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Abstract 

Background: Accidental falls in elderly represent a major healthcare problem; they are a major cause of accidental 
death in people above 65 years of age. They result in both physical and psychological trauma, where fear of falling is 
a major consequence that leads to a vicious cycle that makes elderlies more isolated and dependent, making them 
more vulnerable to falls. Falls are multifactorial, where dizziness is a common factor in elderlies. Thus, a multi-systemic 
approach is essential for the assessment of balance functions; it also serves as a guide for treatment planning, either in 
the presence of a cause-specific pathology or when presbyvestibulopathy is the sole issue. Vestibular rehabilitation is 
useful in training elderlies to improve their dizziness and balance functions.

Aim: The aim of the study is to assess fall risk in elderly participants and to assess the role of customized vestibular 
rehabilitation in decreasing dizziness and falls in elderlies identified to be at risk of falling.

Results: All elderlies diagnosed at fall risk showed statistically significant improvement in dizziness handicap inven-
tory, dynamic gait index, and computerized dynamic posturography after vestibular rehabilitation. As for dizziness, 
handicap inventory participants showed statistically significant improvement in the total score and in each of its three 
aspects (functional, emotional, and physical) after vestibular rehabilitation. The Dynamic Gait Index showed statisti-
cally significant improvement after vestibular rehabilitation, where they all became non-fallers. Subjects improved 
significantly in sensory organization test, limits of stability, vestibular stimulation test, motor control test, and faller 
assessment test of computerized dynamic posturography. Performance on the subjective assessment test was not 
significantly correlated to the objective assessment methods. The Dynamic Gait Index is sensitive in the detection of 
elderlies at risk of falling.

Conclusions: Falls in elderlies is an important subject that must be taken seriously due to its major consequences. 
Full balance assessment is crucial for offering customized vestibular rehabilitation, which has proved to be useful in 
minimizing dizziness and fall risk in elderlies.

Keywords: Fall, Dizziness handicap inventory, Dynamic gait index, Computerized dynamic posturography, Vestibular 
rehabilitation
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Background
Fall is an accidental displacement of the body to a level 
below the current level. When the body’s center of grav-
ity is lost, and no effort or ineffective effort is made to 

restore balance, the person falls [1, 2]. It can be caused 
by intrinsic and extrinsic factors. Therefore, this is a chal-
lenging condition for physicians, both in terms of diag-
nostic and therapeutic approach, due to the wide range of 
underlying conditions [1, 2].

The most common fall-related consequences are pain, 
bruising, lacerations, fractures including upper extrem-
ity and hip fractures, and intracranial bleeding in severe 
cases. Thirty percent of community-dwelling mature 
adults aged 65 years and over living in the UK fall at 
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least once in their lifetime [3, 4]. The incidence of falls 
increases with aging reaching its peak to 51% of elderly 
people over 85 years [4–6].

Falls among the elderly are one of the major causes of 
morbidity and mortality worldwide. They constitute the 
most common cause of injuries among elderly and the 
second leading cause of unintentional deaths/injury after 
road-traffic accidents, where 40% of traumatic injuries-
related hospitalizations are due to falls [7–9]. According 
to Centers for Disease Control (CDC) reports, 2.5 mil-
lion nonfatal falls among older adults were treated in 
emergency departments, and more than 734,000 of these 
patients were hospitalized in 2013 [10]. About 10.2% of 
adults aged ≥ 65 years reported at least one fall-related 
injury in the USA [11].

This high prevalence of falls in elderly has a serious 
impact on their quality of life. It can result in prolonged 
hospitalization, restriction of physical activities due to 
injuries or due to fear of falling, changes in balance and 
postural control, social isolation, anxiety, and depression 
[12–14]. Fear of falling or post-fall syndrome faced by 
most of the elderlies is a post-traumatic stress syndrome, 
characterized by high levels of anxiety related to walking 
[15].

Recurrent falls are common in elderly [6, 16, 17]. WHO 
in 2011 published “Global Report on Falls Prevention in 
Older Age,” which stated that individuals at the age of 65 
and above fall at least once every year at the rate of 35%, 
while the frequency of falls in elderly at the age of 70 or 
above rises by approximately 42%. This high recurrence 
of falls increases the associated morbidity and mortality; 
thus, efforts to reduce their incidence are necessary [14, 
18].

Aging process is accompanied by physiological altera-
tions in various body systems that may result in the 
occurrence of diseases and increased frailty in elderly 
people [1, 19]. This aging induced progressive multi-
modal impairment of balance, including the loss of ves-
tibular and proprioceptive functions, and impairment 
of their central integration with other sensory inputs 
is called presbyvestibulopathy [20, 21]. The ability to 
respond to a stimulus and reflex actions begin to decline 
[22]. In addition, the skeletal muscle strength and mass 
are reduced with aging, decreasing elderly people’s func-
tional capacity, thus increasing their risk of fall-related 
injuries [1, 19, 23]. All this results in alteration to the 
dynamic posture keeping system, decreasing its ability to 
maintain balance while facing unexpected disturbances 
during movement, ending in a vicious cycle of dizziness, 
falls, and fear of falling in elderly [24].

Falls are multifactorial, where dizziness is an important 
risk factor especially in elderly since it affects individual’s 
balance. The major reported cause of falls in elderlies is 

vestibular dysfunction [25]. Its prevalence increases with 
age, reaching 30% in those above 60 years of age [26, 27] 
and 50% in those above 85 years [27]. Its presence in the 
elderly is a strong predictor of falls. Thus, an approach 
based on the cause of dizziness is needed to lower the 
risk of falls in elderly.

