Case Report

Acrophobia and Pathological Height

Vertigo: Indications for Vestibular
Physical Therapy?

Background and Purpose. Acrophobia (fear of heights) may be related
to a high degree of height vertigo caused by visual dependence in the
maintenance of standing balance. The purpose of this case report is to
describe the use of vestibular physical therapy intervention following
behavioral therapy to reduce a patient’s visual dependence and height
vertigo. Case Description. Mr N was a 37-year-old man with agorapho-
bia (fear of open spaces) that included symptoms of height phobia.
Exposure to heights triggered symptoms of dizziness. Intervention.
Mr N underwent 8 sessions of behavioral therapy that involved
exposure to heights using a head-mounted virtual reality device.
Subsequently, he underwent 8 weeks of physical therapy for an
individualized vestibular physical therapy exercise program. Outcomes.
After behavioral therapy, the patient demonstrated improvements on
the behavioral avoidance test and the Illness Intrusiveness Rating Scale,
but dizziness and body sway responses to moving visual scenes did not
decrease. After physical therapy, his dizziness and sway responses
decreased and his balance confidence increased. Discussion. Symp-
toms of acrophobia and sway responses to full-field visual motion
appeared to respond to vestibular physical therapy administered after
completion of a course of behavioral therapy. Vestibular physical
therapy may have a role in the management of height phobia related
to excessive height vertigo. [Whitney SL, Jacob RG, Sparto PJ, etal.
Acrophobia and pathological height vertigo: indications for vestibular
physical therapy? Phys Ther. 2005;85:443—458.]
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link between dizziness and phobic avoidance
of certain environments has been discussed
for millennia, but interest waned after the
identification of agoraphobia as a psychiatric
in 1874.! Recent research, however, has

disorder
re-established links between this avoidance pattern and
vestibular dysfunction.? Specifically, patients with vestib-
ular or balance disorders often report fear of heights.3-%
This fear tends to be embedded in a larger symptom
pattern that has been labeled “space-and-motion discom-
fort” (SMD).3:6.7

Space-and-motion discomfort occurs in patients with
anxiety disorders, particularly agoraphobia,® a disorder
in which fear of heights is common. Patients with
agoraphobia have been found to have an increased
prevalence of vestibular or balance dysfunction.®~!2 In a
study by Jacob et al,® patients with anxiety plus fear of
heights and other symptoms of SMD were found to be
unusually sensitive in their body sway to full-field visual
motion (ie, optic flow). The subjects stood in front of a
large screen on which patterns of black and white
squares or stripes were projected that created the illu-
sion of vection (“subjective self-motion”) while postural
sway was recorded. The results suggested that people
with anxiety plus fear of heights were visually dependent
in a manner similar to that of patients with vestibular
disorders examined in an earlier study.!?

Height vertigo occurs when a critical distance between a
person and the closest stationary visible object is exceed-

The case report examines the link
between dizziness and phobic

avoidance of certain environments.

ed.! The long visual distances in high places lead to a lack
of visual information used to maintain balance.!®> In high
places, sway increases, perhaps in part as an exploratory
behavior aimed at increasing visual balance feedback.!®
Body sway in high places approaches that of sway during
eye closure.!” With increased sway, the center of gravity at
times may approach the boundary of support, and when
this happens, instability increases even further, in particu-
lar when visuospatial cues remain absent.!®

In individuals with vestibular dysfunction, one way of
compensating for the vestibular deficit is to rely primar-
ily on information from nonvestibular inputs.!*2° This
process is referred to as “sensory reweighing.”21(p86) If
preference is given to visual inputs, the affected individ-
uals will become more sensitive to perturbations in their
visual surround and will become visually dependent.

Space-and-motion discomfort may be a symptomatic
expression of visual dependence. Bronstein??2% found
that 5 of 15 patients who had symptoms triggered in
supermarket aisles or moving visual surroundings
showed increased sway responses to full-field visual
motion (ie, when an artificial environment is made to
move relative to the person), creating an illusion of
self-motion (vection) induced by a moving room. Eagger
and colleagues,?* in a longitudinal study of people with

SL Whitney, PT, PhD, NCS, ATC, is Assistant Professor, Departments of Physical Therapy and Otolaryngology, University of Pittsburgh, Pittsburgh,
Pa, and Program Director of the Physical Therapy Department Centers for Rehab Services, Pittsburgh, Pa. Address all correspondence to Dr
Whitney at Department of Physical Therapy, University of Pittsburgh, 6035 Forbes Tower, Pittsburgh, PA 15260 (USA) (whitney@pitt.edu).

RG Jacob, MD, is Professor, Departments of Psychiatry and Otolaryngology, University of Pittsburgh.

PJ] Sparto, PT, PhD, is Assistant Professor, Departments of Physical Therapy, Otolaryngology, and Bioengineering, University of Pittsburgh.

EF Olshansky, DNSc, RNC, FAAN, is Professor and Chair, Department of Health and Community Systems, University of Pittsburgh School of

Nursing, Pittsburgh, Pa.

G Detweiler-Shostak, RN, MSN, CS, is Psychiatric Nurse Specialist, Department of Psychiatry, University of Pittsburgh.

EL Brown, BS, is research associate, Department of Psychiatry, University of Pittsburgh, and is currently a medical student at the University of

Pittsburgh.

JM Furman, MD, PhD, is Professor, Departments of Otolaryngology, Physical Therapy, and Bioengineering, University of Pittsburgh.

