
Limb salvage for high-grade sarcomas has become the standard of care for patients treated with op-
erative resection. Post-resection limb salvage procedures with an endoprosthesis can be encourag-
ing; however, they pose also numerous difficulties. Implants have a limited lifespan in typically young 
patients, and risks for periprosthetic fractures or infections are very high. The patient described 
in this case report is an example of such a case where a novel technique was utilized to preserve 
the soft tissue envelope around a megaprosthesis, thus allowing for a successful  2-stage revision. 
Level of Evidence: V;  Case report.
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ABSTRACT

Limb salvage procedures for high-grade 
sarcomas have become the standard of care 
in many patients undergoing operative re-
section. Studies have continued to show 
that limb salvage procedures provide dis-
ease-free intervals similar to amputations 
[1,2], and most patients achieve a good func-
tional outcome [2,3]. While these results 
have been encouraging, the use of an endo-
prosthesis for limb salvage procedures pos-
es its own set of difficulties. Implants have 
a limited lifespan in an oftentimes young 
patient population. Combine this with the 

risk of periprosthetic fractures and infec-
tions, and reoperation rates remain a real 
problem in these patients. Infection is a se-
rious and unfortunately common problem, 
with rates being reported with the use of a 
megaprosthesis ranging from 3-31% [4]. Fol-
lowing an infection, the ability to perform a 
staged limb salvage revision procedure has 
been directly correlated with the condi-
tion of the surrounding soft tissues [5]. The 
patient described in this case report is an 
example of such a case where a novel tech-
nique was utilized to preserve the soft-tis-
sue envelope around a megaprosthesis, thus 
allowing for a successful 2-stage revision.

CASE REPORT

The patient is a 33-year-old Hispanic female 
with an extensive 20-year orthopedic history
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Actively, she had approximately 10 degrees 
of extensor lag; however, she maintained 45 
degrees of flexion. No evidence of valgus, 
varus, anterior, or posterior instability was 
observed at the hinged interface. An aspi-
ration from the left knee was attempted, 
yielding 1 cc of bloody fluid. Synovial analy-
sis showed a red fluid containing 20 million 
red blood cells and 2,000 white blood cells; 
16% were neutrophils, 78% were lympho-
cytes, and 6 % were monocytes. Cultures of 
the synovial aspirate confirmed the pres-
ence of Staphylococcus lugdunensis. Fol-

low-up labs were obtained 3 days after the 
initial visit and revealed a white blood cell 
count of 8,000 x 109/L and a C-reactive pro-
tein of 26.1 mg/L. After discussing options 
with the patient and her family, it was de-
termined the best course of action was to 
perform a 2-stage revision with an interim 
antibiotic spacer. 
 The previous extensile left lateral 
parapatellar approach was again utilized. Af-
ter careful dissection, the distal femur pros-
thesis was encountered and was circumfer-
entially dissected. Purulence was noticed

beginning at the age of 13 when she was di-
agnosed with an osteosarcoma of her left 
distal femur. An expandable prosthesis was 
surgically placed, which was subsequently 
replaced with a rotating hinge tumor pros-
thesis. Since that time, the patient has had 2 
additional revisions due to a loosening of the 
prosthesis. Most recently, while out of the 
country, she fell and suffered a hemarthrosis, 
which led to the suggestion that she should 
have immediate surgery. A lateral parapatel-
lar arthrotomy resulted in surgical drainage 
and removal or portions of the hardware. 

 The patient presented to the emer-
gency department of our facility with com-
plaints of pain and swelling about the knee 
following 2 hyperflexion injuries over the 
last 2 months following her last surgery 
(Figure 1). No complaints of fever, chills, 
nausea, or vomiting were noted at the time. 
Lab results revealed a white blood cell 
count of 8,100 x 109/L, a C-reactive protein 
of 16.8 mg/L, and erythrocyte sedimenta-
tion rate of 53 mm/hour. A physical exam 
showed passive range of motion ranging 
from full extension to 45 degrees of flexion. 
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Figure 1. Plain radiographs depicting all components of the femur endoprosthesis (A-C).
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Figure 2. The intraoperatively constructed implant mold. Bone cement was used to form 
a mold of the removed implant. Careful attention was made to follow the contours of the 
hardware to maximize joint congruity upon insertion of the spacer.

over the proximal portion of the distal fe-
mur component. Once circumferential dis-
section was achieved around the proximal 
tibia, the hinge was disarticulated. The 
proximal junction of the distal femur mod-
ular component was disarticulated using a 
standard spreader device. 
 During disarticulation of the exten-
sion piece of the prosthesis from the stem, 
it was found that the stem was loose at the 
cement implant interface. The stem was 
then tamped out of the cement implant in-
terface leaving the cement behind. The ro-
tating hinge tibial component was removed 
piecemeal. The remaining cement in the 
proximal tibia was meticulously removed 
using a series of osteotomes, curettes, and 
an ultrasonic cement extractor. The cement 
in the proximal femur was intentionally not 
removed, accepting the risk of ongoing bac-
terial contamination due to the fact that its 
removal would potentially require conver-
sion to a total femur replacement. After all 
components and tibial cement had been re-
moved, a meticulous irrigation and debride-
ment was performed. A spacer was fabri-
cated on the back table. The cement recipe 
included 4 bags of bone cement with 3 g van-
comycin powder and 3.6 g tobramycin pow-
der. The fabrication of the spacer was per-
formed in 2 steps, creating a tibial stem and 