Dizziness has a relevant effect on elderly’s quality of 
life, as it affects their social, functional, and psychologi-
cal well-being, leading to psychological insecurity, loss 
of self-confidence, fear of going out alone, restriction of 
physical and social activities, anxiety, depression, panic, 
and depersonalization due to the consequences of fall or 
the fear of falling [19, 28].

The key point in the prevention of falls is the identifica-
tion of risk factors, adequate diagnosis, and tailored man-
agement. Rehabilitation programs are used to achieve 
better postural stability and thus improve quality of life 
[29, 30].

Vestibular rehabilitation therapy (VRT) is an exercise-
based treatment program designed to enhance gaze sta-
bility, enhance postural stability, improve vertigo, and 
improve activities of daily living. VRT facilitates vestibu-
lar recovery mechanisms: vestibular adaptation, substitu-
tion by the other eye-movement systems, substitution by 
vision, somatosensory cues, other postural strategies, and 
habituation. Customized VRT is indicated in presbyasta-
sis according to each one’s deficits to effectively reduce 
patients’ disability perception and improve their quality 
of life [29, 31, 32].

As aging is an emerging theme, considering the demo-
graphic transition process that is happening, where the 
proportion of elderlies around the world is increasing, 
managing falls in elderlies is of great importance [33]. 
Identifying elderly persons at risk of falling and assess-
ing their balance functions using reliable tools to design 
a customized rehabilitation program suitable for their age 
and physical abilities, to address their needs, is of great 
importance to decrease future falls and their associated 
morbidity and mortality.

Aim of the work
The aim of the study is to assess fall risk in elderly par-
ticipants and to assess the role of customized vestibular 
rehabilitation in decreasing dizziness and falls in elderlies 
identified to be at risk of falling.

Materials
A pre- and post-study was conducted on a sample of 
thirty elderlies. All subjects included in the study signed 
an informed consent form to participate in the study. A 
detailed history of dizziness and previous falls was taken 
from each participant.
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The dropouts and non-compliant elderly people were 
not included in the study group.

Inclusion criteria
The inclusion criteria are as follows: (1) age 65 years or 
more; (2) ability to walk without support; (3) normal 
VNG findings (presbyvestibulopathy was taken into con-
sideration as regards reduced caloric response: sum of 
bithermal maximum peak SPV on each side between 6 
and 25°/s) [34]; (4) identified to be at fall risk by comput-
erized dynamic posturography (CDP) and/or dynamic 
gait index (DGI); and (5) we also considered patients with 
benign paroxysmal positional vertigo (BPPV) that previ-
ously benefited from canalith repositioning procedures 
(i.e., with complete resolution of symptoms and signs).

Exclusion criteria
The exclusion criteria is as follows: (1) elderly with neu-
rological disorders (e.g., dementia, Parkinson’s disease 
major sequelae after a stroke), psychiatric disorders, 
known cognitive problems, visual disturbances, and 
diabetics with peripheral neuropathy; (2) those receiv-
ing neuroleptics, sedatives, antiepileptics, and antide-
pressants; (3) those with chronic middle ear problems, 
Meniere’s disease, and previous vestibular neuritis; and 
(4) those with severe orthopedic dysfunction and arthro-
sis of the ankle, hip, and knee.

Methods
The study was conducted during the period from Feb-
ruary 2019 to December 2021. All participants passed 
through the three stages of the study at the Audio-Ves-
tibular Medicine Clinic of Alexandria Main University 
Hospital:

First stage: Pre-vestibular rehabilitation assessment
Second stage: Vestibular rehabilitation
Third stage: Post-vestibular rehabilitation assessment

The pre-vestibular rehabilitation assessment included:

1) Videonystagmography (VNG): It was done utilizing 
Difra (Difra instrumentation, Belgium) equipment 
searching for spontaneous, gaze-evoked, positional, 
and positioning nystagmus. The oculomotor test bat-
tery (tracking, saccades, and optokinetic tests) and 
bithermal caloric test were all done to exclude any 
peripheral or central vestibular disorders. Canalith 
repositioning maneuvers were done to cases with 
BPPV; follow-up was done to them until their symp-
toms and signs were completely resolved; and then 
fall assessment was done to them by the Dynamic 
Gait Index (DGI) and computerized dynamic pos-

turography (CDP); only those diagnosed to be at fall 
risk were included in the study (they were two cases).

2) Dizziness Handicap Inventory (DHI): A self-report 
questionnaire aiming to measure the effects of diz-
ziness on physical, emotional, and functional sub-
domains [35]. It is a 25-item self-report questionnaire 
that quantifies the impact of dizziness on daily life by 
measuring self-perceived handicap. Item scores are 
summed. There is a maximum score of 100 (28 points 
for physical, 36 points for emotional and 36 points 
for functional) and a minimum score of 0.

3) Dynamic Gait Index (DGI): It is designed to test eight 
facets of gait, including gait on even surface, gait with 
changing speed, gait with head turns in vertical and 
horizontal planes, stepping over or around obstacles, 
gait with pivot turns, and stair ascent and descent 
[36, 37]. Scoring is a four-point ordinal scale, rang-
ing from 0 to 3. “0” indicates the lowest level of func-
tion and “3” the highest level of function. The best 
possible score on the DGI is a 24. Scores less than or 
equal 19/24 are predictive of falls in the elderly, while 
scores greater than 22/24 reflect safe ambulators.

4) Computerized dynamic posturography (CDP): It was 
done using Synapsys Posturography System (SPS, 
SYNAPSYS, Marseille, France). Static and dynamic 
tests were done. Static tests include sensory organi-
zation test, limits of stability test, and vestibular stim-
ulation test [38–40]. Dynamic assessment includes 
the motor control test and the faller assessment. The 
goal during posturography tests is to remain as sta-
ble as possible. In static posturography, the follow-
ing parameters were measured: base of support with 
eyes open  (mm2) which is equivalent to the stability 
limit; the motion parameters of center of gravity in 
the x-axis (mediolateral) and y-axis (anteroposterior) 
(mm); a statokinesigram (SKG), which is a graph of 
successive positions of center of pressure recorded by 
the platform; and the Romberg’s quotient (RQ) [41]. 
In dynamic posturography, the responses designed to 
restore balance are assessed based on measurements 
of pressure center displacements [40, 42].

