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ABSTRACT

Objectives: This study aims to investigate the effects of Tai Chi (TC) exercises on muscle strength, pain, proprioception, and knee function
in patients with partial anterior cruciate ligament (ACL) injuries.

Patients and methods: Between March 2017 and January 2018, a total of 58 patients with partial ACL injuries (30 male, 28 female; mean
age 25.5+6.4; range, 18 to 36 years) were included in the study. The patients were randomly divided into two groups: TC group (n=29) and
control group (n=29). For both groups, an activity modification approach was applied. The TC group participated in a 24-week TC exercise
program, while no exercise or home-based program was administered to the control group. Isokinetic knee extension and flexion muscle
strengths were evaluated at angular velocities of 60°/sec and 180°/sec. The visual analog scale (VAS), isokinetic system, Lysholm Knee Scale
(LKS), and International Knee Documentation Committee 2000 (IKDC-2000) were used for the evaluation of pain, proprioception, and knee
function, respectively.

Results: Significant changes were found in the TC group for the knee extensor muscle strength measured at an angular velocity of 60°/sec
(p=0.012) and 180°%sec (p=0.011), VAS pain (p=0.005), and proprioception (measured with isokinetic device) (p<0.001). While knee extensor
muscle strength, pain, proprioception, LKS, and IKDC-2000 scores improved in the TC group, improvements were recorded only for LKS
and IKDC-2000 scores in the control group.

Conclusion: Based on these results, we conclude that TC exercises can yield positive outcomes on the knee extensor muscle strength, pain,
proprioception and knee function in patients with partial ACL injuries. Hence, TC exercises can be used as a novel method by researchers
and clinicians in the treatment of partial ACL injuries.
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Accounting for about 10 to 28% of all anterior
cruciate ligament (ACL) tears, partial tears of the
ACL are quite common.? According to studies
including patients with partial ACL injuries, less
than 50% of patients return to their pre-injury
level of activity.? In addition, several studies have
demonstrated that patients trying to return to their
active lifestyle commonly progress to total ligament
rupture.’! Therefore, it is of utmost importance to adopt
individualized treatment plan which meets the needs
of each patient. To provide appropriate treatment, it is
fundamental to identify patients with a low and high
risk of progression to total ligament defects.” In their

study comparing the outcomes of surgically and non-
surgically treated patients with partial ACL injuries,
Dawson et al.”) reported that these two groups could
achieve similar and satisfactory levels of functionality.
Some authors have shown that positive results can be
achieved through conservative treatment approaches
which are carefully and precisely planned to meet the
needs of each individual patient and are associated
with a minimal activity level decline, but no decline in
stability.>67]

Preventing re-injury of ligaments as well as
surrounding tissues, and maintaining stability,
strength and functionality of the knee are amongst the
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main aims of conservative treatment./’ This treatment
approach remains as a beneficial option according to
some studies.”® Casteleyn and Handelberg® conducted
a study in which cases from a general population less
interested in sport activities with a mean of 8.5 years
were treated conservatively for their ACL rupture.
About 73% of these patients were categorized in
Grade A or B according to the overall International
Knee Documentation Committee-2000 (IKDC-2000)
criteria. In another study, 100 acute ACL patients
who underwent a rehabilitation program following
arthroscopy were followed for 15 years.” According to
the results of the study, an adequate activity level and
satisfactory knee function could be achieved in most
cases with ACL injury treated without reconstruction.

Originating from China, Tai Chi (TC) was initially
developed as a military art of self-defense and was
widely popular among the public for preserving good
health.® It includes not only physical movements,
but also elements to purify the mind such as setting
the body upright, whilst letting the arms fall and
aligning the feet.’') Many studies investigating the
effects of TC also included older adults in their
sample.>1*12l A study concluded that muscle strength
and gait ability improved in older adults as a result of
TC.®! Another study showed that iliopsoas, quadriceps
femoris, hamstring, tibialis anterior, and other lower
limb muscles improved in terms of strength following
TC.II Other studies investigated the effects of TC on
specific diseases. According to two studies, TC was
found to be more effective than stretching exercises
in cases of fibromyalgial! and knee osteoarthritis."!
Based on these findings and relevant literature, the
inclusion of TC exercises in the treatment programs
have gained in importance.l*1¢

Considering the aforementioned studies, most
have focused on older adults and the treatment of
osteoarthritis. To date, no studies investigating the
effects of TC on ACL injury have been published in the
literature. In the present study, therefore, we aimed to
investigate the effects of TC on the muscular strength,
knee function, and proprioception of non-surgically
treated patients with partial ACL injuries.

