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Background: Clinical examination and management of patients with meningiomas is primarily dependent
upon appropriate diagnosis of tumor type and surgical intervention. Physical therapists should be able to
identify patients presenting with signs and symptoms suggestive of potential central nervous system (CNS)
disorders and refer the patient appropriately.
Patient characteristics: In this case report, a 52-year-old female was referred to physical therapy after
18 months of unresolved dizziness.
Examination: Oculomotor examination revealed evidence of peripheral vestibular and potential CNS
disorders. The physical therapist referred the patient to a physician who ordered magnetic resonance
imaging (MRI).
Intervention: The patient received five physical therapy sessions while waiting for the MRI which revealed a
meningioma. The meningioma was surgically removed and the patient was subsequently relieved of all
symptoms.
Outcomes: Despite the presence of the meningioma, the patient reported improved stability during work-
related activities and decreased dizziness as a result of physical therapy intervention pre-operatively.
Discussion: This case report emphasizes the importance of a physical therapists ability to perform and
interpret an oculomotor examination in a patient presenting with signs consistent with peripheral vestibular
and CNS disorders. It also demonstrates the role of physical therapy in collaboration with physicians in
order to provide appropriate patient care management.
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Dizziness is a common problem in the elderly as well

as in young and middle-aged adults.1,2 Yardley et al.1

indicated that 23.3% of people aged 18–64 years

reported having symptoms of dizziness within the

past month that interfered with their activities of

daily living (ADLs). Estimates of the prevalence of

dizziness in community-dwelling adults have ranged

from 1 to 35%.3 When the specific symptom of

vertigo, or the illusion of motion, is used, the

prevalence has been estimated at 6.7%.3 It has also

been suggested that 5.5% of people in the USA

develop dizziness each year.3 According to Aggarwal

and colleagues,2 40.6% of people who experienced

dizziness did not consult with a physician and only a

third of those who consulted with a physician

received treatment.

People who experience dizziness report a significant

reduction in quality of life with limitations in their

ability to perform ADLs and activities associated with

life roles such as work.3–7 In cases where dizziness is due

to vestibular system pathology, people often demon-

strate gait and balance deficits leading to self-imposed

activity restriction and decreased independence;8 and it

has been hypothesized that a fear of falling may

contribute to these limitations.1 People with dizziness,

instability, and fear of falling are commonly referred to

a physical therapist who is trained to screen for and

identify a variety of potential problems and act

accordingly.9 Dizziness is a vague term used to describe

symptoms of some underlying pathology and can be

difficult to diagnose. The National Institute of Health

reported that patients with vestibular pathologies see an

average of 4.5 physicians before receiving a correct

diagnosis.10 Potential causes of dizziness include ortho-

static hypotension, vertebrobasilar insufficiency, anxi-

ety, medication, peripheral vestibular disorders, benign
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paroxysmal positional vertigo, central nervous system

(CNS) disorders, and cervical dysfunction.1,2,11–13

CNS disorders that produce symptoms of dizziness

include multiple sclerosis, cerebrovascular accidents,

and tumors.14 In general, masses in the posterior fossa

occur with some frequency and include vestibular and

facial nerve schwannomas, primary cholesteatomas,

and meningiomas.15 However, the prevalence of

meningiomas within the cerebellopontine angle is

relatively rare representing 3.1–15% of all intracranial

meningiomas.15–18 Meningiomas represent about 20%

of all intracranial tumors and have a 2 : 1 female/male

ratio. A meningioma within the cerebellopontine angle

can cause symptoms including ataxia, imbalance,

hearing loss, facial pain, facial numbness, weakness

of facial muscles, and dizziness.15–18

CNS disorders are suspected when corrective

saccades are observed during non-vestibular tests of

extraocular movements such as smooth pursuit,

vestibulo-ocular reflex (VOR) cancellation, and when

target overshooting or undershooting is consistently

observed during saccades testing.19,20 CNS disorders

are also suspected when nystagmus is observed

during the fixation blocked condition, especially if

the nystagmus is direction changing, purely vertical,

and/or inconsistent with a peripheral vestibular

hypofunction, and when other CNS signs are

present.19–21 Lastly, dynamic visual acuity may be

impaired with CNS disorders due to the cerebellum’s

contribution to the adjustment and maintenance

of VOR gain and duration.19,22–24 Table 1 provides

a description of room light and fixation blocked

tests useful in examining a person who presents with

dizziness.

