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ASSESSMENT OF ISOKINETIC KNEE FLEXOR
AND EXTENSOR STRENGTH AND BALANCE
ABILITY IN THE ELDERLY

ABSTRACT

Introduction: To investigate the possible risk factors for falls and the effect of laboratory
and performance-based measures of balance and isokinetic muscle strength on fall risk assess-
ment in persons aged over 65 years.

Materials and Method: Postural stability was assessed by Berg Balance Scale (BBS) and al-
so by static and dynamic balance tests on Kinesthetic Ability Trainer-3000 (KAT). Muscle strength
was assessed for knee flexion and extension using isokinetic dynamometer.

Results: Fifty-five subjects aged between 65 and 80 years were included. Fall rate was
27.3%. In the faller group, osteoarthritis and assistive device use, total number of systemic disea-
ses and drugs were significantly higher (p<0.05). In the faller group, BBS scores were lower
(p=0.035); static (SBI) and dynamic (DBI) balance indexes measured on KAT were significantly
higher (SBI p=0.038; DBI p=0.047). The difference of peak torque (PT) at 180°/sec angular velo-
city was statistically significant (flexion PT, p=0.006; extension PT, p=0.026; flexion work,
p=0.008; extension work, p=0.034).

Conclusion: Elderly people with a high risk of falling have decreased muscle strength and
balance ability. Physiatrists and other health professionals treating geriatric population should be
aware of the importance of this public health problem which can be prevented with appropria-
te measures.
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- IARASTIRMA

YASLILARDA iZOKINETIK DiZ FLEKSOR VE
EKSTENSOR KAS KUVVETLERI ILE DENGE
YETENEGINiN DEGERLENDIRILMESI

Oz

Giris: Altmisbes yas Uzeri kisilerde dtismeye yol agabilecek risk faktérlerini incelemek ve labo-
ratuvar ve performans temelli denge dlctimleri ile izokinetik kas kuvvetlerinin etkilerini arastirmak
amaclandi.

Gere¢ ve Yéntem: Postural stabilite Berg Denge Skalasi ile degerlendirildi. Statik ve dinamik
denge testleri ayrica Kiestetik Beceri Egitim Cihaz-3000 (KAT) araciligiyla degerlendirildi. Diz flek-
sOr ve ekstensér kas kuvvetleri izokinetik dinanometre ile él¢tildu.

Bulgular: Yaslari 65 ile 80 arasinda olan 55 kisi calismaya dahil edildi. Disme sikhidr %27.3
idi. Dsme Oykusu olan grupta osteoartrit ve yardimai cihaz kullanimi, sistemik hastalik ve kulla-
nilan ilag sayisi anlamli olarak daha ytksekti (p<0.05). Dtisme &ykuisU olan grupta Berg Denge sko-
ru daha dustk (p=0.035); KAT'ta élctilen statik (SBI) and dinamik (DBI) denge indeksleri anlamli
olarak daha ytiksekti (SBI p=0.038; DBI p=0,047). 180°/sn agisal hizda él¢lilen tepe tork (PT) de-
gerleri arasindaki fark statistiksel olarak anlamli idi (fleksiyon PT, p=0.006; ekstansiyon PT,
p=0.026; fleksiyon gli¢ p=0.008; ekstansiyon gti¢ p=0.034).

Sonug: Dlsme riski ylksek olan yaslilarda daha fazla kas gli¢sizIigu ve denge sorunlari bu-
lunmaktadir. Fiziatristler ve geriatrik yas grubunun saglik sorunlari ile ilgilenen diger hekimler uy-
gun yéntemlerle 6nlenebilen bu 6nemli saglik sorunu hakkinda daha dikkatli olmalidirlar.

Anahtar Sozclikler: Kas Kuvveti; Postural Denge; Rezistans E@itim; Yasl.



