y2L2K6/zfD0
http://paperpile.com/b/Y2L2K6/uzG8
http://paperpile.com/b/Y2L2K6/uzG8
http://paperpile.com/b/Y2L2K6/Ws3x
http://paperpile.com/b/Y2L2K6/Ws3x
https://doi.org/10.3390/brainsci7080100
https://doi.org/10.3390/brainsci7080100
https://doi.org/10.3390/brainsci7080100
https://doi.org/10.3390/brainsci7080100
http://paperpile.com/b/Y2L2K6/3eSO
http://paperpile.com/b/Y2L2K6/3eSO
http://paperpile.com/b/Y2L2K6/M6vK
http://paperpile.com/b/Y2L2K6/M6vK


Websites/Links
Glasgow Coma Scale- https://www.glasgowcomascale.org/ 

Online Dictionary - https://www.lexico.com/en/definition/concussion 

Dr Paul McCrory Concussion lecture- https://www.youtube.com/watch?v=oPrpTj2Edp8 

CATT online https://cattonline.com/medical-professional-course/ 

New Zealand Accident Commission Concussion Criteria https://www.acc.co.nz/assets/provider/cbc89ef665/acc883a-concussion-service-
criteria.pdf 

Download the SCAT5: https://bjsm.bmj.com/content/bjsports/51/11/851.full.pdf 

YouTube video -how to score the SCAT5: https://www.youtube.com/watch?v=gNoadxx37_E 

Download the childscat5 at:https://bjsm.bmj.com/content/bjsports/51/11/862.full.pdf 

Scoring the ChildSCAT5 at: http://childscat5.cattonline.com/ 

Download the CRT5 at: https://bjsm.bmj.com/content/51/11/872.  

You can download the RPQ at: http://www.tbi-impact.org/cde/mod_templates/12_F_06_Rivermead.pdf 

Assessment algorithm graphic :https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4981071/figure/fig1-1941738116641394/?
report=objectonly 

NDI-https://www.worksafe.qld.gov.au/__data/assets/pdf_file/0017/77021/neck-disability-index1.pdf 

mBESS assessment: https://www.youtube.com/watch?v=gNoadxx37_E 

VOMS assessment https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4209316/ 
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