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Objective: This study aims to investigate the impact of Muscle Energy Technique (MET) on functional recovery and long-term
prognosis in patients undergoing Total Knee Arthroplasty (TKA) during the early postoperative rehabilitation phase.

Methods: Eighty patients who underwent TKA from January 2021 to December 2021 at the Department of Orthopedics, The First
Affiliated Hospital of Nanjing Medical University, and treated by the same team of doctors were selected. The patients were computer-
randomized into two groups: a control group comprising 36 patients receiving conventional rehabilitation therapy, and an experimental
group comprising 42 patients receiving Muscle Energy Technique (MET) therapy.

Results: Statistically significant differences were observed between the two groups in measurements of active knee joint range of
motion, HSS scores, and VAS pain scores at 3 days, 7 days, 1 month, and 3 months postoperatively (P < 0.001). No statistical
difference was noted in the TUG test at | month postoperatively (P > 0.001), while a significant difference was observed at 3 months
(P <0.001). Compared to the control group, the MET group exhibited a 19.3% increase in knee joint activity at 3 days post-TKA. The
pain score in the conventional group was 1.34 times that of the MET group. One month post-intervention, the HSS scores of the MET
group were 22.2% higher than those of the control group. At 3 months postoperatively, the MET group’s HSS scores remained 14.2%
higher, and the conventional group’s pain score was 3.67 times that of the MET group.

Conclusion: This preliminary study indicates that MET can enhance knee joint functionality. It demonstrated short-term efficacy in
improving knee function by activating and strengthening key muscle groups, thereby improving joint mobility, muscle strength,
stability, and alleviating pain.
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Total Knee Arthroplasty (TKA) is an orthopedic surgical procedure that replaces a damaged human joint with
a prosthesis made of artificial materials. TKA aims to alleviate joint pain, instability, deformities, and severe functional
impairment caused by various types of arthritis, traumatic arthritis, and non-pyogenic arthritis, thereby reconstructing
a joint with near-normal functionality and enhancing joint performance. Recognized as the safest and most effective
treatment for alleviating pain and improving limb function in patients with knee arthritis, the utilization of TKA has been
on a steady rise, increasing annually by 5% to 17%.' However, systematic reviews indicate that only 3 randomized
controlled trials (RCTs) with a total sample size of less than 100 participants have evaluated the efficacy of MET in post-
TKA rehabilitation. These studies suggest limited evidence regarding the efficacy of MET post-TKA, warranting further
investigation into its impact on functional recovery. Despite undergoing TKA, many patients still experience suboptimal
functional recovery, which is primarily characterized by persistent postoperative pain, joint stiffness, and limited ability
to perform daily activities.”* Conventional rehabilitation methods have not significantly improved postoperative knee
joint mobility, possibly due to early postoperative symptoms like pain and swelling.4 Hence, with the increasing number
of patients undergoing TKA (growing annually by 5-17%), implementing effective early rehabilitation training is crucial
for enhancing postoperative knee joint function and improving the quality of life for TKA patients.
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Muscle Energy Technique (MET) is a manipulative treatment targeting disorders of the soft tissues, muscles, and
skeletal system. It involves precise therapist-controlled direction and force application, coupled with active patient
participation, utilizing isometric muscle contractions to mitigate pain, stretch tight muscles and fascia, reduce muscle
rigidity, improve local blood circulation, strengthen weak muscles, and increase mobility in stiff joints. Common MET
techniques include Reciprocal Inhibition (RI), Contract Relax (CR), Contract Relax Antagonistic Contraction (CRAC),
and Annulare Muscle Energy Technique (A-MET), each serving distinct purposes. For instance, RI primarily relaxes
agonist muscles through the active contraction of antagonist muscles, thereby increasing joint Range of Motion (ROM)
and reducing adhesions in joints, ligaments, and fascia. CR involves isometric contraction of the agonist muscle, causing
tendon tissues to stretch, passively elongating and alleviating abnormal collagen tissue adhesions, thereby releasing
collagen in tendons and facilitating more freedom in muscle fiber contraction and extension, along with enhanced
mobility in the connected fibrous tissue.’