ASSESSMENT OF ISOKINETIC KNEE FLEXOR AND EXTENSOR
STRENGTH AND BALANCE ABILITY IN THE ELDERLY

INTRODUCTION

alls are an important public health issue that can be pre-
F vented with appropriate intervention programmes in older
adults over the age of 65 (1). According to the relevant litera-
ture; 30-60% of community-dwelling elderly persons experi-
ence at least one fall and 10-20% of these result in injury, hos-
pitalization or death (2). In Finland, the number of fall-indu-
ced deaths doubled among elderly people in the last 3 deca-
des (1). Fall frequency has been demonstrated to be one of the
important independent determinants of fracture which leads
to debilitating outcomes in the elderly (3). Jarvinen et al re-
ported that fall history is a better predictor of fractures than
low bone mineral measurements and the association between
‘falls and fracture’ is resembled to ‘smoking and lung cancer’
(4). Increased hospitalization rates and health service utiliza-
tions create a considerable impact on the health care expendi-
ture (5).

Besides these well recognized complications, falls and the-
ir consequences also exert some profound but under-apprecia-
ted effects on the health of the elderly subject. Fear of recur-
rent fall and decline in perceived self-control limit daily acti-
vities of living (2). Even in the absence of physical injury, el-
derly patients experiencing falls are more likely to be admit-
ted to nursing homes and institutions (6). This further leads
to decreased self-esteem, social isolation, and reduced life sa-
tisfaction.

Falls and related factors that may lead to disability and
handicaps late in the course of life should be found out and
managed carefully to help individuals in successful adaptati-
on to aging. Besides management, proper prevention prog-
rammes are extremely worthy. Applying prevention program-
mes to the whole population will not be a realistic goal for fi-
nancial reasons. Intervention programmes targeted to subpo-
pulations at high risk of falling may be a rationalistic appro-
ach. Besides multifactorial fall prevention programmes; focu-
sed programmes like physical exercise; reduction or withdra-
wal of psychotropic medications may also be implemented (7,
8). Those who had lower balance scores showed larger impro-
vements after exercise (7). Exercise improves balance ability
and muscle strength that are affected physiologically due to
advancing age and also pathologically by some degenerative
and/or systemic diseases. Improvements caused by exercise
programmes lasted up to 9 months after the completion of the
programme (7).

In many studies, muscle strength is evaluated as an im-
portant component of fall risk assessment (2,7,9-13). Howe-

ver number of isokinetic muscle strength measurements in
the elderly at high risk of falls is limited in the literature (10-
13).

Allander et al pointed out that a large variation exists bet-
ween countries regarding the risk factors affecting falls that
lead to hip fracture (14). Genetics, cultural and demographic
characteristics may play role in this diverse pattern of risk fac-
tors, frequencies and consequences of falls. Health policies
should concentrate on building guidelines for assessment and
management of falls in the national perspective.

Data regarding fall frequency and related risk factors from
Turkey has been recently advancing (10,15-17). In a cross-
sectional study of 2322 patients, fall frequency was 28.5% in
the previous one year (17).

In this study, we aimed to investigate the frequency of
previous falls and related risk factors in older persons in a Tur-
kish university outpatient setting. Another goal was to inves-
tigate the associations between isokinetic muscle strength
measurements, balance scores measured on a balance platform
and balance scores measured by clinical tests in the faller and
non-faller group.

MATERIALS AND METHOD

his study was conducted in Department of Physical Medi-
Tcine and Rehabilitation in Gazi University Medical Scho-
ol. Fifty-five participants were recruited among persons aged
65 years or older that admitted to our outpatient clinic. Infor-
med consent was obtained from all subjects.

All subjects were relatively healthy volunteers who were
able to answer the questions independently and had no me-
mory difficulties. Patients with behavioural and cognitive im-
pairments, serious medical disorders (uncontrolled diabetes
mellitus, acute myocardial infarction, etc.) and severe neuro-
logic disorders that interfere cooperation in the assessments
were excluded from the study.

