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Abstract
Background and Purpose:  Partial or total unilateral ves-

tibular loss is the third most common cause of peripheral 
vestibular dysfunction.  Dysfunction of one or both of the 
vestibular mechanisms can manifest physically as abnormali-
ties of posture, balance, and/or visual acuity.  This case report 
describes physical therapy examination and individualized 
intervention with vestibular rehabilitation for a patient with 
unilateral vestibular hypofunction.  Case Description:  The 
patient was an 80-year-old male with electronystamographi-
cally confirmed unilateral vestibular loss of 98.3%.  He dem-
onstrated altered balance and gaze stability classifying him as 
having an increased risk for falling.  Outcomes:  After 5 weeks of 
individualized vestibular rehabilitation, the patient significantly 
decreased his fall risk from 11 to 20 of 24 on the Dynamic Gait 
Index.  His gaze stability also improved from a 4 to 1 line dis-
parity with dynamic visual acuity testing.  The patient also had 
a decrease in perceived disability on the Dizziness Handicap 
Inventory from 30/100 at evaluation to 12/100 at discharge.  
Conclusion:  Individualized vestibular rehabilitation decreased 
fall risk and improved gaze stability for a patient with significant 
unilateral vestibular hypofunction.
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Introduction
Falls are considered one of the leading contributing factors 

for morbidity and mortality in aging adults.  Over one-third 
of adults over age 65 experiences at least one fall each year.1  
Visual detection capacities and reactive responses tend to 
become less efficient as age increases; potentially altering effi-
cacy of dynamic balance.2  Clinically, advanced age has been 
associated with decreased quality of performance on balance 
testing.3  It is important that in-depth examination and evalu-
ation of balance addressing each contributory system be com-
pleted during physical therapy evaluation of any patient with 
history of falling, and of individuals of advanced age regardless 
of fall history.

Dynamic postural control evolves from interactions between 
the visual, somatosensory, and vestibular systems.4  Through 
visual images the brain is alerted to changes in terrain, environ-
ment, and surroundings.5  Concurrently, sensory receptors in 
soft tissue, joints, and muscle throughout the body send per-
tinent information through the spinal cord to the cerebellum 
and somatosensory cortex to alert the brain to body position 
and movement.  The vestibular system augments the informa-
tion from the other systems by sensing movement of the head 
and maintaining stability of visual images on the retina to 
maintain postural control.6

Falls are often multifactorial, but vestibular dysfunction is 
an important risk factor by itself.  The vestibular system func-
tions in stabilizing gaze and in postural control, both of which 
contribute to balance.6  By detecting movement of the head 
relative to gravity, the vestibular system sends pertinent infor-
mation to maintain upright posture and balance.  Symptoms 
of vestibular loss may include dizziness, vertigo, oscillopsia, 
nausea, nystagmus, vomiting, and disequilibrium.7 Dizziness is 
the most common reason for adults over age 75 to see a physi-
cian; 70% will experience symptoms for more than 2 weeks.6  
Dysfunction of one or both of the vestibular mechanisms can 
manifest physically as abnormalities of posture, balance, and 
visual acuity or a combination of these problems.

According to The Guide to Physical Therapist Practice, physi-
cal therapists examine, evaluate, and provide risk reduction 
and primary prevention interventions for individuals with loss 
of balance and history of falling.8  Vestibular rehabilitation, 
dating back to the 1940s,  was largely based on anecdotal 
evidence.4  Recent research has led to refinement of interven-
tions that appear effective for a variety of vestibular disorders.4  
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Table 1.  Comprehensive PT Examination Schema

Test/Measure Body Function/Structure Activity Limitations Participation Limitations

Sharpened Rhomberg X

Dynamic Gait Index X X

Self-reported Activity Restrictions X

Dizziness Handicap Inventory X

Dynamic Visual Acuity X

Currently, vestibular rehabilitation has become one of the most 
evidence-based modalities offered by physical therapists.9  
The popularity of vestibular research may be due to its suc-
cess in decreasing the incidence of falls and the trend toward 
fall prevention demonstrated in many studies.  Herdman et 
al10 suggest that vestibular rehabilitation alone could reduce 
fall risk in patients with vestibular impairment.  Horak et al11 
found that vestibular exercises resulted in improved postural 
stability when compared to placebo.  Shepard and Telian12 
conclude that a customized vestibular exercise program leads 
to decreased dizziness and asymmetry with balance testing, 
providing additional evidence of the efficacy of vestibular 
rehabilitation.  Both Szuturm et al13 and Cowand14 suggest that 
vestibular rehabilitation results in greatest improvements with 
a supervised versus an unsupervised home exercise program.  

