
Vestibular functioning and migraine: comparing
those with and without vertigo to a
normal population

B J BAKER1, A CURTIS2, P TRUEBLOOD3, E VANGSNES4

1Physical Therapy Department, Grand Valley State University, Grand Rapids, Michigan, 2Interdisciplinary Health
Sciences Department, Western Michigan University, Kalamazoo, 3Physical Therapy Department, California State
University, Fresno, and 4Physician Assistants Department, Western Michigan University, Kalamazoo, USA

Abstract
Objective: This study compared vestibular functioning in a migrainous vertigo group, a migraine without vertigo
group and a control group. It was hypothesised that the migrainous vertigo group would perform worse in tests
of vestibular function and gait than the other groups during a non-migrainous period.

Methods: Sixty-six participants (22 per group) were assessed using the head shake sensory organisation test, the
gaze stabilisation test, the dynamic visual acuity test and the functional gait assessment. Separate analyses of
variance and planned pair-wise comparisons (alpha= 0.05) were performed.

Results: There was a difference between the results of the non-migraine group and the two migraine groups for the
gaze stabilisation pitch test (p< 0.003), in which the control group showed faster head movement. There were also
group differences in functional gait (p< 0.0001); the control group scored highest and the migrainous vertigo group
scored lowest. There were no differences in the vestibular spinal reflex and balance tests.

Conclusion: These findings indicate underlying differences in the vestibular ocular reflexes and function of
migraine sufferers compared with those who do not suffer migraines, but the difference is most pronounced for
those with migrainous vertigo. This suggests that vestibular rehabilitation for migrainous vertigo should focus on
vestibular ocular reflexes and functional retraining.
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Introduction
Migraine in general affects approximately 6 per cent of
men and 18 per cent of women.1,2 It is estimated that 38
per cent of the migraine population also have vertigo.3

People with migraine and vertigo can be divided
into two categories: those with migrainous vertigo
(vertigo is directly related to the migraine and there is
no other cause of vertigo present)4 and those with
migraine-associated vertigo (vertigo exists separately
but in association with the migraine).5

Lempert and Neuhauser have developed criteria
which aid in the diagnosis of migrainous vertigo.4

Such criteria are necessary because migrainous
vertigo is often underdiagnosed, despite being a rela-
tively prevalent problem,3–9 and because this condition
is currently not recognised as a specific category of
migraine by the International Headache Society’s
classification of migraines.10 Using Lempert and
Neuhauer’s categorisation,4 the current study examined

the vestibular system of those with migrainous vertigo
by comparing findings of this sample with a migraine
without vertigo group and a non-migraine group.
Vestibular rehabilitation for migrainous vertigo was

suggested by a small study to be effective in treating
abnormalities in vestibular ocular reflexes, vestibular
spinal reflexes (and balance) and function.11 Two
larger studies showed the effectiveness of vestibular
rehabilitation for migraine-associated vertigo.12,13

However, assessments of vestibular function, such as
the gaze stabilisation test, the dynamic visual acuity
test for vestibular ocular reflexes, the head shake
sensory organisation test for vestibular spinal reflexes
(specifically for balance) and the functional gait assess-
ment for overall function, have not been studied in a
migrainous vertigo population. Therefore, it is not
known whether there is an underlying functional
abnormality in the vestibular system of individuals
with migrainous vertigo during a non-migrainous
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period, and if so, whether the problem exists in both the
vestibular ocular reflexes and the vestibular spinal
reflexes (and balance).
The vestibular ocular reflexes and vestibular spinal

reflexes (and balance) are part of a complex vestibular
system composed of peripheral apparatus and a collec-
tion of central nuclei.14–16 The peripheral apparatus
sends messages to the central nuclei regarding
angular and linear acceleration of the head.14–16 The
central nuclei process these messages and relay them
up and down the spinal cord.14–16 The superior and
medial vestibular nuclei relay messages up to the
eyes and control the vestibular ocular reflexes.15,16

