
High-fidelity Part-Task Trainer of Upper Limb Disorderfor 

Physiotherapist Education 
 

*NOOR AYUNI CHE ZAKARIA
[1][2] 

[1]
Research Organization for Advance Engineering 

Shibaura Institute of Technology 

307 Fukasaku, Minuma-ku, Saitama-shi, 337-8570 

JAPAN 

ayuni8098@salam.uitm.edu.my 

 

TAKASHI KOMEDA
[1] 

[1]
Research Organization for Advance Engineering 

Shibaura Institute of Technology 

307 Fukasaku, Minuma-ku, Saitama-shi, 337-8570 

JAPAN 

komeda@se.shibaura-it.ac.jp 

 

CHENG YEELOW
[2] 

[2]
Centre of Excellence Humanoid Robots and Bio-Sensing 

UniversitiTeknologi MARA 

40450 Shah Alam 

MALAYSIA 

chengyee.low@salam.uitm.edu.my 

 

KAORUINOUE
[3] 

[3]
Division of Occupational Therapy 

Tokyo Metropolitan University 

7-2-10 Higashi Oku, Arakawa-ku, Tokyo, 116-8551 

JAPAN 

inoue@hs.tmu.ac.jp 
 

 

Abstract: - Usage of patient simulator andpart-task trainer in the medical education field has brought significant 

improvement in the training of medical practitioners. Nevertheless, for training of upper limb disorder 

physiotherapists, traineetherapistsstill have toengage directly with real patients to gain experience for the 

rehabilitation of physical diseases.In this work, a high-fidelity part-task trainer that is able to reproduce 

stiffness of spasticity and rigidity symptoms in upper limb disorder such as post-stroke symptoms and 

Parkinson disease symptoms has been developed. Such part-task trainerhas been evaluated by two experienced 

physiotherapists towards the aim to help trainee therapists gain experience by simulation of different patient 

cases in a safe and intuitive learning environment. 
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1 Introduction 
1.1 Simulator in Education 

Simulator is a computer-controlled human 

mannequin or parts of human body that is able to 

functions as human anatomy and react to the clinical 

procedure used during training the doctors, surgeons, 

nurses or therapists. Part-task trainer simulates 

different situation and help the trainee learn new 

experiences and new clinical skills. 

Simulator has not only been used in education 

for medical practitioners [1][2], it has been applied 

in educating the young pilot to fly airplanes safely 

for decades [3] and help veterinary clinical training 

as well [4]. Teaching and learning in clinical field 

might involve many challenges as it deals with real 
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patients of human or animal and simulator can be 

used until the students master the clinical training 

thus avoiding catastrophes occurrence.  

There arepatient simulator that has been used in 

clinical training to upgrade performances and skills 

in surgery [5], anesthesia and some has been proven 

that human patient simulator is able to develop good 

performance of the team even in complex field such 

as trauma resuscitation [6]. The usages of the 

advanced human patient simulator encourage the 

team to practice high-risk-skill in free-risk 

environment. 

However, for physiotherapist there is no high-

fidelity human patient simulatorthat has been 

developed to help them improve their skills 

performance as they still engaged directly with 

patients to get experiences. In order to be an expert 

physical therapy, therapists need to have 

multidimensional knowledge base where one of the 

concepts of therapy skills is the use of touch [7]. 

Health Workforce Australia National Simulated 

Learning Project reported that fifteen of the sixteen 

universities frequently use simulated learning 

program (SLP) during their pre-clinical programs 

often focus on role playing/peer learning, e-learning 

and low fidelity mannequins. This elaborate the 

importance of using simulation to help young 

therapist practitioners gain experience thus lead to 

the needs of high fidelity patient simulator or part-

task trainer that can provide different patient cases 

and the opportunity to have contact with 'patient' in 

safe and encouraging environment [8]. 

 

1.2 Human Arm Mechanism 
In this paper, we focused on developing an artificial 

human upper limb for the purposed of 

physiotherapist pre-clinical education. Segments of 

human body simulator is called part-task trainer 

while a simulator that can provide complete human 

physiological response is called patient simulator [9]. 

Human arm around elbow joint consists of 

humerus bone at the upper arm and radius and ulna 

bone performing the forearm. Radius is the bone 

located on the thumb side of the hand and rotates 

around fixed humerus to provide pronation 

movement [10] as shown in Figure 1. On average 

people, daily activities requires forearm rotation 

around 100 degree [11]. 

Upper limb disorders leads of aches, pain, and 

stiffness from fingers to the shoulder area. There are 

various diseases in upper limb disorders that require 

rehabilitation such as Spasticity, Rigidity and 

Contracture. 

 

 

 
Fig. 1 Pronation movement around fix humerus bone 
Jonas: Mosby's Dictionary of Complementary and Alternative Medicine.  

(c) 2005, Elsevier. 
 

2 Development of Part-task Trainer 
This is the second prototype where core structure of 

human arm is the main focus. Current prototype is 

able to produce themovement of the elbow joint 

with pronation and supination movement [12]. 