 I) Static posturography:

i) Sensory organization test (SOT): The subject 
stands on the platform (standard and foam), with 
his/her feet aligned to previously determined 
markings, corresponding to foot size. It includes 
six conditions: (1) eyes open and stable support, 
(2) eyes closed and stable support, (3) deceptive 
vision and stable support, (4) eyes open and foam 
platform, (5) eyes closed and foam platform, and 
(6) deceptive vision and foam platform.
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 Scores calculated from SOT include somatosen-
sory score (condition 2/condition 1), visual score 
(condition 4/condition 1), vestibular score (con-
dition5/condition 1), preferential score (condi-
tion 3 + condition 6/condition 2 + condition 5) 
which evaluates the subject’s ability to ignore the 
erroneous visual information to maintain his/her 
balance, the global score which is an overall score 
that takes into account all the conditions, assess-
ing the subject’s ability to use its sensory input 
to keep his/her balance, and Romberg’s quotient 
(RQ) which is the ratio, expressed by a percent-
age, of the surface of the SKG with eyes closed (in 
static) on the surface of the SKG with eyes open 
(in static). It assesses the role of the visual afferent 
systems in postural control.
ii) Limits of stability: It refers to the outmost 

range in any direction a person can lean from 
the vertical position, without changing the 
original base of support. The subject is asked 
to sway as far as possible in all directions 
while keeping their body straight and without 
moving their feet or falling, i.e., moving the 
body voluntarily en bloc using the ankle strat-
egy. It is a measure of functional stability [43].

iii) Vestibular stimulation test: Head movements 
are done in sagittal, frontal, and horizontal 
planes, while standing still on standard and 
foam platforms with eyes closed. It compares 
condition 2 and 5 of SOT with condition 2 
and 5 with head movements. The head move-
ments further stimulate the vestibular system 
against conditions 2 and 5 where the vestibu-
lar system is solicited only by the patient’s 
postural oscillations. The ratio of the condi-
tions with head movement or without head 
movement indicates the patient’s ability to 
control his balance despite a significant ves-
tibular solicitation, on a static and dynamic 
platform.

 II) Dynamic posturography:

i) Motor control test: The platform serves to induce 
destabilizing perturbations. Responses designed 
to restore balance are assessed based on meas-
urements of center of pressure displacements.

a) RAMP translator movement: The plat-
form moves forward and backward in 
random order with eyes open and eyes 
closed. Mean energy expended by the 
patient to stabilize following a transla-

tional stimulation in the anteroposterior 
(AP) and the mediolateral (ML) planes, 
in addition to recovery time, which is the 
time necessary for the patient to retrieve 
a stable position following a translational 
stimulation in both AP and ML planes, 
are assessed.

b) Sinus translator movement: The platform 
performs a slow and oscillatory move-
ment in the anteroposterior plane, with 
eyes open and eyes closed. Gain and 
phase lag are assessed. Gain is the ratio 
between the postural response of the 
patient (AP and ML planes) and the trans-
lational stimulation. Phase lag is the lag 
between the stabilogram and the trans-
lational stimulation (by assimilating the 
postural response to a sinusoid). It inves-
tigates adaptation, stimulus anticipation, 
and feed-forward postural control mecha-
nisms.

ii) Faller assessment test: It is an indicator of 
the risk of falls for the elderly. The tests of the 
assessment provide four evaluation criteria 
for the risk of fall. It depends on performance 
in motor control test and limits of stability. 
Getting 3 or 4 positive criteria is considered 
at risk for falls. It is a relevant index, which 
identifies the fallers with a responsiveness of 
97% and the non-fallers with a specificity of 
77% [44].

Vestibular rehabilitation
It includes adaptation, substitution, and habituation 
including optokinetic training for visual desensitization 
[45–48]. In addition to exercises specifically focused to 
the vestibular system, balance exercises under challeng-
ing sensory and dynamic conditions were included as 
part of vestibular rehabilitation, including strengthen-
ing exercises for ankle and hip strategies [49, 50]. Train-
ing was customized to each subject according to his/her 
capabilities, needs and value of VOR gain as measured by 
peak SPV in bithermal calorics (presbyvestibulopathy is 
considered when the sum of bithermal maximum peak 
SPV on each side is between 6 and 25°/s) [34]. Exercises 
are targeted to the deficits and symptoms of the patient 
[51]. VRT program consisted of two weekly 1-h super-
vised sessions. Subjects were advised to continue home-
based exercises on the rest of the weekdays (repetitions 
of exercises done at the clinic if they are safe to be done at 
home alone). Safety measures were followed at the clinic 
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and advised to be followed at home by giving the elderly 
a detailed description of how to maintain safety at home 
while performing the exercises. Progression of exer-
cises was tailored to each subject as their performance 
improves; it was done by adding more challenges such 
as standing on foam, shifting from standing to walking, 
increasing the speed of walking, doing head turns, adding 
visual challenges to the background, and by adding cog-
nitive tasks [52–54]. Maximum allowed duration of regu-
lar VRT exercises was 3 months.

Post‑ vestibular rehabilitation assessment
To assess the benefit of VRT on dizziness, postural con-
trol, and thus fall risk, the following were repeated at 
the end of the total period of vestibular rehabilitation to 
assess the benefit from VRT.