Dr Whitney, Dr Jacob, and Dr Furman provided concept/idea/project design, project management, and fund procurement. All authors provided
writing. Dr Whitney, Dr Jacob, Dr Sparto, Dr Olshansky, and Ms Brown provided data collection and analysis; Ms Detweiler-Shostak also assisted
with data collection. Dr Jacob and Ms Detweiler-Shostak provided the behavioral treatment. Dr Whitney, Dr Jacob, Dr Sparto, and Dr Furman
provided facilities/equipment. Dr Jacob and Dr Furman provided institutional liaisons. Dr Whitney and Ms Brown provided clerical support. Dr
Whitney provided consultation (including review of manuscript before submission).

This work was supported in part by National Institutes of Health grants DC 05384 to Dr Whitney and PO1-DCO11 to Dr Jacob and Dr Furman.

This article was recetved August 13, 2004, and was accepted October 12, 2004.

444 . Whitney et al Physical Therapy . Volume 85 . Number 5 . May 2005

¥202 Iudy Gz uo1senb Ag 1205082/ 11/S/G8/e1one/Nd/woo dno-olwepeoe)/:sdyy wouy papeojumoq



Figure 1.

A person demonstrating the use of the virtual reality head-mounted device
while standing (A). Note the controller of the scene movement in his left
hand. The session started with the bar in front of him, but he was free to
move in any direction relative fo the bar during the training session (B).

peripheral vestibular disorders, found that the subjects
often developed a fear of darkness and heights.

Preliminary evidence suggests that vestibular physical
therapy may be of value for patients with agoraphobia
and laboratory evidence of vestibular dysfunction.2® Fur-
thermore, in a recent study, Rahko2¢ found that close to
half of the patients with benign positional vertigo had
acrophobia and that, in all of the patients, these symp-
toms had remitted after vestibular rehabilitation. Simi-
larly, Pavlou and colleagues?”-2% showed that vestibular
rehabilitation could reduce SMD and visual dependence
in patients with vestibular disorders.

Both the professions of physical therapy and psycho-
therapy use forms of exposure therapy as part of patient
management.?? Behavioral management of phobias is
based on therapeutic exposure, a procedure in which
patients face the feared stimulus repeatedly for a pro-
longed period. The therapeutic benefit derives from
habituation and breaking the association between the
anxiety and the stimulus. Such therapy can use actual
exposure (in vivo) or conjured feared stimuli in imagi-
nation. Recently, a third method has become technically
feasible: virtual reality. One type of virtual reality involves
presenting an immersive phobic stimulus to a patient via
a head-mounted display (Fig. 1).30-3% Virtual reality
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exposure is safer and more practical for office treatment
than in vivo exposure.?? In addition, it does not depend
on patients’ capacity for imagination, although it
requires that they be able to immerse themselves within
the virtual environment.

Clinical experience among behavior therapists suggests
that the behavioral management of acrophobia presents
difficulties especially in those patients who seem to sway
excessively during height exposure (Barbara Rothbaum,
personal communication). Such excessive sway may be
due to visual dependence. This case report describes a
patient whose dizziness and body sway responses to
moving visual scenes did not decrease following behav-
ioral exposure therapy. We surmised that vestibular
physical therapy would specifically target visual depen-
dence and thus provide a needed addition to behavioral
exposure treatment.

Case Description

Mr N was a 37-year-old man who reported having had a
fear of heights and dizziness since childhood. He was
initially seeking consultation from his primary care phy-
sician for dizziness. He was referred to the balance and
vestibular laboratory for vestibular testing. The test bat-
tery, consisting of an oculomotor screening battery,
static positional testing, Dix-Hallpike maneuvers, binau-
ral bithermal caloric irrigations, and rotational chair
testing, showed no abnormalities. However, physical
examination by the otoneurologist (JMF) suggested
mild imbalance. The patient was prescribed 0.25 mg of
clonazepam twice daily and 10 mg of imipramine at
bedtime, a standard initial treatment combination for
chronic dizziness in our clinic. Clonazepam is used as a
vestibular suppressant, and imipramine is used as a
means of moderating noradrenergic influences on the
vestibular system.3* Because of his imbalance, Mr N was
referred for vestibular physical therapy, which was not
approved by his insurance company. The patient also
was referred to a psychiatrist (RGJ) for his anxiety and
agoraphobia.

At the psychiatric evaluation, the patient’s psychiatric
diagnosis was panic disorder with agoraphobia, with
comorbid social anxiety disorder, and generalized anxi-
ety disorder according to DSM IV-TR criteria.?® As part
of his agoraphobic avoidance spectrum, the patient had
a marked degree of acrophobia. The patient reported
that imipramine was no longer helpful. Therefore, imip-
ramine was discontinued, and he was prescribed fluox-
etine, 20 mg per day, an antidepressant commonly used
for anxiety disorders. The fluoxetine dose was later
increased to 40 mg per day, and his clonazepam dose was
increased to 0.5 mg 3 times daily. He remained on stable
doses of these medications throughout the remainder of
the intervention.
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Although his dizziness partially decreased with this med-
ication regimen, the acrophobia persisted. Six months
later, he was referred to a combined behavior therapy
and physical therapy program that was part of a research
pilot study.

