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Introduction: While most individuals recover in the initial days to weeks following a concussion, in up to 30% of
cases symptoms and functional limitations may persist beyond the initial four weeks. There is emerging evidence
that multifaceted physiotherapy techniques for individuals who have ongoing symptoms following concussion

Purpose: The purpose of this masterclass article is to summarize the evidence for rehabilitation, describe

treatment techniques and multifaceted interventions following concussion.

Implications: Concussion is a heterogenous injury and multiple types of rehabilitation may be required to address
ongoing alterations in function. A greater understanding of evidence based rehabilitative techniques will enable
the clinician to direct treatment and facilitate recovery for individuals who have ongoing symptoms following

concussion.

1. Introduction

Concussion is among the most commonly occurring sport and re-
creation related injuries in today's society (Emery and Meeuwisse,
2006; Marar et al., 2012). At the time of concussion, a multifaceted
assessment including symptom reports, assessment of neurological
function, balance, cervical spine, orientation, memory and concentra-
tion is recommended (McCrory et al., 2016; Patricios et al., 2017). An
initial period of both cognitive and physical rest for 24-48h is re-
commended following injury (Schneider et al., 2017b). Following this
time, a gradual return to activity ensues (Schneider et al., 2017b). The
majority of individuals recover in the initial time period following a
concussion (McCrory et al., 2013) However, in 20-30% of cases
symptoms persist beyond the initial weeks following injury (Schneider
et al., 2017c). For these people, rehabilitation may facilitate recovery
(Marshall et al., 2012; Schneider et al., 2017b). The purpose of this
Masterclass is to outline evidence informed rehabilitation, including
physiotherapy specific techniques, that may be of benefit individuals
following concussion. Assessment strategies are outlined in Part I and
an online case study is presented to summarize these concepts in
practice.

2. Typical treatment and recovery path

Typical treatment following a concussion is a period of both cog-
nitive and physical rest for 24-48 h(Schneider et al., 2017b). Once the
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acute symptoms subside, a gradual return to activities of daily living
and a strategy of graded increase in both cognitive and physical exer-
tion is initiated prior to returning to school/occupation and physical
activity/sport (McCrory et al., 2013) Prolonged rest and avoidance of
social and typical activities of daily living is not recommended
(Schneider et al., 2017b). The return to sport strategy includes six steps
that begin following the initial 24-48h of rest (Fig. 1) (Echemendia
et al.,, 2017) Medical clearance should occur prior to participating in
full contact practice (step 5), and is advisable prior to multiplayer
training drills. Each step should take a minimum of 24 h. Thus, the
return to sport strategy takes a minimum of one week to complete. If
symptoms recur while progressing through the protocol, the individual
moves back to the previous step for an additional 24 h(Echemendia
et al., 2017). If symptoms persist, the individual should cease activity
and follow-up with their health care professional for further evaluation.

Return to school and occupational activities are important con-
siderations following concussion. The cognitive demands, in conjunc-
tion with processing of multiple sources of sensory input required to
complete school and work activities, may prove challenging. Thus, a
return to school strategy was developed (Davis et al., 2017a; Davis
et al., 2017b, McCrory et al., 2013) and includes four steps. (Fig. 2)
(Davis et al., 2017b) Return to school should occur prior to returning to
sport, however gradual reintroduction of physical activity can occur
concurrently with gradual increases in cognitive activity (Davis et al.,
2017b; Echemendia et al., 2017, McCrory et al., 2013). While the return
to school strategy focuses on return to learning, these principles can
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Graduated Return to Sport Strategy

Functional exercise

Exercise step B e Goal of each step
1. Symptom- Diaily activities that do Gradual reintroduc-
limited activity not provoke symptoms. tion of work,/school
activities.
2. Light asrchic Walking or stationary Increase heart rate.
exercise cycling at slow to medium

pace. No resistance

training.

3. Sport-specific
exercise

4. Mon-contact

Running or skating drills.
Mo head impact activities.

Harder training drills, e.q..

Add movement.

Exercise, coor-

training drills passing drills. May start dination, and
progressive resistance increased thinking.
training.
5. Full contact Following medical clear- Restore confi-
practice ance, participate in normal dence and assess
training activities. functional =kills by
coaching staff.
6. Return to Mormal game play.
play/sport

In this example, it would be typical to have 24 hours (or longer) for each
step of the progression. If any symptoms worsen while exercising, the
athlete should go back to the previous step. Resistance training should
be added only in the later stages (Stage 3 or 4 at the earliest).

Written clearance should be provided by a healthcare professional before
return to play/sport as directed by local laws and regulations.

Fig. 1. Graduated Return to Sport Strategy (Permission to reprint granted) (Echemendia et al., 2017) (black and white acceptable).

also be applied to occupational environments as well.

The majority of individuals who suffer a sport-related concussion
recover in the initial 7-10 days following injury (McCrory et al., 2013).
However, in the younger age group, 30% of children presenting to an
emergency department and 20% of elite youth ice hockey players re-
main symptomatic one month following injury and 14% of school-aged
children remain symptomatic 3 months following injury (Barlow et al.,
2010; Schneider et al., 2017a; Zemek et al., 2016). Typical recovery
time has been reported to be 14 days in adults and up to 4 weeks in
children and youth (Makdissi et al., 2017, McCrory et al., 2013). Most
individuals have an uncomplicated recovery and progress well through
the return to sport and return to school/work strategies. Nevertheless,
some individuals have persisting symptoms and functional alterations
that may require treatment (Makdissi et al., 2017) (see Fig. 3).

To date there is limited high quality study evaluating the efficacy of
treatment strategies for individuals with persistent symptoms following
concussion (Schneider et al., 2017b; Zonfrillo, 2016). Concussion has a
heterogeneous clinical presentation, likely representing multiple sub-
types of disease (Schneider, 2016). Additionally, different treatments
may be more appropriate at different time points (e.g the needs of a
patient at 10 days will likely be different to needs at 3 months following
injury) (Makdissi et al., 2017; Schneider et al., 2018). This multifaceted
presentation of concussion creates a challenge when trying to evaluate
the efficacy of treatment techniques. One type of treatment is unlikely
to be suitable for all. Rather, a number of different treatments may be

appropriate for each subtype of ongoing alterations in function
(Schneider, 2016). Fig. 4 outlines various treatments that may be ap-
propriate in the rehabilitation of persons with persisting symptoms
post-concussion.

Headache is the most common symptom following concussion (Kerr
et al.,, 2016; Marshall et al., 2015). A variety of different subtypes of
headache may present and treatment should match the headache type
(Heyer and Idris, 2014; Heyer et al., 2016; Schneider et al., 2014b).
Similarly, a variety of different types of vestibular/balance disorders
occur following concussion and these respond well to individualized
treatment (Ernst et al., 2005; Schneider et al., 2014b). Thus as discussed
in Part 1, a thorough interdisciplinary and multifaceted assessment is
an important first step in identifying appropriate management strate-
gies for individuals who do not recover in the initial weeks following
concussion (Makdissi et al., 2017).

Evaluation of specific consequences of concussion by the relevant
health care professional informs the most appropriate care delivery. In
some cases, a full health care team approach may be warranted and
may optimize outcome (Makdissi et al., 2017). A challenge in the area
of concussion is the lack of one validated measure of recovery. Common
outcomes to define recovery are changes in symptoms or medical
clearance to return to sport. These have inherent limitations due to the
nature of self-report or clinician report of outcome. Measurement of
clinical recovery using validated tests and measures in each subdomain
assists in identifying recovery of specific areas of function. In addition,
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Graduated Return to School Strategy

Concussion may affect the ability to learn at school. The athlete may
need to miss a few days of school after a concussion. When going back
to school, some athletes may need to go back gradually and may need to
have some changes made to their schedule 5o that concussion symptoms
do not get worse. If a particular activity makes symptoms worse, then the
athlete should stop that activity and rest until symptoms get better. To
make sure that the athlete can get back to school without problems, it is
important that the healthcare provider, parents, caregivers and teachers
talk to each other so that everyone knows what the plan is for the athlete
1o go back to school.

Mote: If mental activity does not cause any symptoms, the athlete may
be able to =kip step 2 and return to school part-time before doing school
activities at home first,

Mental Activity Activity at each step s raikegs

1. Daily activities Typical activities that the athlete Gradual
that do does during the day a=s long as return to
not give they do not increase symptoms typical
the athlete (e.g. reading, texting, screen activities.
symptoms time). Start with 5-15 minutes at

atime and gradually build up.

