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Abstract
Introduction

Vestibular migraine (VM) is a common condition; individuals experience dizziness with migraine
symptoms. Vestibular rehabilitation therapy (VRT) has been reported as an effective treatment for VM,
however, evidence is limited. VM and traumatic brain injury (TBI) can co-occur, and some suggest that
TBI can induce VM. There is limited evidence on the effect a history of TBI has on VRT in patients
with VM.

Methods

Retrospective case series of 93 (f= 63 , m= 30) participants who had VM and underwent VRT (mean
age 48.62; SD15.92). Pre-treatment and posttreatment self-reported outcome measures and functional
gait assessment were extracted from the participants health records and evaluated. The impact of TBI
on VRT outcome in participants with VM was analysed. Individuals with TBI and no history of
migraine (n=40) were also extracted to act as a control.

Results

VRT significantly improved self-reported dizziness on the Dizziness Handicap Inventory (DHI), with
a mean change of -18 points (p <0.000) and +5 points on the Functional Gait Assessment (FGA)
(p<0.000) in patients with VM. A history of TBI significantly impacted outcome on the DHI (p=0.018)
in patients with VM.

VRT significantly improved all outcome measures for individuals with TBI, with a mean change of -
16 points on the DHI (p=0.00) and +5 points on the FGA (p<0.000). The presence of VM significantly
impacted outcome.

Conclusion

VRT should be considered as a treatment option to reduce dizziness and the risk of falls in individuals
with VM. TBI may negatively impact VRT outcomes in individuals with VM.
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Introduction

Vestibular migraine (VM) is one of the most common vestibular disorders, affecting up to 1% of the
general population (1). Clinical and diagnostic features include recurrent vertigo lasting 5 minutes to 3
days, associated with headache or migraine features >50% of the time. Patients may report spontaneous,
positional, visually induced and/or head-motion induced dizziness or vertigo. These symptoms may be
accompanied by migraine-type headache, nausea, phono- and photophobia and/or visual aura (2).

Exercise based treatment programmes widely known as vestibular rehabilitation therapy (VRT) that
incorporate multisensory components, including vestibular, vision and proprioception are
acknowledged to improve symptoms of imbalance and vertigo in individuals with peripheral vestibular
disorders (4). There is growing evidence that VRT is effective at improving dizziness, postural and gait
stability, visual vertigo/visually induced dizziness and headache in individuals with VM (5, 6). Vitlovic
et al (7) assessed the efficacy of a 6-month VRT programme in patients with VM compared to patients
with vestibular impairment (V1) and no history of migraine. They found that the VM group experienced
the same degree of benefit from VRT as the VI group. A more recent systematic review, evaluated the
effects of VRT in the management of VM, which suggested VRT was effective in treating vertiginous
symptoms in patients (8), although the available evidence was of low quality.

TBI results in a sequalae of symptoms which include dizziness and headache among others (9). VRT
has been shown to be effective in improving dizziness, gait and postural stability following TBI (10-
24). VM and TBI can co-occur, and some suggest that head trauma can induce vestibular migraine (12),
however, there is deliberation about whether trauma induced migraine are true migraine, or migraine-
like headaches resulting from a different pathological process (25). While the effectiveness of VRT in
TBI populations without migraine has been widely reported, evidence of the association and interplay
between TBI with VM symptoms and VM without TBI is limited.

Therefore, this study aims to add to the literature on the effect of the VRT on VM, look at the effect
TBI has on the outcome of VRT in patients with VM and compare treatment outcomes in individuals
with TBI and VM and those without.

Research Questions

1. Does VRT improve self-reported dizziness and functional gait in individuals with VM?
2. Does a history of TBI impact VRT outcome in individuals with VM?
3. Does VM impact VRT outcome in individuals with TBI?

Materials and Methods

Study design

A retrospective clinical service evaluation of the University College London Hospital (UCLH)
electronic patient records. The clinical service evaluation was reviewed and authorised by the UCH
Royal National Throat, Nose and Ear Hospital (RNHNEH) quality and safety manager on 10-05-2019.
Risk of selection bias associated with a lack of randomisation, was accounted for by implementing
consecutive series sampling.

