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ABSTRACT. Badke MB, Shea TA, Miedaner JA, Grove
R. Outcomes after rehabilitation for adults with balance
ysfunction. Arch Phys Med Rehabil 2004;85:227-33.

Objectives: To assess balance, dynamic gait, and dynamic
isual acuity outcomes after a vestibular and balance rehabil-
tation program and to determine which variables were signif-
cantly associated with improved balance and ambulation.

Design: Retrospective case series.
Setting: Outpatient setting at a tertiary care facility.
Participants: Twenty patients who were seen for vestibular

nd balance therapy between July 1999 and June 2000.
Interventions: A customized exercise program was devel-

ped for each patient according to the results of the assessment
nd included the following interventions, as indicated: gaze
tabilization, balance and gait training, and habituation exer-
ises.

Main Outcome Measures: The Dynamic Gait Index (DGI),
erg Balance Scale (BBS), Dynamic Visual Acuity Test

DVAT), and computerized posturography (Sensory Organiza-
ion Test [SOT]).

Results: The mean change scores for the DGI showed sig-
ificant improvement for both patients with peripheral vestib-
lar dysfunction and patients with central balance disorders.
or the central balance disorders group, the BBS score also
howed significant improvement. No difference was noted for
retherapy and posttherapy SOT scores between groups. The
otal group appeared to show an average improvement of more
han 2 lines on the visual acuity chart on the clinical DVAT.
atients who were 66 years or older were 1.5 times more likely

o score less than 20 on the DGI, and those whose pretherapy
ertical dynamic visual acuity was 20/80 or worse were 1.3
imes more likely to score less than 20 on the DGI.

Conclusions: Patients showed functional improvements in
alance, visual acuity, and gait stability after balance and
estibular physical therapy. Age and pretherapy vertical dy-
amic visual acuity score influenced dynamic gait outcome
fter a balance rehabilitation program.

Key Words: Balance; Gait; Posture; Rehabilitation; Treat-
ent outcome; Vestibular diseases; Visual acuity.
© 2004 by the American Congress of Rehabilitation Medi-

ine and the American Academy of Physical Medicine and
ehabilitation

ERSONS WITH VESTIBULAR DISORDERS often have
difficulty with the dynamic of postural control.1 Several

tudies2,3 have shown that patients with a variety of peripheral
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nd central vestibular disorders show abnormal sensory orga-
ization testing results during computerized dynamic posturog-
aphy. Reports4,5 have also shown that people with vestibular
ysfunction walk more slowly with a wider base of support,
urn en bloc, and are fearful of sudden movements. The occur-
ence of abnormalities in gait has been shown to be higher in
eople with central and bilateral lesions than in those with
nilateral vestibular loss.6,7

Vestibular rehabilitation has become widely used in the
anagement of patients with dizziness, disequilibrium, and

ait instability. Many research reports, including case series
ith no controls3,8-12 and controlled studies,2,13,14 support the

ffectiveness of vestibular physical therapy (PT) for patients
ith peripheral vestibular disorders. Less is known about the

esponse to specific rehabilitation programs in patients with
entral vestibular involvement.15-17 Some studies have ex-
luded patients with central vestibular disorders; other studies
ave grouped a variety of peripheral and central disorders in
eporting results. Overall, patients with peripheral vestibular
isorders have better outcomes after therapy than do patients
ith central vestibular disorders. Shepard et al,10 however,

ound that site of lesion (eg, peripheral, central, mixed) did not
nfluence final outcome as measured by global indexes of
estibular symptoms and disability.
Posturography has been used in a number of studies to
easure changes in standing balance after vestibular rehabili-

ation.2,13,18 Patients with chronic peripheral vestibular dys-
unction have shown a significant improvement in conditions 5
nd 6 of the Sensory Organization Test (SOT) after a vestibular
ehabilitation program.2 Shepard10 showed a small but statisti-
ally significant improvement in the mean equilibrium com-
osite SOT score after therapy in a sample of 152 patients, and
0% to 85% of the patients showed a reduction in symptoms
nd disability score after therapy. Even though the SOT may
easure vestibular contributions to standing balance, no evi-

ence suggests that these measures have any relationship to
unctional activities such as gait. O’Neill et al19 and Evans and
rebs20 showed that the SOT subtests did not correlate well
ith clinical timed tests of static standing balance and that they

orrelated even more poorly with clinical and laboratory mea-
ures of dynamic stability during locomotion.

