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Abstract This study investigates the effectiveness of
exercise-based rehabilitation protocols for anterior cruciate
ligament (ACL) patients within the Chinese healthcare
system, addressing the rising need for evidence-based
recovery interventions tailored to diverse patient needs.
ACL injuries are among the most prevalent sports-related
injuries, often leading to prolonged recovery times and a
significant risk of re-injury. Despite advancements in
surgical techniques, optimized rehabilitation remains
crucial for restoring knee function and preventing long-
term complications. This research focuses on assessing the
impact of specific rehabilitation exercises on key
parameters such as muscle strength, proprioception,
functional stability, range of motion (ROM), pain relief,
and re-injury risk reduction. The study involved a
comparative analysis of rehabilitation outcomes among
patients receiving a combination of targeted exercises, such
as Nordic hamstring exercises, aquatic therapy, suspension
training, and eccentric isokinetic training, versus those
undergoing electrotherapy alone. Clinical assessments
utilized the International Knee Documentation Committee
(IKDC) score, alongside measurements of muscle strength

and ROM. Patients undergoing combination therapies
demonstrated superior recovery outcomes, achieving
IKDC scores of 80 and flexor strength increases exceeding
200 N, compared to the -electrotherapy-only group.
Suspension training emerged as particularly effective in
enhancing functional stability and facilitating a safe return
to play, while eccentric kinetic exercises improved ROM
and significantly mitigated pain and re-injury risk. The
findings underscore the importance of integrating targeted
exercise-based rehabilitation into ACL recovery protocols,
highlighting its potential to improve clinical outcomes and
patient quality of life. This study contributes to the field by
presenting evidence-based recommendations for optimized
ACL rehabilitation strategies, emphasizing the role of
multimodal therapies. However, limitations include the
absence of long-term follow-up data and the need for larger,
more diverse cohorts. Future research should address these
gaps to validate findings further. Practical and social
implications suggest that adopting such strategies could
reduce healthcare costs and enhance recovery outcomes
within resource-constrained healthcare systems like
China’s.
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1. Introduction

ACL injury is a common primary ligament injury in
active sports and it has been documented that as many as
2000 suffer from these knee injuries only in Hong Kong
[1]. Ideally, the anterior cruciate ligament consists of an
essential part of a knee structure that plays an indispensable
role in kinematics to avoid loads and translation by
anterolateral tibia. [2]. In a similar fashion, ACL
rehabilitation has been found to decrease varus and lateral
rotation stresses. ACL injury is considered an essential and
complex neurophysiological dysfunction challenge that
affects the functionality and range of motion and
increases the risk of re-injury among sports athletes.
Given its complexity within the kinematics, ACL-based
injuries contribute to both subjective instability and
potential clinical signs such as pain, which calls for the
need for rehabilitation. As explained by researchers, ACL
injuries are known to be very common among athletes.
Accordingly, these injuries could range from mild, for
example, sprain/minor tears, to severe cases where one
could encounter a complete torn ofthe ligament [2]. A total
rapture and torn ACL require a surgical reconstruction to
be performed. However, it is only sometimes guaranteed
that surgical reconstruction can help the athlete regain
the capability to attain their previous activity level [1].
ACL rehabilitation is always conducted for surgical options
and conservative purposes.

The anterior cruciate ligament (ACL) is a dense
connective tissue band that courses to the tibia from the
femur. ACL stems from the posteromedial medial aspect
corner within the condyle lateral femoral. It is important to
note that the ACL courses medially, anteriorly, and distally
across the joint as it stems from the femur to the tibia [3].
The blood vessel density within the ACL ligament is not
often homogenous. The poor healing of the ACI- related
injuries results from the presence of fibrocartilage and poor
vascularity coincidence, which cause gliding tendons
during a compressive force. According to Glattke et al. [3],
the ACL is one of the most critical ligaments that help
stabilize the kneejoint. In this case, the ACL connects the
tibia and the femur and provides a practical and functional
range of motion. Nonetheless, it has been established that
in most cases, the ligament tends to get injured or torn
during changes in direction or sudden stops [2]. The
common symptoms experienced on an injured ACL
comprise known swelling, pain, restricted movement, and
notable discomfort.