All subjects completed a questionnaire including demog-
raphic information on age, gender, marital and residential sta-
tus, educational level, occupation and current coexisting me-
dical conditions that might predispose individual to fall. Pre-
sence of hypertension, cardiovascular and pulmonary diseases,
diabetes mellitus, stroke, cancer, thyroid disease, inflamma-
tory joint disease and current medications used were recorded.
Subjects were asked whether they had fallen one or more ti-
mes within the previous year. Number, place (indoor or out-
door, familiar place or not) and nature of fall were further qu-
estioned.
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Blood pressures were measured in supine position after 5
minutes of supine rest and repeated at 1 and 3 minutes after
standing. A decline of 220 mmHg in systolic blood pressure
or a decline of =210 mmHg in diastolic blood pressure was de-
fined as orthostatic hypotension (18).

Detailed musculoskeletal and neurologic examinations
were performed. Geriatric Depression Scale (GDS) (19) and
Mini-Mental State Examination (MMSE) (20) were used to
evaluate depressive state and cognitive function, respectively.
Instrumental Activities of Daily Living (I-ADL) were perfor-
med to assess functional capabilities like housework, meal
preparation, use of telephone, shopping and medication use
(21).

Postural stability was assessed using static and dynamic
balance tests on Kinesthetic Ability Trainer-3000 (Berg, Vis-
ta, CA). It consists of a movable platform and a computerized
data processing unit. Movements of the platform are control-
led by changing the pressure in the pneumatic cushion betwe-
en the platform and base of the unit. A sensor located in front
of the platform gives information about the deviations of the
platform from the reference position. This information is pro-
cessed in the computer. In static balance test, subjects tried to
maintain their balance on the platform on both feet for 30 se-
conds, and visual feedback from the computer screen was al-
lowed. Foot displacement was not allowed. Static balance in-
dex was measured regarding the deviations of centre of gravity
(COQG) forward, backward and sideways from the centre. Test
was repeated three times after practise trials. The best of the
three scores was included in the statistical analysis.

In the dynamic balance test, subjects were asked to chase
the target represented by X’ mark viewed on the computer
screen moving in a circle with a speed of 360°/10 seconds, by
tilting the movable platform via shifting his or her COG.
Dynamic balance index was derived from the deviations of the
COG of the subject from the target. Again, test was repeated
three times and the best score was put in analysis.

From performance-based balance tests, Berg Balance Sca-
le (BBS) was used. It measures the postural stability by chal-
lenging the balance of the subjects with activities requiring
narrow base of support (22). It consists of 14 items, each gra-
ded from O to 4 as the task is performed more successfully.

Muscle strength of knee flexion and extension was measu-
red by Cybex 770 NORM Isokinetic Dynamometer (Lumex,
Ronkonkoma, NY, USA). After each opening of the machine,
calibration of the unit was run. Each subject performed the
test in the sitting position, with back support set at 85°. Sub-
jects were stabilized via the use of chest, pelvic and thigh

straps. The mechanical axis of the dynamometer was aligned
with the transverse line passing through the femoral epicond-
yles. Lever arm lengths of the dynamometer were adjusted ac-
cording to the leg length of each individual and legs were se-
cured to the lever arm with straps proximal to the ankle. Full
extension of knee was considered anatomic zero position. Ran-
ges of motion of both knees were measured by the dynamo-
meter. Test was performed in subject-specific range of moti-
ons. Test protocol started with knees fully flexed, the first
movement was extension. Reciprocal concentric knee flexion
and extension were evaluated at 60°sec and 180°/sec angular
velocities. To familiarize with the test, subjects were allowed
to practise submaximally four times before each test. Betwe-
en these practise and the test trials, subjects rested for a peri-
od of 10 seconds.

For isokinetic testing at 60°/sec, subjects were instructed
to extend and flex their knee as forcefully as possible. Five ma-
ximal contractions were recorded. Before proceeding to the se-
cond part of the examination, subjects were allowed to rest for
20 seconds. At 180%sec, subjects were instructed to perform
20 repetitions as fast as possible. All the tests were applied by
the same researcher. To achieve maximal torque, verbal enco-
uragement and visual feedback were used. Peak torque (PT)
values of both extremity recorded in foot-pounds (FtLbs) by
the Kincom’s software were used in the analysis.

