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ABSTRACT

Background/aim Concussion is a common injury in
sport. Most individuals recover in 7-10 days but some
have persistent symptoms. The objective of this study
was to determine if a combination of vestibular
rehabilitation and cervical spine physiotherapy decreased
the time until medical clearance in individuals with
prolonged postconcussion symptoms.

Methods This study was a randomised controlled trial.
Consecutive patients with persistent symptoms of
dizziness, neck pain and/or headaches following a sport-
related concussion (12-30 years, 18 male and 13
female) were randomised to the control or intervention
group. Both groups received weekly sessions with a
physiotherapist for 8 weeks or until the time of medical
clearance. Both groups received postural education,
range of motion exercises and cognitive and physical rest
until asymptomatic followed by a protocol of graded
exertion. The intervention group also received cervical
spine and vestibular rehabilitation. The primary outcome
of interest was medical clearance to return to sport,
which was evaluated by a study sport medicine physician
who was blinded to the treatment group.

Results In the treatment group, 73% (11/15) of the
participants were medically cleared within 8 weeks of
initiation of treatment, compared with 7% (1/14) in the
control group. Using an intention to treat analysis,
individuals in the treatment group were 3.91 (95%

Cl 1.34 to 11.34) times more likely to be medically
cleared by 8 weeks.

Conclusions A combination of cervical and vestibular
physiotherapy decreased time to medical clearance to
return to sport in youth and young adults with persistent
symptoms of dizziness, neck pain and/or headaches
following a sport-related concussion.

Trial registration number NCT01860755.

BACKGROUND

After concussion, two of the most commonly
reported symptoms are headache'™ and dizziness,’
followed closely by nausea and neck pain.® 7 The
majority of symptoms resolve in 7-10 days, but in
approximately 30% of athletes they persist.® ®
Postconcussion headache has been reported as a
predictor of longer time loss.® The cervical spine is
cited as a source of pain in individuals with whip-
lash.” Conceivably, when forces are transmitted to
the head at the time of a concussion, the cervical
spine may also be injured. Cervical spine trauma
may cause prolonged postconcussion headache.'’
The upper cervical spine can cause cervicogenic
headaches.'" '* Dizziness and balance dysfunction
are also commonly reported symptoms following
sport-related concussion and may be due to

1,2,3

dysfunction of the vestibular, proprioceptive or
central systems.® ° 1371°

Proper orientation in space requires accurate and
consistent input from the proprioceptive, visual
and vestibular systems.'® If one or more of these
systems provide inaccurate information about
spatial location, alteration in balance and dizziness
may result due to mismatching of sensory informa-
tion. Additionally, dysfunction of these systems may
persist and may alter risk of future concussion.'” '®

There is little formal investigation on treatment
for persistent symptoms of concussion within the
literature.”® Post-traumatic dizziness is believed to
occur secondary to benign paroxysmal positional
vertigo, central vestibular, peripheral vestibular,
visual or proprioceptive dysfunction.?’ *! Many of
these conditions have been shown to respond well
to vestibular rehabilitation, which is the current
standard of care.”’”>* Multimodal treatment of the
cervical spine is effective in individuals with neck
pain and with mechanical neck disorders with or
without headaches.”® ¢ Additionally, treatment of
the cervical spine has demonstrated improvements
in individuals with suspected cervicogenic dizzi-
ness.”” 2% In the case of persistent dizziness, neck
pain and/or headaches with suspected cervical or
vestibular causes, treatment of the affected systems
may facilitate functional and symptomatic improve-
ments and shorten recovery.”’ Currently, there is a
paucity of evidence evaluating physiotherapy (both
vestibular and for the cervical spine) as a treatment
for postconcussion symptoms of dizziness, neck
pain and headache.' Therefore, we examined
whether a combination of vestibular rehabilitation
and physiotherapy treatment for the cervical spine
decreases the time until medical clearance to return
to play in individuals with prolonged postconcus-
sion symptoms of dizziness, neck pain and/or

headaches.

METHODS

Individuals between the ages of 12 and 30 years
presenting to the University of Calgary Sport
Medicine Centre with a diagnosis of sport-related
concussion (based on the Third International
Consensus Conference on Concussion in Sport)*’
and persistent symptoms (greater than 10 days) of
dizziness, neck pain and/or headaches reported on
the Sport Concussion Assessment Tool 2 (SCAT2)
were screened by a study physician between
November 2010 and October 2011. If clinical
examination suggested vestibular and/or cervical
spine involvement, participants were referred on to
the study physiotherapist for an assessment that
included measurement of secondary outcomes.
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Consent for participation (including parental consent if under
18 years of age) as per the Office of Medical Bioethics at the
University of Calgary (Ethics ID 22710) was required to partici-
pate. Exclusion criteria included fracture, other neurological
conditions, musculoskeletal injuries (other than the cervical
spine) that restrict activity and medications that affect neural
adaptation.

