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Abstract

Background: Osteoarthritis is a common chronic degenerative disorder. Exercise is regarded as a common practice for the elderly,
especially those with knee osteoarthritis.
Objectives: This study aimed to examine and compare the effects of Tai Chi and closed kinetic chain exercises on patients with knee
osteoarthritis.
Methods: Forty-eight patients with knee osteoarthritis participated in this clinical trial study, which was carried out in a private
clinic (2016) in district thirteen of Tehran, Iran. They were randomly assigned equally to closed kinetic chain exercise (CKCE) group,
Tai Chi Exercise (TCE) group, and no exercise group. All three groups were equally treated using a standard physical therapy protocol.
The CKCE group performed static stretching and CKCE, and the TCE group performed Tai Chi warm-up and cool-down and the form
6 of Yang style of Tai Chi exercises. All three groups were evaluated at baseline, sixth, and twelfth sessions of treatment and one-
month post- treatment using a six-minute walk test and the knee injury and osteoarthritis outcome score (KOOS) questionnaire.
Results: According to KOOS subscale, the TCE improved the symptoms (68.94 ± 9.24) (P < 0.001), pain (75.13 ± 12.33) (P < 0.001),
ADL (76.50 ± 12.03) (P = 0.01), and the total score (72.12 ± 8.63) (P < 0.001) significantly more than the CKCE (55.50 ± 13.61, 64.75
± 10.58, 67.25 ± 9.96, 67.25 ± 7.82, respectively) and routine physiotherapy (34.62 ± 11.34, 53.06 ± 9.36, 61.69 ± 10.32, 51.50 ± 7.24,
respectively) in patients with knee OA. Both the TCE (376.43± 88.18) (P < 0.001) and CKCE (353.50± 78.15) (P < 0.001) groups showed
improved walking distance significantly more than the no exercise group (315.35 ± 66.33) in patients with knee OA.
Conclusions: In patients with knee OA, Tai Chi exercise relieved pain and symptom even in a short time, and improved QOL, sport,
and recreational activities, and ADL. The effects of both TCE and CKCE on the improvement of QOL were similar.
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1. Background

Osteoarthritis (OA) is a common chronic degenerative
disorder, mostly in weight-bearing joints and particularly
with the highest rates in the knee joint (1, 2). Since no
cure has been suggested for OA so far (3), current conserva-
tive treatments, such as physiotherapy therapy, including
heat, massage, electrotherapy, and exercise therapy were
the most popular treatments (4, 5). Exercise therapy is
considered as the keystone of all conservative treatments.
Different exercise therapy methods are instructed, such as
open kinetic chain exercises (OKCE), closed kinetic chain
exercises (CKCE), stretching and Tai Chi exercises (TCE) (3,
6).

Several studies reported on the effectiveness of CKCE in

increasing the compression forces of joints, dynamic joint
stability, and congruity (6). Reports indicate that CKCE
causes agonist and antagonist muscles co-contraction and
could be applied to daily physical activities (7) and that
CKCE are functional, safe, and effective exercises increasing
muscle strength and facilitating joint position sense (8).
Jan et al. (2009) reported that walking speed and muscle
torque had equally significant improvements after CKCE
and OKCE, yet knee reposition improvement was greater
after CKCE compared to OKCE (9).

Tai Chi exercise is a kind of Chinese epic art, which
contains gentle joint flexion and extension, circular move-
ment of the limbs, and the movement against resistance
and gravity force. It also consists of concentration and res-
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piration techniques mostly in the semi-squat state, which
requires joint mobility, stability, and balance (10, 11). Wang
et al. (2011) in their study showed that TCE reduced pain
and improved physical function, self-efficacy, depression,
and health-related quality of life in patients with knee OA
(12).

Also, Wang et al. (2016) showed that TCE produced
more significant improvements in depression and the
physical component of quality of life in patients with knee
OA compared to patients, who received only routine phys-
iotherapy (13).

However, data regarding, which exercise is superior to
the other is limited. Considering many reports regarding
the benefits of TCE on the physical and social health of el-
der people, little is known about the therapeutic effects of
TCE. It seems that TCE improves pain, balance, and func-
tional ability from several aspects, because of the nature of
the TCE exercises and also their effects on both physical and
spiritual aspects. However, the literature search did not
find any study to compare the TCE with CKCE for the treat-
ment of knee OA. Therefore, it seems necessary to know
more about TCE and its effects on knee OA. In the present
study, the researchers examined and compared the effects
of TCE and CKCE on pain, functional abilities, and quality
of life of patients with knee OA.