Data was analysed using ‘SPSS 10.0 for Windows’ packa-
ge programme. Participants were divided into two groups as
‘subjects with fall history’-fallers and ‘subjects without fall
history’-nonfallers. The normality of the distribution was
checked with Kolmogorov-Smirnov test. Descriptive statis-
tics, chi-square test and Fischer’s Exact test were used as ap-
propriate to describe group characteristics and examine the
differences in the distribution of risk factors between groups,
respectively. Mann Whitney-U test was run to assess the dif-
ference between the continuous variables of the two groups.
Spearman correlation coefficients were computed to analyse
the relationship between balance measurements and peak tor-
que values, since the distribution of variables were nonhomo-
genous. p<0.05 was considered level of significance.

RESULTS

ifty-five subjects (39 female, 16 male) between 65 and 80
Fyears of age (mean 71.3 years) were participated in this
study. Fifteen participants experienced falls (27.3 %). Among
them, 7 participants experienced one fall and 8 of them two
or more falls during the preceding year adding up to a total of
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Table 1— Characteristics of the Subjects

Characteristics (+) Fall History n=15 (-) Fall History n=40 p value
Age (years) (mean; sd) 70.0 (4.8) 71.8 (4.6) 0.239
Male/Female 2/13 14/26 0.184
BMI (g/cm2) (mean; sd) 29.84 (5.68) 28.23 (4.62) 0.748
No of Chronic Diseases (mean; (sd) 5.7 (2.6) 4.1 (1.8) 0.037
Hypertension (73 3%) 25 (62.5%) 0.452
Cardiovascular Disease (40%) 1(27.5%) 0.514
Pulmonary Disease 5 (33%) 7 (17.5%) 0.075
Diabetes Mellitus 3 (20%) 5(12.5%) 0.669
Thyroid Disease 2 (13.3%) 5 (12.5%) 0.934
Cerebrovascular Accident 2 (5%) 0.378
Malignity 2 (13. 3°/) -() 0.071
Hepatic Disease 1(6.7%) 1(2.5%) 0.475
Renal Disease 1(2.5%) 0.727
Inflammatory Joint Disease 1(6 7°/) 1(2.5%) 0.475
Orthostatic Hypotension 1(6.7%) 3(7.5%) 0.384
Cataract 4 (26.7%) 15 (37.5%) 0.508
Urinary Incontinence 6 (40%) 14 (35%) 0.693
Polyneuropathy 1(6.7%) (2.5%) 0.462
Osteoarthritis (in lower extremity) 13 (86.7%) 23 (57.5%) 0.043
Use of Assistive Device 3 (20%) - () 0.018
No of Medications (mean; sd) 3.87 (2.29) 2.51(1.99) 0.05

SD: standard deviation, BMI: body mass index

31 falls. There was no difference in age and gender between
faller and nonfaller group (Table 1).

Of the 31 falls, 10 took place at home, and the remaining
fall events occurred away from home. The most common cau-
se of falls was foot slipping followed by tripping of foot. No
serious complication following falls was noted; only mild soft
tissue injuries were reported.

There was no statistically significant difference in the edu-
cational status, marital status, occupation and number of chil-
dren (p>0.05). Mean monthly income value was lower in the
faller group; however the difference did not approach statisti-
cally significance.

Comparison of systemic diseases between fallers and non-
fallers are also presented in Table 1. Presence of osteoarthritis
and use of assistive device were higher in the faller group
(p=0.043 and p=0.018, respectively). Most of the other syste-
mic diseases were also more common among faller group, but
the difference did not reach statistically significant level. To-
tal number of systemic diseases was significantly higher in the
faller group (p=0.037).