The lateral vestibular nuclei relay messages down to
the skeletal muscles and control the vestibular spinal
reflexes.15,16 Communication between the vestibular
nuclei and the cerebellum is controlled by the medial
vestibular nuclei.15,16 Exploration of this complex ves-
tibular system can be conducted in several ways using
otoneurological tests and functional clinical tests.
Researchers utilising otoneurological tests have gen-

erally found that the working of the vestibular system is
normal during the non-migrainous period in people
with migrainous vertigo.7,11,17–22 However, 20 per
cent of people with migrainous vertigo have hypoexcit-
ability to caloric stimulation and 10 per cent have
directional preponderance of caloric-induced nystag-
mus.21,22 These findings are not unique to the migrai-
nous vertigo population and may also be seen in the
migraine without vertigo population.21,22 There are
uncertainties as to why vestibular symptoms are differ-
ent between those who suffer from migraine without
vertigo and those who suffer from migrainous
vertigo, and why vestibular rehabilitation performed
during a non-migrainous period may be effective for
migrainous vertigo. In order to determine if all com-
ponents of the vestibular system are functioning nor-
mally in migraine sufferers (both those without
vertigo and those with migrainous vertigo) compared
with a normal population, studies need to examine ves-
tibular ocular reflexes, vestibular spinal reflexes (and
balance) and function. The identification of specific
underlying abnormalities in the vestibular system
during a non-migrainous period could benefit vestibu-
lar rehabilitation in those with migrainous vertigo.
Vestibular ocular reflexes can be measured function-

ally in two ways, using the gaze stabilisation test and
the dynamic visual acuity test.23 The gaze stabilisation
test measures how fast the head can move whilst main-
taining a visual image.23,24 Pritcher et al. found that the
gaze stabilisation test results were abnormal in people
with vestibular dysfunction, especially during pitch
plane movements.24 The findings of Whitney et al.
also showed that people with vestibular disorders had
difficulty with gaze stabilisation during yaw move-
ments, but the effect was greater during pitch move-
ments.25 The dynamic visual acuity test compares
visual acuity with the head still and the head
moving.26 This is also a test of vestibular ocular

reflex function. Again, studies have been conducted
exploring dynamic visual acuity in people with vestib-
ular disorders,23–26 but not specifically in those who
suffer from migraine without vertigo or migrainous
vertigo.
Vestibular spinal reflexes and balance, which can be

assessed using the head shake sensory organisation
test, has not been studied in the migrainous vertigo
population. The head shake sensory organisation test
was developed to provide additional information on
those with mild vestibular disorders who may be well
compensated (an abnormal vestibular system but
normal sensory organisation test result).27–30 Three
studies found that the test results were worse in those
with vestibular disorders than those without vestibular
disorders.28–30 However, this test has not been
employed to study migraine without vertigo or migrai-
nous vertigo.
Functional testing, specifically gait testing, has been

used extensively to assess those with vestibular dis-
orders.31–33 Several gait tests have been developed to
test gait function in those with vestibular dis-
orders.31–33 The most recently developed test is the
functional gait assessment, which was developed to
evaluate postural stability during gait.31–33 In one
study that used the functional gait assessment, it was
found that slow, pitch plane movements of the head
were predictive of gait abnormalities in people with
vestibular disorders (BJ Baker, unpublished data). In
a pilot study examining gait in those affected by
migraine, higher functional gait assessment scores
were demonstrated for the migraine without vertigo
group compared with the migrainous vertigo group
during a non-migrainous period.34