2. School Homework, reading or other Increase

activities cognitive activities outside of tolerance
the classroom. 1o cognitive
wiork.

3. Return to Gradual introduction of school- Increase
school work. May need to start with academic
part-time a partial school day or with activities.

increased breaks during the day.

4. Return to Gradually progress school Return to full
school activities until a full day can be academic
full-time tolerated. activities and

catch up on

Fig. 2. Graduated Return to School Strategy (Reprint permission granted) (Echemendia et al., 2017) (black and white acceptable).

the use of quality of life measures provides better understanding of the
overall impact of rehabilitation (Brown et al., 2016). Evidence for
treatments for multiple subtypes of injury individually and in combi-
nation is limited, however there are some treatments with demon-
strated efficacy in concussion and these will be summarized and de-
scribed below (Gagnon et al., 2016b; Leddy et al., 2010; McCarty et al.,
2016; Schneider et al., 2017b; Schneider et al., 2014b).

3. Management of post-traumatic headache

Management of post -traumatic headache (PTH) is often directed by
the headache type. Unfortunately, studies evaluating the effects of
treatment in PTH following concussion are limited (Schneider et al.,
2013b). It is generally accepted that a multifaceted approach to head-
ache management (including behaviour therapies, physical therapy,
education on sleep hygiene and management of stress) is appropriate to
ensure contributing factors to headaches are addressed (Blume, 2015,
Pinchefsky et al., 2015a, b, Zasler, 2015). In the case of migraine or
tension-type headaches, pharmacological management is often a

treatment of choice, however opioids should be used judiciously
(Blume, 2015; Zasler, 2015). Medication overuse can occur and it
should be ensured that this is not the source of headaches (Heyer and
Idris, 2014). For some, preventive pharmacological treatments may be
of benefit (Pinchefsky et al., 2015b; Zasler, 2015). Cervicogenic head-
aches can be treated effectively with physical therapies (Jull et al.,
2002; Schneider et al., 2014b). PTH have also been assisted with
greater occipital nerve blocks in both children and adults (Hecht, 2004;
Seeger et al., 2014). Thus, differential diagnosis of headache in PTH and
working with physicians with expertise in PTH in an interdisciplinary
team is vital to direct appropriate clinical care.

4. Evidence for physiotherapy treatment following concussion

Evidence is emerging of positive outcomes with physiotherapy
management of the cervical spine and vestibular/balance systems fol-
lowing concussion (Alsalaheen et al., 2010; Schneider et al., 2014b,
2018). Reports of dizziness, identified deficits in vestibulo-ocular and
ocular motor function and cervical spine findings have been reported to
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Cognitive and Physical
Rest (24-48 hours)

Gradual
Reintroduction of
Daily Activities

Y

A

Asymptomatic?

Return to School
Strategy

Unable to progress
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Multifaceted
Assessment

Return to Sport
Strategy

and remain asymptomatic?

Go to previous
step where asymptomatic

/0o

No

Medical Clearance
to Return to School
and Sport

Go to previous
step where asymptomatic

Multidisciplinary
Collaborative
Care

Fig. 3. Initial management of Concussion (black and white acceptable).

be predictors of longer-term recovery following concussion (Corwin
et al.,, 2014; Ellis et al.,, 2017, 2018; Lau et al., 2009). Thus, re-
habilitation to address the above stated areas may facilitate recovery
and prevent the development of post-concussion syndrome. Symptoms
may also occur secondary to a variety of different sources (Leddy et al.,
2015; Makdissi et al., 2017; Schneider et al., 2017d). Thus, a targeted
assessment to inform differential diagnosis is recommended and can
inform management and rehabilitation. Part I of this Masterclass article
describes a number of assessment techniques that can be used to inform
treatment.

Case studies have demonstrated that individuals who have sustained
head trauma achieved good symptomatic and functional improvements
with cervical and vestibular rehabilitation (Schneider et al., 2009). A

randomized controlled trial (RCT) compared a multifaceted and in-
dividualized physiotherapy intervention (cervical manual therapy and
therapeutic exercise and vestibular physiotherapy — cervicovestibular
rehab) to a control intervention (rest and non-provocative range of
motion exercises) for children, adolescents and adults with persistent
symptoms of dizziness, neck pain, and/or headaches following sport-
related concussion (Schneider et al., 2014b). Both groups completed the
standard protocol of rest followed by a protocol of graded exertion
(McCrory et al., 2013). The primary outcome was medical clearance to
return to sport, evaluated by a blinded sports medicine physician.
Participants who received an individualized multimodal cervical and
vestibular physiotherapy were 3.91 (95% CI 1.34 to 11.34) times more
likely to be medically cleared to return to sport by eight weeks than
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Fig. 4. Treatment considerations following concussion (black and white acceptable).

those treated with the control intervention (Schneider et al., 2014b).
While this study is promising, further evaluation is needed to better
understand the effects of age, dosage and time since injury on treatment
outcome (Schneider et al., 2018). Nevertheless, initial evidence sug-
gests that a multifaceted approach including cervical, sensorimotor and
vestibular rehabilitation, is beneficial for individuals who have per-
sisting dizziness, neck pain and headaches following concussion. The
principles of treatment from this RCT, cervicovestibular rehabilitation,
are presented.

5. Cervical spine rehabilitation

A number of different alterations in cervical spine function have
been reported in individuals with neck pain. Clinical assessment in-
cluding a number of different tests to identify potential areas that may
require rehabilitation is important. Clinical tests such as the cranio-
cervical flexion test, cervical flexor and extensor endurance, joint po-
sition error, cervical movement sense, smooth pursuit neck torsion test,
a manual spinal exam, cervical flexion rotation test and cervical spine
strength can all assist in identifying the underlying source of symptoms,
Differential diagnosis and detail regarding the assessment is discussed
in Part I of this Masterclass article. Identification of areas of dysfunction
through a multifaceted clinical examination will identify targeted areas
for rehabilitation.

Evidence for treatment of cervical dysfunction following concussion
is limited despite neck pain and headaches being some of the most
common symptoms following a concussion (MacGregor et al., 2017).
There is a large body of evidence evaluating treatments for neck pain.
Evidence suggests that a combination of manual therapy (either mo-
bilisation or manipulation) and exercise is more effective than passive
modalities, interventions that focus on function are more effective than
those that do not, additional sensorimotor exercises (including eye
fixation and proprioceptive training) can be of benefit, and that specific
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training appears to be more effective than general training (Andersen
et al., 2008; Gross et al., 2004; Hurwitz et al., 2008; Jull et al., 2002;
Kay et al., 2005; Treleaven, 2008). These interventions have been found
to improve pain, function and quality of life in both the short and longer
term. Thus, consideration of multifaceted treatment strategies, in-
cluding manual therapy, specific exercise (including sensorimotor ex-
ercises) with a focus on function for individuals with cervical spine pain
is appropriate.

While there is debate in terms of the clinical utility of manual
therapy assessment and treatment techniques (Rabey et al., 2017),
there is evidence that manual examination used in combination with
pain provocation tests quite accurately identifies the symptomatic
segment when compared to local blinded placebo controlled anaes-
thetic blocks (currently considered the gold standard for diagnosis for
facet joint pain) (Schneider et al., 2013a, 2014a). There is also a body of
research demonstrating positive analgesic effects of manual therapy in
the short-term (Coronado et al., 2012; Voogt et al., 2015; Zusman,
2004). Comparison of different types of manual therapy techniques for
individuals with chronic neck pain, cervicogenic headache and cervi-
cogenic dizziness show that they result in similar benefits in the long-
term for pain, disability and movement (Gross et al., 2015; Perez et al.,
2014; Reid et al., 2014b). Reid et al. (Reid et al., 2014a) found that
sustained natural apophyseal glides (SNAGs) and passive mobilisation
(Maitland) improved symptoms and neck range of motion in individuals
with cervicogenic dizziness but notably no changes were observed in
joint repositioning or balance with either technique.

