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ABSTRACT

Knee rehabilitation technology has made remarkable progress in recent years. Traditional manual therapy and exercise therapy
still play an important role in rehabilitation, But the use of robot-assisted technology and artificial intelligence is gradually
changing the way rehabilitation is done. The introduction of these emerging technologies has made rehabilitation programs
more personalized, Real-time feedback helps patients recover function more effectively. Still, technology roll-out and cost issues
remain obstacles, Personalized rehabilitation and telemedicine will become a trend in the future, bringing greater treatment
potential for knee patients.

KEYWORDS
knee rehabilitation; manual treatment; robot-assisted; artificial intelligence; personalized rehabilitation; telemedicine

1 Introduction
1.1 Importance of knee rehabilitation

As one of the main load-bearing joints of the human body, the knee joint bears a great load during exercise. It is
therefore extremely vulnerable to damage. For example, conditions such as torn ligaments, worn cartilage, and knee
osteoarthritis have a high incidence in both the general population and athletes. For severe cases, surgical treatments
such as knee replacement (TKA) and anterior cruciate ligament reconstruction (ACL), Often necessary to restore joint
function. However, patients often face pain, joint stiffness and muscle weakness after surgery, which not only affects their
ability to perform daily activities, but also seriously reduces their quality of life. Therefore, systematic rehabilitation
becomes the key means to improve prognosis.

Mistry et al. (2016) point out the importance of personalized planning during postoperative rehabilitation, Including
early active activity and gradually increasing weight bearing exercise, These measures are particularly effective in
restoring knee mobility and function. The study of Dutta et al. (2024) further revealed that targeted training before
surgery can optimize the postoperative rehabilitation effect. Examples include improved postoperative pain
management and accelerated functional recovery. These studies show that scientific and reasonable knee rehabilitation
strategies can not only reduce the incidence of postoperative complications, It can also help patients return to normal life
as soon as possible. In recent years, With the continuous development of rehabilitation technology, multi-modal
rehabilitation plans are gradually applied in clinical practice, thus improving the treatment experience and long-term
effect of patients.

1.2 Background of the development of knee rehabilitation technology

The development of knee rehabilitation technology is closely related to the overall progress of rehabilitation medicine.
Over the past few decades, traditional rehabilitation methods have focused on reducing pain and improving patients’
basic functions. However, with the innovation of modern medical concepts, the goal of rehabilitation has gradually
expanded to comprehensively improve the patient's quality of life and restore movement ability. The study of Roos et al.
(2012) shows that the rehabilitation strategy has changed from a single passive intervention to an active participation
model. Especially in osteoarthritis and postoperative recovery, emphasis is placed on enhancing long-term functional
recovery of patients through exercise training and behavioral management.

At the same time, Lawford et al. (2024) summarized the profound impact that the application of new technologies has
had on knee rehabilitation in recent years. The introduction of digital technologies, such as robot-assisted rehabilitation
devices, virtual reality training and portable sensors, has greatly improved the accuracy and interactivity of rehabilitation
training. For example, virtual reality technology can simulate the real sports environment and provide dynamic training
scenes for patients, which not only increases the fun of participation, but also enhances neuromuscular coordination. In
addition, data-driven personalized rehabilitation programs are becoming mainstream, Biomechanical analysis and
movement data monitoring allow physicians to adjust treatment plans in real time to meet the specific needs of patients.
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Behind these technological advances is an innovation in the concept of rehabilitation, that is, patient-centered whole-
person treatment. Modern rehabilitation is no longer limited to simple medical intervention, but pays more attention to
the patient's independent participation and multidisciplinary cooperationAs the study shows, the integration of new
technologies offers more possibilities for recovery, It significantly improves clinical efficacy, also promotes the deep
integration of rehabilitation medicine and engineering.

2 Traditional techniques of knee rehabilitation
2.1 Role of manual treatment

Manual treatment plays an important role in knee rehabilitation, especially in the early stages, It has a significant effect
on relieving pain and restoring joint motion. According to Zhu et al. (2024), through professional manual therapy, The
mobilization of joint mobilization and soft tissue mobilization technologies, for example, have effectively reduced
postoperative adhesion and improved local blood circulation, thereby reducing inflammatory response and promoting
tissue repair.