Differences in the test results of vestibular ocular
reflexes, vestibular spinal reflexes (and balance) and
function have been found between those with normal
and abnormal vestibular systems.23–34 However, no
studies have attempted to define vestibular function,
vestibular ocular reflexes, vestibular spinal reflexes
(and balance) and function in a migraine without
vertigo population or a migrainous vertigo population
during a non-migrainous period, and examined the
findings in relation to a non-migraine population.
This study aimed to determine whether there is

underlying vestibular dysfunction in the migrainous
vertigo population compared with the migraine
without vertigo population and the non-migraine
population, as measured by the gaze stabilisation
test, dynamic visual acuity test, head shake sensory
organisation test and functional gait assessment. It
was hypothesised that there would be a difference in
the scores of these tests for the migrainous vertigo
population when compared with the other two
groups. Evaluation of vestibular functioning in those
with migrainous vertigo during a non-migrainous
period should aid the efficacy of vestibular rehabilita-
tion for this group, and may even improve treatment
techniques.
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Materials and methods

Study design and sample

Sixty-six participants aged between 18 and 65 years
were recruited from a university campus (via an
online listing service) and from local neurological
clinics. The study was a descriptive, case–control
study. Twenty-two participants were recruited for
each of three subject groups: a migraine without
vertigo group, a migrainous vertigo group and a
control group.
For the 44 participants with a history of migraine, the

diagnosis was confirmed by a physician where poss-
ible. Attempts were made to verify diagnosis by
faxing the physicians for confirmation. Response
from physicians was poor; therefore, self-report was
used when physician confirmation was not available.
Credibility of self-reported diagnosis was increased
with the use of a survey (developed by Furman
et al.), which determined possible and probable migrai-
nous vertigo.35

Exclusion criteria included the use of an assistive
device, reports of a neurological condition or vestibular
condition other than migrainous vertigo, a history of
head trauma, or an orthopaedic disorder which affected
balance or head movement.
This study was approved by the Western Michigan

University Human Subjects Institutional Review
Board and the Grand Valley State University Human
Research and Review Committee. Each subject was
given an informed consent to read, query and then
sign. Two different demographic forms were used:
one for the participants without migraine and another
for those with migraine. The participants with migraine
were then asked to sign several disclosure forms and to
include the name of their physician (used for contacting
the physicians).

Assessments and procedures

Participants were tested during a non-migrainous
period and during a time when they did not have
vertigo, as confirmed by a visual analogue scale for
pain and vertigo. Each participant in the migraine
groups responded to the questions in the Furman
et al. survey,35 which were based on Lempert and
Neuhauser criteria for migrainous vertigo.4

All participants were tested with the same battery of
tests, which included the gaze stabilisation test (yaw
and pitch), the dynamic visual acuity test (yaw and
pitch), the head shake sensory organisation test (yaw
and pitch) and the functional gait assessment. The
order of the tests were randomised using a random
number table; the order of yaw and pitch movements
were also randomised.
Performance in the gaze stabilisation test and

dynamic visual acuity test (employed to examine vestib-
ular ocular reflexes) was quantified using the inVision
System™, which is part of the NeuroCom EquiTest
system (NeuroCom International, Clackamas, Oregon,

USA). Static visual acuity and perception time were
measured, with the participant seated approximately
3 metres from the computer screen. A head piece was
placed on the participant’s head to detect the speed
and direction of head movement. The participant per-
formed both yaw and pitch head movements (in a
random order). The participant moved his or her head,
stopping when a visual cue appeared on the screen.
The gaze stabilisation test has been determined to be

reliable (intraclass correlation coefficient= 0.75) and
valid.23 The results of this test are recorded in
degrees per second and range from 0–200, with 200
being the optimal gaze stabilisation score. The
dynamic visual acuity test compares static visual
acuity to dynamic visual acuity, and the results are cal-
culated by the computer. Dynamic visual acuity loss
was recorded in terms of the logarithm of the
minimum angle of resolution, with possible scores
ranging from 0 to 1, with 1 indicating a total loss of
dynamic visual acuity.26

