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Encouraging an Active Return

What is included in Active Brain Healing?



What’s	new?
§ Deconditioning	the	body	post	
brain	injury	can	slow	recovery.	

§ Prolonged	brain	rest	beyond	
48	hours	is	controversial.	

KEEP	MOVING!!!!!	

Create	a	cross-disciplinary	
approach	 for	academic	and	
functional,	and	physical	return.	
§ Acutely	refer	and	Assess!	
§ Lost	time	means	lost	recovery!
§ Quicker	intervention	with	
rehabilitation	where	needed	
for	PCS	patients.	



Acute Diagnosis Decision Making
Sideline and Subjectivity

• VOMS
• KD
• Scat 5
• C-spine 

The eyes don’t lie! Induce acutely. Don’t wait!

Impact is becoming more of a subacute testing mechanism for 
accuracy. 

Determine- How do we categorize concussion severity? 
(Grading Vs. Pillar system)



What’s	in	your	tool	kit;	Inducing	vs	Reducing	 Symptomatology	



BLAST FROM THE PAST
OLD SCHOOL
• Cognitive rest/removal from school until symptom free (no 

graduated return)
• Prolonged symptomatology (> 3 weeks)prior to rehabilitative 

intervention.
• Impact test- highest weighted assessment
• No visual testing
• 100% asymptomatic before physical intervention

NEW SCHOOL
• 48 hours complete brain rest then gradual re-introduction of 

stimulus.
• 14 days- rehab intervention (or earlier based on 

symptomatology)
• Ocular-motor/physiologic response- highest weighted 

assessment
• Visual testing from sideline through complete resolve
• Symptom threshold based intervention with pillar focus



BERLIN ON BRAINS
5TH INTERNATIONAL CONCUSSION CONFERENCE IN 

SPORT (Berlin)

Newest changes
• Complete cognitive rest not validated after 48 hours
• Symptom threshold through activity/cognition in acute 

phase
• Focus on pillars for recovery (ocular-

motor/cognitive/exercise threshold/cervical)
• Defining PCS in children (>4 weeks with symptoms)

**Having a low level of a person’s initial symptoms in the first day or initial few 
days after injury is a favorable prognostic indicator. 

** Children with a pre-injury history of mental health problems or migraines 
appear to be at somewhat greater risk of having symptoms >1 month

** ADHD- challenging intervention with return to school but no relevant data 
showing persistent symptoms > 1 month. 



LEDDY LEADS THE CHARGE 
(University of Buffalo)

Sports Related Concussion(SRC)
• 7-10 days typical for recovery ( may be delayed 
in children/adolescents)
• Recent research accounts for Vestibular-ocular/motor problems 

that often accompany SRC suggests recovery for adolescents 
may take 3-4 weeks. 

Are you up for the challenge? 
• Concussion or secondary factor ( Migraines, Cervical injury, 

depression). 
• Assess pillars in depth; take solid medical history. 
• SLOWER EXERCISE TOLERENCE=SLOWER RECOVERY

Defining	PCS(	SRC	vs.	non	SRC)
•Definitions	of	PCS	varies	across	literature
•SRC	>	10	days	vs	non	SRC	>3	weeks.



LEDDY LEADS THE CHARGE
(University of Buffalo)

The scoop on CBF
• Cerebral blood flow increases during exercise
• Following concussion we typically see a loss of CBF control
• With deconditioning we also see a natural loss of control with CBF 

causing fatigue, slowed cognition, symptoms, inability to exercise to max 
capacity and abnormal elevations in CBF; negative effect on 
autoregulation.

How do we improve CBF?
• Exercise can improve CBF by calculating 80%-90% of symptom threshold 

or by increasing THR 5-10 bpm every 1-2 weeks. 
• SLOWER EXERCISE TOLERENCE=SLOWER RECOVERY
New methods
Activate autonomic NS early on and try to help restore CBF through early activity such 
as low level movements to maintain conditioning (light walking, jogging, biking). Avoid 
weight training till final stages of RTP.  

New study from UB in 2017 with new improvements with this theory. Low level 
programs starting days after injury with quicker recovery timelines. 

Berlin states, “ closely monitored active rehabilitation programs involving 
controlled sub-symptom threshold, submaximal exercise have been shown to be 
safe and may be of benefit in facilitating recovery.” 