Specifically, joint loosening involves gentle pushing and pulling to improve the elasticity of the joint capsule and
restore normal joint biomechanical function. This is especially important for patients in the early post-operative period,
when limited movement and pain can lead to functional stiffness. Studies show that, combined with myofascial relaxation
techniques, The soft tissue tension around the knee joint can be better relieved, thus expanding the range of motion. In
addition, manual therapy can modulate pain perception by stimulating the nervous system, Reduce patients' pain
sensitivity and lay a foundation for subsequent active rehabilitation training.

Although manual therapy has shown good efficacy in rehabilitation, its effectiveness often depends on the therapist's
experience and skill level, Therefore, emphasizing the combination of standardization and individuation is the direction of
future development. Zhu et al. suggest that combining manual therapy with other means of rehabilitation, such as
exercise therapy which can achieve more significant functional recovery effect and provide comprehensive rehabilitation
solutions for patients.

2.2 Traditional exercise therapy

Traditional exercise therapy plays an important role in the rehabilitation of knee surgery. Especially in the early
postoperative period, the core goal of exercise therapy is to restore the basic range of motion of the knee joint and reduce
the occurrence of postoperative complications. Malone et al. (1980) emphasized that initial postoperative rehabilitation
should focus on relieving joint stiffness, reducing swelling, and restoring muscle strength. Through progressive exercise,
such as passive motion training, isometric contraction and muscle activation exercises, the functional recovery of the
knee joint can be effectively promoted.

As the rehabilitation process progresses, exercise therapy enters a later stage, and the focus gradually shifts to
improving joint weight-bearing capacity and exercise endurance. At this stage, the patient's exercise regimen typically
includes both closed chain and open chain exercises to enhance knee joint stability and coordination. Closed chain
exercises, such as half squats, standing leg flexion and extension, can not only effectively enhance the muscle strength
around the knee joint, but also reduce the impact on the joint, Which can reduce the risk of joint degeneration.

The study of Malone et al. pointed out that early and late postoperative exercise therapy should be gradually adjusted
according to the recovery of patients to avoid secondary injuries caused by excessive load. In addition, the personalized
and quantitative management of exercise therapy is also an important factor to ensure the rehabilitation effect. In
addition, the personalized and quantitative management of exercise therapy is also an important factor to ensure the
rehabilitation effect. Exercise therapy combined with other rehabilitation methods can help patients maximize the
recovery of knee function and improve quality of life.

3 Application of emerging technologies in knee rehabilitation
3.1 Robot assisted rehabilitation technology

The application of robot-assisted rehabilitation technology in knee postoperative recovery has been widely concerned,
especially in restoring joint function and gait reconstruction. A systematic review by Yoo et al. (2022) shows that robotic
rehabilitation devices can provide high-precision motion control and personalized treatment, especially for the early
postoperative and gait training phases. Through precise joint motion training and load adjustment, the robot can
effectively promote the recovery of knee joint function and help patients improve gait disorders. In addition, the robotic
device can also evaluate the patient's recovery progress in real time, feed back the data, and further optimize the
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treatment plan to improve the effectiveness and efficiency of treatment. These technological advances not only
accelerate the postoperative recovery of knee joint, but also provide more possibilities for individualized rehabilitation.

3.2 Nordic hamstring exercises

Nordic hamstring exercises are a widely used rehabilitation technique after anterior cruciate ligament (ACL)
reconstruction that has been shown to enhance knee stability and reduce postoperative injuries. Chen et al. (2023)
showed that regular practice of such exercises can effectively improve hamstring strength and endurance, thereby
helping to restore normal motor function of the knee joint. These exercises have significant advantages in gait recovery
and sports injury prevention through targeted strengthening of knee support muscle group. The study also highlights
that Nordic hamstring exercises are not only safe and effective, but also have good clinical prospects and a low risk of
recurrence in improving the exercise capacity of patients after ACL reconstruction.

