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Objective. To describe the results of a vestibular rehabilitation (VR) program in the timed up and go (TUG), gait speed (GS), and
dizziness handicap inventory (DHI) scores for elderly vestibular patients in a developing country.Methods. Descriptive study with
retrospective data collected from the clinical records of vestibular patients. ,e following information was recorded: sex, age, type
of vestibular disorder, DHI score, and performance in TUG and GS, before and after participation in a VR program taking place
from January 1 to August 30, 2017. ,e VR program consisted of 10 twice weekly sessions in the clinic and daily exercises at the
patient’s home.We used Student’s t-test for paired andWilcoxon’s test according to the data distribution.,e level of significance
was 5%. Results. Data from 57 patients (49 females; 78± 5.8 years old) were used. ,ere were statistically significant differences in
TUG (12.52 versus 11.56), GS (0.81 versus 0.90m/s), DHI total handicap (46 versus 24), physical (14 versus 8), emotional (14
versus 6), and functional (18 versus 12) domains. Conclusion. ,e functional outcome measures reported, including TUG, gait
speed, and DHI, reflect statistically significant improvements in elderly patients after vestibular rehabilitation; the DHI im-
provements are clinically relevant.

1. Introduction

Patients with dysfunction in the vestibular system often
complain of dizziness, balance impairments, and visual or
gaze disturbances [1, 2]. In particular, dizziness is one of the
most important single symptoms with a negative influence
on well-being in old age [1]. While barriers to determining
true prevalence and incidence exist due to differences in
diagnosing and reporting, a previous survey showed that
about 35% of people over 40 have experienced a vestibular
disorder, a problem that can significantly impair the quality

of life [2–4].,is dysfunctionmay be due to a disease-related
pathology or trauma (surgical intervention) and can be
located in the central (brain) or peripheral (inner ear)
portions of the vestibular system.

One of the treatment options for vestibular disorders
(unilateral and bilateral vestibular hypofunction and central
or mixed vestibular disorders) is vestibular rehabilitation
(VR). ,is consists of an individualized exercise program
which has been developed to address the deficits identified
during the physical therapy evaluation and which has been
shown to be an effective treatment for patients with dizziness
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and balance disorders [5]. Currently, this program includes
compensatory responses, adaptation for visual-vestibular in-
teraction, substitution and postural control exercises, fall pre-
vention, (re)conditioning activities, and functional/occupational
retraining [6].

,e objective of the VR program is to encourage com-
pensation after peripheral and central vestibular disorders, thus
reducing symptoms of dizziness and vertigo and the risk of falls,
while increasing confidence in equilibrium and encouraging the
return to activities of daily living [5, 7].,e efficacy of vestibular
rehabilitation can be evaluated using performance-based out-
comemeasures such as gait speed (GS), timed up and go (TUG)
[8], and patient-reported outcome measures such as the diz-
ziness handicap inventory (DHI) [9–11].,e outcomemeasures
are simple, easy, and quick to administer in a clinical setting.
,ere is moderate to strong evidence to support the use of
vestibular rehabilitation for persons with peripheral unilateral
vestibular disorders [5, 12]. Information is still lacking, however,
on the population that suffers from peripheral and central
vestibular disorders and the effects of VR programs, especially in
developing countries.

Another major problem in elderly populations, one
which is not a hypofunction but rather a mechanical dis-
order, is benign paroxysmal positional vertigo (BPPV). ,is
is believed to be one of the most common causes of vertigo
[13] and can be present at any age but is most common
among people in their 6th and 7th decades [14]. BPPV is
caused by free otoconia dislodged from the utricular macula
that have entered the semicircular canal, where they provoke
an inappropriate flow of endolymph whenever the head is
rotated in the plane of the affected canal [15]. Residual
dizziness (RD) is a common condition in patients with
idiopathic BPPV, which starts in the first episode, even after
quick resolution with repositioning maneuvers. Early
treatment of BPPV is advisable for preventing RD, especially
in anxious and elderly patients [16].

For BPPV, there is considerable evidence to support the
use of repositioning maneuvers at the outset and also to show
that vestibular rehabilitation should be incorporated in the
long term as a preventative measure or to promote functional
recovery or both [6]. A recent clinical practice guideline
concluded that a clinician may offer VR in the treatment of
BPPV for patients with additional impairments and that this
can result in prevention of falls and an improved return of
natural balance function [17]. A recent systematic review [18]
found that there is an urgent need for more research con-
ducted in low-middle-income environments. Here in our
country, we have not found any studies evaluating VR or
describing its impact on functional test results (TUG and GS).
,e objective of this study, then, is to describe the outcomes of
a vestibular rehabilitation program on the timed up and go,
gait speed, and dizziness handicap inventory scores for elderly
vestibular patients in a developing country.