PATIENTS AND METHODS

This single-blind, randomized-controlled trial was
conducted at Ahi Evran University Faculty of Medicine,
Departments of Orthopedics and Traumatology
and Physical Medicine and Rehabilitation between
March 2017 and January 2018. A total of 58 patients
with partial ACL injuries (30 male, 28 female;
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mean age 25.5+6.4; range, 18 to 36 years) were included
in the study. Clinical diagnosis was performed by a
specialist physician based on the medical background,
physical examination findings, and diagnostic images
of the patients. Those with meniscus tears, meniscus
injuries, chondral lesions, Grade IV injuries according
to the Lachman test, ligament laxities or a generalized
laxity, and/or a body mass index (BMI) above 30 kg/m?
were excluded from the study. Inclusion criteria were
as follows: aged between 20 and 45 years, having a
sedentary lifestyle or a low level of activity, requiring
conservative treatment, and having a visual analog
scale (VAS) score of <3. Although 64 patients were
invited to participate in the study initially, two did
not meet the inclusion criteria and excluded. The
remaining 62 patients were randomly divided into two
groups. However, two patients from each group did
not attend to the final visit. Therefore, the study was
completed with a total of 29 patients in each group.
The study flow chart is shown in Figure 1.

The patients were randomly divided into two groups:
TC group (n=29) and control group (n=29). Clinical
trial was conducted on two groups as pretest-posttest
assessment design. A written informed consent was
obtained from each participant. The study protocol
was approved by the Kirsehir Ahi Evran University,
Faculty of Medicine Ethics Committee (2017-08/67).
The study was conducted in accordance with the
principles of the Declaration of Helsinki.

Interventions

All participants of the study were advised regarding
the activity modification approach proposed by
Paterno'” for patients with partial ACL injuries.

Tai Chi group

The TC exercise program was planned in
accordance with the Yang-Style with natural and
extended postures, even and slow motions, steady
and light movements, and flowing and curved lines of
performance.'® The sessions lasting 60 min were held
three times each week for a total of 24 weeks by an
experienced TC instructor with more than five years
of experience. Each session consisted of 10 forms of
Yang-Style; however, minor modifications were made
to make the exercises suitable for patients with partial
ACL injuries. These 10 modified postures either
induced progressive amounts of stress onto postural
stability or highlighted increasing magnitude of the
rotation of the trunk over the arm, while decreasing
the base of support in order that physical functionality
could improve without excessive stress on the joints.!!
During the first session, mind-body exercise theory
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Figure 1. Study flow chart.

and procedures were explained by the instructor, and
booklets on TC principles, techniques, and safety
precautions were given to the participants.'¥ Each
session lasted for 60 min and consisted of 15 min of
warm-up (i.e., stretching, mobility, and breathing
techniques), 30 min of TC exercises, and 15 min of
cool-down.

Control group

Except for the activity modification, no additional
exercise therapy or home-based program was applied
to the individuals in the control group. However, after
the completion of the study, TC exercises were applied
to those patients in the control group who were willing
to perform the exercises.

Assessments

Socio-demographic characteristics, duration of
symptoms, affected and dominant sides were recorded
through the face-to-face interview method.

Knee function

To evaluate knee function, the Lysholm Knee Scale
(LKS) was used. This scale is scored on a 0 to 100 range,
where higher scores indicate better functionality.!2%
The IKDC-2000 criteria were also used in the current
study to evaluate knee function. Containing 18 items
in three main domains of symptoms, sports, and daily

l Analyzed (n=29) ]

activities, the LKS is a scale scored on a 0 to 100 range,
where higher scores indicate better functionality and
fewer symptoms.©-22

Pain

The VAS is a simple tool for the evaluation of pain.
The patients were asked to mark their current pain on
a 10-cm-long line. The line is scored from 0 to 10, with
0 indicating no pain, up to 10 which represents the
worst pain they have ever experienced.?’!