What we can learn from studying 
physiological response to 

exercise following concussion
What we know
• Athletes have decreased Heart Rate Variability (HRV) when 

concussed - Indicating Sympathetic Nervous system is taking over
• Increased HRV is a positive response to HR recovery (Improved 

symptom threshold)
• Increase DBP has been seen in those still recovering from 

concussion. 





§ Modified	 Balke protocol	
§ 2	minutes	between	stages
§ Progressive	increase	 in	speed	and	incline	

§ @	8	minutes	this	will	be	variable	
depending	the	level	of	athlete

§ THINK:	desired	HR
§ RTP:	70%,	80%,	90%	resting	HR	
reserve	 	(HRR)	



Clinical	Pearls
§ Some	patients	will	greatly	improve	when	

pushed.	
§ BE	VERY	AWARE	some	will	Crash.	

§ If	symptoms	increase	>	2	levels	stop	the	
task	(	NCAA	level	athletes	can	be	
pushed	3	points).	

§ Rehabilitation	 focuses	on	dual	tasking	
with	TM	tests	as	the	pillar	progresses.	

§ Typically	 in	active	 recovery- A	large	
percentage	of	initial	evals will	pass	TM	
testing	with	no	symptom	change	during	
the	acute	phase.	

§ Bike	protocol	option	(	All	thresholds	
should	always	be	assessed	upon	initial	
evaluation).	



New Bike Protocol



Age	Predicted	Maximum	Heart	Rate	(APMHR)	220	– Age	=	APMHR	
MHR	x	%	intensity	=	Target	Heart	Rate	(THR)	

RTP	Stage	II	Sample
Example:	16	year	old	at	70%	intensity	
220	– 16	=	204	
204x	0.70	=	143	bpm

Karvonen Formula	- Heart	Rate	Reserve	(HRR)	220	– Age	=	MHR	
MHR	– Resting	Heart	Rate	=	HRR	
(HRR	x	%	intensity)	+	RHR	

RTP	Stage	II	Karvonen Review
THR	Example:	16	year	old,	
resting	heart	rate	=	62	bpm,	at	70%	intensity	
220	– 16	=	204
204– 62	=	142
142x	0.70	=	99	+	62	=	161	bpm

Why	Karvonen?	One	of	the	problems	with	the	APMHR	equation	is	that	it	
makes	no	allowances	 for	individual	differences	in	resting	heart	rate.	By	
incorporating	the	heart	rate	reserve	 into	the	equation,	in	theory	a	more	
accurate	training	zone	can	be	determined.



§ Vision,	Balance,	Coordination	
§ Ability	to	sense,	predict	and	prevent	multi-

planer	movement	(Linear,	Angular/Rotational,	
Velocity,	Gravitational)	

§ Balance	assessments
§ Baseline	Vision



§ Remember:	 The	Vision	system	
drives	function
§ Primary	complaints:	

§ Head	aches	all	day	
§ Blurred	vision
§ Double	vision	
§ Photophobia	
§ Eye	fatigue	
§ Dizziness	/	Vertigo	

§ #1	Trouble	with	Screens/	School/	Reading

§ Headaches/Dizziness	 are	two	key	
symptoms	most	frequently	reported	upon	
initial	 injury	that	we	are	finding	in	studies	
(A	high	volume	correlate	with	ocular	
motor	dysfunction)	



§ VOMS	
§ Pursuit,	Saccades,	VOR,Con/Div

§ Accommodation
§ Dynamic	Visual	Acuity	(	DVA)	(head	
laser)

§ 2	line	difference	

§ Convergence/	Divergence	 	à Fast	
or	Jumps

§ Saccadic	Head	Turns	
§ Ocular	Misalignment	



VESTIBULAR	OCULAR	MOTOR	
SCREENING
§ Physician	assessment	to	help	
determine	neurological	
dysfunction

§ Symptom	score	of	0-10
§ Baseline	scoring	in	the	office	
completed	just	prior	to	
administration	of	the	VOMS	
and	after	each	module	is	
completed.	

§ Any	change	pre	to	post	after	
completing	the	modules	may	
indicate	signs	of	concussion.	

§ 30	Reps	VOR=	5	mins.	
reading

**Endorsed	 and	validated	by	UPMC	
***Validated	 for	non-healthy	controls	and	healthy	
controls
***Taking	 VOMS	research	one	step	further?



