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ABSTRACT

Context: Up to 15% of concussed patients experience persistent symptoms and functional impairment
following injury. This is often related to headaches, dizziness, imbalance, and visual disturbances.

Objectives: To perform a systematic review of the evidence for interventions used to manage
postconcussion symptoms in working-aged adults falling within the headache-migraine, ocular, and
vestibular postconcussion symptom cluster subtypes.

Methods: A literature search was performed according to the PRISMA statement. PubMed, OVID,
Cochrane Central, PEDro, OSTEMED, and the grey literature checklist were searched from the dates
of creation of each database through December 29, 2020. The outcome measures were compared by
generating the standardized mean difference (SMD) with 95% confidence intervals. GRADE (Grading of
Recommendations, Assessment, Development and Evaluation) was used to rate the overall quality of
the evidence.

Results: The literature search identified 496 candidate studies. After removing duplicates, 352 studies
remained. The titles and abstracts of the remaining studies were screened for eligibility and 343 studies
were excluded. The full text of the remaining nine studies was assessed for eligibility and risk of bias.
None of these studies was excluded. This left nine studies for qualitative and quantitative analysis.

Conclusions: Moderate-quality evidence suggests 4 interventions show promise for treating adults with
headache-migraine, ocular, and vestibular postconcussion subtype symptoms.
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INTRODUCTION

Clinical symptoms of mild traumatic brain injury (mTBI) typically
resolve spontaneously, with 80%-90% of concussed older
adolescents and adults returning to preinjury levels of clinical
function within 2 weeks." However, up to 15% of concussed patients
experience persistent symptoms and functional impairment
following injury that may have severe personal costs and make it
hard to resume their normal jobs and lives. Workers that sustain
an mTBI have a higher risk of being out of work five years after
the trauma compared to their noninjured peers. Patients in their
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thirties and with a higher education were found to be at higher
risk of experiencing these long-term consequences.?

Concussions produce a heterogenous variety of symptoms,
presentations, and clinical courses. The most common presenting
clusters of symptoms can be used to classify probable and
possible mTBI into subtypes, which can be used to develop
targeted treatment strategies.> Headache is the most common
postconcussion symptom reported by adults with a prevalence of
86%-96%.* Patients with headache-migraine concussion subtype
(HCS) symptoms often complain of associated nausea, vomiting,
and sensitivity to light and sound. Premorbid headache conditions
place individuals at greater risk of postconcussion headaches.?

The oculomotor concussion subtype (OCS) presents with
oculomotor and visual dysfunction. These dysfunctions may be
detected by assessing saccades, smooth pursuit, convergence,
and fixation. Oculomotor dysfunction is often found in association
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with vestibular symptoms. Patients presenting with this subtype
report difficulty with visual activities (e.g., eye strain, photophobia,
blurred or double vision, frontal headaches, pressure behind the
eyes, vision-derived nausea, poor depth perception, difficulty
tolerating visually complex environments, worsening of premorbid
visual impairment).> Convergence insufficiency occurs in up to
65% of patients with concussion, smooth pursuit dysfunction
affects approximately 60% of concussed patients, and saccadic
dysfunction is present in about 30% of concussed patients.>

The vestibular concussion subtype (VCS) presents with at least one
of the following symptoms: dizziness, fogginess, lightheadedness,
nausea, vertigo, or disequilibrium. These symptoms are provoked
by dynamic movement. Dysfunction may affect gait and balance.
Patients with this concussion subtype often demonstrate
concurrent neurocognitive defects and symptoms related to
anxiety.> Dizziness affects about 67% of patients with concussion.®

There is a tremendous amount of literature reviewing concussion
management; however, much of this literature includes studies
of children with sports-related concussions. It is often said that
children are not small adults. The converse is also true, adults
are not large children. The objective of this manuscript is to
perform a systematic review of the evidence for interventions
used to manage headache-migraine, ocular, and vestibular
postconcussion subtype symptoms in working-aged adults.

METHODS

A literature search was performed on December 29, 2020, in
line with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement. Clinical trials studying
treatment outcomes of patients diagnosed with concussion
or mild to moderate traumatic brain injury (TBI) were used to
generate this systematic review. There were no outside sources
of funding for this research project and institutional review board
approval was not required.

Studies were identified by searching PubMed, OVID, Cochrane
Central, PEDro, and OSTEMED, and using the Canadian Agency
for Drugs and Technologies in Health grey literature checklist. The
search was limited to English language publications. The dates
of coverage for each database search were from the creation
of the database through December 29, 2020. The following
search strategy was used to search each database: ((Concussion
OR mild traumatic brain injury OR postconcussion syndrome
OR postconcussion symptoms) AND (vestibular OR ocular OR
cognition OR anxiety OR depression OR headache OR fatigue)
AND (management OR treatment)).

