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Summary. Background and Objective. The aim of this study was to compare the leg extensor
muscle strength, the postural stability, and the fear of falling in the women with severe knee joint
osteoarthritis (OA) before and after a 2-month home exercise program (HEP).
Material and Methods. In total, 17 women aged 46–72 years with late-stage knee joint OA
scheduled for total knee arthroplasty participated in this study before and after the 2-month HEP
with strengthening, stretching, balance, and step exercises. The isometric peak torque (PT) of the
leg extensors and postural stability characteristics when standing on a firm or a foam surface for 30
seconds were recorded. The fear of falling and the pain intensity (VAS) were estimated.
Results. A significant increase in the PT and the PT-to-body weight (PT-to-BW) ratio of the
involved leg as well as the bilateral PT and the PT-to-BW ratio was found after the 2-month HEP
compared with the data before the HEP (P<0.05). The PT and the PT-to-BW ratio of the involved
leg were significantly lower compared with the uninvolved leg before the HEP (P<0.05). The center
of the pressure sway length (foam surface) decreased significantly after the HEP (P<0.05). Significant correlations were found between the PT of the involved leg and the bilateral PT and the fear of
falling and between the PT of the involved leg and the postural sway (foam surface) before the HEP.
Conclusions. After the 2-month HEP, the leg extensor muscle strength increased and the postural sway length on a foam surface decreased. The results indicate that the increased leg extensor
muscle strength improves postural stability and diminishes the fear of falling in women with latestage knee joint OA.
Introduction
Exercise is a key component in the management of osteoarthritis (OA) symptoms and has
been shown to be beneficial to patients with OA of
different severity (1). A review of the most recent
evidence-based studies found that strength training, aquatic therapy, and balance and perturbation
therapy were most beneficial with respect to pain
reduction and function improvement (2). However,
many of these programs require intensive supervision and sophisticated equipment, whereas it has
been found that a home exercise program for patients with knee joint OA provides important benefits (3). An easy home-based exercise program
designed to improve the strength of muscles acting
around the knee, range of motion at the knee joint,
and the locomotor function can significantly reduce
knee pain (4). Preparation for stress of total knee arthroplasty (TKA) by exercise training may improve
the strength and the function before surgery and, if
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effective, has the potential to contribute to postoperative recovery (5). The preoperative performance
of functional tasks has been shown to be a predictor of postoperative performance (6). There is also
convincing evidence that exercise improves muscle
sensorimotor dysfunction and reduces pain and disability without exacerbating joint damage (7).
The risk of falling increases almost 2.5 times in
those with lower extremity OA compared with agematched controls. However, underlying mechanisms
are not fully clear (8). Balance deficits have been
associated with an increased risk of falls and poorer mobility in the elderly (9). Increased joint pain,
decreased muscle strength (10), and impairments
in knee joint proprioception (10, 11) may particularly influence postural sway. Other functional outcomes, such as the gait pattern, may also be related
to falls (8). It has been previously found that muscle
strength and body balance measures improve significantly following resistance training intervention (12).
A short-term exercise program including resistance
training using Thera-Bands, flexibility, step exercise,
and light walking at least 3 times per week for 4–8
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weeks before TKA has been effective for increasing
the strength and the function in people with severe
OA. The program has also been found to be easily
transferred to home environment (5).
Knee joint OA is a very common condition in
the elderly. It affects women more often than men
and causes functional impairment (e.g., limitations
in the ability to walk, use stairs, and rise from a
chair), poor quality of life, and in severe cases, leads
to joint arthroplasty. Interventions aiming at muscle
strengthening, postural stability training, and reduction of the fear of falling are very important not only
in a short-term perspective but can possibly improve
the results of operative treatment. Research on preoperative home exercise programs and their effect
on leg extensor muscle strength, postural stability,
and the fear of falling in women with knee joint OA
has not been elucidated enough in literature.
The aim of the present study was to investigate the
changes in the isometric strength of the leg extensors and the postural stability and the correlations of
the isometric strength and the postural stability with
the self-reported fear of falling in the women with
late-stage knee joint OA who performed a 2-month
preoperative home exercise program (HEP) before
scheduled unilateral TKA.
Material and Methods
Subjects. Seventeen women aged 46–72 years
with severe knee joint OA (stage 3–4 [13]) scheduled
for primary TKA participated in this longitudinal
study twice: before and 2 months after performing
the HEP. The subjects were recruited by an orthopedic surgeon between February 2011 and August
2012. The inclusion criteria for the subjects were
as follows: diagnosis of stage 3–4 knee joint OA,
scheduled unilateral TKA, independent walking
without a walking aid, and motivation to perform
the HEP. The exclusion criteria for the subjects included other musculoskeletal diseases, neurological
diseases, and diseases affecting balance and coordination. On the day of the assessments, the subjects
did not take any inflammatory or pain-relieving
medications, and the assessments were conducted
in the morning. All the subjects signed written consent to participate in the study voluntarily. The Ethics Committee of the University approved this study.
Home Exercise Program. The preoperative therapeutic HEP composed by a physiotherapist was oriented toward muscle strengthening exercises with
an elastic band (Thera-Band, System of Progressive Exercise, USA), stretching, balance, and step
exercises. The subjects received a detailed handout
with pictures and descriptions of the exercises. The
HEP included the same exercises for all the patients.
At the first meeting, the physiotherapist taught the
exercise program to the patients and gave them an

