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AbstrAct 
Introduction: Major bone defects represent a challenge during revision total knee arthroplasty (TKA) and there is still consid-
erable debate about the best therapeutic option. The purpose of this study was to retrospectively assess the osseointegration 
rate of trabecular metal cones in revision TKA with severe bone defects. The secondary purpose was to evaluate the functional 
outcomes and complication and reoperation rates. Materials and Methods: A single-center, retrospective cohort including all 
consecutive cases of revision TKA using trabecular metal cones. All patients with a minimum 2-year follow-up were included in the 
study. Reasons for revision, number of previous surgeries, type of bone defect, and number and type of trabecular cones used 
were evaluated. Clinical and radiological outcomes were also analyzed as well as complications rates. results: 35 patients (49 
cones) were evaluated with a mean follow-up of 32.1 months (24-62). Most defects were localized in the tibia and were classified 
as AORI type 3. The rate of osseointegration of the cones was 94%; the complication rate, 20%; and the reoperation rate, 8.5%. 
The mean KSS increased from 39 preoperatively to 71 at the last follow-up, and the mean VAS from 8 to 2.5. conclusion: The 
excellent osseointegration rate (94%), added to the good clinical outcomes, position the trabecular metal cones as an alternative 
to treat severe bone defects.
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Uso de conos de metal trabecular para defectos óseos severos en cirugía de revisión de reemplazo 
total de rodilla 

rEsUMEN
Introducción: Las alternativas reconstructivas para defectos óseos severos en la cirugía de revisión de prótesis son las camisas 
metafisarias, los conos de metal trabecular y el injerto óseo impactado o estructural. El objetivo del estudio fue analizar la tasa 
de osteointegración de los conos de metal trabecular en pacientes con cirugía de revisión de prótesis total de rodilla. El objetivo 
secundario fue analizar los resultados funcionales, las tasas de complicaciones y reoperaciones. Materiales y Métodos: Cohorte 
retrospectiva de pacientes con conos de metal trabecular colocados en la cirugía de revisión de prótesis y un seguimiento mínimo 
de 2 años. Se evaluaron las causas de la revisión, cirugías previas, tipo de defecto óseo, cantidad y tipo de conos utilizados, y los 
diseños de las prótesis. Se realizó una evaluación clínico-radiográfica, se registraron las complicaciones y las revisiones ulteriores. 
resultados: Se evaluó a 35 pacientes (49 conos de metal trabecular) en forma retrospectiva, con un seguimiento promedio de 
32.1 meses. La mayoría de los defectos eran tibiales AORI 3, seguidos de los femorales tipo 3. La tasa de osteointegración de los 
conos fue del 94%; la de complicaciones, del 20% y la de reoperaciones, del 8,5%. El KSS objetivo promedio aumentó de 39 en 
el preoperatorio a 71 en el último control y el puntaje de la EAV promedio fue 8 y 2,5, respectivamente. conclusión: La excelente 
tasa de osteointegración (94%) y los buenos resultados clínicos posicionan a los conos de metal trabecular como una alternativa 
para los defectos óseos severos.
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INTRODUCTION
Severe bone defects continue to be a challenge in revision knee arthroplasty, mainly AORI defects 2B and 3 that 

compromise the stability and fixation of the revision implant (Figure 1).1,2  

Figure 1. Anderson Orthopedic Research Institute (AORI) Classification of Bone Defects. Type 1: Intact metaphyseal bone 
with minor femoral or tibial defects which do not compromise the stability of the revision component. Type 2: Damaged 
metaphyseal bone, requiring reconstruction to provide stability to the revision component. Type 2A: Defects in a femoral or 
tibial condyle. Type 2B: Defects in both femoral or tibial condyles. Type 3: Deficient metaphyseal segment involving 
a significant portion of the femoral condyles or tibial plateau, occasionally associated with collateral ligament or patellar 
tendon injury. 

Regardless of the reconstruction system used, metaphyseal fixation is decisive for implant survival.3-5 Depend-
ing on the defect, reconstructive alternatives include metaphyseal sleeves, trabecular metal cones, and impacted or 
structural bone graft. 

Structural bone grafting has the disadvantage of being a technically demanding option to achieve an adequate 
graft-host interface, and resorption rates and mechanical failures have been reported as high as 23% at 5 years.6 In 
contrast, trabecular metal cones are a versatile option (various sizes and shapes compatible with almost all revi-
sion systems) and provide mechanical support without the risk of resorption and collapse.7-12 The disadvantages 
are their high economic cost, not providing bone stock, the difficulty in extracting them if there is an infection that 
requires it, and being highly irritating to the surrounding soft tissues.