The significance of rehabilitation measures and
strategies in ACL injury patients has been noted in past

decades. The various research measures have paved the
way to more advanced and better rehabilitation measures,
including modern forms of exercise. ACL rehabilitation is
essential as it provides surgical recovery and conservative
treatment. The ACL injury rehabilitation could be vital
for  conservative treatment for passive clients.
Accordingly, it is important to consider the sporting
activities, age, and subjective inability signs when
developing rehabilitation programs for ACL injury patients.
The most appropriate rehabilitation program helps ACL-
injured individuals regain their functionality, activity
level, range of motion, and muscle strength [4]. However,
it is essential to consider anterior cruciate ligament
reconstruction, especially during poor adjustment or
symptomatic instability [5].

Accordingly, this may prevent various rehabilitation
measures as there could be greater possibilities for
cartilage and meniscal damage. Other injuries, such as
bone contusions and microfractures often influence the
management of ACL injuries. Thus, the ACL
rehabilitation programs must consider the multiple
commodities related to injuries in the ACL. Most
importantly, ACL rehabilitation is paramount as it helps to
gain full knee range of motion, repairable strength, and
proprioception achieve functional stability, decrease the
risk of re-injury, and effectively return to sports activity
[2].

In China, ACL injuries have a significant prevalence,
especially among athletes [6]. The prevalence of non-
contact ACL injury in China is estimated to be
approximately 74.6%, as per a study by Feilong Li et al [7].
Every year, the prevalence of ACL Kkeeps increasing, with
significant implications for the health and well-being of
individuals as it impairs mobility and knee functionality.
In China, managing and rehabilitating ACL injury
patients has become a significant problem. Among the
Chinese population, there is a reported elevated
prevalence of concomitant intra-articular ACL-related
injuries compared to Indians and Malaysians [6]. Also, in
this case, the prevalence of ACL is higher in basketball and
soccer games than in basketball. The current study
investigates the impact of exercise-based rehabilitation on
the recovery of ACL injury patients. The review mainly
focuses on the context ofthe Chinese Healthcare system to
gather insights on how practical exercise-based programs
are rams in ACL injuries. The vital hypothesis in this
study is that exercise-based rehabilitation is effective in
gaining various aspects of rehabilitation within ACL injury
patients. Ideally, the study explains the effectiveness of
different exercise- based rehabilitation methods among
ACL patients. It is expected that exercise- based
rehabilitation is essential among ACL patients as it helps to
foster functional stability, regain muscle strength and
proprioception, reduce the risk of pre-injury, promote a
range of motion, and encourage a return to optimal sport
level [8].
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2. Methodology

Ethics statement: This study was approved by the
Institutional Review Board (IRB) of Beijing United Family
Hospital (IRB N0:4131-24-7R0), and the requirement for
informed consent was waived.

2.1. Materials

Goniometer for measurement of ROM, measuring tape
for edema measurement.

2.2. Research Design

A quasi-experimental pretest-posttest design was used to
assess the effectiveness of two rehabilitation interventions:
combined therapy (manual therapy, electrotherapy,
exercise therapy, and cryotherapy) and exercise-only
rehabilitation, on knee joint range of motion (ROM) and
swelling in patients post-ACL reconstruction.

2.3. Target Group

The study included patients who had undergone ACL
reconstruction and were referred for rehabilitation at a

designated rehabilitation center. The inclusion criteria were:

*  Patients aged between 18 and 55 years.

e  Diagnosed with ACL injury and having completed
ACL reconstruction surgery.

*  No other significant lower limb injuries.

*  Able and willing to attend all sessions for the 4-week
study period.

Patients were assigned to one of two treatment groups
based on availability and therapist assignment:

*  Combined Therapy Group (CTG): Received manual
therapy, electrotherapy, exercise therapy, and
cryotherapy.

e  Exercise Rehabilitation Group (ERG): Underwent
exercise therapy only.