These movements areimportant in rehabilitation as 

the objective is to create part-task trainer for 

physiotherapist educational purposes. 

 The artificial human arm is build from shoulder 

area with angle range from -45 degree to 45 degree 

from horizontal plane as shown in Figure 2. By 

providing range of angle, physiotherapist trainees 

may take various postures depending on the position 

of the patient. Forearm is built with range of 140 

degree imitating human forearm movement. Details 

of artificial arm is elucidate in thefollowing sections.  

 
 

Fig. 2 Angle Range of Artificial Human Arm Simulator 

2.1 Elbow Joint 
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Elbow joint is connected with humerus plate using 

cantilever mechanism of belt and pulley. Humerus is 

built with two plates both on the side to support the 

elbow joint which is the most important structure in 

reproducing the symptoms disorder. From the result 

of forearm tracking experiment in Fig. 3, we know 

that forearm move in ellipse movement track instead 

of circle track. Length of b is 7 mm longer than a. 

Based on the first prototype evaluation, this 

movement is crucial as it gave different impact to 

the physiotherapist. 

In order to produce the ellipse movement, the 

elbow is built with cam mechanical structure, and 

the ulna bone attached to the cam follower will 

move following the cam ellipse orbit. Figure 4 

shows details of the cam shape and the position of 

ulna bone attached to cam follower.  

 
Fig. 3 Ellipse Orbit of Elbow Joint movement 

 

 
 

Fig. 4 Details of Elbow Joint 

 

2.2 Forearm Structure 
The ulnais built with mechanical spring structure to 

allow movement following the ellipse cam as in 

theFigure 5. Figure 5 shows thesectional drawing of 

radius, ulna and the elbow joint. The spring attached 

the fix ulna bone in the inside with the moveable 

ulna bone on the outside, giving the outside ulna 

bone ability to move freely following the cam shape 

in one degree of freedom. 

In details, healthy human requires 50 degree of 

pronation and 50 degree of supination to 

accomplished daily activities [11]. We tried to 

imitate the movement of radius bone with a 

spherical bearing which is able to produce 30 degree 

angle to the artificial human arm. 

 

Fig. 5 Spring position for moveable ulna structure and 

radius angle movement 

 

2.3 System Configuration 
The part-task trainer system is built with a set of 

DC servo motor and a Magneto-Rheological (MR) 

brake to reproduce the stiffness as in patient ofupper 

limb disorder.MR brake is an electronic brake 

control system that employedbrake-by-wire system 

which is currently engrossed by automotive industry 

[13]. MR brake is a fast response compared to other 

hydraulic brake system. In this system, it is use to 
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display resistance to the physiotherapist trainee 

imitating the stiffness of a patient. 

 At current stage, the part-task trainer is built to 

reproduce the symptoms of Spasticity and Rigidity. 

For a constant stiffness, the MR brake is used to 

reproduce the resistance, however for an active 

symptom, DC servo motor is used to support the 

stiffness provided by the MR brake. Details of the 

symptoms will be describedin Section 3: Symptoms 

Evaluation. 

 Passive force from MR brake and DC servo 

motor is transmitted to the elbow joint using belt 

and pulley as a cantilever mechanism to provide 

resistance following the symptoms of upper limb 

disorder. The passive force is activated based on the 

force exerted by the simulator detected by a strain 

gauge located at the medium of forearm while the 

elbow rotation angle is measured by a rotary 

encoder. Configuration ofthe system is shown in 

Figure 6. 

 

 
 

Fig. 6 System Configuration for Part-task trainer 

 

3 Symptoms Evaluation 
In order to reproduce the symptoms of upper limb 

disorder, database of the characteristic of each 

symptom need to be built. With the help of two 

experience physiotherapists, the characteristics of 

the symptoms are measured with one of the 

physiotherapist acted as a patient and another 

physiotherapist gives rehabilitation treatment. Load 

cell is attached to the physiotherapist to measure the 

force exerted by the patient. All rehabilitation 

sequence is recorded and analyzed with FrameDIAS 

to estimate the elbow joint angle. 

Currently, only two symptoms are recorded; 

Spasticity and Rigidity. Rigidity symptoms can be 

characterized as Lead-pipe Rigidity and Cogwheel 

Rigidity. The characteristics of Spasticity, Lead-

pipe Rigidity and Cogwheel Rigidity are shown in 

Figure 7(a), 7(b) and 7(c) respectively. There are 

several method under study to quantify the 

characteristics of upper limb disease [14] other than 

the Ashworth Scale [15]. 

 
Fig. 7(a) Spasticity Characteristics 

 

 
Fig. 7(b) Lead-pipe Rigidity Characteristics 

 

 
Fig. 7(c) Cogwheel Rigidity Characteristics 

 

 Spasticity is defined as velocity-dependent 

increased in muscle tone in response to stretch relax 

muscle [16] and usually can be seen in post-stroke 

patients. It must be assessed with a quick flexion or 

extension of elbow or quick pronation and 

supination of the forearm. Therefore, spasticity 

symptoms show high magnitude of moment around 

elbow axis during sudden extension movement from 

relaxed muscle tone as in Figure 7(a). Meanwhile, 

Rigidity symptoms are not a velocity dependent and 

can be seen in Parkinson Disease patients. Lead-
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pipe Rigidity is a continuous resistance during 

passive movements and ending up with sudden 

released of the muscle stretch [1

characteristics shows sudden decreased in the 

moment around elbow axis in Figure 7(b). 