1) Dizziness Handicap Inventory (DHI)
2) Dynamic Gait Index (DGI)
3) Computerized dynamic posturography (CDP)

Statistical analysis of the data
Data was analyzed using the IBM SPSS software pack-
age version 20.0 (Armonk, NY: IBM Corp). Qualitative 
data were described using number and percent. The Kol-
mogorov-Smirnov test was used to verify the normality 
of distribution. Quantitative data were described using 
range (minimum and maximum), mean, and standard 
deviation. Significance of the obtained results was judged 
at the 5% level.

The used tests were paired t-test for normally distrib-
uted quantitative variables, to compare between two 
periods, and Wilcoxon signed ranks test for abnormally 
distributed quantitative variables, to compare between 
two periods.

Results
Sixty percent (18) of the study group were males, and 
40% (12) were females. As for their age, 60% of them 
were below 80 years of age, and the remaining 40% were 
80 years and above, where the mean age is 78.13 ± 4.11.

Dizziness Handicap Inventory (DHI)
There is statistically significant improvement in the total 
score and in each of its three aspects (functional, emo-
tional, and physical) after vestibular rehabilitation, as 
seen in Table 1.

Level of change in the Dizziness Handicap Inventory (DHI) 
subscores after vestibular rehabilitation
Comparing the DHI subscores before and after ves-
tibular rehabilitation (delta = Δ) showed that the largest 
improvement was in the functional subscore followed 
by the emotional then the physical subscore, as seen in 
Table 2.

Dynamic Gait Index (DGI)
There was statistically significant improvement in the 
DGI score after vestibular rehabilitation, where they all 
became non-fallers (Table 3).

Table 1 Comparison of DHI scores before and after vestibular 
rehabilitation

SD standard deviation

*Statistically significant at p ≤ 0.05

DHI Pre‑vestibular 
rehabilitation

Post‑vestibular 
rehabilitation

P value

Functional
 Min.–max. 24.0–34.0 4.0–12.0 < 0.001*

 Mean ± SD. 29.60 ± 2.94 7.53 ± 2.33

Emotional
 Min.–max. 16.0–30.0 0.0–10.0 < 0.001*

 Mean ± SD. 21.13 ± 4.38 4.20 ± 3.21

Physical
 Min.–max. 8.0–26.0 0.0–8.0 < 0.001*

 Mean ± SD. 13.87 ± 5.58 3.0 ± 2.08

Total
 Min.–max. 54.0–86.0 8.0–26.0 < 0.001*

 Mean ± SD. 64.60 ± 9.54 14.93 ± 5.19

Table 2 Value of change (Δ) of the DHI subscores after vestibular 
rehabilitation as compared to the pre-vestibular rehabilitation 
scores

Δ Difference between DHI subscores before and after vestibular rehabilitation

DHI subscores Δ

Functional 22.07 ± 3.84

Emotional 16.93 ± 5.0

Physical 10.87 ± 5.37

Total 49.67 ± 9.56

Table 3 Comparison of (DGI) scores before and after vestibular 
rehabilitation

SD standard deviation

*Statistically significant at p ≤ 0.05

DGI Pre‑vestibular 
rehabilitation

Post‑vestibular 
rehabilitation

P value

Min.–max. 6.0–17.0 20.0–24.0 < 0.001*

Mean ± SD. 12.70 ± 2.74 21.87 ± 1.20
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Computerized dynamic posturography (CDP)

(i) Sensory organization test (SOT): There is statistically 
significant improvement in the somatosensory, vis-
ual, vestibular, and global scores, both in anteropos-
terior and mediolateral planes. The Global Score is 
an overall score that considers all the conditions. 
This is a general assessment of the patient’s ability 
to use its sensory input to keep his/her balance.

In addition, there is statistically significant improve-
ment in preferential anteroposterior and mediolateral 
scores (Table  4). This score evaluates patient’s ability 

to ignore the erroneous visual information to maintain 
his/her balance.

Distribution of cases studied by sensory organization test 
(SOT) performance
Using the limit values of Synapsys CDP to pass each sen-
sory condition, subjects were divided into five groups. 
Three subjects (10%) passed only the somatosensory 
assessment, five (16.7%) passed only the visual assess-
ment, none of them passed the vestibular assessment, 
twelve (40%) have passed both the somatosensory and 
the visual assessment, and finally ten subjects (33.3%) 
did not pass somatosensory, visual, and vestibular assess-
ments (Table 5).

Percentage change (%Δ) in sensory organization test 
components after rehabilitation
Table 6 shows the %Δ (% improvement) of the SOT com-
ponents, by comparing the values after VRT to the val-
ues before VRT. The results indicate that the greatest 
improvement is in the vestibular AP and ML scores.

Table 4 Comparison between static SOT results before and after 
vestibular rehabilitation