Interventions are proposed and performed as follows:

*  Combined Therapy Group (CTG): Patients in this
group underwent the following interventions:

*  Manual Therapy: Sports injury massage to improve
circulation, reduce joint stiffness, and relax muscles.

*  Electrotherapy: Transcutaneous electrical stimulation
to aid muscle activation, promote healing, and
manage pain.

*  Exercise Therapy: Range of motion (ROM) exercises
targeting knee flexion and extension.

*  Cryotherapy: Application of ice packs post-exercise
for 15 minutes to reduce swelling and inflammation.

Exercise Rehabilitation Group (ERG): This group

received only exercise therapy, which consisted of:

* ROM Exercises: Targeted exercises focused on
improving knee joint flexibility and function,
including flexion and extension movements.

Both groups participated in rehabilitation sessions three
times a week for 4 weeks, with each session lasting
approximately 45 minutes. Therapists supervised all
sessions to ensure correct exercise performance and
adherence to the intervention protocols.

Knee Joint ROM: Measured using a standard goniometer
at baseline (pre-treatment) and after 4 weeks of
rehabilitation  (post-treatment). ROM  measurements
focused on knee flexion and extension.

Knee Swelling was assessed using circumferential
measurement around the knee joint, taken at the same
anatomical landmarks at both pre-treatment and post-
treatment time points.

Pre-treatment measurements were recorded during the
initial evaluation of the patients, before starting the
rehabilitation sessions. After completing the 4-week
intervention period, post-treatment measurements were
taken. All data collection was conducted by trained
rehabilitation staff to ensure accuracy and consistency.

The sets of exercise followed by patients are as follow in
Fig. 1 quadriceps resistance training & Fig. 2 isometric
muscle strength training:

la. Initial Position

1b. Termination Position

Figure 1. Quadriceps Resistance Training
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2a. Standing leg muscle isometric rehabilitation

2b. Prone Isometric Rehabilitation

Figure 2. Isometric muscle strength training

2.4. Statistical Analysis

Parametric Statistical Analysis: Paired t-tests were
performed to compare pre-treatment and post-treatment
ROM and swelling within each group for data that followed
a normal distribution.

Non-parametric Statistical Analysis: Wilcoxon signed-
rank tests were used for data that did not meet normality
assumptions.

Comparisons were made between pre- and post-
treatment data to evaluate the effectiveness of each
rehabilitation approach.

3. Results

3.1. Inclusion & Exclusion Criteria

The study took place at Beijing United Family
Rehabilitation Hospital and included patients who had
either suffered anterior cruciate ligament (ACL) injuries or

had undergone ACL reconstruction between February 2022
and March 2023.
Inclusion criteria were as follows:

a. Diagnosis: Patients diagnosed with an ACL rupture
through preoperative MRI, confirmed by physical
tests such as the anterior drawer test and the Lachman
test.

b. Age: Participants aged 18-50 years, encompassing
both genders.

€. Surgical procedure: Patients who underwent ACL
reconstruction using autografts (semitendinosus and
gracilis tendons) from the injured knee.

d. Population: Mainly consisted of the general
population with some professional athletes.

e. Consent and compliance: Participants who provided
informed consent, committed to guided rehabilitation
exercises, agreed to follow-up, and were capable of
cooperating with rehabilitation training and follow-up
sessions.

f.  Contralateral knee status: No history of trauma,
surgery, or symptoms of instability in the opposite
knee.

Exclusion criteria included:

a. Pre-existing knee conditions: Presence of clinical
symptoms related to knee degeneration, osteoarthritis,
or infection in the affected knee.

b. Previous joint trauma or surgery: History of joint
trauma or surgery in either knee.

c. Systemic diseases: Presence of systemic conditions
such as cardiovascular, cerebrovascular, metabolic,
neurological, or psychiatric diseases.

d. Substance abuse: History of drug or alcohol abuse.

e. Pregnancy: Pregnant or breastfeeding women.

f. Participation in other studies: Participation in other
clinical trials within the past three months.

g. Informed consent: Refusal to sign the informed
consent form.

