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ABSTRACT

[TITEEHE Knee osteoarthritis is one of the most common musculoskeletal disorders affecting balance. It is
also a risk factor for falling in older people. People with a history of falling, whether being injured or not,
acquire a fear of potential falling, so they limit their functional activities, leading to decreased mobility,
muscle weakness, and increased risk of falling in the future. Evaluating the relationship between balance
and fear of falling in these patients can detect the disability mechanisms and falling and also help find more
effective therapeutic methods for these patients. Some previous studies evaluated the stability of patients
by clinical methods in static situations and related it to fear of falling. However, the walking stability of
patients was not assessed by laboratory-based systems in previous studies. Therefore, we aimed to
evaluate dynamic (during walking and based on the center of mass sways) and static stability (based on
the center of pressure sways) and their relationship with falling risk in patients with knee osteoarthritis.
Thisis a descriptive cross-sectional study. A group of 15 subjects with mild to moderate
knee osteoarthritis with a Mean1SD age of 5013.22 years and 15 normal subjects with comparable age,
height, and weight participated in this study. The subjects’ standing stability was evaluated using a Kistler
force plate based on mediolateral (ML) and anteroposterior (AP) displacements of the center of pressure.
Also, the dynamic stability of the subjects was evaluated during walking and based on the center of mass-
base of support relationship in AP and ML directions. Kinematic data were collected using a motion
analysis system with 7 high-speed cameras and a Kistler force plate. To model the body segments, the
output of Qualisys track manager software was exported to Visual 3D software. Fear of falling was assessed
by the native version of the fall efficacy scale (FES-1). The normal distribution of data was checked by the
Shapiro-Wilk test. The independent samples t-test was used to compare the stability of patients and
normal subjects. The Pearson correlation coefficient was used to evaluate the relationships between static
and dynamic stability parameters and fear of falling in patients with knee osteoarthritis.

[T Patients with knee osteoarthritis had less stability during standing and walking than healthy
subjects (P<0.05). Moreover, based on the results of this study, there was a linear relationship
between the center of body pressure (COP) excursions in the AP direction and the fear of falling
scale. Still, it was not significant (r=0.416, P=0.123), and there was no correlation between the other
COP parameters with FES (r=0, P>0.05). The correlations between mean center of mass (COM)
excursion in AP and ML directions and FES were 0.309 and -0.123, respectively; however, these
correlations were also not statistically significant (P>0.05).
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[T Based on the results of this study, there is no significant relationship between static and dynamic
stability of the patients with mild to moderate knee osteoarthritis (based on COP-COM variables) and the
fall efficiency scale. So, it seems that to improve these patients’ functional abilities, and the therapists must
focus on the other parameters that affect the falling, such as reducing pain, improving proprioception,
and enhancing muscle strength. It is suggested that future studies include a more varied age range of
elderly people and evaluate all contributing factors in falling of patients with knee osteoarthritis (such
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laboratory-based and clinical tests.

as pain, proprioception, vision, and muscle strength) and also evaluate the stability of patients with both

[EIEE standing stability, Dynamic stability, Fear of falling, Knee osteoarthritis

English Version
Introduction

steoarthritis is one of the most common
knee joint disorders. Epidemiological
studies show that about 17% of Iran’s
population has knee osteoarthritis [1].
Knee osteoarthritis is considered one of
the risk factors for falling in elderly people [2-4]. Vi-
sion disorders, decreased muscle strength and activity,
knee joint proprioceptive disorder, and balance disorder
are the most important factors affecting falls in patients
with knee osteoarthritis [4-6]. Whether injured or not,
patients who fall are afraid of falling again and there-
fore limit their functional activities to prevent a possible
fall. This condition will restrict patients’ mobility, cause
muscle weakness, and increase the risk of falling in the
future [7]. It has also been stated that there is a fear of
falling in adults with or without a history of falling [8].

Maintaining balance is essential for daily activities [9,
10]. Several studies have shown that patients with knee
osteoarthritis have greater postural fluctuations than
healthy people [9, 11-13]. Afferent sensory data from vi-
sion, vestibular, and somatosensory systems participate in
balance control. The central processing of this informa-
tion leads to a neuromuscular response that maintains the
body’s center of gravity within the range of body support
[14]. Therefore, balance disorder increases the risk of fall-
ing and reduces the ability to walk.

One of the methods to evaluate postural balance is us-
ing a force plate that measures postural fluctuations dur-
ing standing or walking [15-18]. Confusion of postural
volatility is the main cause of falling and fear of its re-
currence in patients with knee osteoarthritis; also, falling
is the cause of secondary injuries to patients. Therefore,
evaluating the relationship between balance and the fear
of falling in patients with knee osteoarthritis can lead to
diagnosing the mechanism of disability and falling and
help find effective treatment methods for them [9, 19].

