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Key Points  

 Transdermal osseointegration is the placement of implants onto or into bones that 
protrude through mucosa or skin. 

 Transdermal osseointegration has been in use for decades but its clinical applications in 
companion animals are rapidly expanding. 

 The early clinical results of transdermal osseointegration are promising.  
 Little is known about the long-term risk and benefits of transdermal osseointegrated 

implants in companion animals 

History 
 Transdermal osseointegrated implants have been in use for a number of years. 
Transdermal implants were first used in the oral cavity. Initially, transdermal implants were 
blade implants, stabilized by mechanical retention, a process relying in screw fixation. Per-
Ingvar Brånemark performed experiments on rabbits in the early 1950’s and identified 
osseointegration, a process of direct bone ongrowth and ingrowth into textured implants. The 
clinical use of transdermal osseointegrated implants started in the mid 1960’s. The first patient, 
Gosta Larsson, received intraoral implants used for the fixation of a retainer used to manage a 
palatal defect linked to cleft palate. Transdermal osseointegrated implants were later used for the 
fixation of finger prostheses, and facial prostheses for the attachment of prosthetic ears, 
prosthetic orbits, and prosthetic nose. Transdermal osseointegrated implants were first used in 
long bones in the early 1980’s by Rickard Brånemark, Per-Ingvar Brånemark’s son. The 
Brånemark group (http://www.branemark.com/) and a British group (http://www.itap-
prosthetics.com/) have both been placing transdermal implants in human amputees. The British 
implants, designed and manufactured by Stanmore Implants, are named intraosseous 
transcutaneous amputation prostheses (ITAP).  
 Transdermal osseointegrated implants have been used in client-owned companion 
animals. The first patient, to our knowledge, was a cat with bilateral transtibial amputations who 
received straight implants connected to both femora and tibiae after its stifle joints were 
sacrifice. The surgery took place around the year 2002 and was performed by Dr. Marvin 
Olmstead in Eugene, OR, with support from BioMedtrix, LLC, Boonton, NJ. Other groups have 
placed transdermal implants. They include Dr. Robert Taylor in Denver, CO (collaborating with 
BioMedtrix),1 Dr. Erik Egger from Colorado State University, Fort Collins, CO, Dr. Fitzpatrick 
in the UK (collaborating with Stanmore Implants),2 and by the author.3  
 
Decision making 
 Indications. The indications for transdermal osseointegration parallel the indications for 
socket prostheses (see notes on “Clinical Use of Socket Prostheses in Companion Animals” in 
the proceedings of this meeting). Dog and cats are candidates for transdermal osseointegration 
when they have incomplete limbs distal to the stifle or elbow joint and have motor function in 
the affected limbs. Optimally, the health and motion of proximal joints in the incomplete limb 
should be within normal limits. Also the stump should be healthy (i.e. free of infection). The 
patient and owner should be amenable to the daily care that transdermal implant require. The 
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author always recommends socket prostheses as first management option for dogs and cats with 
incomplete limbs. Some patients, however, are not optimal candidate for socket prostheses. For 
example, patients with proximal transtibial amputation are difficult to fit with socket prostheses 
because the stump has a conical shape and, often, the skin is quite mobile relative to underlying 
tissues. Challenges linked to the design or stability of socket prostheses make transdermal 
osseointegration a more valid consideration.  
 
Design and fabrication 
 The author’s group designs transdermal implants based on CT scans of patients’ bones 
and soft tissues. The implants are fabricated using freeform additive manufacturing (i.e. metal 
3D printing) with electron beam melting or direct metal laser sintering technology. Implant 
finishing is done using computer numerical control (CNC) machining. The implants have a 
threaded post that receives a modular foot. We prefer round feet that with a sole made of textured 
rubber (Figure 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Radiograph (top) 
and picture (bottom) of a 
transdermal osseointegrated 
implant placed on the pes of a 
german Shepherd dog who 
had lost her foot at birth. The 
implant is made of titanium 
alloy. It is secured to the talus 
and calcaneus using titanium 
screws. A mesh was used to 
attach subcutaneous tissues.A 
modular foot ending with 
textured rubber is connected 
to the implant. 
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Bone-implant and skin-implant interfaces 
 The implants include features for initial fixation, bone ingrowth for long-term fixation, 
fixation of muscles and tendons, subcutaneous tissues, and skin. Initial fixation may be achieved 
through press-fit or mechanical retention (screw or bolt fixation). Subcutaneous tissues and skin 
should be locked in place to avoid the proximal displacement that may result from tissue tension 
generated during wound healing and resulting from limb use.  Long-term bone fixation ideally 
should rely on bone ongrowth / ingrowth but it is sometimes achieved through mechanical 
retention.  
 The major challenge is transdermal osseointegration is the skin-implant interface. Several 
conflicting strategies are in use: the Brånemark group and Egger’s group report seeking to 
achieve a “moist” skin-implant interface with a mucosa-like smooth granulation tissue. 
Fitzpatrick’s group and the author’s group seek dry, interlocking skin-implant interfaces free of 
granulation tissue. Our implants include a curved mesh that is used to lock subcutaneous tissues 
and skin. While both moist and dry interfaces seemingly are relatively resistant to bacterial 
infection, little is known about the long-term resistance to infection of specific types of skin-
implant interfaces. Also, little is known about the ability to sterilize skin-implant interfaces if 
they become infected.  
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