Specific neck muscle retraining has been found to be more effective
than general exercise for individuals with neck pain, whiplash asso-
ciated disorders, cervicogenic headache and cervicogenic dizziness
(Landen Lundvigsson et al., 2016; Treleaven et al., 2016). Training
neuromuscular control of the craniocervical region in addition to
manual therapy has demonstrated positive improvements for patients
with headaches and neck pain (Jull et al., 2002). In a randomized
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Fig. 6. Prone head lift in craniocervical neutral (black and white acceptable).

controlled trial combining cervical and vestibular rehabilitation fol-
lowing sport-related concussion, training craniocervical neuromuscular
control was a key component utilized in nearly every individualized
treatment plan (Schneider et al., 2014b). Thus, addressing any altera-
tions in neuromuscular control of the craniocervical region may facil-
itate recovery in individuals with persisting neck pain and headaches
following concussion (Jull et al., 2002; O'Leary et al., 2009; Schneider
et al., 2014b; Treleaven et al., 2016). Initially, exercises to activate the
deep cervical flexor, extensor and axioscapular muscles are performed
as well as low-load endurance exercises (O'Leary et al., 2009) (Figs. 5
and 6). Progressively increasing load with a focus on motor learning
then ensues (O'Leary et al., 2009), progressing to a strengthening pro-
gram as soon as the patient is able (Jull et al., 2008). These exercises are
performed, as indicated, in tandem with a battery of sensorimotor ex-
ercises to address head, neck, eye and balance dysfunction (discussed in
subsequent sections) (Kristjansson and Treleaven, 2009; Schneider,
2016; Schneider et al., 2014b).

It has been hypothesized that exercise treatment effects may be
enhanced with the addition of a behavioural approach, including in-
formation on pain-management and problem solving, relaxation,
management of symptom relapses and explanation of pain mechanisms.
However current studies in whiplash associated disorders have not
identified any differences in treatment outcomes with the addition of a
behavioural approach to a specific exercise program (Ludvigsson et al.,
2015; Treleaven et al., 2016). Studies evaluating cervical interventions
specifically in sport-related concussion are sparse. However, our RCT
included these neuromuscular retraining exercises as a key initial step
in multifaceted treatment of persons with ongoing symptoms following
concussion and demonstrated a significant positive treatment effect
(Schneider et al., 2014b).

Alterations in the ability to relocate one's head in space occurs in
individuals with idiopathic and traumatic neck pain as evaluated using
a joint position error test (Kristjansson and Treleaven, 2009; Revel
et al., 1991). Head relocation in space and head on neck movement
control change with training in individuals with neck pain, and is be-
lieved to occur secondary to improved processing of cervical proprio-
ceptive input (Jull et al., 2006; Revel et al., 1994). Of interest,
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craniocervical flexion training has similarly positive effects on changes
in cervical joint position error compared with proprioceptive training,
thus suggesting that cervical relocation sense may be facilitated
through different exercise regimens (Jull et al., 2006). Additional ex-
ercises aimed at improving sensorimotor function in individuals with
neck pain include eye movement control and balance exercises. In
general, sensorimotor training programs include exercises to facilitate
visual, vestibular and proprioceptive processing (Kristjansson and
Treleaven, 2009).

In summary, most of the literature on treatment of the cervical spine
is focused on individuals with nonspecific neck pain, cervicogenic
headache and whiplash disorders. A case series of 21 patients who
suffered a concussion and had cervical spine findings on evaluation
reported improvements in function and pain following cervical spine
physiotherapy treatment (Kennedy et al., 2017). There is emerging
evidence that many of the above stated techniques may be appropriate
and effective following sport-related concussion, especially when
combined with vestibular rehabilitation (i.e. cervicovestibular re-
habilitation) (Schneider et al., 2014b).

6. Vestibular rehabilitation

Vestibular rehabilitation consists of a variety of individualized ex-
ercises aimed at facilitating central vestibular reorganization. When
Benign Paroxysmal Positional Vertigo is identified following concus-
sion, particle repositioning maneouvers are used (Hilton and Pinder,
2002; 2004; Shepard et al., 1993). Systematic reviews have demon-
strated efficacy of vestibular rehabilitation in patient populations with
vestibular involvement (Hillier and Hollohan, 2007; Hilton and Pinder,
2002, 2004). In some cases eye movement control exercises (without
concomitant head movement) are included in treatment protocols.

6.1. Benign paroxysmal positional vertigo (BPPV)

Assessment of BPPV is done using either the Dix-Hallpike test or the
Roll test (Bhattacharyya et al., 2017a). A positive tests occurs in the
presence of a characteristic pattern of nystagmus observed in combi-
nation of reproduction of veritgo (Bhattacharyya et al., 2017a). Cana-
lith repositioning maneouvers are used to treat BPPV and involve a
series of head motions to clear the affected canal of debris, thus alle-
viating the biomechanical problem in the peripheral vestibular system
(Hilton and Pinder, 2014; Imai et al., 2017). The type of maneouver
that is selected is based on the findings in either the Dix-Hallpike test or
the Roll test (Bhattacharyya et al., 2017b). If symptoms of vertigo plus a
characteristic pattern of nystagmus are present in one of the test posi-
tions, the appropriate canalith repositioning maneouver is then per-
formed (Bhattacharyya et al., 2017b; Ouchterlony et al., 2016). There is
a large body of research demonstrating that canalith repositioning
maneouvers are safe and effective in treating BPPV in as few as one
treatment, with the majority of individuals having resolution of
symptoms within the 1-3 treatments (Bhattacharyya et al., 2017b;
Prokopakis et al., 2013). If the treatment does not alleviate symptoms in
first few treatments, other diagnoses should be considered. In post-
traumatic BPPV, individuals may require more treatments, be more
likely to have recurrences of BPPV and have multiple canal involvement
(Prokopakis et al., 2013). At this time, postural restrictions are not
recommended following a canalith repositioning maneouvers
(Bhattacharyya et al., 2017b).

6.2. Adaptation exercises

Adaptation exercises are used to train the vestibulo-ocular reflex
and are among the most commonly prescribed exercises following
concussion (Alsalaheen et al., 2013; Schneider et al., 2014b, 2018). The
individual focuses on a target and moves the head side to side over a
small distance (Fig. 7). The exercises are often termed gaze stabilization
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Fig. 7. Gaze stabilization exercises (x1 viewing) (black and white acceptable).

exercises (Herdman and Clendaniel, 2014). Examples of progressions
include performing this exercise in standing, while walking or while
moving the target a small distance in the opposite direction of the head
motion. It is important that this exercise is context specific and should
eventually be trained in the direction and environment in which the
individual is required to function.

6.3. Habituation

Habituation exercises are exercises that repetitively expose the in-
dividual to movements that provoke a mild amount of dizziness
(Herdman and Clendaniel, 2014). The symptoms that are felt during
these exercises should not be presyncopal but more of a general dis-
orientation in space/lightheadedness. As per the adaptations exercises,
a mild and brief increase in symptoms following performance of these
exercises is acceptable, however prolonged or intense symptoms should
not occur.

In some cases individuals may report symptoms of dizziness and
unsteadiness in visually challenging environments (i.e. crowds, walking
through store aisles, watching movies) (Marousa, 2010). Examples of
terms used to describe these sensations include visual vertigo or a visual
vestibular mismatch. It is believed that individuals with these symp-
toms may be overly reliant on visual cues. In cases of visual vertigo,
visual desensitization exercises are included within a program of ves-
tibular exercises with the aim of decreasing sensitivity to visual stimuli
and possibly facilitating sensory integration (Marousa, 2010).

6.4. Balance exercises

Postural stability exercises are part of a vestibular rehabilitation
program (Hall et al., 2016; Han et al., 2011; Herdman and Clendaniel,
2014; Shepard and Telian, 1995). Depending on the functional level of
the individual, exercises are given that challenge the balance systems in
a safe way. A spotter is often recommended to minimize the risk of falls
and to also increase the individual's confidence when performing the
exercises. Standing balance exercises include, progressively, a double
leg stance, tandem stance and single leg stance (Hall et al., 2016). Al-
teration of other sensory input can facilitate improvement in standing
balance. For example, closing the eyes to remove visual input and
stance on a compliant surface to alter the proprioceptive afferent input
can increase the demands to the balance system. Safety must be con-
sidered at all times.

Dynamic balance exercises vary depending on the functional level of
the individual as well as the activities to which the individual will be
returning. It is important to consider not only the functional demands
when stationary but also to consider the demands to the balance sys-
tems with motion. For example, an individual may be required to turn
their head, look up, perform cognitive tasks while balancing or while
moving their head. Thus, combining different basic exercises gradually
to work toward a whole task completion is of benefit (Figs. 8 and 9).
While outside the scope of this paper, it is also important to take into
account factors such as motor learning and self efficacy in the course of
treatment.

When neck pain, dizziness and headaches

are ongoing,
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Fig. 8. Example of sport specific environment — volleyball (black and white
acceptable).

