
Annals of Rehabilitation Medicine

Original Article

Ann Rehabil Med 2019;43(2):195-203
pISSN: 2234-0645 • eISSN: 2234-0653
https://doi.org/10.5535/arm.2019.43.2.195

Correlation of the Korean Version of Falls 
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Objective  To determine correlation of the Korean version of Falls Efficacy Scale-International (KFES-I) with other 
gait and balance parameters through exercise program in older men. 
Methods  Between July 2015 and April 2018, 50 men of 103 participants in an exercise program for preventing 
falls who aged over 60 years, completed the evaluation before and after the program, had fear of falling (FOF), 
and could walk independently as an outpatient were enrolled retrospectively. The program comprised lower 
extremities and core muscle strengthening exercises following stretching exercises twice a week for 8 weeks. FOF 
using the KFES-I, Berg Balance Scale (BBS), Modified Barthel Index (MBI), stair up and gait categories in MBI 
(MBI-gait), and Timed Up and Go test (TUG) were evaluated. Quantitative gait and balance parameters were 
measured by gait analysis, posturography, and isokinetic dynamometer. They were compared before and after the 
program. Moreover, correlations of KFES-I with other parameters were examined. 
Results  Fifty participants were enrolled. After the program, significant improvements were noted in right stride 
length (p=0.013) in gait analysis, MBI (p=0.012), BBS (p<0.000), TUG test (p<0.000), and KFES-I (p<0.000) scores. 
KFES-I was significantly correlated with MBI (r=-0.35, p=0.013), and MBI-gait (r=-0.341, p=0.015). 
Conclusion  Risk of falls could be significantly improved through exercise. KFES-I had significant correlations with 
MBI-gait parameters. Participants showed increases in gait and balancing ability on quantitative measurements 
through exercises. Therefore, regular stretching, strengthening, and balancing exercises may help prevent falls in 
older people. 
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INTRODUCTION

Falls frequently lead to serious morbidity and increase 
mortality in older people who are especially susceptible 
to morbidity and mortality [1]. They can cause bruises, 
lacerations, fractures, or traumatic brain injury [2]. Re-
cently, with societal aging, falling has become an im-
portant issue as it can increase the risk of death, worsen 
quality of life, and lead to long-term hospitalization in 
older people [2,3]. In South Korea, 42% of elderly people 
have experienced falling and 38% of them have high 
medical expenses [4].

Fear of falling (FOF) is a consistent concern of falling. 
It prevents the elderly from walking on roads or limits 
their daily performances. This has many adverse con-
sequences, including decreased functional ability and 
quality of life [5,6], muscle weakness [7], and even falls 
[8]. Moreover, FOF is an important psychological factor 
that restricts social activities and increases psychological 
anxiety [9]. It influences balance control and increases 
the risk of falls [5]. The elderly who experience fall would 
also develop FOF consequently and avoid daily and so-
cial activities which in turn can increase the risk of falls. 
Fall and FOF show independently positive correlation 
[5,8]. Thus, FOF should be evaluated to prevent falls. 

In 1990, the Fall Efficacy Scale by Tinetti et al. [10] 
was developed for evaluating FOF. However, it was not 
intended for the elderly who could afford high level of 
social activity. Hence, Activities-specific Balance Confi-
dence scale was later developed to focus on the elderly 
with good performance level [11]. Finally, Falls Efficacy 
Scale-International (FES-I) was created. It integrates 
the Fall Efficacy Scale and the Activities-specific Bal-
ance Confidence scale [12]. It can be used for easy and 
difficult physical performance evaluation and measure-
ment of social activity [12,13]. In South Korea, reliability 
and validity of the Korean version of Falls Efficacy Scale-
International (KFES-I) have been proven [14]. However, 
few studies have evaluated FOF using the KFES-I tool in 
Korea.

Our hospital investigated the guideline for fall preven-
tion in Korea and designed our own exercise program 
[15]. It composed of stretching, strengthening, and bal-
ancing exercise of the lower extremities and core muscles 
twice a week for 30 minutes during 8 weeks. We at-
tempted to primarily evaluate whether the exercise pro-

gram could decrease FOF using KFES-I in elderly people 
after an 8-week exercise. In addition, we applied more 
quantitative gait and balance parameters of gait analysis, 
isokinetic dynamometer, and posturography for objec-
tive results than parameters used in other studies [16-18]. 
Accordingly, this study was conducted to evaluate corre-
lations of KFES-I with quantitative gait and balance vari-
ables, including spatiotemporal variables by gait analysis, 
stride length (cm), walking speed (cm/s), cadence (steps/
min), proportion of stance phase, single limb support, 
initial double stance (IDS), terminal double stance (TDS) 
in gait cycle (%), knee maximal extensor strength using 
an isokinetic dynamometer at an angular velocity of 120 
rad/s and 210 rad/s, stability index (SI), and Weight Dis-
tribution Index (WDI) by posturography. Furthermore, 
we aimed to compare results based on the experience of 
fall. 

