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Abstract We consider an allograft-prosthesis composite

in the proximal tibia one of the better reconstructive

options in this site because it combines the mechanical

stability of a prosthesis with the biologic reconstruction of

the extensor mechanism. We retrospectively reviewed 62

patients who had proximal tibia reconstructions with allo-

graft-prosthesis composites to ascertain the complications

and functional outcomes. By combining an allograft with a

prosthesis, placing cement in the graft, and press-fitting the

prosthesis in the tibial diaphysis, we obtained satisfactory

Musculoskeletal Tumor Society scores in 90.4% of

patients, with a 5-year survival rate (73.4%) comparable to

that of reconstruction with a modular prosthesis. However,

we observed high infection rates (24.2%) and rotation of

the medial gastrocnemius seemed not to reduce this com-

plication. For this reason, we do not recommend using this

reconstructive technique in patients who will receive

postoperative chemotherapy or in patients in whom a pre-

vious reconstructive method failed. We believe the ideal

candidate is the young patient with a benign aggressive or

malignant low-grade tumor who has not undergone previ-

ous surgery.

Level of Evidence: Level IV, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Reconstruction of the proximal tibia after tumor resection

can be achieved in numerous ways [23]: an osteoarticular

allograft, a modular or custom-made prosthesis, fusion with

an autogenous or allogeneic graft, or an allograft-prosthesis

composite (APC). In comparison to a prosthetic recon-

struction, reconstruction with an osteoarticular graft has the

advantage of enabling better reinsertion of the extensor

mechanism and capsuloligamentous structures of the knee,

thus preserving articular function with more similar

dynamics to the original anatomy of the knee [2, 4, 6, 9,

12]. However, using a graft involves a long period of

immobilization for union to occur among the capsuloten-

dinous structures [12]. In our experience, osteoarticular

allografts in the proximal tibia have been associated with a

high percentage of subchondral fractures. A prosthetic

reconstruction is technically easier and allows faster reha-

bilitation, and patients can bear weight soon after surgery.

However, it is limited by the reconstruction of the extensor

and capsuloligamentous structures of the knee that require

fixation directly onto the metal parts [12, 20, 33, 35]. Knee

fusion, in its various reconstructive forms, allows a simpler

and faster operation. If autoplastic grafts or vascularized

transplantations are used, it will be stable and permanent

but at the direct expense of the loss of knee movement

[5, 11, 15, 30]. The use of an APC might be the best
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available solution because it combines the advantages of a

homoplastic osteoarticular graft, biologic insertion of the

soft tissues, with those of a prosthesis, articular stability

and absence of fractures, while at the same time preserving

good range of movement in the knee [12, 18]. For this

reason, in 1994, we began to use this reconstructive tech-

nique in patients with bone tumors located in the proximal

tibia.

Given the uncertainty of outcomes using multiple

techniques, we raised five questions: (1) whether prosthetic

survivorship and functional outcomes would compare with

published results for other techniques; (2) whether the use

of muscle flap rotation decreased the risk of infection; (3)

whether postoperative chemotherapy increased the risk of

infection; (4) whether the extensor mechanism of the knee

would be effective; and (5) which surgical technique, in

terms of prosthetic design and type of prosthetic fixation,

achieved the best functional scores.

Materials and Methods

We retrospectively reviewed 62 patients with 62 proximal

tibia reconstructions with APC performed from 1994 to

2002. In 56 patients, the operation was performed after the

resection of a primary malignant tumor, in four patients

after the failure of a previous reconstructive operation, and

in two after the resection of a benign tumor (giant cell

tumor). The 56 malignant tumors were 39 osteosarcomas,

seven Ewing’s sarcomas, four spindle cell sarcomas, three

chondrosarcomas, one fibrosarcoma, one malignant fibrous

histiocytoma, and one leiomyosarcoma. Twenty patients

were female and 42 were male, ranging in age from 11 to

77 years (mean, 24 years; median, 18 years). No patient

was lost to followup. The minimum followup was

13 months (mean, 72 months; range, 13–149 months). For

the functional results, we excluded 17 patients with some

sort of failure and three more patients who died of disease

within 24 months, leaving 42 patients with a minimum

followup of 24 months.