2. Methods

2.1. Study Design

The present study was a clinical trial carried out to ex-
amine the effects of TCE and CKCE on the KOOS subscales
and functional ability in patients with knee OA.

2.2. Sample Collection

The participants were voluntarily enrolled in the study
from patients admitted to a private clinic (2016) in district
thirteen in Tehran, Iran with the nonrandom sampling
method (convenience sampling). The sample size was cal-
culated using the PASS 11 software, α = 0.05, z1-α/2 was 1.96;
β = 0.2, z1-β was 0.84, and power was 0.8. All processes were
carried out by one subject.

Fifty-three patients with knee OA with an age range
of 45 to 65 years were recruited for this study. Inclu-
sion criteria were grades two to three of knee OA based
on the Kellgren Larence classification, and at least grade
three of muscle strength for lower limb muscles based
on the Oxford scale. Patients with either of the follow-
ing conditions were not included: Malignancy, infection,
hyper-mobility, history of knee injury, other musculoskele-
tal disorders, corticosteroid injections and use of the non-
steroidal anti-inflammatory drugs during the last month
prior to the study, surgery of the lower limb, under physio-
therapy or having attended any fitness classes during the

last six months prior to the study. The exclusion criteria
were the inability to finish the treatment sessions and an
increase in pain intensity during the study. All patients
were briefed about the study. Five patients did not par-
ticipate in treatment sessions. The remaining 48 patients
signed a consent form and confirmed a voluntary partic-
ipation and were assigned randomly using permutation
to three equal groups (Figure 1). The study was approved
by the local ethics committee of Shahid Beheshti Univer-
sity of Medical Sciences (ethics code: 116/2877, IRCT num-
ber: IRCT2014010215936N1).

2.3. Protocol

The demographic characteristics and the Persian ver-
sion of the Knee injury and osteoarthritis outcome score
(KOOS) questionnaire were used for all patients. The valid-
ity and reliability of the Persian version of the question-
naire was reported above 0.7 (14). In the KOOS question-
naire, a score of 100 indicated the absence of any prob-
lem and a score of zero indicated the worst situation. The
KOOS consists of five subscales: Symptoms, pain, activities

Patients assessment for eligibility (n = 53)

Not participating in the study (n = 5)

Randomized (n = 48)

CKCE+routine
physiotherapy

(n = 16)

TCE + routine
physiotherapy

(n = 16)

Routine
physiotherapy

(n = 16)

Measurements (6-minute walk test, KOOS questionnaire) 

(First, sixth, twelfth sessions and follow-up) 

Data analysis 
(Two factorial repeated 

measures ANOVA) 

Figure 1. The flow chart of the study (Abbreviations: CKCE, Closed Kinetic Chain Ex-
ercise; TCE, Tai Chi Exercise).
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of daily living, sport and recreation function, and knee-
related quality of life. To determine functional ability, all
patients also performed a six-minute walk test (15-17). The
six-minute walk test ICC was reported as 0.94 (17).

2.4. Interventions

The patients were randomly divided to the TCE group,
CKCE group and no exercise group, while they were
matched in terms of age, gender, degree of knee OA, and
Body Mass Index (BMI). The knee OA essential recommen-
dations were given to all patients in the first session. As
routine physiotherapy, all patients underwent 15 minutes
of infrared and 5 minutes of pulsed ultrasound (EMS Com-
pany, UK, intensity= 1 W/cm2, frequency = 1 MHz, duty cycle
= 80%). However, the two exercise groups, TCE and CKCE,
underwent further physical treatment options. To exam-
ine changes in the patients’ conditions, all patients filled
the KOOS questionnaire and also participated in the six-
minute walk test at four intervals: Before the treatment, at
the end of the sixth and twelfth sessions of treatment, and
one-month post-treatment.

Both exercise groups performed 12 sessions of exercises
in four weeks as a further treatment option. In the TCE
group, the patients were instructed to perform 20 minutes
of TCE in each session. The procedure consisted of five min-
utes of Tai Chi warm-up, ten minutes of exercises accord-
ing to form six of Yang style in Tai Chi as basic exercises,
and five minutes of specific tai chi cool-down exercises. In
the CKCE group, the patients were instructed to perform 20
minutes of CKCE in each session including five minutes of
static stretching warm-up to minimize the risk of damage,
ten minutes of CKCE and five minutes of cool-down exer-
cises. The CKCE consisted of standing terminal extension
with ten seconds hold and ten seconds rest, mini squat
with an angle of fifteen degrees with ten seconds hold and
ten seconds rest, front and side step-up exercises each for
ten times and lunge exercise for ten times with ten seconds
hold and ten seconds rest. The CKCE were carried out with
two-minute rest intervals. The no exercise group had no ex-
ercise program during the study.