MATERIALS AND METHODS

Study design
This study retrospectively reviewed medical records 

of outpatient subjects who participated in the exercise 
program for preventing falls between July 2015 and April 
2018. 

Age, sex, height, weight, fall experience, and fracture 
history at falls of all participants were reviewed. Their 
medication prescriptions were reviewed and categorized 
into none, cardiovascular, diuretics, antipsychotic, and 
hypnotic medications for sleeplessness, pain medication 
such as NSAIDs or opioid, and muscle relaxant. Then, 
total numbers of the above medications per each patient 
were counted. Concomitant diseases associated with 
falls were also reviewed for all participants. They were 
categorized into cerebrovascular accident including la-
cunar infarction, cervical/lumbar vertebral disease, de-
generative disease at hip/knee/ankle joints, and visual/
hearing defects (Table 1). All participants were evaluated 
for bone mineral density (BMD) and Mini-Mental State 
Examination (MMSE) before the exercise. They were 
also evaluated for range of motion (ROM) on both hip, 
knee, and ankle joints, manual muscle test (MMT) in 
both lower extremities, isokinetic maximal strength using 
isokinetic dynamometer, gait analysis parameters (spa-
tiotemporal parameters, such as walking speed, stride 
length, cadence, single limb support, and double limb 
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support proportion in gait cycle), balance ability using 
Berg Balance Scale (BBS) and posturography, FOF using 
the KFES-I, functional ability using the Modified Bathel 
Index (MBI), summation scores of stair up and gait cat-
egories in MBI (MBI-gait), and Timed Up and Go test 
(TUG) before and after the exercise program. A group of 
7 to 10 participants joined the exercise program with 30 
minutes duration twice a week for 8 weeks. The program 
consisted of stretching, strengthening, and balancing 
exercises. Outcome measurements were obtained before 
and after 16 sessions of the exercise program. 

Subjects 
We included participants who aged over 60 years, ex-

perienced FOF, engaged over 10 sessions of the total 16 
sessions, and could visit the hospital independently as 
an outpatient regularly. We excluded participants with 
severe cognitive impairment who were unable to follow 

3-step command in MMSE or with visual problem who 
were unable to follow the exercise program, who needed 
assistance or help for gait or activity of daily living, who 
had limited ROM on limb joints that prevented partici-
pants from following the exercise with sitting, standing, 
bridging, and quadruped positions, who experienced se-
vere pain during exercises for back and lower limbs, who 
had stroke history in the last 1 year, and had history of 
limb surgery. Of 103 participants in the exercise program 
for preventing falls between July 2015 and April 2018, 50 
men were reviewed and enrolled retrospectively upon 
satisfying the inclusion criteria. Fifty-three participants 
were excluded due to low number of attendance (n=25), 
patients’ refusal (n=10), measurement refusal after the 
exercise program (n=7), other disease occurrence (n=8), 
cognitive impairment (n=1), or limb amputation (n=2). 
The study’s protocol was approved by the Institutional 
Review Board of Veterans Health Service Medical Center 
(No. BOHUN 2018-08-016).

Assessments for outcome parameters 
KFES-I
To evaluate participant’s FOF, we used the KFES-I, a 

questionnaire composed of 16 items of gait, activities 
of daily living, and social activities [14]. Each item was 
graded from 1 (not at all concerned) to 4 (very concerned 
which means having cognitive disquiet about the possi-
bility of falling). Total scores were summated, with higher 
score indicating higher anxiety for falls. 