Regarding the properties of the material, trabecular metal has a structure similar to cancellous bone, with high 
volumetric porosity (75-80%), low modulus of elasticity (3 GPa), and high friction. In addition, it allows osseoin-
tegration while filling bone defects and has immediate tolerance to physiological loads. AORI 2B and 3 defects are 
its main indication and promising results have been achieved in the medium and long term.13-21 

The objective of this study was to analyze the implant osseointegration rate in a series of patients who received 
trabecular metal cones in revision total knee arthroplasty surgery. As a secondary objective, functional outcomes 
and complication and reoperation rates were analyzed. 

MATERIALS AND METHODS
Patients 

In this retrospective study, we consecutively included patients operated on at our Center, in whom trabecular 
metal cones had been used in revision surgery for total knee arthroplasty. The inclusion criteria were revisions in 
one or two stages for any reason, AORI 2B and 3 bone defects, use of one or more trabecular metal cones, and a 
minimum follow-up of two years. Patients with trabecular metal cones in the primary surgery were excluded. 
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Evaluation methods 
Immediate postoperative radiographs were taken at 3 and 6 months and one year after surgery, and at the last 

follow-up to assess signs of osseointegration and loosening of the trabecular metal cones or the implant. Signs 
of progressive radiolucency or osteolysis around the components and at the cone-bone interface were evaluated. 
Radiographic osseointegration in the last follow-up was defined as the absence of a radiolucent line between the 
bone and the trabecular metal. 

The patients were clinically evaluated before surgery and during follow-up with the Knee Society Score (KSS) 
and the visual analog scale for pain. Intraoperative and postoperative, early and late complications were recorded. 
Finally, reoperation and revision rates (implant survival) were analyzed.

Surgical technique 
After soft tissue debridement, the previous implant is removed along with the cement. The extent of bone loss is 

reassessed, the remaining defect is classified, and the indication for trabecular metal cones is confirmed. The trial 
implants are then placed to assess size and shape, selecting the one that provides the largest area of contact with 
the bone (Figure 2). 

Figure 2. Intraoperative images of the surgical technique. An uncontained metaphyseal defect is observed at the tibial level 
after removal of the implant and debridement of the non-viable tissue (A). The trial implant of a metaphyseal tibial cone (B) 
is placed and then the final cone (C) is impacted. In this case, due to the magnitude of the remaining defect in the femur (D), 
it was decided to use a combination of a metaphyseal and a diaphyseal cone (E and F).
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After preparing the host bone, the cone is impacted. Press-fitting the cone is of utmost importance to ensure 
that the cement does not penetrate between the cone and the bone. In the case of combining metaphyseal and di-
aphyseal cones, it is recommended to use cement at the junction of both cones. Finally, the definitive implants are 
cemented in the cones, it is also recommended to use cemented stems. The exposed areas of trabecular metal are 
coated with cement, as they are highly irritating to the soft tissues (Figure 3).  

Figure 3. Continuation of the intraoperative images in Figure 2. Placement of trial implants (A and B) and definitive implants 
(C). The exposed area of the cone at the tibial level is coated with cement to avoid irritating the adjacent soft tissues (C). 
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RESULTS
215 total knee arthroplasty revisions have been performed at our Center since the incorporation of trabecular 

metal cones in late 2015. In 45 (21%) cases, trabecular metal cones were used. Eight patients were excluded for not 
complying with the minimum follow-up and two died before completing the two-year follow-up. Therefore, our 
series consisted of 35 patients, with an average follow-up of 32.1 months (range 24-62). None were lost to follow-
up. Table 1 lists the characteristics of the patients and the reasons for the revision. The majority were women (n = 
23; 6.7%), the most frequent previous implantation was a primary prosthesis (n = 21, 60%) and the most frequent 
cause of revision was aseptic loosening of a primary prosthesis (n = 12; 34.2%).

Table 1. Patient characteristics and causes of revision.