SD standard deviation

*Statistically significant at p ≤ 0.05

Complete static sensory 
organization test 
evaluation

Pre‑vestibular 
rehabilitation

Post‑
vestibular 
rehabilitation

P value

Somatosensory AP
 Min.–max. 57.0–99.0 88.0–100.0 < 0.001*

 Mean ± SD. 84.13 ± 11.39 92.80 ± 3.54

Somatosensory ML
 Min.–max. 59.0–99.0 90.0–100.0 0.001*

 Mean ± SD. 90.90 ± 8.18 95.93 ± 3.17

Visual AP
 Min.–max. 71.0–98.0 78.0–100.0 < 0.001*

 Mean ± SD. 84.17 ± 8.85 89.37 ± 6.55

Visual ML
 Min.–max. 70.0–96.0 75.0–100.0 < 0.001*

 Mean ± SD. 82.17 ± 8.08 87.63 ± 7.40

Vestibular AP
 Min.–max. 25.0–60.0 80.0–100.0 < 0.01*

 Mean ± SD. 40.23 ± 10.39 90.97 ± 5.93

Vestibular ML
 Min.–max. 27.0–70.0 83.0–100.0 < 0.001*

 Mean ± SD. 46.53 ± 11.67 92.33 ± 5.21

Preferential AP
 Min.–max. 9.0–71.0 74.0–100.0 < 0.001*

 Mean ± SD. 53.10 ± 16.26 86.60 ± 6.92

Preferential ML
 Min.–max. 24.0–81.0 74.0–100.0 < 0.001*

 Mean ± SD. 66.23 ± 11.35 90.60 ± 6.18

Global AP
 Min.–max. 32.0–70.0 66.0–94.0 < 0.001*

 Mean ± SD. 49.30 ± 10.85 83.90 ± 8.81

Global ML
 Min.–max. 25.0–75.0 74.0–98.0 < 0.001*

 Mean ± SD. 58.90 ± 10.44 87.53 ± 6.70

Table 5 Distribution of the studied cases according to sensory 
organization test (SOT) (n = 30)

SOT Number 
of 
subjects

% Of subjects

Passed only somatosensory 3 10.0

Passed only visual 5 16.7

Passed only vestibular 0 0

Passed both somatosensory and visual 12 40.0

Failed somatosensory, visual, and 
vestibular

10 33.3

Table 6 Descriptive analysis of the % change (%Δ) in sensory 
organization test components after rehabilitation

Complete static sensory 
organization test evaluation 
(SOT)

%Δ

Min.–max. Mean ± SD. Median

Somatosensory AP − 1.01–63.33 12.52 ± 17.92 5.71

Somatosensory ML − 1.03–62.71 6.51 ± 12.15 2.13

Visual AP 0.0–33.33 6.68 ± 6.95 5.20

Visual ML 0.0–29.17 7.01 ± 7.38 3.70

Vestibular AP 42.37–256.0 139.29 ± 56.91 144.29

Vestibular ML 31.43–255.56 111.54 ± 58.02 104.26

Preferential AP 23.81–722.22 105.9 ± 170.80 52.68

Preferential ML 14.10–208.33 41.95 ± 34.72 34.53

Global AP 25.0–151.35 76.69 ± 35.59 74.62

Global ML 15.94–196.0 53.85 ± 34.14 47.94

RQ 38.89–93.07 71.01 ± 17.42 79.80
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 (ii) Romberg’s quotient (RQ): There is statistically sig-
nificant decrease in its value post-vestibular reha-
bilitation, reflecting decrease in visual dependence 
to maintain body’s postural control, as seen in 
Table  7. RQ is the ratio, expressed by a percent-
age, of the surface of the SKG with eyes closed (in 
static) on the surface of the SKG with eyes open (in 
static).

 (iii) Limits of stability:
 Elderlies showed statistically significant improvement in 

their limits of stability in static eyes open condition 
in all four directions (anterior, posterior, right and 
left) and in the total area, as seen in Table 8.

 (iv) Vestibular stimulation test: Tables  9, 10, and 11 
show results with head movement in sagittal, 
frontal, and horizontal planes respectively, both 
on standard and foam platforms. Patients’ scores 
improved significantly, reflecting better ability to 
control balance despite a significant vestibular 
solicitation, on a static and dynamic platform.

 (v) RAMP translator movement, with eyes open and 
eyes closed; Tables  12 and 13, respectively, show 
statistically significant decrease in the mean energy 
expended by the patient to stabilize. In addition, 
there is statistically significant decrease in recovery 
time to retrieve a stable position.

 (vi) Sinus translator movement: Tables 14 and 15 show 
statistically significant decrease in gain and phase 
lag in both AP and ML planes during transla-
tor, sinus, eyes open, and eyes closed conditions 
respectively

 (vii) Faller assessment test: Elderlies showed statisti-
cally significant decrease in the number of faller 
assessment criteria, reflecting decrease in the fall 
risk, where all the candidates became non-fallers 
(Table 16).

Table 7 Comparison of RQ before and after vestibular 
rehabilitation

SD standard deviation

*Statistically significant at p value ≤ 0.05

Romberg quotient Pre‑vestibular 
rehabilitation

Post‑vestibular 
rehabilitation

P value

Min.–max. 166.0–1440.0 14.0–344.0 < 0.001*

Mean ± SD. 501.0 ± 362.9 115.5 ± 64.33

Table 8 Comparison of static eyes open, limits of stability before 
and after vestibular rehabilitation

SD standard deviation

*Statistically significant at p ≤ 0.05

Static eyes open, limits 
of stability (total area)

Pre‑vestibular 
rehabilitation

Post‑vestibular 
rehabilitation

p value

Min.–max. 33.0–56.0 93.0–225.0 < 0.001*

Mean ± SD. 41.67 ± 5.17 136.13 ± 34.71

Table 9 Vestibular stimulation test with sagittal head movement 
before and after vestibular rehabilitation

SD standard deviation

*Statistically significant at p ≤ 0.05

Vestibular 
stimulation test 
(sagittal)

Pre‑vestibular 
rehabilitation

Post‑vestibular 
rehabilitation

P value

AP static vestibular
 Min.–max. 49.0–82.0 94.0–164.0 < 0.001*

 Mean ± SD. 67.80 ± 9.88 122.40 ± 22.56

ML static vestibular
 Min.–max. 47.0–92.0 81.0–181.0 < 0.001*

 Mean ± SD. 71.17 ± 9.96 122.90 ± 26.0

AP dynamic vestibular
 Min.–max. 6.0–48.0 67.0–149.0 < 0.001*

 Mean ± SD. 36.13 ± 12.29 99.27 ± 24.30

ML dynamic vestibular
 Min.–max. 0.0–57.0 73.0–135.0 < 0.001*

 Mean ± SD. 41.63 ± 17.02 104.50 ± 17.54

Table 10 Vestibular stimulation test with frontal head 
movement before and after vestibular rehabilitation