Tests of posture and gait are also used in the

examination of a person with dizziness.3,19

Computerized dynamic posturography, the dynamic

gait index, and the functional gait assessment are

tests that can be used to identify instability, fall risk,

and disability in this patient population.19,25,26 Many

authors report that computerized dynamic posturo-

graphy can assist in understanding problems with

balance that might be caused by biomechanical and/

or neurologic disorders.27–31 Computerized dynamic

posturography has been compared to electronystag-

mography in people who had peripheral, central, or

both peripheral and central vestibular disorders.

Among those included in the study, 42% had

abnormal vestibular findings on electronystagmogra-

phy testing and 83% had an abnormal computerized

dynamic posturography score.27,28 A higher preva-

lence of abnormal computerized dynamic posturo-

graphy results in those with central vestibular

disorders was also identified.27,28 The dynamic gait

index is a commonly used outcome measure of gait

performance in people with vestibular dysfunction.25

Gait parameters measured by the dynamic gait index

are different in people with balance or vestibular

disorders compared to controls without such dis-

orders.25 The difference in performance is attributed

to difficulty in maintaining trunk and gaze stability

during head movement while ambulating.25,32

Table 1 Physical therapy oculomotor examination summary45

Smooth pursuit Description: observe the eyes as they track a moving object at 20u/s with the head stationary
Result: corrective saccades observed with pursuit to the left suggesting potential CNS
dysfunction (*Red Flag)

Saccades Description: observe the eyes as they quickly look back and forth between two horizontally or
vertically placed objects
Result: target reached with one corrective saccade and was normal

VOR cancellation Description: observe the eyes as they fixate on the clinician’s nose while the clinician moves the
patient’s head horizontally at a speed of 1 Hz
Result: corrective saccades observed with head rotations to left suggesting potential
CNS dysfunction (*Red Flag)

Head thrust test Description: an unpredictable, small amplitude head thrust to each side is applied with high
acceleration. The patient’s head is flexed 30u and they are instructed to fixate on the examiner’s nose
Result: corrective saccade observed with head thrusts to the left suggesting VOR dysfunction due
to central or peripheral dysfunction

Dynamic visual acuity test Description: the patient reads eye chart with head stationary then again while the head is oscillated
in the horizontal plane at a speed of 2 Hz
Result: visual acuity decreased by eight lines suggesting VOR deficit due to CNS
or peripheral dysfunction

Spontaneous nystagmus
test

Description: observe the eyes for nystagmus while patient is sitting stationary
Result: spontaneous left beating nystagmus observed suggesting imbalance of the resting
firing rate of vestibular neurons due to peripheral or central dysfunction

Gaze holding nystagmus Description: observe the eyes while the patient holds their gaze about 30u to the right,
left, up, and down
Result: left beating nystagmus observed with left gaze, right beating nystagmus observed with
right gaze (direction changing) suggesting potential CNS dysfunction (*Red Flag)

Head-shake test Description: the patient’s head is flexed 30u and oscillated horizontally 20 times at 2 Hz,
the eyes are observed upon cessation of head movement
Result: nystagmus not observed and was normal

Hallpike–Dix test Description: the patient’s head is rotated 45u to the right/left while in sitting, the patient
is then assisted into supine with the head extended about 30u
Result: purely torsional nystagmus (the absence of vertical component) towards the left was
elicited suggesting potential CNS dysfunction (*Red Flag)
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The purpose of this case report is to discuss how

the performance of a complete vestibular and balance

examination, including the oculomotor system, can

assist a physical therapist in identifying a potential

CNS dysfunction in patients with dizziness.

Additionally, the importance of collaborating with

physicians to optimize the effectiveness and efficiency

of patient care is discussed. Physical therapists use

room light and fixation blocked oculomotor exam-

inations to assist in their differential diagnostic

procedure in patients with dizziness. Room light

examinations include assessment of smooth pursuit,

saccades, VOR cancellation, head thrust testing, and

static and dynamic visual acuity.3,19,22,23 Fixation

blocked examinations include observing for the

presence of spontaneous, gaze holding, post-head

shaking, and positional-provoked nystagmus.3,19,22,23

Patient Characteristics
The patient was a 52-year-old female with a history of

approximately 18 months of dizziness. She reported

that her symptoms began with a sudden onset of

feeling ‘coldness’ in her left ear. Within a few hours,

she began experiencing vertigo, which lasted for

1 week, including 2 days of nausea and vomiting.