Given the 15 patients per group, a.=0.05 and SD=15.56, the
minimal clinically relevant and statistically significant difference
between groups in time to medical clearance that would be dis-
cernible with 80% power was that of 16 days (based on geomet-
ric mean time to return to sport).

Intervention

Patients who consented to participate in the study were ran-
domly allocated to the control or intervention group. A
computer-generated randomisation sequence in permuted blocks
with sizes of four, six and eight was performed by a biostatisti-
cian not directly involved in the study to ensure balanced
groups and allocation concealment. The primary outcome of
interest was time to medical clearance to return to sport (days),
which was determined by a study sport medicine physician who
was blinded to the study treatment grouping of the patients.
One study physiotherapist assessor evaluated the secondary
outcome measures and was masked to treatment grouping at the
time of assessment and reassessment. Eight weeks was chosen as
the study endpoint as this is a common duration of typical
physiotherapy treatment and was felt to reflect adequate time to
address clinical findings that would be amenable to physiother-
apy treatment.

Participants in the intervention and control groups were seen
once weekly by the study treatment physiotherapist for 8 weeks
or until the time of medical clearance to return to sport. Both
groups performed non-provocative range of motion exercises,
stretching and postural education as indicated and followed the
current standard of care protocol for sport-related concussion,
which is rest until symptom free followed by graded exertion.
Participants were asked to keep a daily diary of activities to
ensure adherence to the home programme. One physiotherapist
performed the treatment for both groups and a different physio-
therapist performed the secondary outcome measure assess-
ments. The treating physiotherapist had 13 years of clinical
experience and expertise in the area of musculoskeletal physio-
therapy and vestibular rehabilitation.

In addition to the above, the intervention group received an
individually designed combination of (1) cervical spine physio-
therapy and (2) vestibular rehabilitation. These treatments were
guided by the reassessment findings of the treating physiother-
apist at each clinical visit and were determined following the
clinical pathways outlined in the online supplemental table.
Cervical spine physiotherapy intervention included manual
therapy of the cervical and thoracic spines (joint mobilisation
techniques), therapeutic exercise consisting of cervical neuromo-
tor retraining exercises (craniovertebral flexor and extensor
retraining) and sensorimotor retraining exercises.’’ Vestibular
rehabilitation included an individualised programme of habitu-
ation, gaze stabilisation, adaptation exercises, standing balance
exercises, dynamic balance exercises and canalith repositioning
manoeuvres.>> ** Typically, the symptoms of headache must be
controlled prior to initiation of vestibular adaptation and
habituation exercises. As such, individuals were typically treated
with neuromotor retraining, manual therapy and sensorimotor
retraining exercises prior to initiating vestibular rehabilitative
exercises.

Main outcome measures

The primary outcome measure was the number of days from
treatment initiation until medical clearance to return to sport
and was determined by the study sport medicine physician who
was blinded to the treatment group. This measure was chosen
over actual return to sport as some athletes may choose not to
return to sport (ie, retire or move to a different sport) or have
their participation influenced by coaching decisions. According
to the Zurich International Consensus Statement on Sport
Concussion (consistent with the previous Prague Consensus),
return to play should occur following a stepwise progression in
which the athlete rests until symptom free and then progresses
through a series of graded exertion steps.>* Thus, medical clear-
ance to return to sport reflected an improvement in symptoms
of dizziness, headache and/or neck pain and clinical
improvement.

Baseline measures included: age, sex, type of sport, position,
mechanism of concussion (contact with another player, contact
with the playing surface, etc), history of concussion, history of
dizziness, headache, neck pain and unsteadiness, number of
years playing sport and other sports played. Secondary outcome
measures were: 11-point Numeric Pain Rating Scale score,®> ™"
Activities-specific Balance ~Confidence Scale,®®  Dizziness
Handicap Index,>*™* SCAT2,’° Dynamic Visual Acuity,***
Head Thrust Test,*” ** modified Motion Sensitivity Test,*
Functional Gait Assessment,”® Cervical Flexor Endurance
(CFE)*! °2 and Joint Position Error (JPE) test.’* Baseline ques-
tions and objective examination tests were recorded on standar-
dised forms. The secondary outcome measures were evaluated
at baseline and at the time of medical clearance to return to
sport or 8 weeks following initial intake (if a participant was not
medically cleared by 8 weeks) by one study physiotherapist who
was blinded to treatment grouping.

