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ABSTRACT

Introduction: Endoprosthesis is the gold standard for reconstruction after oncological resections. The advances regarding its
materials and designs allowed for the expansion of the indications to non-neoplastic pathologies. Its simple and fast intraoperative
assembly and its immediate mechanical stability allow for early rehabilitation and functional recovery. However, the failure rate is
high, although it is different from oncological pathologies. The predominant causes are varied. Objectives: To analyze our experi-
ence in the use of knee endoprosthesis and compare it with the literature, evaluating functional outcomes, radiographic outcomes,
implant survival and causes of eventual failure. Materials and Methods: Patients with complex non-neoplastic knee pathology
that required reconstruction with endoprosthesis were selected. Clinical history, anamnesis, physical examination, and radiographs
were reviewed. For clinical examination and functional evaluation, the MusculoSkeletal Tumor Society Score (MSTS Score) was
used. For implant failures, the modified Henderson et al. classification was used. Results: 12 endoprostheses were studied, with
an average follow-up of 3.8 years. Failures were recorded in 2 (18%), with a mean time to failure of 47.5 months. One type 2 failure
(aseptic loosening) and one type 4 failure (infection) were recorded. No other complications were noted. For the functional evalu-
ation, the mean final score was 76.6%. Conclusion: Our results support the use of endoprostheses for complex non-neoplastic
knee diseases in carefully selected patients, despite being a complex surgical procedure with many complications.
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Uso de endoprotesis para el tratamiento de enfermedades no neoplasicas de la rodilla

RESUMEN

Introduccidn: Las endoprétesis son el método de eleccién para la reconstruccién luego de las resecciones oncoldgicas. Los
avances en los materiales y disefios permitieron expandir las indicaciones a enfermedades no neoplésicas. Su montaje intraope-
ratorio simple y rapido, y su estabilidad mecanica inmediata permiten una rehabilitacién y una recuperacién funcional tempranas.
Sin embargo, la tasa de fallas es elevada, aunque distinta de la de las enfermedades oncoldgicas. Las causas predominantes son
diferentes. Objetivos: Analizar nuestra experiencia con el uso de endoprdtesis de rodilla y compararla con los estudios publica-
dos, evaluando los resultados funcional y radiografico, la supervivencia del implante y las causas de su eventual falla. Materiales
y Métodos: Se seleccionaron pacientes con enfermedad no neopléasica compleja de rodilla que requirieran una reconstruccion
con endoprotesis. Para el examen clinico y la evaluacién funcional se utilizé el puntaje de la Musculoskeletal Tumor Society, y
para las fallas de los implantes, la clasificacién de Henderson y cols. modificada. Resultados: Se estudiaron 12 endoprétesis, con
un seguimiento promedio de 3.8 afos. Se registraron 2 fallas (18%), con un tiempo promedio hasta la falla de 47.5 meses. Una
fue tipo 2 (aflojamiento aséptico) y la otra, tipo 4 (infeccion). No hubo otras complicaciones. En la evaluacion funcional, el puntaje
final medio fue del 76,6%. Conclusién: Nuestros resultados respaldan el uso de endoprétesis para enfermedades complejas
no neoplasicas de rodilla en pacientes cuidadosamente seleccionados, pese a ser un procedimiento quirirgico complejo y con
muchas complicaciones.
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Endoprosthesis for Non-Neoplastic Knee Conditions

INTRODUCTION

Since the late 1980s, improvements in the quality and design of orthopedic implants, advances in imaging meth-
ods and surgical techniques, and the introduction of chemotherapy made limb-sparing surgery possible for patients
with musculoskeletal tumors.! As a result, segmental resections of long bones and joints and their subsequent
reconstruction became the procedure of choice.

Modular endoprosthesis has been the most widely used system in the last three decades and the method of choice
for reconstruction after these segmental resections due to tumor bone disease. This is due to its availability, its rela-
tively simple and fast intraoperative set-up, and the immediate mechanical stability that makes early rehabilitation
and functional recovery possible.'”

In recent years, great advances in endoprosthetic materials and designs have gradually expanded the indications
for their use in the treatment of non-neoplastic diseases, such as acute trauma with severe bone loss and poor
bone quality, post-traumatic failures (nonunion and infection sequelae), large complex bone defects in prosthetic
revisions or periprosthetic fractures with loosening of the components and scarce bone stock.*® Endoprosthetic
treatment of these conditions has grown in popularity in recent years, particularly for the distal femur and proximal
tibia with knee joint involvement.°®

When used for the treatment of bone tumors, these systems have a high rate of complications and failures due
to various factors, which makes revision surgery relatively frequent.>>*!! In the case of non-neoplastic conditions,
the failure rate of endoprostheses is also high, although different from oncologic diseases, and the predominant
causes may be different.®

The purpose of this study was to evaluate our experience with the use of endoprostheses for the treatment of
non-neoplastic conditions affecting the knee joint. The objective was to evaluate the functional, clinical and radio-
graphic outcomes, implant survival, and the causes of eventual failure, comparing them with those reported in the
literature.

