Cervical Manual Therapy and Vestibulo-oculomotor Therapy for Concussion
Symptoms: Retrospective Analysis. [/SPT. 2021;16(1):12-20. doi:10.26603/001c.18825

I S I? I Wong CK, Ziaks L, Vargas S, DeMattos T, Brown C. Sequencing and Integration of
MJ_ Lm.—a
TROUTE FICICAL TERAY

Original Research
Sequencing and Integration of Cervical Manual Therapy and
Vestibulo-oculomotor Therapy for Concussion Symptoms:

Retrospective Analysis

Christopher Kevin Wong, PT, PhD, OCS' °, Lauren Ziaks, PT, DPT, ATC? Samantha Vargas, PT, DPT? Tessia DeMattos,
PT, DPT? Chelsea Brown, PT, DPT?

T Department of Rehabilitation & Regenerative Medicine, Columbia University Irving Medical Center, 2 Park City Hospital, Intermountain Healthcare, 3
Vagelos College of Physicians & Surgeons, Columbia University

Keywords: vestibular rehabilitation, vision therapy, manual therapy, cervicogenic headache, concussion

https://doi.org/10.26603/001¢.18825

International Journal of Sports Physical Therapy
Vol. 16, Issue 1, 2021

Background

After concussion many people have cervicogenic headache, visual dysfunction, and
vestibular deficits that can be attributed to brain injury, cervical injury, or both. While
clinical practice guidelines outline treatments to address the symptoms that arise from
the multiple involved systems, no preferred treatment sequence for post-concussion
syndrome has emerged.

Purpose

This study sought to describe the clinical and patient-reported outcomes for people with
post-concussion symptoms after a protocol sequenced to address cervical dysfunction and
benign paroxysmal positional vertigo within the first three weeks of injury, followed by
integrated vision and vestibular therapy.

Study Design

Retrospective longitudinal cohort analysis

Methods

Records from a concussion clinic for 38 patients (25 male 13 female, aged 26.9+19.7 years)
with post-concussion symptoms due to sports, falls, assaults, and motor vehicle accident
injuries were analyzed. Musculoskeletal, vision, and vestibular system functions were
assessed after pragmatic treatment including early cervical manual therapy and canalith
repositioning treatment—when indicated—integrated with advanced vision and vestibular
rehabilitation. Patient-reported outcomes included the Post-Concussion Symptom Scale
(PCSS) for general symptoms; and for specific symptoms, the Dizziness Handicap Index
(DHI), Convergence Insufficiency Symptom Scale (CISS), Activities-specific Balance
Confidence scale (ABC), and the Brain Injury Vision Symptom Survey (BIVSS). Paired
t-tests with Bonferroni correction to minimize familywise error (p<0.05) were used to
analyze the clinical and patient-reported outcomes.

Results

After 10.4%4.8 sessions over 57.6%34.0 days, general symptoms improved on the PCSS
(p=0.001, 95%CI=12.4-30.6); and specific symptoms on the DHI (p<0.001,
95%CI=14.5-33.2), CISS (p<0.002, 95%CI=7.1-18.3), ABC (p<0.024, 95%CI=-.3 - -.1), and
BIVSS (p<0.001, 95%CI=13.4-28.0). Clinical measures improved including cervical
range-of-motion (55.6% fully restored), benign paroxysmal positional vertigo symptoms
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(28/28, fully resolved), Brock string visual convergence (p<0.001, 95%CI=3.3-6.3), and
score on the Balance Error Scoring System (p<0.001, 95%CI=5.5-11.6).

Conclusion

A rehabilitation approach for post-concussion syndrome that sequenced cervical
dysfunction and benign paroxysmal positional vertigo treatment within the first three
weeks of injury followed by integrated vision and vestibular therapy improved clinical and

patient-reported outcomes.