The initial planned hypothesis was that all players would have
an observable time point of medical clearance (ie, be medically
cleared prior to the 8-week time point). Thus, linear regression
to evaluate the difference in number of days to medical clear-
ance to return to sport by the treatment group was the initial
planned analysis. However, not all individuals were medically
cleared by the 8-week time point and we had censored data
which do not lend itself to the usual linear regression. We then
evaluated the differences in proportions who were medically
cleared by the 8-week time point and, to take into consideration
the censored data, we performed a Kaplan-Meier survival ana-
lysis. An intention to treat analysis was performed. Descriptive
and non-parametric statistics were used to evaluate differences
between baseline and follow-up values for all secondary mea-
sures by the study group. Statistical tests were performed using
an a priori o-level of 0.05. All statistical analysis were conducted
in STATA (V10).>*

RESULTS
Fifty-eight individuals were referred for participation in the
study. Twelve did not meet the inclusion criteria, 1 declined to
participate (transportation unavailable) and 14 did not respond.
The remaining 31 individuals participated in the study and were
randomly allocated to the treatment group. Two control partici-
pants withdrew from the study: one decided not to continue
with the protocol and one was unable to attend the clinic
during business hours. The individuals who withdrew had
similar baseline characteristics to the participants in the study.
Baseline characteristics for each group are presented in table 1.
The majority of participants in this study had clinical assessment
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Table 1 Baseline characteristics

Treatment group Control group

Median (range) or Median (range) or

percentage (%) percentage (%)
Age 15 years (12-27) 15 years (13-30)
Sex 11 male, 4 female 7 male, 9 female
Previous concussion 55.3% (8/15) 75% (12/16)
Neck pain 93.33% (14/15) 87.5% (14/16)
Headache 93.33% (14/15) 93.75% (15/16)
Dizziness 86.33% (13/15) 82.75% (13/16)
Vestibular findings 80% (12/15) 87.5% (14/16)

100% (15/15)
53 days (8-276)
80% (40-95)

100% (16/16)
47 days (31-142)
85% (45-100)

Cervical findings
Time since injury
ABC Scale score

DHI score (/100) 46 (6-84) 42 (0-66)
Physical (/24) 10 (0-18) 10 (0-24)
Functional (/36) 14 (4-36) 18 (0-28)
Emotional (/40) 12 (2-30) 14 (0-22)

Percentage now (/100) 80% (40-95) 70% (50-97)

BES score (/30) 19 (4-30) 19 (4-28)

SAC score (/30) 27 (16-29) 26 (23-30)

SCAT2 score (/100) 71 (52-96) 70 (47-92)

Neck pain (/10) 3 (0-7) 3 (0-9)

Headache (/10) 4 (0-8) 4 (0-9)

Dizziness (/10) 3 (0-8) 5 (0-8)

DVA (lines lost) 3(0-7) 3 (1-5)

FGA (/30) 27 (17-30) 27 (24-30)

CFE (seconds) 14 (6-27) 15 (8-28)

ABC Scale, Activities-specific Balance Confidence Scale; BES, Balance Examination
score; CFE, Cervical Flexor Endurance; DHI, Dizziness Handicap Inventory; DVA,
Dynamic Visual Acuity; FGA, Functional Gait Assessment; SAC, Standardised
Assessment of Concussion; SCAT2, Sport Concussion Assessment Tool 2.

findings suggesting vestibular involvement (n=12/15 in the treat-
ment group and n=14/16 in the control group) and all partici-
pants had clinical findings suggesting cervical spine involvement.
The median number of follow-up sessions (range) attended in the
treatment group was 6 (3—8) and in the control group was 6 (2-8).
The majority of individuals in both groups reported performing
their home programme daily (treatment group n=10/15 and
control group n=9/14). Eleven of 15 (73.3%) individuals in the
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Figure 1  Proportion of patients medically cleared over time.

treatment group were medically cleared to return to sport within
8 weeks of treatment. One of 14 (7.1%) individuals in the control
group was medically cleared to return to sport within 8 weeks of
treatment. A greater proportion of individuals in the treatment
group were medically cleared to return to sport within 8 weeks of
initiating treatment than in the control group (66.2%, 95% CI 40
to 92.3; p<0.001). Of the participants who completed the study,
individuals in the treatment group were 10.27 times (95% CI 1.51
to 69.56) more likely to be medically cleared to return to sport
within 8 weeks than the participants in the control group
(¢*=13.08, p<0.001). Medical clearance status over time follow-
ing intervention initiation is depicted in an exploratory
Kaplan-Meier curve (x*=50.12, p<0.001; figure 1).

If the individuals who dropped out from the control group
were assumed to have achieved medical clearance to return to
play (3/16 (18%) medically cleared) and were included in the
analysis, 55% (95% CI 25 to 84) more of the individuals in the
treatment group would be cleared to return to sport in 8 weeks
than in the control group (p=0.002). Expressed as a ratio, 3.91
(95% CI 1.34 to 11.34) times more individuals in the treatment
group were medially cleared to return to sport compared with
the control group (x*=9.31, p=0.002). All individuals who had
a history of concussion in the treatment group were medically
cleared to return to play within 8 weeks. The participant in the
control group who was medically cleared within 8 weeks was
female and reported a history of six or greater previous
concussions.