elastic band set with 3 resistance levels, a printed
handout, and a training diary. Once a week, the
physiotherapist reached the patients by phone and
asked them about the HEP and any problems with
the knee (14). The patients performed the HEP for
an average of 64 days (an average of 25 minutes a
day) and recorded various data in their diary every
day, i.e., how many times they performed each exercise, training time, perception of pain before and
after the HEP, time spent in outdoor walking, and
the number of stairs climbed during the day. It has
been previously shown that the implementation of
a resistance band and a step exercise program can
increase the leg strength in the surgical leg, decrease
the leg strength asymmetry (5), improve balance
(12), and increase the ability to perform functional
tasks for individuals with severe OA before TKA
(5). Balance therapy has been found to be beneficial
with respect to pain reduction and function improvement (9).
Postural Sway Measurement. For the assessment
of the postural stability, the subjects stood bipedally on a force plate (Kistler 9286A, Switzerland)
on a firm surface and a foam surface (balance pad)
for 30 seconds. The following postural sway characteristics were recorded using the SWAY® software
of the movement analysis system Elite Clinic (BTS
S.p.A., Italy): the center of the pressure (COP) sway
in the anterior-posterior (AP) and the mediolateral
(ML) sway (mm) direction; the sway length (mm),
the radius (mm), and the area (mm2). All the characteristics were adjusted to the subject’s height (m)
and foot length (mm) (15).
Leg Extensor Muscle Strength Measurement. For
the measurement of the isometric strength of the leg
extensors, the subjects were seated into a specially
designed dynamometric chair in a sitting posture
with the angles of knee and hip flexion maintained
at 110° to 120°, respectively (16). The closed-chain
assessment of the entire lower-limb strength rather
than the open-chain measures of the knee extensor
strength may provide greater insight into functional
limitations after TKA (17).
The body position of the subjects was secured
by a Velcro belt placed over the hip to avoid sliding
forward. The feet were placed on a footplate (connected to a strain gauge) mounted on a steel bar
held in ball bearings on the frame. The isometric
strength of the leg extensor muscles was recorded
by a standard strain gauge transducer (1778 DST2, Russia). During testing, the subjects pushed the
footplate with maximal effort. Three trials were
measured (bilaterally and unilaterally) with a rest
period of 1 minute, and the best result was taken
into consideration. The peak torque (PT) in N∙m
and the peak torque-to-body weight (PT-to-BW)
ratio in N∙m∙kg–1 were calculated. All the measure-
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ments were initially performed on the less involved
leg (uninvolved leg) and then on the leg scheduled
for surgery (involved leg).
Fear of Falling Assessment. The Modified Falls
Efficacy Scale (MFES) questionnaire was used to
estimate the fear of falling. The scale was explained
to the subjects. The items on the scale are scored
from 0 to 10 points, with 0 points meaning “not
confident/not sure at all,” 5 points meaning “fairly confident/fairly sure,” and 10 points meaning
“completely confident/completely sure.” The subjects were asked the question, “How confident/sure
are you that you can do each of the activities without
falls?” (18). The score was calculated as an average
score divided by the number of the items rated (19).
The MFES has been shown to have a high retest
reliability in older people who experience falls and
those who not (18).
Knee Joint Pain Assessment. The self-reported
knee joint pain intensity in both knees was assessed
by a visual analogue scale (VAS), where 0 points
indicates no pain and 10 points indicates maximal
pain (VAS score values in mm were transformed to
the point scale where 10 mm was equal to 1 point).
The general knee joint pain intensity was assessed
before and after the 2-month HEP. The patients assessed the knee joint pain intensity directly before,
during, and after exercising, but the data are not
discussed in the present article. For patients who
underwent TKA, the standard VAS version (0- to
10-point scale) is more reliable than other knee pain
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Results
Leg Extensor Muscle Strength. The PT of the involved leg was significantly lower compared with the
uninvolved leg before the HEP (P<0.01), but after
the 2-month HEP, there were no significant differences between the legs. After the 2-month HEP, the
PT of the involved leg increased significantly compared with that before the HEP (P<0.05) (Fig. 1A).
After the 2-month HEP, the bilateral PT increased
significantly compared with that before the HEP
(from 533.8±62.7 to 679.3±101.7 N∙m, P<0.05).
The PT-to-BW ratio of the involved leg was significantly lower compared with the uninvolved leg
before the HEP (P<0.01), but no significant difference was found between the legs after the 2-month
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questionnaires (20).
Statistical Analysis. The data are presented by
means and standard errors (SE). One-way analysis of variance (ANOVA) followed by Turkey post
hoc comparisons was used to evaluate the differences between the involved and the uninvolved leg.
A paired t test was used to evaluate the differences
between pre- and post-HEP sessions. The Pearson
correlation coefficients were calculated to examine correlation between the quantitative variables.
The relationship between the leg extensor muscle
strength, the postural sway, and the fear of falling
characteristics was found by the Spearman rank correlation or Spearman ρ. P values of <0.05 were regarded as statistically significant.

