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How poor are they that have not patience! W hat wound did ever
heal but by degrees?

William Shakespeare (Othello)

Introduction
Management of concussion injury in sport remains one of
the biggest challenges faced by those caring for ath letes,
partly due to the h igh  incidence and prolonged recovery
period. Concussion may demand a lengthy recovery with
prolonged down time and may impede many aspects of a
player’s life including career, sociability, fam ily relations,
professional and social relationships, and finances. Con-
cussion  largely rem ain s the invisible in jury that has no
fixed tim eline for recovery and, until resolved, oppresses
the player with  fear of the long-term consequences of the
impact. That said, the concept of rehabilitation from con-
cussion  is relatively new, a surprising notion  given  th at
rehabilitation from injury plays a significant role in the life
of most elite-level athletes. Of course most of what the ath-
lete kn ows about reh ab ilitation  h as been  learn ed from
experience with orthopedic injury, not brain injury. In con-

trast, the concept of rehabilitation is familiar to those car-
ing for brain -in jured individuals, but it is applied m ore
often after moderate or severe brain trauma rather than fol-
lowin g m ild  h ead  in jury or con cussion . Jam es Garrick
rem inds us that there has been  an  evolution  in  the m an-
agement of sports in jury with  “the employment of earlier
and m ore active rehab program s” [1]. How then  can  we
transpose that progressive thinking to concussion?

Rehabilitation Strategies
DeLisa et al. [2] describe six strategies to help mitigate dis-
ability from injury: 1) prevent or correct additional disabil-
ity, 2 )  en h an ce system s u n affected  by th e p ath o lo gic
co n d itio n , 3)  en h an ce fu n ctio n al cap acity o f system s
affected by the disease, 4) use adaptive equipment to pro-
m ote function , 5) m odify social and vocational environ-
ment, and 6) use psychologic techniques to enhance patient
performance and education. We look at each of these in the
context of concussion injury with the goal being to develop
a sport concussion rehabilitation program.

Prevent or correct additional disability
It has long been recognized that even when the ath lete is
asym ptom atic at rest, postcon cussion  sym ptom s m ay
return  with  exertion , particularly if the ath lete has been
sym ptom atic for a prolonged period of tim e. The patho-
physio logy un derlyin g th is fin d in g h as n ot been  eluci-
dated; however, a clue m ay be gleaned from  the work of
Haykowsky et al. [3]. With resistance and Valsalva maneu-
vers (eg, biceps curl), significant elevations in  intracranial
pressure have been docum ented. This m irrors the experi-
ence of ath letes who have recurrent symptoms with  resis-
tan ce train in g (m any o f wh om  associate on ly aerob ic
activity as exertion , n ot weigh t liftin g) . Th is fin din g of
symptom aggravation with  increasing levels of exertion  is
the basis for the graded return  to  activity program s cur-
ren tly in  place (Table 1)  [4• ,5,6• ,7]. The im portance of
being solidly asymptomatic prior to embarking on such a
program cannot be overstated. Proactive measures must be
taken  at each  step to ensure that the ath lete’s sym ptom s
remain at bay throughout the process, not just during exer-
tion , but also later the day of exertion, as well as the next

Active rehabilitation of sport injuries is a concept familiar 
to athletes and those caring for them. Rehabilitation goals 
aim to optimize recovery efficiency and diminish chances of 
repeat injury. Rehabilitation programs take many aspects of 
recovery and wellness into consideration including physical, 
social, and psychologic components. Ultimately, this is 
important in the recovery process after concussion. In this 
article we introduce the largely unexplored concept of mul-
tidimensional concussion rehabilitation and discuss physical, 
psychologic, social, and sport-specific issues. As well, we 
propose future directions in this field.
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	Table 1.  Return to play protocol
	<TABLE BODY>
	<TABLE ROW>
	The return to play following a concussion follows a stepwise process:

	<TABLE ROW>
	1. No activity, complete rest; once asymptomatic, proceed to level 2

	<TABLE ROW>
	2. Light aerobic exercise such as walking or stationary cycling

	<TABLE ROW>
	3. Sport-specifc training (eg, skating in hockey, running in soccer)