Vestibular spinal reflexes and balance were examined
using the head shake sensory organisation test, which is
an instrumental test of the vestibular spinal
reflexes.28–30,36 This test was performed on the Smart
EquiTest system (NeuroCom International), which is a
computerised dynamic posturography instrument that
has been shown to be reliable and valid.36 A harness
was placed on the participant for safety, and the partici-
pant’s feet were positioned as per the Smart EquiTest
systemprotocol.Eachparticipantwore flat, non-slip shoes.
The head shake sensory organisation test required

performance in two conditions which physiologically
stressed the vestibular system.28–30,36 In the first con-
dition, referred to as the fixed head shake sensory
organisation test, participants’ eyes closed and they
were stood on a firm surface. The second condition,
the sway head shake sensory organisation test, was
also performed with eyes closed, but took place on a
moveable surface. In each condition, the participant
performed yaw and pitch head movements.
Equilibrium scores for both conditions of the head
shake sensory organisation test were determined by
the computer (which entailed a comparison of the
head-still condition with the head-moving condition,
for both yaw and pitch movements). Total possible
scores for the head shake sensory organisation test
ranged from 0 to 100 per cent, with 100 per cent
demonstrating optimal postural control.36

This was followed by the functional gait assessment,
a test which required the use of vestibular ocular
reflexes and vestibular spinal reflexes (and balance).
This 10-item walking test battery has demonstrated
reliability (intraclass correlation coefficient=
0.93).31–33 During this assessment, the subject was
guarded to prevent falls. Each item was scored accord-
ing to the criteria, based on a 4-point scale with a score
of 3 being normal.31 The total score for the 10 tasks
was recorded. The total possible score ranges from
0 to 30, with 30 being a perfect score.31
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Results and analysis
Analyses were performed using the Statistical Package
for the Social Sciences version 18.0 (SPSS, Chicago,
Illinois, USA). The variables were not normally distrib-
uted. Analysis of variance was conducted using
Helmert planned comparisons when variables were
statistically significant at the alpha= 0.05 level. For
the planned comparisons, the control group were first
compared with both migraine groups combined and
then the two migraine groups were compared.
There were 66 participants in total: 22 in the non-

migraine group, 22 in the migraine without vertigo
group and 22 in the migrainous vertigo group. Of the
66 participants, 59 were female. There were four
males in the non-migraine group, no males in the
migraine without vertigo group and three males in the
migrainous vertigo group. Participant ages ranged
from 18 to 61 years of age. The mean age was 26
years for the non-migraine group (range of 23–57
years), 27 years for the migraine without vertigo
group (range of 18–61 years) and 35 years for the
migrainous vertigo group (range of 20–57 years). No
history of neurological disorders or vestibular disorders
other than migrainous vertigo were reported by partici-
pants in any of the three groups, and none of the partici-
pants suffered from any orthopaedic disorders that
would limit participation.
As shown in Table I, there was a significant difference

(p< 0.015) between the total number of medications
used by the non-migraine group (mean= 1.64), the
migraine without vertigo group (mean= 3.73) and
the migrainous vertigo group (mean= 4.41). However,
the difference between the migraine without vertigo
group and migrainous vertigo group was not significant
when examined using planned comparisons. There were
no significant differences between the migraine without
vertigo group and the migrainous vertigo group in terms
of either the number of non-prescription migraine medi-
cations (p< 0.819) or that of prescription migraine
medications (p< 0.228). It should be noted that many
of the medications used for vertigo in the migrainous

vertigo group were also used for nausea in the migraine
without vertigo group.
Vestibular ocular reflexes testing (shown in Table II)

indicated no statistically significant differences
between the three groups for left and right gaze stabil-
isation test performance in the yaw plane (p< 0.230
and p< 0.222, respectively). The mean left gaze stabil-
isation test scores for the yaw plane were: 166.05
degrees per second (standard deviation (SD)= 53.25)
for the non-migraine group, 153.46 degrees per
second (SD= 49.65) for the migraine without vertigo
group and 139.90 degrees per second (SD= 44.78)
for the migrainous vertigo group. The mean right
gaze stabilisation test scores for the yaw plane were:
167.23 degrees per second (SD= 34.35) for the non-
migraine group, 155.00 degrees per second (SD=
47.13) for the migraine without vertigo group and
144.95 degrees per second (SD= 42.65) for the
migrainous vertigo group.
There was a statistically significant difference