SD standard deviation

*Statistically significant at p ≤ 0.05

Vestibular 
stimulation test 
(frontal)

Pre‑vestibular 
rehabilitation

Post‑vestibular 
rehabilitation

P value

AP static vestibular
 Min.–max. 40.0–90.0 96.0–187.0 < 0.001*

 Mean ± SD. 67.13 ± 12.22 123.23 ± 25.10

ML static vestibular
 Min.–max. 60.0–122.0 75.0–199.0 < 0.001*

 Mean ± SD. 72.47 ± 16.35 120.17 ± 28.74

AP dynamic vestibular
 Min.–max. 0.0–139.0 58.0–145.0 < 0.001*

 Mean ± SD. 33.53 ± 31.59 98.67 ± 20.0

ML dynamic vestibular
 Min.–max. 0.0–64.0 68.0–174.0 < 0.001*

 Mean ± SD. 40.80 ± 15.21 102.87 ± 22.80
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Correlation between subjective and objective outcome 
measures
DHI total score which is the subjective assessment is not 
significantly correlated to the objective assessments DHI 
and faller assessment test, as seen in Table 17.

Relation between DGI and faller assessment test of CDP
In the pre-vestibular rehabilitation assessment, the 
faller assessment test diagnosed 2 subjects as non-fallers 
and the remaining 28 subjects as fallers, while the DGI 

diagnosed the 30 cases as fallers. In the post-rehabil-
itation assessment, both faller assessment test and DGI 
classified the 30 subjects as non-fallers (Table  18). This 
shows that the DGI is sensitive in detecting those at risk 
of falling.

Comparison of the performance on DHI, DGI, and faller 
assessment test among the four subgroups of the subjects
Performance improved in all four subgroups without 
a statistically significant difference in %Δ (% change) 

Table 11 Vestibular stimulation test with horizontal head 
movement before and after vestibular rehabilitation

SD standard deviation

*Statistically significant at p ≤ 0.05

Vestibular 
stimulation test 
(Horizontal)

Pre‑vestibular 
rehabilitation

Post‑vestibular 
rehabilitation

P value

AP static vestibular
 Min.–max. 49.0–93.0 99.0–183.0 < 0.001*

 Mean ± SD. 68.90 ± 11.82 119.0 ± 22.74

ML static vestibular
 Min.–max. 39.0–92.0 95.0–201.0 < 0.001*

 Mean ± SD. 70.30 ± 11.84 117.30 ± 27.28

AP dynamic vestibular
 Min.–max. 43.0–72.0 89.0–176.0 < 0.001*

 Mean ± SD. 55.43 ± 9.02 117.70 ± 25.91

ML dynamic vestibular
 Min.–max. 0.0–70.0 89.0–199.0 < 0.001*

 Mean ± SD. 50.90 ± 15.12 116.60 ± 33.89

Table 12 Translator: RAMP, eyes open scores in pre- and post- 
vestibular rehabilitation periods

SD standard deviation

*Statistically significant at p ≤ 0.05

Translator: RAMP, 
eyes open

Pre‑vestibular 
rehabilitation

Post‑vestibular 
rehabilitation

P value

Energy AP
 Min.–max. 2157.0–2829.0 1077.0–2130.0 < 0.001*

 Mean ± SD. 2622.2 ± 140.7 1560.2 ± 316.5

Recovery time AP
 Min.–max. 5.67–7.58 3.78–5.03 < 0.001*

 Mean ± SD. 7.04 ± 0.45 4.27 ± 0.29

Energy ML
 Min.–max. 235.0–864.0 135.0–230.0 < 0.001*

 Mean ± SD. 394.5 ± 140.5 188.4 ± 25.52

Recovery time ML
 Min.–max. 5.02–7.57 2.60–5.05 < 0.001*

 Mean ± SD. 6.35 ± 0.99 3.52 ± 0.47

Table 13 Translator: RAMP, eyes closed scores in pre- and post- 
vestibular rehabilitation periods

SD standard deviation

*Statistically significant at p ≤ 0.05

Translator: RAMP, 
eyes closed

Pre‑vestibular 
rehabilitation

Post‑vestibular 
rehabilitation

P value

Energy AP
 Min.–max. 2715.0–4598.0 1487.0–2600.0 < 0.001*

 Mean ± SD. 3163.4 ± 623.2 2005.1 ± 339.6

Recovery time AP
 Min.–max. 5.95–7.65 3.64–5.58 < 0.001*

 Mean ± SD. 7.14 ± 0.43 4.38 ± 0.35

Energy ML
 Min.–max. 360.0–1589.0 200.0–472.0 < 0.001*

 Mean ± SD. 712.8 ± 433.2 292.8 ± 69.08

Recovery time ML
 Min.–max. 5.25–7.79 3.98–5.80 < 0.001*

 Mean ± SD. 6.97 ± 0.69 4.62 ± 0.40

Table 14 Comparison of translator: sinus eyes open before and 
after vestibular rehabilitation

SD standard deviation

*Statistically significant at p ≤ 0.05

Translator: sinus, 
eyes open

Pre‑vestibular 
rehabilitation

Post‑vestibular 
rehabilitation

P value

Gain AP
 Min.–max. 0.82–2.90 0.40–1.20 < 0.001*

 Mean ± SD. 1.90 ± 0.39 0.65 ± 0.22

Phase lag AP
 Min.–max. 32.0–151.0 2.0–31.0 < 0.001*

 Mean ± SD. 78.07 ± 23.93 13.40 ± 7.61

Gain ML
 Min.–max. 0.41–0.99 0.11–0.33 < 0.001*

 Mean ± SD. 0.77 ± 0.15 0.22 ± 0.07

Phase lag ML
 Min.–max. 27.0–170.0 2.0–50.0 < 0.001*

 Mean ± SD. 80.50 ± 33.03 14.90 ± 10.05
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between them, as seen in Table  19. This suggests that 
profiling of elderlies according to their SOT perfor-
mance cannot be used as a prognostic factor of benefit 
from VRT.