Time since injury was measured and was similar between
groups at the start of the study (median of 53 days in the treat-
ment group and 47 days since injury in the control group). All
of the individuals who were medically cleared reported feeling
100% and reported zero symptoms of headache and dizziness
(table 2). The majority (64%) of individuals who were medically
cleared reported no neck pain. In the intervention group, indivi-
duals who were medically cleared to return to sport had a
greater improvement in the SCAT2 total score (Wilcoxon
rank-sum, p=0.009) and the Dizziness Handicap Inventory
Score (Wilcoxon rank-sum, p=0.019) when compared with the
individuals who were not medically cleared to return to sport
(table 3).

Table 2 Proportion of patients achieving maximal improvement

Control group* Treatment group

Cleared Not cleared Cleared Not cleared

n=1 n=12 n=11 n=4
NPRS neck pain=0 1 0.25 0.64 0
NPRS neck pain>0 0 0.75 0.36 1
NPRS headache=0 1 0.25 1 0
NPRS headache>0 0 0.75 0 1
NPRS dizziness=0 1 0.25 1 0
NPRS dizziness>0 0 0.75 0 1
Feeling 100% 1 0.27 1 0
Feeling<100% 0 0.73 0 1
DHI=0 1 0.17 0.73t 0
DHI>0 0 0.83 0.27 1
ABC Scale=100 1 0.25 0.64 0
ABC Scale<100 0 0.75 0.36 1

*One participant in the control group did not complete the follow-up measures.
tDHI score 2/100 for the other three participants (27%).

ABC Scale, Activities-specific Balance Confidence Scale; DHI, Dizziness Handicap
Inventory; NPRS, Numeric Pain Rating Scale.
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Table 3 Change in secondary outcome measures following treatment

Control group*
Median change score (range)

Treatment group
Median change score (range)

Cleared Not cleared Cleared Not cleared
n=1 n=12 n=11 n=4
Neck pain (/10) -4 -1.5 (-8, 3) -3 (=5, 0) —1 (=5, 0)
Headache (/10) -7 -25(-7,1) -3 (-8, 0) -2.5 (-4, 0)
Dizziness (/10) -5 —1.5 (-6, 0) -2 (-7,0) -1(-4,1)
ABC Scale score (%) 30 12.75 (0, 55) 8 (0, 52) 19.5 (-6, 43.5)
DHI score (/100)t —48 -21 (=58, 2) —24 (=50, —6) —13 (-16, -8)
Percentage now (/100) 35 20 (=17, 50) 20 (5, 60) 20 (=20, 23)
Total symptom (/22) =15 —8.5 (=22, 3) —12 (=22, 0) —5.5 (=11, =2)
BES (/30) 10 5 (-6, 18) 2 (-9, 14) —3.5 (-9, 5)
SAC (/30) 1 0 (4, 5) 1.5(=2,7) 0(=2,7)
SCAT 2 (/1100)% 26 12 (=5, 42) 18 (10, 30) 8.5 (-9, 11)
DVA (lines lost) -2 —1(-4,2) —1 (=5, 3) —0.5 (-4, 1)
FGA (/30) 3 1(2, 6) 1(-1,5) 3(1,5)
CFE (seconds) 19 5.5 (-8, 19) 7 (0, 32) 2.5 (-6, 6)
MSQ (/40) =20 —7.25 (=22, 0) —10 (=20, -5) —1.75 (=13, 4.5)
JPE test (/3 trials)
Right -2 0(-1,3) -1(-3,2) 0(-3,2)
Left -2 0(=3,1) -1(-3,3) -1 (=1,0)

*One participant in the control group who was not cleared did not attend the follow-up session and is not included in this analysis.

tIndividuals who were medically cleared had a greater improvement in score than those who were not (p=0.019).

tIndividuals who were medically cleared had a greater improvement in score than those who were not (p=0.0088).

ABC Scale, Activities-specific Balance Confidence Scale; BES, Balance Examination score; CFE, Cervical Flexor Endurance; DHI, Dizziness Handicap Index; DVA, Dynamic Visual Acuity;
FGA, Functional Gait Assessment; JPE, Joint Position Error; MSQ, Motion Sensitivity Quotient; SAC, Standardised Assessment of Concussion; SCAT2, Sport Concussion Assessment Tool 2.

DISCUSSION

The current consensus guideline for treatment following a
sport-related concussion is rest followed by graded exertion." In
this study, we demonstrated that a significantly higher propor-
tion of individuals who were treated with cervical spine physio-
therapy and vestibular rehabilitation were medically cleared to
return to sport within 8 weeks of initiating treatment.

