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Abstract In patients with total knee arthroplasty, the
improvement of knee extensor muscle strength is an
important factor in restoring stability, movement and
function, and reducing pain. The purpose of this study was
to investigate the effectiveness of cryotherapy to improve
knee extensor strength and balance ability of total knee
arthroplasty patients. In this study, 14 patients with total
knee arthroplasty patients were recruited from a
rehabilitation hospital. They were divided into two groups:
a cryotherapy group (n=7) and a control group (n=7). They
all received 30 minutes of continuous passive motion
(CPM) and sit to stand training for 15 minutes and
cryotherapy five times a week for two weeks. Knee
extensor strength and balance ability were measured. Knee
extensor strength was measured by Biodex system 3,
balance ability was measured by Balancia software. To
verify the difference in muscle strength and balance ability
between groups, the pre-intervention value was set as a
covariate and an analysis of covariance was performed.
After the training period, the cryotherapy group showed a
significant improvement in knee extensor muscle strength
(p<0.05). There was no significant difference between
groups in balance ability (p>0.05). This study examined
the effect of cryotherapy on muscle strength and balance
ability after rehabilitation exercise in patients with total
knee arthroplasty. The cryotherapy after rehabilitation
exercise was found to have an effect on muscle strength

improvement. However, it did not affect the balance ability.

Therefore, it is recommended to improve muscle strength
by applying cryotherapy after rehabilitation exercise for
total knee arthroplasty patients.

Keywords  Balance, Cryotherapy, Strength, Total
Knee Arthroplasty.

1. Introduction

The knee joint is the most frequent site of degenerative
arthritis as aging progresses, and exhibits forms such as
pain and swelling, weakening of the lower extremity
muscle strength, and a decrease in balance ability due to a
decrease in proprioceptive sensory function [1].
Anti-inflammatory drugs and physical therapy are
performed to control degenerative knee arthritis, but in
severe patients, total knee arthroplasty (TKA) is
performed in which an artificial joint is used to replace
natural the knee joint [2]. Total knee arthroplasty is an
effective method for decreasing pain, but adhesion occurs
in the knee joint after surgery, and it decreases balance
ability due to weakening of the lower extremity muscle
strength, decreases functional abilities such as stair
movement and gait [3][4][5].

In patients with total knee arthroplasty, the
improvement of weakened knee extensor muscle strength
is an important factor in restoring stability, movement and
function, and reducing pain and swelling [6]. In a study by
Rossi et al. [7], it was reported that strengthening of the
knee joint extensor muscle was effective in inducing a
symmetrical posture as well as reducing pain in patients
with total knee arthroplasty. In a study by Resterschot et
al. [8], it was verified that a symmetrical posture was
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induced and balance ability was improved by
strengthening the knee joint extensor muscles in patients
with total knee arthroplasty showing an asymmetric
posture. Based on this, in the case of total knee
arthroplasty patients, the shape of the asymmetric weight
distribution is shown, which causes pain due to the
increase in the compression force applied to the joint, so it
can be seen that the strength of the knee joint extensor
muscles needs to be strengthened during the rehabilitation
process [9].

In addition, cryotherapy can be applied to reduce pain
and swelling in patients with total knee arthroplasty.
Cryotherapy is a method of rapidly cooling and spraying
nitrogen in the atmosphere to below zero [10]. The effect
of cryotherapy can lead to delay in proprioceptive
deterioration rather than increase in blood flow, increase
in joint movement due to temporary reduction in pain, and
thus strengthen muscle strength [11]. Based on this, the
previous study investigated that the application of
cryotherapy to subjects with knee joint damage has the
effect of strengthening the muscles around the knee joint
[12][13].

Based on these previous studies, it is possible to know
the effect of cryotherapy on muscle strength, but few
studies have investigated the effect of applying
cryotherapy on muscle strength and balance ability in
Total Knee arthroplasty patients. Therefore, in this study,
we tried to investigate the effect of cryotherapy on muscle
strength and balance ability in total knee arthroplasty
patients and provide clinical information.

2. Methods

2.1. Subjects

The study was conducted on a total of 14 patients
admitted to the rehabilitation hospital located in J City,
Korea, who understood the purpose of the study and wrote
consent to participate in the study based on the Helsinki
Declaration. The criteria for selection of the participants
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in the study were those who were diagnosed with
osteoarthritis on one leg and received total knee
arthroplasty within 3 weeks. Those who did not have pain
in other areas except the knee, those who were able to
stand up independently, allergy or circulation due to cold.
Those with no disability or heart disease were excluded,
and those with other surgery or disease of the lower
extremities and patients with total knee arthroplasty due to
external damage other than osteoarthritis were excluded.
Prior to the study, subjects were randomly assigned to
each group by drawing lots. There were 7 patients in the
cryotherapy group, and 7 patients in the control group
without cryotherapy. There was no significant difference
between the groups for age, sex, height, weight, and visual
analogue scale (VAS) of the subjects (p>0.05). Table 1
shows the general characteristics of the subjects.