MET has gained widespread recognition in global fields of rehabilitation medicine, rehabilitative therapy, and sports
rehabilitation. Its primary treatment targets include individuals with sports injuries, post-traumatic injuries from traffic
accidents, chronic injury-related pain complications, and patients with limb joint functional impairments. As China’s
aging population grows, the incidence of knee arthritis is also increasing and is expected to continue to rise significantly.
However, the effectiveness of existing post-TKA rehabilitation methods in China is inadequate for achieving rehabilita-
tion goals. This study challenges traditional rehabilitation approaches by incorporating novel rehabilitation techniques.
By comparing the effects of conventional rehabilitation methods (Routine Rehabilitation Treatment, RRT) and Muscle
Energy Technique (MET) on knee joint functional rehabilitation in post-TKA patients, the study explores the impact of
MET on functional recovery and long-term prognosis in these patients. The findings not only optimize the rehabilitation
treatment pathway, providing more effective rehabilitation methods for TKA patients, but also align with the current
objectives of “Healthy China 2030, playing a significant role in improving postoperative functional recovery and the
quality of life for patients.

Clinical Data and Methodology

Baseline Data Patient Records

The study selected 80 patients who underwent Total Knee Arthroplasty (TKA) between January 2021 and
December 2021 at the Department of Orthopedics, The First Affiliated Hospital of Nanjing Medical University. All
procedures were performed by the same team of doctors, utilizing prostheses of the same material provided by the same
company, and followed a uniform postoperative treatment protocol.

Sample Size Calculation

Based on ROM data (0=0.05, f=0.2), A sample size of 36 patients per group was required to achieve adequate statistical
power, with 40 patients enrolled per group to account for potential dropout. The actual study included 36 patients in the
MET group and 42 patients in the RRT group, which was slightly different from the planned 36/group.

Inclusion Criteria

a. Patients diagnosed with osteoarthritis undergoing unilateral Total Knee Arthroplasty; b. Patients undergoing Total
Knee Arthroplasty for the first time; c. Patients aged between 50 and 80 years; d. Patients with good compliance, capable
of participating in functional exercises; e. Patients willing to participate in the study, agree to follow-up appointments,
and provide signed informed consent.

Exclusion Criteria

a. Patients with a history of knee surgery or rheumatoid arthritis; b. Patients with concurrent lower limb acute infection or
other joint functional impairments; c. Patients with preoperative coagulation disorders or lower limb Deep Vein
Thrombosis (DVT); d. Patients with consciousness, cognitive impairments, or severe mental illness. Elimination
Criteria: a. Patients who need to discontinue the treatment plan for personal reasons; b. Patients who experience severe
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adverse reactions and are unable to adhere to the set treatment plan; c. Patients who withdraw from the clinical study
midway; d. Patients who fail to attend scheduled clinic follow-ups, resulting in incomplete follow-up or assessment data.

Research Methodology

Prospective data collection was performed from January 2021 to December 2021, involving 80 patients who met the inclusion
and exclusion criteria and underwent TKA at our facility. Block randomization (size=4) via opaque envelopes was employed
to allocate patients into two groups. A computerized random number sequence was generated, and the allocation sequence was
concealed in opaque, sequentially numbered envelopes. The assessors, who were blinded to group allocation, opened the
envelopes according to the patient’s hospital admission order, ensuring a randomized and blinded assignment. The patients, in
accordance with their hospital admission order, opened these envelopes and were subsequently randomly assigned to either the
Muscle Energy Technique (MET) rehabilitation group or the conventional rehabilitation group.