After HEP

Before HEP

After HEP

Fig. 1. The isometric peak torque (PT) (A) and the peak torque-to-body weight (PT-to-BW) ratio (B) of the leg extensor
muscles of the involved and uninvolved legs in the women with knee joint osteoarthritis before and
after the 2-month home exercise program (HEP)
Values are means and error bars indicate standard error.
**P<0.01, ***P<0.001.
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Fear of Falling and Knee Joint Pain. The MFES
score did not differ significantly after the 2-month
HEP compared with that before the HEP (8.2±0.6
and 7.9±0.6 points, respectively; P>0.05). The knee
joint pain intensity of the involved leg according
to the VAS did not differ significantly after the
2-month HEP compared with that before the HEP
(4.4±0.5 and 5.0±0.4 points, respectively; P>0.05).
Correlations. A significant negative correlation
was noted between the COP sway radius and the
PT of the involved leg (r=–0.50, P<0.05), but the
correlation between the sway area and the PT of the
involved leg before the HEP (r=–0.40, P>0.05) was
not significant (Fig. 3).
Correlations Between Fear of Falling and Other
Measured Characteristics. Before the HEP, significant correlations were found between the PT of the
B
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HEP. The PT-to-BW ratio of the involved leg increased significantly after the HEP compared with
that before the HEP (P<0.05) (Fig. 1B). The bilateral PT-to-BW ratio increased significantly after the
2-month HEP compared with that before the HEP
(from 6.1±0.7 to 7.7±0.9 N∙m∙kg–1, P<0.05).
Postural Stability. The women with knee joint OA
demonstrated a significant decrease in the sway length
when standing on a foam surface after the 2-month
HEP (P<0.05) (Fig. 2D). The COP sway in the AP
and ML directions and the sway radius when standing
on a firm or a foam surface and the sway length on a
firm surface did not differ significantly after the HEP
(Fig. 2A-C). In the COP sway area, no significant
changes were found after the HEP (from 0.16±0.03
to 0.14±0.02 mm·m–1 on a firm surface and from
0.61±0.09 to 0.53±0.07 mm·m–1 on a foam surface).
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Fig. 2. The center of the pressure (COP) sway in the anterior-posterior (AP) and mediolateral (ML) directions,
the sway radius, and the length of quiet standing on a firm and a foam surface in the women with knee joint osteoarthritis before
and after the 2-month home exercise program (HEP)
Values are means and error bars indicate standard error.
*P<0.05.
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Fig. 3. The correlations between the isometric peak torque (PT) of the leg extensor muscles of the involved leg
and the center of the pressure sway radius (A) and the area (B) when standing on a foam surface in the women
with knee joint osteoarthritis (OA) before the 2-month home exercise program
Table. Correlations Between Leg Extensor Muscle Strength,
Postural Stability, Knee Joint Pain Intensity, and Fear
of Falling in Women With Late-Stage Knee Joint
Osteoarthritis (N=17)