2.5. Measurements

The IBM SPSS Statistics for Windows, version 19.0 (IBM
Corp., Armork, N.Y., USA), was used for statistical analy-
sis. Descriptive analysis was used to determine the mean
± standard deviation of variables. With respect to the
normality distribution of the data using the Shapiro-Wilk
test, two factorial repeated measures Analysis of Variance
(ANOVA), with one between-subject factor (group: CKCE,
TCE, and no exercise groups) and one within-subject fac-
tor (time of measurements: baseline, sixth session, twelfth
session, and one-month post-treatment) was used to de-
termine the effects of interventions on the outcome mea-

sures (the total and subscale scores of the KOOS and six-
minute walk test). The researchers used the total and sub-
scales scores of the KOOS at the first session as a covariate
in the analyses; therefore, they could determine only the
outcome of the treatment, not the impact of the subscales
scores. Significant differences were analyzed using Bon-
ferroni for post-hoc comparison. When there was signifi-
cant disordinal interaction, the researchers used subgroup
analyses. In all tests, the level of significance was consid-
ered to be equal or less than 0.05.

3. Results

Forty-eight patients were treated in three groups, in-
cluding CKCE, TCE, and no exercise groups. The demo-
graphic characteristics are presented in Table 1. The ICC for
the six-minute walk test showed an excellent repeatability
(0.97); and for the Persian version of the KOOS question-
naire, was also found to be good (0.7).

Analyses showed significant differences between
groups, times of measurements and interaction effect of
time* group on the six-minute walk test, and total and
subscales scores of the KOOS. The post-hoc results are
presented below.

3.1. Six-Minute Walk Test

The six-minute walking distance in TCE and CKCE
groups was significantly more than the no exercise group
(F1,44 = 135.92, P < 0.001, P < 0.001; effect size,0.86).
There was no significant difference between TCE and CKCE
groups. Six-minute walking distance was significantly dif-
ferent at the times of measurements (F2,88 = 7.18, P = 0.001);
the most walking distance was seen in the twelfth session.
The ordinal effect of time*group was significant (F4,88 =
32.37, P < 0.001); the most improvement of walking dis-
tance was seen in the twelfth session in the CKCE and TCE
groups (Table 2). The mean walking distance of the pa-
tients increased about 51 meters in the CKCE group, 43 me-
ters in the TCE group and 2.5 meters in no exercise group af-
ter twelve sessions of treatment in comparison to the pre-
treatment walking distance.

3.2. The KOOS Subscales

3.2.1. Symptom

Symptom subscale score in the TCE group was signifi-
cantly more than CKCE and no exercise groups (F1,44 = 15.14,
P = 0.01, P < 0.001; effect size, 0.81). There was no signif-
icant difference between CKCE and no exercise groups (P
= 0.053). Symptom subscale score at the times of mea-
surements showed significant differences (F2,88 = 165.23, P
< 0.001). The greatest improvement was seen during the
twelfth session.
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Table 1. Basic Demographic Characteristics of Subjects in Three Groups (Mean ± SD)

Group Age, y Height, cm Weight, kg BMI. kg/m2

CKCE 56.06 ± 6.00 163.37 ± 6.65 77.69 ± 12.70 29.04 ± 4.16

TCE 55.25 ± 5.72 161.31 ± 6.67 73.84 ± 14.32 28.98 ± 4.67

Control 56.06 ± 6.13 162.69 ± 7.07 75.69 ± 11.79 28.99 ± 3.48

Abbreviations: CKCE, Closed Kinetic Chain Exercise; TCE, Tai Chi Exercise.

Table 2. Mean ± SD of the Six- Minute Walking Distance at the Times of Measurements in Three Groups (N = 48)

Group 6-Minute Walking Distance, M

Session 1 Session 6 Session 12 F-Up

CKCE 301.77 ± 73.87 325.40 ± 73.97 353.50 ± 78.15 340.22 ± 75.96

TCE 332.75 ± 89.41 356.56 ± 88.94 376.43 ± 88.18 372.50 ± 90.37

Control 312.86 ± 69.66 313.93 ± 68.55 315.35 ± 66.33 317.01 ± 65.54

Abbreviations: CKCE, Closed Kinetic Chain Exercise; F-Up, Follow-Up, One-Month Post-Treatment; TCE, Tai Chi exercise.