between the three groups for up and down gaze stabil-
isation test performance in the pitch plane (p< 0.003
and p< 0.002, respectively) (see Table II). The mean
up gaze stabilisation test scores for the pitch plane
were: 163.45 degrees per second for the non-migraine
group, 125.82 degrees per second for the migraine
without vertigo group and 116.91 degrees per second
for the migrainous vertigo group. The mean down
gaze stabilisation test scores for the pitch plane were:
157.50 degrees per second for the non-migraine
group, 123.09 degrees per second for the migraine
without vertigo group and 108.68 degrees per second
for the migrainous vertigo group. Planned comparisons
showed that the difference between the control group
and both migraine groups was statistically significant
(p< 0.0001), but there was no significant difference
between the migraine without vertigo group and the
migrainous vertigo group in up and down pitch move-
ments (p= 0.500 and p= 0.273, respectively).
Vestibular ocular reflex testing using the dynamic

visual acuity test indicated no statistically significant
differences between the three groups for left and right
dynamic visual acuity in the yaw plane (p< 0.434
and p< 0.412, respectively), or up and down in the
pitch plane (p< 0.726 and p< 0.958, respectively).
The vestibular spinal reflex and balance testing

results are shown in Table III. There were no statisti-
cally significant differences in the head shake sensory
organisation test results for the yaw plane, in either
the fixed and sway conditions (p< 0.197 and p<
0.068, respectively), between the non-migraine group
(fixed mean= 96 per cent (SD= 4) and sway
mean= 74 per cent (SD= 23)), the migraine without
vertigo group (fixed mean= 89 per cent (SD= 24)
and sway mean= 65 per cent (SD= 27)) and the
migrainous vertigo group (fixed mean= 96 per cent
(SD= 13) and sway mean= 81 per cent (SD= 16)).
There were also no differences in the head shake
sensory organisation test results for the pitch plane, in

TABLE I

GROUP MEDICATION DATA

Meds taken Control† M† MV† F p

Total (n) 1.64 4.41 3.73 4.49 0.015∗
Non-prescription

migraine meds (n)
0.00 0.32 0.18 0.05 0.819

Prescription migraine
meds (n)

0.00 0.86 0.68 1.48 0.228

∗Bonferroni correction post-hoc analyses revealed that: the
control group versus the migraine without vertigo group compari-
son was not significant (p= 0.102), the control group versus the
migrainous vertigo group comparison was significant (p= 0.015)
and the migraine without vertigo group versus the migrainous
vertigo group comparison was not significant (p= 1.00).
†n= 22. M=migraine without vertigo; MV=migrainous vertigo;
meds=medications
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either the fixed or sway conditions (p< 0.606, p<
0.419, respectively), between the non-migraine group
(fixed mean= 93 per cent (SD= 5) and sway
mean= 71 per cent (SD= 17)), the migraine without
vertigo group (fixed mean= 90 per cent (SD= 21)
and sway mean= 64 per cent (SD= 20)) and the
migrainous vertigo group (fixed mean= 94 per cent
(SD= 7) and sway mean= 71 per cent (SD= 25)).
The functional gait assessment results (Table III) indi-

cated statistically significant differences between the
control group (mean= 29.5, SD= 0.67), the migraine
without vertigo group (mean= 27.8, SD= 0.19) and
the migrainous vertigo group (mean= 26.0, SD=
0.23) (p< 0.0001 for the control group vs both migraine
groups, p< 0.0001 for the migraine without vertigo
group vs the migrainous vertigo group). Planned com-
parisons showed that there were differences between
the control group and the two migraine groups (p<
0.0001), and between the migraine without vertigo
group and the migrainous vertigo group (p= 0.002).