2.2. Procedure

Two groups of continuous passive exercise equipment
(Artromot K-3 CPM, Ormed, Germany) were performed
for 30 minutes, and then sit to stand training was
performed for 15 minutes. After that, the cryotherapy
group performed additional cryotherapy equipment (Crais,
Century, Korea) for 3 minutes. It was conducted 5 times a
week for a total of 2 weeks, and the amount of change was
analyzed by measuring the knee extension muscle strength
and balance ability before and after the intervention.

For the sit to stand training, the subjects were to sit on a
height-adjustable bed (Bobath table, Kwang-won meditec,
Korea) according to the height of the knee joints of the
subjects, and then the hands were crossed in front of the
chest. Seats were adjusted so that only half of the thighs of
the subjects touched the bed, and gradually performed
from 105<to 75<according to the knee flexion angle [14].
In order to minimize the subject's fatigue, they were
allowed to rest for 30 seconds after 10 times, and stopped
when they complained of pain or fatigue. In addition, it
was emphasized verbally so that one therapist could
perform stand-up training in a symmetrical position by
being located at a close distance for the subject's safety.

Table 1. General characteristics of subjects (n=14)

Characteristics Cryotherapy group (n:=7) grci%n(tr:gln p
Age (years) 67.8645.21" 65.4344.58 0.37
Gender (M/F) 2/5 2/5
Height (cm) 163.2928.04 164.8647.24 0.75
Weight (kg) 64.86+10.14 63.4345.59 0.70
Operation side (Rt/Lt) 4/3 4/3
VAS?® (score) 2.8630.69 3.43+.27 0.32

*Visual analogue scale, "Meanzstandard deviation
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Cryotherapy group was conducted using cryotherapy
equipment. Subjects are allowed to stay in a treatment
room with an ambient temperature of 25<C for 15 minutes
to adjust to the temperature, then position them
comfortably in a lying position. It was sprayed by setting
it to -20<C. In order to prevent burns during cryotherapy,
intensive injection was careful, and one therapist
performed it for 3 minutes [10]. During cryotherapy, if the
subject complained of pain or discomfort, the treatment
was stopped. In the control group, in the same
environment as the cryotherapy group, wind was injected
for 3 minutes without setting the knee joint at low
temperature using cryotherapy equipment.

2.3. Assessment

Biodex system 3 (Biodex Medical System, Shirley,
Newyork, USA) was used to measure the muscle strength
of the subjects' knee joint extensor muscles. Prior to the
measurement, preliminary exercises were conducted twice,
and the maximum value was used by measuring three
times. In order to minimize muscle fatigue during the
measurement, a rest period was provided for 30 seconds
between measurements, and the measurement was
performed within a pain-free range.

Balance ability measurement equipment (Balancia
software, Mintosys, Korea) was used to measure the
change in balance ability. This equipment is analyzed by
connecting the Wii balance board that recognizes the
subject's pressure center and the computer program
(Balancia software) via bluetooth. Subjects looked at the
front on the pressure plate, and after a standing position,
their arms were folded and measured for 1 minute, and the
average value was used after repeated measurements three
times. For the safety of the subjects, the researcher
assisted in a short distance. The variables used in this
study were the average velocity dividing the moving
distance of the COP by time, the path length representing
the total moving distance of the COP, and the COP
fluctuation of 95% based on the center of the standing
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posture. It is the area of 95% sway area (Area 95% COP),
and the weight distribution of operated side.

2.4. Statistical Analysis

For statistical processing of the measured values of the
subjects, it was analyzed through PASW 22.0 (SPSS Inc.,
Chicago, IL, USA). Normality test was performed through
the kolmogorov-smirnov test, and an independent t-test
was performed to test the homogeneity of the general
characteristics of the cryotherapy group and the control
group. Correspondence sample t-test was performed to
analyze the before and after changes in muscle strength
and balance ability of each group. To verify the difference
in muscle strength and balance ability between groups, the
pre-intervention value was set as a covariate and an
analysis of covariance was performed. The statistical
significance levels were 0.05.

3. Results

3.1. Knee Extension Muscle Strength

In both groups, the muscle strength of the knee joint
extensor muscle was significantly improved after the
intervention compared to before the intervention (p<0.05).
In the comparison between groups, the cryotherapy group
showed improved knee extensor muscle strength
compared to the control group (p<0.05)(Table 2).

3.2. Balance

In the cryotherapy group, all balance variables were
compared with before and after the intervention. There
was a significant difference (p<0.05). In the control group,
there were statistically significant differences in path
length, area 95% COP, and weight distribution of the
operated side (p<0.05). There was no difference between
groups in all variables (p>0.05)(Table 3).

