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ABSTRACT

Improper distribution of foot pressure and abnormal balance on the foot in patients with total knee arthroplasty (TKA) can lead to early
mechanical failure in surgery and the prosthesis. Therefore, this study aimed to investigate the effect of balance exercises on foot pressure
distribution after TKA. In this randomized clinical trial, 30 subjects with total knee arthroplasty were included. The subjects were
randomly divided into a routine exercise group and a balance exercise group.

The rehabilitation program was conducted for 30 minutes, 6 days a week, and for 12 sessions. Patients were evaluated before and after
surgery, as well as after the intervention, were evaluated in terms of foot plantar pressure, forefoot pressure, rearfoot pressure, surface
in contact with the ground in the foot, ellipse area, and center of pressure (COP) path length using a foot pressure scanning machine.
Pain intensity in patients was measured using a visual analog scale (VAS). Data were analyzed using multiple ANOVA repeated measures
and the Bonferroni test (P<0.05). The results showed that there is a significant difference in the foot plantar pressure distribution before
and after balance exercises (p<0.05). The shift of the sole pressure from the forefoot to the rear foot was significant in the group of
balance exercises (p<<0.05). Also, balance exercises are more effective in reducing pain intensity compared to routine exercises
(P<0.0001). The amount of pressure distribution after the intervention in both legs is not significant in the balance exercise group
(p>0.05) The results show that balance exercises are effective in improving plantar pressure distribution and balance in patients with
total knee arthroplasty. Additionally, balance exercises have a positive effect on achieving a proper pressure distribution on both
legs. Therefore, it is recommended that in addition to routine exercises, balance exercises should also be considered in subjects with
total knee arthroplasty.
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Introduction a major portion of knee joint proprioception provided by the

receptors on the joint surface, with only a remaining portion

provided by the tendons, capsules, and ligaments surrounding

Total knee arthroplasty (TKA) is one of the most common
surgeries  performed and its number has been  gradually
increasing in recent years (1, 2). It is well known that total knee
replacement surgery reduces pain and improves the function of a
patient, but its effect on foot pressure distribution and postural
reaction. On the other hand, changing the function of the knee
joint can change the balance and the amount of pressure on the
sole (3).

After TKA, changes in the loading pattern can affect the surgical
outcome (4). Knee prosthesis instability is one of a common
cause of TKA failure (5). Additionally, TKA results in the loss of

the knee. This decrease in sensory and joint receptors disrupts
balance and proprioception in patients, leading to altered
pressure patterns on the feet (6). People with knee osteoarthritis
after TKA usually have impaired proprioception (7, 8), altered
muscle activation patterns (9, 10), and weakness (especially in
the quadriceps) (11-14). This condition causes non-physiological
loading of the knee joint and progressive degeneration of the
knee joint (15, 16). Therefore, foot pressure distribution and
postural reaction would be changed after TKA. The foot soles,
despite their small surface area, play a crucial role in maintaining

body balance (17). There is concern among many knee
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arthroplasty surgeons that abnormal foot pressure or abnormal
loading can apply abnormal forces to the knee prosthesis, which
can lead to early mechanical failure (4). Improper distribution of
pressure and loadings with deviations from the normal alignment
led to a risk of injury, falling, and failure of surgery in people
with TKA (18). As a result, balance exercises can be effective in
improving postural stability and normal foot pressure
distribution after TKA (3, 19, 20). Arik et al. (2018) evaluated
distribution patterns of pressure on the foot changed after TKA.
Load on the forefoot during standing increased significantly after
TKA, while the load on the rearfoot decreased significantly.
Normal foot pressure distribution was improved 15 days after
TKA (21). Lee et al. (2021) showed the effect of dynamic
stability training on physical performance, ability to maintain
balance, and quality of life in TKA patients (22). Thonga et al.
(2021) also found the positive effects of a close-kinetic-chain
exercise on function, and balance reaction in patients with TKA
(19). Safaribak et al. (2016) showed that eight weeks of selected
balance exercises can significantly improve balance indexes,
including overall balance, anterior-posterior balance, and
internal-external balance, in elderly people with knee
osteoarthritis. It is possible to suggest these exercises could
improve balance reaction and prevent falling in elderly
individuals with knee osteoarthritis (23). Based on this
information, the purpose of this clinical trial was to evaluate the
effect of balance exercises on foot pressure distribution after
TKA.