Out of the 240 patients initially considered for the study,
32 were excluded based on the exclusion criteria, leaving
208 participants. These were randomly divided into two
groups:

a. [Exercise Rehabilitation Group (ERG): 104 patients.
b. Combined Therapy Group (CTG): 104 patients.

No significant differences were found between the ERG
and CTG groups in terms of age, height, weight, BMI, 5¢cm
Patella activity level, gender distribution, or the
distribution of the affected side (all p-values > 0.05). This
indicates that the two groups were comparable. Table 1
provides a detailed comparison of the subjects,
demonstrating that the demographic and baseline clinical
parameters were well-matched between the groups.

Descriptive Data

Patients with ACL injury or reconstruction at Beijing
United Family Rehabilitation Hospital from February 2022
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to March 2023 were selected as study subjects. The final
study subjects were selected based on inclusion and
exclusion criteria. Inclusion criteria included: 1) Diagnosed
with ACL rupture by preoperative knee MRI and physical
examination including anterior drawer test and Lachman
test; 2) Aged 18-50 years, regardless of gender; 3)
Autograft using semitendinosus and gracilis tendons from
the affected knee; 4) Mainly general population, with some
professional athletes included; 5) Signed informed consent:
After successful surgery, they were uniformly guided by
designated rehabilitation therapists for functional exercise,
voluntarily accepted follow-up, and were able to cooperate
with rehabilitation training and follow-up; 6) No history of
trauma or surgery on the contralateral knee, and no signs of
knee instability. Exclusion criteria included: 1) Clinical
symptoms of knee joint degeneration, osteoarthritis, or
knee infection on the affected side; 2) History of joint
trauma or surgery; 3) Other systemic diseases such as
cardiovascular and cerebrovascular diseases, metabolic
diseases, nervous system diseases, mental diseases, etc.; 4)
Drug and/or alcohol abuse; 5) Pregnant or breastfeeding
women; 6) Participated in other clinical studies within the
last three months; 7) Unwilling to sign informed consent.
All subjects were informed of the content, purpose, and
significance of the experiment before the start and
voluntarily signed informed consent. A total of 240 patients
were initially included, and 32 were excluded based on
exclusion criteria, leaving 208 participants in the study.
They were randomly divided into two groups: the Exercise
Rehabilitation Group (ERG) with 104 patients, and the
Combined Therapy Group (CTG) with 104 patients. The
results are shown in Table 1. There were no significant
statistical differences in age, height, weight, BMI, Tegner
score, gender distribution, and affected side distribution
between the two groups (all p-values > 0.05).

3.2. Study Results

3.2.1. Lysholm and IKDC Scores

Relevant literature defines good subjective outcomes
after ACLR as a Lysholm score higher than 85, a
satisfaction rate higher than 85% after rehabilitation, an
IKDC score higher than 78, and it has been proven that the
Lysholm score is strongly correlated with patient

satisfaction. As shown in Tables 2 and 3, the patients in
both the Exercise Rehabilitation Group (ERG) and the
Combined Therapy Group (CTG) had significantly higher
muscle strength levels and knee Lysholm and IKDC scores
after systematic rehabilitation training compared to pre-
rehabilitation. Additionally, patients in the CTG group had
an average Lysholm score higher than 85 and an average
IKDC score higher than 78. In conclusion, the CTG group
had a greater improvement, and patients in the CTG group
were more satisfied with the rehabilitation results. Present
study result is better than some published reports. Recent
article of Nascimento et al [9] observed Lyshom score &
IKDC score of 77.6 #7. 5 and 62.3£6.3 respectively after
ACL reconstruction therapy. Another study observed
hamstring autografting of 35 patients consisting of 20
males and 15 females, with an average age of 52 years
(ranging from 50 to 59 years). Before surgery, the patients
had an average Tegner score of 1.48, which increased to
3.82 at the one-year follow-up. The mean Lysholm score
improved from 45.8 preoperatively to 88 postoperatively.
Similarly, the average IKDC 2000 score rose from 33
before surgery to 82 after surgery. All these improvements
were statistically significant (P < .05). Fig. 3 represents the
effects of different rehabilitation programs on Lysholm and
IKDC scores. In the Short Form-36 assessment, all
parameters showed statistically significant changes except
for role limitations due to emotional issues. These results
observed by Batuhan et al. [10] are also comparatively less
effective than our Chinese combination exercise therapy
intervention.