Discussion
Vestibular ocular reflexes, vestibular spinal reflexes
(and balance) and function were examined in a
control group, a migraine without vertigo group and a
migrainous vertigo group during a non-migrainous

period. Vestibular ocular reflexes, as measured by the
gaze stabilisation test (pitch movements), were faster
in the control group than in the two migraine groups.
Scores for function, as measured by the functional
gait assessment, were highest in the control group
and lowest the migrainous vertigo group.
Vestibular spinal reflexes and balance (measured

using the head shake sensory organisation test) were
not statistically significantly different between the
three groups. As vestibular spinal reflexes are con-
trolled by the lateral vestibular nucleus,15,16 it is poss-
ible that the latter is not involved in migraine without
vertigo and migrainous vertigo; hence, vestibular
spinal reflexes and balance responses are normal in
these populations. This finding suggests that vestibular
rehabilitation for migrainous vertigo should not con-
centrate on balance or other vestibular spinal reflex
functions.
Vestibular ocular reflexes were measured (in pitch

and yaw movements) by both the dynamic visual
acuity test and the gaze stabilisation test. The
dynamic visual acuity test results showed no statisti-
cally significant differences between the three groups.
Because dynamic visual acuity is not as reliable
between subjects as it is within subjects, it may not
have been the most appropriate test for this study.26

TABLE II

VESTIBULAR OCULAR REFLEX DATA

Test Control M MV F df p

Mean SD Mean SD Mean SD

GST yaw left (degree/sec) 166.05 53.25 153.46 49.65 139.90 44.78 1.503 2 0.230
GST yaw right (degree/sec) 167.23 34.35 155.00 47.13 144.95 42.65 1.541 2 0.222
GST pitch up (degree/sec) 163.45† 34.50 125.82‡ 50.28 116.91‡ 44.50 6.505 2 0.003∗
GST pitch down (degree/sec) 157.50† 25.43 123.09‡ 49.37 108.68‡ 50.07 6.757 2 0.002∗
DVA yaw left (LogMAR) 0.145 0.102 0.191 0.102 0.156 0.146 0.846 2 0.434
DVA yaw right (LogMAR) 0.141 0.125 0.1832 0.092 0.1786 0.130 0.900 2 0.412
DVA pitch up (LogMAR) 0.179 0.141 0.169 0.108 0.206 0.155 0.322 2 0.726
DVA pitch down (LogMAR) 0.174 0.150 0.177 0.148 0.165 0.125 0.042 2 0.958

∗p< 0.05. †Helmert planned comparison revealed a significant difference between the control group and the two migraine groups (p<
0.0001). ‡Helmert planned comparisons between the two migraine groups were not statistically significant for up and down movements
(p= 0.500 and 0.273, respectively). M=migraine without vertigo; MV=migrainous vertigo; df= degrees of freedom; SD= standard devi-
ation; GST= gaze stability test; degree/sec= degrees per second; DVA= dynamic visual acuity loss; LogMAR= logarithm of the
minimum angle of resolution

TABLE III

VESTIBULAR SPINAL REFLEX, BALANCE AND GAIT DATA

Test Control M MV F df P

Mean SD Mean SD Mean SD

HS-SOT yaw fixed 96% 4 89% 24 96% 13 1.668 2 0.197
HS-SOT yaw sway 74% 23 65% 27 81% 16 2.805 2 0.068
HS-SOT pitch fixed 93% 5 90% 21 94% 7 0.505 2 0.606
HS-SOT pitch sway 71% 17 64% 20 71% 25 0.882 2 0.419
FGA score 29.5† 0.67 27.8‡ 0.19 26.0‡ 0.23 19.6 2 0.000∗