MATERIALS AND METHODS

A retrospective, analytical and descriptive study was carried out, in addition to an analysis of the literature on
the subject. We selected patients who had undergone knee endoprosthesis placement in our hospital for the treat-
ment of non-neoplastic or post-neoplastic conditions (i.e., patients whose initial disease was a bone tumor but who
needed a knee endoprosthesis for reasons other than the disease). The period from January 2012 to December 2019
was taken into account. The minimum accepted follow-up was six months.

The inclusion criteria were: patients of both sexes, without age restriction, with a diagnosis of non-tumor disease
(fractures, pseudarthrosis, infections, etc.) or post-neoplastic disease (infection, implant rupture, aseptic loosening,
etc.) that compromised the knee joint and required reconstruction with a non-conventional knee prosthesis (endo-
prosthesis) or its revision. Exclusion criteria were: patients with similarly treated primary or metastatic oncologic
disease. The termination criterion was: patients who desired to withdraw from the research protocol of their own
free will, as stated in writing on the informed consent withdrawal form.

Sixteen unconventional knee prostheses were evaluated in 14 patients. Three patients (4 prostheses) were ex-
cluded because they suffered from oncologic conditions. None discontinued the study. Finally, 12 prostheses were
analyzed in 11 patients: nine with non-neoplastic disease and three with post-neoplastic disease (Table 1).

Patient evaluation

In addition to a thorough assessment of their medical records, all patients were scheduled for an anamnesis and
physical examination by the same specialist to objectively assess their functional status.

The patient’s medical record was reviewed to establish the date of surgery, the patient’s age at the time of sur-
gery, the diagnosis, the location of the disease, the type of implant utilized, the date of revision surgery, if appli-
cable, and any other possible complications.
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Table 1. Patient characteristics

Patient Date of Follow-up Diagnosis Location (Bone)
surgery (months)
1 14 Mar 2009 73 F 87 Fracture Distal femur Right
2 31 Jan 2014 74 M 72 Prosthetic infection Distal femur Right
3 16 Sept 2014 68 M 78 Prosthetic infection Distal femur Right
4 06 Nov 2014 66 F 56 Tibial plate fracture Proximal tibia Right
5 20 Sept 2010 55 F 65 Prosthetic infection Distal fen‘ntl.lg.+ Proximal Right
ibia
6 07 Jan 2015 64 F 41 Osteosarcoma Distal femur Left
7 30 Apr 2015 61 M 67 Periprosthetic fracture Distal femur Right
8t 15 Nov 2016 42 F 77 Aseptic loosening, bone Distal femur Right
lymphoma
9* 28 Mar 2016 40 M 71 Nonunion Distal femur Left
9 15 Jul 2019 10 M 80 Aseptic loosening, nonunion Distal femur Left
10 22 Nov 2016 25 M 25 Tibial mucormycosis of the Proximal tibia Left

anterior cruciate ligament

11* 17 Nov 2017 30 M 15 Fibrosarcoma Distal femur Left

12 16 Nov 2018 18 M 72 Chondrosarcoma Distal femur Right

13¢ 20 Nov 2018 18 M 16 Bone graft nonunion, Distal femur Left
osteosarcoma

14% 04 Jun 2019 11 F 37 Prosthesis breakage, Distal femur Left
osteosarcoma

F = female; M = male.

"Patients with post-neoplastic conditions.

*Patient 9 is included twice, because a non-conventional prosthesis was placed twice.
*Excluded from the study for having a tumor disease.

Revision surgeries were defined as any operation related to total or partial failure of the prosthesis. All failures
were classified according to Henderson'®!? (Table 2). This system was previously modified for use in non-neo-
plastic cases and was divided as follows: soft tissue complications (type 1), aseptic loosening (type 2), structural
complications (type 3), and periprosthetic infections (type 4).

The clinical examination and functional assessment were performed using the Musculoskeletal Tumor Society
(MSTS) score.!* Although it is a score initially designed for tumor disease, given the similarity of treatment
(non-conventional prostheses), we believe it is adequate for the evaluation of our patients (Table 3).

