
Introduction

Improvements in living standards and advances in medi-

cine have resulted in increasing longevity; however, this

is accompanied by deteriorating physical health includ-

ing muscle strength, flexibility and exercise endurance.

This, in part, is responsible for the increase in demand for

rehabilitation and residential services, and indeed, the

number of individuals residing in “subvented” care and

attention homes for the aged has been increasing [1].

The elderly population is at high risk of falls and injuries

[2–4]; at age above 65, one in three persons was re-

ported to fall at least once a year, and this increased 

to one in two persons in people above 80 years of age

[5]. In Hong Kong, a study conducted by the Hospital

Authority showed that the overall “fall rate” in hospitals

ranged from 0.66 to 0.71 per 1,000 patient-bed days. This

fall rate increased from 0.71 in the age group of 60–69

years to 1.49 in the age group of 80–89 years [6].

Injuries that result from falls could lead to serious

physical and psychological consequences, including im-

paired mobility, restricted activity and functional decline,

as well as the vicious cycle of fear of repeated falls [7].

Fall is thus one major contributing factor to elderly 

disability that leads to a decrease in quality of life [8].

It was reported that 89% of fall-related injuries were

fractures [9], of which hip fractures accounted for 50%.

In Hong Kong, 92% of all fractures of the femur neck

were sustained by the elderly [10]. In the USA, the

annual cost of management of hip fractures was reported

to be $9 billion, and 90% of these hip fractures were

caused by falls [11]. In general, risk factors associated
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with falls are either intrinsic or extrinsic. Intrinsic factors

include changes in muscular strength [12–14], decreased

joint flexibility [15,16], gait and balance problems, cog-

nitive impairment [17], depression [14], impaired visual

sensation [14,18], decline in vestibular function [19,20],

decreased vibratory sense [21], and side effects of med-

ications [14,22]. Extrinsic factors include environmen-

tal factors such as poor lighting, slippery floor, uneven

walking surface and, obviously, obstacles.

Amongst elderly populations, while gait and balance

impairment are considered to be the most significant

risk factor associated with falls [23], visual impairment

is an important risk factor of falls [24] and hip fractures

[25]. Adequate depth perception and distant edge con-

trast sensitivity are important elements for maintenance

of balance and assessing the safety of the environment

[24]. It was reported that the main determinants of re-

current falls were: abnormal postural sway; two or more

falls in the previous year; weak handgrip strength; and

a depressive state of mind [26].

Exercises for improvement of balance are the main-

stay for prevention of falls [27,28]. While there are

numerous reports on exercise programmes for improve-

ment of strength and balance in the elderly, programmes

specially designed for people with visual impairment are

scant. A recent study reported the cost-effectiveness of

a home programme for people with severe visual impair-

ment [29], but this programme failed to demonstrate a

reduction in falls in their subjects. People with visual

impairment are subject to a greater fear of falling than

non-visually impaired people, and this fear in turn leads

to the consequence of further decreased mobility. The

aim of this study was to design, for elderly people with

visual impairment, an effective exercise programme that

will improve balance and increase confidence of safe

ambulation, which would ultimately enhance indepen-

dent mobility in this population.

Methods

Visually impaired subjects (people with no light per-

ception or with visual acuity of 6/120 or worse on the

better eye with corrective device), aged 65 years or

older, from four care and attention homes, were invited

to participate in the study. As only 30% of the residents

in the involved elderly homes were male, to avoid

effects due to mismatch of sex, it was decided that only

female subjects would be recruited. All subjects were

independently mobile. Those who suffered from painful

conditions that affected their mobility or balance, neu-

rological disorders, musculoskeletal problems, cardiovas-

cular disease, unstable blood pressure associated with

posture or mental conditions which limited them from

following the exercise instructions, were excluded from

the study.

The nature of the study was explained and subjects

were told that the purpose of the study was to investi-

gate the effects of two exercise programmes. (The exer-

cise time for the two groups was different; therefore,

they had no knowledge of the exercise format or proto-

col of the other group.) Written consent was obtained

from all subjects prior to the commencement of the study.

Participants were randomly assigned to either the exer-

cise training group or the control group by drawing from

a sealed opaque envelope that contained the number

that determined the allocation.

The exercise group received a structured individually

tailored exercise programme designed by a physiothera-

pist, in addition to their routine group physical activity.

The control group only participated in the routine group

physical activity. Exercise programmes were designed

and conducted by two physiotherapists, and assessment

of the functional status of the subjects was conducted

by a third physiotherapist who was blinded to the group-

ing of the subjects. All three physiotherapists have at

least 6 years’ experience in the rehabilitation of visually

impaired elderly.