2. Methods

2.1. Study Design and Population. ,is is a descriptive study
with retrospective data collected from the clinical records of
vestibular patients aged 65 years or older at a vestibular

rehabilitation clinic located in an urban middle-income
environment. ,e following information was recorded:
sex, age, type of vestibular disorder, DHI score, and per-
formance in TUG and GS, before and after their partici-
pation in a vestibular rehabilitation program taking place
from January 1 to August 30, 2017.

Patients were referred by otolaryngologists. In those
cases where the prescription did not contain a specific di-
agnosis, an experienced physiotherapist evaluated each
subject by means of a battery of clinical oculomotor (ocular
alignment and tests of Skew, ocular range of motion, smooth
pursuit, volitional saccades, and vergence) and vestibular
tests (vestibulo-ocular reflex cancellation test (VORc), head
impulse test, head shaking test, or mastoid vibration test),
thus ensuring that the disorder was primarily of the ves-
tibular origin. ,e patients who gave positive results in the
clinical vestibular tests were included in the study [19].

Incomplete records, failure to complete the re-
habilitation program and other neurologic conditions
(Parkinson’s disease, multiple sclerosis, stroke, and others)
were the criteria for exclusion. People without a specific
diagnosis who had central signs during the physiotherapist’s
evaluation were referred to a neurologist, and patients who
only suffered from BPPV without residual symptoms were
not included in a VR program, thus no data from functional
tests were found in the clinical history of these two groups of
patients (incomplete records).

Both the rehabilitation clinic and the patients signed
consent forms authorizing all procedures, which was carried
out in accordance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki) and autho-
rized by the local ethics committee.

2.2. Vestibular Rehabilitation Program. ,e VR program
consisted of 10 twice weekly sessions in the rehabilitation
clinic and daily exercises at the patient’s home. It was based
on the treatment protocol published in Binetti et al. [7] and
Verdecchia et al. [20], with adaptation exercises and/or
habituation and/or substitution exercises determined and
adapted in accordance with an assessment of the patient.
Subjects received vestibular and balance rehabilitation
provided by three physical therapists with specialized
training in the treatment of balance and vestibular disorders.

,e vestibulo-ocular and oculomotor exercises included
X1 and X2 viewing paradigm (near and far) with periods of
stimulation 1 to 2 minutes long (3–5 times daily for a total of
20–40 minutes per day). Oculomotor training for patients
with bilateral vestibular hypofunction included two cards
exercises (visualization of 2 targets) and remembered target
(1 target), designed to challenge saccadic movements and
gaze shifting [12]. ,e vestibulospinal exercises included
static balance with progressive reduction of the support base,
eyes open and closed, and firm to soft surface. ,e dynamic
balance and gait tasks included walking with head and body
turns, velocity changes, and walking with progressively
narrower base of support.

Patients who suffered fromBPPVwith residual symptoms
(imbalance and dizziness) were treated with repositioning
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maneuvers before they were included in a customized VR
program based on a functional evaluation of each patient
[3, 17]. Some non-BPPV patients with dizziness provoked by
their own head or body movement were prescribed habitu-
ation exercises based on the results of the 16 movements in
the motion sensitivity quotient (MSQ) [21]. ,e movements
chosen for habituation were performed as follows: four
repetitions four times a day, until the exercises did not
generate any symptoms for 48 h, at which time they were
suspended.

In addition, all the subjects performed adaptation ex-
ercises for the vestibulo-ocular and vestibulospinal reflexes,
three to five times a day in their homes, for a total stimulus
time of 20 to 40 minutes daily.

2.3. Timed Up and Go. Subjects were asked to complete 3
trials of the TUG. For this, they were given verbal instructions
to stand up from a seated position on a chair, walk 3m as
quickly and as safely as possible, cross a line marked on the
floor, turn around, walk back, and sit down. ,e stopwatch
was started on the word “go” and stopped when the subject’is
back came into contact with the chairback after sitting down.
,e TUG time was measured in seconds (sec). One practice
trial was given, and the score discarded. Two scored trials were
then performed, and the average of these scores was used for
this study [22]. ,ose subjects who used an assistive device
when walking in the community were asked to use that device
[23]. Whitney el al. [24] found that a TUG cutoff of 11.1
seconds appeared to display the best balance between sen-
sitivity (80%) and predictive positive value (46%) in patients
with vestibular dysfunction. ,ey concluded that the sensi-
tivity of the TUG test for fall prediction was 80%, and the
specificity was 56% in patients who scored greater than 11.1
seconds on the test. People who scored greater than 11.1
seconds on the TUG were 5 times (p � 0.001) more likely to
have reported a fall in the previous 6 months.