3.2.2. Isometric Strength

As shown in Table 4, after systematic rehabilitation
training, there was no significant difference in the healthy
side flexor and extensor strength between the Exercise
Rehabilitation Group (ERG) and the Combined Therapy
Group (CTG), indicating minimal impact on the healthy
side in both groups. However, patients in the CTG group
had significantly higher affected side flexor and extensor
strength compared to the ERG group. Additionally, the
CTG group's isometric flexor and extensor LSI were
significantly higher than those of the ERG group,
indicating that combined therapy had a more significant
effect on isometric strength.
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Group ERG (n=104) CTG (n=104) p-Value
Age (years) 35.4448.85 34.21410.27 0.356
Height (cm) 176.8247.34 176.13%7.25 0.494
Weight (kg) 71.41+11.72 72.94+11.10 0.335
BMI (kg m?) 22.97+4.27 23.6244.06 0.264
Tegner (level) 6.044+1.53 6.11+1.46 0.746
Gender (male/ female) 75/29 82/22
Affected side (left/ right) 57/47 50/54
Note: Continuous variables are represented as Mean2SD; BMI: Body Mass Index; Tegner: Tegner activity scale
Table 2. Effects of Different Rehabilitation Programs on Lysholm Score
Group Lysholm pre (points) Lysholm post (points) p-Value
ERG (n=104) 61.52+9.34 76.96+8.88 <0.001
CTG (n=104) 65.88+7.72 85.04+8.86 <0.001
Table 3. Effects of Different Rehabilitation Programs on IKDC Score
Group IKDC pre (points) IKDC post (points) p-Value
ERG (n=104) 54.79+9.26 72.70+8.91 <0.001
CTG (n=104) 57.22+10.86 83.60+8.41 <0.001
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Figure 3. Effects of Different Rehabilitation Programs on Lysholm and IKDC Score
Table 4. Effects of Different Rehabilitation Programs on Isometric Strength
Group ERG (n=104) CTG (n=104) p-Value
Affected Side Flexor Strength (N) 194.76+11.58 205.13+10.32 <0.001
Healthy Side Flexor Strength (N) 226.01£10.18 226.99+10.82 0.499
Isometric Flexor LSI (%) 0.86+0.06 0.90+0.05 <0.001
Affected Side Extensor Strength (N) 291.86+10.74 306.45+14.15 <0.001
Healthy Side Extensor Strength (N) 336.03+19.87 335.78+20.51 0.929
Isometric Extensor LSI (%) 0.87+0.06 0.91+0.05 <0.001

Note: Isometric strength: assessed by the muscle activation level of the vastus medialis (VM flexor) and vastus lateralis (VL extensor) during
isometric contraction of the quadriceps; Lower limb function test symmetry (limb symmetry index LSI), the ratio of the peak torque of the same
muscle group on both sides, the closer the LSI value is to 1, the better the recovery of maximum muscle strength and endurance.
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Fig. 4 represents effects of Different Rehabilitation
Programs on Isometric Strength.

