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Abstract.	 [Purpose] In this paper, we present a survey of some recently developed techniques in the field of 
automatic rehabilitation systems assisted by electromyography (EMG) biosensors and their application in physically 
disabled patients. We also include a discussion about the implementation of several hardware and software models 
for rehabilitation to make the full process dynamics. [Methods] A systematic search for articles published from 2000 
to March 2011 was conducted in the IEEE, Springer Link, Pub Med and ACM digital library databases. The search 
plan was developed using different terms referring to rehabilitation, EMG sensors and automatic systems as well as 
we used number of keywords related to the subject of our survey along with their synonyms. The entire survey was 
performed in the automatic rehabilitation lab (Biomedical Engineering) of the Universiti Malaysia Perils (UniMAP) 
from December 2010 to March 2011. [Result] A total of 22 articles were analyzed in our study. Of these, 17 articles 
were about EMG-aided recovery systems developed for the impaired human body. Finally, we confirmed that all of 
the EMG-supported rehabilitation systems are noninvasive, assisted by a computer or robot and most of them are 
real-time processes. [Conclusion] Obviously, it is difficult to complete a survey within a single article of all 
possible EMG- generated rehabilitation systems. However, we expect that the references cited will cover the main 
theoretical and practical issues, guiding the researcher in interesting research and suggesting promising EMG-aided 
rehabilitation techniques that have yet to be explored.
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INTRODUCTION

A disable patient’s physical condition can recover after 
receiving proper treatment using an appropriate and easy to 
use automated medical rehabilitation system, and thus the 
patient’s physical condition can return to an earlier stage. 
The entire process plays a vital role after a severe accident, 
major operation, unexpected ailment, chronic pain, 
orthopedic anarchy, brain injury, Parkinson’s disease (a 
disorder of the central nervous system) and psychological 
anarchy (drug addicted or shocked people) and may be 
needed for  o lder  individuals .  Cardiopulmonary, 
neurological, orthopedic, pediatric and integumentary (skin 
and related organ) disorders are the most important and 
common areas in the human body that need rehabilitation 
systems.

In biomedical engineering, physiological sensors are one 
of the fundamental part for biosignal processing and 
automatic medical rehabilitation method. More precisely, 
biosignals offer novel communication and control channels 
between humans and machines or, specifically, between the 
pinion sufferer and the computer/robot in rehabilitation 
engineering5). The electromyography (EMG) biosensor is 

one of the primary assistive components of disable patient’s 
automatic recovery systems and has many important 
benefits for neuromuscular disorders, such as the ability to 
isolate the muscles needed to move the device without the 
interactions of the adjoining muscles. Moreover, it can 
detect the active participation of a patient and use this 
information to both decrease or increase assistance and 
resistance as appropriate to extend the progress towards the 
subject. The main reason why this is possible is that the 
EMG signal can carry important information about the 
nervous system, and thus, it has a wide application in the 
field of neuromuscular human physiology, biometrics, 
physical healing (in case of improper muscle movements) 
and postural control2–4). Furthermore, EMG can assess 
electrical movement of muscle and produce a signal of the 
patient’s aim to move a limb5); as a result, this indicator 
helps patients in their rehabilitation.

To date, many researchers have surveyed automatic 
rehabilitation systems with different processes. However, we 
could not find any previous reported work that summarized 
and combined rehabilitation systems in regard to EMG 
biosensors, hardware and software. We found one study by 
Majdalawieh et al. (2003) that presented and reviewed only 
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the relation between biomedical signals and rehabilitation 
engineering with EMG, EEG, neural networks, wavelet 
transforms and Fourier transforms6). However, we tried to 
fill in this blank in the present survey paper.

Our review paper is organized as follows. In Methods 
section, we described the different keywords used in our 
search, listed the online database names and reported the 
time frame to obtain the desired outcome. In the Results 
section, we summarized all the EMG-assisted automated 
rehabilitation systems according to the applicable damage 
to the human body. Furthermore, a number of usable pieces 
of hardware and software are presented here. This section 
also includes some limitations highlighted during 
development of the systems. The next section constructs an 
overall discussion for developing new rehabilitation 
systems aided by EMG. The Conclusion follows this 
section, where we discussed some positive sides to develop 
of the rehabilitation systems. Also, we focused on our future 
work for automatic recovery prosess with EMG sensors in a 
new area of the human body.

METHODS

A methodical search of articles from 2000 to March 
2011 was conducted in the following online databases: 
IEEE, Springer Link, PubMed and ACM digital library. The 
criteria for relevance in the article search mainly focused on 
EMG sensor-supported automated rehabilitation systems in 
different types of human body impairment. This literature 
search was carried out from December 2010 to March 2011 
in Universiti Malaysia Perlis (UniMAP) rehabilitation 
(Biomedical  Engineering) lab.  All  the important 
information in the published articles from 2000 to 2011 was 
reviewed. The recovery systems developed within this 
period are listed in Table 1. Only papers published in 
English in preferred international journals and conference 
proceedings were considered for the study.