• 2014	study
• Sixty-four	patients,	 aged	13.9	± 2.5	years	and	seen	

approximately	5.5	± 4.0	days	after	a	sport-related	 concussion
• Sixty-one	percent	of	patients	 reported	symptom	provocation	

after	at	least	1	VOMS	item.	
• All	VOMS	items	were	positively	correlated	to	the	PCSS	total	

symptom	score.	
• The	VOR	and	VMS	components	 of	the	VOMS	were	most	

predictive	of	being	 in	the	concussed	 group.	
• An	NPC	distance	≥5	cm	and	any	VOMS	item	symptom	score	

≥2	resulted	 in	an	increase	 in	the	probability	of	correctly	
identifying	 concussed	 patients	 of	38%	and	50%,	respectively.

Why	do	VOMS	on	the	sideline??	 	



50%	of	the	brain’s	pathways	are	tied	to	vision
§ Sideline	 assessment	 or	tool	to	assess	 suspicion	 of	
concussion.	 Recommended	within	the	first	24	hours	of	
impact.

§ Measurement	 on	the	speed	 of	rapid	number	naming.
§ Timed	test	for	reading	single	digit	numbers	on	a	
card	from	left	to	right.

§ Evaluate	eye	movement,	 attention,	and	language	to	
assess	 the	baseline	 brain	function,	allowing	the	ability	
to	predict	worse	outcomes	 in	concussion.

§ Baseline	 obtained;	repeat	testing	 done	on	sideline	
after	injury	to	determine	 if	a	deficit	 exists	at	time	 of	
injury.	

§ Method	of	baseline	 for	younger	subjects
§ Demo	testing

§ https://kingdevicktest.com/tutorials



§ In	2017	the	Morahan	Center	
begins	its’	retrospective	
study	looking	 at	visual	
assessment	 tools	for	
concussion.

§ The	study	was	accepted	into	
publication	 in	and	can	be	
the	Journal	 of	Sports	Health	
in	2018.	

§ The	study	 looked	at	71	
patients	(between	10-18)	
and	compared	ocular-motor	
dysfunction	 through	basic	
visual	motor	assessments	
including	 King	Devick	(K-D)	
and	VOMS	(Vestibular	
Ocular	Motor	Screening)

§ The	study	 found	strong	
clinical	correlation	between	
KD	testing	and	VOMS	
indicating	a	range	of	
vestibular	ocular	motor	
impairment	beyond	saccadic	
abnormalities.	



§ Vestibular	 focus	
tasked	(tends	to	get	
better	on	it’s	own)

§ Ambulation	with	
HHT,	VHT,	DHT	
§ Varying/	Progressive	

speeds.	

§ Jumping	Jacks	
§ Stair	work	
§ Sport	specific	tasks	

(	putting	it	all	
together)	

§ Throw/	Catch,	Pass/trap,	
Dribble	



§ Whiplash/	Cervical	strain
§ Indications

§ Aberrant	cervical	movement	with	
oculomotor,		or	cervical	 screen	

§ Constant	Headaches
§ Reproducible	Cervicogenic Headaches	
§ Significant	changes	in	balance	with	static	

head	positions	
§ Postural	abnormalities	or	weakness	
§ Abnormal	Saccadic	accuracy	
§ If	cervical	 issue	is	present,	this	pillar	 is	

often	addressed	first	prior	to	others.
§ Rarer	in	diagnosis



C-Spine	or	Concussion?	



§ NEW	idea
§ Flight	or	flight	response	to	injury	
§ Stress/Anxiety/Panic	 loop	
§ Parental	or	Social	 cause	

§ Sports	Confidence/Mental	 Health
§ Primary	Symptoms

§ Severe	symptoms	that	do	not	vary	
§ Convergence	spasm	
§ Unable	to	elicit	 predictable	 symptoms	

within	the	other	pillars.	
§ Unable	to	induce	symptoms	with	

correlated	 tasks	within	other	pillars.



