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Bilateral Vestibular Hypofunction
Physical Therapy Management

By Susan J. Herdman, PT, PhD, FAPTA and Richard A. Clendaniel, PT, PhD
*This article is comprised of excerpts from “Vestibular Rehabilitation, 4th Edition” with permission
from Dr. Herdman and F.A. Davis Company. To purchase the book, visit www.fadavis.com.

Reduction or loss of vestibular function
bilaterally results in difficulty maintaining
balance, especially when walking in the
dark or on uneven surfaces, and in a
decrease in the patient’s ability to see
clearly during head movements. In
addition, patients with bilateral vestibular
hypofunction or loss (BVH or BVL) also
complain of intense feelings of being offbalance and of strange but disturbing
sensations in their heads with head
movement. Because of these problems,
patients with BVH may restrict their
activities and can become socially
isolated.

ETIOLOGY
Bilateral vestibular hypofunction and loss
can occur as secondary to a number of
different problems including ototoxicity,
meningitis, sequential vestibular neuritis,
progressive disorders, autoimmune
disorders, chronic inflammatory
peripheral polyneuropathy, congenital
loss, and neurofibromatosis. In most
cases, however, BVH is considered to be
“idiopathic” because the underlying cause
cannot be identified. The incidence of the
various forms of BVH is also not clear,
because it varies depending on the type
of clinical practice examined.

Vestibular rehabilitation can improve
postural stability, decrease the sense of
disequilibrium, and improve visual acuity
during head movements enabling people
with BVH to resume a more normal life.1-5
Unfortunately, most patients have
residual functional problems and
subjective complaints.5 The exercises
used for patients with BVL are aimed at
fostering the substitution of alternative
strategies to compensate for the lost
vestibular function and at improving any
remaining vestibular function.

PRIMARY COMPLAINTS
Balance and Risk for Falling
Patients with bilateral vestibular loss are
primarily concerned with their balance
and gait problems. During the acute
stage, they may feel off balance even
when lying or sitting down. More
typically, however, their balance
problems become obvious only when they
are standing or walking. Thus, patients
who are bedridden, such as those who
develop BVH after receiving a vestibulotoxic medication such as gentamicin,
often do not know they have a balance
problem until they get out of bed.
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Typically, these patients have been
treated with the ototoxic medication
because of a serious infection. They are
often debilitated, and their balance
problems are initially attributed to
weakness. Other patients, such as those
with a progressive loss, may not notice
their gradually worsening balance until it
reaches a critical point and they start
falling.
Even with full compensation, balance
problems will persist. Although the other
sensory and motor systems do help
compensate for the vestibular loss, these
systems cannot substitute completely for
the loss of vestibular function. Normal
postural stability while walking requires
the combined use of at least two of three
sensory cues (visual, vestibular,
somatosensory). Patients who have no
vestibular function, therefore, will have
difficulty when either visual or
somatosensory cues are also significantly
decreased (e.g., walking in the dark).
Although balance maybe poor, it is not
known what the actual frequency of
falling is for patients with BVL. One study
reported that 70% of patients with BVH
under the age of 65 reported falls related
to their bilateral hypofunction and 58% of
those 65 to 74 years of age reported falls
related to their BVH.6 In both cases the
incidence of falls exceeded the fall rate of
healthy individuals of the same age.
Interestingly, patients age 75 years and
older had a lower fall rate than do healthy
individuals; this was attributed to their
use of assistive devices and limited
activity level. Most patients are able to

prevent falls even though they may sidestep or stagger occasionally. However,
even after a course of vestibular and
balance re-habilitation, 20% to 30% of
patients with BVH are still at risk for
falling when they are discharged.3,7
Oscillopsia
Another problem for patients with
bilateral vestibular loss is the visual
blurring that occurs during head
movements. Almost 70% of all patients
with BVH complain of oscillopsia even
after a course of gaze stabilization
exercises.7 Greater intensity of oscillopsia
occurs in patients with absence of both
inferior and superior vestibular nerve
function. In addition to the subjective
complaint, patients also have a
documented decrement in visual acuity
during head movements. Interestingly,
several studies have demonstrated that
the subjective complaints of oscillopsia
does not correlate with the actual
decrement in visual acuity during head
movement.5,8,9
Initially, loss of vestibular function results
in a decrement in visual acuity even when
the patient is stationary, if the head is not
supported10, and even following the best
compensation some patients say that
objects that are far away appear to be
jumping or bouncing. This visual blurring,
or oscillopsia, increases with irregular or
unpredictable head movements such as
would occur while walking. As a result,
patients may not be able to read street
signs or identify people’s faces as they
walk, or they may have difficulty seeing
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clearly while in a moving car. Severe
oscillopsia will also impact postural
stability because decreased visual acuity
will affect the person’s ability to use
visual cues for stability.11
Sense of Disequilibrium, Imbalance,
and Dizziness
Patients often complain of a sense of
being “off-balance” that is separate from
their actual postural instability. This
feeling lessens or disappears when the
person is lying down or sitting with the
head supported. It increases dramatically
when the person is moving. Although
disequilibrium may decrease as a result
of compensation, for up to 80% of
patients it remains a serious and
debilitating problem.7 It can lead to
decreased physical activity, social
isolation, and depression. Another
disturbing sensation that is more vaguely
described by patients with terms such as
“dizziness” and “spacey-ness” is also
heightened by head movement and
persists in as many as 60% of all
patients. This head movement–induced
dizziness is exacerbated by repeated
head movement and may cause patients
to avoid movement.
Physical Deconditioning
Poor physical condition can be a
significant problem for patients with BVL.
This can be caused directly by a
decreased activity level because of the
patient’s fear of falling or because of the
increased dizziness that occurs with
movement. It is especially a problem for
patients whose vestibular loss is