Eligibility assessmentwas performed in an unblinded standardized
manner by a single reviewer. To be eligible for this systematic
review, the considered study had to be a clinical trial; the subjects
had to be human; the population had to be of working age (16-70
years); the study had to be published in English; and the outcomes
had to be presented numerically with 95% confidence intervals
(Cls), standard deviations, or standard errors.

The outcome measures of the intervention and control groups
for each study were compared by calculating standardized mean
differences (SMD) with 95% Cls. Grand means would have been
calculated if more than one study of the same intervention
had assessed the same outcome and had lacked significant
heterogeneity.® Statistical analysis was performed using Microsoft
Excel 360.

GRADE (Grading of Recommendations, Assessment, Development,
and Evaluation) was used to rate the overall quality of the
evidence for risk of bias, inconsistency, indirectness, imprecision,
publication bias, and magnitude of effect. The GRADE ratings
of very low, low, moderate, or high-quality evidence reflect the
extent to which one can be confident that the effect estimates are
correct.” A mechanistic approach was used to minimize the risk of
the single reviewer introducing bias during this process.

To ascertain the quality of eligible randomized controlled trials,
the author used the National Institute for Health and Care
Excellence (NICE) methodology checklist for reviewing randomized
controlled trials (RCTs). The NICE methodology checklist is a tool
used to qualitatively assess RCTs for risk of four types of bias:
selection bias, performance bias, attrition bias, and detection
bias.8 As there was only one reviewer, a quantifiable measure for
determining risk of bias was incorporated into the NICE checklist.
Each category of bias was initially assigned the value of one. One
point was added for each “No” or “Unclear” answer. The remaining
value was the quality measure for the given type of potential
bias (4 = high risk, 3 = moderate-high risk, 2 = low-moderate risk,
1 =low risk). The quality measures were summed and then divided
by four to generate the average risk of bias for each included RCT.

Joanna Briggs Institute (JBI) critical appraisal checklist for case
series was used to assess the methodological quality of any case
series meeting eligibility criteria.® The JBI critical appraisal tool
for case series studies includes ten questions addressing the
internal validity and risk of bias of case series designs, particularly
confounding, selection, and information bias, in addition to the
importance of clear reporting. Once again, as there was only one
reviewer, a quantifiable measure for determining risk of bias
was incorporated into the JBI checklist. Each case series began
with an assigned value of one and a point was added for each
negative response on the questionnaire. The final value was the
quality measure for overall risk of potential bias (4 = high risk, 3 =
moderate-high risk, 2 = low-moderate risk, 1 = low risk).

For both checklists, if the average risk of bias was between 1.0
and 2.0, the risk of within-study bias was deemed to be low. If
the average risk of bias was between 2.01 and 3.0, the risk of
within-study bias was considered serious. If the average risk of
bias was between 3.01 and 4.0, the risk of within-study bias was
determined to be very serious.

Inconsistency was considered when more than one study
compared the same intervention and control using a similar
outcome measure. Inconsistency was investigated using forest
plots. To be consistent, each point estimate must rest within
the 95% Cls of the comparable studies. If any point estimates
fell outside the Cls, serious inconsistency was deemed to exist
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among the considered studies. Very serious inconsistency was
determined to exist when any of the Cls failed to overlap each of
the other included Cls.

Indirectness exists when the study population differs from the
population of interest; when the study intervention differs from
the intervention of interest; when the study outcome differs from
the outcome of interest; or when the interventions of interest are
not tested head to head. If any one of these conditions were met,
serious indirectness was noted. If two or more of these conditions
were met, very serious indirectness was deemed to be present.

Serious imprecision was determined to be present when the
95% Cl for the point estimate of effect of a study or group of
studies crossed the null effect line. Serious imprecision was
also considered to be present if a study’s authors noted that the
study was underpowered. Very serious imprecision existed when
the CI crossed the null effect line and the contralateral clinically
meaningful effect line.

Publication bias usually exists when a literature search fails to
identify studies with negative outcomes. Publication bias was
considered when more than one study compared the same
intervention and control using a similar outcome measure and the
included studies failed to present any negative findings. A funnel
plot was chosen as the means of presenting this assessment.

Results of the analyses were used to generate an evidence profile
table and summary of findings tables with forest plots.

RESULTS

The literature search identified 496 candidate studies. After
removing duplicates, 352 studies remained. The titles and
abstracts of the remaining studies were screened for eligibility
and 343 studies were excluded. The full text of the remaining nine
studies was assessed for eligibility and risk of bias. None of these
studies was excluded. This left nine studies for qualitative and
quantitative analysis (Figure 1). A summary of the interventions
and controls from each of the studies is presented in Table 1 (see
online version).

One study was found to be at high risk for selection bias. Two
studies were at high risk for performance bias. The average risk of
bias was determined to be severe for three of the studies. None
of the studies was determined to have a very serious average risk
of bias (Table 2) (see online version).