This case report describes the examination, evaluation, and 
development of a plan of care for an aging adult with unilateral 
vestibular loss.  This patient was referred to physical therapy for 
balance improvement and was treated using a home program 
coupled with intermittent visits to PT for advancement of his 
vestibular rehabilitation exercises.

Case Description
The patient, BR, was an 80-year-old retired male who 

reported spells of dizziness lasting several minutes and occur-
ring intermittently during the day.  He reported his dizziness 
as a feeling of being off-balance that occurred when walking 
or standing, which was exacerbated in busy environments or 
with decreased lighting.  These symptoms had caused him to 
discontinue his hobbies of playing golf and tennis.  He had 
fallen once in the previous month when ascending a flight of 
stairs. He also experienced occasional ringing in his right ear 
and hearing loss in both ears.  His past medical history was 
significant for heart palpitations, laser vision correction, and 
seasonal allergies.  Prior to symptom onset, he had been ill for 
approximately 3 weeks and was prescribed a non-neurotoxic 
antibiotic treatment.  BR was not taking any medications at the 
time of his physical therapy evaluation and continued without 
medication during treatment.  

Medical Examination
Prior to presenting to the physical therapy department 

for evaluation, BR was examined by a Clinical Audiologist.  
Electronystagmography (ENG) is a procedure in which quan-

titative assessment is made of the vestibular system through 
electrodes around the patients’ eyes.15  ENG testing consists of 
ocular mobility testing, bithermal caloric testing, and positional 
testing.15  The series of tests aims to determine the function of 
the peripheral vestibular system of each ear.

BR’s ENG assessment was within normal limits for saccades, 
optokinetics, tracking, sitting, and supine positions as well as 
Dix-Hallpike maneuver.  However, caloric tests were abnormal, 
revealing right unilateral dysfunction of 98.3%.  Although he 
showed severe dysfunction, ice water caloric testing indicated 
he had some residual vestibular function.  Caloric testing is 
considered the gold standard in identifying peripheral unilateral 
vestibular hypofunction.6  The results suggested vestibular defi-
cit arising from a peripheral disorder.  

Physical Therapy Examination
The PT examination included examination of body structure 

and function, activity limitation, and participation limitation 
(Table 1).  BR was a tall, athletic male with head-forward pos-
ture who walked with decreased knee extension on his right 
in mid-to-terminal stance.  Range of motion assessment was 
unremarkable, except limitation of bilateral ankle dorsiflexion 
to neutral.  According to the American Academy of Orthopaedic 
Surgeons9 the mean dorsiflexion range of motion at the ankle 
is 20°, other studies have reported age and gender adjusted 
means ranging between 8.5° to 13.1°.16,17  A study by Kemoun 
et al7 suggested that ankle dorsiflexion was a factor related to 
fall prediction.  Proprioception (finger-nose and heel-shin) and 
coordination (rapid alternating movement) testing, as described 
by Umphred,18 were unimpaired.  During balance testing, BR 
demonstrated positive sharpened/tandem Rhomberg with eyes 
open and arms at his side.  He could independently achieve the 
testing position but was unable to hold the position without a 
corrective step for more than 8 seconds.  Rhomberg testing is 
considered positive or abnormal if the patient demonstrates 
excessive sway, loss of balance, or stepping when attempting to 
maintain the test position during a 30-second period.18   

BR scored 11 out of 24 on the Dynamic Gait Index (DGI), 
which categorized him as having increased fall risk; scores 
less than 20 indicate an increased risk for falling.5  According 
to Furman and Cass,20 the vestibulospinal manifestations of 
unilateral peripheral vestibular loss may include disequilibrium 
and postural instability that includes leaning and veering of gait 
to the side of the lesion.  BR demonstrated veering toward the 
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right during the gait assessment portion of the DGI.  The DGI 
was developed by Shumway-Cook and Wollacott5 as a tool 
to assess balance with functional activities such as walking, 
stepping over obstacles, and walking with visual challenges.  
Scores on the DGI have correlated well (r = 0.78) with scores 
on the Berg Balance Scale, which suggests that the DGI is a 
valid test in identifying increased fall risk as a result of altered 
balance.21  Shumway-Cook et al22 reported the reliability of the 
DGI as excellent with 0.96 inter-rater reliability and 0.98 test-
retest reliability.

BR scored 30 out of 100 on the Dizziness Handicap Inventory 
(DHI), with 0 indicating lack of perceived disability and 100 
being marked perception of disability.23  The DHI is scored in 
subsections dealing with emotional, functional, and physical 
disability.  BR scored 12 out of 36 in the functional subsection, 
12 out of 28 in physical subsection, and 6 out of 36 in the emo-
tional subsection.  Test-retest reliability of the DHI was high (r 
= .97, p < .0001) in a study conducted by Jacobson23 amongst 
14 patients with unspecified vestibular disorders.