Muscle strength

The isokinetic strength of the affected knee
extensor and flexor muscles was assessed at the
velocity of 60°/sec and 180°/sec using the Biodex
System 4-Pro (Biodex Inc., Shirley, NY, USA). Prior
to testing, a standard procedure was applied in
terms of the equipment, data collection, and warm-
up. The warm-up consisted of five min of active
exercise with a stationary (exercise) bike. During
the test, patients were asked to sit in a dynamometer
with their pelvis, thighs and ankles stabilized with
straps, thigh bolsters and ankle cuffs, and they
were allowed to hold onto the handles of the bench.
The lever arm was set individually, and the axis of
rotation was adjusted to be in alignment with the
knee axis. The range of motion was set between 90°
for flexion and 0° for extension. Prior to testing,
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each patient was administered three repetitions to
help them adapt to the test. Three min after the
adaptation period, the muscle strength testing was
performed.?¥ After a three-min rest period, maximal
knee extension-flexion concentric repetitions were
performed with five at 60°/sec and 10 at 180°%sec,
each with one-min rest intervals.”” The patients
were encouraged to apply maximum effort for each
test. The results were recorded as the isokinetic
peak torques for knee flexion and extension muscle
strength.

Proprioception

Proprioception was measured using a Biodex System
4-Pro (Biodex Inc., Shirley, NY, USA). The patients
were asked to sit on a chair in a position similar to the
muscle strength assessment. The proximal malleoli
of the ankle were attached to the dynamometer’s
lever arm. At the level of the femur lateral epicondyle,
the rotational axis of the dynamometer was aligned
with the rotational axis of the knee.* While the
dynamometer was tilted at 0° and orientated at 90°
fixed, the seatback was 70 to 85° inclined and the seat
orientation fixed at 90°. Proprioception of the affected
knee was tested at a target angle of 30°, since this is the
working angle of the knee during daily weight-bearing
activities.?s) As active testing is more functional than
passive testing, proprioception was tested in the active
mode of the isokinetic system.?” Prior to testing, the
procedure was explained to each patient. Then, the
patients were instructed about other details of the
test, such as the sitting position, flexion and extension
of knee, memorizing angle, rest periods, and when
to press the stop button. For the data collection, the
patients were instructed to extend their leg from the
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start position, until the arm of the dynamometer
prevented any further movement (the target angle).
The dynamometer kept the leg at the target angle for a
period of 10 sec during which the patient memorized
the position. Then, the patient flexed the knee back
to the initial position before being asked to extend
the leg and press the stop button, when they felt they
achieved the target position. The tests were repeated
three times and the average difference error of the
three measurements between the target angle position
and the subject’s perceived angle was recorded.?*?”!
In the current study, the average of these three scores
was used as the error score for each patient. The
participants completed the tests with their eyes closed
in a quiet laboratory setting.

Randomization and blinding

Based on their sex and age, the participants
were divided into two groups using the matched
randomization method as TC group and control group.
The patients were assessed both at baseline and end of
the study by a single researcher who was blind to the
group allocation.

Sample size

Following the 24-week intervention for different
knee pathologies, a clinically important difference
(MCID) for IKDC-2000 was calculated as 8.8 points.
Based on a standard deviation of 17, MCID of IKDC-
2000, using mixed design repeated measures analysis of
variance (ANOVA) at 0.05 alpha level of significance,
a statistical power of 80%, and a P level of 0.20, the
minimum number of participants was calculated to be
29 per group.® Considering a potential drop-out rate
of 10%, 64 patients were recruited to the study. Sample

Table 1. Baseline demographic and clinical characteristics of patients

TC group (n=29)

Control group (n=29)

n % Mean+SD n % Mean+SD p
Age (year) 26.1+7.4 24.716.2 0.248
Body mass index (kg/m?) 24.6x4.1 24.9+5.7 0.781
Gender 0.121
Female 13 44.8 15 51.7
Male 16 55.2 14 48.3
Dominant side 0.683
Right 25 86.2 26 89.6
Left 4 13.8 3 10.4
Affected side 0.714
Right 20 68.9 22 75.8
Left 9 31.1 7 24.2
Duration of symptoms (week) 20.1+8.6 21.8+4.8 0.647
Education status (year) 14.2+2.6 13.7+1.7 0.146

TC: Tai Chi; SD: Standard deviation.
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size was calculated using G*Power version 3.1.9.2
software (Heinrich-Heine-Universitait Diisseldorf,
Germany).?’!