Cogwheel Rigidity showing a ratchet

during passive movement, giving symptoms of 

trembling of Parkinson Disease patients [1

Characteristics of the symptom can be seen in 

Figure 7(c). 

 

4 Part-task Trainer Evaluation
Using the developed upper limb part

evaluation on the reproduce symptoms of upper 

limb disorder is conducted. Two experience 

physiotherapists evaluate the system as shown in 

Figure 8. The force given to the part

detected by a strain gauge positioned at the forearm 

of the simulator while the rotation of the elbow axis 

is recorded by an encoder. 

Using the evaluated symptoms characteristics, the 

developed part-task trainer is programmed to 

reproduce the symptoms. Figure 9(a) show

characteristic of the spasticity symptoms showing 

increased in moment around elbow joint especially 

during 120 degree of extension movement. 

Although we can see time delay in stiffness 

movement during forearm full extension, the 

therapist feel that it does not affect

purpose since the important point here is the way 

the simulator loosen its stiffness.  

Figure 9(b) shows characteristic of Lead

Rigidity with continuous resistance following 

passive movements from therapist and sudden 

release of muscle where it is called 'clasp

rigidity. Comparing with symptom characteristic, 

Lead-pipe Rigidityproduced by the develop 

task trainer shows similar symptoms with almost the 

same moment. 

Result of the reproduce Cogwheel Rigidity 

symptoms by part-task trainer is shown in Figure 

9(c) where we can see the ratchet-

during extension of forearm. The part

reproduces the trembling symptoms more details 

compare to the result in Figure 7(c). Symptoms 

evaluation is using load cell while the reproduce 

symptoms is measured using strain gauge.

 Both the sudden moment increase symptoms in 

Spasticity and the continuous moment in Lead

Rigidity are reproduced by MR brake while the 

ratchet-like movement of the muscle in t

Cogwheel Rigidity is produced by DC servo motor. 

uous resistance during 

passive movements and ending up with sudden 

released of the muscle stretch [17]. The 

characteristics shows sudden decreased in the 

moment around elbow axis in Figure 7(b). 

Cogwheel Rigidity showing a ratchet-like-resistance 

ssive movement, giving symptoms of 

trembling of Parkinson Disease patients [17]. 

Characteristics of the symptom can be seen in 

Evaluation 
part-task trainer, 

evaluation on the reproduce symptoms of upper 

limb disorder is conducted. Two experience 

physiotherapists evaluate the system as shown in 

part-task trainer is 

detected by a strain gauge positioned at the forearm 

mulator while the rotation of the elbow axis 

Using the evaluated symptoms characteristics, the 

is programmed to 

reproduce the symptoms. Figure 9(a) shows the 

characteristic of the spasticity symptoms showing an 

in moment around elbow joint especially 

during 120 degree of extension movement. 

Although we can see time delay in stiffness 

movement during forearm full extension, the 

affect the training 

point here is the way 

characteristic of Lead-pipe 

resistance following 

passive movements from therapist and sudden 

release of muscle where it is called 'clasp-knife' 

rigidity. Comparing with symptom characteristic, 

produced by the develop part-

shows similar symptoms with almost the 

Result of the reproduce Cogwheel Rigidity 

is shown in Figure 

-like movement 

part-task trainer 

symptoms more details 

compare to the result in Figure 7(c). Symptoms 

ing load cell while the reproduce 

symptoms is measured using strain gauge. 

Both the sudden moment increase symptoms in 

Spasticity and the continuous moment in Lead-pipe 

Rigidity are reproduced by MR brake while the 

like movement of the muscle in the 

Cogwheel Rigidity is produced by DC servo motor. 

The constant stiffness decrease in the forearm of 

Cogwheel Rigidity is reproduced by MR brake.

 

Fig. 8 System Evaluation Experiment

Fig. 9(a) Reproduce Spasticity

Fig. 9(b) Reproduce Lead

Fig. 9(c) Reproduce Cogwheel Rigidity

 

The constant stiffness decrease in the forearm of 

Cogwheel Rigidity is reproduced by MR brake. 

 
Fig. 8 System Evaluation Experiment 

 
Fig. 9(a) Reproduce Spasticity 

 
Fig. 9(b) Reproduce Lead-pipe Rigidity 

 
Fig. 9(c) Reproduce Cogwheel Rigidity 
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5 Conclusion 
Development of high-fidelity part-task trainer will 

help to create safe environment to the 

physiotherapist students and at the same time 

solving problem of patient availability with the 

increase number of students. Moreover with the 

existence of high-fidelity part-task trainer may 

increase the chances for students to engage with rare 

diseases and help in building clinical judgment. 
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