PT of involved leg, N·m
PT-to-BW ratio of involved leg, N·m·kg–1
Bilateral PT, N·m
Sway length, m–1
ML sway, m–1

VAS
Score

MFES
Score

–0.54*
–0.29
0.01
0.52*
0.51*

0.46*
0.67*
0.50*
–0.37
0.04

PT, peak torque; PT-to-BW ratio, peak torque-to-body weight
ratio; ML, mediolateral; VAS, visual analogue scale;
MFES, Modified Falls Efficacy Scale.
*P<0.05.

involved leg and the VAS score (ρ=–0.54, P<0.05)
and the MFES score (ρ=0.46, P<0.05). Moreover, a significant correlation was noted between
the MFES score and the PT-to-BW ratio of the involved leg (ρ=0.67, P<0.05) as well as the bilateral PT (ρ=0.50, P<0.05) (Table). The VAS score
of pain intensity had a significant association with
the COP sway radius on a foam surface before the
HEP (ρ=0.52, P<0.05). After the 2-month HEP, a
significant correlation was found between the ML
sway and the VAS score (ρ=0.51, P<0.05) (Table).
Discussion
In the present study, the changes in the leg extensor muscle strength, the postural stability, and
the fear of falling as well as the relationship between

these characteristics were analyzed before and after
the 2-month HEP in the women with severe knee
joint OA scheduled for TKA. The main findings of
this study were the following: 1) after the 2-month
HEP, the isometric strength of the leg extensor muscles increased compared with that before the HEP;
2) the COP sway length when standing on a foam
surface decreased, whereas no significant changes
in other postural stability characteristics measured
when standing on a firm or a foam surface after the
2-month HEP were noted; and 3) a significant correlation between the unilateral and the bilateral leg
extensor muscle strength and the fear of falling was
found.
In the present study, the complex 2-month
HEP was used with a focus not only on strengthening exercises with additional resistance, but also on
stretching, balance, and step exercises under weekly
supervision of the professional physiotherapist. A
complex assessment of the patients’ status was performed before and after the 2-month HEP. The
muscle strength was investigated in the whole lower
limb extensor muscles as compared with classical
studies of the knee extensor muscles. The novelty of
the study gives an estimation of postural sway characteristics on 2 different surfaces (firm and foam).
The influence of anthropometric characteristics was
eliminated, i.e., the postural sway characteristics
were adjusted to the subjects’ height (m) and foot
length (mm) and the muscle strength to the subjects’ body weight (kg). The main limitation of the
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present study was a small sample size that may limit
the strength of the conclusions of this study. Another possible limitation was the duration of preoperative follow-up. With a longer follow-up and the
continued HEP, the patients might have continued
to recover in the measured characteristics.
In the present study, the isometric leg extensor muscle strength increased significantly after the
2-month HEP in the women with knee joint OA
scheduled for primary unilateral TKA. The unilateral PT of the involved leg and the bilateral PT increased remarkably compared with those before the
HEP (by 50% and 27.3%, respectively). Analogous
changes were noted in the PT-to-BW ratio of the involved leg and the bilateral PT-to-BW ratio (a significant increase by 52% and 25.9%, respectively). It
has been previously found that people with knee OA
compared with age- and sex-matched controls exert
less force during voluntary isometric contraction of
the quadriceps muscle, have less percentage activation of the quadriceps muscle, and also differ in the
ratio of quadriceps strength to weight (10). Isokinetic
and isometric PT loss of the knee flexors and extensors has been found in people with knee OA compared with controls (21). Strength measures improve
significantly following resistance and strength training intervention (12, 22), and home-based strength
training can produce substantial improvements in
strength, pain levels, physical function, and quality of
life in patients with knee OA (23). In a previous study,
individuals with knee OA who undertook a program
involving strength training for 8 weeks demonstrated
significant improvements in the knee muscle torque
(22). In the present study, the PT of the involved leg
was significantly lower (42.6%) compared with the
uninvolved leg before the HEP. After the 2-month
HEP, the data did not differ significantly between
the legs (a difference of 24.4%). The PT-to-BW ratio
of the involved leg was significantly lower (42.7%)
compared with the uninvolved leg before the HEP
but did not differ between the legs after the HEP (a
difference of 21.7%). A previously studied prehabilitation exercise program had the greatest impact on
the surgical leg with a little, if any, measurable impact
on the nonsurgical leg. The extension and the flexion strength of the surgical leg before the exercise
program was weaker in comparison with the nonsurgical leg. This asymmetry in the strength between
the surgical and the nonsurgical leg was reduced after
the exercise program (5). The results of that study
(5) and the present study indicate that leg strength
asymmetry may be reduced through the introduction
of preoperative exercises before TKA.
In the present study, a significant decrease in
the COP sway length was noted when standing on
a foam surface after the 2-month HEP compared
with that before the HEP. It has been previously