The conventional rehabilitation treatment methods for the control group are as follows: Preoperative rehabilitation
assessment, including the evaluation of muscle strength, Range of Motion (ROM), and circumference of different parts of
the operative limb. Development of a rehabilitation plan based on the assessment results, which includes ankle pump
dorsiflexion and plantarflexion exercises, muscle strength training, joint ROM exercises, gait training, and Activities of
Daily Living (ADL) training. Muscle strength training, encompassing quadriceps muscle strength training, hamstring
muscle strength training, and straight leg raise exercises. Each exercise is held for 10 seconds, with 20 repetitions per set
and two sets conducted daily. Joint ROM exercises, involving both active and passive knee flexion exercises. Each
exercise is held for 5 seconds, with 20 repetitions per set and two sets conducted daily. Gait training, which includes
guidance on how to perform body position transitions, stand up from the ground, and walk correctly using a walker, all
within the first 24 hours post-surgery. Rehabilitation evaluation, assessing the patient’s muscle strength, joint ROM, gait,
walking distance, and ADL status after undergoing the rehabilitation training. The Muscle Energy Technique (MET)
intervention rehabilitation treatment methods specifically implemented in the experimental group include:

The MET intervention comprised 2 sessions per day for 6 consecutive days during inpatient rehabilitation, followed by 3
sessions per week for 8 weeks during outpatient rehabilitation. Specifically, the intervention included Post-Isometric Relaxation
(PIR) and Post-Facilitation Stretch (PFS) techniques to target the quadriceps muscle. These techniques aim to enhance
neuromuscular activation by engaging Type II muscle fibers and improving the extensibility of antagonist muscles, ultimately
leading to enhanced knee extension function. The specific implementation is as follows: The patient lies supine with the knee
passively flexed to 15 degrees. The patient is instructed to perform isometric contractions of the quadriceps against resistance,
followed by relaxation, then the therapist rapidly stretches to the next resistance point. Each quadriceps isometric contraction lasts
10 seconds, performed 10 times per set, with one stretch after completing a set and two sets per day. After each stretch, the knee
extension angle is remeasured to maximize the improvement of knee extension limitations. Once the patient’s knee joint can fully
extend, they are guided through regular muscle strength training, including isometric contractions of the quadriceps, assessing the
strength of medial muscle contractions, ensuring proper contraction and relaxation of key muscles, straight leg raise exercises,
active knee flexion exercises, and bedside passive knee flexion exercises. The training starts on the second day post-TKA and
continues for six consecutive days until discharge, aiming to achieve full knee extension and mastery of the isometric contraction
technique of the quadriceps. Eccentric contraction of the quadriceps combined with conventional straight leg raise training,
which further strengthens the muscle strength of the knee extensors, activates the power of the quadriceps, particularly the
strength of the vastus medialis muscle. This approach ensures more coordinated contraction within the different muscles of the
quadriceps, laying the foundation for the completion of straight leg raise exercises. The specific implementation is as follows:
The patient is guided to sit at the edge of the bed, actively extending the knee, then, under the therapist’s control, passively flexing
the knee to 60 degrees. The patient exerts force toward the resistance point in the direction of stretch, and the therapist provides
single-handed equal resistance (isometric contraction) or uses a sequential progressive resistance. The patient is instructed to
extend the knee (isotonic contraction), activating the quadriceps muscle. The therapist rapidly stretches to the next resistance
point, the patient extends the knee again, and the therapist observes the contraction response, especially in the position of the
vastus medialis muscle, to ensure the quadriceps are in an activated state. Each resistance contraction lasts 5 seconds, followed by
one stretch, repeated 10 times per set, with two sets per day. The training begins on the second day post-TKA and continues for
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six consecutive days until discharge. The goal is to correctly master the force application method of the adductor muscles of the
thigh, activate the quadriceps early, and complete the straight leg raise training regimen.