the distal femur component. The tibial stem 
was constructed used a 40-French chest 
tube as a mold. Bone cement was injected 
into the chest tube and allowed to harden 
to the late doughy phase, at which time a 
stainless steel Harrington rod was insert-
ed for reinforcement. After the bone cement 
hardened, the tube was cut away, leaving 
the reinforced tibial component. The second 
step in the formation of the spacer was to 
construct the distal femur component of the 
endoprosthesis. To create an exact match of 
the removed hardware, bone cement was 
used to form a mold (Figures 2 and 3). This 
mold was used to create a custom distal fe-
mur component with contours matching the 
previous implant, with the goal of adequate-
ly maintaining the tissue envelope for the 
second stage of the revision. A nonadhesive 
petroleum mesh was utilized to prevent the 
spacer from sticking to the mold. Cement 
was placed in the mold along with a 3/16 
inch Steinmann pin for stabilization. When 
the spacer reached the desired consistency, 
it was removed. We found 2 steps in the for-
mation of this spacer that were critical for 
proper articulation: creating a tunnel in the 
femoral component for the spinal rod, and 
creating a trough in the distal aspect to al-
low for easier insertion of the femoral and 
tibial components.
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Figure 3. Custom femoral and tibial spacer components were created intraoperatively. (A) 
The femoral portion of the disarticulated endoprosthesis (left) was used to create a mold. 
Bone cement is placed into the mold (right) to form an exact replica of the removed hard-
ware. The tibial component is formed using a 40-French chest tube, bone cement, and Har-
rington spinal rod. (B) The mold is removed from the distal femur portion of the spacer. (C) 
The fully constructed spacer is demonstrated.

Figure 4. The spacer placement after the femoral and tibial components were articulated.

 Articulation of the 2 components of 
the spacer was achieved by tamping the tibial 
component into place distally and the Stein-
mann pin portion of the femoral component 
into the femoral medullary cavity proximal-
ly. The proximal aspect of the tibial rod was 
then laid into the trough of the femoral com-
ponent and inserted into the tunnel we cre-
ated. An additional bag of bone cement was 
then mixed to secure the spacer into place 
by filling in the trough in the femoral compo-
nent as well as the bone spacer interfaces to 
provide moderate stability for the duration 

of antibiotic spacing (Figure 4). The wound 
was again irrigated, and a multilayered clo-
sure was performed. Final images of the artic-
ulated spacer are demonstrated in Figure 5.
 After a total duration of 2 months 
and a 6-week course of parenteral antibiotic 
therapy, the patient was successfully reim-
planted and went on to heal uneventfully 
(Figure 6). At the last follow-up at 20-month 
status post re-implantation, the patient re-
tained the prosthesis with good function in-
cluding active motion from -5 to 90 degrees, 
and ambulated without an assistive device.
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DISCUSSION 

The patient presented is an example of the 
challenge that is often presented with treat-
ing osteosarcomas with limb salvage proce-
dures. Multiple revision surgeries had been 
performed prior to the described operation, 

thus already compromising arguably the 
most important component of a 2-stage re-
vision—the soft tissue envelope. This is a 
common occurrence among patients treated 
with megaendoprostheses with the average 
reoperation rate for these patients being

Figure 5. Postoperative radiographs show the assembled spacer. (A) The AP view shows 
the 2 components of the spacer in place. (B) The lateral view shows the articulated spacer. 
Proximally, the Steinmann pin is used to reinforce the femoral component. Distally, a Har-
rington rod is used as the tibial stem, but also doubles proximally as a reinforcer for the 
integrity of the 2 articulated components. (C) The femoral-tibial interface is observed. The 
mold provided for a very secure fit, which allowed the proper leg length and tissue enve-
lope to be maintained.

Figure 6. An intraoperative photo demonstrating reimplantation of endoprosthesis fol-
lowing removal of constructed antibiotic spacer.



CONCLUSIONS

This case demonstrates some of the unique 
complexities in treating high-grade sarco-
mas with limb salvage procedures. Owing to 
the high complication and reoperation rates 
associated with such operations, one must 
be prepared to deal with these situations as 
they arise. In the specific case of an infected 
megaprosthesis where a 2-stage operation 
is required, the surgeon could consider us-
ing the previous implant as a mold for the 
antibiotic spacer to ensure adequate spac-
ing. Using bone cement, this is a quick and 

simple technique to provide a close match 
to the native prosthesis. By doing so, the 
soft tissue envelope is preserved, which has 
been shown to be an important aspect in 
limb salvage revision surgeries.
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Figure 7. Anteroposterior (A) and lateral (B) plain radiographs at the patient’s last fol-
low-up demonstrating stable endoprosthesis placement.

reported at 2.6 procedures. However, with 
the use of a custom molded antibiotic spac-
er in this case, the difficulty level in per-
forming the second stage of the revision 
was made significantly less.
 Following the administration of 
long-term IV antibiotics, the patient re-
turned to the OR for the second stage of 
her revision. The antibiotic spacer was re-

moved and a new prosthesis was implant-
ed. A medial release of the quadriceps mus-
culature was utilized, thus allowing lateral 
excursion of the soft tissues and ultimately 
a loose closure. At the time of this paper, 
the patient had 2-year follow-up with infec-
tion control, and no evidence of hardware 
complications or soft-tissue breakdown 
(Figure 7).
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