Participants
Vestibular Migraine (VM) Group

Individuals aged >16 with a diagnosis of vestibular migraine made by UCH Audiovestibular Physician
or Queen Square Neurologist, subsequently referred to Queen Square Neurological Outpatient
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Physiotherapy Team for VRT between 2016 and 2018. Vestibular migraine was diagnosed as per the
Barany Society and International Classification of Headache Disorders (ICHD) diagnostic criteria (2).

Inclusion criteria:

VM diagnosed according to established criteria (2)

Pre- and post- VRT outcome measures

Migraine under appropriate management before starting VRT programme
>16 years of age

Traumatic Brain Injury (TBItotal) Group

The post traumatic dizziness population (TBItotal) included individuals aged >16 years who suffered a
traumatic brain injury (TBI) and reported post-traumatic dizziness as a prominent symptom referred to
UCH Audiovestibular Physician or Queen Square Neurologist and was then subsequently referred to
Queen Square Neurological Outpatient Physiotherapy Team between 2010 and 2018. All patients seen
during this period, including those with diagnosed VM were included in this study to reduce the
possibility of selection bias. Those identified as having a history of VM were also included in the VM
group. The Mayo TBI classification criteria and subclassifications as reported by Malec et al. (26) was
used to define the severity of TBI.

Inclusion criteria:

e Clear history of TBI

e Pre-and post VRT outcome measures complete

e Duration between onset of dizziness and date of TBI < 12 months

e >]6 years of age
Note: We wanted to include cases with dizziness that start/are reported immediately or shortly after the
TBI - possible due to direct labyrinthine trauma- but were also mindful that possible causes of dizziness
after TBI include diffuse axonal injury (Fife, Kalra Annals of New York Academy of Sience 2015),
while axonal degeneration following TBI may continue for several years (
Axonal pathology in traumatic brain injury.
Johnson VE, Stewart W, Smith DH.Exp Neurol. 2013 Aug;246:35-43.
) and just over half of vestibular disorders post TBI will have a delayed onset (Characterisation and
objective monitoring of balance disorders following head trauma, using videonystagmography.
Naguib MB, Madian Y, Refaat M, Mohsen O, El Tabakh M, Abo-Setta A.J Laryngol Otol. 2012
Jan;126(1):26-33.
). We thus made an operational decision to choose a 12 month window from the time of TBI to the
onset of dizziness for the purposes of inclusion criteria.

Intervention

Participants were prescribed an individualised home exercise programme (HEP) including exercises
that promoted gaze stabilisation, postural control and visual desensitization/habituation exercises.
Participants were followed up in clinic as many times as deemed necessary by the highly specialised
physiotherapists. Participants completed outcome measures prior to starting their exercise programme
and at discharge.

Outcome Measures

Dizziness handicap inventory (DHI):

The DHI is a 25-item questionnaire which measures the patient’s self-perceived handicap related to
dizziness, and self-perceived impact on the patient’s quality of life in three domains: physical,
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functional and emotional. The questionnaire provides a total score of 100, and the greater the score is,
the higher the perceived impact the patient’s symptoms are having on their quality of life. This
questionnaire was chosen as it has been validated (27), has high test - re-test and internal reliability and
is widely used in clinics and research to measure improvement in symptoms associated with VRT. A
minimally clinically important change would be 18 points between pre- and post- treatment (95% CI)
for the intervention to have had a significant change in self-perceived handicap (27). Scores of 0-30
would be considered mild, 31-60 as moderate and 61-100 as severe.

Visual Analogue Scale (VAS):

Visual analogue scales (VAS) are used to measure subjective characteristics or attitudes and changes
in symptoms or attitudes in medical studies. The test is formed of either a 100 mm or 10 mm line, with
interval numbers allowing the participant to judge the distance between the 2 extremes. The 10-point
scale VAS is utilised for our study to self-report dizziness symptom severity (VAS Severity) and impact
on quality-of-life from 0 (no symptoms) to 10 (the most severe) (VAS Impact). A change of VAS pain
of 1.3 on a 10 point scale was identified as clinically significant in a trauma population (28), as well as
in a more heterogenic population by Gallagher, Liebman (29). This study thus used a change of 1.3 as
the minimum clinically significant change.