3.2.3. 60°/s Isokinetic Strength

As shown in Table 5, after systematic rehabilitation
training, there was no significant difference in the 607s
healthy side flexor PT between the Exercise Rehabilitation
Group (ERG) and the Combined Therapy Group (CTG),
indicating minimal impact on the healthy side flexor PT in
both groups. There was a difference in the healthy side

extensor PT, but it was not significant (p = 0.013). Patients
in the CTG group had significantly higher affected side
flexor and extensor PT compared to the ERG group.
Additionally, the 607s flexor and extensor LSI in the CTG
group were significantly higher than those in the ERG
group, indicating that combined therapy had a more
significant effect on isokinetic strength.

From Fig. 5 we can observe effects of Different
Rehabilitation Programs on 60 s Isokinetic Strength.
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Figure 4. Effects of Different Rehabilitation Programs on Isometric Strength
Table 5. Effects of Different Rehabilitation Programs on 60°/s Isokinetic Strength
Group ERG (n=104) CTG (n=104) p-Value
Affected Side Flexor PT (N-m) 64.96+1.44 68.48+2.96 <0.001
Healthy Side Flexor PT (N-m) 75.06£2.70 75.83£2.92 0.051
60°/s Flexor LSI (%) 0.87+0.04 0.90+0.04 <0.001
Affected Side Extensor PT (N-m) 99.03+4.23 109.12+5.07 <0.001
Healthy Side Extensor PT (N-m) 143.98+5.96 144.95+5.39 0.063
60°/s Extensor LSI (%) 0.69+0.07 0.75+0.05 <0.001

Note: Peak torque (PT) is the "gold standard" for assessing muscle strength, referring to the maximum torque generated by a muscle group during
contraction, representing the maximum muscle strength produced by muscle contraction. The unit is Newton>meter (N m).
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Figure 5. Effects of Different Rehabilitation Programs on 607s Isokinetic Strength
3.2.4. Limb Swelling Index
Table 6. Limb Swelling Index at Different Stages above 5 cm from the Patella

Limb Swelling Index (%) ERG (n=104) CTG (n=104) p-Value
2 days post-op (cm) 2.51£0.18 2.55+0.17 0.186
6 weeks post-op (cm) -3.794+0.29 -3.4840.47 <0.001
12 weeks post-op (cm) -2.76+0.16 -2.51+0.18 <0.001
24 weeks post-op (cm) -5.23+0.24 -4.50+0.18 <0.001

Note: Limb swelling index (%) = (circumference of the affected limb
100%

From above Table 6, it is observed the different limb
swelling index at different stages above 5¢cm from patella
for the patients who are treated with electrotherapy and
combination therapy. Sequentially Table 7 and Table 8
represent Limb swelling index at different stages for the
patients who are treated with electrotherapy and
combination therapy around Patella and below 5cm Patella
respectively. Besides the 2 days post-op stage where
rehabilitation exercises had not started, the muscle atrophy
degree in the CTG group at all postoperative stages was
significantly lower than that in the ERG group (p < 0.05)
The effects of various rehabilitation programs on limb
swelling index and joint angle are depicted in Fig. 6.

The swelling index at all postoperative stages in the CTG
group was significantly lower than that in the ERG group
(p <0.05).

Besides the 2 days post-op stage where rehabilitation
exercises had not started, the swelling index in the CTG
group at the 6 weeks post-op stage was significantly lower

- circumference of the healthy limb) / circumference of the affected limb =

than that in the ERG group (p < 0.05), and the muscle
atrophy degree at the 12 weeks and 24 weeks post-op stages
was significantly lower than that in the ERG group (p <
0.05).

3.2.5. Joint Angle

The joint angle at all postoperative stages in the CTG
group was superior to that in the ERG group, especially at
the 6 weeks, 12 weeks, and 24 weeks post-op stages, with
significantly better recovery in the CTG group (p < 0.05).

