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Primary tumors of the musculoskeletal system are the second most common reason for 
loss of limb after trauma in man and pet animals. Because primary musculoskeletal tumors most 
commonly occur in young, active human patients rather than the elderly and because limb 
preservation is the standard of care in human medicine; longevity of reconstruction with minimal 
morbidity is of paramount importance. Musculoskeletal tumors are far more common in pet 
animals than man, making the study of limb preservation techniques following removal of a 
tumor a rich area for comparative research. 

Limb salvage surgery resulting in large segmental bone defects is performed in 85-90% 
of human patients with malignant bone tumors. Reconstruction of large bone defects following 
tumor resection remains a significant challenge for human and veterinary surgeons due to unique 
co-morbidity issues that often compromise bone healing in cancer patients. Chemotherapy may 
result in compromised healing via direct inhibition or indirectly via predisposition to infection 
due to immune compromise. Radiation therapy fields often include normal bone. Radiation 
therapy is known to profoundly inhibit bone healing even years after treatment has ended. Little 
information is available from a mechanistic standpoint to explain this phenomenon. Novel 
therapeutic interventions addressing the specific issues surrounding bone healing in cancer 
patients are needed to improve the quality of life for cancer patients undergoing limb 
reconstruction. The Musculoskeletal Tumor Laboratory at Colorado State University’s Animal 
Cancer Center is involved in research to address some of the unique challenges associated with 
limb reconstruction in the cancer setting. Recent advances, current research and remaining 
challenges will be discussed. 
 
Allograft Reconstruction: 

The use of structural allografts for reconstruction of large bone defects remains as a 
mainstay of technique in humans due to the fact that allograft tissue is a more biologic alternative 
to replacement when compared with endoprostheses. If early complications are avoided, 
allografts provide future bone stock and the opportunity for excellent soft tissue reconstruction. 
Human patients with bone tumors that require resection of the femoral or tibial diaphysis are 
ideal candidates for allograft reconstruction. The main complication associated with allografts in 
human recipients is fracture which is seen in 37% of cases. This is due to the formation of 
microcracks in the allograft tissue that occur within the nonviable portions of the graft. The 
microcracks propagate rather than heal and eventually lead to allograft failure or implant 
loosening. Infection is seen in 5-11% of human cases. In canine allograft recipients, infection 
occurs in 47% of recipients. This high rate of infection is theorized to occur due to the paucity of 
soft tissue coverage in distal radial sites, the influence of chemotherapy and other host factors. In 
humans, nonunions occur in 9-15% of cases and are more common when the allograft is 
stabilized with an intramedullary nail than when it is stabilized with a plate. Currently, gene 
therapy strategies to enhance allograft incorporation are being studied in our laboratory. These 
results may have important implications for human and canine allograft recipients. 
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Prosthetic Reconstruction: 
Metal endoprosthetic reconstruction is commonly used in humans to reconstruct limbs 

after juxta-articular tumor resection. It provides a construct that allows early weight-bearing and 
there are relatively few early postoperative complications allowing patients who require 
chemotherapy to continue their treatment. The challenges include a high rate of late 
complications requiring revisions. The mean life expectancy of prosthetic long bone 
reconstruction prior to first revision is 5-7 years. This becomes problematic for young patients 
who may require 7 or more revisions in their life time. Other challenges involve determining the 
best option for intramedullary stem fixation and the optimal way to attach soft tissues to metal 
prosthesis at the shoulder, hip or knee. One of the more innovative advances in endoprosthetics 
in the last decade was the development of a noninvasive expandable prosthesis for skeletally 
immature patients with juxta-articular malignant bone tumors. This construct uses energy stored 
in a compressed spring that is locked with a polyethylene sleeve. Lengthening occurs by 
applying an electromagnetic field which softens the polyethylene and allows the spring to relax 
and lengthen. When the electromagnetic field is removed, the polyethylene hardens again 
locking the spring in its extended position. Complications with this technique have been similar 
to other types of endoprostheses and its disadvantage is that it needs to be replaced with a 
standard endoprosthesis once growth is over to prevent collapse of the telescoping moveable 
parts over time. Even so, it has provided a means of avoiding serial surgical interventions to add 
lengthening segments to prostheses in growing patients. Endoprosthetic radii are available for 
use in veterinary patients. Infection rates are similar to allograft reconstructions.  Distal radial 
endoprosthetic reconstructions appear to be biomechanically superior to allograft reconstructions 
in cadaver limbs. The availability of these devices may make limb savage in dogs more widely 
available. Novel custom prostheses and advanced endoprosthetic designs are under development 
for veterinary patients.  
 
Bone Transport Osteogenesis 

Bone transport osteogenesis is used for reconstruction of large segmental defects in 
humans and veterinary patients following tumor resection. This technique is most popular for 
human patients in Asian countries where cultural factors make allograft replacement or 
amputation less desirable in some cultures. The technique is compatible with most chemotherapy 
agents used for the treatment of musculoskeletal sarcomas. In contrast, osteogenesis is 
profoundly inhibited by ionizing radiation and therefore should not be used in patients who will 
receive or have received radiation therapy where the affected bone is in the field. Recently a 
motorized intramedullary nail was developed with a motorized programmable sliding mechanism 
for limb lengthening and bone transport that reduces the risk of infection and scarring usually 
associated with the external fixators used for the same purpose in humans. Only a small number 
of human patients have been treated with this technique. A recent veterinary study reviewed the 
results of nine cases of osteosarcoma treated with bone transport osteogenesis. Mean defect size 
was 9.5 cm with a mean of 123 days distraction until docking. Mean time from surgery to fixator 
removal was 205 days. 
 
Steriotactic Radiotherapy (SRT) 

Steriotactic radiotherapy involves the use of precisely delivered, high-dose radiation to a 
region of the body with remarkable sparing of nearby normal tissue. The precision and safety  
with which these large doses of radiation can be delivered is made possible by the use of on 
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board, robotic, computed tomographic imaging and fiducial positioning devices. This technology 
has allowed precise anatomic delivery of large radiation doses to a geometrically complex target 
with a steep dose gradient so that tissue as close as 0.5 cm to the target is relatively spared.  OSA 
had previously thought to be resistant to radiation, and radiation therapy was largely aimed at 
palliation of clinical signs. Using SRT technology, investigators now know that high doses of 
radiation delivered within short periods of time results in excellent tumor kill. This has translated 
into long term local tumor control. Survival times for dogs with OSA who receive SRT and 
adjuvant chemotherapy are similar to reported survivals following amputation and adjuvant 
chemotherapy. While initially promising, late fracture is a common complication of SRT. 
Current research in this area is focused on re-establishing normal bone in the area of radiation 
without creating a permissive environment for tumor regrowth. 
 
Future Directions: 
  At this time, large bony defects remain a significant challenge for human and veterinary 
orthopedic surgeons. Advances in molecular technology and tissue engineering have provided 
novel opportunities to manipulate bone formation. Stem cell therapy is an exciting frontier that 
may provide significant advances with clinical relevance to animals and humans requiring limb 
salvage procedures. Novel bone substitutes and nanostructured materials are other modalities that 
show promise for the future.  
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