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Introduction
The pioneering work of Dr. Henry Jaffe, 

entitled Tumors and Tumorous Conditions of 
Bone and Joints, was first published in the 1950s 
and initiated the modern era of bone pathology. 
This allowed a more rational approach to the 
treatment of benign and malignant bone tumors, 
although not until the 1970’s did advances 
in reconstructive surgery and chemotherapy 
allow limb-salvage to gain popularity for bone 
sarcomas1,2.

Prior to the 1970s, amputation was the 
accepted method for the treatment of malignant 
primary bone tumors. During the 1970s, fusions 
about the knee were utilized for limb salvage 
by splitting the bone across the joint from the 
resection and then rotating the split portion 
of the bone back across the joint to span the 
resected segment.  As such these were termed 
tibial turn-ups for femoral resections and femoral 
turn-downs for tibial resections. While these were 
limb-sparing procedures, little enthusiasm was 
noted among patients receiving these in light of 
the functional limitations of a knee fusion. At the 
same time fusions were being performed, the 
first modern segmental replacement prostheses 
were being developed. The Guepar prosthesis 
(Benoit-Gerrard Company, Caen, France) was a 
first generation fixed hinge prosthesis, which 
was adapted for segmental replacement, but 
few were performed and complications were 
high (Figure 1)3.   From roughly 1980 through 
1985, non-modular rotating hinge segmental 
replacement prostheses were available for the 
knee, and early segmental bipolar prostheses 
were available for the proximal femur. Most of 
these prostheses were utilized for aggressive 
benign and low-grade malignant tumors, such 
as giant cell tumors and chondrosarcomas.  The 
prostheses were used as well as for patients 
with advanced metastatic disease, because the 
absence of effective sarcoma chemotherapy 
eliminated limb salvage as a safe option for 
patients with high-grade primary bone sarcomas.  
This changed during the mid-1980s with the 
adoption of doxorubicin based neo-adjuvant 
chemotherapy protocols; during this time limb 

salvage for bone sarcomas became an accepted 
treatment option.

The 1980s also saw the advent of modern 
bone banking techniques and with this, the 
availability of osteo-articular allografts for the 
reconstruction of bone resections.  Allografts had 
the theoretical advantage of being a “biological” 
reconstruction with the hope that creeping 
substitution would replace the dead bone with 
living host bone. Dr. Henry Mankin performed 
much of the pioneering work on osteo-articular 
allografts for tumor reconstruction in the US 
(Figure 2). Simultaneous with this was the advent 
of modular segmental replacement prostheses, 
which simplified surgical technique and allowed 
for “off the shelf” flexibility. 

The final reconstructive option that became 
available during this time was the combined 
allograft/prosthesis, termed allograft-prosthetic 
composite (APC).  While this promised to 
deliver the durability of a prosthetic joint with 
the stability of a healed allograft-host junction, 
the technique proved to be difficult technically, 
expensive and associated with a high infection 
rate4.  As such APC’s never gained widespread 
popularity in the field of tumor surgery.

In the ensuing 30 years, modular segmental 
replacement prostheses became the standard for 
tumor reconstructions about the hip and knee in 
North America and Europe, while osteo-articular 
allografts have continued as the common 
reconstructive option in South America5.

This paper will aim to review the most 
current literature on the outcomes of modular 
endoprosthetics at specific anatomic locations: 
proximal femur, distal femur, and proximal tibia.

Proximal Femur
The proximal femur is the most common 

location of metastases in long bones6.
Finstein et al. in 2007 reported on 62 patients 

who underwent cemented bipolar proximal 
femoral replacements. At a mean follow-up of 
five years, there was 86% revision free survival 
rate with an infection rate of 5%7. Potter et al. 
one year later reported on 61 proximal femoral 
endoprostheses with a mean follow-up of 55 
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months. There was a 93% five year revision free implant survival 
with a 5% infection rate8. Most recently, Chandrasekar et al. 
in 2008 reported on 100 patients who underwent cemented 
proximal femoral replacement. At five years, there was a 91% 
revision free implant survival with a mean Toronto Extremity 
Salvage Score (TESS) of 61% and a 6% infection rate9. 

Interestingly, patients who have primary bone tumors 
reported better functional scores following proximal femur 
replacements than those patients reconstructed for extensive 
metastatic disease. Potter et al. showed that patients with 
primary bone tumors had a Musculoskeletal Tumor Society 
(MSTS) function score of 80.2 versus 66.8 for those with 
metastatic disease8. This difference in functional scores is 
likely due to the high rate of associated co-morbidities in the 
metastatic carcinoma group, which limit the ability of patients 
to maximally benefit from their limb reconstruction.

Reported complications are numerous, including 
dislocations, deep vein thrombosis, pulmonary embolism, 
infection and prosthetic loosening. The literature reports 
complication rates ranging from 10 to 20%, when all 
complications are included9,10. The revision rate has been 
reported to be 7.3% and as high as 57% at 20 years12,13.