The cervical spine and vestibular systems may be injured fol-
lowing head trauma and may be amenable to treatment.'®
Manual therapy is believed to decrease pain and improve func-
tion through a variety of biomechanical and neurophysiological
effects.’® A combination of manual therapy and exercise has
been shown to be more effective than passive treatment modal-
ities in individuals with neck pain.*® In the current study, all
individuals had clinical findings suggesting cervical spine
involvement. Vestibular rehabilitation has demonstrated a posi-
tive treatment effect in individuals with peripheral vestibular
disorders.’” 38 A retrospective case series of 67 children and 47
adults referred to a balance centre following a (non-specified)
concussion found improvements in all self-report, gait and
balance performance measures at the time of discharge for chil-
dren and adults.*?

Individuals with persistent symptoms of dizziness, neck pain
and/or headaches presented with clinical findings suggesting
alterations in balance and cervical spine function. Proper orien-
tation in space requires equal and consistent visual, vestibular
and proprioceptive input and dysfunction in sensory input from
any of these systems may result in dizziness and/or balance defi-
cits.’® Vestibular rehabilitation focuses on adaptation, habitu-
ation and increased reliance on other balance systems (ie, visual,
proprioceptive and the remaining vestibular cues) in the case of
individuals with vestibular dysfunction.”* If proprioceptive cues
from the upper cervical spine are also altered, compensation

may occur more slowly or less completely. Treatment that
addressed the cervical spine dysfunction (either mechanically or
from a neuromotor and sensorimotor control aspect) and/or
facilitated compensation for a vestibular deficit was most likely
the factor that facilitated recovery in this group. However, this
was not measured specifically in this study and is an area that
requires further investigation.

Owing to the small sample and large variability of the second-
ary measures in the current study, an improvement in many sec-
ondary measures was not demonstrated; however, this was an
exploratory objective and the study was not powered to identify
differences in these measures.

Limitations

It was assumed that it was best to initiate treatment as soon as
possible following injury. However, the optimal timing for initi-
ation of treatment is not currently known. Some of the partici-
pants in the study may have had ongoing cognitive dysfunction
that could have affected recovery. The SCAT2 was performed
and has a component of a paper and pencil neurocognitive test
but formal neuropsychological testing was not performed as
part of this study. Formal vestibular function testing was not
performed. As such, a specific vestibular diagnosis could not be
made. An expectation bias may have occurred if the participants
perceived that they were in the hypothesised optimal treatment
group. In this case, a differential misclassification bias resulting
in an overestimation of the effect of treatment may have
occurred. This is difficult to control for in a clinical trial since
the participants are actively partaking in the rehabilitation. As
such, they cannot be completely blinded to the type of treat-
ment that they have received. However, the hypothesised effect
of the study was not discussed with the participants. Participants
in both groups were still required to complete a protocol of
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graded exertion after reaching an asymptomatic state. Study par-
ticipants were asked not to participate in any other treatments
during the course of the study. One individual who withdrew
from the control group reported having a massage for her cer-
vical spine. No other cointerventions were reported during the
course of the study. There may also have been unmeasured
modification or confounding of the effect of previous concus-
sion on treatment outcome by age and/or sex which we were
unable to detect in the current study due to the sample size.
This study only included individuals who had suffered a
sport-related concussion and were between the ages of 12 and
30 years of age. Thus, it is not known if similar results would
hold in other age groups and different injury types.

CONCLUSIONS

A greater proportion of adolescents and young adults with per-
sistent symptoms of dizziness, neck pain and/or headache, who
were treated with a combination of vestibular rehabilitation and
cervical physiotherapy treatment, were medically cleared to
return to sport by 8 weeks following initiation of treatment than
individuals with the same kind of symptoms who continued
with rest instead. Future research to evaluate the effect of other
variables, such as the time since injury, age, mechanism of injury
and neurocognitive status on treatment effect, is warranted.
A combined approach to treatment of the cervical spine and ves-
tibular systems may facilitate recovery and decrease time lost
from sport in individuals with persistent symptoms of dizziness,
neck pain and/or headaches following a sport-related
concussion.

What are the new findings?

» Individuals with persistent symptoms of dizziness, neck pain
and/or headaches following a sport-related concussion were
more likely to be medically cleared to return to sport within
8 weeks of initiation of treatment when they were treated
with multimodal physiotherapy.

» A combination of vestibular rehabilitation and cervical spine
physiotherapy may facilitate recovery in individuals with
persistent dizziness, neck pain and/or headaches following a
sport-related concussion.

How might it impact on clinical practice in the near future?

» Cervical spine physiotherapy and vestibular rehabilitation
may be considered as treatment options for individuals with
persistent symptoms of dizziness, neck pain and/or
headaches following sport-related concussion.