We used key words like rehabilitation, automated, 
system and EMG sensor and also inserted some synonyms 
to obtain more and deeper  resul ts  for  the s tudy. 
Furthermore, boolean operators like AND, OR, and NOT 
were used in searches to obtain the desired information. 
Only complete papers are included in our review. Abstracts 
published as conference, workshop or symposium 
proceedings were not considered, as the information 
presented was insufficient to allow for detailed analysis in 
the present work.

RESULTS

Developed rehabilitation systems
Currently, the main intentions and needs for automated 

rehabilitation technology are for devices that are very 
comfortable, will show correct and prompt results, are 
lucrative, are real-time process and are easy to operate. 
Moreover, devices should reduce the massive burden of the 
caregivers and psychotherapists. In Table 1, we have listed 
all the EMG biosensor-assisted automated rehabilitation 
systems and the application area of the human body.

Assistive technology
From our survey, we identified two types of assistive 

technology for rehabilitation, the computer and the robot. 
The computer-assisted rehabilitation system is much less 
labor intensive as compared with other conventional 
manually assisted movements applied by therapists. 
Hardware and software are the fundamental elements and 
bridge of communication for computerized rehabilitation 
technology. In our review process, we found different types 
of hardware and software technology, and their names are 
listed in Table 1.

The implementation of sensor-assisted robots in 
automated rehabilitation technology is often associated with 
assistive devices, such as some used in professional 
environments and some used as aids to daily living or more 
specifically as feeding devices. Prosthetics and orthoses are 
the two major basic components in rehabilitation robotics. 
A prosthesis is an artificial limb, although it can also be for 
an internal organ or joint. On the other hand, an orthosis is 
a device that supports or controls part of the body20).

Limitations when using EMG Sensors
A few researchers faced some restrictions during 

development of their rehabilitation systems with EMG 
sensors. We presented whatever the authors claimed and 
describe the problems they faced during development. We 
found five articles in which the authors pointed out some 
limitations, dissatisfaction and difficulties in setting up their 
rehabilitation mechanisms.

To begin with, Andreasen et al.(2005) proposed three 
prototypes for poststroke rehabilitation with EMG sensors, 
but the first and second prototypes were too complicated to 
be practical11). Mulas’s et al. (2005) reported a rehabilitation 
process that end users do not use on their own and that can 
be used in more advanced phases of therapy. Initially, the 
device shows result very slowly in their model, but no 
EMG signals were recorded8). Son et al.(2007) suggested 
EMG generated study of a rehabilitation system for 
hemiplegic patients, but basic clinical testing was not 
performed in the study, and the experimental orthosis 
subsequently bent12). Jaehoon et al. (2007) expressed a 
desire to further improve their technique after not obtaining 
exact results from their proposed EMG pattern recognition 
method for lower limb balance recovery1). Homma et al. 
(2003) introduced wire drove mechanisms for a leg 
rehabilitation system, and in their proposed structure, they 
found that the obtained motion range was smaller than the 
target motion range by 20% when compared with a different 
method. Afterward, they determined that the reason for this 
is subject position errors15).

DISCUSSION

We strongly believe that this is the first report of a survey 
of EMG-assisted rehabilitation systems combined with 
hardware and software technology. Because, our systematic 
review attempted to answer the question, “What are the 
most recent EMG-assisted automated rehabilitation systems 
developed for the damaged human body?” from the 
beginning, we tried to gather the as many of the latest 
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results for rehabilitation systems as possible. We also 
included some drawbacks about rehabilitation mechanisms 
so that researchers using the EMG sensors would be aware 
of them. Finally, the key findings of this study are, 
described below.

1)	We found 17 recovery systems in 22 papers.
2)	The targets of the rehabilitation systems were the 

upper and lower limbs, stroke, the ankles, the 
shoulders, the fingers, poststroke recovery, chronic 
pain and the elderly.

3)	A noninvasive technique was applied for EMG signal 
generation because the user feels comfortable with 
this type of technique.

4)	All the rehabilitation systems provided assistance 
with either a computer or robot.

5)	 In our survey, we listed the names of a number of 
different pieces of hardware and software for these 
real-time systems, such as programming languages, 
microcontroller chips, operating systems, DAQ cards 

and sof tware ,  severa l  PC models ,  da tabase 
applications, web technologies, technologies 
displaying results on PDAs and client-server database 
technologies. We hope that, these systems will be 
helpful for the future rehabilitation researcher.