Studies examining headache-migraine symptom cluster subtype
included four discrete interventions, four controls, and four
intervention and control pairs, resulting in six measured outcomes.
For oculomotor subtype outcomes, there were two unrelated
interventions, two controls, two intervention and control pairs,
and 11 outcomes. Under the vestibular subtype, there were two
interventions, one control, and two intervention and control pairs,
producing four measured outcomes. Table 2 is an evidence profile
table that presents the bias assessment, quality assessment, and
SMD results for each of the studies’ outcome measures. No grand
means were generated due to heterogeneity of injury to group
allocation time, treatments, outcome measures, and timing of
outcome measurement.

HEADACHE-MIGRAINE POSTCONCUSSION SYMPTOM CLUSTER
SUBTYPE (FIGURE 2)

Frequency

Very low-quality evidence showed group cognitive behavioral

therapy (CBT) designed to manage postconcussion headaches
did not decrease the frequency of postconcussion headaches

when compared to being on a waitlist [n = 71; SMD (95% Cl) =

0.15(-0.31-0.62)]."°

Intensity (corresponding SCAT-5 symptoms: headache and
“pressure in head"”)

Moderate-quality evidence disclosed group CBT increased
outcome measures of headache intensity [n = 71; SMD (95%

Cl) = 0.62 (0.14-1.09)1.10 Moderate-quality evidence suggested
erenumab, a calcitonin gene-related peptide inhibitor, improved
measures of headache intensity when measured at 12 weeks’
post treatment initiation [n = 100; SMD (95% Cl) =-0.67 (-0.95

to -0.38)].11 Low- and very-low-quality evidence determined
hyperbaric oxygen therapy (HBOT) did not reduce measures

of headache intensity at 2-year [n = 40; SMD (95% Cl) = 0.49
(-0.15-1.12)] and 3-year [n = 14; SMD (95% Cl) = 0.19 (-0.92-1.29)]
follow-up evaluations relative to sham treatment.12 Moderate-
quality evidence showed 22 weeks of multidisciplinary care
(MDQ) that included psychological interventions reduced
measures of postconcussion headache intensity relative to usual
care [n =89; SMD (95% Cl) =-0.58 (-1.01 to -0.16)]."3

OCULAR POSTCONCUSSION SYMPTOM CLUSTER SUBTYPE
(FIGURE 2)

Photosensitivity (corresponding SCAT-5 symptom: sensitivity to light)

Moderate-quality evidence suggested use of nonliquid crystal
display (non-LCD) screens produced fewer photosensitivity
symptoms [n = 58; SMD (95% Cl) = -3.75 (-4.61 to -2.90)] and
lower symptom severity [n = 58; SMD (95% Cl) = -4.61 (-5.59
to -3.62)] than use of liquid crystal display (LCD) screens after
a 30-minute reading task was performed by postconcussion
subjects.™

Accommodation (corresponding SCAT-5 symptom: blurred vision)

Moderate-quality evidence showed oculomotor rehabilitation
improved measures of postconcussion amplitude of
accommodation [n = 24; SMD (95% Cl) = 0.99 (0.14-1.84)] and
accommodative facility [n = 24; SMD (95% Cl) = 0.98 (0.13-1.83)]
relative to sham rehabilitation.’

Convergence (corresponding SCAT-5 symptom: blurred vision)

Moderate-quality evidence also showed oculomotor
rehabilitation improved postconcussion convergence
insufficiency symptom score [n = 24; SMD (95% Cl) = -2.55 (-3.62
to -1.47)], near point convergence break [n = 24; SMD (95% Cl)
=-1.04 (-1.89 t0 -0.19)], and near point convergence recovery

[n =24; SMD (95% Cl) = -0.87 (-1.71 to -0.03)] relative to sham
rehabilitation.’® However, moderate-quality evidence determined
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oculomotor rehabilitation did not improve postconcussion
stereoacuity [n = 24; SMD (95% Cl) =-0.717 (-1.54-0.11)]."¢

Oculomotor reading behaviors

Low-quality evidence revealed oculomotor rehabilitation did not
improve measures of reading rate [n = 24; SMD (95% Cl) = 0.59
(-0.23-1.40)], reading comprehension [n = 24; SMD (95% Cl) =
0.23 (-0.57-1.03)], or grade level efficiency [n = 24; SMD (95% Cl)
=0.46 (-0.35-1.27)] in postconcussion subjects."”