Exercise protocol
The exercise protocol was specially designed to improve

functional balance as well as muscle strength of individ-

uals, with an aim to assist the subject to cope with daily

function under impaired vision. The protocol included:

(1) warm up—range of motion and stretching exercises

for the upper limbs in a sitting position, lower limb warm

up exercise including quadriceps and calf stretching, and

ankle circumduction in a standing position; (2) lower

limbs strengthening exercises—chair stand exercise (sets

of five repetitions progressing to 10 repetitions), quadri-

ceps strengthening in a sitting position, strengthening of

hip extensors and abductors in a standing position, with

cuff weights in three sets of 10 repetitions with progres-

sive weights (e.g. 10 repetitions with 3 pounds, then 5

pounds, followed by 7 pounds, based on the capacity of

the individual subject); (3) balance exercises—supervised

stool stepping exercise, tandem standing, and single leg

standing; and (4) cool down exercises—general stretching

and mobility exercise. Balance exercise was progressed

based on the subject’s needs and according to the ability

of the subject. For example, one subject might focus on

the stool stepping exercise, while another might focus on

single leg standing training. As the subjects were visu-

ally impaired, verbal guidance as well as manual physical

assistance when performing the balance training was

provided. The duration of the training programme was

three times a week for 12 weeks, and each session lasted

45 minutes.

Apart from the individual tailored exercise pro-

gramme, these subjects continued to participate in the

routine standard exercise programme that is organized

for all residents of the home. The standard programme

46 Hong Kong Physiotherapy Journal • Volume 26 • 2008



included three sessions of 45–60 minutes of general

exercise (upper limb and lower limb mobilization exer-

cises using shoulder pulley and floor bike/static bike)

per week. All subjects in the control group participated

in this routine general exercise programme.

Measurement outcomes
Balance and muscle strength before and after the 12-

week exercise programme included: (1) Berg Balance

Scale (BBS) [30], which rated the performance of 14

specific tasks; and (2) the timed up-and-go test (TUG)

[31], which measured the time required to get up from

a seated position and walk 3 m (two trials were allowed

and the time required in two trials was averaged). The

“functional” muscle strength of each subject was assessed

by the chair stand test (CST) [32]. The subject sat on a

standard chair without armrests. On the command “go”,

the subject stood up fully, then sat down, and was asked

to repeat the cycle five times unaided. The subject was

instructed to perform the test as quickly as they felt com-

fortable. The time required to complete the five cycles of

standing and sitting was recorded. The interrater reliabil-

ity of the BBS, TUG and CST was conducted in a pilot test

prior to data collection. Results showed that the intra-

class correlation coefficient (2,2) for the three measures

were 0.821, 0.955 and 0.965, respectively, suggesting

that these tests are reliable.

Statistical analysis
Within-group scores from the first and second measure-

ments of the BBS, CST and TUG were compared by the

paired t test, and between-group data were compared

with the independent t test. The correlation amongst the

three outcome measures were tested by Pearson’s cor-

relation coefficient. The statistical significant value was

set at 0.05. Data were analysed by SPSS version 14

(SPSS Inc., Chicago, IL, USA) for Windows.

Results

Fifty female subjects were recruited into the study.

Twenty-seven were allocated to the exercise training

group and 23 to the control. There were no falls in either

group during the study period. All subjects completed

the full 36 training sessions. The mean (± standard devi-

ation) age for the training and control groups was 83

(± 4.7) and 84.4 (± 6.5) years, respectively. There were

no significant differences between the training and con-

trol groups in age (p = 0.377) and pre-training scores of

the BBS, CST and TUG (Table 1).

This study showed that subjects in the exercise group

demonstrated a 9.4% improvement in BBS scores (p <
0.000) and a decrease in the time of TUG by 4.7 seconds

(p < 0.003). The change in these scores in the control

group was, however, not significant (Table 1). The train-

ing group also showed significant improvement in CST

when compared with the control group (mean time 

difference, 2.35 seconds; p = 0.047; 95% confidence

interval [CI], 0.03–4.67). There were good correlations

amongst the BBS score, TUG and CST data (p < 0.0001)

(Table 2).

It was reported that people with BBS score < 45 were

2.7 times more likely to suffer multiple falls compared

with those who scored ≥ 45 [33]; therefore, subjects with

BBS score < 45 were subjected to further analysis. Of the

13 subjects whose pre-training BBS score was < 45, eight

of them (61.5%) reached a BBS score > 45 after training

(Figure). This subgroup of 13 subjects showed an aver-

age improvement of 6.38 (± 3.3) points. Those with pre-

training BBS score ≥ 45 had a mean improvement of only

4.21 (± 1.4) points. The difference in the improvement

of BBS score between these two groups was also statis-

tically significant (p = 0.032; 95% CI, 0.21–4.14).