Statistical analysis

Statistical analysis was performed using the IBM
SPSS version 21.0 software (IBM Corp., Armonk,
NY, USA). Descriptive statistics were expressed in
mean * standard deviation (SD) or number and
frequency. The data were normally distributed
according to the Shapiro-Wilk test. Therefore,
parametric tests were used for the statistical analysis.
For demographic comparisons of the two groups,
the chi-square test was used for categorical variables
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and t-test for continuous variables. The changes in
dependent variables pre- and post-intervention were
analyzed using a mixed design repeated measures
ANOVA to assess the overall group over time
(i.e. before and after intervention) and within group
(i.e. TC and control) interaction effects. To examine
the difference between the baseline and follow-up
values, pairwise comparisons were performed. The
effect size (ES) was identified by calculating the
difference between the baseline and follow-up values,
divided by the standard deviation at baseline. A ES
of 0.2, 0.5, and 0.8 was considered small, moderate,
and large, respectively.’ A p value of <0.05 was
considered statistically significant.

Table 2. Differences between groups in study outcome measures

Baseline After treatment
Variable Mean+SD 95% CI MeanxSD 95% CI *p
Extension PT 60°/sec 0.012
TC group 165.6+15.6 154.2-177.4 187.8+£18.9 179.1-196.7
Control group 176.4+16.1 164.7-188.3 178.6+12.7 172.8-184.6
*p 0.551 0.049
Flexion PT 60°/sec 0.061
TC group 141.2+14.9 129.6-152.9 145.4+16.3 138.3-152.7
Control group 136.9+9.8 123.4-150.2 138.2+11.2 128.0-149.1
*p 0.316 0.104
Extension PT 180°%/sec 0.011
TC group 124.1£22.1 113.9-135.3 154.6+18.6 139.8-169.8
Control group 127.8+19.4 117.6-138.3 130.9£16.7 118.1-143.4
*p 0.427 0.021
Flexion PT 180°/sec 0.084
TC group 105.6+18.6 97.6-113.8 113.6£19.1 101.1-125.6
Control group 99.7+11.2 89.4-110.2 104.6£12.3 94.4-115.0
*p 0.139 0.087
Pain 0.005
TC group 4.5%1.5 4.2-49 2.1+0.8 1.7-2.5
Control group 4.8+2.3 4.4-5.1 5.6%2.1 4.8-6.5
*p 0.432 0.029
Proprioception <0.001
TC group 4.0+1.4 3.6-4.5 2.1+0.8 1.8-2.5
Control group 3.6%1.1 3.3-4.0 3.8£1.6 3.4-4.3
pl 0.571 <0.001
LKS 0.147
TC group 68.6+12.1 62.9-74.3 83.4+11.7 78.2-89.1
Control group 72.5%13.6 66.1-78.9 84.6+12.4 79.4-90.2
*p 0.091 0.325
IKDC-2000 0.249
TC group 62.7+14.2 58.3-66.8 85.4+17.1 79.1-91.5
Control group 63.4+13.6 57.9-68.4 81.2+15.7 76.0-86.7
*p 0.436 0.114

SD: Standard deviation; CI: Confidence interval; PT: Peak torque; TC group: Tai Chi group; LKS: Lysholm Knee Scale; IKDC-2000: International
Knee Documentation Committee-2000; * Independent sample t-test; ** Mixed design repeated measures ANOVA.
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Table 3. Pairwise comparison of groups for muscle strengths, pain, proprioception, LKS and IKDC-2000 scores