All had radiographs taken to assess the condition of the prosthesis at the time of the study as well as the pres-
ence of signs or symptoms of implant failure (loosening, rupture, etc.) that were not included in the clinical
record.
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Table 2. Henderson et al. classification for failures in limb-sparing surgery after endoprosthetic reconstruction

Mechanics Soft tissue failure A - Functional
B - Coverage

2 Aseptic loosening A - Early (<2 years)

B - Late (>2 years)

3 Structural failure A - Implant
B - Graft
Non-mechanical 4 Infection A - Early (<2 years)

B - Late (>2 years)

5 Tumor progression A - Soft tissue
B - Bone
Pediatric patients 6 Pediatric failures A - Growth arrest

B- Joint dysplasia

Table 3. Musculoskeletal Tumor Society score for
evaluating patients with segmental long bone resections and
unconventional prosthetic reconstruction.

Score of the Musculoskeletal Tumor Society

Pain 0-5
Range of motion 0-5
Strength 0-5
Stability 0-5
Deformity 0-5
Function 0-5
Acceptance 0-5
Total 0-35
Result (%) 0-100

RESULTS

Twelve prostheses were analyzed in 11 patients (9 primary and 3 revisions). Six patients were male and five
were female. The average age was 60 years (range 16-87). Follow-up ranged from 6.2 years to 11 months (mean
3.8 years). Table 1 lists the diagnoses. In total, nine prostheses had been placed for non-neoplastic conditions and
three for post-neoplastic conditions (one aseptic loosening, one pseudarthrosis of the bone graft and one implant
rupture) (Figures 1-3).
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Figure 1. Revision for aseptic loosening in a patient with distal femoral bone lymphoma. A and B. Initial anteroposterior
right knee radiograph and right knee MRI. C and D. Postoperative anteroposterior radiographs of the right femur and knee.
E. Anteroposterior radiograph of the right femur 13 months after surgery. Signs of aseptic endoprosthetic loosening can be
observed. F. Anteroposterior radiograph of the right femur after the revision.

Figure 2. Graft nonunion in a patient with osteosarcoma of the distal femur. The evolution is observed. A and B. Initial
preoperative anteroposterior left femur radiograph and MRI. C. Anteroposterior radiograph of the femur and left knee in the
immediate postoperative period. D and E. Anteroposterior radiographs of the femur and left knee 12 months after surgery.
Signs of prosthetic loosening can be observed. F and G. Intraoperative images of the revision. H e I. Anteroposterior
radiographs of the left femur and knee after the revision.
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Figure 3. Revision of non-conventional distal femur prosthesis due to implant breakage. A and B. Preoperative
anteroposterior radiographs of the left femur, knee and tibia. C and D. Intraoperative images of the ruptured implant.
E. Intraoperative image of the final result.

The types of prostheses used for reconstruction had some variation and were: seven IOT-HCFMUSP Modular
System prostheses (MDT Implantes, Rio Claro, SP, Brazil), three Megasystem-C prostheses (Waldemar Link
GmbH & Co, Hamburg, Germany) and two OSS™ Orthopedic Salvage System (Biomet, Warsaw, IN, USA).

In detail, nine endoprostheses were implanted in the distal femur (75%), two in the proximal tibia (16.7%) and
one each in the distal femur and proximal tibia (8.3%). When a proximal tibial prosthesis was implanted, the exten-
sor mechanism was reconstructed by suturing the patellar tendon to the tibial component, which provides fixation
holes in its proximal part, and creating a gastrocnemius rotational flap to enhance tendon reattachment. No patel-
lar osteotomies were performed. Cemented stems were always used in both femur and tibia. Hinged prostheses
(MDT) were placed in seven cases and a rotating hinge (Waldemar Link GmbH & Co and Biomet) in five.

The average time from primary surgery to implant failure was 47.5 months and ranged from 55 to 40
months.

The implant failed in two patients (18%) and the causes were: infection and aseptic loosening. The first case (pa-
tient 5) was a patient who suffered a surgical site infection following primary total knee arthroplasty, and required
knee endoprosthesis reconstruction after treating the infection. Finally, due to another infection, the endoprosthesis
was removed and an antibiotic-infused spacer was implanted. After this, the patient was lost to follow-up. The
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second case (patient 9) was a patient who suffered a distal femur fracture that progressed to pseudarthrosis and
had a knee endoprosthesis placed. After 40 months, he underwent revision surgery for aseptic loosening of the
prosthesis.