Investigators have suggested using a variety of gait tasks to
valuate gait and functional performance. These tasks gener-
lly include tandem gait, gait with head turning, gait with eyes
losed, and other clinical dynamic equilibrium tasks. The Dy-
amic Gait Index (DGI) is a tool that has been used to assess
he associated gait instability that is often seen in persons with
estibular disorders. Whitney et al1 showed that the DGI ap-
ears to be a good indicator of fall status in persons with
estibular disorders, regardless of age.
Only 1 study21 has assessed functional improvement associ-

ted with visual acuity. A few reports address the relationship
etween walking and dynamic visual acuity.22 One hypothesis
s that the blurring of vision associated with head movements
ay provoke dizziness, which then causes gait instability.
The purposes of this chart review were (1) to assess dynamic

ait and dynamic visual acuity outcomes in a retrospective case
Arch Phys Med Rehabil Vol 85, February 2004
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eries in 20 patients after a balance rehabilitation program and
2) to determine what variables were significantly associated
ith improved ambulation.

METHODS

articipants
Subjects were identified through a retrospective medical

ecord review of patients seen for vestibular and balance reha-

Table 1: Summary of the Ve

Supervised Sessions (weekly)

Initial evaluation The following are reviewed:
Otologic and medical history
Lifestyle and ADLs/IADLs

Physical assessment is made
Orthostasis
Occulomotor (if no ENG)
Dynamic visual acuity
Motion sensitivity (body position, visi
Musculoskeletal
Coordination
Lower-extremity sensation
Balance including Equitest SOT
Gait
Endurance (6-min walk)

A specific program is developed and ta
toward the subject’s main complain
functional deficits.

Behavior modification techniques to de
Safety recommendations with moveme

Second visit
(1–2wk)

The patient is observed performing the
exercises, and progress is assessed
are modified as needed.

Additional exercises are taught, again s
the patient’s individual symptoms a
functional abnormalities.

Dynamic balance and gait training.
Visual feedback training is begun with t

Master.
Motivational feedback is given.

Subsequent visits
(decreasing
frequency to
biweekly,
monthly)

Assessment continued and exercises ad
made more challenging).

Visual feedback training with Balance M
continues.

Dynamic balance and gait training.
Equipment such as foam mats and tram

be used.
Motivational feedback is continued.

Final visit Physical assessment and symptom revi
repeated (as for the initial visit).

CDP is repeated.
A discussion held regarding continuing

and conditioning to maintain impro
A follow-up appointment is scheduled w

prescribing physician.

OTE. The vestibular rehabilitation training regimen was adapted,
eprinted with permission from Black et al.41

bbreviations: ADLs, activities of daily living; CDP, computerized dyn
ctivities of daily living.
rch Phys Med Rehabil Vol 85, February 2004
ilitation between July 1999 and June 2000 at the Balance
ehabilitation Program of the University of Wisconsin Hospi-

al and Clinics. Subjects were included if they had diagnoses of
entral or peripheral vestibular dysfunction and had a DGI
creen at admission and discharge. Patients with central ner-
ous system (CNS) pathology who had balance dysfunction
ere also included. Twenty subjects met the inclusion criteria.
ubjects were excluded from the study if they had inadequate
ollow-up or any of the following problems: cognitive deficits,

lar Rehabilitation Protocols

Home Program (between sessions)

d
d

e fear.
nd gait.

1. One or 2 simple exercises are given that
target chief complaint and functional deficit.
Exercises are performed 1 to 3 times a day.

2. General conditioning
Walking program
Length and frequency of the walks are to be

increased (by minutes per day) as tolerated.
Phone contact is made between subject and

therapist as needed.

ribed
rcises

c to

lance

1. Additional exercises are added to the first set.
Frequency and duration of exercises may be

increased, depending on progress. Main
emphasis is on increasing complexity and
increasingly challenging tasks.