VESTIBULAR POSTCONCUSSION SYMPTOM CLUSTER SUBTYPE
(FIGURE 2)

Balance (corresponding SCAT-5 symptom: poor balance/
coordination)

Low-quality evidence determined 22 weeks of MDC did not
improve self-reported measures of balance in postconcussion
subjects relative to usual care [n = 89; SMD (95% Cl) = -0.40

(-0.82 to 0.02)]."* Moderate-quality evidence determined 8
weeks of vestibular rehabilitation did not improve measures of
postconcussion balance compared to usual care that included
Epley and BBQ roll maneuvers for subjects with a positive
Dix-Hallpike maneuver [n = 57; SMD (95% Cl) = -0.39
(-0.92-0.13)1."8

Vestibular symptoms (corresponding SCAT-5 symptom: dizziness)

Moderate-quality evidence suggested 22 weeks of MDC with
a robust psychological component did improve measures of
postconcussion vestibular symptoms compared to usual care
[n =89; SMD (95% Cl) = -0.44 (-0.86 to -0.02)].13 Low-quality
evidence disclosed vestibular rehabilitation did not improve
measures of postconcussion vestibular symptoms relative to
usual care that included Epley and BBQ roll maneuvers for
subjects with a positive Dix-Hallpike maneuver [n = 63; SMD
(95% Cl) = -0.27 (-0.77-0.23)]."8

FIGURE 1:
Search strategy:
Literature search flow diagram. Terms: )
(((Concussion OR
Mild traumatic brain surgery OR
Post-concussion symptoms OR
Post-concussion syndrome AND
Records identified through (Vestibular ORy
s database sgg;crgler;g and other Ocular OR
2 : Cognition OR
© -
& Pubmed_— 282 Anxiety/depression OR
€ OVID =66 Headaches OR
g Cochrane Central =75 Fatigue)) AND
- PEDro =32 Management OR
Other sources = 41 Treatment))
(N=496) Filters:
Randomized controlled trials
Clinical trials
Adults
Human
Records after duplicates Engliish
0 removed (N=352) Dates:
< Database inception to 12/29/20
% ¢
(o]
5
wv
Records screened Records excluded
(N =352) > (N=316)
2
5 Full-text articles Full-text articles
o assessed —> excluded with
w for eligibility reasons (N =0)
el
[
3 Studies included in
© quantitive analysis
= (N =36)
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TABLE 1:
Summary of the studies meeting inclusion criteria.
AUTHOR (YEAR) | AGE INJURY TO INTERVENTION CONTROL COMMENTS
ALLOCATION
TIME
Ashina (2020)"" | 18 to 65 | Mean of 59 Erenumab: 100 subjects received | Observational Industry sponsored.
years months + 54 at least 1 dose of erenumab Outcomes were measured
months at 12 weeks. 78 subjects
reported at least 1 adverse
event, the most common
being constipation. 2
subjects experienced
dizziness and worsening
headache
Hart (2019)"2 >18 Not specified HBOT: 40 chamber sessions at 1.5 | Sham: 40 This study is set apart by
years atmospheres pressure with 100% | sessions a 24-month and 36-month
oxygen over a 12-week period consisting of measurement of outcomes.
room air at 1.2 Selection bias may have
atmospheres of | influenced the extended
pressure follow-up results, with the
24- and 36-month follow-up
rates falling well below the
80% follow-up threshold that
is proposed to be a threat to
validity
Kjeldgaard 18 to 65 | Mean of 27 CBT (group): used a structured
(2014)'° years months protocol for each weekly session.

Week 1: introduction to the group
and the diagnosis.

Week 2: introduction to the
cognitive model and the stress-
pain connection, identification
of stressors, and setting goals.

Week 3: discussed memory
problems and the connection to
headaches. A breathing exercise
was introduced as a relaxation
technique.

Week 4: reviewed memory

and reading strategies, and
management of energy.
Progressive muscle relaxation was
also taught.

Week 5: introduction to the

pain model and discussion of
acceptance and behavior toward
headache. A breathing exercise
with body scan was presented.

Week 6: reviewed acceptance
of the present headache state
and management of energy.
Visualization of a pleasant
place was taught as method of
relaxation.

Week 7: discussion of defining and
identifying negative automatic
thoughts (NAT).

Week 8: introduced how to
examine NAT and develop
alternative more adaptive
thoughts. Visualization problem
solving also introduced.

Week 9: discussion of integration

and maintenance of new
techniques and concepts




TABLE 1 CONT.:

Summary of the studies meeting inclusion criteria.