Total number of medications used including nonsteroidal
anti-inflammatory drugs and vitamins was statistically signi-
ficantly higher in the faller group (p=0.05). Frequencies of di-
uretics, digital and bronchodilator use were higher in the fal-
ler group, but the difference was not significant.

Mean scores (standard deviation) of MMSE were 26.5 (2.4)
and 26.8 (2.4) in the faller and nonfaller group, respectively
and I-ADL mean scores were 7.2 (1.3) and 7.1 (1.2) respecti-
vely; scores were very similar between groups. Faller group
had lower GDS mean scores [8.8 (6.9) vs 11.5 (4.9)1, but the
difference was not significant.

Table 2 shows that BBS were lower (p=0,035) and balan-
ce indexes measured on KAT were significantly higher in the
faller group (SBI p=0.038; DBI p=0.047).

Right and left knee flexion and extension peak torque va-
lues (PT) were strongly correlated and to prevent numeric
confusion, only values of right knee were demonstrated here
(Table 3). All PT were lower in the faller group, but the dif-
ference of PT at 180°sec angular velocity were statistically
significant (for flexion, p=0.006; for extension, p=0.026).
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Table 2— Berg Balance Scale Scores, Static and Dynamic Balance Indexes.

Score (+) Fall History Mean (SD) (-) Fall History Mean (SD) p value
BBS 49.6 (5.7) 53.1(2.9) 0.035
SBI 396.5 (121.9) 339.4 (139.5) 0.038
DBI 2179.8 (602.5) 1818 (474.7) 0.047
SD: standard deviation, BBS: Berg Balance Scale, SBI: Static Balance Index, DBI: Dynamic Balance Index.
Tablo 3— Peak Torque Values of Right Knee Flexion and Extension at 60°/sec and 180°/sec Angular Velocities.
Value (+) Fall History Mean (SD) (-) Fall History Mean (SD) p value
60°/sec Angular Velocity
Flexion PT 13.32 (6.57) 15.87 (6.99) 0.160
Extension PT 25.50 (9.85) 27.31(11.12) 0.658
Flexion/Extension PT 52.89 (15.85) 60.81 (29.70) 0.170
180°/sec Angular Velocity
Flexion PT 5.54 (3.23) 8.27 (3.39) 0.006
Extension PT 11.31 (4.13) 14.93 (5.67) 0.026
Flexion/extension PT 49.31 (20.22) 55.82 (12.74) 0.184
Flexion work 3.82 (3.26) 6.39 (3.40) 0.008
Extension work 9.71 (4.45) 14.10 (6.97) 0.034
Flexion/extension work 38.69 (21.40) 45.52 (16.31) 0.295

SD: standard deviation, PT: peak torque.

Knee flexion and extension work at 180°/sec angular velocity
were also statistically significantly lower in the faller group
(for flexion work, p=0.008; for extension work, p=0.034).

Correlations between the balance scores and peak torque
values and work of right knee flexion and extension at
180°/sec angular velocity are shown in Table 4. There was we-
ak negative correlation between BBS score and SBI (r= -
0.368; p= 0,021). Moderate negative correlation was found
between BBS score and DBI (r= -0.524; p= 0.001). There we-
re weak to moderate correlations between BBS score and PT
values. There was no correlation between balance indexes me-
asured on KAT and PT values.

DiscussION

e aimed to investigate the possible risk factors for falls
Wand the effect of laboratory and performance-based me-
asures of balance and isokinetic knee muscle strength on fall
risk assessment in this study. The fall incidence of 27% in
this study is consistent with the literature concerning com-
munity-dwelling elderly people (5,9).

Information about falls in the current study was gathered
retrospectively via self-report of subjects. Potential inaccurate
recollection of fall history might cause underestimation of fall
frequency. Falls, especially if they do not come out with frac-
ture or injury, are likely to be ignored and forgotten. Age-as-
sociated memory impairment is also an important factor even
if falls have resulted with some consequences. Complications
like fracture and severe soft tissue injury following falls did
not occur in our study population. In our study, elderly adults
were relatively younger than those enrolled in other studies
(6, 12); frequency of cognitive impairment and other systemic
diseases affecting the complication rate in our participants
was also lower (6).