Overview of Sequence of Interventions and
Examinations

Mr N’s treatment proceeded in 2 phases. The first phase
was an 8-week behavioral therapy program, referred to as
“virtual reality exposure treatment,” in which he was
exposed to height scenes presented in virtual reality.
The second phase was an 8week physical therapy pro-
gram, referred to as “vestibular physical therapy.” Mr N
was examined on 3 occasions: (1) before treatment (ie,
before virtual reality exposure treatment), (2) after
virtual reality exposure treatment, which also served as a
prevestibular examination by the physical therapist, and
(3) after vestibular physical therapy. In addition, a
physical therapist examination was performed before
vestibular physical therapy. After both interventions, the
patient was interviewed by an expert in qualitative data
analyses (EFO). In what follows, we will present the
results of assessments and interventions chronologically
as the patient experienced them.

Outcome Measurement Instruments and Pretreatment
Examination Results

Self-report measures. The primary outcome measure
was the Cohen Acrophobia Questionnaire (CAQ), which
is designed specifically to assess a person’s fear of
heights.36 The Pearson rfor test-retest reliability of data
for the fear and avoidance subscales was estimated to be
.82.36 As expected from the known loose associations
between the different domains of anxiety (eg, behav-
ioral, self-report), the CAQ data were moderately corre-
lated with behavioral measures of fear of heights in a
behavioral avoidance test (the behavioral avoidance test
will be described in the next section) (r=.46 for CAQ-
avoidance, r=.32 for CAQ-anxiety). Mr N’s pre—virtual
reality intervention score on the fear subscale of the
CAQ was 91, a score that exceeded the average pretreat-
ment score of people with height phobia treated by
Rothbaum et al3® by 1.8 standard deviations.

Another questionnaire that focused on fear of heights
was the Attitudes Towards Heights Questionnaire as
adapted by Rothbaum etal.?® Internal consistency
(alpha) for data obtained with this measure has been
reported as .81. Validity of data for this measure is
supported by the fact that it is responsive to treatment
effects.3? Mr N’s responses on the Attitudes Towards
Heights Questionnaire indicated a maximal or close-to-
maximal negative attitude on all items.

446 . Whitney et al

The Situational Characteristics Questionnaire® was used
to assess SMD. The questionnaire consists of 2 subscales
that measure SMD: the Space and Motion Discomfort,
Part I (SMD-I), and the Space and Motion Discomfort,
Part I (SMD-II). The differences between the SMD-I
and SMD-II stem from the mechanics of scoring, which
render the SMD-I scores less influenced than the SMD-II
scores by a patient’s overall tendency to report symp-
toms, a problem frequently observed in patients with
anxiety disorders.3” Test-retest reliability of data for the
SMD-I was estimated using Pearson r to be .66, and
internal consistency (alpha) was .74 to 76.% The validity
of data for the SMD-I was reflected in its ability to
discriminate between patients with dizziness and hearing
disorders and to identify individuals with laboratory
evidence for vestibular dysfunction among patients with
anxiety disorders.1911 The SMD-II included items specif-
ically chosen to identify people with vestibular disorders.
Testretest reliability of data for the SMD-II was esti-
mated using Pearson rto be .87. It did not discriminate
between patients with anxiety with or without vestibular
dysfunction but was even more powerful than the SMD-I
for discriminating between patients with balance disor-
ders and patients with hearing disorders.?

Comparative data for patients with anxiety disorders,
patients with vestibular disorders, and control subjects
without SMD were reported by Jacob et al.® This data-
base for control subjects without SMD has been
expanded as further data were collected for other stud-
ies, and these data constitute our laboratory norms.
Mr N’s scores were compared with those of control
subjects without SMD in this database. Mr N’s pretreat-
ment score on the SMD-I was 4.4—higher than 98% of
unpublished norms based on 101 control subjects with-
out SMD evaluated in previous research studies; his
SMD-II score was 12.8, which was much higher than the
range of scores for subjects without SMD, whose scores
are generally under 2.8

Mr N also completed instruments focused on his quality
of life. The Illness Intrusiveness Ratings Scale®® measures
impairment in social function specifically attributable to
a particular disorder (in this case, fear of heights).
Internal consistency in a recent study was .88, and
test-retest reliability corresponded to an intraclass corre-
lation coefficient of .89.%% Cina and Clase?® also reviewed
previous research, which indicated values for internal
consistency ranging from .80 to .88 and values for
test-retest reliability of .79 to .85. Illness Intrusiveness
Rating Scale scores for various aspects of quality of life
have been published for patients with anxiety disor-
ders.4 Mr N’s total score was 58, which was somewhat
higher than the published average of 53.3 (95% confi-
dence interval=46.75-55.90) for people with panic dis-
orders. The patient’s profile was similar to the published
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individual subjects.*” We used 2 com-
plementary indicators: (1) clinically
reliable improvement and (2) recovery.
“Clinically reliable improvement” was

B Post-PT

M Pre-VR SUDs Scale Level
Post-VR SUDs Scale Level

coded if the “Reliable Change” index
(RC)*” exceeded 1.96 standard devia-
tions. To obtain the RC, the standard
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7
7
7
.
Z
2
L
A

ALIITIEIIIIIINIININY

1 2 3 4 5 6 7 8

©

10

Location

error of the measurement of a differ-
ence between 2 individual test scores
(Saiyp) was first calculated:

Sug = (2 $*(1=1)

where r denotes the reliability of data
obtained for the scale and S denotes
the population standard deviation. For

Figure 2.