AUTHOR (YEAR) | AGE INJURY TO INTERVENTION CONTROL COMMENTS
ALLOCATION
TIME
Kleffelgaard 16 to 65 | Mean of 3.5 Vestibular rehabilitation Usual care: did Outcomes were measured at 8
(2019)'® years months + 2.1 (group): twice weekly for not receive any | weeks. No adverse events of the
months 8 weeks. The intervention rehabilitation intervention were registered
consisted of guidance, intervention
individually tailored exercises, | in place of the
a home exercise program, group-based
and an exercise diary. vestibular
Exercises were Brandt- rehabilitation
Daroff exercises for benign intervention.
paroxysmal positional vertigo, | However,
habituation exercises for not to treat
motion sensitivity and central | posttraumatic
posttraumatic vertigo, gaze- benign
stabilization exercises for paroxysmal
symptoms exhibited during positional
eye-head coordination and vertigo was
reduced vestibulo-ocular deemed a
reflex, and exercises for conflict of
reduced balance, focusing research ethics,
on improving sensory because of the
integration. The home strong existing
exercise program included evidence on the
2 to 5 individually modified effect of canalith
exercises and general repositioning
physical activity procedure.
Therefore,
patients with
a positive Dix-
Hallpike or roll
test were treated
with Epley
and BBQ roll
maneuvers
Mansur (2018)'* | 16 to 67 | Not specified Non-LCD screen LCD screen Randomized crossover design
years with outcomes measured before
and after a 30-minute reading
task on 2 consecutive days
Rytter (2019)'3 18to 65 | >6 months Multidisciplinary care: Usual care: Usual care had a great degree of
years psychoeducation, group ranged from variability as to what treatments

therapy, psychological
counselling, exercise training,
and physiotherapeutic
coaching. Length of the
program was 22 weeks
divided into 2 modules

no treatment
at all to referral
to individual
discipline-
specific
therapies

were offered, how much
treatment was provided and at
what intensity treatments were
delivered. Given the complexity
of the intervention, the study
does not allow for one to
determine whether the treatment
effect is due to program intensity,
interdisciplinary approach,
accommodation of individual
needs, or a combination of

these factors. Nor does it allow
one to ascertain the relative
contributions of the individual
treatment components
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TABLE 1 CONT.:

Summary of the studies meeting inclusion criteria.

AUTHOR (YEAR) | AGE INJURY TO INTERVENTION CONTROL COMMENTS
ALLOCATION
TIME
Thiagarajan 23to 33 | 1to 10 years Oculomotor rehabilitation: Sham training Crossover, interventional,
(2013)6 years twice per week, for a total of experimental design with subject
6 weeks. At a session, each blinded. Assessed convergence.
oculomotor component Seriously underpowered
(version, vergence, and
accommodation) was
trained for 15 minutes,
with 5-minute rest periods
between each component.
For this study only vergence
training and related
outcomes were presented
Thiagarajan 23to33 | 1to 10 years Oculomotor rehabilitation: Sham training This is the second paper
(2014)'® years as described in Thiagarajan using data obtained from
(2013). For this study, Thiagarajan (2013). Assessed
only the accommodative accommodation. Crossover,
responsivity and related interventional, experimental
results were presented design with subject blinded.
Seriously underpowered
Thiagarajan 23to 33 | 1to 10years Oculomotor rehabilitation: Sham training This is the third paper using
(2014)"7 years as described in Thiagarajan data obtained from Thiagarajan
(2013). For this study, (2013). Assessed reading rate.
only the reading-related Crossover, interventional,
oculomotor behavior experimental design with subject
and related results were blinded. Seriously underpowered
presented
DISCUSSION Hyperbaric oxygen therapy (HBOT) is thought to treat TBI

There is no high-quality evidence for treatment in
postconcussion patients that meets inclusion criteria for this
review. However, moderate-quality evidence from this systematic
review has found two interventions that have shown promise for
treating HCS symptoms and two interventions that show promise
for treating OCS symptoms. No intervention was superior to
Epley and BBQ roll maneuvers for VCS symptoms.

Rytter and colleagues compared MDC to usual treatment."

The injury to group allocation time for this trial was greater

than 6 months. The intervention included psychoeducation,
group therapy, psychological counselling, exercise training,

and physiotherapeutic coaching for each subject. Usual-care
treatment ranged from no treatment at all to referral to
individual discipline-specific therapies.” Their results showed

an improvement of HCS and VCS outcomes measures. The
intervention in this trial was very structured, with each subject
receiving each of the available interventions rather than receiving
care as needed. The subjects in this trial were at least 6 months
beyond their sustained head injury. This may have weeded out
individuals who had spontaneous resolution of their symptoms.
This suggests that early care provides little if any benefit for most
patients who have sustained a concussion. This is interesting
considering there is evidence suggesting psychological distress

is common in the initial days following concussion. The degree
of psychological distress correlates well with postconcussion
syndrome symptom severity independent of injury severity and
preexisting psychiatric disorders.

through generation of oxygen radicals, which facilitate
production of neurotrophic growth factors and vascular
endothelial growth factor, neural stem cell proliferation and
mobilization, and modification of gene expression.?° However,
the findings of this review did not suggest a benefit for treating
posttraumatic headache. The average risk of bias was found to
be low for the included trial.