BR demonstrated minimal oculomotor and vestibulo-ocu-
lar abnormality, both of which are tested to rule in or rule out 
cerebellar pathology.  The oculomotor circuit participates in 
control of saccadic eye movements.24  Saccades are rapid eye 
movements made in order to bring a target into the center of 
the line of sight and are used voluntarily and reflexively.25  BR 
demonstrated mild catch-up saccades with testing.  However, 
Desmond25 cautions the practitioner to avoid over interpreting 
abnormal results with oculomotor testing.  Because BR’s ENG 
assessment for saccades was deemed normal, his mild finding 
on clinical testing during his PT examination was not included 
as an objective finding conclusive of impairment.

The vestibulo-ocular reflexes (VOR) work to keep the eyes 
fixed when the head moves.25  The VOR is assessed clinically 
through dynamic visual acuity testing or active headshake 
while focusing on an object.  Using either form of VOR assess-
ment, the clinician observes eye movement quality and relies 
on subjective report of ability to focus on the object from the 
patient.  Dynamic visual acuity (DVA) is defined as the number 
of lines on the visual acuity chart that become illegible with 
head movement when compared to static testing.25  Normal 
disparity in dynamic and static visual acuity is considered a 1 
line discrepancy.25  BR had abnormal disparity in static versus 
dynamic visual acuity when reading 10 feet from the Snellen 
chart.  He was able to read the 5-foot line statically and the 
9-foot line dynamically, indicating a 4-line discrepancy.  The 
underlying pathology of unilateral vestibular loss results in 
decreased gain of the VOR.  Foster et al26 found that decreased 
gain of the VOR leads to impairment in dynamic visual acuity. 

Physical Therapy Diagnosis and Plan of Care
BR’s diagnostic test results of decreased ankle dorsiflexion 

range of motion, abnormal balance, and abnormal VOR find-
ings led to physical therapy diagnosis of decreased ability to 
participate in functional and leisure activities due to limita-
tions in static and dynamic balance during ambulation and 

transitional activities, secondary to impaired dynamic visual 
acuity related to vestibular hypofunction right greater than 
left. 

The goals for physical therapy were (1) to improve gaze 
stabilization as evidenced by a change from 4 to 2 line dis-
crepancy on Dynamic Visual Acuity testing within 6 weeks and 
(2) to improve quality and safety of ambulation, as evidenced 
by a change in Dynamic Gait Index (DGI) score from 11 to 20 
within 6 weeks.  

Intervention
The initial intervention (a single session) included instruc-

tion in gaze stabilization exercises to enhance vestibular 
adaptation (Figure 1).  Herdman et al27 studied patients with 
unilateral vestibular loss who performed vestibular exercises 
and showed significant improvement in dynamic visual acu-
ity as compared to placebo exercise.  BR’s exercise regimen 
consisted of exercises as described by Herdman.28,34  To begin 
the exercise, BR was seated, and held a business card at arm’s 
length so that printed words on the card were legible and in 
focus.  BR was instructed to move his head from left to right 
at a self-selected speed, keeping the printed material in focus, 
while holding the card still, for one-minute period, 3 times per 
day.  The frequency and duration of the home exercise pro-
gram was determined based on evaluation and on previous 
research,28,34 which suggests vestibular adaptation requires 
more than a few seconds of active practice each day.

Hu and Woollacott29 reported improved balance as a result 
of exercises aiming to optimize the interaction of visual, ves-
tibular, and somatosensory systems in individuals aged 65 
to 90 years old.  This evidence was considered in designing 
balance training activities for BR’s home exercise.  In order to 
focus on his somatosensory and vestibular components by 
removing visual input he was instructed to stand in a corner 
with wide base of support by placing his feet together with 
arms at his side and eyes closed, with the goal of remaining 
steady for 30 seconds at least 3 times per day.  He was further 
instructed to open his eyes and shake his head from left to 
right, and then and up and down for an additional 30 seconds 
for each movement direction, 3 times per day.  The combina-
tion of head shakes, removing visual input by closing his eyes, 
and standing with a narrow base of support provided practice 
and integration across the three systems which contribute to 
balance and postural control. 