Here the joint angle is referred to knee joint angle. We
are providing an example of observation as a following
report from one of our case studies. We measured the ROM
of patients before and after rehabilitation therapy thereby
showing the difference of ROM values. From Fig. 7, the
improvement of ROM in patients is observed. Table 9 also
denotes the different stages of joint angle post operation
and therapy treated patients with electrotherapy and
combination one.
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Table 7. Limb Swelling Index at Different Stages around the Patella

Limb Swelling Index (%) ERG (n=104) CTG (n=104) p-Value
2 days post-op (cm) 6.58+0.30 6.50+0.28 0.030

6 weeks post-op (cm) 4.284+0.29 3.84+0.41 <0.001
12 weeks post-op (cm) 2.60+0.04 2.18+0.56 <0.001
24 weeks post-op (cm) 1.41£0.58 0.96+0.59 <0.001

Note: Limb swelling index (%) = (circumference of the affected limb - circumference of the healthy limb) / circumference of the affected limb x
100%

Table 8. Limb Swelling Index at Different Stages below 5 cm from the Patella

Limb Swelling Index (%) ERG (n=104) CTG (n=104) p-Value
2 days post-op (cm) 1.46+0.54 1.524+0.57 0.433
6 weeks post-op (cm) 0.50+0.59 0.24+0.30 <0.001
12 weeks post-op (cm) -0.58+0.32 -0.23+0.30 <0.001
24 weeks post-op (cm) -1.17+0.86 -0.85+0.94 0.009

Note: Limb swelling index (%) = (circumference of the affected limb - circumference of the healthy limb) / circumference of the affected limb x
100%
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Figure 7. a. Joint Motion before cruciate ligament surgery combined with rehabilitation & Fig.7.b. & 7.c. Joint motion after cruciate ligament surgery
combined with rehabilitation
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Table 9. Joint Angle at Different Stages

Joint Angle (degrees) fnli(l}o 4) 511(1}0 4) p-Value
2 weeks post-op (cm) 86.14+9.37 88.66+9.43 0.054

6 weeks post-op (cm) 114.67+7.61  127.9548.65 <0.001
12 weeks post-op (cm)  133.17+6.19  151.09£6.49  <0.001
24 weeks post-op (cm)  146.79+£7.95  165.69+£7.15 <0.001

4. Discussion

ACL injury is one of the most common sports injuries in
clinical practice. ACL reconstruction surgery has become
the gold standard for treating ACL rupture. However, the
postoperative rehabilitation process is crucial for restoring
knee function and ensuring satisfactory outcomes. In recent
years, combined therapy, which includes physical therapy,
functional training, and psychological support, has gained
attention in clinical practice. This study aims to compare
the effects of exercise rehabilitation alone and combined
therapy on muscle strength, knee function, and patient
satisfaction after ACL reconstruction.

The results of this study show that both exercise
rehabilitation alone and combined therapy can significantly
improve muscle strength, knee function, and patient
satisfaction after ACL reconstruction. However, combined
therapy had a more significant effect on improving muscle
strength, knee function, and patient satisfaction compared
to exercise rehabilitation alone. This may be due to the
comprehensive approach of combined therapy, which
includes not only physical training but also psychological
support and functional training, addressing both the
physical and psychological aspects of rehabilitation.

5. Conclusions

In conclusion, combined therapy is more effective than
exercise rehabilitation alone in improving muscle strength,
knee function, and patient satisfaction after ACL
reconstruction. It is recommended that combined therapy
be considered as a standard approach for postoperative
rehabilitation in patients with ACL reconstruction. ROM is
also improved in patients after combination therapy.
Further studies with larger sample sizes and longer follow-
up periods are needed to confirm these findings and explore
the underlying mechanisms of combined therapy in ACL
rehabilitation.

Acknowledgements

Authors acknowledge Beijing United Family, China
hospital expert team.

Conflicts of Interest

Declared none.

Contributorship

Conceptualization, Data curation, data analysis &
original draft writing: D.H.; Conceptualization, data
analysis, original draft writing, editing: Y.L,
Conceptualization, data analysis, original draft writing,
review, editing, visualization, supervision: T.B.

Funding

The project does not receive any funding.

REFERENCES

[1] A. W.M. Fok and W. P. Yau, “Anterior cruciate ligament
tear in Hong Kong Chinese patients,” Hong Kong Med. J. =
Xianggang yi xue za zhi, vol. 21, no. 2, pp. 131-135, Apr.
2015, doi: 10.12809/hkm;j134124.

