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Presentation	Objectives

• 1.	Define	Concussion
• 2.	Concussion	and	Subsequent	Lower	Extremity	
Musculoskeletal	(LEMSK)	Injury	Risk
• 3.	Predictors/Determinants	of	Subsequent	LEMSK
• 4.	Clinical	“So	What”



Concussion	and	Subsequent	LEMSK

• There	is	overwhelming	evidence	supporting	an	elevated	rate	of	
subsequent	musculoskeletal	(MSK)	injury	in	the	1	– 2	years	following	
a	concussion
• High	School
• College
• Professional



Concussion	and	Subsequent	LEMSK
Professional	Sports

Authors Population Results Main	Findings

Makdissi et	al,	
2009

Professional	
Australian Football

Non-Significant	 ↑	2.23x	
elevated	 risk

Only	 investigated	 the	next	football	 match,
elevated	non-significant	 rate

Nordstrom	 et	
al, 2014

Professional Soccer
Union	 of	European	
Football	 Associations

<3	Months:	 ↑	1.56x,
3	– 6	Months:	 ↑	2.78x
6	– 12	Months:	 ↑ 4.07x

Concussion was	risk	 factor	for	sustaining	
subsequent	 MSK	 in	following	 year.
MSK	 rate	also	 elevated	in	 prior	 year

Cross	 et	al,	
2016

Professional Rugby	
(England)

2	year	cohort:	↑	1.6x 60%	greater	risk	 of	 time-loss	 injury	 than	players
without	 concussion

Pietrosimone
et	al,	 2015

Retired NFL	FB	
Players.		Self	 report	
of	“serious”	 injuries

1	Concussion: ↑	1.59x	
2	Concussions:	 ↑	2.29x
>3	Concussions:	 ↑	2.86x

Dose	 response elevated	 risk	of	 serious	 injury.	 	
Time	 sequence	 is	 unknown	 (chicken	 &	egg)

Nyberg	 et	al,
2015

Swedish	 Pro hockey	
over	 28	years

No	overall elevated	 risk
↑	risk	 serious	 injury

Increased	 risk	 of	 serious injury	 (>28	days	 time	
loss)	 within	 21	 days	of	 RTP	post-concussion

Browne
(unpublished)

3	Seasons	 of	NFL	
Players	 on	Injury	
Reports

No elevated	 risk	
(p=0.166,	 OR:	0.519)

No	increased chance	of	 appearing	 on	the	injury	
report	 following	 a	concussion.



Concussion	and	Subsequent	LEMSK
College	Sports

Authors Population Results Main	Findings

Lynall et	al,	2015 D1 College	Athletes 180 Days:		↑	2.02x		
365	Days:		↑	1.97x	

Greater	Risk	 to	sustain subsequent	 LE	MSK	
after	Concussion	 than	before

Brooks	 et	al,	
2016

D1	College	Athletes 90	Days: ↑	2.48x Concussed	 athletes at	increased	 risk	 of	LE	
MSK	 after	RTP	than	non-concussed	
teammates

Herman et	al,	
2016

D1 College	Athletes 90	Days: ↑	3.39x Elevated	 injury	 risk,	 but	 no	difference	 in	
time	loss	 if injured.

Gilbert et	al,	
2016

Collegiate Athletes
(D1,	D2,	D3,	NJCAA)

↑	1.61	– 2.87x
ACL	Issue

Assessed reported,	 unreported,	
unrecognized	 concussions.	
Time	 sequence	 unknown	 (Chicken	 &	Egg)

Houston	 et al,	
2018

D1	College	Athletes ↑	Ankle	 Sprain;	 1.12x
↑	Knee	 Injury:	 1.09x

Sex	and	Concussion	 hx issues
Time	 sequence	 unknown	 (Chicken	 &	Egg)

Fino et al,	2017 D1	College	Athletes ↑	1.67x LE	MSK Replication	 of	prior	 studies
Controlled	 for	prior	 injury.



Concussion	and	Subsequent	LEMSK
Other	Sports

• As	there	are	~8,000,000	 high	school	athletes,	clearly	more	research	is	
needed	in	this	population
• No	studies	investigating	youth	sports	and	their	~21m	– 45m	athletes

Authors Population Results Main	Findings

Burman	et	al,	
2016

Mixed athletes,	 15	–
35	y.o.	in	Sweden.	
Hospital	 EMR	Review

Pre-Concussion: ↑1.98x
Post-Concussion:	 ↑	1.72x
No	difference	 Pre	vs	 Post

Elevated	Rate	both	 Pre	&	Post
Injury Prone?
More	Aggressive/Risk	 Tasking	 Behavior?

Kardouni et	al,	
2018

23,044	 Soldiers	 over	
2	years

↑	38%	 risk	 of	LE	MSK	 Similar results	 between	 college	 athletes	
and	military	 soldiers.

Lynall et	al,	2017 High	School,	 NATION	
Surveillance	 System

For	each concussion,	 34%↑	
risk	 of	time	 loss	 LE	MSK	

Concussion	 not associated	 with	prior	 LE	
MSK.	 	Data	mining	 limitations



Concussion	and	Subsequent	LEMSK

• TAKE	HOME:	There	is	overwhelming	evidence	supporting	an	elevated	
rate	of	subsequent	musculoskeletal	 (MSK)	injury	in	the	1	– 2	years	
following	a	concussion



Presentation	Objectives

• 1.	Define	Concussion
• 2.	Concussion	and	Subsequent	Lower	Extremity	
Musculoskeletal	(LEMSK)	Injury	Risk
• 3.	Predictors/Determinants	of	Subsequent	LEMSK
• 4.	Clinical	“So	What”



Acutely	Post-Concussion:	
Out	of	“Game”	Shape?