Materials and Methods

This study was a simple randomized controlled trial. Thirty
patients with TKA voluntarily participated in this study. The
patients were divided into two groups using a simple non-
probability sampling method. The medical ethics committee at
Zahedan University of Medical Sciences (ZUMS) approved the
study ethics and issued the ethics certification number
IR.ZAUMS.REC.1402.195. It was also registered with the
region's Clinical Trials Registry IRCT20180714040466N6. All
participants signed a written informed consent form before

starting the trial.

Inclusion Criteria

The inclusion criteria included a maximum time of 1 month after
TKA, unilateral arthroplasty, no  physical therapy
intervention/rehabilitation after hospital discharge for TKA, age
less than 80 years, and no history of knee surgery within 6 months
before the study.

Exclusion Criteria
Patients who do not want to participate in the study or are unable

to tolerate balance exercises will be excluded from the study.

Sample Size
The sample size was determined based on a pilot study. Ten

patients who met the inclusion criteria were randomly divided

into two equal groups, and the main part of the study was
conducted on them. The means and standard deviations (SDs) for
the parameters from this pilot study, with &= 0.05 and 90%
power, were used to calculate the sample size.

n= (Z ran T Z 1)’ (S5 (Wi-p)’

Z 1a,n=1.96

Z,p=1.28

According to the results of the pilot study and the stated formula,
the sample size in each group was 17 patients.

The sampling method used was a simple, non-probabilistic
sampling method and from the available population. The
participants will then be randomly allocated to two intervention
groups: one group receiving routine physiotherapy and the other
group receiving balance exercise and routine physiotherapy.
Randomization will be performed using a random number
sequence. The patients were not informed about the details of
the study. The administrator and participants were informed
about the grouping data. However, the physiotherapist who
evaluated the patients measured the outcomes and analyzed the

data was blinded to the groups.

Procedure

Patients who were referred to a personal physiotherapy clinic
were selected based on the inclusion and exclusion criteria. First,
the demographic and pain information of the patients was
completed to evaluate the subjective symptoms. Foot pressure
parameters were evaluated before surgery, and before and after
the intervention. The baropodometric data collection tool used
was a foot pressure scanner (Payatech model, PT-
Scan4452F100). Then, the patients were randomly assigned to
two treatment groups: routine physiotherapy (TENS, hot pack,
exercises with emphasis on quadriceps muscle strengthening) and

balance exercises (TENS, hot pack, balance exercises).

Outcomes

The initial assessment of patients was conducted before surgery.
Then, the patients underwent subjected to routine exercises and
balance exercises, which lasted for a maximum of one month
after the surgery. After the completion of the treatment period,

the patients were evaluated once again.

Pain intensity

The VAS (Visual Analogue Scale) of the McGill Short
Questionnaire was used to evaluate the intensity of pain. The
VAS is a 100-mm, non-graded horizontal line with fixed
boundaries from no pain to worst possible pain, on which the

patient marks their pain severity.

Measurement of foot pressure

Foot plantar pressure percentage and center—of—pressure
parameters were recorded in patients of two groups before
surgery and after intervention. The evaluation was done using a
scanner device in three repetitions, and the average
measurements were reported. The interval between assessments

was 5 minutes.
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In this test, the person stood on the device without shoes and
without moving (static), and the pressure caused by the soles of
the feet was recorded. The evaluated parameters in the operated
and healthy foot included the percentage of foot plantar pressure,
forefoot pressure, rearfoot pressure, and the surface in contact

with the ground on the foot (cm?).
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Figure 1. Measuring the percentage of foot pressure in a 60-

year-old female patient

Center of Pressure Balance Test

The parameters measured in this test allow for checking the
patient's physical condition during the treatment. In this test, the
patient stood on the device for 10 seconds normally without
speaking, and it was ensured that the patient did not move
excessively during the test. During this test, the movement path
of the body's center of pressure was recorded. Based on this, the
Ellipse Area (mm?) that encloses the path of COP movement and
the COP path length, which is obtained by connecting the points
of the center of pressure at any moment (mm), were
determined. The reduction of the oval area and COP path length
during the treatment period indicates an improvement in the

disease.
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Figure 2. Center of pressure balance test measurements