Discussion
The studied subjects showed a significant improvement 
in the subjective (DHI) and the objective (DGI and CDP) 
outcome measures, reflecting that the customized VRT 
program tailored to address their functional deficits 
proved to be effective in improving their postural control 
and balance functions. This was recommended by the 
American Geriatrics Society and the American Acad-
emy of Orthopedic Surgery for elderly with gait and bal-
ance disorders [55]. Improved balance functions decrease 
their risk of future falls and their serious consequences. It 
also reduces their feeling of dizziness and fear of engag-
ing in activities of daily living by giving them more self-
confidence in their new physical abilities.

Supervised vestibular rehabilitation exercises seem 
superior to home exercises, where they provide better 
patient compliance. Furthermore, it allows the therapist 
to regularly assess patients’ progress and provide them 
with feedback on their performance [56–58].

Elderly subjects at risk of falling were divided into 5 
groups based on their performance in the SOT of CDP. 
Groups are as follows: passed only visual assessment, 
passed only somatosensory assessment, passed only ves-
tibular assessment, passed both visual and somatosen-
sory assessments, and failed visual, somatosensory, and 
vestibular assessments. Comparison of the percentage 
improvement in the performance of the DHI, DGI, and 
faller assessment test of CDP across the 4 groups showed 
no significant difference. Concluding that the subject’s 
performance on the SOT is not a prognostic factor of the 
benefit acquired from the VRT.

Elderlies showed a significant decrease in oscillations 
of the center of pressure in both anteroposterior and 
mediolateral planes while standing on firm and foam 
platforms with their eyes open and closed, which is 
important in elderlies’ daily lives, during activities such 
as getting out of bed at night. This significant improve-
ment of displacement in the anteroposterior plane with 

Table 15 Comparison of translator: sinus eyes closed before and 
after vestibular rehabilitation

SD standard deviation

*Statistically significant at p ≤ 0.05

Translator: sinus, 
eyes closed

Pre‑vestibular 
rehabilitation

Post‑vestibular 
rehabilitation

P value

Gain AP
 Min.–max. 1.31–2.84 0.40–1.51 < 0.001*

 Mean ± SD. 2.33 ± 0.41 1.21 ± 0.27

Phase lag AP
 Min.–max. 55.0–120.0 3.0–40.0 < 0.001*

 Mean ± SD. 84.67 ± 14.94 14.80 ± 7.83

Gain ML
 Min.–max. 0.51–1.20 0.14–0.41 < 0.001*

 Mean ± SD. 0.79 ± 0.17 0.32 ± 0.07

Phase lag ML
 Min.–max. 36.0–129.0 0.0–24.0 < 0.001*

 Mean ± SD. 81.20 ± 21.39 11.57 ± 6.25

Table 16 Comparison of number of faller risk criteria before and 
after vestibular rehabilitation

SD standard deviation

*Statistically significant at p ≤ 0.05

Faller assessment Pre‑vestibular 
rehabilitation

Post‑vestibular 
rehabilitation

P value

Number of criteria
 Min.–max. 2.0–4.0 0.0–1.0 < 0.001*

 Mean ± SD. 3.40 ± 0.62 0.27 ± 0.45

Table 17 Correlation between subjective (DHI) and objective 
(DGI and faller assessment) outcome measures

rs Spearman coefficient

DHI (total score)

rs p

DGI
 Pre-vestibular rehabilitation score 0.077 0.686

 Post-vestibular rehabilitation score 0.180 0.341

Faller assessment
 Pre-vestibular rehabilitation score -0.059 0.758

 Post-vestibular rehabilitation score 0.217 0.250

Table 18 Relation between DGI and faller assessment test in 
detection of those at risk of falls (n = 30)

DGI Faller assessment test of CDP

Non‑faller 
(score: 0/1/2)

Faller (score: 3/4)

Pre‑vestibular rehabilitation (n = 2) (n = 28)
 Non-faller 0 0
 Faller (≤ 19) 2 28
Post‑vestibular rehabilitation (n = 30) (n = 0)
 Non-faller 30 0
 Faller (≤19) 0 0
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open and closed eyes reflects the improved plantar 
flexor and dorsiflexor muscle action, which are part of 
the ankle’s strategy for maintaining postural control in 
case of anterolateral balance disturbance while stand-
ing upright. Similar findings have been documented 
in other studies [51, 57, 59, 60]; Rossi-Izquierdo et  al. 
reported that the improvement in the balance assess-
ment of the sensory organization test of CDP persisted 
during the 6 to 12 months follow-up [61].

Measuring the value of change (improvement) in 
SOT, vestibular subscores showed the highest level of 
improvement after VRT.

As for the Romberg’s quotient (RQ), elderly subjects 
showed a significant reduction in RQ after vestibular 
rehabilitation, reflecting a better ability to maintain 
the body’s balance in the absence of visual input or in 
the presence of complex or moving visual stimuli. This 
decreased visual dependence is important in everyday 
life. Similar results have been reported by other studies 
[41, 62].

As for the limits of stability, elderly subjects were 
able to maintain a balanced posture while moving their 
body over a larger area in all directions, en bloc using 
the ankle strategy, following vestibular rehabilitation 
and balance retraining therapy. Other authors have 
documented a similar improvement in limits of stability 
after vestibular rehabilitation [63, 64].