The grafts were harvested from cadavers under sterile

conditions and maintained in a freezer at –80� C. The

standard technique of reconstruction with a composite

prosthesis involves the use of a rotating hinged revision

modular prosthesis (Endo-Model1; Waldemar LINK

GmbH and Co KG, Hamburg, Germany) cemented in the

graft and implanted without cement in the residual tibial

diaphysis (Fig. 1). The femoral component also is inserted

without cement. In the first patient of our series, a classic

Endo-Model1 prosthesis was cemented in the graft and in

the residual tibia and femur. In four other patients, because

of the length of the resection, a tibial stem was cemented

into the graft, which was fixed in turn with a plate to the

diaphysis of the tibia. The kneecap was never replaced, but

of the 62 composite prostheses, nine (14.5%) had a femoral

component with a trochlea and 53 (85.5%) did not have a

trochlear shield (Fig. 2). The patellar tendon was always

reinserted by direct suture overlapping the autologous

proximal part onto the distal one provided by the graft

(Fig. 3). In 13 patients (21%), a medial gastrocnemius

rotation combined with a split-thickness skin graft [7, 34],

harvested from the homolateral thigh, was performed with

to improve the biology of the patellar insertion and the

muscular coverage of the implant [25, 26, 29]. The capsule,

the collateral ligaments, and the pes anserinus tendons were

never sutured to the graft. The mean length of the surgical

resection was 13.2 cm (range, 8.5–28 cm; median,

12.5 cm).

Antibiotic prophylaxis in all cases consisted of intra-

venous amikacin (Migracin1; Max Farma srl, Castel San

Giorgio, Italy) on the day of the operation combined with

teicoplanin (Targocid1; Gruppo Lepetit SpA, Milan,

Italy), which was administered until the patient was dis-

charged. Additional preventive antibiotics were

administered orally for 2 more months. Postoperative

treatment consisted of a cast for 1 month followed by

functional recovery with rehabilitation therapy, and

weightbearing was permitted in all cases 3 months after

surgery. Forty-eight patients (77%) had postoperative

chemotherapy. Postoperative radiotherapy was not per-

formed in any patient.

We (MC, SC, CDB) assessed the functional results of

the patients according to the functional rating system of the

Musculoskeletal Tumor Society (MSTS) [14].

Fig. 1 An intraoperative image of the reconstruction technique

shows the prosthesis cemented in the graft and implanted press-fit

in the residual tibial diaphysis using a long revision stem.
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For analysis of the MSTS scores, we excluded 20 of the

62 patients with implant survival or followup less than

24 months. Prosthetic survivorship was assessed with

Kaplan-Meier survival analysis excluding and including

recurrences and metastases. We performed Fisher’s exact

test to assess the relationship between infection and gas-

trocnemius rotation or chemotherapy and to assess the

effectiveness of the extensor mechanism reconstruction

depending on the prosthetic design.

Results

The survivorship rate of the implant including recurrences

and metastases was 73% at 5 years after surgery (Fig. 4),

whereas the survivorship rate of the implant excluding

these failures was 78% at 5 years surgery (Fig. 5). Forty-

nine of the 62 patients (79%) were disease-free at last

Fig. 2A–B (A) Anteroposterior and (B) lateral views of an APC

implanted without the trochlear shield. In (B), the absence of the

trochlear shield is clearly evident. In this type of prosthesis, the

patellar-femoral joint is not involved in the reconstruction, whereas in

prostheses with the trochlear shield, the design of the femoral

component is prolonged anteriorly to completely substitute the

trochlear groove of the femur (trochlear shield).

Fig. 3 An intraoperative image shows reinsertion of the patellar

tendon by direct suture overlapping the autologous proximal part of

the tendon onto the distal one provided by the graft.

Fig. 4 Kaplan-Meier analysis of the prosthetic general survivorship,

including local recurrence, shows a survivorship rate at 60 months of

73.4% (95% confidence interval, 61.8%–85.0%). After 72 months, it

is stable at 68% (95% confidence interval, 54.9%–81.1%).

Fig. 5 Kaplan-Meier analysis of the prosthesis survivorship rate,

excluding local recurrence, shows a survivorship rate at 60 months of

78.8% (95% confidence interval, 68.0%–89.6%). After 72 months, it

is stable at 73% (95% confidence interval, 60.0%–85.5%).
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followup and 13 (21%) died of disease. Twenty-five of the

42 patients who were evaluated for functional results had

an average MSTS score of 86 and 13 had an average MSTS

score of 67; therefore a score higher than 65 was obtained

in 90.4% of the patients. The remaining four patients had

an average MSTS score of 46, mainly attributable to

stiffness and pain. Graft failure occurred in 17 cases

(27.4%): 12 for infection, three for local recurrence, and

two for aseptic loosening of the implant. Local recurrence

caused amputation of the limb in all cases.

Rotation of the medial gastrocnemius did not influence

the rate of infection. Infection occurred in four of 13

patients (30.7%) with rotation of the medial gastrocnemius

compared with 11 of 49 patients (22.4%) with no flap

rotation.

Infection occurred in 13 of 48 patients (27%) treated

with postoperative chemotherapy versus two of 14 (14%)

with no chemotherapy in the postoperative period. Both of

these patients received an APC after failure of a previous

operation.