Level of Evidence: 2b

INTRODUCTION

Sport and recreation-related concussion is a rapidly grow-
ing problem, with an estimated 1.6-3.8 million people af-
fected per year.! Concussion also affects people involved
in transportation accidents, fall-related injuries, and other
trauma.! Defined as a mild traumatic brain injury induced
by direct or indirect biomechanical forces, concussion may
or may not include loss of consciousness.2 While more than
80% of adults recover from sports-related concussions in
7-10 days, concussive symptoms can persist much longer
and take weeks or months to resolve after injury.34 Symp-
toms lasting longer than the generally accepted three-week
period can be referred to as protracted concussion recov-
ery,3 a particular problem among adolescent athletes.5 Af-
ter concussion in adolescents, protracted recovery is com-
mon with most reporting symptoms lasting more than a
month: boys averaging seven weeks and girls an even longer
10 weeks.>

The signs and symptoms observed in protracted concus-
sion recovery cannot always be linked to abnormal brain
imaging or neuropathological changes, but rather are often
attributed to multiple physiologic systems.® Typical find-
ings involve the musculoskeletal, visual, vestibular, cardio-
vascular, and autonomic systems.* Signs and symptoms af-
ter concussion attributed to the musculoskeletal system are
commonly localized to the cervical region and include joint
and myofascial hypomobility that limits range-of-motion
(ROM)7 and cervicogenic headaches.® Cervicogenic
headaches are secondary headaches encompassing neck or
facial pain associated with bony, myofascial, and disc disor-
ders of the cervical spine. Cervicogenic headaches develop
with the onset of cervical disorders, such as biomechani-
cal forces occurring during mild traumatic brain injury, and
significantly improve with the resolution of cervical disor-
ders.8 Visual or oculomotor symptoms are not limited to but
commonly include blurred vision, double vision, difficulty
concentrating, and difficulty with activities such as read-
ing.3 Vestibular system symptoms include dizziness, nau-
sea, fatigue, balance difficulties, and blurry vision with head
movements known as oscillopsia.? In addition, final clinical
recovery can be delayed by dysautonomia that can decrease
exercise tolerance and limit return to sport;># or cognitive
and psychological issues that impair return to learn or
work.10

Many post-concussion symptoms can be attributed to
brain injury, cervical spine injury, or both,34 and can have
a long lasting negative impact on function, but can be mod-
ified through treatment of the relevant physiologic sys-
tems.3 Medical and athletic management of concussions

has been delineated in a recent clinical practice guideline.10
In 2020, the American Physical Therapy Association pub-
lished a clinical practice guideline describing current best
practice for physical therapy care of concussion including
cervical musculoskeletal, vestibulo-oculomotor, auto-
nomic/exertional tolerance, motor function, and psycho-
logical and sociological impairments.!l Manual therapy
may provide added value to the benefits of exercise in re-
ducing cervicogenic headache and associated neck pain and
dysfunction.1? For instance, treatments including cervical
muscle active trigger point release and manipulative ther-
apy can reduce intensity, frequency, and cervicogenic
headache symptom duration.!3 Visual system impairment
can be reduced with vision therapy including oculomotor
and vergence training using targets with numbers and let-
ters, and fusion exercises such as stereograms and
tranaglyphs.14 Vestibular therapy such as vestibulo-ocular
reflex movements for adaptation, habituation exercises, and
substitution including static and dynamic balance exercises
can improve vestibulo-oculomotor symptoms after concus-
sions.%1> Although multisystem involvement is common,
existing treatment protocols typically describe interven-
tions focused on the symptom clusters arising from one sys-
tem or another.?

Treatment outcomes for post-concussion syndrome can
be complicated by the interconnectedness of the vestibular,
visual, and musculoskeletal systems.!® For instance,
vestibular therapy requires the ability to maintain visual
fixation on a point while turning the head.? Furthermore,
deficits in cervical spine and oculomotor coordination can
lead to dizziness and blurred vision.!” The function of the
cervical spine, visual and vestibular systems are not iso-
lated. Without the ability to have both eyes converge on a
point or comfortably rotate the cervical spine, compensa-
tions can occur.” While current clinical practice guidelines
outline potential treatments to help address the symptoms
that occur in each of the involved systems, no preferred
treatment sequence for patients with post-concussion syn-
drome has emerged.1%:11 The purpose of this study was to
describe the clinical and patient-reported outcomes for
people with post-concussion symptoms after a rehabilita-
tion protocol sequenced to address cervical dysfunction and
benign paroxysmal positional vertigo within the first three
weeks of injury, followed by integrated vision and vestibular
therapy.
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Table 1: Characteristics of the Patient Cohort