∗p< 0.05. †Helmert planned comparison revealed a significant difference between the control group and the two migraine groups (p<
0.0001). ‡Helmert planned comparison revealed a significant difference between the between two migraine groups (p= 0.002). M=
migraine without vertigo; MV=migrainous vertigo; df= degrees of freedom; SD= standard deviation; HS-SOT= head shake sensory
organisation test; FGA= functional gait assessment
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The gaze stabilisation test results revealed significantly
faster up and down pitch movements for the control
group compared with the two migraine groups
(during a non-migrainous period), but there were no
differences between the groups for yaw plane move-
ments. Other researchers’ results indicate that move-
ments in a pitch plane are more difficult to perform
than movements in a yaw plane, and this may be why
significant differences were seen in the pitch plane
but not in the yaw plane.24,25

Pitch velocity means are clinically important. A
gaze stabilisation speed of 120 degrees per second
is considered normal for pitch movements, and
encompasses everyday functional activities.24 The
control group mean and the migraine without
vertigo group mean were both above 120 degrees
per second for pitch movements (150 and 125
degrees per second, respectively), but the migrainous
vertigo group mean was below 120 degrees per
second (108 degrees up and 116 degrees down per
second), which is slower than normal. However,
there was no statistically significant difference
between the two migraine groups in terms of the par-
ticipants who scored below 120 degrees per second.
There was wide variability in the gaze stabilisation
test scores in both the migraine without vertigo
group and the migrainous vertigo group (Figure 1),
which helps to explain this finding.
The differences found for vestibular ocular reflexes

could be explained by the lateral and inferior nuclei,
which control the vestibular ocular reflexes;15,16 these
may function differently in those who suffer from
migraine compared with those who do not. The large
variability, especially that observed in the migrainous
vertigo group, needs to be studied further. Perhaps
the migrainous vertigo population is heterogeneous in
regards to vestibular function and cannot be
categorised.
Normal vestibular function requires vestibular spinal

reflexes, specifically balance, and vestibular ocular
reflexes. Functional testing with the functional gait
assessment can distinguish between those with vestib-
ular dysfunction and those with normal vestibular func-
tioning.31–33 A small pilot study showed that functional
gait assessment scores were higher in a migraine
without vertigo group compared with a migrainous
vertigo group.34 This supports our finding of a differ-
ence between the three groups, with the migrainous
vertigo group scoring the lowest and the control
group scoring the highest. This also indicates that the
vestibular systems of individuals with migrainous
vertigo function differently to those in the other popu-
lations. Furthermore, the difference between the control
group and the migraine without vertigo group suggests
that there might even be some structural vestibular
differences affecting function in those suffering from
migraine without vertigo.
The functional gait assessment scores for each of the

experimental groups can be compared with age-based

norms found in another study.32 Walker et al. deter-
mined the normative means of community dwelling
adults between the ages of 40 and 89 years on the func-
tional gait assessment.32 They found an inverse
relationship between age and functional gait assess-
ment mean score, wherein the mean score decreased
every 10 years. For the 40–49 year age group, the
average functional gait assessment score was 29.
Normative values were not determined for the 20–29
year age group or the 30–39 year age group, and the
values for these groups may be higher than in the
40–49 year age group.32 In the current study, all
three groups had a mean age of less than 40 years.
The mean age of the control group was 26 years; this
group had a mean functional gait assessment score of
29.5. The mean age of the migraine without vertigo
group was 27 years, with a mean score of 27.8. The
mean age of the migrainous vertigo group was 35
years, with a mean score of 26.0. Both the migraine
without vertigo group and the migrainous vertigo
group had scores below those of subjects in the
40–49 year age group in the Walker et al. study.