  Spatiotemporal parameters using three-dimensional 
motion analysis for gait analysis
The three-dimensional motion analysis (3DMA) is a 

system that quantitatively measures spatiotemporal, 
kinematic, and kinetic gait parameters. Gait analysis 
was conducted using an 8 infrared, 60-Hz camera mo-
tion analysis system (Motion Analysis Corp., Santa Rosa, 
CA, USA) and three force plates (sampling rate 1,200 Hz; 
Kistler Instrument Corp., Amherst, NY, USA). Reflective 
markers were placed on predefined anatomical land-
marks of the pelvis, thigh, knee, shank, and foot [19]. 
Simultaneous recordings of spatiotemporal and lower 
extremity kinematics and kinetics (foot-floor contact pat-
terns) were obtained as patients walked barefoot for 6 m 
at their self-selected walking speed. This study used the 
following spatiotemporal variables: stride length (cm), 

Table 1. Baseline characteristics of participants (n=50)

Characteristic Value
Sex

   Male 50

   Female 0

Age (yr) 71.80±4.07

Height (cm) 167.40±4.71

Fall experience 33 (66)

Number of fall 1.45±1.3

Fracture history (n=33) 11 (33)

BMI (kg/m2) 23.54±2.39

Bone mineral density

   At spine -0.50±1.70

   At right femur neck -0.60±0.92

   At left femur neck -0.68±0.95

MMSE 26.67±3.47

Total number of medication 2.80±1.07

Disease category

   CVA including lacunar infarction 17

   Cervical/lumbar vertebral disease 23

   Degenerative disease at 
      the hip/knee/ankle joints

10

   Visual/hearing defect 0

Values are presented as mean±standard deviation or 
number (%).
BMI, body mass index; CVA, cerebrovascular accident; 
MMSE, Mini-Mental State Examination.



Bo Ram Ahn, et al.

198 www.e-arm.org

walking speed (cm/s), cadence (steps/min), proportion 
of the stance phase, single limb support, initial double 
limb support, and terminal double limb support in the 
gait cycle (%).

Knee extensor maximal strength
Participants were positioned on an isokinetic dyna-

mometer (CYBEX; Computer Sports Medicine Inc., 
Stoughton, MA, USA) to assess bilateral lower extremity 
maximal strength. They were seated with the hip joint at 
85° of flexion based on the manufacturer’s recommenda-
tions and fixed to constant measurement for maximal 
strength. In addition, we evaluated participant’s knee 
maximal extensor strength using an isokinetic dynamom-
eter at angular velocity of 120 rad/s and 210 rad/s. 

Balance parameters 
Test for balancing parameters (as SI and WDI) were per-

formed using tetra-ataxiometric posturography (Tetrax; 
Sunlight Medical Ltd., Ramat Gan, Israel). The SI score 
represents the ability to maintain good dynamic balance 
measured by the frequency of weight change in four force 
plates, with a lower score indicating more stable bal-
anced status. In addition, WDI showed distribution of 
weight on the four force plates with normal distribution 
of 25% for each plate. Higher WDI indicated changes in 
weight distribution, meaning an unstable balanced state. 

BBS evaluates balance in three positions (sitting, stand-
ing, and changing position) composed of 14 categories. 
Each category was scored into 0 to 4 (highest score, 56 
points), with higher score indicating better balance.

Other variables 
In the TUG test, one examiner observed the subject as 

he rose from a standard arm chair, walked a fixed 3-m 
distance across the room, turned around, walked back 
to the chair, and sat down. The rated time from rising 
to siting was the result of the TUG test. BMD, ROM, and 
MMT on both hips, knees, and ankle joints and muscles, 
MMSE, and MBI including MBI-gait were measured be-
fore and after the exercise program except for BMD and 
MMSE. 

Exercise program for fall prevention 
The exercise program consisted of stretching, strength-

ening, and balancing exercises of the lower extremities 

and core muscles for 30 minutes twice a week for 8 weeks 
[15]. This program was performed with participants 
in groups of 7 to 10. Two physical therapists educated 
participants by showing them the specific position for 
each exercise. The same therapists have been constantly 
involved since 2015. Before and after every exercise, 
a stretching program for 5 minutes was added to pre-
vent trauma. The program was composed of stretching, 
strengthening, and balance exercises. It was performed 
every week as described below. Its intensity was deter-
mined by compliance and performance status of the in-
dividual. 

(1)   The first week (ROM exercises and ankle stabilizing 
exercises using Thera Bands) 

   -   Resistive ROM exercise on hip, knee, and ankle joints 
with sitting position.

(2)   The second week (Lower extremity strengthening 
exercise on the ground)

   -   Ankle cuff weight, strengthening exercise with Thera 
Bands with sitting position. 