Several studies have investigated postural balance and
the risk of falling in elderly people and patients with knee
osteoarthritis [19-25]. In these studies, the balance has
been evaluated with several clinical tests [20-22], includ-
ing the functional reach test, step test [21], and timed up
and go test[19, 20]. Also, systems such as NeuroCom Bal-
ance Master [21] and Biodex are used in this regard [19,
23, 24]. In these studies, balance and its relationship with
the fear of falling have often been measured using clinical
tests. In contrast, the NeuroCom and the Biodex balance
systems are used to assess postural balance, and balance
during walking has not been used in all previous studies.
Therefore, the current study aims to evaluate the dynamic
balance of patients with knee osteoarthritis compared to
healthy people (exclusively during walking and based on
the fluctuations of the body’s center of pressure and the
body’s center of gravity) and to evaluate the static balance
using biomechanical parameters (fluctuations of the plan-
tar pressure center) and its relationship with fear of falling.

Materials and Methods

The current research is descriptive cross-sectional. Re-
garding confounding variables, 15 patients with mild to
moderate knee osteoarthritis and 15 healthy individuals
matched with the patient group participated in this study
(Table 1).

The P>0.05 for all confounding variables between the
two groups, which means that the variables are ineffective
in the balance of the participants.

The inclusion criteria in the selected patients were as
follows: having mild to moderate severity of knee osteo-
arthritis, mild to moderate pain intensity (based on the
VAS scale, mild pain=0-3, moderate pain=4-6) [26, 27],
being independent in performing daily activities, lacking
any skeletal-muscular disorder affecting people’s ability
to walk and stand, and the ability to walk without any as-
sistive devices. Patients with a history of knee surgery and
lower limb fracture, a history of falls, and patients under-
going physiotherapy treatment or drug treatment affecting
balance, such as sedatives, were excluded from the study.
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Table 1. Demographic information of the participants
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Mean+SD
Variables P
Case Group Control Group
Age (y) 50+3.22 49.6+4.32 0.776
Height (cm) 158.8615.24 163.13+9.50 0.139
Wight (kg) 73.33%14.5 67.3£12.81 0.237
Gender (man/woman) 9.6 9.6 -

Archives of

Rehabilitation

“P-value of all confounding variables between two groups is more than 0.05. it means that these variables have not any effect on

stability of participants.

The international fall efficacy scale (FES-I) was used to
assess the fear of falling. The patients’ balance was evalu-
ated in static and dynamic situations (standing and walk-
ing, respectively).

The process of performing the balance test

To check the static balance of the participants in the
study, a Kistler force plate (60x50 cm, model 9260AA,
manufactured by Kistler, Switzerland) was used to collect
the data of the center of body pressure (COP) along the
x and y axes, which represent the anterior-posterior and
internal-external directions, respectively. The data were
collected with a frequency of 100 Hz and filtered with a
Butterworth low-pass filter with a cut off frequency of 10
hz [28, 29].

Standing stability of participants in study was measured
based on following equations (Equations 1-6):

COPEAP: Center of pressure excursion in the antero-
posterior direction, COPEML: Center of pressure excur-
sion in the mediolateral direction, PLAP: Path length of
COP in the anteroposterior direction, LML: Path length
of COP in the mediolateral direction, VAP: Velocity of
center of pressure sways in the anteroposterior plane,
VML: Velocity of center of pressure sways in the medio-
lateral plane.

Equation 1. COPEAP(mm)= X -X .
max min

Equation2. COP EML (mm)=Y___ -Y .
max min

n-1 2

Equation 3. PLAP (mm)= % \/(x, , | =x))

. n—1
Equation 4. pLMLmm)= ¥, m

-1
STl a2

i+1 i
Equation 5. VAP (mm/min) = p

n=-11—— 5

Equation 6. VML(mm/min) = p

The dynamic balance of the participants in the study
was determined based on the relationship between the
body’s center of mass (COM) and the range of the base
of support (BOS) in anterior-posterior and internal-
external directions [30-32]. The kinematic information
of people’s walking was collected using the Qualisys
motion analysis system equipped with 7 cameras and
a frequency of 100 Hz. Twenty reflective markers with
a diameter of 14 mm were pasted on the anatomical
landmarks [31]. Markers were named and defined in
Tract Manager software version 2.7 (Analysis Motion
Capture Company, Gothenburg, Sweden). The right
and left legs, both sides of the calf, pelvis, trunk, and
head, were modeled. The main parameters for assess-
ing dynamic balance are the normalized displacement
of the body’s COM in anterior-posterior, internal-ex-
ternal, and vertical directions and walking speed.

Statistical analysis of data was done with SPSS soft-
ware, version 16 (Chicago, SPSS Inc). To check the
normal distribution of data, the Shapiro-Wilk test was
used. To compare the balance of patients and healthy
people, the independent samples t-test was used. The
relationship between static and dynamic balance pa-
rameters and fear of falling was measured using the
Pearson correlation coefficient.

