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Opinion statement
Several treatment and rehabilitation approaches for sport-related concussion have been
mentioned in recent consensus and position statements. These options range from the
more conservative behavioral management approaches to aggressive pharmacological and
therapeutic interventions. Moreover, clinical decision-making for sport-related concussion
changes as symptoms and impairments persist throughout recovery. The current article
provides an empirical review of proposed treatment and rehabilitation options for sportrelated concussion during the acute, subacute, and chronic phases of injury.
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Introduction
It is estimated that approximately 1.6 to three million
sports and recreation mild traumatic brain injuries (i.e.,
sports-related concussion: SRC), occur every year in the
United States [1]. While this likely represents an underestimate in the actual incidence of SRC [2], this injury
remains a pressing concern for sports medicine professionals. The documented deleterious cognitive, physical,
emotional, and sleep-related effects of this injury have
prompted increased research efforts focused on understanding and documenting the time course of recovery
following SRC. While approximately 80 % of SRCs resolve within 3 weeks of injury, 20 % of SRCs demonstrate
a prolonged recovery longer than this 3-week estimate

[3]. The disparity in SRC recovery time has motivated the
need for early treatment and rehabilitation interventions
in an effort to mitigate the risk of prolonged recovery [4•].
While the clinical practice of managing concussion has
begun incorporating several treatment and rehabilitation
interventions, the evidence base demonstrating their efficacy is still in its infancy. This article will provide an
overview of treatment and rehabilitation interventions
that are currently recommended for use in the management of SRC. These interventions will be reviewed in the
temporal context of the acute, sub-acute, and chronic
phases of recovery, and the evidence supporting the use
of these approaches will be critically examined.

Overview of treatment and rehabilitation approaches for acute, sub-acute, and chronic
post-concussion recovery
Several consensus statements and review papers present a wide range of treatment
and rehabilitation strategies for SRC that include rest (e.g., cognitive and physical),
pharmacological interventions (e.g., sleep medi?cation, neurostimulants), therapies (e.g., cognitive, physical, vestibular), and other types of behavioral/
environmental modifications (e.g., daily routine, academic accommodations)
[4•, 5–7]. Dosage and timing of these treatment and rehabilitation options are
often presented in the context of the acute (the first 7 days following injury), subacute (8 – 89 days post-injury), and chronic (90 days or more) recovery time
periods [8•]. Factor analytic methods applied in a recent study revealed that postconcussion symptoms reported in the first week following SRC represented
primarily a “global” symptom presentation that represented a cognitive-fatigue
migraine factor along with secondary sleep, physical, and emotional factors [9•].
These results, taken together with other studies suggesting that post-SRC symptomatology begins to delineate into a more distinct cognitive, physical, emotional,
and sleep symptom clusters after the first week following SRC [10], support a more
conservative approach to concussion management during the acute time period
following injury. As symptoms persist into the sub-acute and chronic postconcussion time periods, the clinical approach to determining treatment and
rehabilitation options for SRC often becomes more aggressive (e.g., therapies
and pharmacological interventions).

Acute treatment of SRC
During the acute stages of recovery following SRC, the “cornerstone” of concussion
management is considered to be physical and cognitive rest until acute symptoms
of concussion have resolved [6, 7, 11]. However, there are limited evidence-based
data to support the utility of rest following concussion [12]. Researchers have
observed no benefit of strict activity restriction over 5 days, as compared to 1 – 2
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days of activity restriction [13], and provision of rest was associated with longer
duration of concussion symptoms [14]. In contrast, other researchers documented
decreased concussion symptoms following 1 week of rest, even when implemented
weeks to months following concussion [15]. Following the acute period, academic
supports may assist in returning the concussed athlete to school [16], including rest
periods during the day, excuse from sports or gymnastics, avoidance from physical
exertion, and decreased environmental distractions. Unfortunately, while universal
policies for such accommodations have been proposed [17], there are as yet no
data documenting improved outcomes or efficacy.
In addition to prescribed cognitive and physical rest, pharmacological interventions (e.g., neurostimulants, sleep aids) have been proposed as options to
mitigate severe symptomology experienced during the acute phase of recovery
[6]. It has been recommended that individuals avoid medications that might
alter mental status during the first 10 h following injury [6]. Moreover, there are
no convincing data supporting the efficacy of acute pharmacological
intervention over and above the more conservative behavioral management approaches (e.g., appropriate cognitive and physical rest, sleep,
diet, hydration) suggested for this initial time period following injury.
Future studies examining the efficacy of early pharmacological treatment
for SRC are recommended.

