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ABSTRACT

Introduction:  Balance disorder is one of the huge risk factors for falling in elderly population. Falling leads to loss 
of independence of their functioning and activities of daily living. Preventing falls still exists as a challenge in public 
health. The aim of this study was to investigate the effect of balance exercise training on balance status, and quality 
of life in elderly women. Methods:  In the study, 60 elderly women with dizziness and history of falling over the 
past 6-12 months were randomized allocated into experimental and control group. Berg Balance Scale (BBS) and 
Romberg tests, Dizziness Handicap Inventory (DHI), Fall Efficacy Scale-International (FES-I), and Leiden-Padua (LEI-
PAD) questionnaires were performed before and after training period in experimental group and compared to control 
group. Experimental group attended Cawthorne-cooksey (CC) and strengthening the sensory-motor system training 
in two-hour sessions twice in a week for 8 weeks. The repeated measure (one way and two way) ANOVA, inde-
pendent-samples t-test, Bayesian Model, and ROC curve were applied to analysis the data using SPSS v.25. Results:
Compared with the control group, BBS test result in 97% percent of the experimental group obtained normal. Exper-
imental group improved significantly in the mean scores (ps<0.001) of BBS, Romberg, DHI, FES-I and some dimen-
sions of life quality in LEIPAD. Conclusion: Balance exercises training (CC & strengthening the sensory-motor system) 
may induce significant improvements in balance and can be used for prevention or treatment in elderly people; 
further research is required to assess the long-term consequences of such interventions in elderly
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INTRODUCTION

Aging experience has drastically changed in the 21st 
century (1). The pace of aging is on the rise due to 
the medical advances, reduced mortality, improved 
socioeconomic status, improved nutrition and increased 
life expectancy (2). The percentage of people aged 60 
or more will increase up to 22 % by 2050. The number 
of older populations is growing faster in developing 
countries compared with developed countries (3). 
According to census records, the elderly population of 
Iran was 9.3 % in 2016, which is expected to reach 10% 
by 2026 (1, 4). 

Addressing aging-related issues is a social necessity (5). 
Older people face several health challenges, particularly 
falling (6), which is a major health problem, the major 

cause of sudden death and the fifth leading cause of 
disability in older people worldwide (7-10). At least 
one third of those aged over 65 experience falling each 
year, a percentage which may reach 40% by the age 
of 80. Half of the people with a history of falling may 
experience this incidence for the second time (11). Out 
of the 17.1% injuries reported in Iran in 2007, 5.9% 
were related to the elderly and 11.2% were related to 
falling (12). Moreover, 12% of the 8,000 traumatized 
people (960 people) hospitalized are older people aged 
60 years or more, while 70% suffer from injuries caused 
by falls (13). Loss of balance is one of the most menacing 
risk factors related to falls (14). Maintaining balance is 
the result of appropriate and simultaneous function of 
central and peripheral sensory nervous systems (visual 
system, auditory system and somatosensory system). 
Loss of balance results from the disruption in these 
systems, which will lead to increased risk of falling (15). 
Compared to normal individuals, in about one third of 
people aged more than 40, vestibular impairment with 
dizziness, and the risk of falls increases by 12 times (16).
Fear of falling (FOF) has a serious effect on balance 
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performance in the elderly. It can increase their risk 
of falling (17). The prevalence of FOF in the elderly 
population is between 29 and 77% (18). Fear of falling 
and its consequences can result in reduced physical and 
social activity and consequently lower quality of life 
(QOL) in the elderly (19).

Vestibular rehabilitation (VR) has been found to be 
effective and safe in patients with vestibular and balance 
disorder. The main objective of VR is to reduce vertigo 
and improve patient’s balance and physical activity 
(16). Falls prevention interventions include teaching 
strength and balance exercises (20). Prescribing exercise 
to people with balance and vestibular disorders is a 
complicated task (21). VR is effective in reducing the 
likelihood of future falls, improving life quality and 
postural balance, and treating older patients with 
chronic vestibular disorders (16, 22). Most studies 
have focused on vertigo, presenting it as the major 
outcome of balance training interventions, while few 
studies have been conducted on improving balance and 
decreasing falls as intervention outcomes. Accordingly, 
the purpose of the present study was to investigate the 
effect of balance exercise training on balance status and 
improving balance and QOL in the elderly.