Intervention

Patients were randomly divided into two groups: the balance
exercises group and the routine treatment group. In the routine
treatment group, patients received only routine physiotherapy
treatment. In the balance exercises group, patients received
balance exercises in addition to routine treatment.

In the patients of the balance exercises group, the subjects were

trained with a balance exercise rehabilitation program for 30

minutes, 6 days a week, and for 12 sessions. Balance exercises
included standing on one leg with eyes open and closed, and
anterior, lateral, and posterior step-up exercises in both legs of
the patient (24, 25). In the control group, the patients received
TENS  (Transcutancous  Electrical Nerve  Stimulation)
electrotherapy for 20 minutes and Infrared Radiation (IR) for 10
minutes. Subsequently, stretching exercises for the hamstring
muscles and strengthening exercises for the quadriceps muscles
were conducted for 30 minutes.

The patients were treated in 12 sessions six days a week for two
weeks. All the variables were measured before surgery, before

intervention, and after intervention.

Data Analysis

The results were presented as mean values and standard
deviations (SD). The criterion of significance was set as p<0.05.
Data analysis was performed with SPSS version 27. The
assumption of a normal distribution was assessed using the
Shapiro-Wilk test. The statistical tests did not reject the
hypothesis of normality and the data were normal (p>0.05). The
assumption of equality of variances was evaluated using Levene’s
test. The Mixed model repeated measure ANOVA and
Bonferroni correction were used for within- and between-group

comparisons. The p-value was considered to be less than 0.05

Results and Discussion

Forty people were nominated for this study, and 34 of these
patients were divided into two groups: the balance exercises
group and the routine group (Figure 4). The pilot study showed
that 17 subjects would be needed for each group (a total of 34
subjects). Ultimately, 30 subjects finished the study procedure.
Two subjects from the balance exercises group and two subjects
from the routine group left the study because of personal
problems, unwillingness to continue treatment, incomplete
treatment, or reasons unrelated to the investigation. The

flowchart of choosing participants in the study is shown in Figure

4.
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The number of people included in this study (n=40)
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Figure 4. Flow diagram of study selection.

Table 1 presents the demographic characteristics of patients,
including age, height, weight, and body mass index. The

demographic characteristics of the patients, which were recorded
before the intervention, were compared between the two study
groups. There was no significant difference between the two

groups (Table 1).

Table 1. Comparison of demographic characteristics between

two groups.

. stability
. Routine .
Variable exercises Sig**
group* %
group
Age (Years) 47.05%8.6 44.50%8.5 0.34
Weight (Kg) 77.27£13.1 74.05+11.2 0.40
Height (Cm) 169.64%6.2 167.50%5.9 0.26
Body Mass Ind BMI
ody Mass Index (BM) ¢ 63,0 26.2542.7 0.64
(Kg/mZ)

*mean 1 standard deviation. ** A significance level of less than 0.05.

To examine the homogeneous of the samples in two groups
before intervention, a t-test was used. The results showed that
the samples in two groups were equal and homogeneous

(p>0.05).