We observed failure of the extensor mechanism in nine

of the 62 patients (14.5%) after a mean of 29 months

(range, 5–76 months); all the other patients were able to

walk using the quadriceps during the stance phase. In this

group, no patient had lag of the active extension from the

sitting position greater than 5�. Therefore, they all scored 5

in active movement of the leg in the function criteria.

Revision surgery of the tendon was performed in seven

patients, with a satisfactory result in six, whereas in the

remaining two, one refused surgery and the other patient

sustained a local recurrence and thus had an amputation.

Patellar tendon ruptures occurred more frequently

(p = 0.333) in patients who received a prosthesis without a

trochlear shield (nine of 53 [17%]) than in patients who

received a prosthesis with a trochlear shield (none of nine

patients).

Immediate postoperative complications were seen in 14

patients (22.5%). Seven patients had temporary palsy of the

peroneal nerve. In six patients, a partial dehiscence of the

surgical wound occurred; in two of these patients, we

performed simple revision of the wound, and in the other

four, a split-thickness skin graft was performed. In the last

patient, there was stiffness in the knee treated by arthros-

copy. Infection occurred in 15 patients (24.2%) after a

mean of 21 months (range, 1–86 months). Three of these

patients had a deep infection after implant revision: one

after implanting autoplastic grafts for nonunion, another

after reconstruction surgery of the patellar tendon, and the

last one after rotation of the gastrocnemius and a split-

thickness skin graft for partial necrosis of the surgical

wound. Of the 15 patients, only three recovered with only

surgical débridement; in the remaining 12, more demand-

ing surgery was necessary to achieve healing. Two patients

recovered after removing the graft, leaving the prosthesis

on site and adding cement loaded with antibiotic around the

stem. In eight patients, the whole implant was removed and

a provisional reconstruction with a cement spacer was

performed followed by the implantation of a Howmedica

Modular Reconstruction System prosthesis (Stryker

Orthopaedics, Mahway, NJ). In the remaining two patients,

the limb was amputated.

The appropriate choice of prosthetic design was con-

firmed by evaluation of the loosening rate at the femoral

and tibial components. We observed loosening in no

patients with a long uncemented stem press-fit in the tibial

diaphysis. However, eight patients (12.9%) had delayed

unions of the graft and underwent additional surgery to

promote union of the tibial osteotomy. The first nonunion

occurred in the patient with cement in the allograft and in

the tibia; he also had loosening of the tibial component,

which resulted in revision of the stem. Three other patients

with nonunion belong to the group of four in which the

tibial stem was cemented in the graft and then the graft was

fixed to the residual tibial diaphysis with a plate. In all

three, nonunion was associated with partial graft fracture.

One was revised with a new plate and autograft, whereas in

the other two, failure occurred. In one of these patients, the

APC was replaced with a Global Modular Replacement

System prosthesis (Stryker Orthopaedics) and in the second

with a new APC. The remaining four patients, all treated

with our current surgical technique (long tibial stem

cemented in the allograft and press-fit in the tibia), healed

by simple autografting of the osteotomy line.

Finally, at index followup, polyethylene wear occurred

in five patients treated by replacement surgery after a mean

of 67 months.

Discussion

The proximal tibia is the second most common site

involved by sarcoma [3, 13]. The clinical outcome after

reconstruction of this site is frequently poor because of the

high rate of complications that may occur during the

postoperative period. The main problem is related to the

onset of infection and its relation with adequate soft tissue

coverage (gastrocnemius rotation flap) and multiple revi-

sion surgeries [2, 3]. Given the uncertainty of outcomes

using multiple techniques, we considered five questions:

(1) whether prosthetic survivorship and functional out-

comes would compare with published results for other

techniques; (2) whether the use of muscle flap rotation

decreased the risk of infection; (3) whether postoperative

chemotherapy increased the risk of infection; (4) whether

the extensor mechanism of the knee would be effective;

and (5) which surgical technique, in terms of prosthetic
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design and type of prosthetic fixation, achieved the best

functional results.

We acknowledge some limitations of this study. This is

a retrospective study performed on a group of patients

receiving proximal tibia reconstruction after bone tumor

resection. We had too few patients to stratify patients by

age, postoperative chemotherapy, length of resection,

pathology, or type of reconstruction. Thus, some of our

questions could not be definitely addressed by the study.

Given the relatively rarity of this problem and the unique

treatment for each individual, it would be difficult to obtain

a large series with sufficient power to address these

important questions. However, even retrospectively we

could see some trends we believe are meaningful.

The general survivorship rate of the implant in our series

was comparable to that of prosthetic reconstructions

(approximately 73% at 5 years’ followup) [1, 2, 35].