Fino et	al,	2017
Kardouni et	al,	
2018

Nordstrom	 et	al,	
2014



Potential	Predictor:	Injury	Prone
• Mixed	Results

• Lynall et	al,	2015	- No

• Nordstrom	et	al,	2014	- Yes



Predictor:	
Incomplete	Neurophysiological	 Recovery



Predictor:	Neurocognitive	Performance



Predictor:	Neurocognitive	Performance

These	variables	have	
largely	not	been	
individually	evaluated.



Predictor:	Neurocognitive	Performance



Predictor:	Neurocognitive	Performance

• Concussion	Clinical	Assessment	Battery	(Howard	Thesis)
• No	significant	 differences	 in	baseline	 performance on	the	concussion	
assessment	 battery	between	 those	with	and	without	a	post-concussion	
subsequent	 LE	MSK.

• No	significant	 differences	 in	acute	post-concussion performance	on	the	
concussion	 assessment	 battery	between	 those	with	and	without	a	post-
concussion	 subsequent	 LE	MSK.

• No	significant	 differences	 at	RTP on	the	concussion	 assessment	 battery	
between	 those	with	and	without	a	post-concussion	 subsequent	 LE	MSK.

• Does	change	from	baseline	 to	post-concussion	 predict	subsequent	 LE	MSK	–
still	a	work	in	progress…..



Predictor:	Dual	Task	Postural	Control



• Walking	speed	is	“almost	the	perfect	measure.” A	reliable,	valid,	sensitive	
and	specific	measure,	self-selected	walking	speed	(WS),	also	termed	gait	
velocity,	correlates	with	functional	ability,	and	balance	confidence.
• It	has	the	potential	to	predict	future	health	status,	and	functional	decline	
including	hospitalization,	discharge	location,	and	mortality.	
• WS	reflects	both	functional	and	physiological	changes,	is	a	discriminating	
factor	in	determining	potential	for	rehabilitation,	and	aids	in	prediction	of	
falls	and	fear	of	falling.
• Furthermore,	progression	of	WS	has	been	linked	to	clinical	meaningful	
changes	in	quality	of	life	and	in	home	and	community	walking	behavior.
• Clinically	significant/meaningful	differences	 range	from	0.06	– 0.10m/s	
change



Predictor:	Dual	Task	Postural	Control

• 2	testsà1	evaluation:	simultaneous	motor	and	cognitive	function	
• Highly	consistent	 measure	across	time	(Howell	 et	al.,	Gait	&	Posture,	 2016)

• Easy	to	modulate	cognitive	perturbations	to	make	the	task	more	or	
less	challenging

• Dual-task	costs:	the	relative	change	between	single-task	and	dual-task	
conditions.	
• Individualized	measure	of	how	an	added	cognitive	task	affects	gait



Predictor:	
Incomplete	Neurophysiological	 Recovery
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Predictor:	Dual	Task	Postural	Control

• 42	Adolescents	tested	acutely	
post-concussion	and	then	again	
at	RTP	clearance	on	DT	Gait.



Predictor:	Dual	Task	Postural	Control

• Stronger	evidence,	but	still	in	
review.
• Collegiate	student	athletes	
(N=34)	tested	at	baseline	and	at	
clinical	RTP	(21.9	days)	
• Sports

*

In	Review,	Oldham	 et	al.

0.09	m/s	 difference



Predictors:	Best	Guess

• Incomplete	neurological	recovery	at	clinical	“recovery”	and	across	the	
progressive	return	to	participation	protocol.		
• Current	tests	lack	sensitivity	to	identify	these	differences
• Tests	which	do	identify	sensitivity	are	
generally	not	clinically	feasible.
• Dual	Task	Tandem	Gait?
• Smart	Phone	Gait	Assessment?
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Clinical	“So	What”?
• IF	there’s	an	elevated	risk	of	injury	due	to	lingering	impairments	in	
postural	control	– what	can	we	can	about	it?
• Does	CARE	provide	any	helpful	aspects	to	address	this?
• Prolonged	time	loss/restriction	from	play?

• 2001	NCAA	FB	Study:	Average	Time	Loss	=	6.1	Days
• CARE	Consortium:	 Average	Time	 Loss	=	14.3	Days

• http://www.ncaa.org/about/resources/media-center/news/researchers-discuss-initial-care-concussion-study-findings

• Same	Day	RTP
• 2001	NCAA	FB	Study:	15.3%	(30/196)	same	day	RTP
• CARE	Consortium:	 0	Same	Day	RTP

• Recurrent	Concussion
• 2001	NCAA	FB	Study:	91.7%	same	season	 repeat	concussions	 <10	days
• CARE	Consortium:	 0	same	season	 repeat	concussions	 <10	days.



Clinical	“So	What”?

• IF	there’s	an	elevated	risk	of	injury	due	to	lingering	neurological	
impairments– what	can	we	can	about	it?
• Reporting	 Issues?
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What	can	we	do	about	this?

• Injury	prevention	programs?		(e.g.,	FIFA	11+)
• Often	unsuccessful	 because	 of	lack	of	time,	 lack	of	buy-in,	and	lack	of	
successful	 execution	 of	the	program.
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