Mr N’s “Subjective Units of Discomfort” (SUDs) Scale levels reported during behavioral
avoidance test in 10 different locations. The locations included various high places in the
surrounding area where he was asked fo look down over a railing, stand on an elevated
platform, or stand on the stairs of a fire escape. Locations 1 and 2 received a score of O after
physical therapy and therefore are not visible in the figure. VR=virtual reality exposure

treatment, PT=vestibular physical therapy.

data on patients with panic disorders, with the exception
of religious expression, where his score was above the
mean for people with panic disorders by an estimated
1.8 standard deviations. One of the patient’s treatment
goals was to be able to go back to church, an activity that
he had avoided.

General quality of life was assessed with the Medical
Outcomes Study 36-Item Short-Form Survey question-
naire (SF-36), version 1.442 This instrument contains
8 subscales: Physical Function, Role-Physical, Bodily
Pain, General Health, Vitality, Social Function, Role—
Emotional, and Mental Health. When the SF-36 was used
in a psychiatric outpatient setting, the authors reported
internal consistency reliabilities of .80 to .94. The profile
of data on individual subscales differentiated in a clini-
cally meaningful manner between patients with psychi-
atric problems and patients seen for surgery, suggesting
validity.*3

Mr N’s SF-36 scores fell below the one-tailed 90%
confidence limit for normative data** in several domains:
General Health, Social Function, Role-Emotional, and
Mental Health. His scores indicated better functioning
compared with the average group values of people with
varied vestibular disorders.*® Because of the availability
of normative data for the SF-36 as well as information on
reliability,*6 our assessment of general quality of life
could be refined with the aid of a method to establish
the clinical significance of questionnaire changes in

Physical Therapy . Volume 85 . Number 5 . May 2005

the SF-36, both r and S are available
from normative data.** The RC value is
calculated as: RC=(score—[average of
normative data])/ Srh}[f We defined a
clinically significant improvement as
RC >1.96, which means that the differ-
ence in test score is due to a true
change, as opposed to measurement
error, with a 2-tailed probability of
95%. Similarly, we defined RC >1.65, representing the
90% probability of a true difference, as a “trend” toward
improvement.

“Recovery” was defined as: (1) having had a pretreat-
ment score outside the normal range and (2) having a
posttreatment score within the normal range. Mr N’s
standing compared with the normative population was
calculated as a zscore ([score—mean of norm]/standard
deviation). We defined a score to be outside of the
normal range if the z score was less than —1.28, because
it corresponded to the lower (more impaired) 10th
percentile of the population.

Behavioral avoidance fest. - A behavioral avoidance test is
often used by behavioral therapists to document a
patient’s anxiety reactions when they are actually
exposed to their phobic situations.*® Mr N received a
behavioral avoidance test that involved exposure to a
sequence of 10 successively more difficult high locations,
such as ascending an outdoor stairway or looking over a
railing of an open courtyard 3 floors below. At each
location, he was asked to report his anxiety level,
expressed on a “Subjective Units of Discomfort” (SUDs)
scale®? that ranged from 0 (“no discomfort”) to 10
(“maximal discomfort”). The SUDs measure has been
widely used in behavior therapy since its inception as a
self-report of anxiety experienced at the moment. As an
indicator of validity, SUDs measures obtained during
virtual exposure in people with height phobia were
correlated with the scores on the CAQ3%¢ (Pearson
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Figure 3.

Silhouette view of a person demonstrating the use of the Balance Near
Automatic Virtual Reality Environment (BNAVE) laboratory with the
checkered optic flow stimulus. The patient is standing on a movable
force platform, and an electromagnetic motion transmitter is behind the
patient.

r=.48).1° Before treatment, Mr N reported high SUDs
levels (Fig. 2); during the 2 most difficult stations, he
reported levels of 9/10 at stations 8 and 9, which both
involved looking down a stairwell inside a 40-story
building.

Optic flow testing. Sway responses to optic flow stimuli
were recorded before and after virtual reality exposure
treatment. Mr N stood upright on a force platform in the
center of a visual theater with a wide field of view
(Fig. 3). While standing, an optic flow stimulus that
pitched forward and back from upright =2 degrees was
projected onto the walls. The optic flow stimulus con-
sisted of a checkered pattern presented in his peripheral
field of view (from 35° to 90° on each side of midline).
Mr N was asked to keep his direction of gaze straight
ahead. Instrumentation included electromagnetic posi-
tion and orientation sensors on Mr N’s head and pelvis.
In addition, center of pressure was measured from the
force platform data. Anterior-posterior (A-P) and
medial-lateral (M-L) translation data were extracted
from these measurements. The root mean square (RMS)

448 . Whitney et al

and average velocity were computed during the period
of optic flow in both the A-P and M-L directions.

Six conditions were tested: 2 frequencies of optic flow for
each of 3 surface conditions. Black and white rectangles
moved toward the patient at 0.05 and 0.20 Hz (1 cycle per
20 and 5 seconds, respectively) while he was instructed to
stand as steady as possible. The force platform upon which
the patient stood could be: (1) fixed, (2) pitched toes up
and down to maintain constant ankle angle (sway-
referenced), or (3) pitched toes up and down in synchrony
with the visual stimulus (driven). The stimulus profile of
each trial consisted of a period of either 120 seconds
(0.05 Hz) or 60 seconds (0.20 Hz) of optic flow, which
was immediately preceded and followed by periods of
30 seconds without optic flow.