2.4. Gait Speed. To evaluate the usual gait speed, we used the
timed 10-meter walk test. Each patient was instructed to
walk 10 meters at a comfortable and normal pace (3 trials).
Only the middle 6 meters section was timed to eliminate the
effects of acceleration and deceleration. A certified examiner
started the timing when the subject’s first foot crossed the
“start” line and stopped timing when his/her last foot crossed
the “finish” line. Walking speed (in meter/second, or m/s)
was calculated as walking distance (20 ft� 6.10m) divided by
time (in seconds), and the average of the 3 trials was reg-
istered [25, 26]. Older persons with gait speed slower than
1m/s (equal to or more than 6 seconds to walk 6m) should
be considered at high risk of adverse health outcomes [27].

2.5.DizzinessHandicap Inventory. ,eDHI is a 25-item tool
used to help the patient rate their self-perception of handicap
from dizziness [9]. It is subdivided into functional (36
points), emotional (36 points), and physical domains (28
points) and ranges from zero (no perceived handicap) to 100
(the maximum perceived handicap) [10]. We decided to use

the Argentine version of this questionnaire [28], which is
a reliable and valid tool for quantifying self-perceived
handicap resulting from vertigo, dizziness, or un-
steadiness and has high internal consistency (α� 0.87) and
very high test-retest reliability for the total DHI score
(intraclass correlation coefficient: 0.98) and its domains.

2.6. Statistical Analysis. We have carried out a descriptive
analysis of the data. ,e characteristics of the population are
presented by absolute and relative frequency, and the
quantitative variables are presented by measures of central
tendency and dispersion in accordance with the normality
test (Shapiro–Wilk test). To analyze the tests and perception
of impairment before and after the rehabilitation program,
we used Student’s t-test for paired and Wilcoxon’s test in
accordance with the data distribution. ,e level of signifi-
cance was 5%.,e statistical program used was the Stata 12.0
version.

3. Results

We have evaluated 76 clinical records. Of these, 19 were
excluded because of incomplete information and failure to
complete the rehabilitation program. Data from 57 patients
(49 females; 78± 5.8 years old) with vestibular disorders
were used. Unilateral vestibular hypofunction and BPPV
had a higher prevalence with 29 (50.88%) and 12 (21.05%) of
the cases, respectively. Table 1 presents the population
characteristics.

,e median improvement in the total DHI score was
about 22 points after VR (a change >18 points meets the
minimally clinically important difference (MCID) for the
vestibular population).,emedian total DHI score before VR
was 46 (CI 95% 37.13–56.86) and after, 24 (CI 95% 18.00–
36.86), demonstrating improvements after VR (Wilcoxon
signed rank, p< 0.001). In the analyses of pre- and post-VR
median DHI points, a decrease and a consequent improve-
ment were observed in all domains: emotional (pre-VR 14 (CI
95% 10.00–18.00), post-VR 6 (CI 95% 4.00–10.00), and
Wilcoxon-signed rank test p< 0.0001), functional (pre-VR 18
(CI 95% 16.00–20.00), post-VR 12 (CI 95% 8.00–14.00), and
Wilcoxon-signed rank test p< 0.0001) and physical (pre-VR
14 (CI 95% 12.00–18.00), post-VR 8 (CI 95% 4.00–10.00), and
Wilcoxon-signed rank test p< 0.0001). Figure 1 shows the
results of total DHI and its respective domains, pre- and
postvestibular rehabilitation program.

,e mean gait speed increased by 0.09m/sec after VR.
Mean values obtained before and after VR were 0.81m/sec
(SD: 0.21) y and 0.90m/sec (SD: 0.19), respectively (Student’s
t-test, p< 0.001).

Following VR, the median TUG decreased by 0.96 sec. In
the analysis of pre- and post-VR TUG results, the medians
were 12.52 (CI 95% 11.33–13.15) and 11.56 (CI 95% 10.58–
12.08), respectively (Wilcoxon-signed rank test, p< 0.001).

4. Discussion

Our study shows that there were statistically significant
differences in timed up and go, gait speed and dizziness
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handicap inventory values after a VR program. Patients were
predominantly female, and the most common diagnosis was
unilateral vestibular hypofunction.

,is type of disorder affects both sexes, and since there is
evidence suggesting that the patient’s sex may not impact
rehabilitation outcomes, a VR program can be offered to
males and females with the expectation of similar outcomes
[12].

While Jung et al. [29] and Moreira Bittar et al. [30] have
noted that age is not a significant factor in the response rate
to vestibular exercises, Smith-Wheelock et al. [31] have
reported that older patients required modifications in
therapy due to increased risk for falls. In the same study,
more of the patients in the older group required supervised
therapy compared to the younger group. However, the only
significant difference noted for older than 65 years was in the
length of time required to maximize the benefit from
therapy.