Sub-acute treatment and rehabilitation of SRC
Several treatment and rehabilitation strategies for the sub-acute (i.e., persistent
impairments longer than 8 days post-concussion) post-injury time period are
briefly outlined in current consensus statements [7, 11] and have been
expounded upon in recent clinical review papers [4•]. Collins et al. [4•]
outlined a new approach for clinical treatment and rehabilitation strategies
implemented during the sub-acute presentation of SRC. Using a comprehensive
clinical interview with an accompanying symptom, neurocognitive, vestibular,
and oculomotor assessment, Collins and colleagues [4•] categorized athletes
into a predominant cognitive/fatigue, vestibular, oculomotor, anxiety/mood,
post-traumatic migraine, and/or cervical trajectory with recommended treatment and/or rehabilitation approaches specific to the trajectory. While their
recommendations are largely based on clinical experience, these authors are
among the first to match clinical assessment outcomes with recommended
targeted therapies for SRC. These clinical recommendations coupled with the
extant evidence outlined in current consensus papers provide a strong foundation for the sub-acute treatment of SRC. More specifically, prescribed and
monitored exercise, pharmacological interventions, and therapeutic approaches
(e.g., vestibular, oculomotor, and cognitive therapies) are widely proposed as
effective approaches for the sub-acute treatment of SRC.

Prescribed exercise
While physical and cognitive rest are currently recommended as a “first line of
treatment” during the initial week following SRC, prolonged (i.e., prolonging rest
into the sub-acute recovery period) rest may have detrimental effects on the well
being of the concussed athlete. If symptoms and impairments persist and do not

320, Page 4 of 12

Curr Treat Options Neurol (2014) 16:320
improve following the acute prescription of physical and cognitive rest, sports
medicine professionals should consider the concomitant effects of prolonging
physical and cognitive rest on the academic, physical, and social well being of the
athlete. In addition, athletes may report feelings of isolation, depression, and
anxiety, given that exercise and social interactions with peers and teammates are
likely important stress outlets and coping mechanisms (i.e., emotional release)
[4•]. In addition, increased cardiovascular activity may help mitigate posttraumatic migraine symptoms (PTM). However, the manner in which exercise is
prescribed is critical to avoid further exacerbation of symptoms.
Researchers and clinicians have suggested that “low level” monitored
exercise may be beneficial for concussed athletes who are experiencing
persistent concussion symptoms and impairment [6, 7, 11]. Prescribed
exercise as a means of treatment comes with the caveat that symptoms
should not be exacerbated during or following these bouts of activity, and
risk of subsequent concussive impacts are eliminated. While the documented neurophysiological benefits of exercise should help mitigate and
manage the adverse effects of SRC, few studies have investigated the doseresponse relationship between exercise and improved sub-acute recovery
outcomes in concussed athletes.
Several related studies support the potential role that exercise may have as a
sub-acute treatment strategy for SRC. Exercise interventions in animal models
demonstrate improved neurogenesis, neuroplasticity [18], decreased oxidative
stress and neuroinflammation, and decreased cognitive dysfunction [19, 20], all
of which relate to the neurometabolic and neurophysiological events that
underlie SRC [5]. Moreover, exercise has been shown to benefit the treatment
and management of depression and anxiety, which often share co-morbidity
with SRC [21], in both children and adolescents [22, 23]. While there seems to
be a theoretical foundation supporting the role of exercise in the sub-acute
treatment of SRC, there are no studies examining its efficacy during this subacute stage of recovery. In contrast, this potential SRC treatment has been
directly evaluated in patients with chronic PCS, which will be discussed in the
following section. Nonetheless, exercise is mentioned by expert consensus and
review papers [4•, 7], both as a stand-alone treatment option and as part of the
behavioral management treatment approach for athletes experiencing persistent SRC symptoms. Additional research should be targeted at documenting the
clinical value of using exercise as a sub-acute treatment option with the hopes of
preventing PCS.

