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Abstract. Physical rehabilitation is essential for a large number of patients around the world to
recover from their disabilities. However, conventional methods of rehabilitation were expensive
and difficult for majority of patients to access. This paper presents studies with neural network-
based approaches that solve this problem are reviewed in this paper. The methods are divided
into three main categories: stroke rehabilitation, injury rehabilitation and other rehabilitations.
The common methods reviewed are Convolutional Neural Network (CNN), Support Vector
Machine (SVM) and Recurrent Neural Network (RNN). There are various rehabilitation datasets
reviewed in the paper, which all included pictures and videos of both patients and healthy people
preforming a series of movements. The sensors used in experiments to capture patients’
movements are also summarized in this paper. The paper reviewed few algorithms able to model
a 3D human skeleton based on the data collected by sensors. Evaluation metrics reviewed
includes Discrete Movement Score, rule-based and template-based scoring methods. K-Nearest
Neighbor (KNN) and Dynamic Time Warping (DTW) distance function were commonly used
in template-based evaluation methods. The results in researches reviewed indicate that neural
network-based rehabilitation methods are able to satisfy most demands, and improved efficiency,
making it affordable and accessible to more patients.

Keywords: Physical rehabilitation, Neural network, Machine learning, Movement evaluation
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1. Introduction

Physical rehabilitation, commonly applied in the field of medical science, is a method that can assist
patients who experienced physical disabilities or impairments to restore their physical abilities after
surgery [1]. A variety of studies had verified the essential role of physical rehabilitation during the
process of recover for an injured patient [1-3]. Statistics from the World Health Organization (WHO)
shown that 15% of the world population suffer from disabilities of different extent, and the demand for
rehabilitation is at an increasing rate [4]. However, this indispensable healing care for most disability
patient is sometimes impeded by some factors, especially in lower-middle income countries. Cost is one
of the burdens that hinders impoverished patients to get access to rehabilitation treatments. According
to the Medical Expenditure Panel Survey made by the US federal government in 2007, physical
rehabilitation programs with the participation of 9 million adults conducting 88 million courses cost
about 13.5 billion dollars in total [5]. Accuracy is another problem. Research had revealed that
conventional ways of observing rehabilitation usually have considerable deviation [2]. Using
conventional methods to deal with quantitative amount of patient is also impossible [3]. To solve these
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problems, computers with neural network, a combination of machine learning algorithms within
different nodes and layers [6], using particularly visual identification and data analysis in this case, were
introduced and started to apply in physical rehabilitation.

In the past few decades, machine learning was already used. However, the performance did not
satisfy users, so neural network was introduced [1]. Robots equipped with RGB-D sensors and cameras
are used in patients’ home [7]. Force sensors are also installed to measure the pressure each foot exerts
to the ground. The absolute mean square error of the sensor is £0.3 cm [8]. With these high-accuracy
instruments, precise motions of patients can be captured by cameras and sensors [2]. By interpreting
feature engineering, which is a process of selecting, analyzing, and transforming raw data into datasets
that can be use in supervised machine learning, can compute the images [9,10]. The images can further
be evaluated to form 3D human skeletons by using machine learning regression, and deep neural
network can analysis the quantitative data [3]. To be specific, scoring method is used in this evaluating
process. By using machine learning algorithms including Support Vector Machine (SVM), distance
functions, and probability density functions, computers can export the score [9-11]. Based on the
numerous datasets existing, the results computed are compared and also used to optimize the datasets
[11-13]. With the involvement of the Internet, the results could also be upload to servers to proceed
further evaluations, including online estimations made by doctors [14]. Finally, patients can get visual
feedback through their computer screens, therefore acknowledging their current recovering progress and
make adjustments if necessary [7].