As for diagnoses, our findings coincide with a previous
study [32]. Vestibular rehabilitation is also indicated for the
most common type of vestibular disorders in this study:
unilateral vestibular hypofunction (regardless of whether it
is on the left or right side). Bayat et al. [33] found no sig-
nificant differences in VR outcomes between men and
women or those with right- or left-side lesions (p> 0.05). Tee
and Chee [34] reported that individuals with stable uni-
lateral peripheral vestibular loss with incomplete central
compensation benefited the most from a VR program, but
the treatment strategies are different for unilateral and bi-
lateral dysfunction [5].

BPPV is the most widely recognized vestibular disorder
[5] and is characterized by vertigo of short duration after
a change in the position of an individual’s head with respect
to gravity and with symptoms typically lasting less than one
minute [5, 35]. Our study included 12 patients with uni-
lateral posterior BPPVwho presented with residual dizziness
and unsteadiness after successful canalith repositioning
procedures (CRPs). While there is reason to believe that
habituation exercises cannot replace CRPs in the initial
treatment of BPPV, adaptation and habituation exercises can
nevertheless serve as adjuvant therapy for selected patients
with BPPV [17]. BPPV can be associated with significant
residual complaints of generalized dizziness (abnormal
motion sensitivities not associated with provocation of
nystagmus) and definable abnormal postural control with
heightened fall risk even after CRP has successfully resolved
paroxysmal positional nystagmus [36, 37]. ,ere is a sta-
tistically significant increased risk for persistent postural
abnormalities in the elderly in general where multifactorial
comorbid impairments may be present [38]. A randomized
controlled trial (RCT) showed that subjects with BPPV who
were treated with CRP and additional VR exercises had
significantly improved measures of overall gait stability
when compared with those who had received isolated CRP
(Epley maneuver) for their BPPV [39].

A limitation of our study is that the results were obtained
from patients with different disorders and have not been
classified accordingly. However, there is promising evidence
that suggests that VR improves symptoms and can reduce

falls in persons with a variety of vestibular conditions [5]. In
the present study, results show statistically significant dif-
ferences in TUG, GS, and DHI values, indicating im-
provement in the patients’ performance and reported
outcomes after a VR program, thus demonstrating the ef-
fectiveness of such intervention even in a developing
country.

Our results for TUG are different from the study of Gill-
Body et al. [40], whose values were greater than ours. ,eir
results were unilateral vestibular hypofunction 19.5 (5.72),
range 12.67–39.0, n� 34; bilateral vestibular hypofunction
23.33 (11.66), range 12.74–52.01, n� 44. ,is difference was
probably due to the fact that they used a modified version of
the TUG.

After the VR program, an increase was observed in GS
and a decrease in TUG scores. ,is corroborated the pre-
vious studies [16, 41, 42] demonstrating that after a VR
program, patients with vestibular disorders usually walk
faster [43, 44]. Gait speed has been considered an important
indicator of patient health, regardless of the diagnosis [45].
Indeed, it has been observed in another study that older
adults with impaired semicircular canal function had slower
gait compared to adults with intact function [46]. However,
there is no published evidence of minimal detectable change
(MDC) in the gait speed tests (GSTs) or in the TUG for
vestibular patients. Although a number of authors have
published studies with MDC values in other patient pop-
ulations and these values range from 0.08 to 0.19m/sec in GS
[47–49] and from 1.10 to 4.00 sec in TUG [50–53], these
populations were different from vestibular patients and
consequently we can’t be sure that they are suitable for our
purposes here. Studies on vestibular populations are nec-
essary. In our study, the difference found in the pre- and
post-RV TUG scores was statistically significant but failed to
reach the lowest MDCs already published with reference to
other populations.,e TUG values in our study were similar
to those found in patients with mild DHI (TUG 12± 3 sec)
and moderate DHI (TUG 11± 4 sec) in Whitney et al. [10].

With regard to patients’ perception of impairment at the
completion of the VR program, there were statistically

Table 1: Population characteristics.

Variables n %
Gender
Female 49 85.96
Male 8 14.04
Diagnoses
Unilateral vestibular hypofunction (UVH) 29 50.88
Benign paroxysmal positional vertigo (BPPV) 12 21.05
Nonspecific diagnosis 6 10.53
Multisensory dizziness syndrome 5 8.78
Bilateral vestibular hypofunction 3 5.26
Mixed vestibular disorder 1 1.75
Central vestibulopathy 1 1.75
Classification of diagnosis
Peripheral 50 87.72
Central 6 10.53
Mixed 1 1.75
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signi�cant di�erences in total and functional DHI as well as
in the emotional and physical domains. Whitney et al. [10]
categorized the DHI scores into mild handicap (0–30),
moderate handicap (31–60), and severe handicap (61–100);
therefore, higher scores on the DHI indicate greater
handicap. Using this classi�cation, our results indicate that
patients progressed from moderate to mild handicap. �e
TUG and gait speed values reported by Whitney et al. [10]
were similar to ours (TUG and GS in mild DHI: 12± 3 and
1.02± 0.2; in moderate DHI: 11± 4 and 1.04± 0.2; in severe
DHI: 14± 5 and 0.9± 0.2).�is study was also similar to ours
in that the functional test results from a group of 85 patients
with vestibular disorders (peripheral and central) were
analyzed without being broken down into subgroups. �e
reduction we found in the posttreatment score was superior
to the 18-point minimum clinically important di�erence
(MCID) published by Jacobson et al. [9]. �ese results of
DHI coincide with the study of Humphriss et al. [32] and
also with one study carried out in our country in which
statistically signi�cant reductions in DHI values were ob-
served after VR [20]. �ese authors analyzed di�erences in
the self-perception of impairment, the risk of falls, and gaze
stability in patients with chronic unilateral vestibular
hypofunction before and after VR with complementary
Wii® therapy. Unlike the present study, there was no
evaluation of the TUG or the GS; however, they also found
an improvement in DHI scores.

