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Abstract Objective The management of bone loss represents a challenge in revisions of total
knee arthroplasty (rTKA) and in complex primary total knee arthroplasties (TKAs). The
purpose of the present study was to evaluate the midterm outcomes (5-year minimum
follow-up) of knee reconstructions with tantalum trabecular metal (TM) cones on bone
defects Anderson Orthopaedics Research Institute (AORI) 2 and 3.
Materials and Methods A retrospective analysis of the medical records of patients
operated on between July 2008 and November 2014 was performed, collecting the
following data: age, gender, laterality, body mass index, etiology of arthrosis,
comorbidities, AORI classification of bone defects, causes for revision, readmissions,
reoperations, perioperative and postoperative complications, radiographic signs of
osteointegration, and maintenance of the TM support.
Results A total of 11 patients with a mean follow-up of 7.28 years (standard deviation
[SD]¼ 1.88; range¼5.12–10 years) was evaluated, with 1 patient operated upon for a
primary arthroplasty, 6 for revision arthroplasties, and 4 for a second revision
arthroplasty (re-revision).
There were complications with the surgical wound, injury to the extensor mechanism
and loosening of the femoral component in three of the patients that led to the
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Introduction

The management of bone loss represents a huge challenge in
revisions (rTKA) and complex primary total knee arthroplas-
ties (TKAs). Bone deficiency usually presents amultifactorial
etiology, such as the evolution of the joint degenerative
process, the design of the old prosthesis, the mechanism of
failure may be related to technical errors during the primary
surgery or difficulties in removing fixed implants.1,2

Several classifications of bone defects have been proposed
and, currently, the most used is the one developed by the
Anderson Orthopaedics Research Institute (AORI). In this
system, the defect is classified after removal of the implant.
Type 1 defects present intact metaphyseal bone with minor
flaws that do not compromise support and fixation of the
revision implant; type 2 defects compromise themetaphyseal
bone of one (2A) or both femoral condyle or tibial condyles
(2B), and type 3 defects present cortical and cancellous bone
deficit in the metaphysis, occasionally associated with collat-
eral ligament detachment.3

The proper management of these bony defects depends,
among other factors, on its size, location, configuration, and
cortical involvement. Therefore, there are several options for
treating these bone deficiencies, such as the utilization of
methylmethacrylate augmentedwith screws,modularmetal
wedges, autologous bone and allograft and, more recently,
trabecular metal (TM) in the form of cones or metaphyseal
sleeves.2–5

Despite the existence of these options, the ideal one for the
treatment of AORI 2 or 3 defects remains controversial.4

Structural allografts, although widely used, presents signifi-
cant disadvantages, such as bone resorption, graft fracture,
nonunion to the host bone, possibility of diseases transmis-
sion, and limited availability.5Another important limitation of
this method refers to the durability of its support capability in
the medium and long-term.6

Thus, tantalum TM cones represent a modern option for
treating these major bone failures,6–8 given their greater
potential for biological fixation and, thus, for the promotion
of structural support and immediate mechanical stability.

necessity of four procedures due to complications with the surgical wound, injury to
the extensor mechanism and loosening of the femoral component. Radiological signs
of osteointegration of the trabecular cones were observed in all patients. We did not
observe migration of the TM cones or the prosthetic components in the sample.
Conclusion The tantalummetaphyseal cones were able to provide efficient structural
support to prosthetic implants with radiographic signs of osteointegration in the
medium term.