secondary to ototoxic medications. These
patients are already debilitated because
of severe infection. Many patients on
peritoneal dialysis, for example, develop
infections that are treated with
gentamicin, a vestibulo-toxic
aminoglycoside.
ASSESSMENT
Physical therapy assessment of patients
with BVL must address subjective
complaints, postural instability and
oscillopsia, the patient’s overall physical
condition, and their ability to perform
activities of daily living (ADLs). This
assessment must also identify other
factors that might affect recovery,
especially visual and somatosensory
deficits.
Vestibular Function
One important consideration in designing
a treatment program is whether there is
any remaining vestibular function.
Vestibular function can be documented
using tests such as the rotational chair
and caloric tests. The presence of
remaining vestibular function can be used
as a guide in predicting the final level of
recovery for patients.2,3,7 Patients with
incomplete bilateral vestibular loss are
often able to return to activities such as
driving at night and to some sports.
Patients with severe bilateral loss may
not be able to drive at night, and some
patients will not be able to drive at all
because of the gaze instability. Activities
such as sports and dancing may be
limited because of vision and balance
problems.
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In certain cases, vestibular function tests
can also be used to follow the course of
the vestibular loss and of any recovery of
vestibular function that might occur.12,13
Certain aminoglycoside antibiotics are
selectively taken up by vestibular hair
cells and result in a gradual loss of
vestibular function. Typically, there is
continued loss of vestibular function even
after the medication is stopped. Some
improvement in vestibular function may
occur in hair cells that were affected by
the ototoxic drug but did not die.
Potentially, an increase in gain may also
occur with the use of vestibular
adaptation exercises. This has been
demonstrated in patients with unilateral
vestibular loss but not in patients with
BVL.14,15
MECHANISMS OF RECOVERY
The mechanisms used to stabilize gaze in
the absence of vestibular inputs have
been well studied. The mechanisms
involved in maintaining postural stability
are still somewhat less well understood,
although research is being done in that
area.
Visual and somatosensory cues will not
substitute fully for the lost vestibular
contribution to postural stability.16-18
Compensatory Strategies
Patients can be taught, and often develop
on their own, strategies to use when in
situations in which their balance will be
stressed. For example, a patient may
learn to turn on lights at night if they

have to get out of bed. They may also
wait, sitting at the edge of the bed,
before getting up in the dark to allow
themselves to awaken more fully and for
their eyes to adjust to the darkened
room. They should be advised to use
lights that come on automatically and to
have emergency lighting inside and
outside the house in case of a power
failure. Patients may need to learn how to
plan to move around places with busy
visual environments such as shopping
malls and grocery stores. For some
patients, moving in busy environments
may require the use of some type of
assistive device, such as a shopping cart
or a cane, but for many patients with
BVL, no assistive devices are needed
after the patient becomes comfortable
walking in that environment.
EVIDENCE THAT EXERCISE FACILITATES
RECOVERY
Support for the use of exercises to
improve physical function in patients with
bilateral vestibulopathy was based
originally on the result of studies of
nonhuman primates (Igarashi et al).19
Evidence now exists in people with BVH
that supports the use of specific exercises
(adaptation, substitution, balance and
gait) to decrease subjective complaints,
improve visual acuity during head
movement, and improve postural stability
during functional activities.
TREATMENT
The treatment approach for patients with
complete loss of vestibular function
involves the combined use of gaze
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stabilization exercises and exercises that
foster the substitution of visual and
somatosensory information to improve
postural stability and the development of
compensatory strategies that can be used
in situations where balance is stressed
maximally. This approach is also used in
the treatment of patients with unilateral
vestibular hypofunction.
Future Treatment
Various devices and technologies, such as
auditory cues, tactile cues applied to the
torso, and stimulation of the tongue have
been employed in an attempt to replace
the lost vestibular function. Although
these devices have shown potential
benefits, the devices are solely focused
on improving postural control, not on
improving gaze stability during head
movements. With the success of cochlear
implants, several labs have been working
on developing a vestibular prosthesis.
The basic design is that sensors will
detect and measure the directions of
rotation and then electrically stimulate
the appropriate ampullary nerves. The
majority of the work to date has been
performed in bilaterally vestibular–
deficient chinchillas and monkeys. Della
Santina and colleagues have
demonstrated partial restoration of the
angular VOR to horizontal, as well as
RALP (right-anterior, left-posterior) and
LARP (left-anterior, right-posterior)
rotations with unilateral implantation of
the vestibular prosthesis in chinchillas
treated with gentamicin.20 In addition to
the angular VOR improvements, they
noted improved postural stability in the