Taken together, our results point to the importance of
VR programs, regardless of the diagnosis of vestibular
disorders. �e rehabilitation program in this study consisted
of exercises of adaptation and/or habituation and/or sub-
stitution, depending on each patient, twice a week in the
rehabilitation clinic, and daily at the patient’s home [7, 20].
Clinical practice guidelines for vestibular hypofunction
suggest that the number of visits may need to be varied in
accordance with comorbidities that can a�ect movement
and psychological functioning [12].

�e frequency, duration of optimal treatment, and total
number of visits for the best results from physical therapy are as
yet unknown. Knowledge on the e�ects of VR programs in
developing countries is still incipient. In our country, this is one
of the few studies carried out so far that evaluates the bene�ts of
this type of care and the �rst to describe the e�ects of a VR
program onTUG and gait speed in older people. Further studies
are needed to observe the e�ects of this treatment in other Latin
American countries in order to facilitate the dissemination of
VR in the region and to compare performance in functional tests
and self-perception of impairment in these countries. It should
be noted that the results of this study were reported after the
completion of a VR program in South America, which shows
that in developing countries there are physical therapists who
have been trained to carry out vestibular evaluation and exercise
protocols. �e cultural, economic, and social di�erences among
environments with low, middle, and high incomes and their
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Figure 1: DHI total and respective domains and pre- and postvestibular rehabilitation program.
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impact on the outcomes of VR have to date not been reported.
We may hypothesize that these differences could change the
results of a rehabilitation process and must be studied.

,is study has some other limitations. ,e sample was
one of convenience, and while it represented a wide range in
function and cognition, all of the participants were from an
urban area and may not be representative of all older people
in the same area. We did not have information on the
patients’ socioeconomics and educational level, factors
which may have affected performance. ,e testing sessions
were not conducted in conditions of privacy, so the influence
of other older adults or staff in the room may have affected
performance. Although there were more females than males
in our study, we do not believe that this influenced our
results since a recent guideline [12] affirms that a VR
program should be offered to males and females with the
expectation of similar outcomes. Another limitation is the
retrospective design. However, the patient records were all
from a specialized VR clinic which used a uniform pro-
cedure for the evaluation and treatment of all its patients,
and the outcome measures were obtained by the same ex-
perienced physical therapist, that is, the therapist who took
the measurement for a specific patient was always the same,
thus increasing the reliability of the measurement.

Some of our participants had a nonspecific diagnosis
(such as dizziness or vertiginous syndrome). In these cases,
an experienced physiotherapist assessed each subject with
clinical vestibular tests [22].

Randomized controlled trial evidence for the efficacy of
customized VR is available elsewhere, as already described.
,e present study demonstrates the effectiveness of VR where
it has been successfully applied in a common clinical context
in an urban middle-income environment. ,e study results
are relevant to function and quality of life in elderly patients;
yet, more research is needed to assess the effects of vestibular
rehabilitation on quality of life and frequency of falls.

5. Conclusion

,e functional outcome measures reported, including TUG,
gait speed, and DHI, reflect statistically significant im-
provements in elderly patients after vestibular rehabilitation;
the DHI improvements are clinically relevant.

Data Availability

,e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

,eauthors declare no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

References

[1] A. Grimby and U. Rosenhall, “Health-related quality of life
and dizziness in old age,” Gerontology, vol. 41, no. 5,
pp. 286–298, 1995.

[2] J. Burzynski, S. Sulway, and J. A. Rutka, “Vestibular re-
habilitation: review of indications, treatments, advances, and
limitations,” Current Otorhinolaryngology Reports, vol. 5,
no. 3, pp. 160–166, 2017.

[3] M. N. McDonnell and S. L. Hillier, “Vestibular rehabilitation
for unilateral peripheral vestibular dysfunction,” Cochrane
Database of Systematic Reviews, vol. 1, article CD005397, 2015.