(3)   The third week (Lower extremity strengthening ex-
ercise in standing position) 

   - Squat exercise with back support using a gym ball.
   -   Strengthening exercises on knee and hip extensor in 

standing position. 
(4)   The fourth week (Lumbar spine stabilizing exercise 

on the ground) 
   -   Bridge exercise, quadruped opposite arm with keep-

ing back straight. 
(5)   The fifth week (Dynamic lumbar spine stabilizing 

exercise using a gym ball)
   -   Control trunk left to right with arm abduction seated 

on gym ball.
(6)   The sixth week (Advanced lumbar spine stabilizing 

exercise)
   -   Alternatively quadruped opposite arm and leg while 

keeping back straight.
   -   Prone position with alternatively opposite arm and 

leg elevation. 
(7) The seventh week (Balance training) 
   -   Sit to stand exercise, tandem standing, tandem gait-

ing, change of direction. 
(8)   The eighth week (Advanced balance training using a 

balancing board) 
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Statistical analyses
The Statistical Package for Social Sciences software ver-

sion 18.0 (SPSS Inc., Chicago, IL, USA) was used for all 
statistical analyses. The Kolmogorov-Smirnov test was 
used to investigate distribution of data. All KFES-I, gait 
analysis parameters, posturography data except SI, and 
isokinetic parameters were normally distributed while 
ROM, MMT, MBI, BBS, TUG, SI parameters in posturog-
raphy, or TDS in gait analysis was not normally distrib-
uted. Paired t-test was used for comparison of normally 
distributed variables while Wilcoxon signed-rank test was 
used for not normally distributed variables. To compare 
the group with fall experience and the group without fall 
experience, delta values were calculated between pre- 
and post-exercise values. Comparisons between groups 
were done by independent t-test for normally distributed 
variables and by Mann-Whitney U test for not normally 
distributed variables. Pearson test for normal distribu-
tion data and Spearman correlation test for not normally 
distributed data were used to evaluate correlations of 
KFES-I with other parameters. A p-value of less than 0.05 
was considered statistically significant.

RESULTS

All participants completed the evaluation before and 
after the exercise program. Baseline characteristics of 
participants are summarized in Table 1. 

Outcome differences before and after the exercise 
program 

Parameters before and after the fall prevention program 
are presented in Table 2.

After the exercise program, significant improvements 
in the right stride length (p=0.01) of gait analysis, knee 
extensor maximal strength on both sides with angular 
velocities of 120 rad/s and 210 rad/s (p<0.00 and p<0.00), 
MBI (p=0.012), MBI-gait (p=0.036), BBS (p<0.00), TUG 
test (p<0.000), and KFES-I (p<0.000) were noted. Howev-
er, ROM and MMT including cadence, walking speed, the 
proportion of IDS and TDS in gait cycle by gait analysis, 
and WDI and SI in posturography showed no significant 
changes. 

Correlations of KFES-I with other quantitative gait 
parameters 

KFES-I was significantly correlated with MBI (r=-0.350, 
p=0.013) and MBI-gait (r=-0.341, p=0.015). 

Comparison of parameters based on fall experience 
Of 50 participants, 33 had fall experiences and 17 had 

no fall experience. In the comparison of the effect of ex-
ercise based on fall experience, KFES-I, MBI, and MBI-
gait parameters were similar between the two groups 
(p=0.24, p=0.21, and p=0.37, respectively). However, 
there were significant differences in KFES-I before (faller 
39.18±12.47, non-faller 30.82±10.77; p=0.023) and af-
ter the exercise program (faller 33.48±12.44, non-faller 
25.12±8.62; p=0.008). 

DISCUSSION

In this retrospective study, we attempted to primarily 
evaluate effects of exercise program in decreasing FOF 
using KFES-I in elderly people after an 8-week exercise. 
In addition, we applied more quantitative gait and bal-
ance parameters of gait analysis, isokinetic dynamom-
eter, and posturography for objective results compared 
to previous studies. Therefore, we aimed to determine 
correlations of the KFES-I with other gait and balance 
parameters through exercise program in older men. We 
observed an increase of functional and balancing abil-
ity in participants through exercises for preventing falls. 
KFES-I scores were improved, suggesting a decrease in 
FOF which was significantly correlated with MBI gait 
parameters. Thus, regular stretching, strengthening, and 
balancing exercises may help prevent falls in older peo-
ple.

