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Key points 

 Limb sparing implants have two purposes: fill defects created when tumors are removed 
and stabilize a limb after tumor removal 

 Limb sparing implants are only commercially available for the removal of tumors of the 
distal portion of the antebrachium 

 Novel manufacturing technologies (i.e. freeform metal fabrication) provides opportunities 
for the creation of novel limb sparing implants. 

Current options for limb sparing implants 
What is available? Options for limb sparing grafts and implants are limited. Surgical options 
include using the tumor as a prosthesis after processing, autografts, cortical allografts, graft 
prosthesis composites, and limb sparing implants. Cortical allografts can be purchased (i.e. 
Veterinary Transplant Services, Inc.; www.vtsonline.com/products/shafts_wholebone.shtml). 
These allografts replace the missing portion of a bone and are incorporated in a surgical repair 
that usually includes an arthrodesis of the adjacent bone, even though allograft are sometimes 
incorporated as part of a total joint replacement.1 Cortical allografts generally do not get fully 
osseointegrated. Rather, the cortical bone gets covered or replaced slowly over a period of 
months to years through creeping substitution. The mechanical properties of the allograft 
decrease over time and it is susceptible to nonunion or mechanical failure. In of study including 
5-cm-long femoral allograft in dogs, femoral strength was only 40% six months after surgery.2 
Metal implants used to fill large defects are available. Stainless steel blocks that are connected to 
long bone plates (i.e. have been widely used).3 Clinically, the outcome of stainless steel blocks 
are comparable to the outcome of a cortical allograft when either are combined with a long bone 
plate.3 A tantalum block with a generic shape was used in one patient in combination with a 
stainless steel bone plate.4 
 
Desirable features of future limb sparing implants 
Geometry. Limb sparing implants should have a geometry that fits the specific regions of the 
body where they are most often used. When it comes to managing osteosarcoma, these regions 
include the distal portion of the antebrachium, proximal portion of the brachium, distal portion of 
the femur, and proximal portion of the tibia. While these anatomic areas do not present 
overwhelming geometric challenges, the specific dimensions of the implants should be adapted 
to patient sizes  and to the extent of bone resected. Osteosarcoma primarily affects large and giant 
breeds and, as a consequence, the geometric range is limited. The tumor extent is often 
determined using CT or MRI. While CT and MRI are relatively accurate for that purpose, they 
tend to overestimate the extent of the tumor. It is unclear whether CT or MRI is most accurate 
for that purpose. The desired tumor margins along long bones are usually 3 to 4 cm from the 
extent of the tumor determined on a CT scan or a technetium bone scan. Therefore, the extent of 
bone resection varies. The combination of size and length variation has made it impractical to 
fabricate and commercialize the wide range of types, sizes, and lengths necessary for limb 
sparing in dogs. 
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Fixation. Limb sparing implants should be rigidly fixed to the residual limb proximal and distal 
to the tumor. With current limb sparing surgeries, this fixation often is associated with an 
arthrodesis of the joint adjacent to the tumor.3,5 Arthrodeses increase the bending, axial, 
torsional, and shear forces resisted by the proximal and distal bone implant inferfaces compared 
to total joint arthroplasties. As a result, implant failures are relatively common after limb sparing 
arthrodeses.3,6 Conventional screw fixation has been used in most instances but fixed angle 
screws (locking screws) are becoming an option in limb sparing.7 While locking implants 
theoretically are less likely to fail at the bone implant interface, they are still vulnerable to 
mechanical failure.8 Ideally, the long-term fixation of limb sparing implants would include bone 
ongrowth and ingrowth so that the loads placed on the bone-implant interface are spread over a 
wider region. 
 
Soft tissue reconstruction. Musculoskeletal soft tissue reconstruction is necessary when the 
epiphysis is removed and replaced by an implant.1 The attachment of gluteal muscles has been 
described in several studies involving research dogs.9,10 Overall, however, little is known about 
the features of optimal musculoskeletal soft tissue reconstruction in canine limb sparing. 
 
Mechanical Properties. The optimal limb sparing implant should have a low elastic modulus (i.e. 
should have a low stiffness relative to solid blocks of stainless steel). Having a low stiffness 
would decrease loads placed on the fixation to the bone (i.e. bone screws or bolts) at the 
proximal and distal aspects of the implant. A low-modulus femoral stem placed inside a femoral 
decreased bone surface strains in the femoral shaft.11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. A custom limb 
sparing implant designed 
to manage a 
chondrosarcoma of the 
proximal portion of the 
tibia has been designed 
(left). The implant is 
primarily solid (lighter 
color) and include porous 
sections (darker color) 
for bone ingrowth. 
Features have been 
added to reattach 
prosthetic patellar and 
collateral ligaments and 
several tendons (not 
visible). A commercial 
total knee tray is 
cemented at the proximal 
aspect of the implant. 
The implant is visible on 
mediolateral (center) and 
craniocaudal (right) 
postoperative 
radiographs. Initial 
fixation has been 
achieved with five  
titanium locking bolts.  
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The future of limb sparing implants 
Limb sparing implants will benefit from recent developments in computer modeling and metal 
3D printing (see notes related to custom total joint arthroplasty in the proceedings of this 
conference).12 With these technologies, custom implants can be designed and fabricated in a 
matter of days. These implant can potentially be combined with commercially available total 
joints in order to spare joint motion and create more physiologic limb sparing (Figure 1). These 
technologies have a high cost and a limited availability at this time but one should anticipate that 
cost will decrease as design and fabrication processes are streamlined and become more widely 
used. 
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