[4] Y. Agrawal, J. P. Carey, C. C. Della Santina, M. C. Schubert,
and L. B. Minor, “Disorders of balance and vestibular function
in US adults: data from the National Health and Nutrition
Examination Survey, 2001–2004,” Archives of Internal Med-
icine, vol. 169, no. 10, pp. 938–944, 2009.

[5] S. Whitney, A. Alghwiri, and A. Alghadir, “An overview of
vestibular rehabilitation,” Handbook of Clinical Neurology,
vol. 137, pp. 187–205, 2016.

[6] S. Hillier and M. N. McDonnell, “Is vestibular rehabilitation
effective in improving dizziness and function after unilateral
peripheral vestibular hypofunction? An abridged version of
a Cochrane review,” European Journal of Physical and Re-
habilitation Medicine, vol. 52, no. 4, pp. 541–556, 2016.

[7] A. C. Binetti, A. X. Varela, D. L. Lucarelli, and
D. H. Verdecchia, “Unilateral head impulses training in
uncompensated vestibular hypofunction,” Case Reports in
Otolaryngology, vol. 2017, Article ID 2145173, 6 pages, 2017.

[8] O. A. Donoghue, G. M. Savva, H. Cronin, R. A. Kenny, and
N. F. Horgan, “Using timed up and go and usual gait speed to
predict incident disability in daily activities among
community-dwelling adults aged 65 and older,” Archives of
Physical Medicine and Rehabilitation, vol. 95, no. 1,
pp. 1954–1961, 2014.

[9] G. P. Jacobson and C. W. Newman, “,e development of the
dizziness handicap inventory,” Archives of Otolaryngology–
Head and Neck Surgery, vol. 116, no. 4, pp. 424–427, 1990.

[10] S. L. Whitney, D. M. Wrisley, K. E. Brown, and J. M. Furman,
“Is perception of handicap related to functional performance
in persons with vestibular dysfunction?,” Otology & Neuro-
tology, vol. 25, no. 2, pp. 139–143, 2004.

[11] D. Podsiadlo and S. Richardson, “,e Timed ‘‘Up&Go’’: a test
of basic functional mobility for frail elderly persons,” Journal
of the American Geriatrics Society, vol. 39, no. 2, pp. 142–148,
1991.

[12] C. D. Hall, S. D. Herdman, S. L. Whitney et al., “Vestibular
rehabilitation for peripheral vestibular hypofunction: an
evidence-based clinical practice guideline: from the American
Physical ,erapy Association Neurology Section,” Journal of
Neurologic Physical >erapy, vol. 40, no. 2, pp. 124–155, 2016.

[13] D. Nuti, G. Agus, M. Barbieri, and D. Passali, “,e man-
agement of horizontal-canal paroxysmal positional vertigo,”
Acta Otolaryngologica, vol. 118, pp. 455–460, 1998.

[14] M. Hilton and D. Pinder, “Benign paroxysmal positional
vertigo,” BMJ, vol. 326, no. 7391, p. 673, 2003.

[15] T. Brandt and S. Steddin, “Current view of the mechanisms of
benign paroxysmal positioning vertigo: cupulolithiasis or
canalolithiasis?,” Journal of Vestibular Research, vol. 3,
pp. 373–382, 1993.

[16] M. Faralli, R. Lapenna, G. Giommetti, C. Pellegrino, and
G. Ricci, “Residual dizziness after the first BPPV episode: role
of otolithic function and of a delayed diagnosis,” European
Annals of Otorhinolaryngology, vol. 273, no. 10, pp. 3157–
3165, 2016.

[17] N. Bhattacharyya, S. P. Gubbels, S. R. Schwartz et al., “Clinical
practice guideline: benign paroxysmal positional vertigo
(update),” Otolaryngology–Head and Neck Surgery, vol. 156,
no. 3, pp. S1–S47, 2017.

6 Journal of Aging Research



[18] A. D. Furlan, E. Irvin, C. Munhall et al., “Rehabilitation
service models for people with physical and/or mental dis-
ability living in low- and middle-income countries: a sys-
tematic review,” Journal of Rehabilitation Medicine, vol. 50,
no. 6, pp. 487–498, 2018.

[19] E. Dannenbaum, G. Chilingaryan, and J. Fung, “Visual vertigo
analogue scale: an assessment questionnaire for visual ver-
tigo,” Journal of Vestibular Research, vol. 21, no. 3, pp. 153–
159, 2011.

[20] D. H. Verdecchia, M. Mendoza, F. Sanguineti, and
A. C. Binetti, “Outcomes after vestibular rehabilitation and
Wii® therapy in patients with chronic unilateral vestibular
hypofunction,” Acta Otorrinolaringológica Española, vol. 65,
no. 6, pp. 339–345, 2014.

[21] M. Smith-Wheelock, N. Shepard, and S. Telian, “Physical
therapy program for vestibular rehabilitation,” American
Journal of Otology, vol. 12, no. 3, pp. 297–301, 1991.