Pharmacological interventions
Pharmacological treatments for SRC have been identified as an option for the
management of specific, prolonged symptoms persisting longer than 10 days
post injury [11, 24]. It is important to note that there is currently no FDAapproved pharmacological intervention for the treatment of SRC. Expert and
consensus statements recommend that pharmacological interventions can be
used to manage specific or prolonged SRC symptoms (e.g., sleep, anxiety) and/
or to reduce or shorten severe symptoms of SRC [4•, 6, 7, 11]. Only experienced, licensed medical professionals with prescription privileges and specialized training in SRC should prescribe medications to athletes. To date, there are
no randomized clinical trials investigating the effectiveness of pharmacological
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interventions in athletes following SRC. There are several review papers that
include related findings in non-athlete, brain-injured populations with varying
degrees of injury severity to support the use of medications for SRC. However,
these findings are not necessarily generalizable to athletes with SRC.
Currently, the approach for treating SRC using pharmacological interventions has revolved around matching medications to specific somatic, emotional, sleep, and/or cognitive symptom presentations [10, 25, 26]. For example, an athlete with cognitive-related symptoms might be prescribed a
neurostimulant to treatment. Recently, Collins et al. (2014) proposed a new
clinical care model that suggested matching an athlete’s SRC clinical trajectories
with specific targeted treatments, including pharmacological interventions. This
approach extends the current clinical framework for prescribing medication to
include impairment in addition to symptoms to inform prescription decisions.
A thorough review of pharmacological interventions for SRC can be found in
Meehan et al. [25] and Petraglia et al. [26]. A brief overview of the proposed
pharmacological interventions outlined in Collins et al. [4•] is provided below.
The cognitive-fatigue, sleep, post-traumatic migraine (PTM), and anxiety/
mood clinical trajectories may be effectively treated and managed with medication [4•, 7]. Athletes who present with cognitive-fatigue symptomatology (e.g.,
decreased energy, headache that increases throughout the day, sleep disruption)
may benefit from neurostimulant medications and sleep aids (e.g., melatonin).
Amantadine, a dopaminergic neurostimulant has been shown to improve recovery in adolescent athletes with SRC [27]. These researchers reported a significant
improvement in post-concussion symptoms, verbal memory, and reaction time
for adolescent athletes receiving amantadine compared to historical controls who
did not received amantadine. In addition to cognitive-fatigue symptoms,
concussed athletes presenting with sleep difficulties may benefit from sleep aids
such as melatonin. Melatonin has been linked to improved sleep following
traumatic brain injury in several studies and is recommended due to its high safety
profile and low risk of toxicity [25, 26]. Combined with proper sleep hygiene [28],
melatonin can be an effective first-line of treatment. Other more aggressive
medication options for treating sleep dysfunction following SRC include sedative
hypnotics, serotonin modulators, and beta-andrenergic antagonists [26].
Longer PTM and anxiety/mood clinical trajectories may also be effectively
managed through pharmacological interventions. The PTM symptom cluster is
characterized by headache and nausea, with accompanying photo- and/or
phono-sensitivity and has been linked to protracted recovery outcomes following SRC [29]. Pharmacological treatment of PTM may include tricyclic
antidepressants, anticonvulsants, beta or calcium channel blockers, or triptans.
These pharmacological interventions for PTM should be accompanied with
appropriate behavioral management approaches commonly prescribed for
headache/migraine including proper sleep and nutrition, hydration, and exercise. Not surprisingly, anxiety/mood symptoms following concussion can also
be treated pharmacologically with prescribed antidepressants, selective serotonin reuptake inhibitors (SSRIs) and benzodiazepines. Currently, there are no
empirical investigations documenting the utility of these medications for SRC.
However, several studies demonstrating the efficacy of these treatments in more
severe traumatic brain injury (TBI) is documented [25, 30].
As is clear from the preceding overview, additional research on the efficacy of
pharmacological interventions for the treatment and management of SRC is
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warranted. The current knowledge supporting pharmacological interventions is
based primarily on findings from more severe forms of brain injury. These
findings may not be directly applicable for athletes experiencing the more
subtle effects of SRC. As a final comment, it is important for clinicians to note
that concussed athletes should be symptom-free without medication in order
to determine if they are recovered and ready for RTP. Recently, other therapeutic treatment approaches for SRC including vestibular and oculomotor/
vision interventions are becoming more prevalent in the clinical approach to
treating athletes with SRC as we develop a better understanding of the clinical
trajectories of this injury.