Conventional Range of Motion (ROM) training followed by Reciprocal Inhibition (RI) technique (knee flexor muscle
training) effectively stimulates the electrical response rate of knee flexor muscles and induces neuromuscular activation. This
method also alleviates pain through reciprocal inhibition and stimulation of mechanoreceptors. The specific implementation is as
follows: Before starting the therapy, the patient is seated at the edge of the bed with the thigh snug against the bed edge and the leg
dangling. The therapist, facing the patient, stabilizes the operative thigh with one hand and places the other hand under the distal
end of the affected calf. The patient is instructed to take deep breaths; if the thigh muscles of the operative limb are tense, they are
gently tapped to induce relaxation. The patient is then guided to actively flex the knee for 5 seconds. Simultaneously, the
therapist, while seated, places a hand on the patient’s posterior ankle, providing equal resistance against the patient’s hamstring
muscle contraction. After maintaining the knee flexion resistance for 5 seconds, the therapist relaxes the pressure. When the
patient’s muscles are balanced and coordinated, the therapist continually advances the joint’s range of motion until the highest
resistance point of knee flexion is reached. Each resistance contraction lasts 5 seconds, with the joint’s range of motion advanced
once. This is performed 10 times per set, with two sets per day. The training begins on the second day post-TKA and continues for
six consecutive days until discharge. The objective is to correctly master the hamstring muscle’s force application method,
activate the hamstring muscle early, and successfully complete the active knee flexion training regimen.

Observation Indicators

Knee Joint Active Range of Motion

The goniometer is used to measure the active range of motion of the patient’s knee joint, including the flexion angle in the
supine and sitting positions, and the extension angle in the sitting position. Each movement is measured twice, and the best
value is taken. Measurements are taken at 3 days, 7 days, 1 month, and 3 months, with a planned follow-up at 6 months.

Time Up and Go Test (TUG)

Initially, the patient sits on a chair 45 cm high. Timing starts when the patient stands up, walks 3 meters, turns, returns to
the chair, and sits down again. The total time taken for this process is recorded. This scale is simple, easy to operate, and
has high reliability and validity, making it suitable for evaluating short-term and long-term rehabilitation effects post-
knee arthroplasty.! The TUG test is performed and recorded 7 days and 1 month postoperatively.

Hospital for Special Surgery (HSS) Knee Score

The HSS knee scoring system, proposed by the Hospital for Special Surgery in the USA, includes six dimensions: pain,
function, range of motion, muscle strength, knee flexion deformity, and knee instability. Each question has five multiple-
choice options, with the scores converted to a 100-point scale, where 0 points indicate the most severe symptoms, and
100 points indicate the least severe. The HSS knee scores are recorded 1 month and 3 months postoperatively.

Visual Analogue Scale for Pain (VAS)

A 10 cm ruler is used, divided into ten equal parts, with the ends labeled “0” and “10”, representing no pain and unbearable
extreme pain, respectively. The middle part of the scale corresponds to the respective pain levels. Subjects assess their pain
level based on their sensation and mark it on the appropriate scale. VAS scoring criteria: 0—2 points are considered
“excellent”, 3-5 points “good”, 6-8 points “fair”, and 8—10 points “poor”. VAS pain scores are recorded at 3 days, 7 days,
1 month, and 3 months postoperatively.

Statistical Methods

All clinical research data are recorded in a standardized observation chart created with Microsoft Excel and are managed by
a dedicated person responsible for clinical data. Analysis is conducted using SPSS software version 22.0. For comparing
quantitative data between two groups, repeated-measures ANOVA was employed to account for time-related effects and group
differences. Paired-sample t-tests were utilized to compare pre- and post-treatment outcomes within each group, with
a significance level set at P < 0.05. All measurement data should fit a normal or approximately normal distribution and are
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presented as mean + standard deviation. The independent samples #-test is used for analyzing the aforementioned indicators,
with P < 0.05 considered statistically significant.

Results
MET Significantly Enhances Patients’ Knee Joint ROM

The range of motion (ROM) of the knee joint can reach 135 degrees during flexion and 0 degrees during extension, with
internal and external rotation angles being approximately 10 degrees each. Limited joint mobility may be a result of knee
injuries or degeneration. When the quadriceps muscles are weak, complete extension of the knee joint is not possible.
This study compared the intergroup effects, time effects, and interaction effects on the ROM of the knee joint post-TKA
between the two patient groups. As indicated in Table 1, the experimental results were statistically significant (P <
0.001). The results of the repeated-measures ANOVA demonstrated that, over time, the active ROM of the knee joint in
the experimental group was significantly superior to that in the control group (P < 0.001). Notably, on the third day post-
surgery, the knee joint activity degree of the patients in the experimental group was 19.3% higher than that in the control
group. These results suggest that, compared to conventional rehabilitation methods, the rehabilitation treatment utilizing
MET can significantly improve the ROM of the knee joint in patients post-TKA (Figure 1).