animals as well. Similar improvements in
angular VOR responses were observed in
rhesus monkeys with bilateral vestibular
deficits after unilateral implantation of the
vestibular prosthesis.21 Even though the
responses were not normal, the
responses were strong and had similar
dynamics to normal animals, and the
implanted animals had not undergone
any adaptation treatments with the
vestibular prosthesis. These studies bode
well for future implantation of a vestibular
prosthesis in humans with bilateral
vestibular hypofunction, which may, in
combination with rehabilitation, lead to
improved function and decreased
disability.
SUMMARY
Studies have shown that the worse
disability is in part dependent on the
number of comorbidities the patient has
as well as greater initial intensity of
disequilibrium, lower balance confidence,
and poor fall risk scores. Patients with
bilateral vestibular problems can be
expected to return to many activities but
will continue to have problems in certain
areas. They will be able to ambulate
without the use of a cane or walker, at
least when they are in well-lighted
environments.22 Patients should be able
to return to work, but it may be
necessary to find a different occupation.
Patients often report difficulty driving,
particularly in the rain or snow or at night
or on high-speed roads, but actual driving
habits and accidents do not differ from
subjects with normal vestibular
function.23,24 Treatment approaches
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include increasing the function of the
remaining vestibular system, inducing the
substitution of alternative mechanisms to
maintain gaze stability and postural
stability during head movements, and
modifications of the home and working
environment for safety.

10.Crawford J. Living without a balance
mechanism. New Engl J Med.
1952;246:458.

11.Brandt T, et al. Visual acuity, visual field
and visual scene characteristics affect
postural balance. In: Igarashi M, Black FO,
eds. Vestibular and Visual Control on
Posture and Locomotor Equilibrium.
Karger: Basel; 1985:93.

12.Black FO, et al. Vestibular reflex changes

REFERENCES

1. Krebs DE, et al. Double-blind, placebocontrolled trial of rehabilitation for bilateral
vestibular hypofunction: Prelimi-nary
report. Otolaryngol Head Neck
Surg.1993;109:735.

2. Gillespie MB, Minor LB. Prognosis in
bilateral vestibular hypofunction.
Laryngoscope.1999;109:35.

3. Brown KE, Whitney SL, Wrisley DM,
Furman JM. Physical therapy outcomes for
persons with bilateral vestibular
loss.Laryngoscope.2001;111:1812.

4. Krebs DE, Gill-Body KM, Parker SW, et al.
Vestibular rehabilitation: Useful but not
universally so. Otolaryngo Head Neck
Surg.2003;128:240.

5. Herdman SJ, Hall CD, Schubert M, Das VE,
Tusa RJ. Recovery of dynamic visual acuity
in patients with bilateral vestibular
hypofunction. Arch Otolaryngol HeadNeck
Surg. Apr 2007;133(4):383.

6. Herdman SJ, Blatt PJ, Schubert MC, Tusa
RJ. Falls in patients with vestibular deficits.
Am J Otology. 2000;21:847.

7. Herdman SJ, Hall, et al. 2013 (submitted
for publication).

8. Schubert MC, Herdman SJ, Tusa RJ.
Vertical dynamic visual acuity in normal
subjects and subjects with vestibular
hypofunction. Otology Neurotology.
2002;23:372-377.

9. Guinand N, Pijnenburg M, Janssen M,
Kingma H. Visual acuity while walking and
oscillopsia severity in healthy subjects and
patients with unilateral and bilateral
vestibular function loss. Arch Otolaryngol
Head Neck Surg. Mar 2012;138(3):301.

following aminoglycoside induced
ototoxicity. Laryngoscope.1987;97:582.