Fig. 9. Single leg stance with ball toss (black and white acceptable).

physiotherapy including cervicovestibular rehabilitation is indicated
and is often conducted in a team environment (Schneider et al., 2014b).
In an individual with persistent headaches and/or neck pain, it is im-
perative that headaches are addressed prior to initiating vestibular re-
habilitation exercises. Pain free and adequate head on neck control is
desirable prior to implementing vestibular exercises that incorporate
more rapid neck motions and that may exacerbate symptoms of head-
aches and neck pain. In many cases, physiotherapists with expertise in
manual therapy may work collaboratively with a physiotherapist with
expertise in vestibular rehabilitation, or vice versa, to ensure optimal
rehabilitation within each practitioner's area of competency.

7. Low level aerobic exercise

Current treatment recommendations following concussion include a
brief period of cognitive and physical rest (24-48h) followed by a
gradual return to graded exertion activities (Schneider et al., 2017b).
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The level of both cognitive and physical activity are gradually in-
creased, providing symptoms do not recur. In most cases, individuals
are able to gradually increase their activity level, but some have diffi-
culty with exertional activities.

There is some evidence indicating that low level aerobic exercise
may be of benefit and facilitate recovery following a concussion in
youth and adults with persistent symptoms who may or may not report
exertional symptoms (Gagnon et al., 2009a, 2016a; Leddy et al., 2013;
Leddy et al., 2010). In adolescents and adults, a protocol of training at
80% of their maximum subsymptom tolerated heart rate 5-6 times per
week until symptoms no longer increase with exercise has been found
to be safe and facilitated recovery (Leddy et al., 2010). In children, a
protocol of exercise at 60% of max heart rate (calculated as 220-age) for
up to 15 min in combination with coordination exercises, mental ima-
gery and reassurance has demonstrated positive effects in case series
(Dobney et al., 2017; Gagnon et al., 2009b; Gagnon et al., 2016b).
Other studies evaluating exercise as an intervention following concus-
sion have demonstrated primarily positive results (Cordingley et al.,
2016; Kurowski et al., 2017; Maerlender et al., 2015; Majerske et al.,
2008). Unfortunately, many studies did not include valid measures of
activity, such as Actigraphy, so the actual amount of activity/exercise
performed is not known. Individuals who perform higher levels of ac-
tivity earlier on following injury may take longer to recover
(Lischchynsky et al., 2017; Majerske et al., 2008). Further research to
better understand the optimal frequency, intensity, timing and type of
exercise following concussion is needed given the potential benefits of
this type of treatment (Schneider et al., 2017b).

8. Additional treatment considerations

Postural education is an important component of treatment when it
is an exacerbating factor in patients with neck pain (Farmer et al., 2015;
O'Leary et al., 2009). Postural correction facilitates the cervical postural
muscles, so becomes an element of neuromuscular training (Falla et al.,
2007). If a “bracing” type posture is adopted, it may result in additional
cervical spine loading or muscle soreness (Falla et al., 2004). Learning
and training a good postural position for activities that involve sitting
(such as school or occupational work periods; cycling), can be of benefit
(Kim et al., 2015). In the presence of cervico-craniofacial pain, con-
sideration must be given to the temporomandibular joint (TMJ) and
associated musculature (Munoz-Garcia et al., 2016). A thorough dif-
ferential diagnosis of the source of underlying dysfunction is an im-
portant component of care.

After concussion, some individuals have sensitivity to visual sti-
mulus (Digre and Brennan, 2012). In the case of photophobia, wearing
a hat or sunglasses may alleviate these symptoms and improve quality
of life. The type of glasses tint suitable for the patient may vary de-
pending on the source of the photophobia (Clark et al., 2017). Changing
incandescent lighting to less provocative lighting may also be of ben-
efit. There is some evidence that binocular occlusion (blocking parts of
the image that would be seen by both eyes) may reduce visual motion
sensitivity in some individuals post concussion (Ciuffreda et al., 2017;
Cluffreda et al., 2013). The literature evaluating these types of treat-
ments is limited so benefits must be interpreted with caution.

Persons may have difficulties with dividing attention following
concussion (Kleiner et al., 2018; Schneider, 2016). Thus, as individuals
progress from basic to more complex exercises, treatment strategies
aimed at retraining multiple systems concurrently are included in the
treatment programs (Gurley et al., 2013; Kristjansson and Treleaven,
2009; Schneider et al., 2014b, 2018). In cervicovestibular rehabilita-
tion, as an example, exercise progressions combining activities, such as
balance, gaze stabilization, busy visual environments, cognitive tasks
and cervical spine exercises are included (Schneider et al., 2014b). The
progressions should be patient specific and based on the requirements
for the typical activities and sport/occupation/school requirements of
the patient.
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At this time, there is limited evidence to support specific visual
training programs. There is some preliminary evidence that adults and
children with convergence and accommodative disorders may respond
to a multifaceted visual therapy program (Gallaway et al., 2017; Master
et al., 2018; Scheiman et al., 2011a, 2011b). However, future research
using rigorous designs and objective outcome measures is warranted to
better understand the efficacy of vision therapy. In the case of suspected
visual involvement, referral to an optometrist or ophthalmologist with
expertise in this area may be warranted.

Knowledge of treatment efficacy of any pharmacological therapies
for concussion is limited. Depending on headache type, there may be
medications of benefit that are used for management, however research
specific to headache management in concussion is still limited.
Screening for mood, psychological, cognitive and sleep disorders should
be considered when symptoms are ongoing. Early eduction including
expectations on the course of recovery and coping strategies may de-
crease symptoms in youth who have had a mild traumatic brain injury
(Ponsford et al., 2001). An evaluation by a neuropsychologist can assist
in the differential diagnosis of cognitive dysfunction following injury.
However, the evidence to support cognitive interventions is limited at
this time (Robinson et al., 2014). Cognitive behavioural therapy has
demonstrated positive outcomes in other populations and may be of
benefit but the literature in individuals with concussion is limited at
this time (Mittenberg et al., 1996; Silverberg et al., 2013). If sleep
difficulties persist, sleep hygiene education may have positive effects on
sleep outcomes (Bogdanov et al., 2017). Sleep hygiene recommenda-
tions typically include: waking at a similar time each day, regularly
scheduled bed times, stress management, regular exercise, reduced
caffeine intake, avoid late afternoon naps and alcohol, avoidance of
bright light prior to bedtime and noisy sleep environments (Avidan and
Zee, 2011; Bogdanov et al., 2017; Brown et al., 2002). There is some
evidence to suggest that multidisciplinary collaborative care including
cognitive behavioural therapy, care management and psychopharma-
cological consultations may be of benefit (Makdissi et al., 2017;
McCarty et al., 2016).

9. Implications for practice

Initial management of concussion includes a period of both cogni-
tive and physical rest, 24-48 h, to enable to acute symptoms to subside.
Following this time, it is recommended that individuals gradually re-
turn to their activities of daily living. A gradual return to school and
sport is then recommended. The majority of individuals will recover in
the subsequent days to weeks, however in the case of ongoing symp-
toms an interdisciplinary and multifaceted assessment is recommended
(see Part I). Individualized and targeted care may be of benefit.

Concussion is heterogeneous in nature and a variety of health care
professionals may need to be engaged in the treatment of persistent
symptoms following injury as a number of different systems may be
involved (Schneider, 2016). Integrated interdisciplinary team ap-
proaches are the ideal management but the geographic landscape may
mean that a single practitioner may be providing care for these in-
dividuals.

A timely and thorough history and clinical assessment is imperative.
In some cases, red flags may be present which warrant referral for ur-
gent medical evaluation. Thus, a neurological scan is a priority and
includes a cranial nerve scan, evaluation of cerebellar function, long
tract signs, reflexes, dermatomes and tests for key muscle weakness.
Following this, a multifaceted assessment based on the individual pa-
tient presentation is appropriate. Assessment of the cervical spine (in-
cluding a manual spinal exam, sensorimotor and neuromotor control),
vestibular, standing balance, dynamic balance, dividing attention, ex-
ertion, vision/ocular motor function, a detailed headache assessment
and screening for cognitive, sleep and mood disorders is important. Part
I of this Masterclass article summarizes the assessment of concussion
that can be used to direct management. Findings will direct treatment
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to provide an individualized management program and identify areas
where additional referral for treatment may be warranted. While re-
search evaluating the effects of treatment following concussion is still in
its infancy, there is evidence to support multifaceted physiotherapy
strategies including vestibular and cervical rehabilitation for in-
dividuals with ongoing headaches, dizziness and/or neck pain. Low-
level aerobic exercise may also be of benefit and there is emerging
evidence for benefits of collaborative care (including cognitive beha-
vioural therapy, care management and pharmacological consultation).
Future research is needed to better understand the optimal care de-
livery pattern, including timing, combinations of therapies and dura-
tion of treatment.