Functional Gait Assessment (FGA):

Functional Gait Assessment (FGA) is a 10-item assessment of postural stability during walking and
simultaneously performing various motor tasks. Each item is scored from 0 to 3. High scores indicate
better function, while lower scores indicate greater handicap. A score of 22 or lower would indicate a
risk of falls. The FGA has a moderate correlation with the DHI (r=-0.64). The FGA has a high intra-
rater reliability in individuals with peripheral-vestibular disorders, with a high intraclass correlation
coefficient (ICC =0.94) (30). The FGA shows excellent test-re-test reliability for individuals with stroke
and Parkinson’s disease (31); however, this is yet to be established for individuals with TBI. Internal
consistency is excellent with a Cronbach alpha of 0.79 for vestibular disorders (32). A significant
minimally detectable change is 6 points for vestibular disorders and clinically significant difference is
5 points in stroke.

Data-Collection Procedure

All patients who were diagnosed with VM or had a history of TBI and subsequently underwent VRT
details were retrieved from the Neurorehabilitation Department at Queen Square, UCLH. Hospital
numbers were used to search patient’s electronic hospital record system (EHRS) using the Clinical Data
Repository (CDR) and EPIC platforms. Clinic letters were manually retrieved to identify age, gender,
diagnosis, number of follow ups, pre- and post-VRT outcome measures for all participants and for
individuals with TBI, information to classify the severity of their TBI. Outcomes were recorded from
the initial course of VRT following diagnosis of VM or from an initial course of VRT following TBI.
Paper notes were requested for individuals with missing data.

Data clinics were held by two of the authors [JSL and JL]. Data was initially checked, in a blinded
fashion and compared between the 2 authors. Any variability in interpretation of the data collected was
discussed and a consensus agreed upon, with input by the senior author (this occurred 5 times in total).
This cross-check process ensured the validity of the data collected.

Analysis

A result was considered statistically significant if the p value was < 0.05. All statistical analysis and
descriptive statistics were performed using IBM SPSS Statistics version 25. To compare the main effect
of treatment (for VM group regardless of TBI status and TBI total group regardless of VM status),
appropriate repeated measure and paired samples statistical analysis was caried out. Parametric or non-
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parametric tests were performed based on the normality of the distributions and assumptions required;
tests included paired samples t-test and Wilcoxon Signed Rank.

Point-Biserial correlation analysis were carried out to assess whether there was an association between
the presence of TBI and outcome using outcome measure change scores. ANCOVA was then performed
if a significant corelation was identified between the presence of a TBI and outcome in the VM group
to understand whether there was a significant impact on treatment outcome or not. Similar analyses
were performed to understand if the presence of migraine in the TBI population had an impact on
treatment outcome.

Univariate ANOVA was carried out to assess differences in baseline DHI scores between TBI Mayo
subclassifications in the whole TBItotal group, and Chi-Squared analysis in the TBItotal group for those
who had both pre- and post DHI scores.

Results

The population was formed of 93 (f= 63, m= 30) individuals diagnosed with VM, by an Audiovestibular
Physician or Neurologist at UCLH Queen Square, who underwent a programme of VRT, with an
average of 4 follow up sessions. Please see Table 1 for demographic information and outcomes measure
mean change scores. Figure 2. Depicts the baseline and discharge mean outcome data.