Mr N’s center-of-pressure data from the sway-referenced
conditions at 0.05 Hz are shown in Figure 4. At his
pretreatment assessment, Mr N exhibited large-amplitude,
high-frequency oscillations that were quantified by analyz-
ing the signal power in different frequency bands. These
high-frequency recordings were seen particularly during
the swayreferenced and driven platform conditions. Bio-
mechanically, the oscillations could be produced by a
stiffening of the body in an attempt to control the trajec-
tory of the center of mass.?® He also showed increases in
RMS total sway. During the destabilized platform condi-
tions, Mr N abducted his upper extremities in an apparent
attempt to help control his balance.

Virtual Reality Exposure Treatment

The psychiatric nurse (GDS) provided the treatment.
She taught the patient about SMD and its mechanisms to
facilitate his understanding of his situational symptom
triggers. He was given written materials to study at
home,® which provided the rationale for the behavioral
and vestibular rehabilitation therapy. This information
was reinforced and elaborated on during the behavioral
intervention and later during physical therapy.

Behavioral therapy consisted of a patient-paced,
psychotherapist-aided exposure to a hierarchy of increas-
ingly fearful virtual height scenes. The scenes were
presented in virtual reality, using a head-mounted dis-
play. The hardware, software, and virtual reality scenes
were originally developed by Rothbaum and colleagues.3?

The first session consisted of the patient education already
described, familiarization with the equipment, and organiz-
ing scenes into a hierarchy of increasing anxiety. During
the subsequent 7 sessions, Mr N faced the items in the
height hierarchy. Mr N was in control of his location and
movements via a hand-held joystick (Fig. 1). He also wore
a cloth over the head-mounted device to ensure that no
additional light was perceived during virtual reality height

Physical Therapy . Volume 85 . Number 5 . May 2005
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acrophobia, yet Emmelkamp et al®! pro-

10 T T

vided virtual reality sessions of 1 hour
without patient complaint, with breaks of
a few minutes. An overview of Mr N’s
behavioral intervention sessions is pre-
sented in Table 1.

During virtual reality exposure treat-

10 1 1
50  Time (s) 100

Stimulus Position (°)
o
o §

150 ment sessions, Mr N showed levels of
distress consistent with anxiety that
decreased across successive sessions.

10

COP (cm)

Session 1: Before Virtual Reality Therapy

After completion of his virtual reality
exposure treatment, Mr N demon-
strated improvements in anxiety and
quality of life, but not with SMD or
visual dependence. During the behav-
ioral avoidance test (Fig. 2), Mr N’s
SUDs scale levels decreased from a

_1 0 1 1
Y 50 Time (s) 100

Session 2: After Virtual Reality Therapy, Before Vestibular Rehabilitation Therapy

maximum of 9/10 to 4/10. On the
CAQ, Mr N’s score decreased from 91
to 37, which was only 1.1 standard

150

10 T

deviations below the pretreatment lev-

AP els that Rothbaum et al®? reported.
_ 5 ! Therefore, it could not be claimed that
E of < Mr N had “recovered” from his acro-
2 W‘ W phobia. i
(&) Bk |
- On the Situational Characteristics
10— ! 1 Questionnaire (Tab. 2), the patient’s
9 50 Time (s) 100 180 score decreased from 4.4 to 3.8 on the
. ) ) SMD-I, a change that did not bring him
10 Session 3: After Vestibular Rehabilitation Therapy into the normal range (97% of control
A-P

subjects scored lower).® On the SMD-II,
his score decreased from 12.2 to 11.1,

g which was still higher than 100% of
% or i control subjects. Furthermore, his pos-
o tural responses to optic flow stimuli
=5 i e At e~ PN PSPttt NN s A .
NEL increased rather than decreased
10 . . (Fig. 4), and his SUDs scale level dur-
0 50 Time(s) 100 150 ing the test decreased only slightly
(from a maximum of 9/10 to 8/10
Figure 4. [Fig. 5]). The patient expressed sur-

Recordings of anterior-posterior (A-P) and medial-lateral (M-L) center of pressure (COP) obtained
during the 3 sessions of optic flow testing. The stimulus (frequency=0.05 Hz, sway-referenced
platform) is shown in the top panel. Notice the large reduction in the high-frequency sway

during session 3 in both the A-P and M- directions.

exposure, an intervention similar to one that Jang et al®¢
described. The psychiatric nurse encouraged Mr N to
report his experiences by eliciting Mr N’s ratings of discom-
fort (SUDs scale) at regular intervals and by inquiring
about his thoughts and physical sensations. To forestall the
development of simulator sickness, session duration was
limited to 45 minutes, as recommended by Rothbaum
etal.? Jang and colleagues®® limited their virtual reality
sessions to 25 to 30 minutes for the management of

Physical Therapy . Volume 85 . Number 5 . May 2005

prise as well as disappointment after
the optic flow tests.

On the Illness Intrusiveness Rating

Scale,’® Mr N reported diminished

intrusiveness from the height phobia by
at least 2 steps (an arbitrarily chosen criterion) on the
7-point (1-7) scales in the following domains: health,
self-expression/self-improvement, religious expression,
and community and civic involvement (Tab. 3).

