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Synopsis 

    A wrist motion simulator has been designed and manufactured to actuate cadaver wrists through multiple positions. Position and 

force feedback control are used to determine the force required in each tendon to move the wrist to a target position. The device 

presently uses a 3D printed ABS ball and socket joint in place of a cadaver to remove the biohazard constraints, allowing for non-

restricted use. The ABS model is positioned vertically and uses an accelerometer to provide angular position feedback for the motor 

controller. The control algorithm requires additional tuning and adjustments in order to meet reliability requirements. 

 

Introduction 

    The wrist is a complicated joint that contains eight carpal bones that produce complex articulations during wrist movement. In order 

to investigate wrist mechanics, there must be an understanding of normal carpal kinematics, so that educated decisions can be made in 

determining when patients require surgical intervention. Previous studies have successfully used weights to apply tension forces to 

cadaver wrist tendons that control radial and ulnar deviations [1]. This simple method of loading wrist tendons has produced 

significant results. Using similar methods of applying tendon forces, a rigid body spring model was created to simulate the positions of 

constructed carpal bones based on CT scans [2]. This model showed promising results, however the movements were based on static 

wrist positions and needs experimental validation.  

 

Methods and Results 

    The experimental validation requires the ability to reliably control the motion of a cadaver wrist through a full range of positions 

while being radiographically compatible. Four linear actuators will be used to apply controllable force to four tendon bundles of a 

cadaver forearm specimen. An Arduino Due microcontroller was chosen as the motor controller. With adequate processing power, 

rapid prototyping and its small size, it can be integrated into a device that will be portable from a wet lab to a CT suit without 

difficulty.  The angular position of the wrist specimen will be tracked by a NDI Aurora electromagnetic tracking system. A 3D printed 

ball and socket joint is used in place of a cadaver to remove biohazard lab requirements while the system is being developed. Figure 1 

shows the device that was designed and manufactured. 

 

                                        
         Figure 1: The motor-based wrist motion simulator                        Figure 2: Vertical oriented 3D printed ABS ball and socket joint  

 
Figure 2 shows the 3D printed ball and socket joint that is using an accelerometer connected to an Adafruit Feather M0 to calculate the 

angular position and send it to the Arduino Due by serial communication. The proportional control system is showing reasonable 

results but requires further development and addition of integral control to meet reliability goals.     

 

Conclusions                                                                                                              

       The wrist motion simulator has been successfully designed and manufactured to meet the set objectives. A proportional control 

scheme is operational and moves the model specimen towards intended angular positions with reasonable performance. The control 

scheme needs more work, as it does not yet meet accuracy objectives. Next steps include control tuning and the addition of integral 

control to the system. Once the control algorithm is complete, the device will be adapted for use with cadavers. 
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