MET Does Not Improve Patients’ TUG Scores

This study compared the Time Up and Go (TUG) test scores post-TKA between the two patient groups, and the
experimental results are presented in Table 2. The data reveal that there was no significant difference in the TUG scores
between the two groups one month post-surgery (P > 0.05), indicating no statistical significance. However, the TUG
scores three months post-surgery were statistically significant (P < 0.001), with the scores of the Routine Rehabilitation
Treatment (RRT) group being higher than those of the MET group. These results suggest that, compared to conventional
rehabilitation methods, the MET rehabilitation approach does not enhance patients’ TUG scores.

MET Significantly Improves Patients’ HSS Scores

This study compared the differences in the Hospital for Special Surgery (HSS) scores between the two patient groups, focusing
on intergroup effects, time effects, and interaction effects. The scoring results, as shown in Table 3, were statistically significant (P
<0.001). The data indicate that before the commencement of the rehabilitation treatment, the scores of both groups were similar.
However, as time progressed, one month post-intervention, the HSS scores of patients in the MET group were 22.2% higher than
those in the RRT group; and three months post-intervention, the HSS scores in the MET group still surpassed those in the RRT
group by 14.2%. These results demonstrate that, compared to conventional treatment methods, the MET rehabilitation approach
can significantly enhance patients’ postoperative HSS scores, and this improvement is sustained over time.

MET Significantly Reduces Postoperative VAS in Patients

Postoperative pain management is one of the critical factors affecting early mobility in patients undergoing Total Knee
Arthroplasty (TKA), and effective postoperative analgesia can reduce hospital stay duration and medical expenses. This study
compared the postoperative pain conditions between the two patient groups. The differences in pain scores between the
groups, considering intergroup effects, time effects, and interaction effects, were statistically significant (P < 0.001), indicating

Table | Comparison of Active Range of Motion Scores of the Knee Joint Between Two
Groups of Patients (x + s, Degrees)

Group | n 3 Days 7 Days I Month 3 Months
Post-Operation | Post-Operation | Post-Operation | Post-Operation

MET 36 95.3£5.5 103.2+4.8 115.7+4.6 125.5+6.9

RRT 42 76.9+6.3 86.615.1 96.8+5.5 113.2+6.5

t value -5.276 —6.589 —7.362 —6.645

P <0.001 <0.001 <0.001 <0.001
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different therapeutic effects from the two intervention measures. Over time, the condition of knee joint pain in patients in the

MET group was better than that in the control group. The differences in pain levels at 3 days, 7 days, one month, and three

months post-surgery for both groups are presented in Table 4. The data clearly indicate that patients who underwent

Table 2 Comparison of Time Taken for the Timed Up and Go (TUG)
Test After Intervention Between Two Groups of Patients (X £ 5) Unit:

seconds
Group n Month Months
Post-Intervention 3 | Post-Intervention
MET group 36 18.84+1.89 11.85%1.56
Conventional group | 42 18.95+1.97 13.70£1.71
t value -0.231 -2.273
P >0.05 <0.001

Table 3 Comparison of HSS Scores Before and After Intervention Between Two
Groups of Patients (¥ & s) Unit: Points

Group n Before I Month 3 Months
Intervention | Post-Intervention | Post-Intervention

MET group 36 52.749.7 80.2+4.9 92.443.1

Conventional group | 42 52.4+9.5 68.1£5.1 84.41+3.4

t value -1.921 —1.364

P <0.001 <0.001

Table 4 Comparison of Knee Joint Pain Scores Between Two Groups of Patients (x & s) Unit: Points

Group n 3 Days 7 Days I Month 3 Months
Post-Operation | Post-Operation | Post-Operation | Post-Operation