CONCLUSION

In  th i s  a r t i c le ,  the  cur ren t  “s ta te  o f  the  a r t” 
EMG-generated automated rehabilitation processes have 
been reviewed. We attempted to report all possible results 
of rehabilitation studies to date. The main application areas 
of these systems were the wrist, finger, stroke rehabilitation 
(upper and lower limb), the elderly and functional activity 
monitoring (progress or retreat) of daily living exercise. A 
range of journal and conference papers were analyzed to 
fulfill the objective. Finally, we hope that the EMG sensor 
can be used to develop some good automated assisted 
rehabilitation systems for parts of the human body that are 

Author  S y s t e m s 
assisted by

Rehabilitation 
Area

Real time 
(Yes/No)

Software used/proposed Hardware used/proposed 

Mulas  et al.8) Computer Hand (finger) Yes C, MATLAB A circuit board, PC, microcontroller

Qingling et al.9) Robot Upper limb No, GUI running on Windows 2000 ADLINK DAQ, Intel P4 2.4 GHz 
system 

method

Kiguchi et al.10) Robot Elbow (arm) Yes NCM DC motor, a ball screw drive shaft and 
support frame, wrist holder, PC

Mohammaddan et 
al.2)

Robot Finger Yes CAD Wire driven, flexor cable, DC motor, 
mild steel cable, PVC, plastic

 Andreasen et al.11) Robot B r a i n  a n d 
stroke

Yes Windows XP, C++ PC or notebook, DAQ card

Hokyoo et al.18) Robot  Upper limb Yes Software for system control, user 
interface and haptic device program

PC, a display board, haptic devices, 
grip

Son et al.12) Robot Hemiplegic Yes EMG measurement software (Noraxon 
U.S.A.), C

Biodex ,  Motor  RE 40  (Maxon) , 
microcontroller

Chih-Fu et al.13) Computer Upper limb Yes Visual basic, Windows XP, database 
program

PC, PCI counter board, PCI data 
acquisition card

Cano-Garcia et al.19) Computer 
(PDA)

Heart Yes Linux OS, server model: C code with 
Comedi API, graphical design with 
C++

Bluetooth, DAQ card, PDA, graphical 
c l ient  appl icat ion and web page 
interface, microcontroller chip, PDAs

Steinisch et al.14) Robot Stroke
(upper limb)

No
(a project)

Virtual reality software (NCM) R o b o t ,  h a p t i c  d e v i c e s ,  o n l i n e 
equipments.

Sangit et al.7) Computer Stroke
( U p p e r  l i m b 
paralysis)

Yes MATLAB software, C program. Microcontroller chip (PIC 24 HJI28), 
16- bit ADC

Homma et al. 1) Computer Leg/lower limb
(hip, ankle)

Yes AC/DC software (NM)  Rails, wires, bed, a controller, winding 
mechanism, PC

Raichur et al.16) Robot Stroke Yes Lab view 8.0, windows XP Co-processor P4, 5 GB ram, NI-USB

Xing et al.17) Robot Post stroke Yes DAQ software (NCM). Microcontroller chip, LCD display.

Sasidhar et al.5) Computer S t r o k e ( w r i s t 
and elbow)

Yes MATLAB software. PC, glove, other (NCM)

Jeong-Su et al.21) Robot Elderly Yes MATLAB software A/D converter, PC, AD amp

Xiao et al.22) Robot Stroke Yes DAQ software Robot-assisted devices

NCM=Not Clearly Mentioned, OS= Operating System, NM=Not Mentioned.

Table 1.	  An overview of EMG sensors -assisted automatic rehabilitation systems 
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not covered by current systems because our main goal in 
performing this systematic analysis was to investigate this 
gap for the rehabilitation process.

Our team considered that recommendations should be 
based on strong and clear levels of evidence. A powerful 
level of proof requires reliable findings from a number of 
high-quality studies, and we attempted to adhere to this in 
our survey. Thus, according to the evidence in our survey, 
we determined the following recommendations.

1)	EMG-generated rehabilitation processes are relatively 
new and many features s t i l l  require further 
development. In particular, systems for rehabilitation 
of some muscles in the human body require further 
development.

2)	Noninvasive EMG, i.e., surface EMG, is much more 
comfortable for subjects.

3)	The existing software and hardware technologies 
listed briefly are those that are useful if combined to 
build a new recovery mechanism.

4)	 It is highly recommended to consider cost during 
development of a prototype because patients generally 
intend to use low-cost systems to satisfy the multiple 
purposes.

5)	Users prefer portable and home-oriented systems.
In summary, we suggest that EMG-assisted automatic 

rehabilitation systems should be noninvasive, incorporate 
online processes, be affordable, have a clear graphical user 
interface and be compact.

The scope of application of automatic rehabilitation 
systems for prompt recovery of muscle in the human body 
is great. Application to biceps tendonitis is one area that 
would be beneficial, and it is still a relatively undeveloped 
area in the rehabilitation field. Particularly, we will focus on 
a computerized rehabilitation system that makes use of 
EMG signal measurement using suitable software and 
hardware techniques because an automatic rehabilitation 
system using a computer has the potential to aid modern 
recovery techniques in addressing the destruction, disability 
and severe pain related to the damage in biceps tendonitis. 
Moreover, the real-time and on-line results of effective 
recovery practice are definitely better and quicker in the 
rehabilitation process compared with other traditional 
therapies or rehabilitation techniques. In summary, our 
future work will be on an automatic, noninvasive, real-time, 
portable and online system for this undeveloped muscle.
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