These recent features solved the majority problems existing in conventional rehabilitation. The latest
development of physical rehabilitation along with neural network and machine learning now enables
patients to do home-self-trainings and online estimations. Nowadays, as research indicates, more than
90% of all the rehabilitation sessions are performed at home [12]. Under this circumstance, the cost of
the recovery course is significantly reduced, the accuracy improved, and much more efficient to analysis
a vast amount of data [6-10]. These recent developments benefit more patients, especially living in
lower-middle income countries, by providing an efficient and convenient access to rehabilitation, which
used to be expensive and complicated [4, 7].

The goal of this paper is to summarize the application of neural network in physical rehabilitation.
With the rapid development of technology, this field is relatively new and only have a few existing
reviews. The reminder of the review is organized as follows. First, section 2 discusses the methods
related to neural network used for physical rehabilitation based on different scenarios. Then, the results
and discussions based on the methods reviewed are presented in section 3. The discussion will analyze
all the researches mentioned in the preceding text and indicate insufficient parts of pervious researches.
Finally, section 4 briefly summarizes the paper and gives a conclusion.

2. Methods

2.1 Stroke Rehabilitation

Stroke is a common and serious illness that requires rehabilitation. In many countries, stroke is the
second or third disease that causes death. In a study [2], robots with the function of automatic detection
were used. In the experiment, researchers setup the robot with multiple sensors and cameras that can
capture patients’ movements. Kinect, a device developed by Microsoft that was originally designed for
motioning sensing on Xbox 360, was also used in rehabilitation. Kinect is equipped with RGB-D sensors,
and have the advantage of low-cost. Multiple research groups choose to use Kinect in their experiment
and found it feasible [1, 2, 7, 8]. To analyze the data collected, researchers used a recently released
dataset called Toronto Rehab Stroke Posture (TRSP), which includes the sample of both healthy and
disabled people, enabling a comparison and scoring range between disabled patients and normal
people’s performance [2]. To produce the dataset, both groups of people performed a series of motions,
and was recorded by sensors. The dataset was processed by analyzing the x, y, and z axes of the pictures
captured and produce a clear view of the joints, direction, and range of a single movement. By a
combination of supervised machine learning algorithms, including Support Vector Machine (SVM) and
Recurrent Neural Network (RNN), the postures of the participants were classified. To improve the
training method, another group of researchers developed a more efficient algorithm using deep neural

280



Proceedings of the 3rd International Conference on Signal Processing and Machine Learning
DOI: 10.54254/2755-2721/4/20230471

network [3]. Their algorithm involved Convolutional Neural Network (CNN) to extract the key points
in the pictures. The input volume of the model was 124 X 12, which the training dataset is 124 frames
extracted from the videos captured, and the depth is 12 [3].

2.2 Injury Rehabilitations

A considerable number of disables are caused by injuries; rehabilitation for these patients is also
important. To reduce the pressure for therapists and increase the efficiency, neural network is also
applied. Pose estimation and tracking are commonly used. From the data captured by sensors, the
computer can process it into a 3D skeleton model [10]. To achieve this, researchers designed the
algorithm using SVM and CNN. The program first identifies the outline of human body by visual
identification using CNNs. Then, 15 key joints that can represent the whole human body would be
selected [10]. Finally, using these nodes, a human skeleton model would be produced. By using SVM,
the program can kept optimize the performance of regression to make the model more accurate [3,9].

2.3 Other rehabilitations

Neural network-based method will also be needed in other rehabilitations, such as the ones caused by
surgery, disease or illness, or functioning decline because of aging. To restore from these situations,
various methods might be chosen depending on the specific condition of the patient. Neural network
frameworks including CNNs, SVM, RNN, et al. were some of the methods used [1,7,11,12,15].