§ Clinical	 pearls	
§ Physiologic	quieting	

§ Low	stimulation	environment	
§ Deep	pressure	

§ Meditation	
§ Manual	Therapy	

§ Refer
§ May	require	assistance	from	Behavioral	

Psychology	and/or	Sports	Psychology.
§ Sports	Confidence	



WHEN	IN	DOUBT	REFER	OUT!!!	
§ Neuropsychologist
§ Cardiovascular- Pediatric	Cardiologist
§ Ocular/Motor- Neuro-opthamologist
§ Cervical- Ortho	(Spine)
§ Behavioral/Cognitive- Cognitive	 therapist	and/or	Mental	Health	 provider

***	Patient	must	pass	all	pillars	prior	to	progressing	to	full	contact	
practice	and	game	play

Have	strong	cross	referral	partnerships!	



§ Academic	restrictions
§ Graded	activities	

§ Ie.	VOR	>	30	reps	=	5	minutes	of	reading.	

§ Cognitive	Duel	tasking	
§ DURING	ALL		(	PCS	Rehab	)	tasks.	

§ Cognitive	Therapy	
§ If	symptoms	do	not	resolve		within	>	2	

months	PT	
§ Or	if	stimulation/concentration	is	primary	

limiting	 factor.

RTL	Before	RTP- how	do	we	gradually	 re-
introduce?

****Parent	and	child/athlete	accountability-
Must	have	for	effectiveness.	







Rehabilitation:	
Graduate	all	

pillars	with	high	
weight	on	

ocular-motor	
dysfunction	 									
(		>14	days)

Memory	Recall/	
Cognition
(ongoing)

100%	
Academia/
School	logs
(ongoing)

7	days	symptom	
free	prior	to	

entry
(ongoing)

Acute	&	Active	
Recovery/	

Home	Exercise	
(initial	14	days)

RTP/RTL



Slow	Track----------à

Symptom	Criteria:	High	Symptom	Score,	Constant	Headache;	Highly	weighted	assessments	with	highest	
weight	on	ocular	motor	dysfunction	and	cardiovascular	intolerance.	

Academia:	Modify	<	50%	cognitive	work	load	based	on	symptomatology	with	school	based	tasks.	

Activity:	Establish	heart	based	parameters	from	initial	treadmill	testing.	

Modified	Track	--------à

Symptom	Criteria:	Overall	symptom	score	<6;No	Constant	Headache;Highlyweighted	assessments	with	
highest	weight	on	ocular	motor	dysfunction	and	cardiovascular	intolerance.	

Academia:	Achieve	50%-70%	of	normal	cognitive	workload	based	on	symptomatology	with	school	based	
tasks.	

Activity:	Establish	heart	based	parameters	from	initial	treadmill	testing.	

Fast	Track	--------à

Symptom	Criteria:	Symptoms	resolve	completely	within	48	hours	of	initial	reporting.	Symptoms	cannot	be	
induced	with	visual,	ocular,	cognitive,	or	through	physically	induced	parameters.	

Academia:	Lift	all	school	restrictions.

Activity:	Establish	heart	based	parameters	from	initial	treadmill	testing.	

Other	considerations-------à Ergonomics/seat	in	the	classroom	(lateral/front	view);	Cervical	injury	vs.	
concussive	based	injury,	lack	of	baseline	criteria,	Age	of	development.	



Suspected	Concussion--------à
When	do	we	put	an	athlete	 into	concussion	 protocol?	Considerations?

Considerations
§ Age	of	brain	development,	 sport,	concussion	history,	length	of	symptoms.

§ Sub-concussive	 blows

Optimal	Outcomes
Early	Diagnosis---------àEarly	 Intervention----------à
Prescribed	Active	Recovery-------------àPrescribed	Pillar	driven	rehabilitation

Suspected	or	Subjective?	



Scenario	1– Slow	Track	--------------à Fast	Track

Initial	Visit

15	year	old	male,	1	diagnosed	 concussion.	

No	history	of	ADHD	or	Migraines

Initial	eval- 48	hours	after	initial	incident	 (Soccer)

Symptom	 score	on	 initial	MD	visit	– 42

KD	time	47.5

Positive	VOMS	and	KD	(	Dizziness/Headache/KD	 errors	induced)

Stable	Treadmill	Test	(	No	Change)

Follow	 up	visit	

100%	compliance	with	academic	restriction/	active	recovery	programming	 in	
initial	week.	

KD	time- 41/	VOMS- Negative;	Symptoms	 reduced	to	a	score	of	 	0

Total	days	from	 initial	evaluation	to	full	 symptom	resolve- 7	days



Scenario	2– Slow	Track	--------------à Fast	Track

Initial	Visit

14	year	old	female,	1	diagnosed	 concussion.	