	<TABLE ROW>
	4. Noncontact training drills

	<TABLE ROW>
	5. Full contact training after medical clearance game play

	<TABLE ROW>
	6. Game play


	<TABLE FOOTING>
	<TABLE ROW>
	(Adapted from the Canadian Academy of Sports Medicine [4•].)
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	It has long been recognized that even when the athlete is asymptomatic at rest, postconcussion sy...
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	Unlike most sport injuries, concussion has a global, diffuse effect on the athlete’s function and...
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	Strategies to cope with neurocognitive effects of head injury have met with success and are well ...
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	In isolated situations systems retraining (
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	Considering that interaction in a team environment is a critical dimension in the life of an athl...
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	Figure 1.  Percent blood oxygen level-dependent (BOLD) signal change in the dorsolateral prefront...
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	Psychologic techniques to enhance patient performance and education
	In our rather limited armamentarium, this strategy may be the single greatest tool currently avai...
	Depression
	Depression
	Our clinical observations have shown that concussed athletes often report symptoms of depression....

	Sport psychology
	Sport psychology
	Recent work with sport psychology colleagues documented early evidence that mental training techn...
	<TABLE>
	Table 2.  Postconcussion symptoms scale
	<TABLE HEADING>
	<TABLE ROW>
	Rating

	<TABLE ROW>
	Symptom
	None
	Moderate
	Severe


	<TABLE BODY>
	<TABLE ROW>
	Headache
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Nausea
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Confusion/disorientation
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Difficulty recalling incident
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Emesis
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Balance problems
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Fatigue
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Trouble falling asleep
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Sleeping more than usual
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Drowsiness
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Sensitivity to light/noise
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Irritability
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Increased sadness
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Nervousness
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Numbness or tingling
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Feeling slowed down
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Sensation of being “in a fog”
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Difficulty with concentration
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Difficulty with memory
	0
	1
	2
	3
	4
	5
	6

	<TABLE ROW>
	Total score


	<TABLE FOOTING>
	<TABLE ROW>
	(Adapted from Lovell and Collins [19].)
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	With this knowledge base how can we practically apply these principles to improve management and ...
	Use an orthopedic model and ankle injury rehabilitation as an example, Anderson [
	The concussion rehabilitation program will therefore be structured and supervised in such a way t...
	<TABLE>
	Table 3.  Monitoring exercise progression
	<TABLE HEADING>
	<TABLE ROW>
	Step
	Mode of exercise
	Intensity, %
	Duration, min
	Symptoms during/ after/next day


	<TABLE BODY>
	<TABLE ROW>
	1
	Walking
	< 50
	10–15
	If no symptoms, move to next level

	<TABLE ROW>
	2
	Continuous aerobic
	50–55
	10–15

	<TABLE ROW>
	15–20

	<TABLE ROW>
	20–30

	<TABLE ROW>
	3
	Continuous aerobic, weights (low repetitions & low resistance)
	60–70
	20–30

	<TABLE ROW>
	30–40

	<TABLE ROW>
	40–50

	<TABLE ROW>
	4
	Treadmill skating, on-ice skating (no equipment)
	60–70
	30–40

	<TABLE ROW>
	40–50

	<TABLE ROW>
	70–75
	40–50

	<TABLE ROW>
	5
	On-ice skating drills
	70–80
	30–40

	<TABLE ROW>
	(With equipment)
	40–50

	<TABLE ROW>
	(No contact)
	50–60

	<TABLE ROW>
	6
	On-ice skating drills
	Anaerobic
	60

	<TABLE ROW>
	(With equipment)
	80–100
	60

	<TABLE ROW>
	(No contact)
	60

	<TABLE ROW>
	7
	On-ice skating drills
	Anaerobic
	60

	<TABLE ROW>
	(With equipment & contact)
	80–100
	60

	<TABLE ROW>
	(Scrimmage with contact)
	60
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	Sport-specific programs
	Attempts to prepare sport-specific programs offer potential to maximize a particular athlete’s te...
	Training-induced physiologic adaptations depend primarily on the intensity of overload. Heart rat...
	At this point, sport-specific drills are incorporated into the program. For example, in a current...
	Similar programs may be developed incorporating maneuvers from soccer (
	<TABLE>
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	Figure 2.  Progressive hockey drills corresponding to step 4 of the rehabilitation protocol. NZ—n...
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	Figure 3.  Soccer interval training (for protocol details see Table 4).
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	In the course of the rehabilitation program, specific attention should be paid to factors that ma...
	Symptoms may return with exertion; so what is exertion? Certainly aerobic and resistance training...
	<TABLE>
	Table 4.  Stepwise return to play postconcussion: soccer protocol
	<TABLE BODY>
	<TABLE ROW>
	Step 1. Rest until asymptomatic; for entire protocol, progress to next step only if no symptoms. ...