Sex 25 males, 13 female
Age 26.9 £19.7 years
History of Concussion 39.5%
Activity at Time of Injury
Sport 60.5%
Fall 18.4%
Motor Vehicle Accident 13.2%
Assault 7.9%
Symptoms
Vision and Vestibular only 26.3%
Musculoskeletal (includes cervicogenic headache) only 10.5%
Vision and Vestibular with Musculoskeletal 63.2%

METHOD
DESIGN

This study was a retrospective longitudinal cohort analysis
of pre-existing data obtained from August 2016 - March
2017 from a single concussion clinic. Deidentified coded
data was received for analysis from the participating con-
cussion clinic in accordance with the protocol approved by
the Columbia University Irving Medical Center Institutional
Review Board of the participating University Medical Cen-
ter.

SAMPLE

The records of 59 people with post-concussion symptoms
were reviewed. The 38 patients (25 male and 13 female,
aged 26.9%£19.7 years) who had both evaluation and re-eval-
uation data—follow-up progress report or discharge assess-
ment—were included for analysis. All patients had been re-
ferred for symptoms post-concussion and suspected mild
traumatic brain injury with cervicogenic, visual, and/or
vestibular symptoms. The average time from injury to ini-
tial evaluation was 31.6 + 50.4 days, with 17 reporting pro-
tracted symptoms beyond 21 days. The most common pre-
sentation was mixed cervical, vision and vestibular
symptoms reported by 24 (63.2%); followed by 10 (26.3%)
that had vision and vestibular symptoms; and 4 (10.5%) that
reported only cervicogenic symptoms including headache.
Concussion etiology was varied with concussions occurring
after sport (60.5%), fall (18.4%), motor vehicle accident
(13.2%), and assaults (7.9%). A history of prior concussion
was reported by 15 (39.5%). Table 1.

ASSESSMENTS

Clinical findings and patient-reported outcomes were ob-
tained by one trained clinician in the participating special-
ized concussion rehabilitation clinic. To minimize variation
among different clinicians for patients who had limited cer-
vical ROM at the initial evaluation, the cervical ROM mea-
sure was reduced for analysis in this study to a simple di-
chotomous outcome. ROM was either normal, denoted in
the clinical notes as normal, within normal or within func-
tional limits, or limited, defined as any limitation recorded

in degrees, percentage, or qualitative term. Visual system
outcome measures included the Brock string score for con-
vergence and divergence distance,!8 the cover-uncover test
to screen for malalignment and strabismus that would re-
quire neuro-optometry referral,!? and clinical screening for
quality and speed of smooth pursuits and saccades, and
near point convergence.20 Vestibular measures included
Dix-Hallpike and Supine Roll Tests for benign paroxysmal
positional vertigo (BPPV). Additional vestibular screening
assessments included vestibular ocular reflex, visual motion
sensitivity and the Balance Error Scoring System (BESS),
which has been shown to be a reliable measure in athletes
post-concussion.?!

Patient-reported outcomes included five scales that col-
lectively provide insight on the potential symptoms that
stem from deficits in the cervical spine, vestibular and vi-
sual systems.22-26 The Post-Concussion Symptom Scale
(PCSS) assesses general post-concussion symptoms with
specific symptom indices for associated sequelae including
headache, with variable reliability for the different in-
dices.22 The Dizziness Handicap Inventory (DHI) assesses
the impact of dizziness on functional, emotional, and phys-
ical quality of life with excellent reliability and internal con-
sistency.23 Visual impairment was assessed with the Con-
vergence Insufficiency Symptom Survey (CISS), which has
excellent reliability,24 and the Acquired Traumatic Brain In-
jury Vision Symptom Questionnaire, since adapted and re-
named the Brain Injury Vision Symptom Survey (BIVSS).25
Finally, the Activities-specific Balance Confidence (ABC)
scale assesses individual sense of balance and correlates
with cognitive measures after concussion.26 See Table 2.