Studies offer several predisposing factors for falls; like age,
gender, cognitive impairment, depression, visual and hearing
impairments, muscle weakness, gait and balance disorders,
orthostatic hypotension, medications used and environmental
factors (2, 6, 8, 9, 12). In each of the research studies, diffe-
rent parameters appear to predict falls more strongly than ot-

hers.

TURK GERIATRI DERGISI 2011; 14(1)



ASSESSMENT OF ISOKINETIC KNEE FLEXOR AND EXTENSOR
STRENGTH AND BALANCE ABILITY IN THE ELDERLY

Tablo 4— Correlation Coefficients of Berg Balance Scale Scores, Static and Dynamic Balance Index and Peak Torque Values and Work at 180°/sec

angular velocity.

SBI DBI Flexion PT Flexion Work Extension PT Extension Work
r=0.517
BBS score r =-0.368 r =-0.524 r=0.474 r=0.453 r=0.533 - 0.001
p = 0.021 p = 0.001 p =0.003 p = 0.005 p = 0.001 p=9.
r=-0.110
SBI r=0.611 r=-0.158 r=-0.152 r=-0.148
p =0.448
p =0.000 p=0274 p =0.293 p = 0.305 0172
r=-0.
DBI r=-0.240 r=-0.215 r=-0.145
p=0.241
p=0.101 p=0.142 p=0.325 0.776
r=0.
Flexion PT r=0.974 r=0.783 - 0.000
p = 0.000 p = 0.000 p="
. r=0.798
Flexion work r=0.782
p = 0.000
P = 0.000 r = 0.961
Extension PT ’
p = 0.000

SD: standard deviation, BBS: Berg Balance Scale, SBI: Static Balance Index, DBI: Dynamic Balance Index, PT: peak torque.

In our study, number of systemic diseases and use of assis-
tive device were associated with falls. Total number of medi-
cations used were also significantly higher in the faller group.
All medications including nonsteroidal anti-inflammatory
drugs and vitamins were recorded. Digitals, diuretics and oral
bronchodilators were higher in the faller group but difference
was not significant. None of the patients in the study used
benzodiazepine or neuroleptics that might increase fall risk.
Increase in number of chronic diseases definitely increases
many risk factors related to balance, gait, vision, etc and hen-
ce elderly patients are expected to be more susceptible to falls.
This relationship between chronic diseases and falls is in ac-
cordance with the study of Lawlor et al, however they did not
find such relation for the number of drugs used (23). Howe-
ver hypnotics, anxiolytics and antidepressants were indepen-
dently associated with falls in that study.

In this study, most of the systemic diseases were higher in
the elderly fallers, however osteoarthritis was the only disease
that was statistically significantly more prevalent in fallers. It
is well known that osteoarthritis in the lower extremity joints
cause pain, muscle weakness and decrease in proprioception.
Thus it is not surprising that lower extremity osteoarthritis re-
sults in gait and balance impairments leading to increased risk
of falling. In a prospective study of 6641 men and women,
knee osteoarthritis and knee pain were associated with an in-
creased risk of falling and an increased risk of non-vertebral
fracture (24). Osteoarthritis of knee decreases obstacle avoidan-
ce by decreasing the ability to react quickly to obstacle becau-
se of pain and improved gait and attention allocation (25).

Benjuya et al demonstrated that somatosensory and visual
contribution to postural stabilization diminish with aging
and muscle cocontraction gains importance in order to adapt
to changing conditions (26). Especially soleus and tibialis an-
terior muscle cocontract to develop a strategy for maintaining
balance. Van der Esch suggested that in patients with poor
proprioception, decrease in muscle strength has more challen-
ge on functional ability (27). Evaluation of muscle strength in
lower extremity may predict functional limitations and thus,
risk for falls.

