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Abstract 

here is no doubt the use of rehabilitation 

robots in the world is increasing day by day 

as a result of an increase in the number of 

stroke patients and its needs in medical and 

clinical fields. These robots are used near or in 

contact with humans. And there is no safety 

standard for rehabilitation robots. Therefore 

safety framework for 

rehabilitation robots has 

to be established. This 

paper is all about building 

safety for rehabilitation 

robots. And in this paper, 

new and some existing 

safety frameworks 

approaches are also 

highlighted. 

 

INTRODUCTION  

he term “Safety” has various definitions; some are sophisticated, 

others quite simple. According to Wikipedia, Safety is defined as the 

state of being "safe" (from French sauf), the condition of being 

protected against physical, social, spiritual, financial, political, emotional, 

occupational, psychological, educational or other types or consequences of 

failure, damage, error, accidents, harm or any other event which could be 

considered non-desirable. 

 According to ISO/IEC Guide 51:1999, safety is defined as “freedom from 

unacceptable risk” and risk is defined as “combination of the probability of 

occurrence of harm and the severity of that harm”. Tolerable risk is defined 

as “risk which is accepted in a given context based on the current values of 

society”. A level of tolerable risk is not clearly stated in the standard and 
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should be decided according to the current values of society, state-of-the-

art technology, and legal problems and so on. 

Safety is one of the biggest concerns about the extended use of the 

rehabilitation robot system in clinical practice. The fear of an accident or 

injuries produced by a robotic device is understandable, considering that 

robots can be dangerous to humans if used without care. This concern is not 

only applied to rehabilitation robots, but also the ones used in the industry 

(Oña et al., 2019).  

One of the unique aspects of the rehabilitation robot system is that they 

must enforce the safety of the patient as an object within the workspace, 

while also being able to treat the patient (Oña, et al., 2019). This dichotomy 

creates the need for specific safety strategies that can allow the robot to 

interact with the patient, while also enforcing all necessary safety 

precautions (Roderick, and Carignan, 2007).  

The common hazards in robot-aided treatments include collisions (when a 

robot link hits the user), pinch injury (when a robot traps a body part), and 

interior factors (such as sudden spasms or twitches). It must be noted that 

the probability of a specific risk depends on the type of robotic device. For 

example, it is more likely that a collision will happen when interacting with 

an end-point-type robot. Conversely, spasms or twitches may be more 

dangerous in the case of an exoskeleton, since the patients are basically 

encapsulated in the device (Oña, et al., 2019).  

Safety strategies of the rehabilitation robot system may consider the 

hardwareand software points of view. The security strategies mainly involve 

compliance control, back drivable mechanisms, pneumatic actuators, 

stroke limits (hard stops or software-based), emergency stop 

button/handle, or force/speed limits. There can be noabsolute safety: some 

risk will remain, defined as residual risk. Nobody can say that accidents or 

disasters can be avoidable absolutely. For a guarantee of safety, there must 

be ground for tolerating accidents after an adequate risk reduction process 

is implemented. It is relevant to realize that safety is not an absolute 

concept. A system can only be built to reduce the risk of an accident to an 

acceptable level (Roderick, and Carignan, 2007).  
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It can be appreciated from the different standards that the most relevant 

functional requirements for safe robotic applications are related to limiting 

the forces, speed, and power of the robot (Barattini, et al., 2019).  

There is no safety standard for rehabilitation robots, they should obey the 

safety standard system for machinery (Bien and Stefanov, 2004). For this 

reason, safety framework for medical and clinical rehabilitation robots such 

asda Vinci® surgicalrobot used for heart surgery to repair a heart valve, Cyber 

Knife radiotherapy robot used for treating head, neck and upper spine 

tumors, InMotion2 or MIT-Manus robot used for therapy of stroke patients 

etc. has to be established to minimize accidents.  

The work was carried out by researchers at the University of Illinois at 

Urbana-Champaign, the Massachusetts Institute of Technology and 

Chicago's Rush University Medical Center. Their paper says 144 deaths, 1,391 

injuries and 8,061 device malfunctions were recorded out of a total of more 

than 1.7 million robotic procedures carried out between January 2000 and 

December 2013.This was based on reports submitted by hospitals, patients, 

device manufacturers and others to the US Food and Drug Administration, 

and the study notes that the true number could be higher. Its authors say 

the number of injuries and deaths per procedure has remained relatively 

constant since 2007. But due to the fact that the use of robotic systems is 

increasing "exponentially", they add, this means that the number of 

accidents is increasing every year. They highlight that when problems 

do occur, people are several times more likely to die if the surgery involves 

their heart, lungs, head and/or neck rather than gynecological and 

urological procedures. They acknowledge that the data does not pinpoint 

why, but suggest it is because the former are more complex types of 

operations for which robots are less commonly used, so there is less 

experience and expertise available. The researchers did not, however, 

compare accident rates with similar operations in which robots were not 

used. Their study has not been peer reviewed. 

The Therac 25, a radiation therapy machine developed by the Atomic Energy 

Commission of Canada, was involved in six known accidents between 1984 

and 1987. Five patients died as a result of massive overdoses of radiation 
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when a high power electron beam was activated without the target tumor 

having been rotated into place (Leveson and Turner, 1993). 

A similar tragedy occurred at the National Oncology Institute in Panama 

during 2000 and 2001. Twenty-eight patients were overexposed during 

radiation therapy for cancer treatment, after use of a computerized 

treatment planning system. Dosage calculations from the planning system 

had errors of up to 105%. By August 2005, 23 out of 28 over posed patients 

had died, of which at least 18 were attributed to radiation effects (Borras, 

2006).  