Conflicts of interest
None Declared.
Ethical approval
Not applicable.
Conflicts of interest
There are no competing interests to declare.
Funding
Not applicable.
Acknowledgements

A special thank you to Dr. Carolyn Emery, Dr. Gwen Jull, Dr. Geoff
Schneider, Ms. Sheelah Woodhouse and Dr. Keith Yeates for their in-
sightful comments and critical review of this manuscript.

References

Alsalaheen, B., Much, A., Morris, L., Whitney, S., Furman, J., Camiolo-Reddy, C., et al.,
2010. Vestibular rehabilitation for dizziness and balance disorders after concussion.
J. Neurol. Phys. Ther. 34, 87-93.

Alsalaheen, B.A., Whitney, S., Mucha, A., Morris, L.O., Furman, J.M., Sparto, P.J., 2013.
Exercise prescription patterns in patients treated with vestibular rehabilitation after
concussion. Physiother. Res. Int. 18, 100-108.

Andersen, L.L., Kjaer, M., Sogaard, K., Hansen, L., Kryger, A.L, Sjogaard, G., 2008. Effect
of two contrasting types of physical exercise on chronic neck muscle pain. Arthritis
Rheum. 59, 84-91.

Avidan, A.Y., Zee, P.C., 2011. Handbook of Sleep Medicine, second ed. Lippincott
Williams & Wilkins, Philadelphia, PA, USA.

Barlow, K.M., Crawford, S., Stevenson, A., Sandhu, S.S., Belanger, F., Dewey, D., 2010.
Epidemiology of postconcussion syndrome in pediatric mild traumatic brain injury.
Pediatrics 126, e374-e381.

Bhattacharyya, N., Gubbels, S.P., Schwartz, S.R., Edlow, J.A., El-Kashlan, H., Fife, T.,
2017a. Clinical practice guideline: benign paroxysmal positional vertigo (update).
Otolaryngol. Head Neck Surg. 156, S1-S47.

Bhattacharyya, N., Gubbels, S.P., Schwartz, S.R., Edlow, J.A., El-Kashlan, H., Fife, T.,
et al., 2017b. Clinical practice guideline: benign paroxysmal positional vertigo (up-
date). Otolaryngol. Head Neck Surg. 156, S1-S47.

Blume, H.K., 2015. Headaches after concussion in pediatrics: a review. Curr. Pain
Headache Rep. 19.

Bogdanov, S., Naismith, S., Lah, S., 2017. Sleep outcomes following sleep-hygiene-related
interventions for individuals with traumatic brain injury: a systematic review. Brain
Inj. 31, 422-433.

Brown, E.A., Kennardy, J., Chandler, B., Anderson, V., McKinlay, L., Le Brocque, R., 2016.
Parent-reported health-related quality of life in children with traumatic brain injury:
a prospective study. J. Pediatr. Psychol. 41, 244-255.

Brown, F.C., Buboltz, W.C., Soper, B., 2002. Relationship of sleep hygiene awareness,
sleep hygiene practices and sleep quality in University students. Behav. Med. 28,
33-38.

Ciuffreda, K., Yadav, N., Ludlam, D., 2017. Binasal occlusion (BNO), visual motion sen-
sitivity (VMS) and visually-evoked potential (VEP) in mild traumatic brain injury and
traumatic brain injury (mTBI/TBI). Brain Sci. 7.

Clark, J., Hasselfeld, K., Bigsby, K., Devine, J., 2017. Colored glasses to mitigate photo-
phobia symptoms posttraumatic brain injury. J. Athl. Train. 52, 725-729.

Cluffreda, K., Yadav, N., Ludlam, D., 2013. Effect of binasal occlusion on the visual-

Musculoskeletal Science and Practice 42 (2019) 151-161

evoked potential (VEP) in mild traumatic brain injury. Brain Inj. 27, 41-47.

Cordingley, D., Girardin, R., Reimer, K., Ritchie, L., Leiter, J., Russell, K., et al., 2016 Dec.
Graded aerobic treadmill testing in pediatric sports-related concussion: safety, clin-
ical use and patient outcomes. J. Neurosurg. Pediatr. 25 (6), 693-702.

Coronado, R.A., Gay, C.W., Bialosky, J.E., Carnaby, G.D., Bishop, M.D., George, S.Z.,
2012. Changes in pain sensitivity following spinal manipulation: a systematic review
and meta-analysis. J. Electromyogr. Kinesiol. 22, 752-767.

Corwin, D.J., Zonfrillo, M.R., Master, C.L., Arbogast, K.B., Grady, M.F., Robinson, R.L.,
et al., 2014. Characteristics of prolonged concussion recovery in a pediatric sub-
specialty referral population. J. Pediatr. 165, 1207-1215.

Davis, G.A., Anderson, V., Babl, F.E., Gioia, G., Giza, C.C., Meehan, W.P., et al., 2017a.
What is the difference in concussion management in children as compared with
adults? A systematic review. BJSM 51, 949-957.

Davis, G.A., Purcell, L., Schneider, K.J., Yeates, K.O., Gioia, G., Anderson, V., et al.,
2017b. The child sport concusison assessment tool 5th edition (child SCATS5): back-
ground and rationale. BJSM 51, 859-861.

Digre, K., Brennan, K., 2012. Shedding light on photophobia. J. Neuro Ophthalmol. 32,
68-81.

Dobney, D., Grilli, L., Kocilowicz, H., Beaulieu, C., Straub, M., Friedman, D.S., et al.,
2017. Evaluation of an active rehabilitation program for concussion management in
children and adolescents. Brain Inj. 31 (13-14), 1753-1759.

Echemendia, R.J., Meeuwisse, W., McCrory, P., Davis, G.A., Putukian, M., Leddy, J., et al.,
2017. The sport concussion assessment tool 5th edition (SCAT5). BJSM 51, 848-850.

Ellis, M., Cordingley, D., Reimer, K., Leiter, J., Russell, K., 2017. Clinical predictors of
vestibulo-ocular dysfunction in pediatric sports-related concussion. J. Neurosurg.
Pediatr. 19, 38-45.

Ellis, M.J., McDonald, P.J., Olson, A., Koenig, J., Russell, K., 2018. Cervical spine dys-
function following pediatric sports-related head trauma. J. Head Trauma Rehabil
(ePub).

Emery, C., Meeuwisse, W., 2006. Injury rates, risk factors, and mechanisms of injury in
minor hockey. Am. J. Sports Med. 34, 1960-1969.

Ernst, A., Basta, D., Seidl, R.O., Todt, L., Scherer, H., Clarke, A., 2005. Management of
posttraumatic vertigo. Otolaryngol. Head Neck Surg. 132, 554-558.

Falla, D., Jull, G., Hodges, P., 2004. Patients with neck pain demonstrate reduced elec-
tromyographic activity of the deep cervical flexor muscles during performance of the
craniocervical flexion test. Spine 29, 2108-2114.

Falla, D., O'Leary, S., Fagan, A., Jull, G., 2007. Recruitment of the deep cervical flexor
muscles during a postural-correction exercise performed in sitting. Man. Ther. 12,
139-143.

Farmer, P.K., Snodgrass, S.J., Buxton, A.J., Rivett, D.A., 2015. An investigation of cervical
spinal posture in cervicogenic headache. Phys. Ther. 95, 212-222.

Gagnon, 1., Galli, C., Friedman, D., Grilli, L., Iverson, G.L., 2009a. Active rehabilitation for
children who are slow to recover following sport-related concussion. Brain Inj. 23,
956-964.

Gagnon, L, Galli, C., Friedman, D., Grilli, L., Iverson, G.L., 2009b. Active rehabilitation for
children who are slow to recover following sport-related concussion. 23, 956-964.

Gagnon, 1., Grilli, L., Friedman, D., Iverson, G.L., 2016a. A pilot study of active re-
habilitation for adolescents who are slow to recover from sport-related concussion.
Scand. J. Med. Sci. Sports 26, 299-306.

Gagnon, 1., Grilli, L., Friedman, D., Iverson, G.L., 2016b. A pilot study of active re-
habilitation for adolescents who are slow to recover from sport-related concussion.
Scand. J. Med. Sci. Sports 26, 299-306.

Gallaway, M., Scheiman, M., Mitchell, G.L., 2017. Vision therapy for post-concussion
vision disorders. Optom. Vis. Sci. 94, 68-73.

Gross, A., Hoving, J., Haines, T., Goldsmith, C., Kay, T., Aker, P., et al., 2004. A cochrane
review of manipulation and mobilization for mechanical neck disorders. Spine 29,
1541-1548.