During this time, the patient reported hearing loss in

the left ear and because the vertigo was constant, she

was forced to miss a week of work. The patient

consulted with her primary care physician during that

week and was diagnosed with vertigo, and was

prescribed meclizine and rest. She returned to work

the following week but the dizziness persisted over

the next 6 months, prompting her to return to her

primary medical doctor who referred her to an

otolaryngologist (ENT). The ENT requested a

magnetic resonance image (MRI) to rule out a

central problem but the request was denied by her

insurance company. Instead, a computed tomogra-

phy (CT) scan was authorized and performed. The

ENT also sent the patient for an audiogram which

confirmed incomplete hearing loss in her left ear.

Electronystagmography testing was not requested at

this time. After the CT scan of her brain came back

negative, the ENT suggested to the patient that the

dizziness might get better over time and no other

recommendations were made at that time. After

another 8 months of continued dizziness, a friend of

the patient suggested that she request a referral to

physical therapy. The patient returned to her primary

physician who prescribed physical therapy with the

diagnoses of ataxia and vertigo.

At the time of the physical therapy evaluation, the

patient’s chief complaints were symptoms of instabil-

ity and blurry vision despite daily use of meclizine.

She denied having fallen and reported that her

symptoms had remained stable since the cessation

of the initial 1-week episode of vertigo and nausea.

The instability was aggravated by grocery shopping,

walking on compliant surfaces, head or body turns,

looking up or down, and negotiating stairs. The

patient also reported difficulty reading due to a

slowing in her ability to find or focus on the next line

of text. Finally, she reported that she had to watch

television with her head tilted to her left. The patient

was a pre-school teacher and expressed that the

feelings of persistent disequilibrium were of concern

to her especially while at work.

Examination
Positive findings from the room light oculomotor

examination included corrective saccades to the left

with smooth pursuit, corrective saccades during VOR

cancellation with her head rotating to her left,

positive left head thrust test, and impaired dynamic

visual acuity (drop of eight lines on the dynamic

visual acuity test performed using a modified ETDRS

Visual Acuity Eye Charts chart with Sloan letters).

Positive findings in the fixation blocked oculomotor

examination included spontaneous left beating nys-

tagmus with complaints of a rocking feeling, left

beating nystagmus with left gaze, right beating

nystagmus with right gaze, the elimination of

spontaneous nystagmus post-head shake test, and

purely torsional nystagmus towards the left during

the Hallpike–Dix testing bilaterally.

Positive findings that suggested a CNS problem

included corrective saccades during smooth pursuit

and VOR cancellation, a drop of eight lines on the

dynamic visual acuity test, spontaneous nystagmus,

direction changing nystagmus with gaze holding, and

purely torsional nystagmus in the Hallpike–Dix tests.

Additionally, a positive head thrust test in this case

suggested the presence of a problem at the root entry

zone of the vestibular nerve where it meets the

vestibular nuclei at the pontomedullary junction.33

Table 1 provides a summary of the oculomotor

examination.

The patient’s balance examination included com-

puterized dynamic posturography, the dynamic gait

index, and the functional gait assessment. The

computerized dynamic posturography test battery

included the sensory organization test, motor control

test, and adaptation test.34 These tests were per-

formed using the NeuroComH SMART EquiTestH

Balance Master which calculates the body’s anterior–

posterior sway in response to different challenges to

the support surface and with alterations to a person’s

ability to utilize sensory systems in the maintenance

of postural control.34 The motor control test mea-

sures the timing, strength, and symmetry of auto-

matic responses generated by sudden movements of

the support surface.34 The adaptation test measures

the response to movements of the support surface

that vary from trial to trial.34 The sensory organiza-

tion test measures abnormalities in the use of

somatosensory, visual, and vestibular systems.34 The
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sensory organization test revealed decreased use of

visual and vestibular feedback, and the motor control

test and adaptation test were within normal limits.

The patient’s score on the functional gait assess-

ment was 22/30 which was below average for her age

group.35 The patient scored 18/24 on the dynamic

gait index which indicated that she was at risk for

falls. The patient also reported a 4/10 with aggravat-

ing movements on the visual analogue scale with 0

representing no dizziness and 10 representing the

worst imaginable dizziness.

Clinical Impression
Because the physical therapy examination findings

were consistent with both peripheral vestibular and

CNS dysfunction, the physical therapist made the

clinical decision to refer the patient to a physiatrist

specializing in the treatment of patients with brain

injuries and vestibular disorders. Based upon the

recommendations from the physical therapist, the

physiatrist ordered electronystagmography testing as

well as MRI with contrast to rule out CNS disorders

such as multiple sclerosis or a tumor. Physical

therapy was to be continued in the meantime.

