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Development of the dynamic rehabilitation assist orthosis for thumb MP joint dorsal subluxation 
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Abstract: There is no orthosis available to perform an active assistance to the rehabilitation of rheumatoid arthritis. In this 
study, we developed new pneumatic actuators which were called membrane pneumatic actuators to produce an assist 
orthosis. We presented that the force generated of the single actuator had the linearity to the air pressure supplied to the 
actuator and that the dynamic characteristics depended on the efficiency of an electropneumatic regulator from our 
characteristics experiment. And we verified an effect of reduction by the assist orthosis with the actuator. 
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(a) Schematic of initial condition 
 
 
 
 
 

 
(b) Schematic of pressurized condition 

Fig. 1  Schematic of membrane pneumatic actuator 
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Fig. 2  Experimental apparatus 
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Fig.3  Schematic of thin sphere shell 
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(a) Overall view experimental apparatus 
 
 
 
 
 
 
 
 

(b) Contact of force sensor with actuator 
Fig.4 Experimental apparatus 
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Fig.5 Experimental result of axial force measurement 
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(a) Gain characteristic curve 
 
 
 
 
 
 
 

(b) Phase characteristic curve 
Fig.6 Frequency response 
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Fig. 7  Assist orthosis of thumb MP joint subluxation toward 

palm side 
 
 

 
 

(a) Initial Conditon          (b) Fixed Condition 
Fig. 8  How to use Assist orthosis 
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(a) Before reduction 
 
 
 

 
 
 
 

(b) After reduction 
Fig. 9  X‒ray of the thumb 
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