The interaction effect of time* group was significant
(F4,88 = 15.34, P < 0.001). The most improvement was in
the TCE group at the sixth, twelfth, and one-month post-
treatment (Table 3, Figure 2).

3.2.2. Pain

Pain subscale score in the TCE group was significantly
more than CKCE and no exercise group (F1,44 = 11.91, P = 0.02,
P < 0.001; effect size,0.67). There was no significant differ-
ence between CKCE and no exercise groups (P = 0.1).

Symptom subscale score at the times of measurements
showed a significant difference (F2,88 =272.88, P < 0.001).
The greatest improvement was seen at the twelfth session.

The interaction effect of time* group was significant
(F4,88 = 20.90, P < 0.001). The greatest improvement was
in the TCE group at the sixth session, twelfth session, and
one-month post-treatment (Table 3, Figure 3).
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Figure 2. The KOOS symptom subscale in 3 groups (n = 48) (Abbreviations: CKCE,
Closed Kinetic Chain Exercise; TCE, Tai Chi Exercise).

3.2.3. Activity of Daily Living (ADL)

Activity of daily living subscale score in the TCE group
was significantly more than CKCE and no exercise groups
(F1,44 = 6.11, P = 0.01, P = 0.01; effect size, 0.58). There was
no significant difference between CKCE and no exercise
groups (P = 1).

Activity of daily living subscale score at the times
of measurements showed significant differences (F2,88 =
154.13, P < 0.001). The most improvement was seen at the
twelfth session.

The interaction effect of time* group was significant
(F4,88 = 24.63, P < 0.001). The greatest improvement was in
the TCE group at the sixth session, twelfth session, and one-
month post-treatment.

There was no significant difference between the CKCE
and no exercise groups at the sixth session (P = 0.01) and
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Figure 3. The KOOS pain subscale in 3 groups (n = 48) (Abbreviations: CKCE, Closed
Kinetic Chain Exercise; TCE, Tai Chi Exercise).
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Table 3. Mean ± SD of the Total and Subscales Scores of the KOOS at the Times of Measurements in Three Groups (N =48)

Group
KOOS Subscales

1 Session 6 Session 12 Session F-Up

Symptoms

CKC 34.94 ± 13.82 43.81 ± 13.90 55.50 ± 13.61 48.56 ± 15.57

TCE 37.87 ± 10.87 53.56 ± 11.51 68.94 ± 9.24 63.56 ± 9.24

Control 34.06 ± 11.34 34.06 ± 11.34 34.62 ± 11.34 38.44 ± 11.84

Pain

CKC 45.31 ± 11.45 51.69 ± 10.65 64.75 ± 10.58 58.44 ± 9.51

TCE 46.13 ± 11.51 60.38 ± 11.03 75.13 ± 12.33 70.13 ± 11.80

Control 43.69 ± 9.05 47.81 ± 9.42 53.06 ± 9.36 50.31 ± 10.77

Activity Daily Living

CKC 49.25 ± 10.68 54.81 ± 10.10 67.25 ± 9.96 59 ± 10.25

TCE 51.88 ± 12.18 65.13 ± 11.70 76.50 ± 12.03 74.69 ± 12.54

Control 52.38 ± 10.39 52.38 ± 10.39 61.69 ± 10.32 61.31 ± 10.39

Sport

CKC 23.75 ± 15.75 35.62 ± 17.21 54.69 ± 17.46 47.50 ± 16.43

TCE 24.69 ± 16.87 45.63 ± 16 65.81 ± 16.22 58.61 ± 16.27

Control 28.75 ± 21.18 33.13 ± 21.43 36.87 ± 22.57 36.56 ± 22.03

Quality of Life

CKC 28.63 ± 19.02 46.31 ± 16.55 65.06 ± 19.35 57.31 ± 19.39

TCE 23.69 ± 14.23 44.75 ± 15.25 63.63 ± 18 57.13 ± 16.41

Control 30.31 ± 16.41 37.75 ± 16.80 40.44 ± 16.44 40 ± 15.24

Total Score

CKC 40.68 ± 7.76 49.93 ± 6.34 62.75 ± 7.82 55.81 ± 7.47

TCE 42.68 ± 8.17 58.18 ± 8.51 72.12 ± 8.63 67.87 ± 9.09

Control 43.06 ± 6.13 47.75 ± 7.58 51.50 ± 7.24 50.12 ± 7.36

Abbreviations: CKCE, Closed Kinetic Chain Exercise; F-Up, Follow-Up, One-Month Post-Treatment; TCE, Tai Chi Exercise.

one-month post-treatment (P = 0.01), while at the twelfth
session, the improvement in the CKCE group was more
than the no exercise group (P < 0.001) (Table 3, Figure 4).