Vestibular therapy
The most common vestibular symptoms include dizziness, imbalance, and
vertigo. In fact, approximately 50 % of athletes report vestibular symptoms
following SRC [9•]. It is important to note that symptoms such as headache,
dizziness, and nausea may only be present following a provoking stimulus. In a
recent study, 61 % of patients with SRC reported at least one symptom following a brief vestibular/oculomotor screening (VOMS) exam [4•]. Vestibular
impairment may be categorized as vestibulo-ocular (e.g., involving maintenance of visual stability during movement as evident in gaze stability and gait
dysfunction); or vestibulo-spinal (e.g., involving postural control and evident
in imbalance). Documented approaches to vestibular therapies include eyehead coordination; sitting, standing static, and standing dynamic balance; and
ambulation exercises [31]. The vestibular rehabilitation programs reported in
the literature are typically 4 – 8 weeks in duration, with each rehabilitation
session lasting between 1 – 3 h. Most of the programs involve some sort of athome rehabilitation component, but adherence is rarely reported. One of the
problems in quantifying the effects of specific vestibular exercises on
concussion-related outcomes is the number of modifiers (e.g., posture, surface,
trunk position, direction of head movement, presence of dual task) that can be
manipulated during each exercise. As such, researchers have typically combined
multiple vestibular exercises with different parameters into aggregate groups for
analysis. Moreover, although the preceding vestibular therapies are suggested as
viable treatment interventions for vestibular-related symptoms and impairment
following SRC [4•], there are limited empirical studies examining their effectiveness. The evidence that has been published consists primarily of retrospective, cross-sectional, and small cohort studies.
There are few published prospective studies or randomized, controlled
trial (RCT) designs of the effectiveness of therapeutic interventions for SRC.
However, recently Schneider and colleagues [32] conducted an RCT with a
small sample (N=31) of 12 – 30 year olds with dizziness, neck pain, and/
or headache following SRC. The results of their 8-week trial indicated that
the group that received cervical spine and vestibular rehabilitation were
nearly four times more likely to be medically cleared following the 8-week
study period than the control group. Although the results from this study
are promising, they are limited by the inability to infer how much of the
effect was due to the cervical spine compared to the vestibular component
of the intervention. In a retrospective chart review of 114 patients with
concussion, Alsalaheen et al. [33] reported that vestibular rehabilitation
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may reduce dizziness and improve both gait and balance. Researchers
indicated that these improvements were similar for both children and adult
patients. In one of the first studies to examine the effectiveness of vestibular
therapies, Hoffer et al. [34] examined the effectiveness of vestibular therapy
in 58 patients with post-traumatic migraine-associated, positional vertigo,
and spatial disorientation following mild TBI. Overall, their results indicated that within 1 – 8 weeks of treatment, patients improved, but
improvement was dependent on the type of impairment and symptoms.
Specifically, they reported that 84 % of patients with post-traumatic
migraine-associated dizziness were responsive to treatment compared to
only 27 % of the spatial disorientation group. Also, on average the
spatial disorientation group required three times longer to return to
work. This study was unique in that it further partitioned vestibular
trajectory patients into a migraine-variant, disorientation, and positional
vertigo groups.