The intervention consisted of 40 chamber sessions at 1.5
atmospheres with 100% oxygen over a 12-week period. The
intervention was compared to sham therapy involving 40
chamber sessions consisting of room air at 1.2 atmospheres.
This result is disappointing; however, there is a great deal of
debate regarding use of a sham control in HBOT research. The
minimal elevated pressure a patient can sense is about 1.2
atmospheres, depending on the rate of change. This pressure
can induce an elevation in tissue oxygenation of approximately
50% when the patient is breathing room air.?° This is important
to recognize because “sham” treatment under such conditions
has been used as a “placebo” in experimental trials, when

it may be a low-dose treatment. The results should not be
generalized since the study recruited current or former military
personnel who sustained head injuries in the line of duty. A
larger proportion of these subjects may have experienced

blast injuries, multiple TBIs, and posttraumatic stress disorder
(PTSD) while also being skewed toward being younger and male
without chronic medical conditions such as chronic obstructive
pulmonary disease (COPD), diabetes, or coronary artery disease.
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symptom cluster subtype, and the vestibular
postconcussion symptom cluster subtype.
The solid vertical line is the null effect line.
clinical effect lines. The side of the null effect

migraine postconcussion symptom cluster
The dashed vertical lines are the minimal

subtype, the oculomotor postconcussion
line, indicative of a positive or negative

effect, is dependent on the outcome
measure. atm., atmospheres; SMD,
standardized mean difference; CBT,

Summary of findings for the headache-
cognitive behavioral therapy.
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TABLE 2:
GRADE evidence profile table of measured outcomes in the context of the postconcussion symptom cluster subtypes.
=z O e o %] W T > ]
g | & S | em | %2 | 2 | A
v 9 N e} 5 N
AUTHOR c z ” = o = =
COMPARISON (FOLLOW-UP) ) Al @] o
(YEAR) m S S > z °
m % w
z - 5
HEADACHE-MIGRAINE
Headache Frequency
. CBT (group)vs waitlist Days/
10
Kjeldgaard (2014) (26 weeks) 4 weeks RCT 81 2 4 2 1
Headache Intensity
. CBT (group)vs waitlist 0-10
10
Kjeldgaard (2014) (26 weeks scale RCT 81 2 4 2 1
) Erenumab vs baseline
11 .
Ashina (2020) (12 weeks) HIT-6 cs 100
Hyperbaric oxygen vs
12 -
Hart (2019) sham (2 years) MPQ-SF RCT 40 2 2 1 1
2 Hyperbaric oxygen vs N
Hart (2019) sham (3 years) MPQ-SF RCT 14 2 2 1 1
Multidisciplinary care vs
13 -
Rytter (2019) usual care (22 weeks) HIT-6 RCT 89 2 3 2 2
OCULAR
Accommodation
. . Oculomotor rehabilitation vs .
)15
Thiagara jan (2014 sham (15 weeks) Amplitude RC 24 1 2 1 3
. ) Oculomotor rehabilitation vs .
15
Thiagara jan (2014) sham (15 weeks) Facility OU RC 24 1 2 1 3
Convergence
. . Oculomotor rehabilitation vs
16
Thiagara jan (2013) sham (15 weeks) CISS RC 24 1 2 1 3
. . Oculomotor rehabilitation vs
16
Thiagara jan (2013) sham (15 weeks) NPC Break RC 24 1 2 1 3
. . Oculomotor rehabilitation vs NPC
16
Thiagara jan (2013) sham (15 weeks) Recovery RC 24 1 2 1 3
Thiagara jan Oculomotor rehabilitation Stereo RC 24 1 2 1 3
Photosensitivity
SCAT-3
Non-LCD screen
Mansur (2018)™* . Symptom RC 58 4 4 1 1
vs LCD screen (Immediate) severity
SCAT-3
Non-LCD screen
Mansur (2018)' > . No. of RC 58 4 4 1 1
vs LCD screen (immediate) symptoms
Reading
) . Oculomotor rehabilitation Reading
17
Thiagara jan (2014) vs sham (15 weeks) rate RC 24 1 2 1 3
. . Oculomotor rehabilitation
17
Thiagara jan (2014) vs sham (15 weeks) Comp RC 24 1 2 1 3
. ) Oculomotor rehabilitation
17
Thiagara jan (2014) vs sham (15 weeks) GLE RC 24 1 2 1 3