As for dynamic balance, its significant improvement 
reflects better defensive postural responses and feed-
forward postural control mechanisms, even with eyes 
closed, thereby reflecting improved postural control 
and fall avoidance skills gained after vestibular reha-
bilitation, which are important in daily life as while 
using public transportation or while moving to reach 
an object, moving up or down stairs, and stepping over 
or around obstacles on the street [65]. Alfieri et  al. 
reported a similar improvement [40].

Contrary to this study, other studies could not prove 
a statistically significant effect of vestibular rehabilita-
tion on balance measures. No statistically significant 
improvements in the Timed Up and Go test (TUG) and 
the Guralnik test battery was observed, where the TUG 
test performance time did not decrease significantly after 
the rehabilitation. This may be due to the short duration 
of rehabilitation, or to the characteristics of the study 
sample (which had many associated diseases), which 
may have influenced the outcome of rehabilitation [40, 
64]. On the other hand, other studies of elderly persons 
with instability present defects that make it difficult to 
reach a definitive conclusion. These studies do not focus 
on imbalance due to aging; they include patients with 
peripheral vestibular and/or central nervous system dis-
orders, they use indirect measures to assess the risk of 
falling, and they do not solely study elderly patients [66–
69]. In addition, an old study used only home-based reha-
bilitation exercises without a therapist’s supervision [70].

Reviews show that including two or more types of exer-
cises, such as strength, balance, flexibility, or resistance, 
can reduce fall rates among elderlies [71–73].

Whitney et  al. reported similar improvements in DHI 
and DGI, in addition to Activities-specific Balance Confi-
dence Scale (ABC Scale), as a result of vestibular rehabili-
tation [74]. Studies assessing the quality of life of elderly 
people at risk of falling have shown a similar significant 
improvement in the functional, physical, and emotional 
scores of DHI following vestibular rehabilitation [32, 
75–77].

As for the DHI subscores, the functional scores showed 
the highest change (improvement) followed by emo-
tional and then physical scores. Other studies reported 
the highest level of improvement in the functional score 
like our study, but it was followed by the physical then 
the emotional scores [77–79]. In contrast, another study 
including elderlies showed the highest improvement 

Table 19 Comparison of % of improvement (%Δ) in DHI, DGI, and faller assessment test among the four subgroups of subjects

H H for Kruskal Wallis test, p p value for comparing between the different groups, SD standard deviation, %Δ % of change between pre- and post-vestibular 
rehabilitation scores

%Δ Passed Failed all (n = 10) H P

Visual only (n = 5) Somatosensory only 
(n = 3)

Visual and 
somatosensory (n = 12)

DGI
 Mean ± SD. 51.32 ± 17.44 55.82 ± 24.97 89.95 ± 59.23 98.81 ± 63.59 4.799 0.187
DHI (total)
 Mean ± SD. 77.61 ± 6.27 76.97 ± 4.74 77.29 ± 8.18 75.47 ± 10.44 0.265 0.966
Faller assessment (number of criteria)
 Mean ± SD. 93.33 ± 14.91 100.0 ± 0.0 93.75 ± 11.31 88.33 ± 15.32 2.198 0.532
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in the physical score, which reflects dizziness due to 
changes in head position; this is especially more common 
in cases of BPPV which were excluded in our study, thus 
explaining the difference in results [80].

Studying the correlation between subjective (DHI) and 
objective assessments (DGI and faller assessment test of 
CDP) showed that performance on the DHI is not sig-
nificantly correlated with performance scores of the DGI 
and the faller assessment test of CDP. Consequently, the 
DHI (subjective) cannot substitute the DGI and the CDP 
(objective). Another study showed that there is no cor-
relation between the DHI and the SOT assessment; the 
explanation for this was that in daily life activities, these 
patients do not usually face the most complex condi-
tions of the SOT (moving surface or visual surround); 
thus, they are not correlated with their disability [81, 82]. 
However, they found a correlation between the number 
of falls and the emotional scale of the DHI, confirming 
the psychological consequences of such falls [81]. This 
reflects that subjective assessment (DHI) is complemen-
tary to the objective tests, where it reflects the subject’s 
functional and physical abilities and emotional condition. 
However, it cannot be used alone in the assessment of 
falls due to the subject’s bias.

As regards the objective fall assessments used, the 
DGI and CDP, this study showed that the DGI is sensi-
tive to detection of those at risk of falling as compared to 
the faller assessment test of CDP. This means that DGI 
can be reliably used to detect fallers, with the advantage 
of being less expensive, more feasible, easier to perform, 
and less time-consuming. Whitney et al. stated that DGI 
is a sensitive assessment tool to identify those at risk of 
falls due to vestibular disorders [83, 84]. The study by 
Herman et al. reported that DGI had good sensitivity for 
detecting fallers (91%) but poor specificity (3%) (based on 
reported falls) [85]. Shumway-Cook et  al. reported that 
DGI had inter-rater reliability of 96% and test-retest reli-
ability of 98%, but the threshold score of 19 or less cor-
rectly classified 59% of fallers [36].

Conclusion
Postural responses of elderly subjects to destabiliz-
ing events are significantly affected, and this has been 
reflected in static and dynamic posturography tests.

Tailored vestibular rehabilitation and balance train-
ing significantly improved their balance, neuromuscular 
coordination, and quality of life. It is recommended to 
use DGI as a screening tool for elderlies to identify those 
at risk of falls (even if they had not fallen before). Those 
at risk of falling should do CDP which provides an accu-
rate and detailed analysis of the subjects’ balance strate-
gies, to customize an appropriate rehabilitation program.
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