[2] M. Zamankhanpour, R. Sheikhhoseini, A. Letafatkar, H.
Piri, S. Asadi Melerdi, and S. Abdollahi, “The effect of
dual-task on jump landing kinematics and kinetics in female
athletes with or without dynamic knee valgus,” Sci. Rep.,
vol. 13, no. 1, p. 14305, Aug. 2023, doi: 10.1038/s41598-
023-41648-7.

[3] K. E. Glattke, S. V Tummala, and A. Chhabra, “Anterior
Cruciate Ligament Reconstruction Recovery and
Rehabilitation: A Systematic Review,” J. Bone Joint Surg.
Am., vol. 104, no. 8, pp. 739-754, Apr. 2022, doi:
10.2106/JBJS.21.00688.

[4] J. D. Rigg, N. K. Panagodage Perera, L. A. Toohey, J.
Cooke, and D. Hughes, “Anterior cruciate ligament injury
occurrence, return to sport and subsequent injury in the
Australian High Performance Sports System: A 5-year
retrospective analysis,” Phys. Ther. Sport, vol. 64, pp. 140—
146, 2023, doi: 10.1016/j.ptsp.2023.10.001.

[5] A. Maruli Tua Lubis, B. Riyan Hartanto, E. Kholinne, and
R. Deviandri, “Conservative treatment for idiopathic frozen
shoulder: Is supervised neglect the answer? A systematic
review,” Acta Orthop. Traumatol. Turc., vol. 56, no. 5, pp.
340-346, Sep. 2022, doi: 10.5152/j.a0tt.2022.21376.

[6] C. X. Chan, K. L. Wong, S. J. Toh, and L. Krishna,
“Epidemiology of patients with anterior cruciate ligament
injuries undergoing reconstruction surgery in a multi-ethnic
Asian population,” Res. Sports Med., vol. 29, no. 1, pp. 12—
24,2021, doi: 10.1080/15438627.2018.1492391.

[7] Li, F, Qin, L., Gong, X., Huang, Z., Wang, T., Liu, Z,,
Sandiford, S. Yang, J., Zhu, S., Liang, X., Huang, W., Hu,
N., “The Chinese ACL injury population has a higher
proportion of small ACL tibial insertion sizes than Western
patients,” Knee Surg Sports Traumatol Arthrosc, vol. 28, pp.
888-896, 2020. doi: 10.1007/s00167-019-05541-z



20

(8]

[9]

Combined Impact of Chinese Exercise and Electrotherapy on Improving Range of Motion
in Anterior Cruciate Ligament (ACL) Injury Patients: A Study Conducted at Rehabilitation Centers in Beijing

J. Ahn, B. Choi, Y. S. Lee, K. W. Lee, J. W. Lee, and B. K.
Lee, “The mechanism and cause of anterior cruciate
ligament tear in the Korean military environment,” Knee
Surg. Relat. Res., vol. 31, no. 1, pp. 8-11, 2019, doi:
10.1186/543019-019-0015-1.

Nascimento BFD, Lima MBDR, Dias JCnior JM, Antunes
Filho J, Campos TVO, Mendes Junior AF. “Calculation of
the Minimal Important Clinical Difference of the Lysholm
and IKDC Scores After Anterior Cruciate Ligament

[10]

Reconstruction,” Rev Bras Ortop (Sao Paulo), vol. 58, no.
1, pp. 79-84, 2022. doi: 10.1055/s-0042-1756330. PMID:
36969791; PMCID: PMC10038720.

B. Cokyagar, O. Altun, and U. Dasar, “Anterior Cruciate
Ligament Reconstruction Improves Functional Scores and
Quality of Life in Patients Older Than 50 Years of Age,”
Arthrosc. Sport. Med. Rehabil., vol. 5, no. 6, p. 100806,
2023, doi: 10.1016/j.asmr.2023.100806.





