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Abstract

Artificial intelligence (AI) and machine learning (ML) are powerful technologies
with the potential to revolutionize motor recovery in rehabilitation medicine. This
perspective explores how Al and ML are harnessed to assess, diagnose, and
design personalized treatment plans for patients with motor impairments. The
integration of wearable sensors, virtual reality, augmented reality, and robotic
devices allows for precise movement analysis and adaptive neurorehabilitation
approaches. Moreover, Al-driven telerehabilitation enables remote monitoring
and consultation. Although these applications show promise, healthcare profes-
sionals must interpret Al-generated insights and ensure patient safety. While Al
and ML are in their early stages, ongoing research will determine their effect-
iveness in rehabilitation medicine.

Key Words: Artificial intelligence; Motor learning; Rehabilitation; Motor recovery;
Machine learning; Physical medicine and rehabilitation

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Artificial intelligence (AI) and machine learning (ML) are promising to
revolutionize motor recovery in rehabilitation medicine. These technologies enable
precise movement analysis, personalized treatment plans, and adaptive neurorehabil-
itation approaches using wearable sensors, virtual reality, augmented reality, and robotic
devices. Al-driven telerehabilitation also facilitates remote monitoring and consultation.
However, healthcare professionals must interpret Al-generated insights and prioritize
patient safety. Ongoing research will determine the true potential of Al and ML in
shaping the future of rehabilitation medicine.
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TO THE EDITOR

Artificial intelligence (Al) is the simulation of human intelligence by machines. Machine learning (ML) is the process by
which a computer algorithm perceives data, identifies patterns, and finally predicts relationships within those patterns.
Deep learning is a type of ML that uses an artificial neural network to process an input through multilayered, intercon-
nected nodes ('deep')[1]. We read an article by Salimi et al[2] with interest and found that AI has many roles in trauma
orthopedics. We would like to highlight the importance of Al in rehabilitation medicine especially for motor recovery. Al
and ML have great potential for motor recovery within the field of rehabilitation medicine[3]. These technologies can aid
in assessing patients' conditions, designing personalized treatment plans, monitoring progress, and optimizing rehabil-
itation strategies. Here, we provide a perspective on how Al and ML are utilized in motor recovery in rehabilitation
settings (Figure 1).

Assessment and diagnosis: Al and ML algorithms can analyze various data sources, such as medical records, imaging
studies, and sensor data, to assess the severity of motor impairments, identify specific deficits, and diagnose underlying
conditions. These algorithms can process large datasets quickly, enabling efficient and objective assessments. Using
trained algorithms, Al can accurately identify and highlight specific areas of concern, like fractures, tissue damage, or
joint misalignments. It can also compare the patient's images with a vast database of similar cases, aiding in pattern
recognition and anomaly detection.

Predictive modeling: Al and ML can develop predictive models that estimate the expected motor recovery trajectory
based on individual characteristics and treatment factors. By considering factors such as age, comorbidities, and
treatment protocols, these models can help clinicians set realistic goals, predict potential outcomes, and tailor rehabil-
itation plans accordingly. For instance, if the model predicts a slower recovery compared to the expected timeline, doctor
can adjust the treatment plan promptly. This proactive approach maximizes the chances of better outcomes by tailoring
the rehabilitation program based on real-time predictive insights.

Personalized treatment planning: Al and ML can assist in developing personalized treatment plans by integrating
patient-specific data and evidence-based guidelines. These algorithms can analyze a patient's clinical information,
functional abilities, and treatment history to generate recommendations on the most appropriate interventions, exercise
protocols, and assistive technologies.

Sensor-based movement analysis: Al and ML algorithms can process data from wearable sensors, such as accelero-
meters or inertial measurement units, to analyze movement patterns, kinematics, and muscle activity. As part of the
rehabilitation process, the person wears a set of wearable sensors, such as accelerometers or inertial measurement units,
on their body. These sensors can be attached to different parts of the body, such as the legs, arms, or torso, to capture
precise movement data in real-time. This information provides insights into the quality of movement, identifies
deviations from normal patterns, and guides the design of targeted rehabilitation exercises.

Virtual reality (VR) and augmented reality (AR): Al and ML can be employed in VR and AR applications for motor
recovery. These technologies create immersive and interactive environments that simulate real-world activities and
promote motor learning. Al algorithms can adapt the virtual environments based on the patient's progress, customize the
difficulty level, and provide real-time feedback to facilitate motor relearning[4].

Robotic-assisted rehabilitation: AI and ML algorithms are utilized in robotic devices used for motor rehabilitation.
These algorithms can analyze patient data, adapt the robotic assistance to the individual's needs, and modulate the
intensity and complexity of exercises. The Al-driven robotic systems can provide real-time feedback, quantify
performance metrics, and track progress over time[5].

Adaptive neurorehabilitation: Al and ML can support adaptive neurorehabilitation approaches, where rehabilitation
interventions are continuously adjusted based on the patient's progress and physiological responses. By integrating real-
time patient data, these algorithms can adapt the intensity, duration, and difficulty of exercises, maximizing engagement
and promoting neural plasticity. Sensors continuously collect data on the patient's brain activity, muscle responses, and
movement patterns. Al algorithms analyze this data in real-time, identifying patterns of progress and areas of challenge.
For instance, if the AI detects that a specific cognitive exercise is becoming too easy for the patient, it can automatically
adjust the difficulty level to provide a more stimulating challenge. Conversely, if a physical movement exercise is causing
frustration, the Al can adapt the intensity to match the patient's comfort and capabilities.

Telerehabilitation: Al and ML enable remote monitoring and telerehabilitation programs. By collecting and analyzing
data from wearable devices or video assessments, these technologies can remotely assess patient progress, provide
personalized feedback, and facilitate remote consultations between patients and healthcare providers[6].

The integration of AI and ML in motor recovery has the potential to improve rehabilitation outcomes, enhance patient
engagement, and optimize resource allocation. However, it is important to note that the involvement of healthcare profes-
sionals remains crucial in interpreting Al-generated insights, ensuring patient safety, and providing human expertise
throughout the rehabilitation process. Furthermore, we would also like to propose the use of Al and ML in future in the
assessment and diagnosis, predictive modeling, personalized treatment planning, sensor-based movement analysis and
adaptive neurorehabilitation in the field of rehabilitation medicine.
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Figure 1 Artificial intelligence and machine learning in motor recovery.

In conclusion, it is important to note that AI and ML are both in their early infancy. Further research is needed to
comment on the effectiveness of such applications in rehabilitation medicine.
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