Table 1. VM group Demographic and Mean Change Data. List of abbreviations: n= number; f= female; m= male; SD =
standard deviation; TBI = traumatic brain injury; DHI = Dizziness Handicap Inventory; VASsev= ; VASimp=; FGA=

Outcome

Vestibular Migraine Group

n(f/m)

N= 93 (63/30)

Age: mean (SD)

48.62 (15.920)

Age Range: Min-Max

16 - 89

No. of follow Ups: mean (SD)

3.75 (2.0229)

Treatment Duration Weeks:
Median (Inter Quartile Range)

29 (27) (TBI: 28.00 (18), No_TBI: 29.50 (30))

Change DHI: N, mean (SD)

N=54, -17.65 (20.30)

Change VASsev: N, mean(SD)

N=85, -2.23 (2.20)

Change VASIimp: N, mean(SD)

N=83, -2.21 (2.57)

Change FGA: N, mean(SD)

N=72, 4.88 (5.004)
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Pre and Post Outcome Measure Mean Scores and Standard Deviation
DHI VAS Severity
80.00 9.00
70.00 8.00
60.00 7.00
6.00
50.00
5.00
40.00
4.00
30.00
3.00
20.00 500
10.00 1.00
0.00 0.00
Mean DHI_PRE Mean DHI_POST Mean Pre VASsev Mean Post_ VASsev
A. VM Pre and Post DHI Mean Scores B. VM Pre and Post VAS Severity Mean
(n=54) scores (n=85)
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VAS Impact FGA
10.00 35.00
9.00
30.00
8.00
7.00 25.00
6.00 20.00
5.00
4.00 15.00
3.00 10.00
2.00
5.00
1.00
0.00 0.00
Mean Pre_VASimp Mean Post_ VASimp Mean Pre_FGA Mean Post_FGA
C. VM Pre and Post VAS Impact Mean D. VM Pre and Post FGA Mean scores
scores (n=83) (n=72)

Figure 1.VM Group Mean Baseline and Discharge Outcome Data

Main effect- VM Group

A paired samples t-test identified statistically significant main effect of treatment on the DHI (t (53) =
6.390, p <0.000, d = 0.870) with a mean improvement of -18 (20.30) points between pre and post scores.
A statistically significant main effect of treatment was also identified on the VAS Severity scale (t (84)
=9.329, p <0.000, d = 1.012) and on the VAS Impact scale (t (82) = 7.831, p <0.000, d = 0.860) with
a mean reduction in severity of symptoms of -2 (2.22) and a mean reduction in the impact of symptoms
by -2 (2.56) points.

A Wilcoxon signed rank test identified a significant improvement in FGA scores following treatment
(Z=-7.375, p<0.000), with a mean change of 5 (5.00) points.

Impact of TBI

A point-biserial correlation was run to determine if there was a relationship between the presence of
TBI and DHI change scores. A moderate negative correlation between a history of TBI and change in
DHI score was identified (rpp=-0.314), which was statistically significant (p = 0.022,). There was no
correlation between change scores and a history of TBI in any other measure see Table 2.

Table 2. VM Group, TBI Correlation Analysis . List of abbreviations

Outcome N (VM/VM_TBI) correlation Statistic

Change DHI: 53 (45/8) rop=-0.314 p =0.022
Change VAS Severity: 85 (73/12) rop=-0.114 p=0.571
Change VAS Impact: 83 (72/11) rpp=-0.092 p=0.410
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Change FGA: 72 (64/8) o= -0.009 p=0.941

Individuals who had VM and no history of TBI had a mean improvement of -20 (20.502) points on the
DHI, whereas individuals with a history of TBI had a mean change of -3.00 (11.364). An ANCOVA
was performed to determine the effect a history of TBI had on VRT outcome in individuals with VM.
After adjustment for pre-test DHI scores, there was a statistically significant difference in post-test DHI
score between the two groups (F(1,51)= 9.434,p=0.003).

Post-hoc analysis (Bonferroni corrected) identified that the presence of TBI resulted in significantly
worse (p=0.003) post treatment scores compared to those without a history of TBI. This suggests that a
history of TBI is a negative prognostic indicator for VRT in individuals with VM, and therefore a greater
perceived handicap following VRT.

Estimated Marginal Means of DHI_POST

70

60

50 p

40

Estimated Marginal Means

30 q

No Yes
T8I

Covariates appearing in the model are evaluated at the following values: DHI_PRE = 50.26

Error bars: 95% Cl

Figure 2. VM Group discharge DHI marginal means between those with TBI (yes) and those without (0).