Resumo Objetivo O manejo da perda óssea representa um grande desafio em cirurgias de
revisão de artroplastia do joelho (rATJ) e em artroplastias totais do joelho (ATJ)
primárias complexas. O objetivo do presente estudo foi avaliar os resultados em
médio prazo (seguimento mínimo de 5 anos) das reconstruções de joelho nas quais
cones demetal trabecular (MT) de tântalo foram utilizados para tratamento de defeitos
ósseos tipos 2 e 3, de acordo com a classificação proposta pela Anderson Orthopaedic
Research Institute (AORI).
Métodos Feita análise retrospectiva dos prontuários dos pacientes operados entre
julho de 2008 e novembro de 2014, coletando-se os seguintes dados: idade, gênero,
lateralidade, índice de massa corporal, etiologia da artrose, comorbidade, classificação
AORI da falha óssea, causa da revisão da artroplastia total do joelho, reinternações,
reoperações, complicações peri- e pós-operatórias, ocorrência de osteointegração
radiográfica e manutenção da função de suporte do MT.
Resultados Foramavaliados 11pacientes comtempomédiode seguimentode7,28 anos
(desviopadrão [DP]¼ 1,88; variação¼5,12–10anos), sendoque1paciente foi submetidoa
artroplastia primária, 6 a artroplastia de revisão e 4 a segunda revisão de artroplastia (re-
revisão). Três pacientes necessitaram de quatro reoperações devido a complicações com a
ferida operatória, a lesãodomecanismo extensor e a soltura do componente femoral. Sinais
de osteointegração dos cones trabeculados foram observados em todos os pacientes. Não
observamos migração do cone de MT ou dos componentes protéticos.
Conclusão Os cones metafisários de tântalo foram capazes de prover suporte
estrutural eficiente aos implantes protéticos com sinais radiográficos de osteointe-
gração em médio prazo.
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Several studies have demonstrated the effectiveness of tan-
talum cones in providing stable fixation, reliable support,
and high osteointegration index, with good short-term clin-
ical results.6–11 However, long-term follow-up is needed in
order to evaluate the durability of these reconstructions.

The aim of the present studywas to evaluate themedium-
term results, with a minimum 5-year follow-up, of complex
primary and revision TKAs in which tantalum metaphyseal
cones were used for the treatment of large tibial and/or
femoral bone defects.

Materials and Methods

After approval by the Research Ethics Committee (CAAE no.
06896019.8.0000.5273), a retrospective analysis of the med-
ical records of all patients who had been operated upon for a
primary or revision total knee arthroplasty (TKA) was per-
formed in the period between July 2008 andNovember 2014.
There was no age limit or restriction regarding the gender of
the participants.

The following data were collected from all patients: age,
gender, laterality, body mass index (BMI), etiology of the
arthritic process, comorbidities, AORI classification of the
bone failure, cause of TKA revision, readmissions, reopera-
tions, perioperative and, postoperative complications, and
outcomes.

Bone defects were categorized according to the AORI
classification by the three senior authors and, in case of
disagreement, it was opted to to consider that which had
been reached a simple majority. The authors also performed
the analysis of the X-ray sequences to determine the occur-
rence of osteointegration, and the maintenance of the sup-
port function of tantalum cones. The criterion for defining
the occurrence of osteointegration was the presence of a
bony reaction at the trabecular metal-host bone interface,
configured by the presence of sclerosis associated with the
absence of radiolucency lines. The maintenance of the sup-
port function was evaluated through eventual migration of
the implants or by the presence of a progressive radiolucency
line.

Descriptive analyses for quantitative data were per-
formed, and the means were presented, accompanied by
the respective standard deviations (� SD), medians, mini-
mum and maximum values and first and third interquartile
interval (IQ). Categorical variables were expressed through
their frequencies and percentages. All analyses were per-
formed with IBM SPSS Statistics for Windows version 21
(IBM Corp., Armonk, NY, USA) with a significance level of
α¼0.05. The implant survival analysis was not performed
due to the low number of participants in the research.

Results

From November 2008 to November 2014, TM was used to
treat large bone defects in 19 complex primary arthroplasty
or knee revision surgeries. One patient died due to clinical
complications 40 days after the procedure. Another patient
with a periprosthetic fracture and deep infection after open

reduction and internal fixation (ORIF), had to have an above-
the-knee amputation (AKA) amputation 2 years after the
index surgery. Six patients were excluded due to loss to
follow-up. Therefore, 11 patients with a minimum 5-year
follow-up for the implantation of the metaphyseal TM cones
had their data analyzed (►Figures 1 and 2).

Fig. 2 (A and B) Radiographs in anteroposterior and aseptic loosening
profile of the femoral component; (C) intraoperative aspect of bone
loss; (D) implanted trabecular metal femoral cone; (E and F) post-
operative X-rays.