INTERVENTIONS

Patients received treatment integrating cervical, vision and
vestibular dysfunction as indicated by individual impair-
ment and determined pragmatically by the trained concus-
sion clinic treatment specialist, as previously outlined in a
treatment algorithm.27 Patients evaluated within the three-
week post-injury recovery window began treatment for cer-
vical dysfunction and symptoms. Patients evaluated more
than three weeks post-injury, consistent with protracted
concussion recovery,> began with treatment for cervical
dysfunction integrated with vision and vestibular therapy.
Because resolution of the multiple systems varied, treat-
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Table 2: Clinical and Patient-reported Outcomes

System Assessments

Outcomes

Combined

Post-Concussion Symptom Scale

p=0.001, 95%Cl 12.4 - 30.6,n=19,d=1.18

Musculoskeletal Cervical ROM

55.6% (15/27) regained full ROM

Balance-objective
Balance-subjective

Balance Error Scoring System

Vision Convergence Insufficiency Scale p=0.002, 95%Cl| 7.1 - 18.3,n=19,d=1.04
Brain Injury Vision Symptom Survey p<0.001, 95%CI=13.4-28.0,n=15,d=1.21
Convergence Near-point Brock string score p<0.001, 95%CI 3.3 - 6.3,n=23,d=1.20
Saccades Saccade score p>0.05,n=13
Vestibular Dizziness Handicap Index p<0.001, 95%Cl 14.5 - 33.2,n=19,d=1.04
BPPV BPPV symptoms 100% (28/28) resolved fully

Activity-specific Balance Confidence

p<0.001, 95%Cl 5.5 - 11.6,n=14,d=0.99
p=0.024, 95%Cl -0.3 - -0.1,n=16,d=-0.89

BPPV = Benign Paroxysmal Positional Vertigo
ROM = Range of Motion
95%CI = 95% Confidence Interval

ments overlapped.

Cervical dysfunction was treated with manual therapy
and exercise,!? followed by canalith repositioning proce-
dure for BPPV when present.28 Vision therapy included vi-
sion exercises for smooth pursuits, saccades, complex mo-
tor tasks including divided attention and laterality, and
vergences.2? Vestibular rehabilitation therapy was inte-
grated for substitution (dynamic balance exercises with vi-
sual restriction and on compliant surfaces), vestibular oc-
ular reflex training for gaze stability to address adaptation
and exercises for habituation were added on or after the
3td week of vision therapy.2? The principles of substitution,
adaptation, and habituation were applied to improve bal-
ance, postural control, dizziness, oscillopsia, and com-
plaints of motion intolerance.30 In addition, independent
daily light cardiovascular activity for 20 minutes, consistent
with the Buffalo Treadmill Test,3 was recommended for all
patients who were greater than three days post-injury.

STATISTICAL METHODS

All statistics were run in Stata for Mac. Descriptive data
were calculated including means and standard deviations,
with counts presented with percentages. Non-parametric
and parametric statistics were used as appropriate after as-
sessment of normal distribution patterns. Effect sizes were
calculated with values of Cohen’s d considered large if >0.8,
medium if 0.5¢ d <0.8, and small if 0.2< d < 0.5. Paired t-
tests were run using Bonferroni correction to control for
familywise error and guard against false positives due to
multiple comparisons (p<0.05).

RESULTS

The 38 patients with follow-up data received an average of
10.4%4.8 treatment sessions over 57.6*34.0 days. The av-
erage number of sessions addressing cervical dysfunction
was 4.0%3.8, vision and vestibular dysfunction 4.8+3.0, and
combined symptoms 1.7+0.8.

Significant improvements were observed at post-test for
general post-concussion symptoms on the patient-reported
PCSS (p=0.001, d=1.18). See Table 2. Musculoskeletal, vi-

sual, and vestibular symptom outcome measures improved
as indicated on clinical measures and patient reported out-
comes. Cervical ROM returned to normal for 15 of the 27
people who had limitations on evaluation (55.6%). Vision
function significantly improved for convergence on Brock
string score (p<0.001, d=1.20). Subjective vision symptoms
assessed with the CISS also improved significantly (p<0.002,
d=1.04). Divergence and abnormal saccades did not change
significantly (p>0.05). Symptoms of BPPV were fully re-
solved for all 28/28 (100%) diagnosed with BPPV. Vestibular
system impairment represented by clinical measure of bal-
ance ability using the BESS improved significantly (p<0.001,
d=0.99). The subjective patient-reported outcome ABC
scale also improved significantly post treatment (p<0.024,
d=-0.89). Vestibulo-oculomotor symptoms improved signif-
icantly post-treatment, assessed with the DHI (p<0.001,
d=1.04) and BIVSS (p<0.001, d=1.21). See Table 2.