Within group and between group comparison

Table 2. Within and between group comparison of the variables before and after surgery and after the intervention in two

Routine physiotherapy group*

stability exercises group*

. Within between
Variable bef ft after bef ft after Sigh* Sig %
r rger r surger r rger r surger 1 i
clore surgery attersurgery intervention clore surgery attersurgery intervention g g
foot plantar
29.21+6.49 45.86+14.66 48.28+9.32 38.06+12.98 45.74+17.08 50.12+4.04 0.001 0.94
pressure
forefoot
19.56+4.22 26.41£15.83 24.58+6.21 22.82+4.45 26.12+9.21 20.75+7.03 0.09 0.87
Prcssurc
rearfoot
19.59+4.18 30.93+£21.17 24.58+6.76 18.20£10 28.03+13.37 25.55+4.37 0.007 0.67
Prcssurc
surface 89.88+10.52 96.29+56.32 91.83£28.88 87.24£20.56 100.01£31.38 116.37£55.28 0.15 0.40
ellipse area 127.63£102.19 110.19£100.31 139.30+£162.40 127.54£102.90 161.65+118.18 89.02+92.74 0.64 0.99
COP path
length 95.43£23.23 97.85+23.36 93.69+£19.49 96.47+39.12 112.24+46.82 88.47+22.29 0.10 0.67
en
. Pam, 9.13£0.99 5.87+0.92 2.67+0.98 8.66%1.11 4.6+1.24 1.20£1.01 0.000 0.000
intensity

*mean T standard deviation. ** A significance level of less than 0.05.

The results of Table 2 showed that the changes in foot plantar
pressure, rearfoot pressure, forefoot pressure, and pain intensity
were significant before and after surgery and after intervention
in both groups (p<0.05). The results of the between-group
comparison showed that there wasno significant difference
between the two groups in all states (p>0.05).

The results of the Bonferroni test in Table 2 indicated a significant
difference between the foot plantar pressure and forefoot
pressure before surgery and after the intervention (p<0.05) in

both groups. However, there was no significant difference in foot

a significant difference between forefoot pressure (p=0.014)
before and after surgery.

The Bonferroni test results showed that there was no significant
difference in rearfoot pressure in the two groups before and after
surgery (p>0.05). Also, no significant difference was observed
after intervention (p>0.05).

The Bonferroni test results showed a significant difference in the
pain intensity before and after surgery (p<0.05). The pain
intensity after intervention (p<0.0001) was also significantly
reduced compared to before surgery (table 2).

plantar pressure (p>0.05), while there was
Healthy foot and operated foot comparison in groups
Table 3. Comparison between two legs (healthy foot and operated foot) in two groups
Variable Time Routine physiotherapy group* stability exercises group*

operated foot

healthy foot

Sig¥** operated foot healthy foot Sig **
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) before surgery 39.22+6.49 60.78+6.49
foot plantar
after surgery 45.86+14.57 51.33+14.56
pressure
after intervention 48.28+9.32 51.72+9.31
before surgery 19.56+4.22 28.08+4.39
forefoot
after surgery 26.41£15.83 32.33+£23.67
pressure
after intervention 24.58+6.20 25.66+5.90
before surgery 19.60+4.18 32.704+6.04
rearfoot . ‘
after surgery 30.93+21.17 31.06+17.62
prcssurc .
after intervention 24.57+6.76 26.05+6.11
before surgery 89.89+10.52 102.84+30.80
surface after surgery 96.29+56.32 90.84+30.80
after intervention 91.83+25.87 100.34£20.39

0.000 38.06+12.98 61.78+13.11 0.003
0.42 45.74+17.08 45.86+20.87 0.99
0.48 50.12+4.04 46.88+12.27 0.39
0.000 22.524+4 .45 29.04+8.29 0.009
0.12 26.1249.21 23.47+11.57 0.59
0.67 20.75+7.03 24.56+4.68 0.056
0.000 18.20£10 32.83+7.53 0.003
0.97 28.03+13.38 23.38+11.12 0.35
0.59 25.55+4.37 25.38+5.25 0.88
0.006 87.20+20.56 99.63£19.97 0.02
0.74 100+31.37 88.01+35.82 0.21
0.35 116.37+55.28 117.21£54.37 0.69

*mean T standard deviation. ** A significancc level of less than 0.05.

The results of Table 3 showed that there was a significant
difference in foot plantar pressure, forefoot pressure, rearfoot
pressure, and surface before surgery (p<0.01) and were higher
in the healthy foot. The results of the between-foot comparison
showed that there was no significant difference between these
variables after surgery and intervention in the two groups

(p>0.05).