Gross, A., Langevin, P., Burnie, S.J., Bedard-Brochu, M.S., Empey, B., Dugas, E., et al.,
2015. Manipulation and mobilisation for neck pain contrasted against an inactive
control or another active treatment. Cochrane Database Syst. Rev., CD004249.

Gurley, J.M., Hujsak, B.D., Kelly, J.L., 2013. Vestibular rehabilitation following mild
traumatic brain injury. NeuroRehabilitation 32, 519-528.

Hall, C.D., Herdman, S.J., Whitney, S.L., Cass, S.P., Clendaniel, R., Fife, T., et al., 2016.
Vestibular rehabilitation for peripheral vestibular hypofunction: an evidence-based
clinical practice guideline. J. Neurol. Phys. Ther. 40, 124-154.

Han, B.IL, Song, H.S., Kim, J.S., 2011. Vestibular rehabilitation therapy: review of in-
dications, mechanisms and key exercises. J. Clin. Neurol. 7, 184-196.

Hecht, J., 2004. Occipital nerve blocks in postconcussive headaches: a retrospective re-
view and report of ten patients. J. Head Trauma Rehabil. 19, 58-71.

Herdman, S.J., Clendaniel, R., 2014. Vestibular Rehabilitation Fourth Edition. F.A. Davis
Company, Philadelphia, PA.

Heyer, G.L., Idris, S.A., 2014. Does analgesic overuse contribute to chronic post-traumatic
headaches in adolescent concussion patients? Pediatr. Neurol. 50, 464-468.

Heyer, G.L., Young, J.A., Rose, S.C., McNally, K.A., Fischer, A.N., 2016. Post-traumatic
headaches correlate with migraine symptoms in youth with concussion. Cephalalgia
36, 309-316.

Hillier, S., Hollohan, V., 2007. Vestibular rehabilitation for unilateral peripheral vestib-
ular dysfunction. Cochrane Database Syst. Rev. 17, CD005397.

Hilton, M., Pinder, D., 2002. The Epley manoeuvre for benign paroxysmal positional
vertigo-a systematic review. Clin. Otolaryngol. Allied Sci. 27, 440-445.

Hilton, M., Pinder, D., 2004. The Epley (canalith repositioning) manoeuvre for benign
paroxysmal positional vertigo. Cochrane Database Syst. Rev. 2.

Hilton, M.P., Pinder, D.K., 2014 Dec. The Epley (canalith repositioning) manoeuvre for
benign paroxysmal positional vertigo (Review). Cochrane Database Syst. Rev. 8 (12)
CD003162.

Hurwitz, E., Carragee, E.J., van der Velde, G., Carroll, L.J., Nordin, M., Guzman, J.,


http://refhub.elsevier.com/S2468-7812(19)30017-7/sref1
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref1
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref1
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref2
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref2
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref2
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref3
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref3
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref3
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref4
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref4
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref5
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref5
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref5
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref6
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref6
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref6
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref7
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref7
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref7
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref8
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref8
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref9
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref9
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref9
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref10
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref10
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref10
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref11
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref11
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref11
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref12
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref12
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref12
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref13
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref13
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref14
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref14
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref15
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref15
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref15
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref16
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref16
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref16
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref17
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref17
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref17
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref18
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref18
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref18
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref19
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref19
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref19
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref20
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref20
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref21
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref21
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref21
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref22
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref22
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref23
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref23
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref23
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref24
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref24
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref24
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref25
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref25
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref26
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref26
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref27
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref27
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref27
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref28
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref28
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref28
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref29
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref29
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref30
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref30
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref30
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref31
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref31
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref32
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref32
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref32
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref33
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref33
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref33
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref34
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref34
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref35
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref35
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref35
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref36
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref36
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref36
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref37
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref37
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref38
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref38
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref38
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref39
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref39
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref40
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref40
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref41
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref41
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref42
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref42
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref43
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref43
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref43
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref44
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref44
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref45
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref45
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref46
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref46
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref47
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref47
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref47
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref48

K.J. Schneider

Peloso, P.M., Holm, L.W., Cote, P., Hogg-Johnson, S., Cassidy, J.D., Haldeman, S.,
2008. Treatment of neck pain: noninvasive interventions: results of the bone and joint
decade 2000-2010 task force on neck pain and its associated disorders. Spine 15,
S123-S152.

Imai, T., Takeda, N., Ikezono, T., Shigeno, K., Asai, M., Watanabe, Y., et al., 2017.
Classification, diagnostic criteria and management of benign paroxysmal positional
vertigo. Auris Nasus Larynx 44, 1-6.

Jull, G., Falla, D., Treleaven, J., Hodges, P., Vicenzino, B., 2006. Retraining cervical joint
position sense: the effect of two exercise regimes. J. Orthop. Res. 25, 404-412.
Jull, G., Sterling, M., Falla, D., Treleaven, J., O'Leary, S., 2008. Whiplash, Headache and

Neck Pain: Researc-Based Directions for Physical Therapies. Elsevier.

Jull, G., Trott, P., Potter, H., Zito, G., Niere, K., Shirley, D., et al., 2002. A randomized
controlled trial of exercise and manipulative therapy for cervicogenic headache.
Spine 27, 1835-1843 discussion 43.

Kay, T., Gross, A., Goldsmith, C., Santaquida, P.L., Hoving, J., Bronfort, G., 2005. Cervical
Overview Group. Exercises for mechanical neck disorders. Cochrane Database Syst.
Rev. 20, CD004250.

Kennedy, E., Quinn, D., Tumilty, S., Chapple, C.M., 2017. Clinical characteristics and
outcomes of treatment of the cervical spine in patients with persistent post-concus-
sion symptoms: a retrospective analysis. Musculoskelet. Sci. Pract. 29, 91-98.

Kerr, Z.Y., Zuckerman, S.L., Wassermann, E.B., Covassin, T., Djoko, A., Dompier, T.P.,
2016. Concussion symptoms and return to play time in youth, high school and college
American football athletes. JAMA Pediatr. 170, 647-653.

Kim, D., Cho, M.J., Park, Y., Yang, Y., 2015. Effect of an exercise program for posture
correction on musculoskeletal pain. J. Phys. Ther. Sci. 27.

Kleiner, M., Wong, L., Dube, A., Wnuk, K., Hunter, S., Graham, L., 2018 Feb. Dual-Task
Assessment protocols in concussion assessment: a systematic literature review. J.
Orthop. Sports Phys. Ther. 42 (2), 87-103.

Kristjansson, E., Treleaven, J., 2009. Sensorimotor function and dizziness in neck pain:
implications for assessment and management. J. Orthop. Sports Phys. Ther. 39,
364-377.

Kurowski, B., Hugentobler, J., Quatman-Yates, C., Taylor, J., Gubanich, P., Altaye, M.,
et al., 2017 Mar/Apr. Aerobic exercise for adolescents with prolonged symptoms after
mild traumatic brain injury: an exploratory randomized clinical trial. J. Head
Traum32(2):79-89; Volume 2016, article ID 7296032, 8 pagesa Rehabil. 32 (2),
79-89.

Landen Lundvigsson, M., Peterson, G., Dedering, A., Peolssen, A., 2016. One and two year
follow-up of a randomized trial of neck-specific exercise with or without a beha-
vioural approach compared with prescription of physical activity in chronic whiplash
disorder. J. Rehabil. Med. 48, 56-64.

Lau, B., Lovell, M.R., Collins, M.W., Pardini, J., 2009. Neurocognitive and symptom
predictors of recovery in high school athletes. Clin. J. Sport Med. 19, 216-221.

Leddy, J.J., Baker, J.G., Merchant, A., Picano, J., Galle, D., Matuszak, J., et al., 2015.
Brain or strain? Symptoms alone do not distinguish physiologic concussion from
cervical/vestibular injury. Clin. J. Sport Med. 25, 237-242.

Leddy, J.J., Cox, J.L., Baker, J.G., Wack, D.S., Pendergast, D.R., Zivadinov, R., et al.,
2013. Exercise treatment for postconcussion syndrome: a pilot study of changes in
functional magnetic resonance imaging activation, physiology, and symptoms. J.
Head Trauma Rehabil. 28, 241-249.