Oculomotor and vision therapies
Oculomotor symptoms and visual impairment following brain injury include
accommodative deficiencies, convergence insufficiency, diplopia, fixation defects, nystagmus, phoria, as well as defective gaze stability and saccadic and
pursuit eye movements [35]. Almost 30 % of athletes report visual problems
following SRC [21]. These symptoms and impairments may manifest as concentration problems, difficulty in busy, high-traffic environments (e.g., shopping center, driving), headaches, reading difficulties, trouble focusing and
paying attention, and visual confusion [36]. Functionally, these symptoms and
impairments often translate into reduced academic and work performance.
Oculomotor and vision therapies might include versional (e.g., fixation, saccades, pursuits), vergence (e.g., fusion, sustained vergence), accommodative
(e.g., monocular and binocular) and visual attention (e.g., scanning, gaze)
exercises. Many of the current therapies involve Internet-based software programs and specially designed glasses, allowing many patients to perform their
vision exercises at home on their own schedule. As with vestibular therapies, the
key to the effectiveness in these therapies lies in matching the oculomotor and
vision therapy with the specific symptoms and impairments.
Empirical support for oculomotor and vision-related therapies is even more
scant than for vestibular therapies, and the level of evidence for the support
does not include any RCTs. Nonetheless, initial evidence points to support for
targeted oculomotor and vision rehabilitation therapies. In a retrospective study
that included 33 patients with mTBI, researchers reported that oculomotor
therapies (i.e., combined vergence, versional, and accommodative exercises)
resulted in 90 % of patients improving markedly or completely in symptoms
and impairment [36]. These improvements were accompanied by subjective
reports of enhanced reading following treatment and were sustained out to a 2 –
3-month follow-up time period. More recently, Thiagarajan and colleagues [37,
38] reported improvements in both accommodative responsivity and versional
eye movements following oculomotor training in a small sample of patients
(N=12) with mTBI. They employed training targeting the version, vergence, and
acommodation components of the oculomotor system. Specifically, saccadic
training using visual concentration and perceptual puzzle block tasks.
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Unfortunately, the assessment of these rehabilitation therapies was conducted
in such as a way that the researchers could not infer which therapy resulted in
which specific effect. The sample sizes were also very small to infer to the general
population. Future approaches would benefit from treatment-withdrawal and
true RCT designs with larger samples.
Vestibular and oculomotor symptoms and impairment often accompany
SRC and may indicate worse outcomes. There is growing support in the literature for the effectiveness of specific therapeutic interventions and rehabilitation
modalities that target these issues. Together these findings suggest that as a
result of residual neural plasticity, the vestibular and oculomotor systems are
amenable to improvements with appropriately applied and matched exercises
and therapies. Although the preliminary evidence for these therapies is promising, researchers need to address several shortcomings moving forward. In the
current climate of reduced insurance coverage for therapy following injury, it is
important for researchers to determine the minimal and optimal number of
therapy sessions, and how soon after injury (e.g., acute, sub-acute phase of SRC)
they should be implemented to be effective. In addition, a comparison of the
effectiveness of at-home, software-based vision therapy compared to clinicbased therapy sessions is also warranted. Researchers also need to establish
whether the effects of therapies have both near and far transfer to other
activities such as academic, driving, and sport performance; and whether
these effects and the therapies might be influenced by developmental (i.e.,
age) factors. To date, the research discussed previously assessed the combined effects of multiple therapies used simultaneously. A better approach
would be to determine the relative contribution of each therapy to specific
outcomes. Finally, all therapies need to be tested using RCT designs, as
there is likely to be substantial bias (e.g., placebo effect, halo effect,
experimenter bias) in less internally valid research designs of the effectiveness of therapeutic interventions.