MATERIALS AND METHODS

Study Population
This randomized controlled trial study, with a pre-posttest 
design, was carried out in Shiraz (South-western Iran). 
Initially, the clients referred to two main daily care aging 
centers (Soroush and Jahandidegan) were randomly (via 
coin flipping) assigned to experimental and control 
groups (Soroush as experimental and Jahandidegan as 
control centers) .A total of 60 older adult women with 
dizziness (30 individuals from each center) were selected 
(using the goal-based approach) and assigned through 
block randomization (30 participants as experimental 
and 30 as control). The inclusion criteria were: age (60-
74 years), history of falling over the past 6-12 months, 
positive Romberg sign, a minimum score of 24 in the 
mini-mental state examination (MMSE), a minimum 
score of 21 in Berg Balance Scale (BBS), no visual 
impairment, no neck disability, non-use of ambulatory 
assistive devices (AAD), and no orthopedic and neural 
impairments. The exclusion criteria were unwillingness 
to continue to cooperate, and musculoskeletal disorders 
requiring ambulatory assistive devices.

Procedure
The intervention included a balance exercise training 
program based on VR (CC) protocol(23)(Annex B) and 
exercises for strengthening the sensory-motor system 
(24) were taught based on two-hour sessions twice 
in a week for 8 weeks (16 sessions) in Soroush center 
(for being comfortable the elderly, the exercises were 
done in the center) . This intervention was used only 
for the experimental group and was done by a trained 

therapist under the supervision of one of the researchers. 
No other activities or interventions had received by the 
control group during the study period and usual care 
were continued.  A two-month follow-up was performed 
after the final training session on all participants. For 
ethical considerations, the control group was provided 
with the educational materials following the completion 
of the research. 

Outcome measurement
The BBS and Romberg tests were used for balance 
measurement and the eligibility of the subjects was 
determined through MMSE used for mental status 
assessment. BBS contains 14-item scales (one item for 
sitting and 13 items for standing positions) related to 
balance functions used in everyday life. The score of 
each item ranges from 0 to 4, and the total BBS score 
ranges from 0 to 56 where a low score indicates a 
lower level of balance (25). The results of Romberg 
test were reported to be normal and abnormal since 
the elderly balance condition was very bad prior to 
the intervention; in the first and second sessions, an 
unbalanced elderly test was conducted, where in the 
absence of a researcher’s support, there could have been 
a fall, hence the lack of time to test the Romberg. MMSE 
has 19 items examining various cognitive functions such 
as orientation, registration, attention and calculation, 
recall, language and design; it further provides a 
general assessment of the subject’s cognitive status. 
This questionnaire has 0-30 points with the following 
three cut-off levels employed to classify the severity of 
cognitive impairment: no cognitive impairment [24-30], 
mild cognitive impairment [18-23] and severe cognitive 
impairment [0-17]. In the second step of evaluation, 
BBS, DHI, FES-I, and LEIPAD, were used. 

DHI questionnaire was developed to measure dizziness, 
and determine the severity of dizziness-related problems 
and the impact of deficits on the quality of life; it includes 
25 questions with 3 response levels, namely functional 
(9 questions), emotional (9 questions) and physical (7 
questions). Possible scores range from 0 to 100, with 
higher scores showing worse disabilities (26). 

FES-I questionnaire evaluates the fear of falling and 
includes 16 questions regarding various daily activities. 
The scores range from 1 to 4 for each question, with the 
total score ranging 16-64, and higher scores indicating 
a higher fear of falling (27). The Persian version of FES-I 
was applied (28).