TBI control group

The TBI population contained 60 participants, including individuals from the VM group (F= 30, M=
30) who met the inclusion criteria, with a mean age of 46 (range 16 to 78 years). Of these 60 individuals,
20 (f= 10, m=10) had a history of VM from our main treatment group (referred to as the TBImigraine
group). Table 1. Displays the demographic and mean change scores for each outcome measure and
group.

Table 3. TBltotal group Demographic and Mean Change Data . List of abbreviations

Outcome TBIltotal TBImigraine TBI




n (f/m) N=60 (29/31) N= 20 (10/10) 40 (19/21)

Age: mean (SD) 45.7 (15.148) 40.0 (13.298) 48.6 (15.35)

Age Range: Min-Max 16-78 16-68 24-78

HADs: n, mean total (SD) N=19, 17.84(6.56)) | N=6, 20.83 (3.76) | N=13, 16.46 (7.22)
Change DHI: N, mean (SD) N=22, - | N=8,-3.00 (11.36) | N=14, -23.86 (20.45)

16.27(20.18)

Change VASsev: N, mean(SD) N=27, -2.31(2,57) N=12,-1.88 (2.52) | N=15, -2.67 (2.637)

Change VASimp: N, mean(SD) N=25, -2.82(2.30) | N=11,-2.82 (2.52) | N=14, -2.87 (2.18)

Change FGA: N, mean(SD) N=20, 5.05(3.859) | N=8,4.75 (4.20) | N=12, 5.25 (3.793)
367
Pre and Post Outcome Measure Mean Scores and Standard Deviation
DHI VAS Severity

90.00 9.00
80.00 8.00
70.00 7.00
60.00 6.00
50.00 5.00
40.00 4.00
30.00 3.00
20.00 2.00

10.00 1.00

0.00 0.00

Mean DHI_PRE Mean DHI_POST Mean Pre VASsev Mean Post_ VASsev
A. TBltotal Pre and Post DHI Mean B. TBltotal Pre and Post VAS Severity
Scores (n=19) Mean scores (n=27)
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VAS Impact FGA
10.00 35.00
9.00
30.00
8.00
7.00 25.00
6.00 20.00
5.00
.00 15.00
3.00 10.00
2.00
5.00
1.00
0.00 0.00
Mean Pre_VASimp  Mean Post_ VASimp Mean Pre_FGA Mean Post_FGA
C. TBiltotal Pre and Post VAS Impact D. TBIltotal Pre and Post FGA Mean
Mean scores (n= 25) scores
(n=20)

Main effect- TBltotal

A significant main effect of treatment was identified for the DHI (t (21) = 3.782 ,p= 0.001, d= 0.806)
with a mean change of -16 (20.18), VAS Severity (Z=-3.685, p<0.000), with a median change of -2.00,
VAS Impact (t(24) = 6.213, p<0.000) with a mean change of -2.84 (SD 2.29) and the Functional Gait
Assessment (FGA) (t (-5.852) p<0.000) with a mean change of 5.05 (3.86). This indicates that dizziness
following TBI improves with VRT. There was no significant difference in total Hospital Anxiety and
Depression Scale (HADS) scores between the TBI and TBImigraine groups (F (1,17) = 1.916, p=
0.184), or between the groups (TBI and TBImigraine) in those who completed both pre- and post DHI
scores (F (1,7) = 0.119, p=0.741).

Correlation Analysis

We ran correlation analyses to decipher whether there was an association between the presence of
migraine and outcome measure change scores. A point-biserial correlation was run to determine if there
was a relationship between the presence of migraine and DHI change scores. A moderate negative
correlation between the presence of migraine and the change in DHI score was identified (rp,=-0.509),
which was statistically significant (p = 0.015,). There was no correlation between the presence of
migraine and any other measure see Table 2.