	<TABLE ROW>
	Step 2. Very light aerobic activity: walk or bike for 10 min, keep heart rate low (low intensity,...

	<TABLE ROW>
	Step 3. Moderate aerobic activity: bike or power walk for 20 min (moderate intensity, 50%–75%).

	<TABLE ROW>
	Step 4. Running, ball drills.

	<TABLE ROW>
	1) Warm-up: 5 min.

	<TABLE ROW>
	2) Interval training: 10–15 min, per Fig. 3, protocol below (75%–85% intensity).

	<TABLE ROW>
	3) Ball work (10 min).

	<TABLE ROW>
	a) Juggling ball, footwork (2 min).

	<TABLE ROW>
	b) Dribbling ball, straight line (2 min).

	<TABLE ROW>
	c) Dribbling between cones (2 min).

	<TABLE ROW>
	d) Dribbling around cones (2 min): clockwise and counterclockwise.

	<TABLE ROW>
	e) Dribbling with change of direction (2 min): run forward, backward, sideways.

	<TABLE ROW>
	Goalkeepers: do drills 1–4 above, 1 min dribbling ball, 1 min toss and catch ball (light toss dir...

	<TABLE ROW>
	Step 5. Add speed and agility drills; could add weights at this step if desired; low weight/high ...

	<TABLE ROW>
	1) Warm-up (5–15 min); can be with team but no contact, no heading.

	<TABLE ROW>
	2) Speed work (5–10 min): goal line to top of 6-yd box and back; goal line to top of 18-yd box an...

	<TABLE ROW>
	3) Agility (10–15 min): as per speed-work plan above, run backward, sideways, crossovers.

	<TABLE ROW>
	a) Sprint out/jog back (recovery).

	<TABLE ROW>
	b) Sprint out/sprint back.

	<TABLE ROW>
	c) Changing from backward to sideways to crossovers on longer runs (half field and full field dis...

	<TABLE ROW>
	4) Ball work (30 min).

	<TABLE ROW>
	a) Independent dribbling drills (as per step 4, increase speed, turns).

	<TABLE ROW>
	b) Partner.

	<TABLE ROW>
	i) Pass/ control: short, middle, long distance.

	<TABLE ROW>
	ii) Shooting on goal.

	<TABLE ROW>
	Goalkeepers: ball work (30 min); no diving, jumping, or heading.

	<TABLE ROW>
	Partner throws ball center, right, left; mid, low, and high (throw instead of kick = better accur...

	<TABLE ROW>
	Reaction drill: goalkeeper turned away from partner, turns to catch ball thrown by partner.

	<TABLE ROW>
	Throwing, punting.

	<TABLE ROW>
	Step 6. Progress to team practice, but no contact (suggest wearing different colored jersey to re...

	<TABLE ROW>
	Add: plyometrics, rolling, jumping.

	<TABLE ROW>
	Goalkeepers: add diving, jumping, shots on goal, crossing (no contact); goalkeepers should also f...

	<TABLE ROW>
	Heading protocol: There are four steps in the heading protocol, two at step 6, and two at step 7....

	<TABLE ROW>
	Heading step 1: Partner and player inside 6-yd box. Partner tosses ball softly to player; control...

	<TABLE ROW>
	Heading step 2: Repeat step 1 to start. After an active rest period (run, ball work), partner and...

	<TABLE ROW>
	Step 7. Full practice (before practice, should do heading step 3; if not able, should not progres...

	<TABLE ROW>
	Heading step 3: Should be done prepractice, following warm-up. Partner and player outside 18-yd b...

	<TABLE ROW>
	Heading step 4: Full practice situation will add more dynamic heading, unpredictability.

	<TABLE ROW>
	Step 8. Game play.
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	Finally, increasingly there is an awareness that neck and concussion injury interplay with one an...

	Conclusions
	Conclusions
	It comes as no surprise to sport medicine professionals that efficient rehabilitation of an athle...
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