LEIPAD (Leiden-Padua) questionnaire was used to 
evaluate the QOL in seven dimensions: physical 
function, self-care, depression and anxiety, cognitive 
performance, social function, sexual function and life 
satisfaction. It is a questionnaire with four different 
choices for every question, which are scored on a 
numerical scale of 0 (the worst state), 1, 2, 3 (the best 
state) considered on a Likert scale with a maximum total 
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score of 93(29). The standardized Persian version was 
applied (30). 

Oculomotor assessments (random saccade, gaze and 
smooth pursuit) by video nystagmography (VNG) 
instrument (ICS Chartr 200 VNG, Madsen) were carried 
out in their first visit. Following the evaluation of 
both groups, the results of all tests were given to each 
individual.

The outcomes were measured prior to the intervention, 
immediately after the end of the intervention and two 
months after the intervention by one of the researchers 
who was blinded to the group assignments. Finally, by 
asking question about falling event four months after the 
beginning of the study, the rate of falling were registered.

Statistical Analysis
The data were entered into SPSS version 25 following 
data collection, and analyzed using descriptive statistics 
by Mean and SD, to compare within groups’ results 
over the three times using repeated-measures (one way 
and two way) ANOVA and between two groups using 
independent samples t-test. Also, the effectiveness of 
intervention was extracted by using ROC curve, and the 
Bayesian model to estimate and predict the obtained 
model was used with syntax codes of new version of 
SPSS 25.

Ethical considerations
It was approved by ethics committee of SUMS 
(registration number 1396.142) and registered at 
Iranian Registry of Clinical Trial (IRCT.ir) with number 
IRCT20180730040644N1. Informed consent was 
considered for all participants.

RESULTS

From the 65 older adult women enrolled in the study, 5 
were excluded (declined to participate or other reasons) 
and totally 60 elderly persons were randomized into 
two groups (Figure 1). No participant was excluded 
during the study (intervention and follow up time). The 
mean age of participants were 65.75 ± 4.06 years old. 
There were no significant differences between the two 
groups concerning demographic characteristics (age, 
marital status and education level (Table I). According 
to the results of repeated measures (one way and two 
way) ANOVA and independent sample t-test, there were 
significant differences between the pre and post-test 
data in BBS, DHI, FES-I, and LEIPAD in the experimental 
group compared to control group indicating the positive 
effects of CC and balance exercises training (p <0.001)
(Table II). After two-month follow-up, significance had 
been remained as shown in table II (p <0.001).

As mentioned before, two tests (DHI and LEIPAD) have 
subscales. The repeated measures (one way and two 
way) ANOVA and independent sample t-test on DHI 

subscales (physical, emotional, and functional dizziness) 
showed significant differences between experimental 
and control groups even after two months follow up (p 
<0.001)(Table III).

The results of repeated measures (one way and two 
way) ANOVA and independent sample t-test showed 
that in the subscales of LEIPAD (physical, self-care, 
depression and anxiety, cognitive, social, and life 
satisfaction) except sexual one, there were significant 
differences before and after the intervention (P <0.001) 
in the experimental group, revealing the effectiveness of 
educational intervention in the life quality of the elderly 
even after two months follow up (Table IV).

The ROC curve estimation was used to estimate 
effectiveness in LEIPAD variable within the samples. Its 
analysis determined the effectiveness of the intervention. 
The area under the curve increased from 0.786 to 0.843 
(Figure 2).  Furthermore, by drawing Bayesian model 
through Rouder’s method for the LEIPAD variable to 
estimate and predict obtained model, a mean difference 
of 4 were obtained (P < 0.05, DF = 58, Bayes factor= 
0.002). It indicates that if the current intervention 
process continues, the measures of LEIPAD variable as 

Table I: Comparison of frequency distribution of demographic vari-
ables between Experimental and Control groups

P-value*Control 
Group (%)

Experimental 
Group (%)

Variables

0.43267.17±3.8566.33±4.28Age

0.719
18(60)

8(26.66)
4(13.33)

21(70)
6(20)
3(10)

Marital Status 
Married
Divorce
Single

0.197

1(3.33)
8(26.66)
12(40)

8(26.66)
1(3.33)

3(10)
4(13.33)
8(26.66)
10(33.33)
5(16.66)