The MRI, which was performed between the

patient’s third and fourth physical therapy sessions,

revealed a large extra-axial mass within the left

cerebellopontine angle which was suspected to be a

meningioma (Fig. 1). The electronystagmography

testing was cancelled and the patient was referred to

a neurosurgeon. Approximately 4 months after her

initial physical therapy examination and 3.5 months

after seeing the physiatrist, the patient underwent

surgical removal of the cerebellopontine angle mass.

Intervention
Before the cerebellopontine angle mass being diag-

nosed, the patient received physical therapy interven-

tions twice per week while awaiting the MRI and

electronystagmography testing. Interventions were

aimed at improving the balance and dynamic visual

acuity deficits that were identified during the exam-

ination. Interventions included vestibular adaptation

exercises, optokinetic stimulation, dynamic standing

balance activities on compliant surfaces with her eyes

open and closed, and dynamic locomotor train-

ing.19,22 The patient was also prescribed a home

exercise program consisting of specific vestibular

adaptation exercises (X1 viewing to improve the

VOR reflex) and anterior–posterior weight shift-

ing.19,22 The patient was to perform X1 viewing with

both horizontal and vertical head turns for 90 sec-

onds each while focusing on a stationary target.19,22

This was performed in standing with a progression to

walking five times per day as tolerated. The weight

shifting exercise was to be carried out with her eyes

closed while standing on a folded towel for 20

repetitions once daily. She was instructed to stand

Figure 1 MRI results of patient’s left cerebellopontine angle meningioma.
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with her back approximately 6 inches from a wall

with a chair in front of her. To ensure safety, the

patient was observed performing each home exercise

in the clinic before its prescription or progression.

The patient was notified of her MRI results after her

fifth physical therapy visit. Afterwards, the patient

returned to physical therapy for one more visit to

discuss her diagnosis and to review her home exercise

program. She was discharged from physical therapy

after six visits and subsequently underwent surgical

removal of the cerebellopontine angle mass. Table 2

provides a descriptive treatment summary.

Outcomes
Upon discharge from physical therapy, the intensity of

her dizziness had decreased by two points from 4/10 to

2/10. The sensory organization test and dynamic gait

index were not performed on her last session in order

to allow the patient time to discuss concerns regarding

her diagnosis and prognosis and to review her home

exercises. After the surgery, re-testing of the sensory

organization test and dynamic gait index was per-

formed. All conditions of the sensory organization test

were found to be within normal limits and her dynamic

gait index score was 22/24 indicating that she was no

longer at risk for falls.

Upon follow-up with the patient 3 months post-

surgery, she reported complete resolution of her

symptoms. The sensory organization test was within

normal limits and the dynamic gait index remained at

22/24.

Discussion
The patient in this case report presented with signs

consistent with peripheral vestibular and CNS

dysfunction. The physical therapy examination find-

ings suggesting a CNS dysfunction were supported

through the identification of a meningioma at the

cerebellopontine angle via MRI. Meningiomas have a

peak incidence at 45–55 years of age, female/male

ratio of 9 : 5, account for 17% of all brain tumors and

up to 10–15% of cerebellopontine angle masses.18

Symptomology is dependent upon the tumor loca-

tion. In this case report, the patient’s subjective

complaints of partial hearing loss, dizziness, and gait

instability suggested the presence of a vestibular

disorder. The onset, description, and duration of

symptoms through the acute stage also suggested a

peripheral vestibular disorder such as labyrinthitis.

However, the persistence of her symptoms over the

course of 18 months despite her continued perfor-

mance of typical work and daily living tasks indicated

that she was not compensating well for the disorder.

The lack of compensation could be explained by the

meningioma’s interference with central mechanisms

needed for adaptation and/or the prolonged use of

meclizine.19,36,37

There were several findings in the oculomotor

examination that indicated the presence of a potential

CNS dysfunction including the corrective saccades

observed during smooth pursuit, saccade testing, and

VOR cancellation testing. The deficit in dynamic visual

acuity indicated the presence of a vestibular disorder of

either central or peripheral origin. The positive head

thrust test confirmed the presence of a peripheral

vestibular disorder, most likely due to compression of

the vestibular nerve at the root entry zone. Spontaneous

nystagmus in the fixation blocked condition suggested

the presence of an uncompensated vestibular disorder

Table 2 Physical therapy intervention summary

Visit 1
Initial consultation

Subjective exam, oculomotor exam (room light and fixation blocked),
patient education, home exercise program (HEP) initiated (X1 viewing
standing feet hip width for 60 seconds horizontally and vertically, 56/day as tolerated)

Visit 2
Initial consultation continued

Computerized dynamic posturography testing, limits of stability test, functional gait
assessment, dynamic gait index, patient education for test findings and treatment plan,
HEP progressed (weight-shifting on towel with eyes closed 206/day as tolerated)