Table 4. TBI Group, VM Correlation Analysis

Outcome N (TBImigraine/TBI) correlation Statistic
Change DHI: 22 (8/14) rop=-0.509 p =0.015
Change VAS Severity: 27 (12/15) rs=-0.114 p=0.571

11
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Change VAS Impact: 25 (11/14) rops=-0.001 p =0.997

Change FGA: 20 (8/12) o= -0.065 p=0.785

Dizziness Handicap Inventory (DHI)

Pre- and post-rehabilitation DHI scores were completed by 22 individuals in the TBItotal population
with a mean score change of -16.27 (20.18). The TBItotal population was subdivided into individuals
diagnosed with post-traumatic migraine (TBImigraine) and those that were not (TBI). The TBImigraine
population (n=8) had a mean DHI score change of -3.00 (11.36) and the TBI population (n=14) had a
mean DHI score change of -23.86 (20.45).

An ANCOVA was performed to determine whether the presence of migraine in a TBI cohort had a
significant impact on VRT outcome. Following adjustments for the pre-rehabilitation DHI scores, a
significant main effect of VRT between TBImigraine and TBI population post rehabilitation DHI scores
was identified (F(1,19) =6.67,p= 0.018).

Post-hoc analysis (Bonferroni corrected) identified that the TBI without migraine group’s symptoms
improved significantly more (p=0.018) than those with a history of TBI with migraine. This suggests
that the presence of migraine has a significant, and negative impact on VRT outcome following TBI.

DHI accounting for sub classification

To ensure there was no differences in baseline scores between individuals with differing severity of
TBI, analysis was carried out to assess differences in baseline mayo classification sub-groups. The
“Symptomatic” mayo sub-group had a mean baseline DHI score of 52.83 (SD22.083), the “mild-
probable” group had mean baseline score of 60.89 (SD 24.954) and the “moderate severe group” had a
baseline mean of 56.35 (SD 26.151). There was no significant differences in base-line DHI scores
between any of the Mayo classification level groups (F(2,52) = 0.395, p=0.676). There was also no
significant difference between DHI change scores (X?(2)=0.784, p=0.676) between all 3
subclassifications.

Discussion

Our study adds to the current literature that VRT is an appropriate and effective means of reducing self-
reported dizziness and impaired functional gait in individuals with VM as reported by previous
publications (8). Our VM population reported a clinically significant reduction in self-reported
dizziness with a mean DHI score change of -18 points, a clinically significant reduction of severity and
impact of symptoms reported on a VAS (-2 for both measures) and in functional gait assessed using the
FGA when compared to neurological conditions such as stroke with a mean change of +5. The mean
functional gait scores for our VM group improved from a population mean suggestive of being at risk
of falls <22 to a population that was not.

Participants in our VM population had comparative baseline scores to other studies (5-7). Sugaya et al
(6) reported a mean change in the DHI of -20 in their VM population following VRT programme,
which is comparative to our VM group with a mean change of -20 when removing individuals with a
history of TBI. However, a number of previous studies did not identify a clinically significant change
in DHI self-report measures (5, 7).

We identified that a history of TBI in our VM population had a significant and negative impact of VRT
outcome reported on the DHI. This indicates that a history of TBI could be a negative prognostic factor

12
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for VRT in a VM population, however, the numbers within this subgroup were small and therefore
should be interpreted with some degree of caution. Gottshall et al (13) assessed the effectiveness of
VRT in “spontaneous migraine-associated dizziness” and “post-traumatic migraine-associated
dizziness” VM in a population of individuals largely formed from active military personnel. Both the
“spontaneous” and “post-traumatic” groups showed significant improvement in self-reported symptoms
on the DHI (p<0.05), however, the “posttraumatic” group showed shorter symptom remission. Our
study therefore contradicts these findings.

The differences in outcome between the VM group with and without a history of TBI may arise from
different pathological processes and therefore respond to treatment differently. VM pathophysiology is
not fully understood, however, activation of the trigeminal-vestibulocochlear reflex, resulting in
neurogenic inflammation is believed to be a possible contributor to the symptoms experienced during
an episode (34). Migraine following TBI results from a similar, but fundamentally different
pathophysiological process by which neuroinflammation, cortical spreading depolarization and
glutamate excitotoxicity plays a role, as well as diffuse axonal injury in functional regions of the brain
(35).