Mr N’s condition following the behavioral therapy can
be summarized as follows: he had reduced anxiety,
reduced avoidance of heights, and increased quality of
life; however, symptoms of dizziness and SMD persisted.
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Results of Physical Therapist
Examination After Virtual Reality
Exposure Treatment and Before
Vestibular Physical Therapy

After having completed virtual reality

B Pre-VR Therapy
SPost-VR Therapy exposure treatment, Mr N was referred
Bpost PT for physical therapy by the psychiatrist

§
.
\

D

Peak SUDs Scale Level (0-10)

Baseline 1 2 3 4

(&)
[}

for his remaining fear of height and his
dizziness. He began physical therapy
approximately 2 weeks after complet-
ing his virtual reality exposure treat-
ment. Mr N described 2 types of dizzi-
ness that could occur simultaneously.

Figure 5.
Mr N’s “Subijective Units of Discomfort” (SUDs) Scale levels were recorded
trials in the Balance Near Automatic Virtual Reality Environment (BNAVE) lab

He described the first type as dizzy
during optic flow spells that felt like spinning and almost
oratory before the  like falling. These dizzy spells occurred

virtual reality (VR) behavioral therapy and before and after physical therapy (PT) intervention. 6 to 7 times per day and lasted 30 to 45
The baseline post-VR exposure therapy SUD level was O and therefore is not visible in the figure.  minutes. The second type was a sensa-

The visual scene was composed of a checkerboard pattern. Trial 1: frequen

oscillation=0.05 Hz, fixed platform; trial 2: frequency of visual scene oscillation=0.20 Hz,

fixed platform; trial 3: frequency of visual scene oscillation=0.05 Hz,

cy of visual scene i of fogginess that included diffi-

sway-referenced culty concentrating. The 2 types of diz-

platform; trial 4: frequency of visual scene oscillation=0.20 Hz, sway-referenced platform; trial ziness often occurred together and
5: frequency of visual scene oscillation=0.05 Hz, driven platform; trial 6: frequency of visual ~ were associated with sweating, nausea,

scene oscillation=0.20 Hz, driven platform.

Table 3.

lllness Intrusiveness Rating Scale Ratings® for This Patient With Acrophobia
Height Vertigo

and shortness of breath.

Fast head movements could trigger the
dizziness. While standing, he might lose
his balance and have to compensate
with a step or by holding on to some-

and Pathological

After After thing. On escalators, he would hold on
How much does your height phobia Before Behavioral Physical to the railing so as not to stumble when
or its treatment interfere with your: Intervention Therapy Therapy getting off. He experienced discomfort
Health 5 3 1 when rinsing his hair in the shower
Diet (ie, the things you eat and drink) 4 3 1 with his eyes closed, looking up at tall
Work 4 3 2 buildings, moving from a supine to a
Active recreation (eg, sports) 4 4 2 sitting position, bending over, turning
Passive recreation (eg, reading, listening 4 3 2 hil lking. viewing rotating ceilin
to music) Watle wating, viewing Tolattig ¢ 5
Financial situation 2 3 2 fans, or even lying in bed with his eyes
Relationship with your spouse (girlfriend or 4 3 1 closed. When the dizziness was the
boyfriend, if not married) most severe, he had to keep the lights
Sex life 4 3 1 on in the bedroom. He found that
Family relations 4 8 2 stabilizing his head by folding his hands
Other social relations 4 3 2 . .
Self-expression/selfimprovement 6 3 3 behind the back of his head helped.
Religious expression 6 3 1 Going to church elicited dizzy and
Community and civic involvement 7 3 1 foggy feelings. He felt uncomfortable
Total 58 40 21 and disoriented in grocery stores or the
“Illness Intrusiveness Rating Scale ratings range from 1 (“Not Very Much”) to 7 (“Very Much”). mallr Partiaﬂarly when the}’ were

The results on the optic flow test suggested that his visual
dependence had not decreased. These changes were
reflected in Mr N’s report that he was able to help hang
Christmas lights on his neighbor’s roof; however, he
experienced feelings of dizziness and imbalance while
doing so.

Physical Therapy . Volume 85 . Number 5 . May 2005

crowded, and he avoided buses, trains,
crowds, and standing in line.

Mr N’s Dizziness Handicap Inventory (DHI)>2 score was
60, and his Activities-Specific Balance Confidence
(ABC)53 scale score was 35%. A Spearman correlation
coefficient of .97 has been reported for testretest reli-
ability of scores on the DHI in people with vestibular
disorders.?? Both the DHI and the ABC have been shown
to yield data with concurrent validity in people with

Whitney et al . 453
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vestibular disorders, with a Spearman rank-order corre-
lation coefficient of .64.>* Scores on the DHI®® range
from 0 to 100, with higher scores indicating greater
handicap. A score of greater than 60 has been related to
falls in the 6 months prior to the start of physical therapy
in people with vestibular disorders.?> The ABC has been
used with people with vestibular disorders, and the
median score of people under the age of 65 years has
been reported to be 58.54

Mr N also rated his symptoms related to visually complex
scenes. He rated his discomfort at 60 to 70 out of 100,
with 100 representing the worst discomfort, when he was
in rich visual environments such as grocery stores or
large hardware stores with high walls. The 0-to-100 verbal
analog scale has been used previously with people with
vestibular disorders to assist in determining their level of
discomfort with visually complex scenes.?® We asked the
patient to report how distressed he became after being
exposed to complex visual scenes as a global marker of
his visual discomfort.

An upper- and lower-quarter screen revealed that muscle
force, sensation, and range of motion appeared to be
normal for his age. Mr N reported no falls in the
previous 6 months. He said that he had great difficulty
walking in the dark.