Fig. 1 Number of surgeries and exclusion reasons.
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The mean follow-up was 7.28 years (SD¼1.88; range
¼5.12–10 years). The mean age of the patients at the time
of the procedure procedure was 67.54 years (SD¼10.74
years; range¼45–86 years). Eight patients were female
(72.72%) and 3 were males (27.27%). The mean BMI was
29.78kg/m2 (SD¼6.36; range¼22.76–43.41 kg/m2). Mean
length of stay (LOS) was 6 days (IQ¼4.50–7.50). The distri-
bution of Charlson comorbidity score ranged from 0 to 5, and
most patients had Charlson Index 2.

Four procedures were performed on the right knee and
seven in the left knee. One patient with Charcot-like arthrop-
athy underwent primary arthroplasty (9.09%) with revision
components (rotating hinged knee). Six other patients un-
derwent revision arthroplasty (54.55%), and second revision
(re-revision) was performed in 4 cases (36.26%). ►Figure 3

shows the distribution between septic and aseptic failures of
the cases of revision (rTKA) and re-revision. ►Table 1 dem-
onstrates the causes of aseptic failures.

Regarding surgical pathways, surgery was performed by
conventional approach in 9 surgeries (81.81%) and by ex-
tended approach in 2 surgeries. The Coonse-Adams approach
was used in an aseptic re-revision case, while osteotomy of
the anterior tibia tuberosity (TTO) was the choice in aseptic
revision surgery.

In eight patients, highly constricted implants (Rotating
Hinge Knee – Zimmer Biomet, Warsaw, IN, EUA) were used,
and semiconstricted implants (Legacy Constrained Condylar
Knee – Zimmer Biomet,Warsaw, IN, EUA or Total Condylar 3–
DePuy Synthes, West Chester, PA, EUA) were used in three
patients.

Tantalum coneswere implanted in the tibia in 10 patients,
while femoral cones were needed in 2 and a trabecular metal
cones were used in 1 patient. ►Table 2 shows the classifica-

tion of the bone defects. The patient who required tantalum
cone in the femur and in the tibia had an AORI 3 defect in the
femur and a 2b defect in the tibia (►Figure 4).

The analysis of sequential radiographic images showed
that all 11 patients showed signs of osteointegration of the
implant. We did not observe signs of loss or migration of the
trabecular metal cone or of the prosthetic components in any
patient as well as no signs of osteolysis.

Fig. 4 (A and B) Preoperative radiographs demonstrating failure of
knee prosthesis with medial tibial defect due to sinking of the
component; (C and D) postoperative radiographs demonstrating
treatment of bone defect with tibial metaphysary cone.

Table 1 Causes of aseptic failures

Revision Re-revision

Pain 1 0

Instability 1 1

Aseptic release 2 1

4 2

Table 2 Classification of defects with trabecular metal cones

Tibia Femur

1 0 0

2a 1 0

2b 6 0

3 3 2

10 2

Fig. 3 Distribution of causes of total knee arthroplasty failure that
required tantalum metaphysary cones to treat bone defect
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Two patients had early complications, one of whichwith a
subcutaneous hematoma that required surgical procedures
for drainage and control. The second patient presented with
erysipelas with erysipelas in the operated limb 20 days after
surgery, requiring hospitalization for antibiotic therapy and
resolution of the condition. During the study period, we did
not observe of complications or reoperations directly related
to the use of tantalum cones.

During the follow-up period, two patients required reop-
erations, totaling four surgeries. One of them, previously
mentioned for hematoma drainage in two approaches, was
submitted to an extensor mechanism transplantation due to
osteonecrosis and fragmentation of the native patella after a
4-year follow-up. The second patient with no tantalum
femoral cone had loosening associated with sinking of the
femoral component 9 years after the initial surgery, and had
to have a revision of the femoral component. During the
intraoperative evaluation, the tibial tantalum was fixed and
with signs of osteointegration (►Figure 5).

Discussion

The optimal treatment of large bone defects in complex
primary or knee revision arthroplasties remains undefined.
More recently, tantalum TMcones have demonstrated prom-
ising results in short-term evaluation for the treatment of
these bone losses. However, the duration of support capacity,
and clinical results in the medium- and long-term, require
evidence.12–16 Our main result was to demonstrate the
absence of mechanical failures and migration of prosthetic
components with the use of metaphyseal cones in the
medium-term evaluation.