Cognitive therapies
In addition to physical therapies, cognitive therapies may also have application
for athletes in the sub-acute recovery phase of SRC. In the American Academy of
Neurology (AAN) consensus statement, Giza and colleagues [11] recognize the
value of the education, reassurance, and reattribution of SRC symptom components of cognitive restructuring. These researchers also recognize the potential
utility of this approach to mitigate the risk of developing chronic post-concussion
syndrome (PCS). Although the literature on using cognitive therapies during the
sub-acute recovery phase following SRC is scant and primarily prescribed in
patients with PCS, this therapeutic alternative has been linked to improving
insomnia [39], depression [40, 41], and anxiety [42] in non-injured youth and
may be an effective means of management in earlier phases of recovery. Moreover, providing psychoeducation early in the recovery time course following
concussive injury has been linked to reduced symptom reports. Ponsford et al.
[43] reported improved recovery outcomes at 3 months post injury in children
with mTBI who received an educational coping intervention 1 week following
injury than injured children without the 1-week intervention. These results are in
concordance with Mittenberg et al. [44] who also reported that early
psychoeducational intervention can reduce the risk of PCS.
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Chronic PCS treatment and rehabilitation of SRC
Several definitions (see World Health Organization: WHO, 2010, F07.2, and
the Diagnostic and Statistical Manual of Mental Disorders: DSM: APA, 2013,
pp. 624.ff for PCS definitions) have been proposed in the literature and by
different professional organizations in an effort to encapsulate the chronic
presentation of SRC symptoms and impairments that unfortunately warrants
the “label” of chronic PCS. While most athletes with SRC recover within a 7 – 10
day period, approximately 10 % take longer than 14 days to recover [45]. Other
studies have reported that in non-sports-related concussion, 33 % of patients
require longer than 3 months to recover [46]. As previously mentioned, for the
purpose of the current article, chronic PCS will be defined as SRC symptoms
and impairments lasting 90 days or more [8•]. Several clinical and research
efforts have been targeted at identifying efficacious treatments for this “miserable minority” [47] as this syndrome can adversely influence all areas of the
athletes life (e.g., social, academic, athletic, physical, emotional).
As with most clinically recommended treatments for SRC, there is a
paucity of empirically supported literature on treatment interventions for
PCS. Several of the aforementioned pharmacological approaches and
therapies targeted for the sub-acute phase of recovery, are also viable
options for this chronic recovery period. According to a recent literature
review by Leddy and colleagues [48], early education [44], cognitive behavioral therapy [43], aerobic exercise therapy [49], and targeted medications are potential treatment interventions for athletes with PCS.
A systematic review of psychological interventions for PCS revealed evidence
that cognitive-behavioral therapy (CBT) may be effective in decreasing PCS
symptoms [50, 51], as compared to informational or educational programs.
Furthermore, the implementation of CBT following post-acute discharge was
shown to reduce symptom duration, frequency, and severity [44]. Other studies
support the use of controlled aerobic exercise (e.g., using a treadmill to achieve
80 % systolic heart rate) as a safe and effective approach to PCS treatment, with
greater reductions in PCS symptoms as compared to controls [49]. These results
were supported by a recent study using functional magnetic resonance imaging
(fMRI), which revealed that controlled exercise promoted normal cerebral blood
flow in PCS patients. These findings, taken together, highlight the underlying
physiological dysfunction associated with the persistent chronic symptoms of
SRC and the supporting role for aerobic treatment [52]. In contrast to exercise, a
period of physical and cognitive rest was also shown to alleviate PCS symptoms,
even when applied months following the concussive injury [15]. Hyperbaric
oxygen was found to have some immediate effects with respect to cognitive
functioning and quality of life, in a sample of mTBI patients 1 – 5 years post
injury; however, these effects did not last beyond the treatment period [53].
In conclusion, the framework for treatment options for SRC is evolving. Ongoing research efforts that identify and document the clinical presentation of
SRC in the days, weeks, and months following injury will continue to inform
treatment options for injured athletes. Moreover, the treatment paradigm is
shifting from a “one size fits all” to a more targeted, specific treatment and
rehabilitation plan. These efforts will not only expedite recovery, but also ensure
a complete and safe return to activity for the concussed athlete.
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