Kavyani Boroujeni M et al. Evaluation the Stability and its Correlation With Fear of Falling in Patients With Knee Osteoarthritis. RJ. 2023; 24(1):76-95

78




April 2023. Vol 24. Num 1

Results

The static balance variables of healthy people and
patients with knee osteoarthritis are shown in Table 2.
The relationship between the static balance variables
and the fear of falling scale is shown in Table 3. Based
on the results of the present study, there is a significant
statistical difference between the static balance param-
eters of the two study groups (P>0.05). Also, based on
the results of the balance analysis of the patients, there
was a direct relationship between the fluctuations of
the body pressure center in the anterior-posterior direc-
tion and the scale of fear of falling, but it was not statis-
tically significant (r=0.416, P=0.123). An inverse rela-
tionship existed between the fluctuations of the body’s
center of pressure in the internal-external direction and
the fear of falling scale (r=0.249, P=0.371). Also, no
relationship was found between other parameters of
the body pressure center and FES (r=0).

Dynamic balance parameters of patients compared to
healthy people are presented in Table 4. Based on the re-
sults, the number of parameters related to the fluctuations
of the body’s center of mass in patients was significantly
lower than the healthy individuals. Also, the measurement
of the participants’ walking speed in the study showed
that the amount of this variable in patients is significantly
lower than in healthy people (0.96+0.18 compared to
1.3£0.196, P<0.05). The mean parameters of body center
of gravity fluctuations and their relationship with the fear
of falling scale are shown in Table 5. The relationship be-
tween the center of body mass fluctuations in the anterior-
posterior, internal-external, and vertical directions and the
fear of falling scale were obtained at 0.309, -0.123, and
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-0.026, respectively. However, these relationships were
not statistically significant (P<0.05).

Based on the results, the MeantSD FES scores in
patients and healthy subjects were 32.73+10.06 and
18.13£1.35, respectively (P<0.05).

Discussion

Maintaining balance while standing and walking is im-
portant for daily activities. Many studies have shown that
measuring balance during standing and walking can pre-
dict the risk of falling in people [33, 34]. The results of
the present study showed that the COP in patients with
knee osteoarthritis greatly fluctuates during standing,
and therefore these patients have less static balance than
healthy people (Table 1). This finding aligns with stud-
ies investigating the static balance of patients with knee
osteoarthritis [9, 11-13, 35-38]. The main reason for the
decrease in the static balance of these patients compared
to healthy people can be related to their limbs, disturbance
in proprioception, and the decrease in patients’ muscle
strength compared to healthy people.

The results of the present study showed that the fluc-
tuations of the plantar pressure center in the anterior-
posterior and internal-external directions have a direct
and inverse relationship with the scale of fear of falling,
respectively. However, this relationship was not statisti-
cally significant. The present study’s results align with the
results of Taglietti et al. [13]. In their study, as in the cur-
rent study, no significant relationship was found between
the parameters of the plantar pressure center and the FES
scale. This result may happen because the plantar pressure

Table 2. Comparing static balance parameters of knee osteoarthritis patients and healthy individuals

Mean+SD
Variables P
Case Control
Path length of the center of pressure excursion in the anterior-posterior 252297542292 839 593.681+105.114 0.003
direction (mm)
Path length of the center of prgssure excursion in the inner-outer 2026.295+.672.523 646.376+119.583 <0.0001
direction(mm)
Mean cop excursion in the Anterior-posterior direction (mm) 48.04+21.72 50.94+18.68 <0.0001
Mean cop excursion in the internal-external direction (mm) 24.97+12.64 64.86110.78 <0.0001
Pressure excursion in mediolateral direction (mm/min) 5045.945+4585.681 1187.363+210.229 003.0
Velocity of center of pressure excursion in internal-externall direction 12927534239 166 4052.586+1345.049 <0.0001

(mm/min)
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Table 3. Relationship between fear of falling and static balance parameters using the Pearson correlation

FES-I1 Questionnaire

+ +

Static Balance Parameters MeanSD {Ieant SBT3, 064 32:10)

r P
Mean center of presst.Jre excurs-|0n |r.1 the- center of pressure in the 48.04+21.72 0416 0123

anterior-posterior direction (mm)
Path length of the center of press(t::;l)n the anterior-posterior direction 2522.97542292 839 0.008 0.978
Velocity of the COP excurspn |n_ the.center of pressure in the anterior- 5045.945+4585.681 0.008 0978
posterior direction (mm/min)
Mean cop excursion of the cgnte!' of pressure in the internal-external 24.97+12.64 -0.249 0371
direction (mm)