Eight days after initial evaluation, BR returned to the clinic 
for follow-up.  He reported one new episode of disequilibrium 
that occurred when he got up in the middle of the night 
without the lights on.  Overall, he reported feeling as though 
his tolerance for walking had improved.  BR demonstrated 
improved static standing with Rhomberg testing, eyes closed 
evidenced by the ability to hold the position longer prior to 
taking a protective step.  Upon reassessment, his VOR showed 
no change.  When he demonstrated his vestibular exercises, 
the therapist noted that he was sitting much further than 
an arm’s length from his target.  On further questioning, BR 
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admitted that he was not able to maintain visual focus on the 
printed text at the distance he demonstrated. The therapist 
provided additional feedback, reinforcing the importance of 
maintaining his visual focus on the print throughout the exer-
cise. Additional practice resulted in more accurate performance 
of the exercise.  BR’s home program was progressed to include 
standing with narrow base of support, with arms now crossed 
over his chest for all 3 conditions described previously (Table 2).  

Figure 1.  Gaze stabilization exercise (x1 viewing).

1a.  Look straight ahead.

1b.  Turn head 45º to right.

1c.  Turn head 45º to left.

His vestibular exercise was not progressed and continuation of 
his initial gaze stabilization exercises (Figure 1) was assigned.  

Twenty days after initial evaluation BR presented with nega-
tive Rhomberg in both the eyes open and eyes closed condi-
tions.  However, with sharpened Rhomberg testing he was only 
able to maintain test position for 15 seconds before taking a 
protective step.   He was instructed to use sharpened Romberg 
position with eyes opened as a progression of his balance 
exercise for his home program.  BR demonstrated decreased 
path deviation when walking with his head turned to his right, 
a test item on the DGI he had previously had difficulty with.  
His gaze stabilization exercises were further progressed after 
3 weeks; a busy background of checkerboard and striped print 
was placed behind the business card to increase the demand 
on the oculomotor control system or by adapting foot posi-
tion in standing from wide base of support to narrower base 
of support to challenge postural control.  He was instructed as 
described earlier (Figure 2, Table 2).  As stated by Herdman,4,31 
exercises targeting gaze stabilization improvement may help 
improve postural stability. 

During this session he was asked to carry out his entire ves-
tibular program supervised to assure appropriate mechanics.  
Given his history of improper demonstration of exercises, he 
demonstrated while receiving active verbal feedback and was 
able to correctly perform his home program by the end of this 
treatment session.   

After 4 clinic sessions over a 5-week period, BR was reas-
sessed.  See Table 3 for a summary of outcomes.  He reported 
that he had resumed golfing and playing tennis.  His only 
complaint was decreased endurance with activity.  Re-test of 
his Dynamic Gait Index (DGI) resulted in a total score of 20 
out of 24, meeting the physical therapy goal and taking him 
out of range for increased fall risk.  Dynamic visual acuity reas-
sessment revealed 1 line discrepancy, surpassing the physical 
therapy goal of 2 line discrepancy improvement.  Although 
not addressed in his physical therapy goals, BR also had 
decreased perception of dizziness handicap evaluated through 
the Dizziness Handicap Inventory.  Total DHI score dropped 
from 30 to 12 out of 100, demonstrating a decreased percep-
tion of handicap.  From evaluation his perception of emotional 
burden based on his condition dropped from a score of 6 to 0 
while both physical and functional domains dropped from 12 
at evaluation to 6 at discharge.  Finally, BR demonstrated nega-
tive Rhomberg with both test positions, further solidifying that 
his balance had also improved since initial evaluation.

Discussion
	 Two studies3,11 have shown the success of vestibular reha-

bilitation over 6 or more weeks of individualized treatment.  
Other studies suggest that vestibular rehabilitation is most 
effective when supervised rather than through assignment of a 
home program.13,14  BR demonstrated improvement in balance 
and gaze stability and significantly decreased his risk for falling 
after 4 physical therapy sessions over a 5-week period, coupled 
with an home program of vestibular exercises that were 
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sequentially advanced to place greater demand on vestibular 
and postural control systems.  The outcomes reported in this 
case are consistent with those reported in previous studies.

	 As a case report there are limitations that should be men-
tioned.  A single physical therapist examined, provided inter-
vention, and re-examined BR; this creates a potential for bias 
in reporting outcomes.  Because a case report documents the 
effects of therapy on a single patient, results may not be gener-

Figure 2.  Examples of distracting backgrounds for ad-
vancement of gaze stabilization exercise.