In our study, knee extensor and flexor muscle strength
measurements were lower at both angular velocities in the fal-
ler group, but only the difference between peak torque values
at 180°/sec angular velocity was statistically significant. We
think differences in other values might also reach significan-
ce if the sample size was larger. In the study of Sieri et al, ma-
les with fall history had lower knee flexion peak torques at
120°/sec angular velocity whereas fallen females had lower
knee extension peak torques at 120°/sec angular velocity (12).
This difference observed in higher velocities is similar with
our results. Skelton et al showed that fallers tended to have
weakness in knee extensor and flexor strength, but ankle dor-
siflexor weakness was statistically significant. In that study,
decrease in explosive power and leg asymmetry is more preva-
lent in faller elderly (11). Keskin et al have found no signifi-
cant difference in muscle strength of knee flexor and extensors
between elderly females who had a history of fall and who did
not (10).
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Muscle strength is important in the proper functioning of
the efferent system of balance. This is supported by the pre-
sence of the correlation between BBS scores and knee muscle
PT values in the current study. However, there was no corre-
lation between balance indexes measured on KAT and musc-
le PT. Explanation for this finding may be that balance test
on KAT requires ankle strategy more than other strategies,
and therefore ankle muscle strength may be more associated
with this balance test. We believe this hypothesis needs sup-
port by further studies. Isokinetic knee muscle strength was
preferred in this study, because it is a reliable and valid me-
asurement, and easier to perform than other muscle groups for
elderly and knee muscle weakness might endanger an elderly
to fall, especially in daily activities like chair-rising and stair
climbing.

This study is unique in balance tests on KAT in elderly.
The correlation between SBI, DBI and BBS shows that this
test can be used in the elderly. However, reliability studies of
balance tests on KAT are needed in the elderly subjects.

Different fall rates were reported in studies from different
countries. In community-dwelling Chinese older adults, fall
rate was 19.7% (5). Similarly, in Japan 9% of men and 19%
of women reported one or more falls (28). Frequency of falls
among community-dwelling Indian older women was repor-
ted 45% and among long-tem care settings this rate increased
to 64% (29). However, Caucasians (24.7%) and African Ame-
ricans (27.4%) had similar fall rates in another study (30).
These considerable variations in fall frequency among diffe-
rent populations may be explained by genetic factors, diffe-
rent traditional habits and potential culture specific protecti-
ve factors as well as environmental factors.

In a cross-sectional study of 2322 patients from Turkey,
fall frequency was 28.5% in one year (17). Inal et al have re-
ported that among functionally independent elderly living in
an institution in Istanbul, Turkey, 21.8% had a fall in the
previous year (15). Aslan et al have found a similar fall rate,
25.1% among elderly living in another city of Turkey, Deniz-
li (16). Keskin et al have reported that 38.7% of the female
participants experienced a fall in one year, but their study
sample was small (10). However subjects of these studies are
mostly recruited from healthy volunteers, so generalization of
the results to whole population seems inacceptable. Populati-
on-based randomly selected studies should be conducted.

The main limitation of our study was the small size of
study group. The extent of the balance and strength tests pre-
vented enlarging our study group because of time and econo-
mic concerns. That is why we can not also generalize the fin-

dings directly to all community-dwelling elderly people in
Turkey.

Another limitation was the method used to select the par-
ticipants in the present study. Subjects were recruited from all
patients who admitted to the outpatient clinic but patients
with severe neurologic problems that interfere with coopera-
tion were excluded. This may also lead to selection bias.

Health professionals who give care to geriatric population
should be aware of the importance of this issue. Most elderly
individuals do not demand help for previous falls, as they do
not accuse their health status, but instead accept this as a na-
tural consequence of aging. So, every patient should be asked
about fall history on routine clinical assessments. Especially
elderly persons with balance problems and diseases causing
muscle weakness are at higher risk for fall than others. Physi-
atrists managing musculoskeletal problems of geriatric pati-
ents should be cautious in this public health problem.
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