Leddy, J.J., Kozlowski, K., Donnelly, J.P., Pendergast, D.R., Epstein, L.H., Willer, B., 2010.
A preliminary study of subsymptom threshold exercise training for refractory post-
concussion syndrome. Clin. J. Sport Med. 20, 21-27.

Lischchynsky, J., Palacios-Derflingher, L., Toomey, C., Emery, C., Yeates, K.O.,
Meeuwisse, W., et al., 2017. The association between moderate and vigorous physical
activity and time to medical clearance to return to play following sport-related
concussion in yourhice hockey players. BJSM 51, el14.

Ludvigsson, M., Peterson, G., O'Leary, S., Dedering, A., Peolsson, A., 2015. The effect of
neck-specific exercise with or without a behavioral approach, on pain, disability, and
self-efficacy in chronic whiplast-associated disorders. A randomized clinical trial.
Clin. J. Pain 31, 294-303.

MacGregor, K., Atkins, C., Blake, T.A., Ziel, M., Schneider, K., 2017. Clinical character-
istics, referral patterns and time to recovery in youth and adults following a sport-
related concussion (SRC). BJSM 51, E126.

Maerlender, A., Rieman, W., Lichtenstein, J., Condiracci, C., 2015. Programmed physical
exertion in recovery from sports-related concussion: a randomized pilot study. Dev.
Neuropsychol. 40, 273-278.

Majerske, C.W., Mihalik, J.P., Ren, D., Collins, M.W., Reddy, C.C., Lovell, M.R,, et al.,
2008. Concussion in sports: postconcussive activity levels, symptoms, and neuro-
cognitive performance. J. Athl. Train. 43, 265-274.

Makdissi, M., Schneider, K.J., Feddermann-Demont, N., Guskiewicz, K., Hinds, S., Leddy,
J., et al., 2017. Approach to investigation and treatment of persistent symptoms
following sport-related concussion: a systematic review. Br. J. Sports Med. 51,
958-968.

Marar, M., Mcllvain, N.M., Fields, S.K., Comstock, R.D., 2012. Epidemiology of concus-
sions among United States high school athletes in 20 sports. Am. J. Sports Med. 40,
747-755.

Marousa, P., 2010. The use of optokinetic stimulation in vestibular rehabilitation. J.
Neurol. Phys. Ther. 34, 105-110.

Marshall, S., Bayley, M., McCullagh, S., Velikonja, D., Berrigan, L., 2012. Clinical practice
guidelines for mild traumatic brain injury and persistent symptoms. Can. Fam.
Physician 58, 257-267 e128-40.

Marshall, S.W., Guskiewicz, K., Shankar, V., McCrea, M., Cantu, R.C., 2015. Epidemiology
of sports-related concussion in seven US high school and collegiate sports. Injury
Epidemiol. 2, 13.

Master, C., Master, S., Wiebe, D., Storey, E., Lockyer, J., Podolak, O., et al., 2018. Vision
and vestibular system dysfunction predicts prolonged concussion recovery in

160

Musculoskeletal Science and Practice 42 (2019) 151-161

children. CJSM 28, 139-145.

McCarty, C.A., Zatzick, D.F., Stein, E., Wang, J., Hilt, R., Rivara, F., 2016. Collaborative
care for adolescents with persistent postconcussive symptoms: a randomized trial.
Pediatrics 138.

McCrory, P., Meeuwisse, W., Dvorak, J., Aubry, M., Bailes, J., Broglio, S.P., et al., 2017.
Consensus statement on concussion in sport - the 5th international conference on
concussion in sport held in Belin, October 2016. BJSM 51, 838-847.

McCrory, P., Meeuwisse, W.H., Aubry, M., Cantu, B., Dvorak, J., Echemendia, R.J., et al.,
2013. Consensus statement on concussion in sport: the 4th international conference
on concussion in sport held in Zurich, November 2012. Br. J. Sports Med. 47,
250-258.

Mittenberg, W., Tremont, G., Zielinski, R.E., Fichera, S., Rayls, K.R., 1996. Cognitive-
behavioral prevention of postconcussion syndrome. Arch. Clin. Neuropsychol. 11,
139-145.

Munoz-Garcia, D., Gil-Martinez, A., Lopez-Lopez, A., Lopez-de-Uralde-Villanueva, 1., La
Touche, R., Ferandez-Carnero, J., 2016. Chronic neck pain and cervico-craniofacial
pain patients express similar levels of neck pain-related disability, pain catastro-
phizing and cervical range of motion. Pain Res. Treat. 2016, 7296032 8 pages.

O'Leary, S., Falla, D., Elliott, J.M., Jull, G., 2009. Muscle dysfunction in cervical spine
pain: implications for assessment and management. JOSPT 39, 324-333.

Ouchterlony, D., Masanic, C., Mchalak, A., Topolovec-Vranic, J., Rutka, J.A., 2016.
Treating benign paroxysmal positional vertigo in the patient with traumatic brain
injury: effectiveness of the canalith repositioning procedure. J. Neurosci. Nurs. 48,
90-99.

Patricios, J., Fuller, G.W., Ellenbogen, R.G., Herring, S., Kutcher, J.S., Loosemore, M.,
et al., 2017. What are the critical elements of sideline screening that can be used to
establish the diagnosis of concussion? A systematic review. BJSM 51, 888-894.

Perez, H.L,, Perez, J.L.A., Martinez, A.G., La Touche, R., LermaOLara, S., Gonzalez, N.C.,
etal., 2014. Is one better than another? A randomized clinical trial of manual therapy
for patients with chronic neck pain. Man. Ther. 19, 215-221.

Pinchefsky, E., Dubrovsky, A.S., Friedman, D., Shevell, M., 2015a. Part I - evaluation of
pediatric post-traumatic headaches. Pediatr. Neurol. 52, 263-269.

Pinchefsky, E., Dubrovsky, A.S., Friedman, D., Shevell, M., 2015b. Part II - management
of pediatric post-traumatic headaches. Pediatr. Neurol. 52, 270-280.

Ponsford, J., Willmott, C., Rothwell, A., Cameron, P., Ayton, G., Nelms, R., et al., 2001.
Impact of early intervention on outcome after mild traumatic brain injury in children.
Pediatrics 108.

Prokopakis, E., Vlastos, .M., Tsagournisakis, M., Christodoulou, P., Kawauchi, H.,
Velegrakis, G., 2013. Canalith repositioning procedures among 965 patients with
benign paroxysmal positional vertigo. Audiol. Neurotol. 18, 83-88.

Rabey, M., Hall, T., Hebron, C., Palsson, T.S., Christensen, S.W., Maloney, N., 2017.
Reconceptualising manual therapy skills in contemporary practice. Musculoskelet.
Sci. Pract. 29, 28-32.

Reid, S.A., Callister, R., Katekar, M.G., Rivett, D.A., 2014a. Effects of cervical spine
manual therapy on range of motion, head repositioning and balance in participants
with cervicogenic dizziness: a Randomized Controlled Trial. Arch. PM&R (Phys. Med.
Rehabil.) 95, 1603-1612.

Reid, S.A., Rivett, D.A., Katekar, M.G., Callister, R., 2014b. Comparison of Mulligan
sustained natural apophyseal glides and Maitland mobilizations for treatment of
cervicogenic dizziness: a randomized controlled trial. Phys. Ther. 94, 466-476.

Revel, M., Andre-Deshays, C., Minguet, M., 1991. Cervicocephalic Kinesthetic sensibility
in patients with cervical pain. Arch. Phys. Med. Rehabil. 78, 288-291.

Revel, M., Minguet, M., Gergoy, P., Vaillant, J., Manuel, J., 1994. Changes in cervico-
cephalic kinesthesia after a proprioceptive rehabilitation program in patients with
neck pain: a randomized controlled study. Arch. Phys. Med. Rehabil. 75, 895-899.

Robinson, K.E., Kaizar, E., Catroppa, C., Godfrey, C., Yeates, K.O., 2014. Systematic re-
view and meta-analysis of cognitive interventions for children with central nervous
system disorders and neurodevelopmental disorders. J. Pediatr. Psychol. 39,
846-865.

Scheiman, M., Cottier, S., Kulp, M.T., Mitchell, G.L., Cooper, J., Gallaway, M., et al.,
2011a. Treatment of Accommodative dysfunction in children: results from an random
clinical trial. Optom. Vis. Sci. 88, 1343-1352.

Scheiman, M., Gwiazda, J., Li, T., 2011b. Non-surgical interventions for convergence
insufficiency. Cochrane Database Syst. Rev. 16, CD006768.