found that therapeutic exercises improve balance in
women with knee OA (24). Subjects with knee OA
compared with controls sway more in both the lateral and anteroposterior directions (10). Moreover,
an increase in the length and area of postural sway
as well as postural sway velocity has been reported
in people with knee OA as compared with healthy
subjects. It has been proposed that patients with OA
should be referred to participate in balance exercise
(11). In the present study, a significant correlation
was found between the unilateral PT of the involved
leg and the postural stability characteristics when
standing on a foam surface (sway radius). Quadriceps
strength (the ratio of maximal voluntary contraction
to body weight) and proprioception are clearly important for balance control, and both are compromised in people with knee OA (10). An increase in
postural sway may be due to an impairment in both
or one of these parameters. Therefore, muscle weakness resulting from the OA process, muscle dysfunction secondary to pain, and the additional effect of
an increased weight might all contribute to reduction in the ability of the muscle to maintain postural
stability and, thus, lead to an observed increase in
the frequency of sway (10). Strength and balance
measures improve significantly following resistance
training intervention, whereas it has been observed
that there is a significant association between balance
and strength outcomes (12). In the present study,
there also was a significant correlation between the
postural stability (the sway radius and the COP sway
in the ML direction on a foam surface) and the VAS
score of the pain intensity, which may explain why
there were no significant changes in most postural
stability characteristics as the knee joint pain did not
decrease after the 2-month HEP. Previous studies
have also found that knee joint pain intensity is related to postural stability (10).
In the present study, no significant difference in
the self-reported fear of falling (the MFES score)
was noted between the 2 measurements, i.e., there
was a 4.2% increase after the 2-month HEP compared with that before the HEP. Meanwhile, taskspecific training has been found to reduce falls efficiently in middle-aged and older women with OA of
lower extremities (8). Previous studies have shown
that multiple functional outcomes, e.g., gait and balance impairments and muscle weakness, are related
to falls (8). In the present study, a significant positive correlation was found between the leg extensor
muscle strength and the MFES score. Therefore, an
increase in the leg extensor muscle strength should
have reduced the fear of falling in the women with
knee joint OA. A more intensive preoperative approach should probably be recommended to reduce
the fear of falling (and improve the MFES score) in
persons with knee joint OA before TKA.
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Conclusions
The 2-month home exercise program led to increased leg extensor muscle strength in the women with severe knee joint osteoarthritis scheduled
for primary unilateral total knee arthroplasty. The
postural stability when standing on a firm surface
was not influenced by the home exercise program,
whereas the postural stability when standing on a
foam surface was improved by the home exercise
program. The home exercise program did not influence the self-estimated fear of falling. The results of the study confirmed that the postural stability and the self-estimated fear of falling were
influenced by the leg extensor muscle strength in
the women with late-stage knee joint osteoarthritis. A more intensive preoperative approach should
be recommended to improve the abovementioned
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