2. Length and frequency of conditioning walks is
slowly increased.
Phone contact is made between subject and

therapist as needed, and appointments may
be made as required.

(and

e may

1. Exercises progressively become more
challenging and may be done more
frequently and for longer periods.
As symptoms improve, subjects are

encouraged to leave the relative comfort of
their dwelling and to venture out into the
community.

2. Conditioning walks become longer, and other
exercises or activities may be recommended.
Phone contact is made between subject and

therapist as needed, and appointments may
be made as needed.

e

cises
nt.

he

The subject is sent home with a clear idea of a
maintenance program and instructed to
continue that program.

The subject may contact the therapist by phone
or may return for follow-up appointments as
needed.

rt, from regimens published by Herdman38,39 and Gans.40

posturography; ENG, electronystagmography; IADLs, instrumental
stibu

on)

rgete
ts an

creas
nts a
presc
. Exe

pecifi
nd

he Ba

ded

aster

polin

ew ar

exer
veme
ith t
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oint replacements, cervical vertigo, or major neurologic dis-
ase.

Subjects were referred from the Departments of Otolaryn-
ology, Neurology, and Geriatrics in the University of Wis-
onsin Hospital and Clinics. Examples of vestibular diagnoses
ncluded vestibular neuritis, Meniere’s disease, labyrinthitis,
nd brainstem and cerebellar dysfunction. Other patients had
entral balance disorders as a result of vascular, traumatic, or
egenerative brain injuries. All subjects were evaluated with a
omplete medical and neurotologic history and with a physical
xamination including computerized dynamic moving platform
osturography.
Subjects received vestibular and balance rehabilitation pro-

ided by 1 of 2 physical therapists with specialized training in
he assessment and treatment of balance and vestibular disor-
ers. A customized exercise program was developed for each
ubject according to the results of the assessment and included
he following interventions as indicated: gaze stabilization,
alance and gait training, and habituation exercises. Vestibular
nd balance rehabilitation therapy protocols are summarized in
able 1.

Fig 1. Lighthouse modified ETDRS test chart.
utcome Measures

The DGI, along with other clinical tests, was administered
uring the initial PT evaluation and again at discharge. The
GI was developed by Shumway-Cook and Woolacott23 to

valuate the ability to adapt gait to changes in task demands.
he DGI rates performance from 0 (poor) to 3 (excellent) on 8
ait tasks, including gait on even surfaces, gait when changing
peeds, gait while performing head turns, stepping over or
round obstacles, and pivoting during walking and stair climb-
ng.23 Scores on the DGI range from 0 to 24. Scores of 16 or
ess indicate a high risk of falls; scores above 19 indicate a
ecreased risk for falls. The DGI has been shown to have good
nterrater (.96) and test-retest reliability (.98) and is a valid
redictor of fall status among the elderly.24

A subset of patients was assessed using the Berg Balance
cale (BBS) before beginning the exercise program and after

herapy was completed. The scale consists of 14 tasks common
n everyday life. These include sitting, standing, reaching,
eaning over, turning and looking over each shoulder, turning
n a complete circle, and stepping.25 Each item is scored on a

l size, 62�64cm. Reprinted with permission.41
Actua
Arch Phys Med Rehabil Vol 85, February 2004
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cale from 0 to 4, for a maximum of 56 points. A score of 0 to
0 indicates a high risk, 21 to 40 indicates a medium risk, and
1 to 56 indicates a low risk of falling. Berg et al25-27 found
igh reliability of the BBS (.71–.99), moderate correlations
ith other functional measures (.62–.94), and low to moderate

orrelations with laboratory measures of postural sway (–.38 to
.55).
Visual acuity during head movements was measured clini-

ally as a way to assess an individual’s ability to maintain
table gaze and as a rough measure of visually enhanced
estibulo-ocular reflex function. This clinical technique has
esign problems, such as inability to control for periods when
he head slows or stops.28 Despite these limitations, test reli-
bility is sufficient to use the test as a guide for treatment and
reatment efficacy. The patient was seated in a chair 4m
rom a modified Early Treatment Diabetic Retinopathy Study
ETDRS) visual acuity chart with Sloan letters. The chart,
hich is designed to provide Snellen equivalent acuity ratios or

he logarithm of the minimum angle of resolution (log MAR)
alues, is shown in figure 1. The therapist noted the lowest line
hat the patient could read and/or the number of optotypes the
atient incorrectly identified with the head still. The examiner
rasped the patient’s head firmly from behind and tilted it

