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INTRODUCTION 

Advancements in the field of osseointegrated 
prosthesis could provide improvements in prosthetic 
care beyond sole replacement of the soft tissue 
interface or socket.  A unique advantage provided by 
osseointegrated prostheses over the traditional socket 
interface is access to the wearer’s internal control 
systems. For instance, it may be possible for the 
prosthesis to make direct connections to residual 
muscles and/or nerves resulting in a more 
biointegrated prosthesis.  This is particularly relevant 
in the development of upper extremity prostheses 
especially for the hand and fingers, as the fine 
movements cannot be easily reproduced with 
advanced prostheses even though much of the 
musculature used to control these movements 
remains. Therefore, the overall goal of this study was 
to design and implement a novel muscle actuated 
prosthesis utilizing a bone anchored prosthesis with 
direct connections to the residual musculature in a rat 
trans-tibial amputation model. 

METHOD 

Design: Design of the implants and prostheses (Fig 1) 

used in this study consisted of three major areas of 
interest: 1) the implant interface with the skin and 
bone, 2) the direct connections to the residual 
musculature for actuation and 3) the external 
prosthesis of foot.  
 

 
Figure 1: Implant and Prosthesis 

Subjects: Four female rats (275-350 g) underwent a 
trans-tibial amputation and implantation procedure. 
 
Procedures: All experimental procedures were 
approved by the Institutional Animal Care and Use 
Committee. While the animal was anesthetized, the 
tibia was transected and the stainless steel implant 
was cemented into the reamed marrow canal. A 
coated stainless steel wire or Kevlar thread was 

connected to the residual muscle/tendon of 
gastrocnemius and tibialis anterior just proximal to the 
level of amputation and was routed through the 
implant for connection to the external prosthesis. The 
percutaneous portion of the implant was then directed 
through a hole in the skin and the skin was closed 
with a posterior skin flap. After closing, the 
percutaneous portion of the implant and cabling was 
attached to the external prosthesis to allow for ankle 
dorsi- and plantar-flexion with muscle contraction. The 
foot and ankle prosthesis was designed to function as 
a single degree of freedom joint replicating the ankle. 
After the procedure the animals were allowed to 
recover for 5-14 days before undergoing gait analysis.  
  

RESULTS 

From a design perspective, the implant and 
prosthesis combination underwent 3 iterations of 
design during the course of the present study. The 
major changes associated with each generation 
included: implant stem modifications to prevent 
rotation along the tibia longitudinal axis, material 
additions to lower friction for a smoother muscle 
actuation, and changes in muscle cable attachment 
procedures for better tensioning.  

The animal model results were successful in three out 
of four animals. One animal was removed from the 
study due to post-op complications while the three 
remaining animals and implants survived until the 
terminal procedure 1-month post implantation. In two 
of those three animals, the muscle/cable interface 
ruptured prematurely preventing direct muscle 
actuation of the prosthesis. This was due in part by 
choice of cabling material and early loading before 
proper muscle integration could occur. However, all 
three of these animals utilized the prostheses for 
standing and walking though some to a limited degree 
and none had signs of infection around the implant. 

DISCUSSION 

These results provide preliminary evidence that our 
novel implant and prosthetic design can potentially 
provide residual muscle actuation of a bone anchored 
prostheses. Future research is needed to finalize 
device design for translating it to a larger animal and 
eventually human studies.  
 

CONCLUSION 

In conclusion, the novel implant and prosthesis design 
and implantation procedure have shown promise for 
future direct muscle actuated prostheses. 
 

CLINICAL APPLICATIONS 

While currently this prosthetic design cannot be directly translated to 
humans, this study provides promising results that the residual 
musculature can be utilized to directly actuate an attached prosthesis.  