The most important finding of the research showed that balance
exercises are effective in correcting the pressure distribution of
the soles of the feet and establishing balance. This research
showed that the distribution of pressure between the forefoot
and rear foot as well as both legs is well-adjusted and uniform.
The distribution of the maximum pressure on the sole of the foot
can indicate the loads on the areas above the foot, such as the
knee, and helps identify complications after treatment in patients
(26). Considering that the lower limb is an integrated kinetic
chain, any inappropriate loading on the sole of the foot leads to
the development of side effects in other parts of this chain.
Therefore, any deviation, abnormality, or biomechanical changes
in any part of the foot directly affect the loads applied to the knee
7).

Post-TKA balance exercises, especially those that emphasize
training the sensory systems of balance, challenge the sensory
systems for balance and thus improve balance outcomes (e.g.,
walking capacity, one-leg standing time) (28). Exercises
specifically designed to induce leg instability and/or visual
impairment compensate for knee proprioception by increasing
the ankles and hip proprioception (29), stimulating
neuromuscular feedback control, and thus improving the
patient's balance and postural stability (30). In closed chain
exercises, which is the distal part of the fixed body, multi-joint
work is done and a group of muscles are active. By co-contraction
the muscles around the knee joint, the stability of the knee joint
is increased. So, while maintaining the stability of the knee joint,
it also increases muscle strength. This result corresponds to the
goals of rehabilitation of patients with knee arthroplasty. The
goals of rehabilitation in these patients are to increase mobility,
education transfer, and improve walking and climbing stairs. It is
obvious that without a functional exercise program, goals such as
learning to walk and climbing stairs cannot be achieved
(148According to the results of the current study, it was found

that performing balance and closed chain exercises can adjust the

pressure on the soles of the feet. According to the results of the
current study, it was found that performing balance and closed
chain exercises can adjust the pressure on the soles of the feet.
Our study supports the findings of Abbas and Daher (2017), An
et al. (2023), and Hui et al. (2022), who also emphasize the
importance of implementing a closed chain program for patients
after knee arthroplasty. These researchers believe that closed
chain exercises can enhance muscle strength, promote joint
stability, increase physical activity and patient performance, and
ultimately improve balance and create symmetry in the body.
(148,149,150). In this study, the exercises used for patients in
the balance exercises group placed the patient in unstable
conditions (such as standing on one leg) or induced instability in
the legs (such as anterior, lateral, and posterior step-up). When
exposed to unstable conditions and equipment that induces
instability in the legs, all vision, proprioceptive, and vestibular
systems are activated, which are essential for optimizing balance
capabilities (31). Similar to the results of the present study, the
effectiveness of stability exercises and physiotherapy exercises in
distributing pressure and improving balance in patients has been
demonstrated. Piva etal., (2010) showed that patients with TKA
experienced improvements in walking speed and standing time
on one leg (32). Rajhani Shirazi et al. (2013) also investigated the
effect of stability exercises on joint proprioception and balance
time. They found that stability exercises improved the balance
time on one leg and proprioception in the knee and ankle joints
(33). Arik et al. (2018) reported that load distribution on the
soles of the feet in a static position improved 15 days after surgery
in TKA patients (21). In a meta-analysis study, the effectiveness
of balance training on walking capacity and balance performance
in elderly people after TKA was shown (28). Another systematic
review in 2016 reported that various factors such as
proprioceptive improvement, normal reaction postural control,
and joint and muscle coordination lead to improvement in
patients' balance (34). Improving the somatosensory sensation of
the soles of the feet in these exercises will help improve balance
in these people (35). As a result, this study showed that the use
of closed chain and balance exercises at the beginning of the
rehabilitation program can be recommended and have beneficial
effects in improving the foot pressure distribution and balance in
patients with TKA.
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Conclusion

In the current study, no difference was observed between the
two groups of balance and routine exercises. However, it did
demonstrate the role of balance exercises in creating symmetry
in the body and balancing the pressure on the soles of the feet.
Therefore, we suggest that in addition to routine exercises,
balance exercises should also be considered in subjects with
TKA.
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