13.Esterhai JL, et al. Gentamicin-induced
ototoxicity complicating treatment of
chronic osteomyelitis. Clin Orth Related
Res. 1986;209:185,.

14.Szturm T, et al. Comparison of different
exercise programs in the rehabilitation of
patients with chronic peripheral vestibular
dysfunction. J Vestib Res. 1994;4:4614.

15.Scherer M, Schubert MC. High-velocity
angular vestibulo-ocular reflex adaptation
to position error signals. J NeurolPhys
Ther. Jun 2010;34(2):82.

16.Diener HC, et al. The significance of
proprioception on postural stabilization as
assessed by ischemia. Brain
Res.1984;296:103.

17.Diener HC, et al. Stabilization of human
posture during induced oscillations of the
body. Exp Brain Res.1982;45:126.

18.Dichgans J, Brandt T. Visuo-vestibular
interactions. Effects on self-motion
perception and postural control. In: Held
R, et al, eds. Handbook of Sensory
Physiology.Berlin: Springer; 1978:755.

19.Igarashi M, et al. Physical exercise and
balance compensation after total ablation
of vestibular organs. In: Pompeiano O,
Allum JHJ, eds. Progress in Brain
Research. Amsterdam:Elsevier; 1988:395.

20.Della Santina CC, Migliaccio AA, Hayden R,
et al. Current and future management of
bilateral loss of vestibular sensation –an
update on the Johns Hopkins Multichannel
Vestibular Prosthesis Project. Cochlear
Implants Int.2010;11(Suppl 2):2.

© Vestibular Disorders Association ◦ vestibular.org ◦ Page 6 of 8

21.Dai C, Fridman GY, Davidovics NS.
Restoration of 3Dvestibular sensation in
rhesus monkeys using a multichannel
vestibular prosthesis. Hear
Res.2011;281(1-2):74.

22.McCall AA, Yates BJ. Compensation
following bilateral vestibular damage.
Front Neurol. 2011;2:88.

23.Cohen HS, Wells J, Kimball KT, Owsley C.
Driving disability and dizziness. J Safety
Res. 2003;34(4):361.

24.MacDougall HG, Moore ST, Black RA, Jolly

deficient patients. Ann N Y Acad Sci.2009
May;1164:413.

© 2014 Vestibular Disorders Association
VEDA’s publications are protected under
copyright. For more information, see our
permissions guide at vestibular.org.
This document is not intended as a substitute
for professional health care.

N, Curthoys IS. On-road assessment of
driving performance in bilateral vestibular-

© Vestibular Disorders Association ◦ vestibular.org ◦ Page 7 of 8

TH

5018 NE 15 AVE · PORTLAND, OR 97211 · FAX: (503) 229-8064 · (800) 837-8428 · INFO@VESTIBULAR.ORG · VESTIBULAR.ORG

Did this free publication from VEDA help you?
Thanks to VEDA, vestibular disorders are becoming widely recognized, rapidly diagnosed,
and effectively treated.
VEDA’s mission is to inform, support, and advocate for the vestibular community.
You can help! Your tax-deductible gift makes sure that VEDA’s valuable resources reach
the people who can benefit from them most – vestibular patients like you!

JOIN VEDA TO DEFEAT DIZZINESS™
By making a donation of:  $40

 $75

Senior discounts are available; contact us for details.

 $100

 $250

 $1,000

 $2,500

Members receive a Patient Toolkit, a subscription to VEDA’s newsletter, On the Level containing information on diagnosis, treatment, research, and coping strategies - access
to VEDA’s online member forum, the opportunity to join V-PALS, a pen-pals network for
vestibular patients, and more!
For healthcare professionals: Individual and clinic/hospital memberships are available.
Professional members receive a subscription to VEDA’s newsletter, a listing in VEDA’s
provider directory, co-branded educational publications for their patients, access to a
multi-specialty online forum, and the opportunity to publish articles on VEDA’s website.
For details, call (800) 837-8428, email info@vestibular.org or visit
https://vestibular.org/membership.

MAILING INFORMATION
Name ____________________________________________________________________________
Address __________________________________________City _____________________________
State/Province ________________ Zip/Postal code _____________Country ____________________
Telephone __________________________E-mail _________________________________________
 Send my newsletter by email (Free)  Send my newsletter by mail (U.S. – Free; $25 outside the U.S.)

PAYMENT INFORMATION
 Check or money order in U.S. funds, payable to VEDA (enclosed)
 Visa
 MC
 Amex

_____________________________________ ___________________ _____________
Card number

Exp. date (mo./yr.)

CSV Code

______________________________________________________________________
Billing address of card (if different from mailing information)

Or visit us on our website at https://vestibular.org to make a secure online contribution.