Table 2: Patient Characteristics

Characteristic

Age (y)
Mean � SD 65.5�17.3
Range 30–89

Sex
Men 4
Women 16

Vestibular dysfunction
Peripheral 5
Central 9
Mixed 6

No. of comorbidities
0–1 4
2–3 8
�4 8

No. of medications
0–2 6
3–5 8
�6 6

Treatment duration (wk)
Mean � SD 21.2�10.9
Range 8–54

No. of visits
0–5 3
6–10 5
11–20 12

bbreviation: SD, standard deviation.

Table 3: Mean Asse

DGI
Horizon

Visu

Initial therapy visit 14.3
Discharge visit 18.7
Mean change 4.4
P value �.01 �
rch Phys Med Rehabil Vol 85, February 2004
orward 30° so that the horizontal semicircular canals were
evel in the horizontal plane. The head was moved side to side
t a frequency of 2Hz while the patient read the lowest line
ossible. The lowest line with no errors and/or the number of
ptotypes the patient incorrectly identified were noted. The
ange of motion of the head movements was kept between 30°
nd 40° to keep central visual acuity within eyeglass frames
nd to minimize any neck discomfort. A similar procedure was
one in the vertical plane with the head passing through a range
f 20° to 40°, again staying within distance viewing of glasses.
he decrement in horizontal or vertical dynamic visual acuity

s measured by loss of legible lines. For persons 65 years of age
r younger, loss of 2 lines (�50% optotypes missed) or less is
ormal.
Patients also underwent posturography at their initial evalu-

tion and again during their discharge visit. Postural stability
as assessed using the NeuroCom Smart Balance Master Sys-

ema with the Equitest Sensory Organizationa software pack-
ge. Briefly, patients stood on a force platform while body
way was calculated from the maximum peak-to-peak antero-
osterior sway occurring during 3 separate 20-second trials.
ix sensory conditions were tested. The first 3 used eyes open,
yes closed, and stance in a sway-referenced visual surround
n a fixed platform. The remaining 3 conditions used a sway-
eferenced platform with eyes open and eyes closed and a
way-referenced visual enclosure. The purpose of sway refer-
ncing is to distort visual and/or somatosensory information so
hat inputs from the remaining sensory system (ie, vestibular)
ould be needed to maintain stance.29 Trial results were con-

idered abnormal if the patient needed to take a step, if the
atient fell, or if the sway was greater than the established
ormal range of sway provided by NeuroCom.30

ata Analysis
Paired t tests were calculated to determine whether the SOT

nd dynamic visual acuity scores changed before and after
herapy. Scores before and after vestibular rehabilitation on the
GI and the BBS were compared using the Wilcoxon matched-
air signed-rank test, because the measures were ordinal.
pearman correlation coefficients were used to compare the
utcome measures. Logistic regression was used to show, in
ractical terms, the potential impact of age and dynamic visual
cuity on dynamic gait performance. The logistic procedure

nt Measure Values

namic
ity

Vertical Dynamic
Visual Acuity

Composite
Equilibrium

.58 42.6

.30 51.1
–.28 8.5

�.05 .08

Table 4: Logistic Regression Analysis for Predicting Dynamic
Gait Outcome

Predictor

�20 on DGI

OR 95% CI

Age �65y 1.5 .23–9.6
Pretherapy vertical dynamic visual

acuity 20/80 or worse 1.3 .19–8.7

bbreviation: CI, confidence interval.
ssme

tal Dy
al Acu

.47

.27
–.20
.05
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rovides modeling capabilities for dichotomous outcome vari-
bles using maximum likelihood techniques. The odds ratio
OR) was used as a central measure of association that was
stimated from the combined group. This approach made it
ossible to calculate the probability of decreased gait perfor-
ance.