3.2.4. Sport and Recreational Activity

Sport and recreational activity subscale score in the
TCE group was significantly more than CKCE and no exer-
cise groups (F1,44 = 44.92, P = 0.004, P < 0.001; effect size,
0.67; respectively). Improvement in the CKCE group was
significantly more than the no exercise group (P < 0.001).

Sport and recreational activity subscale score at the
times of measurements showed significant differences
(F2,88 = 38.73, P < 0.001). The most significant improvement
was seen during the twelfth session.

The interaction effect of time* group was significant
(F4,88= 13.36, P < 0.001). The most improvement was in the
TCE group at the sixth session, twelfth session, and one-

month post-treatment (Table 3, Figure 5).

3.2.5. Quality of Life (QOL)

Quality of life subscale score in the TCE and CKCE
groups was significantly more than the no exercise group
(F1,44 = 5.14, P = 0.03, P = 0.01, effect size; 0.67). There was
no significant difference between exercise groups (P = 1).
Quality of life subscale score at the times of measurements
showed a significant difference (F2,88 = 90.81, P < 0.001).
The most significant improvement was seen during the
twelfth session.

The interaction effect of time* group was significant
(F4,88 = 14.41, P < 0.001). The most improvement was in the
TCE group at the sixth session, twelfth session, and one-
month post-treatment (Table 3, Figure 6).
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Figure 4. The KOOS ADL subscale in 3 groups (n = 48) (Abbreviations: CKCE, Closed
Kinetic Chain Exercise; TCE, Tai Chi Exercise).
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Figure 5. The KOOS sport and recreational activity subscale in 3 groups (n = 48) (Ab-
breviations: CKCE, Closed Kinetic Chain Exercise; TCE, Tai Chi Exercise).
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Figure 6. The KOOS QOL subscale in 3 groups (n = 48) (Abbreviations: CKCE, Closed
Kinetic Chain Exercise; TCE, Tai Chi Exercise).

3.2.6. Total Score of the KOOS

Total score of the KOOS in the TCE group was signifi-
cantly more than the CKCE and no exercise groups (F1,44 =
18.36, P = 0.002, P < 0.001; effect size,0.75). There was no sig-
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Figure 7. The total KOOS score in 3 groups (n = 48) (Abbreviations: CKCE, Closed
Kinetic Chain Exercise; TCE, Tai Chi Exercise).

nificant difference between CKCE and no exercise groups
(P = 0.07). Total score of the KOOS at the times of mea-
surements showed a significant difference (F2,88 = 312.42, P
< 0.001). The greatest improvement was seen during the
twelfth session. The total KOOS score from the first session
to the twelfth session improved by 29.44 in the TCE group,
22.07 in the CKCE group, and 8.44 in the no exercise group.

The interaction effect of time* group was significant
(F4,88 = 34.77, P < 0.001).

The greatest improvement was seen in the TCE group
at the sixth session, twelfth session, and one-month post-
treatment (Table 3, Figure 7).

4. Discussion

In the present study, the effects of three types of treat-
ment, TCE, CKCE, and routine physiotherapy on the six-
minute walk test, and the KOOS subscales of pain, symp-
toms, ADL, QOL, and sport and recreational activity were
investigated in patients with knee OA. To the best of the
author’s knowledge, none of the previous studies had per-
formed a comparative study of TCE, CKCE, and routine
physiotherapy on patients with OA.

The results of the six-minute walk test showed that TCE
and CKCE were both effective in improving patients walk-
ing distance; this may be related to several factors, such
as an increase in circulation, pain reduction due to remov-
ing pain materials from the area, and a decrease of joint
swelling. The results provide greater support for other
studies. Wang et al. (2008, 2009) reported that at least 12
sessions of TCE were required to increase the ability to walk
in six minutes (12, 18). Also, some studies confirmed the
positive effects of CKCE on the speed and distance of walk-
ing in patients with knee OA (9, 19). One possible explana-
tion is that proprioception sense of the knee joint is im-
proved by increasing the joint internal pressure and thus
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stimulating the Ruffini nerve endings, leading to an in-
crease in walking distance after exercise (9). In the present
study, the researchers revealed that although the improve-
ment of six-minute walk test was significant in all groups,
the increase of mean distance was less than 70 meters,
which is of less clinical importance (15). Considering the
fact that the patients with knee OA had twelve treatment
sessions in the present study, the finding can be claimed to
be fairly reasonable.