Satisfactory functional results have been obtained with

APC in the proximal tibia because of the good active range

of motion that allows a rather normal pattern of gait; it is

particularly important for flexion control during the stance

phase. Although not formally measured, we believe another

advantage is patient satisfaction related to the cosmetic

appearance; despite modular resection prostheses, APCs

replace the normal anatomic shape of the proximal tibia.

As reported in the literature, the infection rate after

reconstructive surgery of proximal tibia defects is high [1,

19, 35]. In our series, it also represesented the main cause

of failure (70.5%). We would have expected a reduction in

comparison to the general rate for this site (12%–36% [1,

19, 35]), whereas despite the rotation of the medial gas-

trocnemius in numerous cases, this complication occurred

in 24% of the series. Medial gastrocnemius rotation is

problematic because APCs are bulkier than the common

modular prostheses: the space between the prosthesis

and the overlying skin is reduced. However, infection

does not seem correlated with the use of an allograft;

the same approach in the proximal femur does not increase

the infection rate [10, 16]. Nevertheless, during surgical

cleaning of the infection, it is common to observe pus or

necrotic material inside the joint in the presence of an

integral graft with the soft tissues well attached to it. This

confirms the well-known problem of colonization of the

prosthetic components, particularly in the polyethylene

parts, by methicillin-resistant Staphylococcus epidermidis

[27]. Also, patients receiving postoperative chemotherapy

and those undergoing revision surgery resulting from pre-

vious complications are at higher risk for infection [2, 12,

19, 28].

Among different types of reconstruction, APCs promise

a better outcome in terms of patellar tendon insertion, thus

resulting in better walking ability. However, another key

factor is related to the choice of prosthetic design and

surgical technique to achieve the best bond between the

allograft and the prosthesis and between the prosthesis and

the host.

The problem of reconstructing the extensor mechanism

is particularly present in prosthetic reconstructions because

there is still no particularly effective method for reinserting

the patellar tendon; therefore, biologic reconstruction of

such structures is impossible [1, 3, 21, 24]. Even in the

most recent studies, the possibility of failure in the

reconstruction of the extensor mechanism occurred in as

much as 26% of patients [1, 17, 31], although one might

believe this percentage would be reduced with rotation of

the medial gastrocnemius and its suture to the patellar

tendon [32]. However, this technique carries some risks,

such as necrosis of the fasciocutaneous flap used [3]. The

use of an APC allowed reduction in the rate of this com-

plication in our series; even after breakage had occurred,

we were able to restore the efficiency of the extensor

mechanism in most cases. The fact that 90.4% of our

patients had MSTS scores higher than 65 indicated good

articular function of the knee was achieved in the patients.

However, to improve this outcome, certain important

technical steps should be followed carefully, such as cor-

rectly placing the femoral component. Furthermore, the use

of a prosthesis with a trochlear shield allowed precise

centering of the prosthesis, thus allowing more normal

subsequent knee extension forces. Also, the role of physical

therapy in restoring active and passive flexion and exten-

sion is important.. In this type of reconstruction, gradual

but intense recovery is needed to achieve correct use of the

knee and therefore good integration between the prosthesis

and the surrounding tissues.

We believe delayed union can be minimized with the

use of long intramedullary stems cemented in the graft but

not cemented in the host bone [12, 22]. When the pros-

thesis is cemented in the graft and the graft is fixed by a

plate to the tibia of the host, the rate of delayed union

increases. We observed fracture of the graft only in patients

with the latter technique (4.8%). However, this percentage

is lower than that reported in another study [35], and we

believe the result also is related to the use of nonirradiated

bone graft [8].

Finally, there is the problem concerning the intrinsic

mechanics of the prosthesis, particularly its articular

design. Considering the relative lack of periarticular tissue,

despite being a particularly constrained design, there are

considerable forces exerted on the polyethylene parts,

especially inside the intercondylar groove and the menis-

cus. Component wear leads to revision surgery, which, if

repeated, might result in the onset of infection with the

aforementioned consequences.

Our review suggests some important technical points,

such the use of deep-frozen nonirradiated allograft and the
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selection of a femoral prosthetic component provided with

a trochlear shield. However, we emphasize the importance

of cementing in the graft and press-fit insertion in the host

tibial diaphysis, as has been observed for the proximal

femur [16, 36]. There is still room for improvement on the

prosthetic design, most of all in the articular mechanics

reducing the wear of the moving polyethylene components.

The problem of the high number of cases of infection

remains. The rotation of the medial gastrocnemius did not

reduce the risk for this type of proximal tibia reconstruction.

We recommend avoiding this reconstructive technique in

patients needing postoperative chemotherapy and in patients

in whom a previous reconstructive method has failed. The

ideal candidates are young patients with an aggressive

benign or a low-grade malignant tumor.
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