» Future research to evaluate the optimal timing of treatment
and the effects of covariates such as age, history of
concussion and dosage is warranted.

Acknowledgements The authors would like to acknowledge the clinical
assistance of Dr Brian Benson and Ms Nancy Fletcher MacCormack in the data
collection for this study.

Contributors KJS, WHM and CAE contributed to the planning, conduct of analysis,
interpretation and reporting of results. KJS is the guarantor. AN-A and JK

contributed to the planning, conduct of analysis and reporting of results. KB and LB
contributed to the planning and reporting of results.

Funding This study was funded by the Alberta Centre for Child, Family and
Community Research, grant number 09SM-Emery. The Sport Injury Prevention
Research Centre is one of the International Research Centres for Prevention of Injury
and Protection of Athlete Health supported by the I0C. KIS was supported by an
Alberta Heritage Foundation for Medical Research Studentship Award and was a
Post-Doctoral Fellow supported by the Alberta Children’s Hospital Research Institute.
CAE is funded by an Alberta Innovates Health Solutions Population Health
Investigator Award and a Professorship in Pediatric Rehabilitation funded by the
Children's Hospital Foundation (Alberta Children’s Hospital Research Institute for
Child and Maternal Health).

Competing interests None.
Ethics approval Office of Medical Bioethics, University of Calgary.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES

1 McCrory P, Meeuwisse W, Aubry M, et al. Consensus statement on concussion in
sport: the 4th International Conference on Concussion in Sport held in Zurich,
November 2012. B/SM 2013;47:250-8.

2 Kirkwood M, Yeates K, Wilson P. Pediatric sport-related concussion: a review of
the clinical management of an oft-neglected population. Pediatrics 2006;117:
1359-71.

3 Pellman E, Powell JW, Viano DC, et al. Concussion in professional football:
epidemiological features of game injuries and review of the literature. Part 3.
Neurosurgery 2004,54:81-97.

4 McCrory P, Ariens T, Berkovic SF. The nature and duration of acute concussive
symptoms in Australian football. Clin J Sport Med 2000;10:235-8.

5 Benson BW, Meeuwisse WH, Rizos J, et al. A prospective study of concussions
among National Hockey League players during regular season games: the
NHL-NHLPA Concussion Program. CMAJ 2011;183:905-11.

6 Rahman MI, Raveendran S, Kaliaperumal C, et al. Pseudotumor cerebri following
traumatic brain injury in a 29-year-old man. J Nat Sci Biol Med 2012;3:105-7.

7 Ponsford J, Willmott C, Rothwell A, et al. Cognitive and behavioural outcome
following mild traumatic head injury in children. J Head Trauma Rehabil
1999;14:360-72.

8 Asplund CA, McKeag DB, Olsen CH. Sport-related concussion: factors associated
with prolonged return to play. Clin J Sport Med 2004;14:339-43.

9 Carroll L, Holm L, Hogg-Johnson S, et al. Course and prognostic factors for neck
pain in Whiplash-Associated Disorders (WAD): results of the Bone and Joint Decade
2000-2010 Task Force on Neck Pain and Its Associated Disorders. Spine 2008;33:
$83-92.

10  Treleaven J, Jull G, Atkinson L. Cervical musculoskeletal dysfunction in
post-concussional headache. Cephalalgia 1994;14:273-9.

11 Bogduk N. The neck and headaches. Neurol Clin N Am 2004;22:151-71.

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

13 Mallinson A, Longridge NS. Dizziness from whiplash and head injury: differences
between whiplash and head injury. Am J Otol 1998;19:814-18.

14 Emst A, Basta D, Seidl RO, et al. Management of posttraumatic vertigo. Otolaryngol
Head Neck Surg 2005;132:554-8.

15  Goldberg L, Dimeff RJ. Sideline management of sport-related concussion. Sports
Med Arthrosc 2006;14:199-205.

16 Guskiewicz KM. Postural stability assessment following concussion: one piece of the
puzzle. Clin J Sport Med 2001;11:182-9.

17 Schneider KJ, Emery CA, Kang J, et al. Are clinical measures of cervical spine
strength and cervical flexor endurance risk factors for concussion in elite youth ice
hockey players? BJSM 2014;48:659.

18  Schneider KJ, Emery CA, Kang J, et al. Are clinical measures of cervical flexor
endurance, divided attention and computerized dynamic visual acuity different in
elite youth ice hockey players who report a previous history of concussion compared
to those who do not? BJSM 2014;48:658.

19 Schneider KJ, Iverson GL, Emery CA, et al. The effects of rest and treatment
following sport-related concussion: a systematic review of the literature. B/SM
2013;47:304—-7.

20 Maskell F, Chiarelli P, Isles R. Dizziness after traumatic brain injury: overview and
measurement in the clinical setting. Brain Inj 2005;20:293-305.