RESULTS
Descriptive subject information concerning age, sex, diag-

osis, and number and duration of treatments is described in
able 2. The mean age � standard deviation (SD) of the
ubjects was 65.5�17.3 years. Seventy-five percent had central
alance disorders, and 40% reported 4 or more comorbid
onditions. The number of visits ranged from 3 to 20 over a
ean duration of 21�10.9 weeks (range, 8–54wk).
Total group mean assessment measure values at initial eval-

ation and discharge and the mean amount of change are
dentified in table 3. The DGI score improved in 95% of the
atients. Scores increased from 1 to 9 points. One patient
howed no improvement. The average change in DGI score
rom before therapy to after therapy was 4.4�3.3.

Horizontal dynamic visual acuity scores improved in 58% of
he patients. Average improvement was more than 2 lines on
he visual acuity chart (log MAR, –.20�.10). Vertical dynamic
isual acuity improved in 75% of the patients. After therapy,
ynamic visual acuities were between 0.0 and 0.7 log MAR,
nd the average change was –.28�.08.

The average change in SOT composite equilibrium score
rom before to after therapy was 8.41�4.5. The correlation
etween the composite score and the DGI score, using the
pearman correlation coefficient, was r equal to .55 and be-

ween the composite score and the BBS score was r equal to
69.

Table 4 shows the results of the logistic regression models
ith DGI score as the outcome variable. Persons 65 years or
lder were 1.5 times more likely to have a DGI score of less
han 20. Looking at visual acuity, people with a pretherapy
ertical dynamic visual acuity of 20/80 or worse were 1.3 times
ore likely to score less than 20 on the DGI.
The entire group was separated for additional analysis by

iagnosis of either peripheral vestibular dysfunction or mixed

Table 5: Peripheral Vestibular Dysfunction Group Mean
Assessment Measure Values

DGI
Horizontal Dynamic

Visual Acuity
Vertical Dynamic

Visual Acuity

Initial therapy visit 13 .46 .58
Discharge visit 20 .22 .30
Mean change 7 –.24 –.28
P value �.05 �.10 �.05

Table 6: Central Balance Disorders Group Mean
Assessment Measure Values

BBS DGI

Horizontal
Dynamic

Visual Acuity

Vertical
Dynamic

Visual Acuity

Initial therapy visit 43 14 .48 .51
Discharge visit 48 18 .41 .44
Mean change 6 4 –.07 –.07
P value �.05 �.01 NS NS

bbreviation: NS, not significant.
nd central vestibular dysfunction. Patients with CNS pathol-
gy who had balance dysfunction were also grouped with the
atients with central vestibular involvement in reporting re-
ults. Mean assessment measure values at initial evaluation and
ischarge and the mean amount of change from pretherapy to
osttherapy values for patients with peripheral vestibular dys-
unction are identified in table 5. In patients with a diagnosis of
eripheral dysfunction, significant differences were shown be-
ore and after treatment in DGI (P�.05) and vertical dynamic
isual acuity (P�.05).

Mean assessment measure values and the mean amount of
hange from pretherapy to posttherapy values for patients with
entral balance disorders are identified in table 6. This patient
roup showed significant differences in pretreatment and post-
reatment scores for the BBS and DGI. The difference in
orizontal and vertical dynamic visual acuity was not signifi-
ant.

The mean changes in scores for the SOT are shown in table
. No statistical difference was noted between pretreatment and
osttreatment scores for either group. The average change in
omposite score from pretherapy to posttherapy was
.42�3.82 for the peripheral group and 11.2�9.9 for the
entral disorders group.