Although short-term clinical results with tantalum cones
are favorable,6–9,11,20–23 there are few studies evaluating
medium-term results.16–18 Tantalum is a transition metal
that remains relatively inert in vivo. It is a structure of open
cells in dodecahedrons in sequence, thus simulating the
microstructure of the cancellous bone. Therefore, it is quite
attractive as a biomaterial due to its low stiffness, high
porosity, and high coefficient of friction, besides serving as a
structure for osteoblastic activity. In general, bone growth
in pores occurs on average 13% in 2 weeks, 53% in 4 weeks,
and up to 80% in 1 year, and it is possible to verify evidence
of osteointegration on radiographs in an average period of
36 months.27 The low modulus of elasticity, similar to
cortical and cancellous bone, reduces bone resorption in
the periphery of the implant by inadequate load distribu-
tion, favoring the maintenance of bone mineral density
around the implant. This is an advantage, considering the
frequent need for high constriction in complex primary and
revision TKA.28 In our study, semiconstricted implants were
used in three patients, and constricted implants in eight
patients.

In addition, the high coefficient of friction provides
immediate mechanical stability; therefore, the impaction
of cones in the metaphyseal bone offers strong instanta-
neous mechanical support that allows controlling the
rotational forces of the implants, protecting fixation and
bone ingrowth. Proper stress transfer also allows the use of
shorter stems.25,28 Other important characteristics are low
cytotoxicity and leukocyte activation capacity, making it
one of the most biocompatible materials to date, what
may be an interesting feature in infected revision
arthroplasties.25,29

Fig. 5 Evolution and complications of patients submitted to surgery using trabecular metal cones.
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In the present study, 3 patients (36.36%) required four
reoperations due to complications with the surgical
wound, with the extensor mechanism, and loosening of
the femoral component. This rate is higher than that found
in the meta-analysis performed by Divano et al.,30 who,
when analyzing 19 studies, showed an average rate of
reoperations of 16.19%. However, the reoperations in our
study were not directly related to complications of the
metaphyseal cone. Most studies of this meta-analysis
showed early results of the use of tantalum cones, with a
mean follow-up of 3.65 years. Our rates are closer to those
of a study with a longer follow-up such as that presented
by Kamath et al.,25 who evaluated, for 70 months, 63
patients who were treated with tibial cones in revisions
TKAs and had 24% of reoperations. Similarly, it also approx-
imates the rates observed by Potter et al.,24 who found a
survival rate of 70% in 5 years.

In our sample, all patients showed signs of osteointegra-
tion on X-ray at the last follow-up follow-up. These results
are in line with other studies6–9,11,20–22 that analysed a total
of 285 cones in 242 knees submitted toTKA revision and that
demonstrated that in only 2 knees (0.7%) there were no
radiographic signs of bone ingrowth.

The present study has limitations,manyofwhich inherent
to its retrospective nature.We recognize the subjectivity that
radiographic analysis presents, particularly when performed
retrospectively, and we tried to mitigate this inaccuracy
through the opinion of 3 surgeons with 13, 20 and 37 years
experience in knee surgery. Another important factor is that
the study population is characteristically formed by elderly
patients, and it is possible have had some loss to follow-up by
decease. In addition, the group of patients is relatively small,
but similar to those of previous studies.6–9,11,20–23 Thus, in a
series with a limited number of patients, it is impossible to
detect unusual complications and low-frequency events that
may be clinically important. Nevertheless, this is one of the
few studies in Brazil that describes the results of the treat-
ment of large bone defects with tantalum metaphyseal
cones.

Conclusions

In our study, tantalum metaphyseal cones showed to be or
demonstrated to be able to provide efficient structural
support to prosthetic implants with radiographic signals of
osteointegration in the medium-term. Therefore, the use of
trabecular metal cones represents an attractive option for
the treatment of large bone defects in complex primary and
revision TKAs. However, prospective studies with a larger
sample and longer follow-up is warranted.
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