Using Henderson’s classification,'* the types of endoprosthesis failure in our series were: type 2 mechanical
failure, i.e., aseptic loosening (n = 1; 50%) and type 4 infection or failure (n = 1; 50%). There were no cases of soft
tissue or structural failure, such as implant rupture or periprosthetic fracture.

At the time of this study, one of the 11 patients had died of other causes unrelated to knee disease (patient 1).
Nine of the remaining 10 were available for clinical and radiographic evaluation.

Functional assessment was performed in nine patients. Mean scores for individual parameters were: pain 4.3
(range 0-5), range of motion 3.4 (range 0-5), strength 3.6 (range 0-5), stability 3.8 (range 0-5), deformity 4.1 (range
0-5), function 3.4 (range 0-5), and emotional acceptance 4.1 (range 1-5). The mean score was 26.8 (range 19-35),
representing a mean final score of 76.6% (Table 4).

Table 4. Functional outcome according to the Musculoskeletal Tumor Society (MSTS Score)

MSTS SCORE
Range of Stability | Deformity | Function | Acceptance | Total Result
motion (%)
1 - - - - - - - - -

2 4 3 3 4 4 3 4 25 71.40%
3 5 3 4 4 4 4 4 28 80%
4 5 3 3 3 3 3 5 25 71.40%
5 R - - - - - R - -

7 3 3 3 3 4 3 2 21 60%
8 3 2 3 3 3 2 3 19 54.30%
9 5 5 4 4 5 4 5 32 91.40%
10 4 3 3 3 4 3 4 24 68.60%
13 5 5 5 5 5 5 5 35 100%
14 5 4 4 5 5 4 5 32 91.40%

According to the radiographs, no patient had signs of infection, loosening of the material, prosthesis breakage,
periprosthetic fracture, or any other signs of implant failure at the time of analysis. It should be noted that, in pa-
tient 9, the radiographs prior to the revision were also evaluated, where signs of aseptic loosening were observed
(Figures 4 and 5).

Tables | and 4 summarize the data, evolution and MSTS of each patient included in the study.

DISCUSSION

Endoprostheses or unconventional prostheses have become the method of choice for onco-orthopedic surgeons
after major oncologic resections because they provide a very good option for the reconstruction and replacement of
skeletal segments.' Currently, endoprostheses are also gaining momentum as a useful and effective reconstructive
strategy when bone loss is significant after non-neoplastic diseases, such as acute trauma with severe bone loss,
nonunion, infections, loss of bone stock in prosthetic revisions, periprosthetic fractures, etc.*®
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Figure 4. Distal femur nonunion and subsequent aseptic loosening. The patient’s evolution is observed. A and B. Initial
anteroposterior and lateral radiographs of the left knee. Nonunion of a distal femur fracture. C and D. Anteroposterior

and lateral radiographs of the left femur in the immediate postoperative period. E and F. Anteroposterior and lateral
adiographs of the left femur showing signs of aseptic loosening of the endoprosthesis. G and H. Anteroposterior and lateral
radiographs of the left femur after the revision.

It has been shown that the implant survival rate of endoprostheses does not differ significantly between individu-
als with post-neoplastic disease and those with non-neoplastic conditions.'*

In this study, we evaluated patients with non-neoplastic and post-neoplastic conditions who had been treated
with knee endoprostheses.

Aside from the increased use and popularity of endoprostheses, implant survival remains the primary concern
that may limit the routine use of endoprostheses to manage non-neoplastic conditions.>*%¥!! In this regard, it
should be noted that patients with non-neoplastic conditions such as post-traumatic, infectious, and periprosthetic
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Figure 5. Examples of knee reconstruction with non-conventional prosthesis. A-D. Distal femur. E-H. Proximal tibia.

conditions exhibit characteristics that are distinct and different from those of oncologic patients. General condition
and comorbidities, soft tissue status, lesion characteristics, previous surgeries, presence of adhesions, and previous
infections are factors that should be carefully considered when using the endoprosthesis in these cases. These fac-
tors are very important in determining whether or not the prosthesis will fail.’

Highly variable and contrasting results have been published on implant survival in these patients. For example,
Berend and Lombardi’ reported an overall reoperation-free survival rate of 97% after 1 year, 95% after 2 years and
83% after 5 years for distal femoral and knee endoprostheses. In contrast, the systematic review by Korim et al.
yielded a mean failure rate of 83% after 3.3 years for distal femoral prostheses.’

In our study, with a mean follow-up of 3.8 years, the failure rate was 18%. Although the results published on this
subject vary widely, our results are encouraging and fall within the range mentioned in the literature.