Table 2. Comparison of pre and post training outcome measures of muscle strength within and between groups
_ Control
Cryotherapy group (n;=7) group (:=7) p
Knee extensors (Nm)
Pre 23.4049.64° 24.6445.74 0.03'
affected Post 29.93#1.17 28.5046.45 '
p 0.00 0.00"

aMeanastandard deviation, significant difference between pre and post intervention within the group ('p<0.05), significant difference between

the change values among the groups (p<0.05)
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Table 3. Comparison of pre and post training outcome measures of balance ability within and between groups

_ Control
Cryotherapy group (n,=7) group (n=7) p
Pre 2.5410.49° 2.5520.33 077
Velocity average (cm/s) Post 2.2440.59 2.31#0.30 '
p 0.02" 0.13
Pre 75.50+13.64 80.91+10.52
Paﬂzcﬁg‘gth Post 70.07414.45 76.96412.17 0.56
p 0.01 0.01"
Pre 2.3240.61 2.6440.55
0,
Ar‘zin%S % Post 2.0340.71 2.3740.50 0.80
p 0.02" 0.01"
Weight distribution (%)
Pre 44.7840.89 44.8641.56 0.07
Affected Post 48.2641.01 47.024.37 '
p <0.001" 0.01"

®Meanastandard deviation, significant difference between pre and post intervention within the group (p<0.05)

4. Discussion

This study was conducted to investigate the effect of
cryotherapy on muscle strength and balance ability after
rehabilitation exercise in total knee replacement patients
and to provide clinical information.

As a result of comparing the changes in knee extensor
muscle strength, both groups improved after the
intervention than before. A study by Tung et al. [14]
reported that standing training was effective in improving
the strength of the extensor muscles of the knee joint. A
study by Fujita et al. [15] also reported that repetitive
standing up training is an effective method for improving
knee extensor muscle strength. This is because the sit to
stand is caused by the cooperation of the lower limb
extensor sling in the closed chain, so if the sit to stand is
repeatedly performed, the strength of the extensor sling
muscles can be strengthened. In this study, since both
groups performed sit to stand training and then
cryotherapy, it is thought that the results of improvement
in the muscle strength of the knee extensor muscles after
intervention were considered.

As a result of the comparison of balance ability, the
cryotherapy group showed improved results for all
variables, and the control group showed improved results
for variables other than the velocity average. In previous
studies, it was investigated that sit to stand training is an
effective method for improving balance ability than
single-legged training [16][17]. It was reported that this
was the result because the balance ability was required
while the sit to stand was repeatedly moved from a low
center of gravity to a high center of gravity from a wide
base surface to a narrow base surface. In this study, it is
believed that both groups performed sit to stand training,
resulting in improved balance ability.

In the comparison between groups, the results of
improved strength of the knee extensor muscles in the
cryotherapy group were found. In the study of

Pietrosimone and Ingersoll [13], it was verified that the
application of cryotherapy to subjects with knee joint
injury has the effect of strengthening the muscles around
the knee joint. It was suggested that the increase of the
afferent input according to the temperature change
reached the supraspinal level, interfering with the
transmission of the inhibitory synaptic signal, resulting in
increased muscle strength. In this study, the cryotherapy
group showed an improvement in the strength of the knee
extensor muscles compared to the control group.

There was no difference between groups in the
comparison between groups for balance ability. Several
factors are involved in controlling the balance ability, and
the application of cryotherapy may have an effect on the
improvement of muscle strength, but it is thought that
other factors are not involved. In particular, Oliveira et al.
[18] reported that cryotherapy had no effect on sensory
nervous systems such as proprioceptive, but based on this,
it is thought that there was no difference between groups
in balance ability in this study.

In this study, cryotherapy was applied after
rehabilitation exercise to improve lower extremity muscle
strength and balance ability in total knee arthroplasty
patients. In order to confirm the change in balance ability,
it is necessary to verify the various factors necessary to
maintain the balance. In this study, only the part of the
knee extensor muscle strength was verified, so to verify
the reason why cryotherapy did not affect balance ability.
There are limitations to in addition, since the study was
conducted on total knee arthroplasty patients undergoing
rehabilitation in hospitals immediately after surgery, there
is a limit to generalize to those who have passed the time
after surgery. In addition, it is limited because the humber
of subjects participating in the study was small. Therefore,
in future studies, the effects of cryotherapy should be
tested for several subjects, such as the effect of
cryotherapy on muscle strength and balance to the general
subjects and total knee arthroplasty patients.
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This study examined the effect of cryotherapy on
muscle strength and balance ability after rehabilitation
exercise in patients with total knee arthroplasty. The
application of cryotherapy after rehabilitation exercise
was found to have an effect on muscle strength
improvement. Therefore, it is recommended to improve
muscle strength by applying cryotherapy after
rehabilitation exercise for total knee arthroplasty patients.
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