Overall, proximal femoral replacement endoprostheses 
have a 90% five year revision free implant survival, with TESS 
scores ranging from 60-75% and an infection rate around 5%.

Distal Femoral Replacement
The distal femur is the most common site of primary bone 

tumors and the popular therapeutic option is tumor resection 
and reconstruction with a segmental replacement rotating 
hinge endoprosthesis (Figure 3). However, long-term data 
concerning such reconstructions remain limited.

There are however several reports concerning survivability 
of these prostheses. Myers et al. from the United Kingdom 
published a series of 335 patients who underwent distal 
femoral replacement.  At ten years, the aseptic loosening 
rate was 35% for cemented fixed hinge prostheses and 24% 
for cemented rotating hinge prostheses. There was a 10% 
infection rate in this series and no functional outcomes were 
measured14.  

Sharma et al. in 2006 reported on 77 patients who had a 
mean follow-up of 4.3 years. All patients had cemented stems.  
They noted 84% implant survival at five years, and 79% at ten 
years with no stem loosening. The mean TESS was 78%, and all 
revisions were related to infection or mechanical failure. The 
reported rate of infection was 8%15.

There is little functional outcome data on patients who 
have had reconstruction with these megaprotheses. Malo et al. 
published a multicenter study of 56 patients who underwent 
distal femoral replacement prosthetic reconstruction. The 
mean SF-36 physical component was 43.2, and the mental 
component score was 54.2. The mean MSTS score was 80.4. 
Overall, the patients had satisfactory functional outcomes, 
but those who had pathologic fractures, underwent larger 
bone resections, or were older experienced worse functional 
outcomes16. 

Complications, unfortunately, have been reported to be 
high with the use of these megaprostheses. Aseptic loosening 
and failure of the hinge mechanism have been reported to be 
the most common cause of failure, with rates of revision as 
high as 58%17. Infection is also a significant cause of revision, 
with rates of infection ranging from 8% to 30%14, 15, 18.

Figure 1. Guepar fixed-hinge prosthesis, popular during the 1960’s.

Figure 2. Proximal tibia osteo-articular allograft at 10yr followup. Due to arthritic change, 
patient eventually required a prosthesis.
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Bickels et al. reported that 87% of patients achieved good to 
excellent results with all three methods19, 21.

Overall, proximal tibia endoprosthetics remain a viable 
option for reconstruction after proximal tibia resection, 
but there are few series reporting long-term follow-up and 
functional outcomes.

Conclusion
Endoprosthetic reconstruction after tumor resection about 

the hip and knee has evolved as a practical treatment option. 
The survivability of these reconstructions is reasonable but 
with a higher rate of complications than is seen with routine 
arthroplasty.  In the future, advancements in stem fixation, 
hinge joint design and infection prevention will further 
refine these techniques and further enhance the success of 
prosthetic limb salvage surgery.

References

 1.  Jaffe HL Tumors and Tumorous Conditions of the Bone and Joints. Philadelphia, Lea & Febiger 
1958

 2.  Enneking WF. An abbreviated history of orthopaedic oncology in North America. Clin Orthop 
2000;374:115-124

 3.  Mascard E, Anract P, Touchene A, Pouillar P, Tomeno B. Complications from the Hinged 
Guepar Prosthesis After Resection of Knee Tumor. 102 Cases. Rev Chir Orthop Reparatrice 
Appar Mot 1998; 84(7):628-37

 4.  Donati D, Zavatta M, Gozzi E, Giacomini S, Campanacci L, Mercuri M. Modular 
prosthetic replacement of the proximal femur after resection of a bone tumour a long-term 
follow-up. J Bone Joint Surg Br. 2001 Nov;83(8):1156-60.

Proximal Tibia Replacement
The proximal tibia is another common site of tumors, but 

the literature concerning the long-term results of the use of 
these prostheses is limited. 

Myers et al. reported on 194 patients who underwent 
99 cemented rotating hinge proximal tibia replacement 
prostheses. The rate of revision was high: 11% at five years, 
18% at ten years, and 30% at fifteen years. Furthermore, the 
rates of infection were 31% without a flap, and 14% with a flap. 
Unfortunately, there was no data concerning functional scores 
or extensor lag14. 

Flint et al. reported on 44 fixed hinge prostheses which 
at five year follow-up had a 27% revision rate secondary to 
infection, fracture, instability, or vascular compromise.  The 
mean TESS was 77%. There was a 15% infection risk with 
muscle flaps19.  It is notable that many authors describe the 
need for muscle flaps whenever a proximal tibial segmental 
replacement prosthesis is utilized, in order to minimize the 
risk of infection about the prosthesis. This was contradicted 
by a study by Abboud et al. who performed rotating hinge, 
cemented proximal tibia replacements in 22 consecutive 
patients. None of these patients had flaps and, at 38 months, 
there were no deep infections20.   