Infection remains one of the most challenging complications after joint replacement and a major cause of
early implant failure.”” While the overall infection rate is relatively low (about 1% after primary hip and knee
arthroplasties),'® this rate increases dramatically if certain risk factors are present, such as poor health status,
extensive soft tissue resection, prolonged surgery times, and the need for multiple blood transfusions.”!'” In ad-
dition, a history of surgical site infection is also considered one of the main risk factors for reinfection after
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endoprosthetic reconstruction.'® All of these factors come into play when performing treatment with a knee
endoprosthesis.

A deep infection after knee endoprosthetic replacement can be a devastating complication that increases the
need for further surgical procedures and leads to endoprosthesis failure.

The infection rate of endoprostheses following tumor resections or their use in non-tumor conditions is
high in both cases but does not differ significantly. In patients with tumor disease, Jeys et al.'' reported infec-
tion rates of 11%, with a high incidence of infection in the first two years. Pala et al.”> and Mavrogenis et al.”
published infection rates of 9.3% and 8.6%, respectively. In a systematic review by Racano et al.,” the mean
periprosthetic infection rate was 10%.

For non-neoplastic conditions, De Gori et al.'* reported an infection rate of 11.5%, while Korim et al. found
a mean rate of 15% for distal femoral prostheses.¢

In our study, there was only one case of periprosthetic infection (case 5), which represented 9.1% of the total.
This corresponds to what has been published in the literature.

In the treatment of non-neoplastic conditions, rates of aseptic loosening of endoprostheses range from 0% to
9.5%.* In our series, there was only one case (patient 9) (9.1%).

There is no clear consensus on one fixation method versus another, nor is it clear whether cemented and
cementless endoprostheses have comparable survival and complications.’?! Regarding aseptic loosening, in
some studies, the risk was lower with cementless prostheses,''” while other authors, such as Houdek et al.,?
did not observe such a difference. In our study, cemented stem endoprostheses were always used in both femur
and tibia.

The hinge mechanism is also considered an important factor that could increase the risk of aseptic loosening
in knee endoprostheses. Hinge designs in knee endoprostheses cause stress between the prosthesis-cement or
prosthesis-bone interface, which increases the incidence of loosening.?? The addition of the rotating hinge is
an important design modification that helps to reduce these mechanical stresses at the implant-bone interface.

In our series, a hinged prosthesis was used in seven patients and a rotating hinge prosthesis in five others.
The only case of aseptic loosening (patient 9) occurred with a hinged endoprosthesis.

Another factor to consider is that the long lengths of these prostheses create large bending stresses at the
prosthesis-bone interface that can contribute to loosening and periprosthetic fracture or fracture of the pros-
thesis itself.”> In our series, there were no structural failures, such as prosthesis breakage or periprosthetic
fractures.

Regarding the postoperative assessment of function and quality of life, several studies have shown that
treatment with knee endoprostheses results in good function and pain relief, and also significantly improves
patients’ quality of life.”**

Although it is a score initially designed for tumor disease, given the similarity of the treatment (non-conven-
tional prostheses), we used the MSTS" for functional assessment.

According to the literature, the overall mean outcome in MSTS in patients with endoprosthetic reconstruc-
tions varies from 78% to 86%, but most studies include patients with tumor disease.

In our series, the average MSTS was 76.6%, comparable to other findings in the literature.”

The joint range of motion and function scores were the lowest of all, with an average score of 3.4 (range 2-5).
Similarly, Tun et al. and McGoveran et al. also found lower function scores.?

We note that there is a correlation between low overall functional scores and low scores in function, joint
range of motion and strength, while pain-related and emotional acceptance scores are better.

Our study has certain limitations that must be considered. This is a retrospective, non-randomized study with
a small number of patients, which exposes it to biases of various types. Differences in diagnosis and the fact
that the prostheses are from different manufacturers and with different implant designs are also factors that can
affect the results. Other weaknesses of the study are that the follow-up time was not long enough in all cases
and a great diversity of age groups was analyzed.As strengths, we can mention that it is a single-site study with
only a few surgeons responsible for the placement of all endoprostheses.
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CONCLUSIONS

Despite the fact that it is a demanding surgical procedure with many complications, our findings support the use
of modular endoprostheses as a solution to manage complex non-neoplastic conditions. It is possible to state that
our complication rate, such as infection and aseptic loosening, as well as implant survival and functional outcome,
are similar to those published.

Endoprostheses deserve to be explored as a limb salvage option in carefully selected patients when other surgical
treatments are not feasible, considering the favorable results in published studies.

We recommend this reconstruction method for the treatment of the aforementioned diseases.
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