Path length of cop inin the inner-outer direction (mm) 2026.2951672.523 0.018 0.950
Velocity of center of pressure excursion in the internal-external direc- 4052.586+1345.049 0,018 0.950

tion (mm/min)
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Table 4. Comparing dynamic balance parameters (while walking) in knee osteoarthritis patients and healthy people

Mean+SD
Variables P
Case Control
Mean center of body mass excursion in anterior-posterior direction 1.095+0.236 5.892+2.102 <0.0001
Mean center of body mass excursion in mediolateral direction 0.249+0.086 0.317+0.093 0.05
Mean center of body mass excursion in vertical direction 0.0363+0.0063 0.184+0.212 0.011
Walking speed (meters per second) 0.9610.18 1.3+0.196 <0.0001

center variables do not represent performance. Therefore
itis incorrect to relate the plantar pressure center variables
to people’s confidence to perform daily activities [13]. It
has also been stated that people’s emotions and stress af-
fect the results of the FES questionnaire [24]. Therefore,
although in the current study, similar to previous studies,
the stability of knee osteoarthritis patients is less than in
normal people, there was no significant statistical rela-
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tionship between the variables of the body’s COP and the
variables of the body’s center of mass with the FES scale.
Another reason for this finding could be the inclusion of
people with unilateral osteoarthritis in the current study so
that in some studies reporting balance disorders in these
patients, people with bilateral knee osteoarthritis were
examined [19, 25, 36]. Also, the current study’s balance
measurement tool differs from previous studies.

Table 5. Relationship between fear of falling and dynamic balance parameters using the Pearson correlation

FES-1 Questionnaire
(Mean1SD 73.06+32.10)

Dynamic Balance Parameters (Mean1SD
r P
Mean center of body mass excursion in Anterior-Posterior direction 1.095+0.236 0.309 0.262
Mean center of body mass excursion in mediolateral direction 0.249+0.086 -0.123 0.662
Mean center of body mass excursion in vertical direction 0.0363+0.0063 -0.026 0.928
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Another variable examined in the present study was
dynamic balance. Based on the results, the fluctuation in
the body’s center of mass and walking speed in patients
were lower than that of healthy people (Table 4). Walking
speed is an important variable in evaluating the dynamic
balance of people [32]. A higher walking speed requires
more dynamic balance [39, 40]. If the walking speed were
constant, the decrease in the body’s center of mass fluc-
tuations would indicate increased dynamic balance dur-
ing walking [32]. In contrast, the decrease in the body’s
center of mass fluctuations in both anterior-posterior and
internal-external directions was obtained with a decrease
in walking speed. In patients, this issue indicates a de-
creased dynamic balance [32]. The decrease in the walk-
ing speed of these patients compared to healthy people
can be due to their greater fear of falling [41] or due to the
presence of posture flexion in the joints of the lower limbs
of patients with knee osteoarthritis (ankle dorsiflexion
and joint flexion, knee, and hip) and therefore decrease
the range of motion of these joints in the sagittal plane
(flexion-extension of hip and knee joints) compared to
healthy people [35].

Based on the results of the present study, there is no sig-
nificant relationship between the body’s center of mass
during walking and the fear of falling (P>0.05). In other
words, the dynamic balance of knee osteoarthritis patients
is not responsible for their fear of falling during daily ac-
tivities. One of the factors affecting the fear of falling is
pain. Pain affects muscle strength and coordination, pos-
tural fluctuations, strength, movement, and the ability to
walk and increases the risk of falling [12, 42]. Therefore,
in the present study, considering the lack of correlation
between balance parameters and fear of falling, patients’
mild to moderate pain can be a possible reason for their
greater fear of falling during daily activities compared to
healthy people. Therefore, it is recommended that in fu-
ture studies, in addition to investigating the effect of dif-
ferent severities of osteoarthritis on patients’ balance, the
variable of pain also be measured as a risk factor in the
occurrence of falls and the fear of falling. Also, to deter-
mine the net effect of balance disorder on the level of fear
of falling in these patients, it is necessary to investigate
and control other factors that are effective in causing falls,
such as visual, vestibular, somatosensory, proprioceptive,
and muscle strength disorders.

Conclusion

Based on the results of the present study, patients with
knee osteoarthritis have less balance during standing and
walking than healthy people. There is no significant re-
lationship between the static and dynamic balance vari-
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ables of people with mild to moderate knee osteoarthritis
(respectively, based on the body pressure center and cen-
ter of body mass) and the fear of falling scale. Therefore,
to improve the functional abilities of these patients, the
therapist should focus on other parameters affecting falls,
such as reducing pain, improving muscle strength, and
proprioception.
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2. Walking stability
3. Center of Mass (COM)
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10. Center of Mass (COM)
11. Base of support (BOS)
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6. Center of Pressure (COP)
7. Path length

8. Velocity

9. Excursion
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