Schneider, G., Jull, G., Thomas, K., Smith, A., Schneider, K., Salo, P., 2013a. Intrarater
and interrater reliability of select clinical test in patients referred for diagnostic facet
joint blocks in the cervical spine. Arch. Phys. Med. Rehabil. 94, 1628-1634.

Schneider, G.M., Jull, G., Thomas, K., Smith, A., Emery, C., Faris, P., et al., 2014a.
Derivation of a clinical decision guide in the diagnosis of cervical facet joint pain.
Arch. Phys. Med. Rehabil. 95, 1695-1701.

Schneider, K., 2016. Sport-related concussion: optimizing treatment through evidence-
informed practice. JOSPT 46, 613-616.

Schneider, K., Meeuwisse, W., Barlow, K., Emery, C., 2018. Cervicovestibular re-
habilitation following sport-related concussion. BJSM 25, 100-101.

Schneider, K., Meeuwisse, W., Emery, C., 2009. Symptom and functional improvements
following a course of vestibular rehabilitation, manual therapy and spinal stabiliza-
tion exercises in high performance athletes with complex concussions. Clin. J. Sport
Med. 19, 265-266.

Schneider, K., Nettel-Aguirre, A., Palacios-Derflingher, L., Mrazik, M., Brooks, B.L.,
Woolings, K., et al., 2017a. Concussion burden, recovery and risk factors in elite
youth ice hockey players. BJSM 51, E103.

Schneider, K.J., Iverson, G.L., Emery, C., McCrory, P., Herring, S., Meeuwisse, W.H.,
2013b. The effects of rest and treatment following sport-related concussion: a sys-
tematic review of the literature. Br. J. Sports Med. 47, 304-307.

Schneider, K.J., Leddy, J., Guskiewicz, K., Seifert, T.D., McCrea, M., Silverberg, N., et al.,
2017b. Rest and specific treatments following sport-related concussion: a systematic


http://refhub.elsevier.com/S2468-7812(19)30017-7/sref48
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref48
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref48
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref48
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref49
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref49
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref49
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref50
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref50
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref51
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref51
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref52
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref52
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref52
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref53
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref53
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref53
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref54
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref54
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref54
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref55
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref55
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref55
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref56
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref56
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref57
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref57
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref57
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref58
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref58
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref58
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref59
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref59
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref59
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref59
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref59
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref60
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref60
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref60
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref60
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref61
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref61
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref62
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref62
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref62
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref63
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref63
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref63
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref63
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref64
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref64
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref64
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref65
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref65
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref65
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref65
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref66
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref66
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref66
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref66
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref67
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref67
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref67
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref68
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref68
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref68
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref69
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref69
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref69
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref70
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref70
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref70
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref70
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref71
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref71
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref71
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref72
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref72
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref73
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref73
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref73
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref74
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref74
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref74
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref75
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref75
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref75
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref76
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref76
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref76
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref77
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref77
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref77
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref78
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref78
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref78
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref78
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref79
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref79
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref79
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref80
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref80
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref80
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref80
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref81
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref81
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref82
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref82
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref82
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref82
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref83
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref83
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref83
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref84
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref84
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref84
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref85
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref85
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref86
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref86
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref87
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref87
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref87
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref88
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref88
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref88
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref89
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref89
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref89
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref90
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref90
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref90
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref90
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref91
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref91
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref91
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref92
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref92
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref93
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref93
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref93
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref94
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref94
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref94
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref94
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref95
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref95
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref95
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref96
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref96
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref97
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref97
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref97
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref98
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref98
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref98
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref99
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref99
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref100
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref100
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref101
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref101
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref101
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref101
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref102
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref102
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref102
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref103
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref103
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref103
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref104
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref104

K.J. Schneider

review. Br. J. Sports Med. 51, 930-934.

Schneider, K.J., Meeuwisse, W.H., Nettel-Aguirre, A., Boyd, L., Barlow, K.M., Emery, C.A.,
2014b. Cervicovestibular physiotherapy in the treatment of individuals with persis-
tent symptoms following sport related concussion: a randomised controlled trial. Br.
J. Sports Med. 48, 1294-1298.

Schneider, K.J., Nettel-Aguirre, A., Palacios-Derflingher, L., Mrazik, M., Brooks, B.L.,
Woolings, K., et al., 2017c¢. Concussion rates and recovery in elite youth ice hockey
players. BJSM 51, E103.

Schneider, K.J., Palacios-Derflingher, L., Meeuwisse, W.H., Emery, C., 2017d. Changes in
measures of cervical, vestibular, dynamic balance and tasks of divided attention
following sport-related concussion in elite youth ice hockey players. BJSM 51, E124.

Seeger, T., Rajapakse, T., Bodell, L., Loyker, L., Barlow, K., 2014. Response to occipital
nerve block after traumatic brain injury in adolescents. Brain Inj (in press).

Shepard, N., Smith-Wheelock, M., Telian, S., Raj, A., 1993. Vestibular and balance re-
habilitation therapy. Ann. Otol. Rhinol. Laryngol. 102, 198-205.

Shepard, N.T., Telian, S.A., 1995. Programmatic vestibular rehabilitation. Otolaryngol.
Head Neck Surg. 112, 173-182.

Silverberg, N.D., Hallam, B.J., Rose, A., Underwood, H., Whitfield, K., Thornton, A.E.,
et al., 2013. Cognitive-behavioral prevention of postconcussion syndrome in at-risk

161

Musculoskeletal Science and Practice 42 (2019) 151-161

patients: a pilot randomized controlled trial. J. Head Trauma Rehabil. 28, 313-322.

Treleaven, J., 2008. Sensorimotor disturbances in neck disorders affecting postural sta-
bility, head and eye movement control-Part 2: case studies. Man. Ther. 13, 266-275.

Treleaven, J., Peterson, G., Landen Lundvigsson, M., Kammerlind, A., Peolsson, A., 2016.
Balance, dizziness and proprioception in patients with chronic whiplash associated
disorders complaining of dizziness: a prospective randomized study comparing three
exercise programs. Man. Ther. 22, 122-130.

Voogt, L., De Vries, J., Meeus, M., Struyf, F., Meuffels, D., Nijs, J., 2015. Analgesic effects
of manual therapy in patients with musculoskeletal pain: a systematic review. Man.
Ther. 20, 250-256.

Zasler, N.D., 2015. Sports concussion headache. Brain Inj. 29, 207-220.

Zemek, R., Barrowman, N., Freedman, S.B., Gravel, J., Gagnon, 1., McGahern, C., et al.,
2016. Clinical risk score for persistent postconcussion symptoms among children with
acute concussion in the. J. Am. Med. Assoc. 315, 1014-1025.

Zonfrillo, M.R., 2016. “Tertiary Precision Prevention” for concussion: customizing care by
predicting outcomes. J. Pediatr. 174, 6-7.

Zusman, M., 2004. Mechanisms of musculoskeletal physiotherapy. Phys. Ther. Rev. 9,
39-49.


http://refhub.elsevier.com/S2468-7812(19)30017-7/sref104
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref105
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref105
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref105
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref105
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref106
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref106
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref106
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref107
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref107
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref107
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref108
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref108
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref109
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref109
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref110
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref110
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref111
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref111
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref111
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref112
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref112
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref113
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref113
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref113
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref113
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref114
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref114
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref114
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref115
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref116
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref116
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref116
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref117
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref117
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref118
http://refhub.elsevier.com/S2468-7812(19)30017-7/sref118

	Concussion part II: Rehabilitation – The need for a multifaceted approach
	Introduction
	Typical treatment and recovery path
	Management of post-traumatic headache
	Evidence for physiotherapy treatment following concussion
	Cervical spine rehabilitation
	Vestibular rehabilitation
	Benign paroxysmal positional vertigo (BPPV)
	Adaptation exercises
	Habituation
	Balance exercises

	Low level aerobic exercise
	Additional treatment considerations
	Implications for practice
	Conflicts of interest
	Ethical approval
	Conflicts of interest
	Funding
	Acknowledgements
	References