FOF is known to be a strong risk factor of balance dis-
orders and falls that increase with age [5-9,20]. Although 
FOF makes an individual become protective of cautious 
situations, it can also result in excessive avoidance, re-
duced activities, and increased risks of falls. As a result, 
fall and FOF show close relationship, making a vicious 
cycle by increasing each other and finally aggravating 
physical, social, and psychological status of the elderly 
[5-9]. FES-I was developed to measure fall efficacy of FOF 
with regard to physical, social, and psychological con-
cerns [12,13]. Several studies have evaluated fall efficacy 
using FES in community-dwelling elders and showed a 
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relationship between FOF and fall risk [21,22]. This was 
also applied in elderly individuals with stroke. It was 
proved to be an effective measurement tool to assess FOF 
in stroke patients [23]. In addition, one study has shown 

that the number of falls is positively correlated with FES 
(r=0.215, p=0.019) in idiopathic Parkinson disease [24]. 

FES-I was translated into Korean with excellent validity 
and reliability in 2010 [14]. However, studies about effects 

Table 2. Comparison of parameters between before and after the exercise program

 Parameter
Before After p-value

Right Left Right Left Right Left
Gait analysis

   Cadence (steps/min) 96.90±23.04 96.71±22.80 95.93±21.17 96.51±21.34 0.90 0.79

   Gait velocity (cm/s) 69.56±27.87 70.01±28.51 96.51±21.34 72.21±30.90 0.12 0.06

   Stride length (cm) 83.82±22.25 84.22±22.37 87.17±26.07 84.87±29.35 0.01* 0.59

   Stance phase (%) 66.81±5.01 64.33±7.06 65.89±5.21 65.06±5.22 0.09* 0.57

   Single support (%) 34.93±5.81 33.19±5.00 35.22±5.25 34.13±5.23 0.68 0.09*

   IDS 16.08 ±5.07 15.63±5.28 15.39±.30 15.42±5.18 0.21 0.62

   TDS 15.79±5.08 16.25±5.02 17.25±14.74 15.25±4.05 0.56 0.12

Isokinetic dynamometera)