Baseline After treatment

Variable Mean+SD Mean+SD p ES 95% CI
Extension PT 60°/sec

TC group 165.6 +15.6 187.8 +18.9 <0.001 1.4 1.0-1.7

Control group 176.4 £16.1 178.6 £12.7 0.094 0.4 0.1-0.7
Flexion PT 60°/sec

TC group 141.2 +14.9 145.4 +16.3 0.081 0.3 0.1-0.4

Control group 136.9 +9.8 138.2 £11.2 0.148 0.2 0.2-0.3
Extension PT 180°/sec

TC group 124.1 £22.1 154.6 +£18.6 <0.001 1.5 1.2-1.8

Control group 127.8 £19.4 130.9 +16.7 0.195 0.2 0.0-0.4
Flexion PT 180°/sec

TC group 105.6 +18.6 113.6 +£19.1 0.092 0.4 0.3-0.6

Control group 99.7 £11.2 104.6 £12.3 0.061 0.4 0.2-0.6
Pain

TC group 4.5 1.5 2.1+0.8 <0.001 1.6 1.0-2.2

Control group 4.8 2.3 5.6+2.1 0.115 0.3 0.1-0.4
Proprioception

TC group 40=+14 2.1+0.8 <0.001 1.4 1.0-1.8

Control group 3.6 1.1 3.8+1.6 0.216 0.2 0.0-0.4
LKS

TC group 68.6 +12.1 83.4 +11.7 0.001 1.2 0.7-1.7

Control group 72.5 +13.6 84.6 +12.4 0.018 0.9 0.6-1.2
IKDC-2000

TC group 62.7 +14.2 85.4 +17.1 0.001 1.6 1.1-2.0

Control group 63.4 £13.6 81.2 +15.7 0.001 1.3 0.9-1.7

LKS: Lysholm Knee Scale; IKDC-2000: International Knee Documentation Committee-2000; SD: Standard deviation; ES: Effect size;

CI: Confidence interval; PT: Peak torque; TC group: Tai Chi group.

RESULTS

Baseline demographic and clinical data of the
patients are shown in Table 1. There was no significant
difference between the two groups in terms of age,
sex, BMI, duration of symptoms, or their affected
or dominant sides. Football (n=30, 58%), basketball
(n=8, 15%), volleyball (n=6, 11%), tennis (n=5, 9%),
judo (n=2, 3%), and wrestling (n=1, 1%) were reported
as the main causes of injuries.

Although the overall group by interaction for
ANOVA was found to be significant (p<0.05) for
pain, proprioception, and muscle strength measured
at angular velocity of 60°sec and 180°sec for knee
flexors and extensors, it was not significant for
LKS or IKDC-2000 scores (p>0.05). When the post-
intervention differences between the two groups
were examined, the TC group had more significant
improvement in the knee extensor muscle strength,
pain, and proprioception compared to the control
group (p<0.05). However, there was no significant
difference between the groups in terms of the flexor
muscle strength, LKS, or IKDC-2000 scores (Table 2).

In both groups, significant changes were seen
in some of the measurement scores following the
intervention. While significant changes were observed
in the extensor muscle strength, pain, proprioception,
LKS, and IKDC-2000 scores in the TC group, there
was a change only in LKS and IKDC-2000 scores in
the control group. The ES obtained from all variables
measured after the intervention was higher in the TC
group (Table 3).

DISCUSSION

The most important finding of this single-blind,
randomized-controlled study investigating the
effectiveness of TC exercises on partial ACL injuries
was that, compared to the control group, the patients
in the TC group experienced improvements in the knee
extensor muscle strength measured at angular velocity
of 60°/sec and 180°/sec, pain, and proprioception
scores. It was also found that knee functionality
increased for participants of both groups. However,
as the ES was found to be higher in the TC group, it
can be concluded that the benefit of the intervention
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was greater for the TC group, compared to the control
group.