DISCUSSION

The results of this retrospective cohort study showed that
patients receiving physical therapy, consisting of manual
therapy and exercise for cervical dysfunction and BPPV in
the first three weeks post-concussion followed by vision and
vestibular rehabilitation therapy beyond three weeks post
injury, demonstrated clinical and patient-reported benefits
in multiple systems. Improved cervical dysfunction such as
limited ROM and headache following head injury, as well
as other causes of post-concussion symptoms, can be con-
tributed to by concomitant whiplash injury suffered at the
time of the concussion.!® Changes in neck muscle activity
during cervical rotation and cervico-ocular coordination
may underlie clinical symptoms reported by people with
visual deficits and changes in function, such as postural
control, during cervical rotation.!” Regardless, whether cer-
vicogenic headaches include pain, dizziness, and/or ocu-
lomotor dysfunction,3 restoring cervical ROM may well be
one factor affecting multiple systems.3! Findings in the cur-
rent study for the musculoskeletal, vision, and vestibular
systems were consistent with past literature for select rec-
ommendation of the most recent clinical practice guide-
lines.10:11
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Reducing musculoskeletal limitation was an important
early goal because of the importance of cervical ROM for
vision and vestibular assessments and rehabilitation and
the impact cervical dysfunction has on headaches, visual
and vestibular function. Most subjects regained full cervical
ROM by re-evaluation, though data for some patients was
missing, the measurement method was unreported, and the
definition for full ROM can vary.’ Direct comparison of the
study results with past reports that have shown that manual
therapies improve cervical ROM with thrust or mobilization
with movement31:32 was not possible because the retro-
spective data did not include specific manual techniques.
Evidence for the efficacy of using manual therapy to reduce
cervicogenic headache remains limited by the number of
studies and lack of no-treatment control groups.8 One ran-
domized controlled trial demonstrated increased ROM after
sustained natural apophyseal glides but no significant im-
provement in dizziness or balance for people with chronic
cervicogenic dizziness.3! Cervicogenic headache was not
analyzed directly in this study, though headache was an
item included in the total PCSS scores which improved sig-
nificantly at re-evaluation. Starting care by addressing cer-
vical dysfunction within the first three-weeks post-injury
when indicated may be one among many factors in the im-
provements seen for cervical dysfunction as well as vision
and vestibular outcome measures.

One common vision system dysfunction, convergence
insufficiency, has been associated with other neurocogni-
tive impairments and higher PCSS.33 After the study treat-
ment, patient-reported symptoms on the PCSS had im-
proved significantly as did clinical Brock string measures for
near point convergence consistent with a five subject pilot
study># and a case-control study including 15 people with
mild traumatic brain injury.3® Randomized controlled trials
would be the next step to determine effect of vision therapy
post-concussion compared to no treatment. Clinical mea-
sure of abnormal saccades did not change for patients post-
treatment, consistent with past research.3> Missing data
precluded analysis of other visual deficits common after mi-
nor traumatic brain injury such as smooth pursuits, and
eye alignment. 16 Also consistent with previous findings, pa-
tient-reported outcomes for vision symptoms improved sig-
nificantly on the CISS and BIVSS.25:34.36 The oculomotor
and vestibular systems are highly interconnected with in-
tegrated roles in maintaining balance, postural control and
gaze stabilization, !¢ and patients exhibited benefits in both
systems.