[22] T. Steffen, T. Hacker, and L. Mollinger, “Age-and gender-
related test performance in community-dwelling elderly
people: Six-Minute Walk Test, Berg Balance Scale, Timed Up
& Go Test, and gait speeds,” Physical >erapy, vol. 82, no. 2,
pp. 128–137, 2002.

[23] A. Shumway-Cook, S. Brauer, and M. Woollacott, “Predicting
the probability for falls in community-dwelling older adults
using the Timed Up & Go Test,” Physical >erapy, vol. 80,
no. 9, pp. 896–903, 2000.

[24] S. L. Whitney, G. F. Marchetti, A. Schade, and D. M. Wrisley,
“,e sensitivity and specificity of the Timed “Up & Go” and
the Dynamic Gait Index for self-reported falls in persons with
vestibular disorders,” Journal of Vestibular Research, vol. 14,
no. 5, pp. 397–409, 2004.

[25] S. L. Wolf, PA. Catlin, K. Gage, K. Gurucharri, R. Robertson,
and K. Stephen, “Establishing the reliability and validity of
measurements of walking time using the Emory Functional
Ambulation Profile,” Physical >erapy, vol. 79, no. 12,
pp. 1122–1133, 1999.

[26] Y. J. Xie, E. Y. Liu, E. R. Anson, and Y. Agrawal, “Age-related
imbalance is associated with slower walking speed: an analysis
from the National Health andNutrition Examination Survey,”
Journal of Geriatric Physical >erapy, vol. 40, no. 4,
pp. 183–189, 2017.

[27] M. Cesari, S. B. Kritchevsky, B. W. Penninx et al., “Prognostic
value of usual gait speed in well-functioning older people–
results from the health, aging and body composition study,”
Journal of the American Geriatrics Society, vol. 53, no. 10,
pp. 1675–1680, 2005.

[28] B. Caldara, A. I. Asenzo, G. Brusotti Paglia et al., “Adaptación
cultural y validación del Dizziness Handicap Inventory:
versión argentina,” Acta Otorrinolaringológica Española,
vol. 63, no. 2, pp. 106–114, 2012.

[29] J. Y. Jung, J. S Kim, P. S. Chung, S. H. Woo, and C. K. Rhee,
“Effect of vestibular rehabilitation on dizziness in the elderly,”
American Journal of Otolaryngology, vol. 30, no. 5, pp. 295–
299, 2009.

[30] R. S. Moreira Bittar, L. Simoceli, M. E. Bovino Pedalini, and
M. A. Bottino, “,e treatment of diseases related to balance
disorders in the elderly and the effectiveness of vestibular
rehabilitation,” Brazilian Journal of Otorhinolaryngology,
vol. 73, no. 3, pp. 295–298, 2007.

[31] M. Smith-Wheelock, N. T. Shepard, S. A. Telian, and
T. Boismier, “Balance retraining therapy in the elderly,” in
Proceedings of Otolaryngic Cherry Blossom Conference, Clin-
ical Otolaryngologic Care of the Geriatric Patient, vol. 71–
80BC Decker Inc., Washington, DC, USA, 1992.

[32] R. L. Humphriss, D. M. Baguley, S. Peerman, T. E. Mitchell,
and D. A. Moffat, “Clinical outcomes of vestibular re-
habilitation,” Physiotherapy, vol. 87, no. 7, pp. 368–373, 2001.

[33] A. Bayat, A. Pourbakht, N. Sak, Z. Zainun, S. Nikakhlagh, and
G. Mirmomeni, “Vestibular rehabilitation outcomes in the
elderly with chronic vestibular dysfunction,” Iranian Red
Crescent Medical Journal, vol. 14, no. 11, pp. 705–708, 2012.

[34] L. H. Tee and N. W Chee, “Vestibular rehabilitation therapy
for the dizzy patient,” Annals of the Academy of Medicine of
Singapore, vol. 34, no. 4, pp. 289–294, 2005.

[35] M. Von Brevern, A. Radtke, F. Lezius et al., “Epidemiology of
benign paroxysmal positional vertigo: a population based
study,” Journal of Neurology, Neurosurgery, and Psychiatry,
vol. 78, no. 7, pp. 710–715, 2007.

[36] S. Di Girolamo, G. Paludetti, G. Briglia, A. Cosenza,
R. Santarelli, and W. Di Nardo, “Postural control in benign
paroxysmal positional vertigo before and after recovery,” Acta
Otorrinolaringologica, vol. 118, no. 3, pp. 289–293, 1998.

[37] P. B. Giacomini, M. Alessandrini, and A.Magrini, “Long-term
postural abnormalities in benign paroxysmal positional ver-
tigo,” ORL; Journal for Otorhinolaryngology and Its Related
Specialties, vol. 64, no. 4, pp. 237–241, 2002.