No	history	of	ADHD	or	Migraines

Initial	eval- 72	hours	after	initial	incident	 (Volleyball)

Symptom	 score	on	 initial	MD	visit	– 38

KD	time	75.5

Positive	VOMS	and	KD	(	Dizziness/Headache/KD	 errors	induced)

Positive	TM	test	(Dizziness)

Follow	 up	visit	

100%	compliance	with	academic	restriction/	active	recovery	programming	 in	
initial	week.	

KD	time- 53/	VOMS- Negative;	Symptoms	 reduced	to	a	score	of	 	0

Total	days	from	 initial	evaluation	to	full	 symptom	resolve- 2	days



On	average	Acute	Concussion	and	PCS	patients	with	severe	symptoms	had	a	
faster	percentage	of	symptom	resolve	(	by	5	or	more	days),	Improved	KD	test	
time	by	10	or	more	seconds,	and	negative	VOMS	results	with	100%	compliance	
rates	for	active	recovery	and	academic	restrictions	compared	to	those	that	did	
not	become	active	in	the	first	week	or	follow	academic	restrictions.	

▪ Early	Intervention	for	all	acute	brain	injury	leads	to	earlier	and	better	outcomes.

▪ Delay	in	referral	to	a	specialist	can	delay	symptom	resolve

▪ Early	activity	in	non-contact	setting	is	essential	with	defined	parameters.

▪ Make	activity	simple	with	specific	parameters	in	prescription	that	co-incide with	
functional	level	on	the	treadmill	testing.

▪ Prescribe	effective	parameters	for	school	based	on	cognitive	and	dual	tasking	
capability	indicated	from	evaluation	and	testing.	Avoid	big	picture	definitions,	
be	specific	in	your	guide.		

▪ Hold	parent	and	athlete/child	accountable	for	compliance	to	your	protocols	to	
ensure	clinical	effectiveness.	

▪ Hold	progression	where	necessary	to	ensure	good	clinical	outcomes	and	
possible	effectiveness	with	reducing	re-injury.	



What	we’re	finding	out?	

▪ Return	to	play	programming	for	pediatrics	is	a	
safer	approach	to	brain	healing	and	safe	play.	

▪ Ocular	motor	dysfunction	is	prevalent	in	brain	
injury	of	all	ages.	

▪ The	pace	and	complexity	of	the	tasks	for	
pediatrics	is	still	being	perfected,	however,	very	
similar	responses	to	healing	through	eye	
movement	and	activity	occur	in	a	pediatric	and	
adolescent	brain	in	terms	of	response.	It	is	the	
pace	at	which	we	set	the	tasks	for	recovery	that	
has	strong	variability.

▪ More	research	in	this	area	is	essential	in	order	
to	develop	a	true	parameter	for	pediatric	
intervention	however	progressive	return	to	play	
and	return	to	learn	should	be	explored	in	acute	
concussion	recovery	within	existing	protocols.	



§ Stage	1	
§ X	7days	no	symptoms,	100%	

academia	 (48	hours	full	school	and	
cognitive	 tasks	within	the	
asymptomatic	week)

§ Stage	2	(Recovery	Zone)
§ TM	test	< 70%	HR,	basic	balance,	

oculomotor,	sport	movements		

§ Stage	3	(Aerobic	Zone)
§ 80%	HRR,	sport	movements,	cone	

drills,	cognitive	duel	tasking	

§ Stage	4	(Anaerobic	Zone)
§ 90%	+	HRR,	max	effort,	all	 sport	

specific	 tasks/High	Intensity.	

§ Stage	5	
§ Return	to	supervised	sports	

§ Stage	6	
§ Return	to	competition	

Consider	Antidepressant	therapy,	
multiple	concussion	history.	VOMS?
***Vitals	are	a	MUST!



§ Basic	Format		(50	– 60	min)	
§ Always	take	a	resting	and	2	minute	
recovery	HR	and	BP	

§ 15-20	minutes	cardiovascular	exercise.	
§ Treadmill	 Modified	Balke protocol	
§ Attain	desired	HR	(	if	possible)	or	Max	
RPE	

§ Cone	drills	àMake	sport	specific	 if	
possible	
§ Circular
§ Linear	
§ Side	shuffle	
§ Diagonal	



Thank you! 

973-322-7913