2a.  horizontal lines

2b.  checkerboard pattern

Table 2.  Summary of Home Vestibular Exercise Program and Progression

Physical Therapy Session VOR exercises Balance exercises

First (day 1) Horizontal headshakes 
(see Figure 1)

Head shakes
wide BOS
eyes open

Second (day 9) Horizontal headshakes Head shakes
narrow BOS
eyes open

Third (day 20) Horizontal headshakes distracting 
background 

(see  Figure 2)

Head shakes
sharpened Rhomberg position eyes open

VOR = vestibulocular reflex, BOS = base of support

alizable to larger populations of patients/clients encountered 
in physical therapy practice.  While BR demonstrated fall risk 
on initial examination, his problems were primarily due to his 
diagnosis of unilateral vestibular hypofunction.  Many elders 
who are at risk for falling do not have a vestibular disorder 
and would demonstrate other varied risk factors related to 
their fall risk which were not addressed in this case report.  
Also, BR presented to physical therapy with a confirmed 
diagnosis of unilateral vestibular hypofunction assessed via 
ENG testing.  Many patients/clients who present to PT with 
balance deficits may not have had specific vestibular testing 
such as ENG assessment to clarify and quantify the integrity 
of the vestibular system at the time of initial physical therapy 
examination.  The therapist would need to use a focused and 
systematic examination process to differentiate peripheral 
vestibular hypofunction from a central vestibular, cerebellar, 
or cervicogenic impairment, and potentially referral by the PT 
for ENG testing.

	 The tests, measures, and interventions used for BR are 
easily adaptable to most physical therapy settings, allowing 
many therapists one example of a vestibular rehabilitation 
program that could be adapted to suit the patients/clients 
frequently seen in their clinics.  The tests and measures used 
to monitor BR’s progress are simple to administer, are not 
excessively time consuming to perform, and can be used at 
reassessment to measure change over time with intervention.  
They do not require costly or bulky pieces of equipment and 
have been shown to be both reliable and valid, allowing mul-
tiple therapists to follow a patient/client over the course of 
therapy.  Additionally, the compliment of tests and measures 
used to assess BR covered body functions/structures, activ-
ity limitations, and participation limitations described in the 
International Classification of Functioning, Disability, and Health 
Model of Functioning and Disability31,32 adopted by the World 
Health Organization (Table 1).  By focusing examination of 
BR’s deficits from this variety of viewpoints, a more complete 
picture of how BR’s intervention changed his ability to func-
tion and enabled him to return to his normal activities was 
available to both BR and his therapist.34  It also allowed the 



Journal of Geriatric Physical Therapy  Vol. 30;3:07	 126

Table 3.  Outcomes After 4 sessions of Vestibular Rehabilitation

Test/Measure Initial Examination Final Examination

Dynamic Gait Index
(24 is maximum score)

11 / 24 
(high fall risk)

20 / 24 
(low fall risk)

Dynamic Visual Acuity
(2 line disparity is normal)

4 line disparity 1 line disparity

Dizziness Handicap Inventory
(lower score indicates less handicap)

30 / 100 12 / 100

Sharpened Rhomberg
(sway or step before 30 seconds indicates altered balance)

8 seconds 32 seconds

Self-reported activity restrictions Not golfing or playing tennis Resumed golf and tennis

PT to see changes at all levels of BR’s abilities throughout the 
course of physical therapy treatment.

	 Interventions were home-based, allowing for decreased 
frequency of PT visits. Weekly PT sessions were effective in 
assessing, correcting, and advancing BR’s exercise regimen to 
ensure continued challenge and correct performance of the 
home-based program. The exercise regimen is easily adapt-
able to accommodate many patients/clients and their specific 
safety, home, and individual requirements.

This case report provides a model of a home-based ves-
tibular rehabilitation program supported by periodic clini-
cal follow-up. This program of vestibular rehabilitation was 
effective in decreasing fall risk and increasing gaze stability 
in an older patient with unilateral vestibular hypofunction.  
A similar strategy might be effective in home-care and other 
out-patient settings, for older adults with balance impair-
ment and history of falls related to vestibular dysfunction or 
to impairments in sensory integration of visual, vestibular, 
and somatosensory systems.  
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The elite seat® is a portable knee extension device designed to
Correct any loss of knee extensoin on a patient due to:

    • Acute ACL Injury
    • Post-Operative ACL Rehabilitation
    • Arthrofibrosis
    • Total Knee Arthroplasty
      • De-Conditioned Knee with a Flexion Contracture
    • Arthritic Knee Joint with a Flexion Contracture

The benefits of the elite seat® include:

    • Non-Operative Procedure
    • Patient Controlled stretch
    • Lightweight and compact in design
    • Portable
    • User-Friendly
      • Reclining position eliminates difficulties with hamstring tightness or spasms

G ET I T S TRAIGHT!

A PRODUCT OF:
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®

GET IT STRONG . . . GET IT SYMMETRIC . . .