Education Level 
Illiterate
Primary
Cycle

Diploma
University

P > 0.05

Figure 1:  CONSORT flow diagram
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Table II: Comparison of the Mean of Study Constructs (BBSa, DHIb, FES-Ic, LEIPAD) prior to and following the intervention in the Experimen-
tal and Control  groups

Test
Pre

M±SD
Post (8 weeks)

M±SD

Post (Two-month 
Follow-up) 

M±SD

One-way repeated 
measures ANOVA          

Two-way repeated 
measures ANOVA

 F test P-value F test  P-value

BBS

Experimental 24.87±12.77 39.24±3.09 37.60±10.53 37.71 <0.001*

35.01 <0.000*
Control 27.29±4.41 33.78±3.04 31.43±2.81 201.1 0.946

P-value
(independent t-test)

0.182 <0.001* <0.001*

DHI Total

Experimental 66.10±11.45 53.27±3.19 41.87±3.33 49.01 <0.000*

41.16 <0.000*Control 64.97±6.83 65.27±3.51 65.77±2.99 314.1 0.327

P-value
(independent t-test)

0.084 <0.001* <0.001*

FES-I

Experimental 42±5.28 38.24±3.29 34.27±4.01 7.48 <0.000*

76.05 <0.000*Control 41.33±3.27 42.56±2.33 42.69±2.63 220.1 0.101

P-value
(independent t-test)

0.884 <0.001* <0.001*

LEIPAD Total
Experimental 72.17±3.44 75.01±2.99 72.37±3.19 14.01 <0.002*

29.09 <0.000*Control 70.56±3.12 71.27±2.85 70.91±2.37 87.1 0.117

P-value
(independent t-test)

0.712 <0.001* <0.001*

a. BBS: Berg Balance Scale, b. DHI: Dizziness Handicap Inventory, c. FES-I: Fall Efficacy Scale-International, P < 0.05.

Table III: Comparison of the mean and standard deviation of DHIa subscales before and after intervention in the experimental and control 
groups.

Subscales

Pre
M±SD

Posttest (8 
weeks)
M±SD

Posttest (Two-
month Follow-up)

M±SD

One-way repeated measures 
ANOVA 

Two-way repeated measures 
ANOVA 

F test P-Value F test P-Value

Physical Experimental 14.50±2.67 12.11±1.16 9.23±.97 31.01 <0.000*

23.02 <0.000*Control 14.21±1.67 10.21±1.33 10.59±2.67 112.1 0.201

P-value
(independent t-test)

0.981 <0.001* <0.001*

Emotional Experimental 22.96±4.17 18.38±3.01 13.90±1.72 12.21 <0.001*

14.19 <0.000*Control 22.77±2.42 16.07±1.65 16.86±3.76 36.63 0.161

P-value
(independent t-test)

0.994 <0.001* <0.001*

Function Experimental 23.90±4.52 20.65±3.17 17.30±2.14 24.12 <0.000*

34.04 <0.000*Control 23.22±2.84 21.54±1.47 22.98±4.33 81.37 0.071

P-value
(independent t-test)

.0754 <0.001* <0.001*

a. DHI: Dizziness Handicap Inventory , P < 0.05.

well as quality of life of older samples will increase up 
to four times (Figure 3).

Oculomotor tests were within normal limits in all 
participants (P = 0.137). The ocular motor abnormality 
indicates abnormal functioning of the central (not 
peripheral) vestibular system (31). Following the 
intervention, the results remained abnormal in the 
control group, yet normal results were observed in 
97% of the subjects in the experimental group. It is 
noteworthy that four months after the beginning of the 
study, no falling was reported in the experimental group, 
while 7 fall events were reported in the control group (P 
= 0.004). 