It has been suggested previously that medication may help control visually induced symptoms in
individuals with VM enabling them to better tolerate exercises (33). It was a requirement that the
patient’s migraine was managed before starting a VRT programme. However, as this was a retrospective
study, we did not control for degree of symptom improvement by medication, type of medication or
medication dose. Vitkovic et al (7) suggested that improvements in VM were noted regardless of
medication regime. Future studies should look to control for migraine medication related factors, to
understand the most appropriate pre-requisites for referral for VRT in patients with VM and what the
degree of improvement conveyed by the VRT in stable cases.

Our study identified that VRT is effective at treating symptoms of post-traumatic dizziness, in line with
current evidence which suggests an improvement in dizziness, gait and postural stability (10-24). Our
TBI group included individuals with all TBI severity classification levels, whereas the majority of
previous studies just report findings for mild to moderate individuals. We found that TBI classification
did not impact outcome or baseline measures. Our TBI group had a clinically significant improvement
in mean VAS severity and VAS impact scores (>1.3 points) and FGA (+5) showed clinically significant
change in comparison to other neurological condition (significant > +5). The mean change in DHI
scores from the TBItotal population (-16) fell short of what would be considered clinically significant
(> -18), however, when assessing the subgroups within this study (TBI and TBImigraine) separately
the mean DHI score change in the TBI subgroup (without a history of VM) (-24 points) would be
considered clinically significant. There was no significant differences in HADS scores between the two
TBI subgroups, therefore, this indicates that psychological profiles between those in the TBImigraine
and TBI group were similar. These findings are consistent with Alsalaheen et al (17) who reported a
mean 20-point reduction on the DHI.

Hoffer et al. (12) performed a prospective patient registry study in 58 individuals who had suffered a
TBI and received VRT, that included 22 (41%) individuals with post-traumatic VM (PTVM). On
average, the PTVM group returned to work sooner and reported baseline normal symptoms on self-
reported measures compared to those without migraine subcomponent. This outcome is therefore
different to our findings. The individuals in the TBI group had significantly improved DHI scores
compared to those who had VM and a history of TBI. Similarly to the Gottshall et al (13) study, Hoffer
et al (12) study was formed mainly of active or retired military personnel, which may result in a level
of bias as individuals may have had higher baseline levels of fitness than average, may be more
motivated to return to work and therefore more likely to report better outcomes in self-report measures
or have different psychological profiles (36). Military personnel may be exposed to higher proportion
of blast exposure than the civilian population, which poses a different mechanism than blunt head
trauma and therefore potentially results different pathological process (37). This may indicate that our
population is more generalisable. The TBI population with a history of VM fell greatly short of clinical
significance on the DHI, with a reduction in mean score of -3 indicating that VM may negatively impact
VRT outcome in individuals with TBI.This therefore may suggest that VM and migraine-like headaches
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in individuals with a history of TBI and dizziness may result in poorer outcomes in individuals
undergoing VRT.

Limitations

Due to the retrospective nature of this study, the study was limited by missing data, lack of a headache
specific measure and no clear control group to account for natural recovery with time or medication
regime. We made an operational decision to include post-TBI dizziness with onset less than 12 months
after the TBI, as more than half of post TBI vestibular disorders will have a delayed onset (ref), and
vestibular disorders unrelated to TBI may have been included. Future studies should address these
limitations and include randomised control trials to assess the impact of natural recovery, medication
and combination treatments. Our group of VM with a history of TBI had limited numbers of individuals
who completed both pre and post DHI outcome measures, therefore, results comparing to individuals
with VM and history of TBI should be interpreted with caution as these small numbers may result in a
large bias.

Conclusion

VRT can effectively manage self-reported dizziness and functional gait in individuals with VM. TBI
may be a negative prognostic factor in individuals with VM undergoing VRT. Dizziness as a result of
TBI can be effectively managed with personalized vestibular exercises, however, the presence of
migraine may significantly impact outcome. However, the effect of time and medication regime was
not assessed during this study and therefore results should be interpreted with cautious optimism.
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