According to Wu et al.,” the knee extensor muscle
strength was better in individuals aged 55 years or
above who performed TC exercises over a long period
of time (minimum three years), compared to those
who did not. In another study, TC exercises were
found to increase the knee flexor and extensor muscle
strength, compared the control group.®V In contrast
to these studies, Song et al.*? conducted a study in
which the knee muscle strengths were measured at
an angular velocity of 60%sec and 180°/sec in females
with knee osteoarthritis. As a result of the study, the
authors observed no significant difference in the knee
muscle strength between the TC group and the control
group in which only a self-help education program
was applied. In another study investigating the effects
of TC exercises on the muscle strength in older adults,
Li et al.®® found no significant changes in the knee
flexion and extension muscle strength in both the TC
and control groups at angular velocities of 30%/sec and
180°sec. Although previous studies have shown that
TC exercises have different effects on various diseases
and age groups, a recent meta-analysis have suggested
that, regardless of long-term or short-term effects
of TC, these exercises can increase the knee muscle
strength in older adults.®* However, there is no study
available in the literature investigating the effects of
TC exercises on the knee extensor and flexor muscle
strengths in patients with partial ACL injuries. In the
current study, TC exercises were found to cause an
increase in the knee extensor muscle strength; yet, they
had no significant effect on the knee flexion strength.
This can be attributed to many TC exercises being
performed in the semi-squat position and to the fact
that these exercises cause no overload on the knee, as
they carry features of closed kinetic chain.*

In the present study, following the intervention
program, pain severity was found to decrease in the
TC group and increase in the control group. To the
best of our knowledge, the efficacy of TC exercises has
not been examined in partial ACL injuries. However,
there are studies applying TC for some painful
conditions, including fibromyalgia, osteoarthritis,
rheumatoid arthritis, and cancer. In addition, there
is a number of systematic reviews and meta-analyses
demonstrating that TC exercises are particularly
effective on pain management for patients with knee
osteoarthritis.”**¥ In a meta-analysis by Lauche et
al., the effects of TC exercises on knee osteoarthritis
were investigated, and the TC exercises were shown
to be an adjuvant treatment option in reducing pain
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in knee osteoarthritis. As in knee osteoarthritis, TC
exercises also yielded positive effects on pain in cases
of back pain and fibromyalgia.'*!¥! Therefore, we can
conclude that our study results are consistent with the
published literature.

Knee proprioception, which plays an important
role in the accuracy and efficiency of sport movements,
commonly deteriorates with several sport injuries.
Wang et al." examined the effects of 12 weeks of TC
exercises on knee proprioception in individuals with
knee using an electrogoniometer at angles of 30°, 45°,
and 60°. At the end of Week 12, the authors reported
statistically significant changes in the proprioception
measured at 30° in the TC group, compared to the
control group. In their randomized-controlled study,
Chang et al.*! investigated the effects of 24 weeks of
TC exercises on older females and reported positive
changes in their knee proprioception, compared to
the control group. Based on these results, TC exercises
are effective on knee proprioception in different age
groups and for various diseases. However, no study
examining the effectiveness of TC exercises in partial
ACL injuries is available in the literature. In the current
study, proprioception improved by approximately 48%
in the TC group. In the control group, however,
proprioception was impaired by 6%.

In the current study, knee function was evaluated
using the LKS and IKDC-2000. There was no significant
difference between the groups. However, there was an
increase in the knee function with a higher range of
effect in the TC group than in the control group, and
a positive increase in knee function in the control
group, as well. In a review by Pujol et al.,!*?! the short-
and mid-term natural course of partial ACL injury on
the knee function was found to be satisfactory. In our
study, both the TC and control groups showed similar
results in terms of knee functionality, which is thought
to be due to the natural course of partial ACL healing.

Nonetheless, this study has some limitations. First,
we were only able to investigate the short-term effects
of TC exercises, and long-term effects and follow-up
results of these exercises still remain unknown. Second,
the study mainly focused on physical complaints of
patients with partial ACL injuries, whereas mind-body
interventions such as TC are known to be associated
with stress, anxiety, depression, and self-esteem.™*
Therefore, our study was limited in the absence of a
parameter related to the psychological distress of the
participants.

In conclusion, our study results suggest that TC
exercises can be used as an alternative rehabilitation
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regimen for non-surgically treated patients with partial
ACL injuries. Of note, there is no study in the literature
investigating the effects of TC exercises on ACL
injuries and, for the first time, the present study shows
that TC can be a potential conservative treatment
option for patients, as these exercises improve the
knee function, proprioception, and knee extensor
muscle strength at 60°/sec and 180°/sec with decreased
pain severity. However, there is still a need for further
studies in which TC exercises are compared with
other non-operative ACL treatments, where long-term
follow-up periods, different styles of TC, and different
injuries and pathologies related to the knee joint are
involved.
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