DISCUSSION

The present study corroborated the effectiveness of 
balance exercise education (CC and strengthening the 
sensory-motor system) in balance, dizziness, fall rate, 
and QOLin the elderly. VR training (CC) increases 
compensation in the central nervous system (22, 32, 33). 
This study demonstrated that such exercises training is 
effective in improving balance as well as dizziness and 
its concomitants (physical, functional and emotional 
dizziness). Bayat et al. examined the effect of CC 
exercises on older people with chronic vertigo and found 
significant improvement in DHI and VNG test after the 
intervention (16). Farzin et al. investigated the effect of 
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Figure 2:  ROC curve for LEIPAD

Figure 3: Bayesian model for LEIPAD

Table IV: Comparison of the mean and standard deviation of subscales of LEIPAD (quality of life) in the experimental and control groups before and after interven-
tion.

Subscales
Pre

M±SD
Post (8 weeks)

M±SD

Post (Two-month 
Follow-up)

M±SD

One-way repeated mea-
sures ANOVA 

Two-way repeated mea-
sures ANOVA 

F test P-Value F test P-Value

Physical Experimental 8.93±4.87 10.28±2.41 10.40±1.49 36.12 <0.001*

71.01 <0.000*Control 8.98±1.97 8.94±1.28 8.36±1.45 111.7 0.112

P-value
(independent t-test)

0.877 <0.001* <0.001*

Self-care Experimental 14.26±1.77 15.54±1.21 16.86±1.38 64.01 <0.000*

23.12 <0.000*Control 14.08±1.32 14.27±2.17 14.10±1.45 87.06 0.098

P-value
(independent t-test)

0.123 <0.001* <0.001*

Depression and 
anxiety

Experimental 8.70±1.91 7.11±0.8 6.93±1.85 11.02 <0.000*

34.03 <0.000*Control 8.65±1.24 9.11±1.11 8.97±1.43 81.07 0.411

P-value
(independent t-test)

0.897 <0.001* <0.001*

Cognitive Experimental 11.13±1.79 12.02±1.74 9.40±1.73 44.00 <0.000*

41.15 <0.000*Control 11.06±1.81 11.24±1.29 11.13±1.10 102.7 0.301

P-value
(independent t-test)

0.895 <0.001* <0.001*

Social Experimental 8.59±1.16 9.25±1.21 10.33±1.60 91.12 <0.000*

39.01 <0.000*Control 8.25±1.25 8.23±1.27 8.79±1.74 71.07 0.101

P-value
(independent t-test)

0.196 <0.001* <0.001*

Sexual Experimental 2.76±1.30 2.45±1.11 2.96±1.37 14.42 <0.002*

44.16 <0.000*Control 3.20±1.06 3.04±1.11 3±1.01 308.3 0.701

P-value
(independent t-test)

.164 .971 .915

Life satisfaction Experimental 14.33±1.62 17.84±2.58 15.46±1.16 101.1 <0.002*

51.01 <0.000*
Control 14.40±1.86 14.74±1.64 14.26±1.74 312.5 0.091

P-value

(independent t-test)
.883 <0.001* .003**

 P < 0.05

CC exercises on balance and dizziness among Multiple 
sclerosis (MS) patients and observed a noticeable 
difference between pre- and post-intervention levels of 
balance and dizziness (26). The normality of the results 

pertaining to Romberg test in the experimental group 
(over 97%) after the intervention indicated the positive 
effect of educational interventions. Corna et al. noticed 
that balance deficits were treated by CC exercises (34).
Another finding in this study was significant reduction 
in FES-I as an indicator of falling after intervention 
that shows the positive effect of balance exercises in 
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blinded. Furthermore, small sample size and no entry 
elderly with restricted mobility limited the study.
The findings of this study demonstrate a significant 
difference between the experimental and control groups 
as far as balance, dizziness, fear of fall, and QOL are 
concerned, as a result of vestibular rehabilitation. 
Given the advantages of such ilk of rehabilitation, its 
implementation is recommended in the integrated care 
program for the elderly, which is affordable, easily done 
at home, and available at every trainable service for the 
elderly. 

CONCLUSION

In summary, the results of the study can provide 
information on planning a fall prevention program for 
the elderly and improving balance among the elderly 
residing in centers for aging services. It is also suggested 
that the outcomes of the study be evaluated in the long 
run and similar studies be conducted among different 
races and ethnic groups.
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