3.3 Rehabilitation guidance based on artificial intelligence

Rehabilitation guidance technology based on artificial intelligence is gradually becoming an important auxiliary tool in
knee rehabilitation. Al can develop personalized training plans according to the patient's specific needs and rehabilitation
progress, also monitor the patient's movement status in real time and provide feedback. This system, through accurate
movement analysis and data processing, can adjust the training intensity in time to ensure that patients get the best
results and safety during the rehabilitation process. In addition, Al's real-time feedback function helps patients maintain
the correct movement posture during rehabilitation and avoid improper use of the knee joint, thus reducing the risk of
secondary injuries. With the further development of the technology, Al will likely further improve the rehabilitation effect,
shorten the recovery time, and provide more accurate decision support for rehabilitation treatment.

4 Comprehensive rehabilitation strategy and outcome evaluation
4.1 Individualized design of rehabilitation plan

An individualized rehabilitation plan is important in the rehabilitation of knee surgery because the rehabilitation needs
of each patient are different. Postoperative rehabilitation should be tailored to the specific situation of the patient,
including the different stages of postoperative recovery, the patient's functional goals and lifestyle. An individualized
rehabilitation program ensures that the patient receives appropriate support during the recovery process to help them
achieve optimal functional recovery. Studies have shown that tailored treatment plans not only improve recovery but also
reduce the risk of postoperative complications.

In addition, the design of an individualized rehabilitation program requires adequate communication with the patient
to understand their goals and expectations, so as to formulate a reasonable training intensity and schedule. For patients
in the early stages, rehabilitation programs may focus on reducing swelling and restoring range of motion; In the later
stages, the focus shifts to increasing muscle strength, restoring stability and improving motor function. Through this
phased rehabilitation program, patients can receive appropriate treatment and guidance at each stage, thereby
improving the overall recovery effect.

4.2 Multidimensional evaluation of rehabilitation outcomes

The evaluation of rehabilitation outcomes is not only judged by the recovered motor function, pain management and
psychological recovery are also key evaluation dimensions. For motor function, commonly used assessment tools include
Lysholm score, Tegner activity score and IKDC score, which provide a comprehensive picture of knee mobility and
stability. At the same time, pain management quantifies patients' pain perception through scales such as visual analog
scale (VAS), so as to monitor changes in pain perception during rehabilitation. For psychological recovery, common tools
such as the SF-36 Health questionnaire can assess a patient's mental health status and quality of life. Through these multi-
dimensional assessment tools, patients' rehabilitation progress can be more comprehensively understood and more
targeted rehabilitation plans can be formulated.

5 Challenges and future prospects
5.1 Challenges in rehabilitation techniques

The promotion of rehabilitation technologies faces many challenges, not least the limitations in terms of cost-
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effectiveness. Although many emerging technologies can theoretically improve rehabilitation outcomes, their high cost
makes it difficult for many patients and healthcare institutions to widely use them. For example, robot-assisted
rehabilitation and Al technologies have shown high results, but their equipment and maintenance costs have placed
great pressure on medical institutions with limited budgetsin addition, the popularity of the technology is also restricted
by professional training and technical support, which makes it have certain limitations in practical application.

5.2 Future development direction

In the future development of knee rehabilitation, personalized rehabilitation plans, patient self-management and
remote rehabilitation show great potential. With the advancement of technology, personalized treatment is able to adjust
the treatment regimen according to the rehabilitation needs and recovery process of each patient, thus increasing the
effectiveness. Patient self-management is seen as a key factor in improving treatment compliance and the quality of
rehabilitation, In particular, with the support of tele-rehabilitation, patients can monitor and adjust their rehabilitation
plans at any time through digital platforms.

6 Conclusion

Knee rehabilitation technology has experienced significant development and innovation, especially breakthroughs in
the application of manual therapy, traditional exercise therapy, and emerging technologies such as robot-assisted and
artificial intelligence. These technological advances make the rehabilitation process more precise and efficient, enabling
personalized solutions to be provided according to the individual needs of the patient. However, technology roll-out and
cost-effectiveness remain current challenges. In the future, with the continuous development of personalized
rehabilitation plans and tele-rehabilitation technology, knee rehabilitation is expected to enter a more forward-looking
stage, providing patients with more intelligent and convenient treatment programs.
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