Visit 3
1st post-consultation treatment session

X1* viewing during gait with large target, locomotor training on treadmill with saccades,
standing balance with eyes closed on tempur foam, HEP modified to include use of
larger target for X1 viewing as tolerated

Visit 4
2nd post-consultation treatment session

X1 viewing during gait, level surface, treadmill with saccades, optokinetics, standing
balance with eyes closed on tempur, HEP reviewed (no changes made)

Visit 5
3rd post-consultation treatment session

X1 viewing on tempur, optokinetics, standing balance with eyes closed on tempur and
high density foam, HEP progressed to include X1 viewing during forward and backward
walking as tolerated

Visit 6
4th post-consultation treatment session

X1 viewing on rocker board, optokinetics, standing balance on high density foam w/eyes
open and closed, standing balance on rocker with eyes open and closed, sidestepping
on 264, HEP reviewed (no changes made)

Visit 7
5th post-consultation treatment session

X1 viewing on high density foam, X1 viewing during gait, sidestepping on 264 with
resistance, weighted ball toss on 264, standing balance with eyes closed on high
density foam, HEP progressed to include head turns while standing on a folded blanket
with eyes closed as tolerated

Visit 8
6th post-consultation treatment session

Standing balance on high density foam with eyes closed, gait over compliant surface
with head turns, patient education and discussion regarding diagnosis, HEP reviewed
(no changes made)

Note: *X1 viewing is a specific type of VOR adaptation exercise aimed at improving gaze stability during head movements. Initially, the
patient focuses on a target approximately 3 feet away and moves their head from side-to-side horizontally at a speed that allows them
to keep the target in focus. As VOR adaptation occurs over time, the distance and speed of the head movement can be increased and
the environment in which the exercises are performed can be made more challenging.
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or CNS disorder. Direction changing nystagmus in the

fixation blocked condition and the presence of purely

torsional nystagmus during the Hallpike–Dix testing

also suggested a potential CNS disorder.19,38 The results

of the sensory organization test, dynamic gait index,

and functional gait assessment tests objectified the

presence of postural instability during standing and

walking. These findings should prompt the physical

therapist to refer the patient to a physician for further

diagnostic testing.

Literature to support the use of vestibular rehabi-

litation in the treatment of central vestibular dis-

orders is limited. Furthermore, studies that evaluate

the effectiveness of vestibular rehabilitation in this

patient population often lack internal validity.14

Therefore, less is known regarding the effect of

vestibular rehabilitation with central vestibular dis-

orders such as brain tumors, traumatic brain injury,

or multiple sclerosis. Although many aspects of

vestibular rehabilitation are similar for patients with

peripheral vestibular disorders and central vestibular

disorders, studies indicate that people with central

vestibular disorders have poorer outcomes and do

not progress as quickly when compared to those with

pure peripheral vestibular disorders.14

Other studies have indicated that the use of

customized vestibular rehabilitation interventions

have been effective in improving sensory organization

test, dynamic gait index, and dynamic visual acuity

scores.19,37,39,40–44 Additionally, it has been shown

that people with central vestibular disorders respond

to rehabilitation with improvements in subjective

measures of the effect of dizziness and instability on

daily life.14,39 In this case report, the patient reported

improvements in the severity of her symptoms

including dizziness and instability during walking

and work-related activities over the course of six

physical therapy sessions. Owing to the medical

implications of her diagnosis and an unexpected

discharge from physical therapy services, these

statements were not objectified until after her surgery.

This case report brings to light the importance of the

inclusion and interpretation of a room light and

fixation blocked oculomotor examination in the

differential diagnosis of a person presenting to physical

therapy with complaints of dizziness and imbalance.

These tests take little time to administer and provide

valuable information regarding the nature of the

person’s complaints. By identifying evidence of poten-

tial CNS disorders, the physical therapist is better

equipped to manage patients in the most appropriate

way. This includes the ability to establish an appro-

priate prognosis and intervention for the patient, which

incorporates communicating with and making referrals

to a physician to ensure that the patient is diagnosed

and treated efficiently. This translates into fewer

unnecessary services and greater cost effectiveness in

the delivery of patient care. In conclusion, this case

report emphasizes the importance of a physical

therapist’s ability to perform and interpret an oculo-

motor examination in patients presenting with com-

plaints of dizziness. It also demonstrates the

importance of collaborating with physicians in the

management of patients with suspected CNS involve-

ment. Finally, the patient in this case report made

progress from physical therapy interventions despite

the presence of an undiagnosed meningioma.
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