 

Methodology approach for Safety building  

Rehabilitation robots have no safety standard they should obey the safety 

standard system for machinery in a way that would be safe for the operator 

and the patient.  

Rehabilitation robots like Asda Vinci® surgicalrobot used for heart surgery 

to repair a heart valve, Cyber Knife radiotherapy robot used for treating 

head, neck and upper spine tumors need to be designed with automatic 

stop switches in case of emergency or danger. 

An automatic start-stop system obtains its information about its status from 

various sensors. Robotic sensors such as ultrasonic sensor, Infrared sensor, 

touch sensor etc. are used to estimate the robot’s condition and its 

environment. In this approach, one or more danger sensing units are placed 

at the front of the system and generate some kind of electrical output when 

danger is sensed. The output of the sensor unit is fed, via a data link, to a 

decision-making signal processing unit, and the output of this unit is fed, via 

another data link, to a danger response unit such as an alarm or an 

electromechanical trigger or shutdown device. With this type of sensor to 

the rehabilitation robots, the patient and the operator will be safe when 

danger is about to occur because the robot will stop automatically with less 

or no harm to the patient being operated. 

The use of sensors as danger detectors in rehabilitation robots will reduce 

or minimize accident during operation As sensors can play the 

aforementioned significant role in reducing the rate of an 



 
 

 

 
 

 5 

MEDITERRANEAN PUBLICATIONS 
AND RESEARCH INTERNATIONAL 

INTERNATIONAL JOURNAL – ERT  
VOL. 11 NO.5 JUN-2020 ISSN: 1074-4741 

EDITOR-IN-CHIEF 
Prof. Saeid Eslamian [IRAN] 

accident, rehabilitation robots should also be designed with the following 

features; 

1. It should have automatic stop switches in case of emergency or 

danger. 

2. Audio-visual warnings should be incorporated in the design of 

rehabilitation robots in case of any danger. 

3. It should be incorporated with automatic airbag to protect the 

walking patient in case of an accident. 

4. It should be incorporated with an alarm so that the user will be 

notifying in case of any non-functioning part of the robot. 

5. The parts to be in contact with the patient body should be designed 

not to cause much harm to the patient in case of an accident. 

 

Other safety building 

1. Professionals in the field of robotics have to come together to 

establish a globally accepted safety framework for using 

rehabilitation robots. 

2. All the methods and ideas highlighted by some researcher 

concerning safety framework or building for rehabilitation robots 

should be practice if successful, it should be emulated.  

The followings are some of the published ideas; 

A. Guiochet & Vilchis (2002) combined FMEA and FTA in a safety analysis 

of the design of an ultrasound robot for tele-echography. They use 

FMEA to identify the failure leading to an accident, and use that 

failure as a top event for subsequent FTA. As some accidents require 

multiple failures either combinatorially or sequentially, these hazards 

will not be identified by the FMEA. However, results of the FMEA 

could be used to identify corrective measures for the system. 

B. From a paper titled “An Approach to Designing Software Safety 

Systems for Rehabilitation Robots” by Stephen N. Roderick, Craig R. 

Carignan (2005).  

The process used to determine a sufficiently safe system design is shown in 

Figure 2. A basic system design that accomplishes the goals of the project is 
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first examined as part of a Preliminary Hazard Analysis (PHA) (Leveson, 

1995). A Fault Tree Analysis (FTA) (Vesely, 1981) is then developed using the 

system design and the list of hazards generated by the PHA. The resulting 

fault trees can be qualitatively examined to determine if the system is “safe 

enough” for the project’s purposes. If not, additional components are 

typically added to the system in an effort to deal with the specific safety 

issues raised by the FTA - the system design is modified accordingly - and the 

process starts again. Once the FTA results show that the project’s safety 

criteria are met, the system design can be considered complete. 

The concept of “safe enough” is one that the specific project must establish. 

It is not possible to make a system absolutely safe, however, if the likelihood 

of an accident is small enough or the consequences of an accident are 

negligible enough, the system may be considered safe enough (Anderson, 

1993) and (Shaw, 1995). At some point, continuing to modify a system 

design to cope with ever more incredible failures simply results in an 

excessively complex design, and a subsequent reduction in overall system 

reliability and/or safety. In order to develop a safe system, it is first 

important to understand how the system is intended to function. 

 
Figure 1: Approach to system design for safety 
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A rehabilitation system for upper limbs which has large working area can be 

regarded as a kind of robots. In such a human-coexistent robot system 

where an operator must be in contact with or close to the robot, the safety-

securing system is necessary in order that an operator can use the robot 

safely (ISO10218). In industrial robots, an operator cannot access a robot 

except for teaching in order to avoid hazardous conditions. The figure 

below shows the structure of safety in human-coexistent robots. 

 
Figure 2: Structure for securing safety in Human-Coexistent Robots 
(Furusho and Kikuchi, 2007)  
 
Conclusions 
Robots must be safe to use. Safety is a critically important aspect of robot 

operation, both in an industrial setting and when robots are interacting 

closely with people. Safety must be designed into a system, and tested 

according to well defined standards. If the new and existing ideas presented 

in this paper and it is like in the future are considered, the safety framework 

for rehabilitation robots will be established. And it is recommended that 

every rehabilitation robot user should be train by professionals before using 

the robot in order to provide additional safety application. 
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