MET group 36 4.6%1.1 2.4+0.6 0.7+0.6 0.3£0.6

Conventional group | 42 6.2+0.7 3.4+08 1.7+0.7 1.1£0.8

t value —0.110 —1.283 -2.419 —2.224

P <0.001 <0.001 <0.001 <0.001

https:

5414
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rehabilitation with the MET method experienced a significant reduction in knee joint pain perception. On the third day post-
surgery, the pain scores in the conventional group were 1.34 times higher than those in the MET group; three months post-
surgery, the pain scores in the conventional group were 3.67 times higher than those in the MET group. The results of this
study indicate that using the MET method for patient rehabilitation can significantly suppress postoperative pain in patients.
Moreover, this suppressive effect becomes more pronounced as the recovery time increases.

Discussion

Currently, domestic rehabilitation techniques for Total Knee Arthroplasty (TKA) primarily include isometric muscle
contraction, isometric resistance contraction, active and passive Range of Motion (ROM) training, Continuous Passive
Motion (CPM) device training for sustained passive activity, gait training, and more.® Singular isometric contraction training,
however, may not sufficiently activate muscle strength and lacks coordination during contraction and relaxation. ROM
training without resistance can lead to inadequate active knee flexion strength, failing to aid in patient recovery effectively.
Additionally, post-TKA patients may exhibit exercise-induced muscle force errors due to kinesiophobia, leading to compen-
satory movements, making it challenging to control the direction of force application, rendering the exercise ineffective and
failing to achieve the true purpose of the exercise. The hallmark of the Muscle Energy Technique (MET) is its active, gentle,
and non-impactful nature. During the alternating active contraction and relaxation of muscles, the soft tissues surrounding the
joint form a spiraling and unwinding effect. The therapeutic characteristic of this technique necessitates the active participation
of the patient, continuous cooperation during treatment, and muscle contractions of specific degrees and directions as set by
the operator. Various muscle contraction methods, including isometric, concentric, and eccentric contractions, are often
combined in application. This training can improve tissue fluid metabolism, accelerate the synthesis of new cells, promote
tissue fiber repair and strengthening, improve joint angles, relax tense muscles and fascia, alleviate pain, balance the muscle
strength around the joint, and restore the normal biomechanics of the joint and surrounding tissues.>’

TKA is regarded as one of the surgeries with significant effects on severe knee joint diseases, capable of reconstructing
knee joint function and alleviating knee pain. However, the incidence of severe postoperative pain after TKA can be as high as
60%, lasting 48—72 hours, and may even develop into chronic pain.® Some patients experience pain, knee joint dysfunction,
and muscle weakness after TKA, severely affecting their ability to walk. Postoperative pain can severely impede the recovery
of knee joint function and even affect patients’ daily lives. Studies suggest that MET can alleviate patients’ pain through
mechanisms such as stimulating mechanoreceptors or reciprocal inhibition, and strength training of the quadriceps can
improve the motor function of the knee joint.” This conclusion aligns with the experimental group’s knee joint pain score
results, and our experimental findings indicate that MET significantly alleviates patients’ pain with a sustained effect
(remaining significant after three months). Starting from the third day post-surgery, each test result showed that the pain
scores of patients in the experimental group were significantly lower than those in the control group. Currently, MET is widely
used domestically and internationally for soft tissue pain treatment, such as for muscle strains, lateral epicondylitis of the
humerus,” periarthritis of the shoulder'’, piriformis syndrome'’, and elbow joint stiffness'*. Recently, MET has also been
applied for functional rehabilitation training post-ACL reconstruction'?, post-meniscus repair surgery'*, and more, though the
literature is sparse and further exploration in knee joint applications is needed.

This experiment has direct evidence indicating that MET can enhance active knee joint mobility, accelerate knee joint
recovery, and alleviate pain. Therefore, compared to conventional rehabilitation treatments, MET is considered to have
better therapeutic effects, shorter recovery periods, and higher patient satisfaction. Thus, MET can be regarded as
a rehabilitation treatment method for TKA patients worthy of widespread promotion and application.

Data Sharing Statement
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