Evidence supports vestibular system rehabilitation for
both central and peripheral deficits in concussion manage-
ment.37 Physical therapy for cervical dysfunction has im-
proved both musculoskeletal and vestibular symptoms in-
cluding dizziness attributed to BPPV.37 In the current study,
treatment for cervical dysfunction followed by canalith
reposition procedures for BPPV was provided when indi-
cated within the 3-week post injury timeframe instead of
waiting for the 3-week post injury period when vision and
vestibular rehabilitation began. Addressing BPPV before
other vestibular deficits was similar to one past study, that
aimed to reduce the confounding effect of BPPV on balance
outcomes by treating BPPV first before introducing any ha-
bituation approaches.3® That all patients with BPPV had

complete symptom resolution after treatment was compa-
rable to past outcomes for the Epley maneuver summarized
in a recent systematic review.3? Patient-reported outcome
measures including the ABC scale and DHI both improved,
consistent with a past retrospective cohort study of vestibu-
lar rehabilitation post-concussion.30

The recent clinical practice guidelines for mild traumatic
brain injury supports multi-modal rehabilitation!0-11 and
physical therapy models of care for protracted concussion
recovery have included cervical dysfunction and vestibular-
ocular care and exertional activity without specific inter-
vention sequence.?0 The results of this study suggest that
the intervention sequence?” addressing cervical dysfunc-
tion and BPPV within the three weeks post-injury before
initiating vision and vestibular rehabilitation at more than
three weeks post-injury may yield positive outcomes. Early
cervical ROM restoration is important because cervical mo-
tion can have a confounding impact of cervicogenic
headaches, and vision and vestibular function; while BPPV
symptoms can confound both vestibular-ocular and
vestibular spinal function including balance assessments.38
Since post-concussion symptoms resolve spontaneously for
80-90% of adults within 2 weeks, delaying therapeutic vi-
sion and vestibular training in the early period of recovery
can avoid unnecessary symptom exacerbation.3 Within an
overall integrated treatment approach, sequencing cervical
dysfunction and BPPV treatment before advancing to vision
and vestibular rehabilitation acknowledges the role cervical
ROM plays in both vision and vestibular function!6,17,33,40
and may improve the ability to perform functional activities
early in the episode of care. Developing exercise tolerance
thereafter would precede a return to sport.49 In total, the
inter-relationships among the musculoskeletal, vision and
vestibular systems, with respect to both function and treat-
ment, make screening for and addressing cervical dysfunc-
tion a logical first step even before the three-week post-
injury timeframe for starting vision and vestibular
rehabilitation.

Limitations of this retrospective cohort analysis of dei-
dentified preexisting data included the lack of a control
group and inability to obtain follow-up or missing data.
Specific sport involvement was not consistently recorded,
although at least 10 concussions were due to skiing; and re-
turn to sport outcomes were not available. Headache pain,
which was incorporated in the PCSS, was also not individ-
ually assessed. The small sample size limited ability to an-
alyze sub-groups or perform regression analysis of factors
associated with the outcomes. Patients with missing re-
evaluation data could not be included in the pre-post analy-
sis, thus although effect size changes were large, results
should be viewed with caution given unknown outcomes in
at least 35.6%. The potential exists for selection bias due to
recruitment from a single concussion clinic. However, par-
ticipation of the one concussion clinic allowed consistent
use of the established protocol that sequenced and inte-
grated musculoskeletal, vision and vestibular system care.
Finally, the pragmatic treatment approach meant that vari-
ation in specific patient treatments was not controlled for,
though results suggest that direct comparison of the study
approach with a no-treatment control or alternate treat-
ment condition would be warranted.

International Journal of Sports Physical Therapy



Sequencing and Integration of Cervical Manual Therapy and Vestibulo-oculomotor Therapy for Concussion Symptoms:...

CONCLUSION

After concussion, symptoms can arise from multiple sys-
tems with musculoskeletal, visual, and vestibular dysfunc-
tion. Because cervical ROM is a part of both the assessment
and treatment of visual and vestibular dysfunction, cervical
limitations can confound symptoms in both systems. The
results of this study showed that patients with post-concus-
sion symptoms receiving treatment sequenced to address
cervical ROM limitations and BPPV symptoms in the first
three weeks, integrated into visual and vestibular rehabili-
tation improved clinical and patient-reported outcomes for
all systems. The interconnectedness of the systems makes
sequencing care to address musculoskeletal function before
the 3-week post-concussion recovery window in a clinical

approach that then integrates vision and vestibular system
function a promising approach for concussion recovery.
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