For the control group, 12 subjects had an initial BBS

score < 45. Only two of these 12 subjects had their final
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Table 1. Mean (standard deviation) score, mean (standard deviation) difference within groups, and mean (95% 
confidence interval) difference between groups for all outcomes for the experimental group (n = 27) and the control
group (n = 23)

Groups
Difference within Difference between 

groups groups

Outcome
Pre Post Post minus pre Post minus pre

Exp Con Exp Con Exp Con Exp minus Con

BBS score 43.30 43.30 48.56 44.26 5.26 0.96 4.3 (2.90 to 5.70)
(5.17) (5.03) (4.40) (5.21) (2.67) (2.16)

TUG (s) 28.25 26.07 23.55 26.13 −4.70 0.06 −4.76 (−7.90 to −1.63)
(13.67) (14.08) (11.28) (14.99) (6.76) (3.44)

CST (s) 17.78 20.14 14.17 18.87 −3.61 −1.26 −2.35 (−4.67 to −0.03)
(5.51) (11.80) (4.62) (13.55) (3.72) (4.32)

Exp = experimental; Con = control; BBS = Berg Balance Scale; CST = chair stand test; TUG = timed up-and-go test.



BBS score raised to ≥ 45 at the end of the intervention

period (Figure).

Discussion

The results of this study suggest that a physiotherapist-

designed exercise programme significantly improved bal-

ance in our visually impaired elderly subjects. Subjects

with weaker balance (BBS score < 45) showed better

improvement than those who were more stable. This is

not surprising, as the programme was specially designed

based on the need of the subject. While warm up exercise

and muscle strengthening could be conducted in class and

with minimal assistance, balance training in our interven-

tion group required one-to-one therapist-to-client super-

vision. Although this may be manpower-demanding, it

is considered cost-effective as the mobility of the elderly

subject is enhanced with safety ensured and the risk of

fall is ultimately reduced.

It was found that elderly people who scored below

45 on the BBS were 2.7 times more likely to experience

multiple falls when compared with those who scored

45 or above [33]. Our study showed that 61.5% of our

subjects raised their BBS to above 45 after 36 sessions of

strengthening and balance training, suggesting that our

exercise programme has the potential to prevent falls in

our visually impaired elderly population.

Previous studies showed that exercise programmes

could reduce the risk of falls among community dwelling

elderly [2,27,34,35]; the rate of falls was lower by 77%

in those who exercised at least three times a week com-

pared with those who exercised less than once a week

[29]. We have adopted the optimal frequency of three
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Table 2. Correlation between Berg Balance Scale (BBS), chair stand test (CST) and timed up-and-go test (TUG) data

CST BBS TUG

TUG
Pearson’s correlation 0.761* −0.714* 1.00
Significance (two-tailed) 0.000 0.000
n 50 50 50

BBS
Pearson’s correlation −0.641* 1.00 −0.714*
Significance (two-tailed) 0.000 0.000
n 50 50 50

CST
Pearson’s correlation 1.00 −0.641* 0.761*
Significance (two-tailed) 0.000 0.000
n 50 50 50

*Correlation is significant at the 0.01 level (two-tailed).
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Figure. Pre- and post-training Berg Balance Scale (BBS) scores of subjects in the: (A) exercise training group; (B) control
group.



exercise sessions a week. As the subjects in our study

cohort were in care and attention homes, they were well

taken care of by nurses and carers; thus, rate of falls was

not an appropriate outcome measure in this study over

a 12-week period.

Our record showed that a total of 12% of residents

in these four care and attention homes had a history of

hip fractures associated with fall accidents. This propor-

tion is alarmingly high. There is, therefore, a need to

improve the muscle strength, balance and confidence for

independent mobility in this elderly population. Main-

tenance of active and independent mobility is essential

to maintain the quality of life of elderly people [36], and

this will also decrease the manpower resources required

in a care and attention home.

Muscle strength is an important component of bal-

ance. Our exercise programme mainly focused on lower

limb strengthening exercises and balance exercises using

environmental facilities familiar to the visually impaired

elderly.

We were pleased that over 60% of our subjects

achieved a BBS score of over 45 after 36 sessions of

exercise training. The high correlation among BBS score,

CST and time required for completion of the TUG sug-

gest that improved balance is associated with lower limb

strength and improved activity performance, further sup-

porting our hypothesis that our exercise programme is

able to enhance mobility.

Study limitations
As the sample was drawn from a female population in

residential care, the result may not be generalizable to

other community-dwelling elderly with visual impair-

ment. Further investigation of elderly people with im-

paired vision residing independently at home is necessary.

Conclusion

This study showed that a structured and individualized

balance and strength training exercise programme de-

signed by physiotherapists improved the balance status of

elderly people with impaired vision living in residential

institutions.
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