21 Furman J, Whitney SJ. Central causes of dizziness. Phys Ther 2000;80:179-87.

22 Horak F, Jones-Rycewicz C, Black O, et al. Effects of vestibular rehabilitation on
dizziness and imbalance. Otolaryngol Head Neck Surg 1992;106:175-80.

23 Shepard N, Smith-Wheelock M, Telian S, et al. Vestibular and balance rehabilitation
therapy. Ann Otol Rhinol Laryngol 1993;102:198-205.

24 Krebs D, Gill-Body K, Riley P, et al. Double-blind, placebo-controlled trial of
rehabilitation for bilateral vestibular hypofunction: preliminary report. Otolaryngol
Head Neck Surg 1993;109:735-41.

Schneider KJ, et al. Br J Sports Med 2014;48:1294-1298. doi:10.1136/bjsports-2013-093267 50f 6


http://bjsm.bmj.com/
http://group.bmj.com

Downloaded from http://bjsm.bmj.com/ on December 7, 2014 - Published by group.bmj.com

Original article

25  Hurwitz E, Carragee EJ, van der Velde G, et al. Treatment of neck pain: noninvasive 42 Whitney SL, Wrisley D, Brown K, et al. Is perception of handicap related to
interventions: results of the Bone and Joint Decade 2000-2010 Task Force on Neck functional performance in persons with vestibular dysfunction? Otol Neuroto!
Pain and Its Associated Disorders. Spine 2008;15:5123-52. 2004:25:139-43.

26 Kay T, Gross A, Goldsmith C, et al. Exercises for mechanical neck disorders. 43 Whitney S, Marchetti G, Morris L. Usefulness of the Dizziness Handicap Inventory in
Cochrane Database Syst Rev 2005;(3):C(D004250. the screening for benign paroxysmal positional vertigo. Otol Neurotol

27  Reid S, Rivett DA. Manual therapy treatment of cervicogenic dizziness: a systematic 2005;26:1027-33.
review. Man Ther 2005;10:4—13. 44 Scherer M, Migliaccio A, Schubert M. Effect of vestibular rehabilitation on passive

28  Reid S, Rivett DA, Katekar MG, et al. Sustained natural apophyseal glides (SNAGs) dynamic visual acuity. / Vestib Res 2008;18:147-57.
are an effective treatment for cervicogenic dizziness. Man Ther 2008;13:357-66. 45 Dannenbaum E, Paquet N, Hakim-Zadeh R, et al. Optimal parameters for the

29  Schneider K, Meeuwisse W, Emery C. Symptom and functional improvements clinical test of dynamic visual acuity in patients with unilateral vestibular
following a course of vestibular rehabilitation, manual therapy and spinal hypofunction. / Otolaryngol 2005;34:13-19.
stabilization exercises in high performance athletes with complex concussions. Clin J 46 Dannenbaum E, Paquet N, Chilingaryn G, et al. Clinical evaluation of dynamic
Sport Med 2009;19:265-6. visual acuity in subjects with unilateral vestibular hypofunction. Oto/ Neurotol

30  McCrory P, Meeuwisse W, Johnston K, et al. Consensus statement on Concussion in 2009;30:368-72.
Sport 3rd International Conference on Concussion in Sport Held in Zurich, 47 Schubert M, Tusa R, Grine L, et a/. Optimizing the sensitivity of the head thrust test
November 2008. Clin J Sport Med 2009;19:185-200. for identifying vestibular hypofunction. Phys Ther 2004;

31 Kristjansson E, Treleaven J. Sensorimotor function and dizziness in neck pain: 84:151-8.
implications for assessment and management. J Orthop Sports Phys Ther 48  Harvey S, Wood D, Feroah T. Relationship of head impulse test and head shaking
2009;39:364-77. nystagmus in reference to caloric testing. Am J Otol 1997;18:207-13.

32 Alsalaheen B, Much A, Morris L, et al. Vestibular rehabilitation for dizziness and 49  Akin F, Davenport M. Validity and reliability of the motion sensitivity test. J Rehabil
balance disorders after concussion. J Neurol Phys Ther 2010;34:87-93. Res Dev 2003;40:451-5.