2.4 Evaluation Metrics

With the data analyzed and processed, evaluation methods, or scoring methods, are used to evaluate the
performance of the patient and provide results and suggestions. Discrete Movement Score is the simplest
method, it only determines whether the movement is correct or incorrect. This method usually uses K-
Nearest Neighbor (KNN), which could find the nearest group (in this case correct or incorrect) the input
belongs to [1,11]. A more advanced and common method is template based, including Dynamic Time
Warping (DTW) distance function and probability density function [1]. DTW is an algorithm that was
widely used in the field, it can compare two temporal sequences, which could vary in speed, direction,
pose, et al [1,7,11]. Probability density is an approach including a probabilistic model that can estimate
the probability of each score the motion will receive [7]. Another evaluation method is rule based
approach. It uses a set of existing rules that demonstrate the standard movements to compare with the
corresponding motion that the patient performed [1]. Depending on different scenarios, various scoring
functions might involve in the process of producing the final result.
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3. Results and Discussions

Table 1. Summary of the methods and results for certain rehabilitation experiments.

Reference Method Dataset AUC  Accuracy ?;Izgtrr:gg Sensors  Objective
Lukasik et al. [2] SVM, RNN TRSP 0.79  85% Rule-based Kinect  stroke
Yang et al. [3] CNN videos 071 95% Template-  Single
based camera
Skeleton
Escalonaetal. [4] 3D - - 92% DTW Kinect  others
estimation
Skeleton o i
Baptista et al. [7] 3D - - 0.8 DTW Kinect stroke
L error v2
estimation
Kinect2 0 Template-  Kinect . .
Tao et al. [10] open SDK SPHERE 0.75 84% based v2 injury
Liao et al. [12] CNN UI-PRMD - 90% Smb?"b'“ty Kinect  all
ensity
EHE, UI- 0 Kinect
Yu et al. [13] GCN PRMD - 98% KNN v2 all
Liang et al. [14] LSTM - - - - - stroke

From the methods listed in preceding texts, it is obvious to see that rehabilitation methods under various
scenarios are highly similar. SVM, CNN, RNN et al. are most commonly used in all types of physical
rehabilitations [1-4,8-10]. Graph Convolutional Network (GCN) and Long Short-term Memory (LSTM)
are also sometimes used [13,14]. The accuracy (85%-98%) of the methods involving neural network are
satisfiable for most applications. There are two main kinds of scoring methods, which are KNN and
template based DTW. By using template based scoring method, including DTW and KNN, the accuracy
is usually higher than other methods.

Although there are many different types of datasets listed in Table 1, such as Elderly Home Exercise
(EHE) and University of lIdaho - Physical Rehabilitation Movements Data Set (UI-PRMD), the contexts
in them are highly similar. These datasets all include pictures or videos of both patients and healthy
people doing a set of movements.

From the results, it could be analyzed that the neural network methods can be generally used in all
types of rehabilitation. Moreover, the datasets can also be used among different method, meaning that
it is possible to combine the datasets to result in a more comprehensive one. Also, almost every
experiment used Kinect or devices similar to Kinect as their sensors. Considering all the factors above,
most of the algorithms, datasets and sensors are versatile, resulting in that the cost of developing the
neural network rehabilitation system would be lowered, and the efficiency would improve. Neural
network-based methods had achieved performance same or even better than human in the evaluation of
rehabilitation, pose recognition, and analyze with quantitative patients’ data.

4. Conclusion

This paper presents a review of recent neural network-based methods applied in solving problems
existing in conventional physical rehabilitation. Methods including RNN, CNN, SVM, et al. are most
commonly used in the field. Kinect or other sensors similar to it are widely used by various research
teams. Modeling a 3D human skeleton is an effective way of analyzing the data collected by sensors.
Scoring methods usually are rule-based and template-based. Template-based method, involving DTW
and KNN are more accurate. Although various datasets were used in researches, it all includes pictures
and videos of patients and healthy people doing a series of movements. The recent progress of neural
network methods can satisfy most scenarios of physical rehabilitation. More patients are able to get
access to rehabilitation more convenient and at lower costs. However, the methods reviewed in the paper
can only process static frames of motions, not able to process with dynamic videos. In the future, when
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more methods are developed, review papers concluding methods analyzing dynamic movements will be
considered to written.
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