   120 rad/s 26.59±19.08 29.98±21.09 38.12±24.82 42.67±26.99 0.00* 0.00*

   210 rad/s 19.84±13.59 22.92±14.53 29.96±19.52 32.22±20.09 0.00* 0.00*

MMT

   Hip flexor 4.60±5.18 3.78±0.79 3.96±0.83 3.80±0.76 0.637 0.827

   Hip extensor 4.02±0.77 3.90±0.74 4.04±0.81 3.88±0.77 0.796 0.827

   Knee flexor 4.00±0.83 3.80±0.90 4.00±0.83 3.78±0.89 1.00 0.827

   Knee extensor 4.00±0.83 3.80±0.90 4.00±0.83 3.84±0.87 1.00 0.637

   Ankle dorsiflexor 3.96±1.05 3.86±0.79 4.06±0.79 3.92±0.73 0.225 0.513

   Ankle plantarflexor 3.98±1.02 3.92±0.79 3.94±0.91 3.92±0.73 0.593 1.00

ROM

   Hip flexion 99.69±1.58 99.70±1.57 99.60±1.70 99.60±1.70 0.317 0.317

   Hip extension 28.40±12.35 33.80±31.83 28.80±4.35 34.60±31.41 0.235 0.244

   Knee flexion 147.10±17.09 146.20±21.56 148.40±5.75 146.40±21.26 1.00 1.00

   Ankle dorsiflexion 21.30±18.92 18.47±4.23 19.70±3.41 19.18±5.98 0.234 0.419

   Ankle plantarflexion 37.60±7.37 36.63±10.17 38.30±7.11 38.27±7.18 0.31 0.08

Posturography

   WDI 10.35±6.06 11.48±8.24 0.24 

   Stability index 33.35±23.93 31.71±18.99 0.63 

MBI 90.70±9.77 92.76±8.54 0.012*

MBI-gait 20.62±4.60 21.56±4.00 0.036*

BBS 41.68±10.27 44.72±9.88 0.000*

TUG 21.25±16.14 16.82±11.50 0.000*

KFES-I 36.34±12.46 30.64±11.89 0.000*

Values are presented as mean±standard deviation.
IDS, initial double stance; TDS, terminal double stance; MMT, manual muscle test; ROM, range of motion; WDI, 
Weight Distribution Index; MBI, Modified Barthel Index; BBS, Berg Balance Scale; TUG test, Timed Up and Go test; 
KFES-I, Korean version of Fall Efficacy International Scale.
a)Knee extensor (left=0.637, right=1.000).
*p<0.05.
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of exercise on falling in elderly people in Korea were lim-
ited. Lim et al. [22] have evaluated short-term and long-
term effects of integrated fall prevention program com-
prised of exercises and found that such program could 
reduce the rate of falls in recent 1 year after 1 year of fol-
low-up. However, such program had no significant effect 
on FOF with FES or ABC (p=0.53 or p=0.35, respectively), 
but not using KFES-I [22]. On the contrary, Jung et al. [25] 
have evaluated the relationship between exercise effect 
and FOF using KFES-I. KFES-I was significantly improved 
in the multifactorial program group (p<0.05). However, 
the number of enrolled participants was small (n=25 in 
two groups) and all patients were stroke-patients in re-
cent 1 year. On the basis of these limitations, we applied 
an exercise program composed of stretching, strengthen-
ing, and balancing exercises for 8 weeks in a group-based 
manner. Then we compared FOF using KFES-I and other 
quantitative gait and balance variables through the ex-
ercise program in community-dwelling elderly men. As 
a result, there were significant improvements in KFES-I, 
stride length, knee extensor maximal strength at an an-
gular velocity of 120 rad/s and 210 rad/s, MBI, BBS, and 
TUG scores after exercises (Table 2). In addition, KFES-
I showed significantly negative correlation with MBI 
(r=-0.35, p=0.013) and MBI gait parameters (r=-0.341, 
p=0.015), meaning that reducing FOF might continue to 
improve gait ability. Unfortunately, there was no signifi-
cant correlation between KFES-I and other quantitative 
gait or balance parameters. Furthermore, the compari-
son based on fall experience revealed that KFES-I and 
MBI-gait were improved in both groups. However, they 
showed no significant difference between the two groups 
(p=0.244 and p=0.374, respectively). 

Most studies have emphasized the importance of re-
ducing FOF to prevent falls. Results of the present study 
revealed that an 8-week exercise program decreased FOF 
and its correlation with other gait parameters. Through 
such exercise, FOF decrement and improved gait param-
eters occurred simultaneously. These results were con-
sistent with other studies showing significant decrease in 
FOF and improvement for some parameters of gait and 
balance status [17,18,26-30]. Barnett et al. [26] have stud-
ied a 1-year community-based group exercise program of 
strengthening and balance exercises with significant im-
provements in postural sway on the floor with eyes open 
and eyes closed and coordinated stability than controls. 

In addition, Cadore et al. [17] have reviewed thirteen tri-
als and concluded that multi-component exercise inter-
vention composed of strength, endurance, and balance 
training seems to be the best strategy to improve rate of 
falls, gait ability, balance, and strength performance in 
physically frail older adults. Donoghue et al. [31] have 
also reported that the FOF group shows reduced gait 
speed and stride length with increased double support 
phase, meaning that FOF can increase fall risk in gait pat-
tern. 

Furthermore, there was no significant difference in 
KFES-I based on fall experience through exercises. 
However, KFES-I showed significant difference be-
tween the two groups before the exercise program (faller 
39.18±12.47, non-faller 30.82±10.77; p=0.023) and after 
the program (faller 33.48±12.44, non-faller 25.12±8.62; 
p=0.008). This result explains that the elderly might de-
velop FOF after the fall significantly [7]. Effect of the ex-
ercise program in fallers showed as good as that in non-
fallers based on KFES-I. 

Interestingly, although no significant difference was 
found in MMT of knee extensor muscles (right knee 
extensor, p=1.0; left knee extensor, p=0.637) and flexor 
muscles (right knee flexor, p=1.0; left knee flexor, p=0.83) 
after exercise, there were significant improvements in 
both knee maximal strengths at an angular velocity of 
120 rad/s and 210 rad/s by isokinetic dynamometer (all 
p<0.000) (Table 2). This result showed strengths of quan-
titative measurements on evaluation. Even though not all 
improvements were significant, it was a strength of this 
study that more quantitative gait and balance variables 
were evaluated using gait analysis, posturography, and 
isokinetic dynamometer parameters. 

This study has some limitations. First, it does not rep-
resent the general population of community-living older 
individuals. This study only enrolled elderly participants 
who had completed and were evaluated before and after 
the exercise program. Thus, results obtained were con-
centrated on mild gait and balance disturbance. Second, 
although this study was focused on the relationship be-
tween KFES-I and other variables on exercises, a control 
group was lacking to compare the effect of exercises. 
Third, women did not participate in our exercise pro-
gram. 

In this study, risk of falls was significantly improved 
through exercise and that KFES-I had negatively signifi-
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cant correlation with gait ability. In addition, participants 
showed an increase in gait and balancing ability on 
quantitative measurements through exercises. Therefore, 
regular stretching, strengthening, and balancing exer-
cises may help prevent falls in older people. 
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