33 Herdman S. Vestibular rehabilitation. 3rd edn. Philadelphia, PA: FA Davis Company, 2007. 50  Wrisley D, Marchetti G, Kuharsky D, et al. Reliability, internal consistency, and

34 McCrory P, Johnson K, Meeuwisse W, et al. Summary and agreement statement of validity of data obtained with the functional gait assessment. Phys Ther
the 2nd International Conference on Concussion in Sport, Prague 2004. BISM 2004;84:906—18.
2005;39:196-204. 51  Kumbhare DA, Balsor B, Parkinson WL, et al. Measurement of cervical flexor

35 Childs J, Pivas R, Fritz J. Responsiveness of the Numeric Pain Rating Scale in endurance following whiplash. Disabil Rehabil 2005;27:801-7.
patients with low back pain. Spine 2005;30:1331-4. 52 Olson LE, Millar AL, Dunker J, et al. Reliability of a clinical test for deep cervical

36  Cleland J, Childs J, Whitman J. Psychometric properties of the Neck Disability Index flexor endurance. J Manipulative Physiol Ther 2006;29:134-8.
and Numeric Pain Rating Scale in patients with mechanical neck pain. Arch Phys 53 Revel M, Minguet M, Gergoy P, et al. Changes in cervicocephalic kinesthesia after a
Med Rehabil 2008;89:69-74. proprioceptive rehabilitation program in patients with neck pain: a randomized

37  Mintken P, Glynn P, Cleland J. Psychometric properties of the shortened disabilities controlled study. Arch Phys Med Rehabil 1994;75:895-9.
of the Arm, Shoulder, and Hand Questionnaire (QuickDASH) and Numeric Pain 54 Statacorp. Stata statistical software. Release 10 ed. College Station, TX: Stata
Rating Scale in patients with shoulder pain. J Shoulder Elbow Surg 2009;18:920-6. Corporation, 2008.

38 Mak M, Lau A, Law F, et al. Validation of the Chinese translated Activities-Specific 55 Hynes L, Dickey J. Is there a relationship between whiplash-associated disorders and
Balance Confidence Scale. Arch Phys Med Rehabil 2007;88:496-503. concussion in hockey? A preliminary study. Brain Inj 2006;20:179-88.

39 Jacobson G, Newman C. The development of the dizziness handicap inventory. Arch 56  Bialosky J, Bishop M, Price D, et al. The mechanisms of manual therapy in the
Otolaryngol Head Neck Surg 1990;116:424-7. treatment of musculoskeletal pain: a comprehensive model. Manual Therapy

40  Vereeck L, Truijen S, Wuyts F, et al. Test-retest reliability of the Dutch version of the 2009;14:531-8.
Dizziness Handicap Inventory. B-ENT 2006;2:75-80. 57  Hillier S, Hollohan V. Vestibular rehabilitation for unilateral peripheral vestibular

41 Kurre A, van Gool C, Bastiaennen C, et a/. Translation, cross-cultural adaptation dysfunction. Cochrane Database Syst Rev 2007,(4):CD005397.
and reliability of the German version of the Dizziness Handicap Inventory. Otol 58  Hilton M, Pinder D. The Epley (canalith repositioning) manoeuvre for benign
Neurotol 2009;30:359-67. paroxysmal positional vertigo. Cochrane Database Syst Rev 2004;(2):CD003162.

60f6 Schneider KJ, et al. Br J Sports Med 2014,48:1294-1298. doi:10.1136/bjsports-2013-093267


http://bjsm.bmj.com/
http://group.bmj.com

Downloaded from http://bjsm.bmj.com/ on December 7, 2014 - Published by group.bmj.com

Cervicovestibular rehabilitation in
sport-related concussion: a randomised
controlled trial

Kathryn J Schneider, Willem H Meeuwisse, Alberto Nettel-Aguirre, Karen
Barlow, Lara Boyd, Jian Kang and Carolyn A Emery

Br J Sports Med 2014 48: 1294-1298 originally published online May 22,
2014

doi: 10.1136/bjsports-2013-093267

Updated information and services can be found at:
http://bjsm.bmj.com/content/48/17/1294

These include:

Supplementary Supplementary material can be found at:
Material http://bjsm.bmj.com/content/suppl/2014/05/22/bjsports-2013-093267.
DC1.html

References This article cites 53 articles, 11 of which you can access for free at:
http://bjsm.bmj.com/content/48/17/1294#BIBL

Email alerting Receive free email alerts when new articles cite this article. Sign up in the
service box at the top right corner of the online article.

Topic Articles on similar topics can be found in the following collections

Collections Physiotherapy (130)

Physiotherapy (183)

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.omj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://bjsm.bmj.com/content/48/17/1294
http://bjsm.bmj.com/content/suppl/2014/05/22/bjsports-2013-093267.DC1.html
http://bjsm.bmj.com/content/suppl/2014/05/22/bjsports-2013-093267.DC1.html
http://bjsm.bmj.com/content/48/17/1294#BIBL
http://bjsm.bmj.com//cgi/collection/physiotherapy2
http://bjsm.bmj.com//cgi/collection/physiotherapy
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjsm.bmj.com/
http://group.bmj.com

	Cervicovestibular rehabilitation in sport-related concussion: a randomised controlled trial
	Abstract
	Background
	Methods
	Intervention
	Main outcome measures

	Results
	Discussion
	Limitations

	Conclusions
	References