DISCUSSION
After vestibular and balance rehabilitation, the DGI scores of

oth patient groups improved; however, this effect was not as
trong in the case of the central balance disorders group. One
ossibility is that central lesions may interfere with recovery
ediated by adaptation in the vestibular ocular and vestibular

pinal system.31 The DGI scores for the total group improved
rom a mean of 14 to a mean of 19, which indicates a decrease
n the risk of falling.24 Although most subjects had improved
GI scores, they still had a moderate to high fall risk. For the

entral balance disorders group, the BBS, which included
tanding balance, also showed significant improvement. These
ndings are similar to those obtained by El-Kashlan et al,9 who
ound that, with therapy, patients with vestibular dysfunction
howed improvements in 8 clinical dynamic equilibrium tasks.
owever, the equilibrium score remained below the normal

evel, and the investigators did not indicate whether the im-
rovement in score was statistically significant.
Measurement of visual acuity during head movements pro-

ides the physical therapist with a way of assessing the func-
ional impact of vestibular disorders. The results of the clinical
ynamic Visual Acuity Test (DVAT) were extremely limited
ecause of the numerous design problems discussed else-
here.32-34 Despite these problems, the total group showed an

verage improvement of more than 2 lines on the visual acuity
hart. When separated into diagnostic groups, however, the
entral balance disorders group did not improve as much as the
eripheral group on the DVAT. This finding may again be due
o involvement of those structures in the cerebellum and inter-
onnecting pathways proposed to have a role in vestibular

Table 7: Mean Change for SOT Scores

Mixed/Central Peripheral

Mean � SD P Mean � SD P

Somatosensory –3.83�3.9 NS 29.2�17.2 NS
Visual 9.86�7.9 NS 10.8�11.9 NS
Vestibular 10.28�8.8 NS 10.6�10.6 NS
Preference –1.57�5.1 NS 9.0�6.9 NS
Composite equilibrium 6.42�3.8 NS 11.2�9.9 NS
Arch Phys Med Rehabil Vol 85, February 2004
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lasticity. Patients with central balance disorders also tended to
e older (71.4�14.4y) than those patients with peripheral ves-
ibular dysfunction (47.8�13y), which may also have ac-
ounted for the differences between the groups. Given the
bserved changes in the clinical test, perhaps the dynamic
isual acuity can be used as a valuable outcome measure for
ersons with impaired visual acuity during head movements.
nly 1 other study has assessed the effects of exercise on

ecovery of dynamic visual acuity in patients with vestibular
oss. With the use of a computerized system, Herdman et al21

ound a significant difference in dynamic visual acuity with
ntervention for active head movements and for unpredictable
ead movements in patients with unilateral vestibular loss.
The SOT is designed to assess a person’s ability to use

isual, proprioceptive, and vestibular cues to maintain postural
tability in stance. The changes in SOT vestibular score and
OT visual scores were fairly similar for the diagnostic groups.
his may be because the difference between central and pe-

ipheral vestibular disorders on posturography was greater for
he motor coordination part of the test than for the sensory
omponent.35 The change from initial evaluation to discharge
or the composite equilibrium score was larger for the group
ith peripheral vestibular dysfunction, although the change

cores were not statistically significant. Despite the questions
bout reliability, the SOT has been used in 4 studies2,3,13,18 to
ocument changes in standing balance after vestibular dysfunc-
ion. These studies have shown an improvement in balance for
atients across diagnostic groups after a vestibular rehabilita-
ion program.

The logistic regression model shows, in practical terms, the
otential effects of aging and pretherapy dynamic visual acuity
n functional gait outcome or risk of falls. Of particular rele-
ance, older persons and persons who have a pretherapy ver-
ical dynamic visual acuity of 20/80 or less have increased odds
or persistent gait instability, as measured by the DGI. Our
nding concerning age is consistent with other reports that
howed decreased gait stability and increased falls with in-
reasing age.22,36,37 Because of the potentially confounding
actors associated with the clinical DVAT, further studies are
eeded to determine the contribution of dynamic visual acuity
nd other factors to the DGI score.

CONCLUSIONS

To better characterize functional outcomes after vestibular
ehabilitation, the aims of this study were to assess balance,
ynamic gait, and dynamic visual acuity after PT and to de-
ermine which variables were significantly associated with
ecreased gait instability. To summarize, the results of our pilot
tudy indicate that patients showed functional improvements in
alance, visual acuity, and gait stability after vestibular PT and
hat dynamic gait outcome after a vestibular rehabilitation
rogram is influenced by age and pretherapy vertical dynamic
isual acuity score.
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