FIG. 1

Gaze stability test pitch results for (a) up and (b) down movements.
Degree/sec= degrees per second
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The current study revealed a significant association
between the gaze stabilisation test results for pitch
movements and the functional gait assessment scores
in all three groups. The results of a study by Whitney
et al. who explored the relationship between gaze
stabilisation test scores for pitch movements and
scores on functional measures of gait in older people
with vestibular dysfunction, support this finding.25

Our findings demonstrate that this relationship is
present even in a younger population.
Our findings suggest that there are differences in the

vestibular systems of those who suffer from migraine
without vertigo or migrainous vertigo (during a non-
migrainous period) compared with a non-migraine
population. We found that these differences were
similar in both migraine groups. Although there were
differences between those without migraine (control
group) and those with migraine (the migrainous
vertigo, and the migraine without vertigo group),
these differences do not explain the presence of
vertigo in migrainous vertigo only (and not in migraine
without vertigo). There were no baseline differences for
vestibular ocular reflexes between the migraine without
vertigo group and the migrainous vertigo group.
However, there may be increased susceptibility to
pathophysiological changes which occur during a
migraine in the migrainous vertigo population com-
pared with migraines that occur in the migraine
without vertigo population. This is a matter that
should be investigated in future studies. There might
be a continuum between migraine without vertigo and
migrainous vertigo, causing sufferers of the former to
experience ‘motion sickness’ and the latter to experi-
ence actual vertigo.

• Migrainous vertigo is common but
underdiagnosed

• Otoneurological tests suggest the vestibular
system is normal in migrainous vertigo during
non-migrainous periods

• Gaze stabilisation, dynamic visual acuity,
head shake sensory organisation and
functional gait test results are abnormal in
vestibular disorders

• Migrainous vertigo and migraine without
vertigo have not been studied using these tests

• Gaze stabilisation (pitch) and functional gait
showed differences between non-migraine,
migraine and migraine with vertigo groups

• Gaze stabilisation (pitch) and functional gait
performance were related

The functional gait assessment findings also indicate
mild structural vestibular differences in those who
suffer from migraine without vertigo and migrainous
vertigo, even during a non-migrainous period. The

migrainous vertigo group performed significantly
worse in the functional gait assessment than the
migraine without vertigo group, and both groups per-
formed worse than the control group. This is an impor-
tant finding and supports the use of vestibular
rehabilitation in the treatment of patients with migrai-
nous vertigo during a non-migrainous period. Our
research findings can explain why vestibular rehabilita-
tion for migrainous vertigo might be effective. There
may be mild underlying vestibular dysfunction that
specifically affects vestibular ocular reflexes during
non-migrainous periods in both migraine without
vertigo and migrainous vertigo. This underlying vestib-
ular abnormality may be accentuated during the migrai-
nous period, resulting in the vertigo reported by the
migrainous vertigo population.

Limitations and future directions

The sample size was large enough to provide an appro-
priate power (80 per cent) to determine differences in
the tests examined. However, the sample was non-
random. In addition, although we attempted to attain
physician confirmation of the participant-reported
diagnosis, we were unsuccessful in this attempt for
most of the participants. Nevertheless, patient diag-
noses were supported by the number and type of
migraine medications, and the current findings.
Another factor which improved the current method of
identifying the correct diagnosis was the use of the
Furman et al. interview form.35 This survey has been
shown to be reliable and valid.35 In the current study,
the results of the form agreed in all cases with the par-
ticipant-reported diagnosis of migraine without vertigo
or migrainous vertigo. Future studies on the migrainous
vertigo population should include assessments of gaze
stabilisation pre- and post-vestibular rehabilitation, and
there should be further investigation of the relationship
between gaze stabilisation and gait in different
populations.

Conclusion
There was a statistically significant difference in the
gaze stabilisation test results for pitch movements (a
measure of vestibular ocular reflexes) between the
non-migraine group which was faster, and the two
migraine groups (which were slower) during a non-
migrainous period. The functional gait assessment
also revealed significant differences between all three
groups, with the control group scoring the highest
and the migrainous vertigo group scoring the lowest
during a non-migrainous period. Tests of vestibular
spinal reflex components, specifically balance, did
not differ between the groups. These findings support
the suggestion that there are underlying differences in
the vestibular ocular reflexes and function of both the
migraine without vertigo population and the migrai-
nous vertigo population, but that these differences are
most significant for those with migrainous vertigo.
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