[38] P. J. Blatt, G. A. Georgakakis, S. J. Herdman, R. Clendaniel,
and R. Tusa, “,e effect of the canalith repositioning ma-
neuver on resolving postural instability in patients with be-
nign paroxysmal positional vertigo,” American Journal of
Otolaryngology, vol. 21, no. 3, pp. 356–363, 2000.

[39] W. C. Chang, Y. R Yang, L. C. Hsu, C. M. Chern, and
R. Y. Wang, “Balance improvement in patients with benign
paroxysmal positional vertigo,” Clinical Rehabilitation,
vol. 22, no. 4, pp. 338–347, 2008.

[40] K. M. Gill-Body, M. Beninato, and D. E. Krebs, “Relationship
among balance impairments, functional performance, and
disability in people with peripheral vestibular hypofunction,”
Physical >erapy, vol. 80, no. 8, pp. 748–758, 2000.

[41] K. A. Alahmari, P. J. Sparto, G. F. Marchetti, M. S. Redfern,
J. M. Furman, and S. L. Whitney, “Comparison of virtual
reality based therapy with customized vestibular physical
therapy for the treatment of vestibular disorders,” IEEE
Transactions on Neural Systems and Rehabilitation Engi-
neering, vol. 22, no. 2, pp. 389–399, 2014.

[42] Y. Saman, D. E. Bamiou, L. Murdin et al., “Balance, falls risk,
and related disability in untreated vestibular schwannoma
patients,” Journal of Neurological Surgery Part B: Skull Base,
vol. 75, no. 5, pp. 332–338, 2014.

[43] S. A. Arnold, A. M. Stewart, H. M. Moor, R. C. Karl, and
J. C. Reneker, “,e effectiveness of vestibular rehabilitation
interventions in treating unilateral peripheral vestibular
disorders: a systematic review,” Physiotherapy Research In-
ternational, vol. 22, no. 3, p. e1635, 2017.

[44] N. A. Ricci, M. C. Aratani, H. H. Caovilla, and F. F. Gananca,
“Effects of vestibular rehabilitation on balance control in older
people with chronic dizziness: a randomized clinical trial,”
American Journal of Physical Medicine & Rehabilitation,
vol. 95, no. 4, pp. 256–269, 2016.

[45] S. Studenski, S. Perera, K. Patel et al., “Gait speed and survival
in older adults,” JAMA, vol. 305, no. 1, pp. 50–58, 2011.

[46] Y. Agrawal, M. Davalos-Bichara, M. G. Zuniga, and
J. P. Carey, “Head impulse test abnormalities and influence on
gait speed and falls in older individuals,” Otology & Neuro-
tology, vol. 34, no. 9, pp. 1729–1735, 2013.

[47] K. M. Palombaro, R. L. Craik, K. K. Mangione, and
J. D. Tomlinson, “Determining meaningful changes in gait

Journal of Aging Research 7



speed after hip fracture,” Physical >erapy, vol. 86, no. 6,
pp. 809–816, 2006.

[48] S. Perera, S. H. Mody, R. C. Woodman, and S. A. Studenski,
“Meaningful change and responsiveness in common physical
performance measures in older adults,” Journal of the
American Geriatrics Society, vol. 54, no. 5, pp. 743–749, 2006.

[49] K. K. Mangione, R. L. Craik, A. A. McCormick et al., “De-
tectable changes in physical performance measures in elderly
African Americans,” Physical >erapy, vol. 90, no. 6,
pp. 921–927, 2010.

[50] S. L. Huang, C. L. Hsieh, R. M. Wu, C. H. Tai, C. H. Lin, and
W. S. Lu, “Minimal detectable change of the Timed “Up&Go”
Test and the Dynamic Gait Index in people with Parkinson
disease,” Physical >erapy, vol. 91, no. 1, pp. 114–121, 2001.

[51] J. D. Ries, J. L. Echternach, L. Nof, and M. Gagnon Blodgett,
“Test-retest reliability and minimal detectable change scores
for the Timed “Up & Go” Test, the Six-Minute Walk Test, and
gait speed in people with Alzheimer disease,” Physical
>erapy, vol. 89, no. 6, pp. 569–579, 2009.

[52] E. Yuksel, S. Kalkan, S. Cekmece, B. Unver, and V. Karatosun,
“Assessing minimal detectable changes and test-retest re-
liability of the Timed Up and Go Test and the 2-Minute Walk
Test in patients with total knee arthroplasty,” Journal of
Arthroplasty, vol. 32, no. 2, pp. 426–430, 2017.

[53] A. Alghadir, S. Anwer, and J. M. Brismée, “,e reliability and
minimal detectable change of Timed Up and Go test in in-
dividuals with grade 1–3 knee osteoarthritis,” BMC Muscu-
loskeletal Disorders, vol. 16, no. 174, 2015.

8 Journal of Aging Research



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