One of the major factors associated with clinical outcomes 
after proximal tibia replacement is function of the extensor 
mechanism.  There have been described many methods for 
reconstruction, including direct reattachment of the patellar 
tendon to the prosthesis, reinforcement with autologous 
bone-graft, and attachment of an overlying gastrocnemius flap. 

Figure 3.  Distal femoral replacement rotating hinge knee at 6-year followup
a Cb



72 KIM AND LACKMAN

UNIVERSITY OF PENNSYLVANIA ORTHOPAEDIC JOURNAL

14.  Myers GJ, Abudu AT, Carter SR, Tillman RM, Grimer RJ. Endoprosthetic replacement of the 
distal femur for bone tumours: long-term results. J Bone Joint Surg Br. 2007 Apr; 89 (4) :521-6

15.  Sharma S, Turcotte RE, Isler MH, Wong C. Cemented rotating hinge endoprosthesis for limb 
salvage of distal femur tumors. Clin Orthop Relat Res. 2006 Sep; 450:28-32

16.  Malo M, Davis AM, Wunder J, Masri BA, Bell RS, Isler MH, Turcotte RE. Functional 
evaluation in distal femoral endoprosthetic replacement for bone sarcoma. Clin Orthop Relat 
Res. 2001 Aug 389:173-80. 

17.  Kinkel S, Lehner B, Kleinhans JA, Jakubowitz E, Ewerbeck V, Heisel C. Medium to 
long-term results after reconstruction of bone defects at the knee with tumor endoprostheses. 
J Surg Oncol. 2010 Feb 1; 101 (2) :166-9

18.  Shehadeh A, Noveau J, Malawer M, Henshaw R. Late complications and survival of 
endoprosthetic reconstruction after resection of bone tumors. Clin Orthop Relat Res. 2010 Nov; 
468 (11) :2885-95.

19.  Flint MN, Griffin AM, Bell RS, Ferguson PC, Wunder JS. Aseptic loosening is uncommon 
with uncemented proximal tibia tumor prostheses. Clin Orthop Relat Res. 2006 Sep; 450:52-9.

20.  Abboud JA, Patel RV, Donthineni-Rao R, Lackman RD. Proximal tibial segmental prosthetic 
replacement without the use of muscle flaps. Clin Orthop Relat Res. 2003 Sep;414:189-96.

21.  Bickels J, Wittig JC, Kollender Y, Neff RS, Kellar-Graney K, Meller I, Malawer MM. 
Reconstruction of the extensor mechanism after proximal tibia endoprosthetic replacement. J 
Arthroplasty. 2001 Oct; 16 (7) :856-62.

 5.  “Textbook of Orthopedics and trauma.” Kulkarni GS, ed. New Delhi: Jaypee Brothers Medical 
Publishers, LTD. 2008

 6.  Selek H, Başarir K, Yildiz Y, Saşlik Y. Cemented endoprosthetic replacement for metastatic 
bone disease in the proximal femur. J Arthroplasty. 2008 Jan;23(1):112-7. Epub 2007 Sep 24

 7.  Finstein JL, King JJ, Fox FJ, Ogilvie CM, Lackman RD. Bipolar proximal femoral 
replacement prostheses for musculoskeletal neoplasms. Clin Orthop Relat Res. 2007 
Jun:459:66-75

 8.  Potter BK, Chow VE, Adams SC, Letson GD, Temple HT. Endoprosthetic proximal femur 
replacement: metastatic versus primary tumors. Surg Oncol. 2009 Dec;18(4):343-9. Epub 2008 
Oct 2

 9.  Chandrasekar CR, Grimer RJ, Carter SR, Tillman RM, Abudu AT. Modular endoprosthetic 
replacement for metastatic tumours of the proximal femur. J Orthop Surg Res. 2008 Nov 4;3:50.

10.  Cannon CP, Mirza AN, Lin PP, Lewis VO, Yasko AW. Proximal femoral endoprosthesis for 
the treatment of metastatic. Orthopedics. 2008 Apr;31(4):361

11.  Quinn RH, Drenga J. Perioperative morbidity and mortality after reconstruction for metastatic 
tumors of the proximal femur and acetabulum. J Arthroplasty. 2006 Feb;21(2):227-32.

12.  Menendez LR, Ahlmann ER, Kermani C, Gotha H. Endoprosthetic reconstruction for 
neoplasms of the proximal femur. Clin Orthop Relat Res. 2006 Sep;450:46-51

13.  Kabukcuoglu Y, Grimer RJ, Tillman RM, Carter SR. Endoprosthetic replacement for 
primary malignant tumors of the proximal femur. Clin Orthop Relat Res. 1999 Jan;(358):8-14