Mr N had moderate symptoms with vestibulo-ocular
reflex (VOR) cancellation and had mild to moderate
symptoms when asked to rate symptoms as “a little”
(mild), “medium” (moderate), or “a lot” (severe) with
VOR X 1. The patient had been asked to focus on an
object while moving his head and eyes at the same time
as the object (VOR cancellation) and to focus on a stable
business card at arm’s length as he moved his head to
the right and left (VOR X 1). Mr N had a negative
Halmagyi head-thrust test,>”-5% and he had no spontane-
ous nystagmus, no gaze-evoked nystagmus, and a normal
head-shaking nystagmus test.

His Timed “Up & Go” Test (TUG) score was 10.7
seconds.”® He almost fell into the wall after turning
toward the left while performing the TUG, and his score
on the Berg Balance Scale was 56/56.50-6! Both the Berg
Balance Scale and the TUG have been used to assess
balance in young people with vestibular disorders.62:63

During the Sensory Organization Tests of Computerized
Dynamic Posturography, Mr N had a composite score of
65. Scores below 70 are considered abnormal. Specifi-
cally, his score was below normal on one trial of condi-
tion 3 (standing on a firm surface with the visual
surround sway referenced), he fell during one trial of
condition 5 (standing with eyes closed on a sway-
referenced platform), and his scores were below normal

454 . Whitney et al

Table 4.

Root Mean Square (RMS) and Average Velocity (VEL) Measurements
Computed for the Anterior-Posterior (A-P) Center of Pressure (COP)
During the Period of Optic Flow Stimulation

Session
Sway Measure 1 2 3
RMS A-P COP (cm) 1.2 2.2 0.8
RMS M-L COP (cm) 0.5 0.8 0.2
VEL A-P COP (cm/s) 3.2 7.9 1.8
VEL M-L COP (cm/s) 1.1 1.9 0.3

for all 3 trials of condition 6 (standing with eyes open,
sway-referenced surface, and visual surround).

Mr N’s Dynamic Gait Index (DGI)%%6> score was 23 out
of 24. His gait speed was 1.13 m/s.55 A gait speed of 1.22
m/s is necessary to walk across a signaled intersection.5”

Mr N was able to stand on foam with eyes open and
closed for 30 seconds,58%9 although his dizziness
increased after standing on the foam. He was able to
stand on a firm surface in the Romberg position for 60
seconds with eyes open and in the tandem Romberg
position for at least 30 seconds.

In general, Mr N was stable while walking and with static
balance activities, and he had normal abilities to stand
on compliant surfaces. He did have complaints with
eye/head movements (VOR cancellation and VOR X 1),
and his posturography findings showed a vestibular
pattern. The response profile directed our choice of
vestibular exercises. He seemed to complain of symp-
toms with head movement, especially when he was also
standing on a compliant surface.

Vestibular Physical Therapy

Table 1 includes a description of the physical therapy
interventions within each physical therapy session, the
home exercises that were provided, and how the patient
felt about his home exercise program. He was given
activities that challenged his balance or that made him
dizzy. The exercises were designed to increase his symp-
toms, but he was told that the symptoms should not last
longer than 20 to 30 minutes after performing his
exercises. He was instructed to perform all exercises
twice a day, each day of the week.

Outcomes

On the CAQ, the patient’s score following vestibular
physical therapy was 20, which is only 0.25 standard
deviation above (ie, more phobic than) the average
postintervention level reported by Rothbaum et al®?
(Tab. 2). It is 1.7 standard deviations below (ie, less
acrophobic than) that of Rothbaum and colleagues’
untreated control group. On the Attitude Towards

Physical Therapy . Volume 85 . Number 5 . May 2005
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Table 5.

Quality-of-life Scores on the Medical Outcomes Study 36-ltem Short-Form Health Survey Questionnaire (SF-36)

Before Behavioral After Behavioral After Vestibular
SF-36 Therapy Therapy Physical Therapy Reliable Change Indices”
Subscale Score z* Score z Score z 2-1 3-2 3-1
Physical Function 80 -0.18 90 0.249 95 0.464 1.15 0.574 1.72¢
Role-Physical 100 0.56 100 0.562 100 0.562 0 0 0
Bodily Pain 84 0.37 100 1.05 84 0.371 1.51 -1.51 0
General Health 42 —1.47¢ 47 -1.23 57 -0.734 0.4 0.799 1.2
Vitality 50 -0.52 65 0.196 70 0.435 1.36 0.452 1 .812
Social Function 50 —1.47¢ 75 —-0.366 100 0.736 1.38 1.38 2.75
Role-Emotionall 33.3 —1.45¢ 100 0.567 100 0.567 3.37¢ 0 3.37¢
Mental Health 44 -1.70¢ 84 0.514 88 0.735 3.91¢ 0.391 4.34

“Reliable change index (RCI)=change/standard error of change (positive=improvement), 2-1=before behavioral therapy compared with after behavioral
therapy, 3-2=after behavioral therapy compared with after vestibular physical therapy, 3-1=effect of 2 interventions combined.

’ z score= (norm mean—-Mr N’s score) /standard deviation of norm.
<P <.10.
4P <.05 (1sided test for z scores, 2-sided test for RCI).

Heights Questionnaire, the patient’s item responses,
ranging between 4 and 5, indicated a neutral attitude
toward heights. His SMD decreased from 3.8 to 1.9 on
the SMD-I, corresponding to the 75th percentile of
controls. His SMD-II score decreased from 11.1 to 3.3,
corresponding to the 89th percentile of controls without
SMD.