According to the results of the KOOS subscales, TCE was
more effective than the CKCE and no exercise groups in
reducing symptoms, pain, and improving ADL, sport, and
recreational activity, and also the total KOOS score. How-
ever, both TCE and CKCE improved QOL more than the no
exercise group. There are several possible explanations
for the superiority of TCE over the other two approaches.
Exercise could possibly have an essential effect on remov-
ing pain materials and metabolites from the area, and im-
proves nutrition of the joint due to an increase in circula-
tion; therefore, leads to pain reduction. Also, movements
may increase joint lubrication and reduce swelling. The ad-
vantage of TCE to CKCE is that TCE is a meditation in move-
ment and can help the patient concentrate on movement
and increase the patient motivation. In this way, the effect
of TCE may be more than CKCE on the reduction of pain
in the patients. Some studies showed that TCE reduced
joint pain (12, 20); Song et al. (2003) in their study on 43
elderly females with OA, showed that performing TCE de-
creased the OA symptoms and improved balance and phys-
ical function after 12 weeks (21).

The decrease of pain and symptoms, and an increase of
muscle strength and endurance due to performing exer-
cise, have important effects on the improvement of walk-
ing speed, ADL, and QOL. Also, the other possible reasons
for improving ADL and QOL are the positive effects of exer-
cise on muscle spindle setting, recruitment of more motor
units, stimulation of proprioception receptors in the joint
capsule and pre-articular ligaments. All of these factors
increase the awareness of patients from their joints posi-
tions and have a crucial role in improving ADL and QOL.
Some of these explanations have also been reported in pre-
vious studies. It has been reported that TCE increased mus-
cle strength, flexibility and balance (22, 23), and improved
physical function in patients with knee OA (12). Hartman et
al. (2000) and Chen et al. (2008) reported that performing
TCE improved functional mobility and QOL in eldery peo-
ple with lower limb OA (10, 24) although, they used two
hours of exercise per week for twelve weeks, which was
more than the time duration of performing exercises in
the current study.

During performing TCE, muscles act frequently as a sta-
bilizer, mover, weight-bearer, non-weight-bearer, contrac-
tor and relaxer (25); therefore, this may improve muscle
strength and reaction time, and leads to improvement of

physical activity, ADL and QOL, and sports activities of pa-
tients with knee OA. It has been shown that TCE has posi-
tive effects on the psychological and physical function (26-
28), and focuses on posture, breathing patterns, and med-
itation; and improves physiological and biochemical out-
comes (29, 30). All of these factors may help patients par-
ticipate in sport and recreational activities. Therefore, it
seems that TCE could influence the improvement of pa-
tients with knee OA in several aspects. The current study
showed that both exercise groups similarly improved the
QOL in patients with knee OA. Shields et al. reported that in
CKCE strengthening of quadriceps and facilitation of ham-
strings co-activation occurred while using hip and ankle
joints (31). Since exercise may increase joint mechanore-
ceptors stimulation, and muscle spindles firing rates in-
creases joint reposition acuity. All of these factors affect
the QOL in the patients with knee OA. Lou et al. (2017) in
their study showed that performing TCE on softball im-
proved QOL, dynamic balance, and leg strength of individ-
uals aged older than 55 years (32).

In the current study, the duration of performing TCE
in each session (20 minutes) and the number of the treat-
ment sessions (12 sessions) were less than similar studies
(13, 20). The results of the current study showed that ex-
ercise was effective in relieving pain and improving func-
tional abilities in patients with knee OA and this is a strong
point of this study. It can be argued that the relief and im-
provement may be due to the combination of TCE and rou-
tine physiotherapy in the current study. This study did not
have a long follow-up duration; this may be a weak point of
the current study.

4.1. Conclusion

Both TCE and CKCE relieved pain, improved the sub-
scales of the KOOS questionnaire - symptoms, ADL, sport
and recreational activity and increased six-minute walking
distance in patients with knee QA; however, the effect of
TCE was greater than that of CKCE. The effects of both ex-
ercises on the improvement of QOL were similar.
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