> = = = W © = wn = o) &) ALe)
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x> o & A A Q) < < X X m-
A (%) q 0 > m m O (@] <
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X — Z = 3 3
2 2 o S S 5 5 < 5
x A %) zZ z ;
< z
HEADACHE-MIGRAINE
Headache Frequency
Very 26.0
2.25 NA None Serious NA 0 5.13 25.10 6.51 Very Low
2.25 NA None None NA 6.34 1.69 5.10 2.27 Mod
1 NA None None NA 57.00 8.20 61.60 5.20 ModP
1.5 NA Serious? Serious NA 13.2 9.79 8.80 7.78 Low
15 NA Serious? Very NA 9.00 15.15 6.40 9.01 Very
) Serious ’ ' ' ' Low
2 NA None None NA 57.1 8.99 61.77 6.89 Mod
OCULAR
Accommodation
1.75 NA None None NA 8.80 1.73 6.90 2.08 Mod
1.75 NA None None NA 11.0 6.93 5.00 5.20 Mod
Convergence
1.75 NA None None NA 28.00 3.00 37.00 4.00 Mod
1.75 NA None None NA 9.20 3.46 15.60 7.97 Mod
1.75 NA None None NA 11.9 4.50 17.9 8.66 Mod
1.75 NA None Serious NA 22.90 3.81 26.20 5.20 Mod
Photosensitivity
2.5 NA None None NA 3.00 1.50 12.50 2.50 Mod
2.5 NA None None NA 0.30 0.40 2.00 0.50 MOD
Reading
1.75 NA None Very NA 177.00 68.59 142.00 48.99 Low
’ Serious ’ ' ' ’
Very
1.75 NA None Seri NA 85.00 14.70 81.00 19.60 Low
erious
1.75 NA None Very NA 6.30 5.88 4.10 3.43 Low

Serious




20

Osteopathic Family Physician | Volume 15, No. 3 | Summer 2023

TABLE 2. CONT'D.

GRADE evidence profile table of measured outcomes in the context of the postconcussion symptom cluster subtypes.

=z O e o %] W T > ]
2 |2 | § & %% 2 | A
v 9} N e} 5 N
AUTHOR c z ” = o = =
COMPARISON (FOLLOW-UP) o Al o) o 0
(YEAR) m 5 z > z °
A A @
% i %
VESTIBULAR
Balance
Multidisciplinary care
13
Rytter (2019) vs usual care (22 weeks) uQ RCT 89 2 3 2 2
Vestibular rehabilitation
18
Kleffelgaard (2019) vs usual care (8 weeks) BESS RCT 57 1 3 1 2
Vestibular symptoms
Multidisciplinary care
13
Rytter (2019) vs usual care (22 weeks) uQ RCT 89 2 3 2 2
Vestibular rehabilitation
18

Kleffelgaard (2019) vs usual care (8 weeks) VSS RCT 63 1 3 1 2

CISS, Convergence Insufficiency Symptom Score; GLE, Grade Level Efficiency; HIT-6, Headache Impact Test-6; MPQ-SF, McGill
Pain Questionnaire-Short Form; NPC, Near Point Convergence; SCAT-3, Sport Concussion Assessment Tool-3; UQ, Unvalidated

Questionnaire; VSS, Vertigo Symptom Scale.

2Graded down for indirectness. Military sample with high incidence of blast injuries and PTSD.

bGraded up for large effect.

The CBT study that met inclusion criteria for this systematic
review was by Kjeldgaard and associates.'® They compared a
group-based CBT intervention to being on a waitlist with the
primary outcome of headache. Their trial was the largest with
70 subjects. The mean injury to group allocation time was

27 months. The range was not provided. Their intervention
used a structured protocol for nine weekly group-based

CBT sessions (Table 1).'° Their results suggest their program
reduced measures of headache intensity. However, there was
no improvement in measures of headache frequency, anxiety,
depression, or somatization.

There was one randomized, single-blind, sham-controlled
crossover trial with 24 subjects that generated three papers
comparing oculomotor rehabilitation to sham rehabilitation.’"
Injury to allocation time was 1-10 years, and age of subjects
was limited to 23-33 years. The outcomes were measured 15
weeks after the start of the trial. Oculomotor rehabilitation
was performed twice per week, for a total of 6 weeks. At a
session, each oculomotor component (version, vergence,

and accommodation) was trained for 15 minutes, with
5-minute rest periods between components.’>"” Their findings
suggested that oculomotor rehabilitation improved measures
of amplitude of accommodation and accommodative facility
for postconcussion subjects.” They also determined that
oculomotor rehabilitation improved convergence insufficiency
symptom score, near point convergence break, and near point

convergence recovery. However, they found no improvement
in measures of stereoacuity.'®The final paper generated from
this study examined reading metrics. The study showed that
oculomotor rehabilitation did not improve reading rate, reading
comprehension, or grade level efficiency."” This finding may be
related to a cognitive impairment rather than an oculomotor
issue.

One study of mTBI patients compared effects of reading from a
non-LCD computer screen to reading from and LCD computer
screen. The study used a randomized crossover design with
outcomes measured before and after a 30-minute reading
task on two consecutive days. There were 58 subjects and the
injury to group allocation time was not specified.™ The results
showed that the number of postreading symptoms and the
severity of symptoms were lower after reading from the non-
LCD screen than from the LCD screen. This study can also be
interpreted to demonstrate that reading from LCD flat screens
appears to worsen postconcussion symptoms. This may be due
to postconcussion patients being particularly sensitive to the
characteristics of light emitted from LCD screens.