Measures of gait, balance, or perceived handicap either
stayed the same or improved over the 8week physical
therapy intervention period (Tab. 2). On the optic flow
test (Tab. 4, Fig. 4), the large-amplitude, high-frequency
oscillations were reduced. There was a large reduction
from post—behavioral therapy training to post—physical
therapy, with the final values lower than at the start of
behavioral therapy. These findings, along with the
improvement in SMD scale level, suggest that the patient
had become less visually dependent. Furthermore,
examination of the SUDs scale ratings (Fig. 5) revealed
lower ratings than during the first 2 test occasions. The
administrator of the test noted that the patient no longer
used arm movements to maintain balance during the
optic flow testing.

On the Illness Intrusiveness Rating Scale,®® his ratings in
the domains of relationship with spouse, sex life, and
diet changed positively for the first time after physical
therapy; in addition, further improvements occurred in
most of the domains that had begun to improve after
behavioral therapy. After the 2 programs combined, only
his rating in the financial situation domain remained
unimproved, but Mr N had not judged this to be affected
by the fear of heights. His rating in the religious expres-
sion domain, one of Mr N’s treatment goals, improved.

On the SF-36, the patient showed further increases on a

number of subscales that, however, fell below our RC
requirement (Tab. 5). Nevertheless, improvement on

Physical Therapy . Volume 85 . Number 5 . May 2005

the Social Function and Vitality subscales occurred only
after both interventions combined. In addition, there
was a trend for his level of physical function to improve,
as he had reported pretreatment limitations in partici-
pating in vigorous exercise, bending over, or walking
more than a mile. With respect to the Vitality subscale,
which had not been abnormally low before intervention,
the posttreatment value was within the upper half of the
population.

A coauthor (EFO) who had not provided his physical
therapy interviewed Mr N about his experience with
both virtual reality and physical therapy. He said that
both interventions were “successful” and that he was able
to “function better in my daily activities.” He described
going to a hockey game and being able to sit in seats that
were high up, something he could not do previously. He
said that he really wanted “to beat this” and therefore
had been motivated to go through the intervention.

He had some difficulty comparing one intervention with
the other, because he viewed them as complementing
one another. He did say that, during the last few sessions
of the virtual reality, he was more aware (or convinced
that) it was not real, but that at the beginning it was
frightening and he was able to overcome much of his
fear.

The patient reported, “vestibular physical therapy
helped both my balance problems and my height prob-
lem.” At the time of the interview, he was not performing
vestibular exercises at home, but said he knew how to do
them and felt that he had strategies available to him to
help him with his height phobia.

Discussion

The use of vestibular physical therapy for anxiety disor-
ders has only recently been examined.?2>29 In this case
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report, physical therapy was provided for a patient with
height phobia without laboratory evidence for vestibular
dysfunction but with clinical signs of imbalance. The
physical therapy exercises addressed the hypothesized
underlying mechanism, namely increased visual depen-
dence resulting in an increase in height vertigo. The
outcomes suggested that, whereas anxiety and avoidance
improved following behavior therapy, SMD and self-
reported balance scores improved only after vestibular
physical therapy. Exercises were provided that attempted
to increase the weighting of his somatosensory inputs so
that he could use somatosensation more effectively when
stressed in a height situation. The addition of exercises
to promote awareness of somatosensory inputs may have
enhanced his confidence in height situations, as sug-
gested by Brandt et al.”?

Mr N initially had an excellent Berg Balance Scale score
(56/56) and DGI score (23/24). Most physical therapists
would probably not have treated this person; he was not
at risk for falls based on his Berg Balance Scale and DGI
scores, although his perception of handicap and balance
confidence was impaired. We are not aware of any
reports of vestibular physical therapy intervention used
to manage a person with acrophobia and pathologic
height vertigo.

The most difficult head/eye movement that he was
asked to perform was VOR cancellation. This is evident
based on the number of weeks (n=>5) that VOR cancel-
lation was assigned as an exercise. The visual movement
in the background when performing VOR cancellation
increased his dizziness. The VOR cancellation exercise
was provided as a form of habituation exercise.”! By the
sixth visit, Mr N reported that VOR cancellation was
much easier to perform. The VOR cancellation in the
pitch (up and down movement) plane remained diffi-
cult for him longer than in the horizontal plane, as
observed by his physical therapist.

Based on his reports, Mr N’s ability to function in the
community and within his family improved after the com-
bination of virtual reality and physical therapy. The
changes probably were not the result of spontaneous
recovery because he had been fearful of heights for 19
years. Clearly, a controlled trial is needed to determine
whether vestibular physical therapy is helpful in the man-
agement of people with height phobia and dizziness.

Conclusion

Mr N demonstrated moderate improvement in his per-
ception of his handicap and a decrease in his fear-
avoidance behavior after virtual reality behavioral ther-
apy, but his SMD and postural sensitivity to optic flow
stimuli did not decrease. These variables improved by
the end of an 8week vestibular physical therapy inter-
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vention program. It appears that vestibular physical
therapy might be a valuable adjunct to virtual reality
behavioral training in people with acrophobia related to
excessive height vertigo. It is possible that some of the
observed changes were actually sequelae of the virtual
reality behavioral training, and not a result of the
subsequent physical therapy intervention. Further study
is needed to determine whether vestibular physical ther-
apy is useful in the management of acrophobia and
pathological height vertigo.
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