One RCT compared group-based vestibular rehabilitation to
usual care.'® There were 63 subjects in this study, but only 57
completed the balance assessment. The mean time from injury
to group allocation was 3.5 months. The intervention group
received a group-based vestibular rehabilitation intervention



21

> = = = @™ T = w = ) ) Qo
ok z 5 z >C 55 | 95 Q Q 2S
w o @) = =3 n =z >m m zZ Z > ,:E
= = a i — Z X3 el — — o
>~ & A A Q < < ) X o
(2 v 2 2 > m m o (e
w0 %] — Z z — —
2 = = 0 o = -~ < v
= % A z z (23 % T o
< zZ
VESTIBULAR
Balance
2.25 NA None Serious NA 3.31 2.64 4.34 25.6 Low
1.75 NA None Serious NA 19.10 10.60 23.0 9.10 Mod
Accommodation
2.25 NA None None NA 3.51 2.79 4.68 2.51 Mod
Very
1.75 NA None Serious NA 6.70 6.00 8.40 6.60 Low

twice weekly for 8 weeks. The intervention consisted of guidance,
individually tailored exercises, a home exercise program, and

an exercise diary. The exercises were Brandt-Daroff exercises
for benign paroxysmal positional vertigo, habituation exercises
for motion sensitivity and central posttraumatic vertigo, gaze-
stabilization exercises for symptoms exhibited during eye-head
coordination and reduced vestibuloocular reflex, and exercises
for reduced balance, focusing on improving sensory integration.
The home exercise program included two to five individually
modified exercises and general physical activity.” The control
group did not receive any rehabilitation intervention in place of
the group-based vestibular rehabilitation intervention. However,
not to treat posttraumatic benign paroxysmal positional

vertigo was deemed a conflict of research ethics because of the
strong existing evidence on the effect of canalith repositioning
procedures. Therefore, patients with a positive Dix-Hallpike or
roll test were treated with Epley and BBQ roll maneuvers.'® The
results of this study suggested that vestibular rehabilitation did
not improve measures of postconcussion anxiety, depression,
balance, or vestibular symptoms relative to usual care. However,
it is more accurate to state that vestibular rehabilitation provided
to all VCS patients is not superior to simply performing canalith
repositioning maneuvers for patients presenting with a positive
Dix-Hallpike maneuver.

LIMITATIONS

Having a single reviewer and author was the most notable
limitation of this systematic review. However, this limitation

was mitigated by the author strictly adhering to predefined
inclusion criteria and by using algorithmic application of the NICE
methodology checklist for RCTs, the JBI critical appraisal checklist
for case series, and the GRADE guidelines for rating the quality of

evidence for systematic reviews.

Another limitation is the dearth of literature concerning the
treatment of adults who sustained concussion unrelated to
athletic activities. Generally, the studies meeting inclusion criteria
were quite small. This led to relatively wide 95% Cls, which are
reflected in the serious and very-serious concerns of imprecision
for many of the included studies. An additional limitation lies in
the heterogeneity of study designs, injury to group allocation
times, outcome measures, and time of outcome measures.
Consequently, the author was not able to calculate grand means
for any of the studied interventions.

It was also disappointing that no studies examining the
effectiveness of manual techniques, including osteopathic cranial
manipulative medicine, met inclusion criteria for this review.
However, there are case reports that provide anecdotal evidence
of a possible therapeutic benefit of receiving osteopathic
manipulative treatment, including osteopathic cranial
manipulative medicine for adolescents?'?? and adults??* after
sports-related concussions. There was also a retrospective chart
review that suggested that osteopathic manipulative treatment
was effective for reducing a substantial subset of sports-related
postconcussion symptoms for young athletes, including those
falling under the HCS, OCS, and VCS.%

CONCLUSIONS

To the author’s knowledge, this is the most comprehensive
review to date that considers the effectiveness of various
treatments for HCS, OCS, and VCS symptoms in the working-
aged population. Erenumab and psychologically centered MDC
improved outcome measures falling under HCS. Oculomotor
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rehabilitation and avoiding LCD screens were shown to improve
OCS outcome measures. Outcome measures within the realm of
VCS demonstrated improvement with psychologically centered
MDC, and Epley and BBQ roll maneuvers for positive Dix-Hallpike
assessments.

The results of this systematic review should be interpreted
cautiously because of small sample sizes, serious risk of bias,
imprecision, and indirectness of many of the reviewed studies.
In the future, there is a need for high-quality RCTs with larger
sample sizes to better demonstrate the effectiveness of the
treatments for HCS, OCS, and VCS symptoms.
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