Age, years, average (range) 66.1 (35-85)

Body mass index, kg / m 2, average (range) 30.7 (20-47)

Sex, Female, n (%) 23 (65.7%)

Number of previous surgeries, average (range) 2.9 (1-10)

Previous implant

Primary prosthesis 21 (60%)

Stem revision prosthesis 12 (34.2%)

Modular prosthesis 1 (2.8%)

Alloprosthesis 1 (2.8%)

Causes of revision (n,%)

Aseptic loosening of primary prosthesis 12 (34.2%)

Aseptic loosening of revision prosthesis 6 (17.1%)

Septic loosening of primary prosthesis 9 (25.7%)

Septic loosening of revision prosthesis 6 (17.1%)

Instability associated with the prosthesis 1 (2.8%)

Painful prosthesis 1 (2.8%)

Table 2 shows the distribution of bone defects that required filling with trabecular metal cones, classified accord-
ing to AORI1 and the location and types of cones used.

Table 2. Bone defects that required filling with trabecular metal cones classified according 
to the AORI. Location and type of cones used during the revision

AORI Cones

  2B 3 Diaphyseal Metaphyseal

Femur 5 11 7 9

Tibia 6 24 6 28
AORI = Anderson Orthopaedic Research Institute.
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In 10 cases, a combination of femoral and tibial cones was used, and in three cases, metaphyseal and diaphyseal 
cones were combined in the same patient. Regarding the prosthesis designs for revision (Figure 4), more than half 
were constrained prostheses (n = 20; 57.1%), 20% were rotating-hinge (n = 7), 20% were megaprostheses (n = 7), 
and one was a medial pivot implant (2.8%). In two cases, impaction bone grafting was also used at the femoral lev-
el and, in five cases, a reconstruction of the extensor mechanism was performed (3 with allograft and 2 with mesh). 

Figure 4. Prosthetic designs used in the revision. A. Constrained. B. Rotating hinge. C. Megaprosthesis. D. Medial pivot.

A b c D

Regarding the radiographic evaluation, the osseointegration rate of the trabecular metal cones at the end of fol-
low-up was 94% (n = 33). One patient had an aseptic loosening, for which a revision of the implant was carried out 
two years after the operation. One patient developed an early infection that was treated with implant cleaning and 
retention. The evolution was unfavorable with the loosening of the implant and a revision is being planned. In the 
rest of the series, there was an asymptomatic patient with radiolucent images in the femoral stem of a megapros-
thesis, without signs of loosening at the tibial level where a metaphyseal trabecular metal cone had been placed. 
Revision-free survival of the trabecular metal cone was 94% in the last follow-up. Kaplan-Meier survival estimates 
(cone revision as the endpoint) for all implanted cones (n = 35) are shown in Figure 5.

The complication rate was 20% (n = 7) and the reoperation rate was 8.5% (n = 3). During surgery, two patients 
presented an incomplete periprosthetic femur fracture (treated conservatively with bone consolidation during fol-
low-up) (Figure 6). Four postoperative complications were recorded: a case of stiffness, an extensor mechanism 
dislocation (treated non-surgically), a pulmonary thromboembolism, an early infection, and the aforementioned 
aseptic loosening. The patient with postoperative stiffness was successfully treated by mobilization under anes-
thesia. 

Regarding the clinical evaluation, the average KSS increased from 39 before surgery to 71 at the last follow-up. 
The average score on the visual analog scale was 8 in the preoperative period and 2.5 in the last follow-up.
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Figure 5. Kaplan-Meier survival curve. Survival rates of 97% and 94% of trabecular metal cones taking as cut-off 
point revisions for aseptic loosening and all-cause revisions, respectively.

Figure 6. Immediate postoperative anteroposterior (A) and lateral (B)  knee radiographs. A fracture is observed 
at the level of the medial cortex of the femur (white arrow). C and D. Control radiographs one year after surgery. 
Fracture consolidation. 
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DISCUSSION
The effective treatment of bone defects is essential to guarantee the metaphyseal stability of the implant in cas-

es of total knee arthroplasty revision.4,22 As already mentioned, the therapeutic alternatives for severe bone defects 
(AORI 2b and 3) are ground impaction grafting, structural allograft, metaphyseal sleeves, and trabecular metal 
cones. These techniques are designed to reconstruct the damaged femoral or tibial metaphysis and create a stable 
platform for implant fixation.2,3,23 The impacted morcellized bone graft converts the smooth and sclerotic femoral 
or tibial bone into a suitable surface for interdigitation of the cement and fixation of the stem. This is beneficial 
in young patients, as it is possible to restore bone stock. However, peripheral cortical defects are more difficult 
to treat with this technique, because a metal mesh is required to contain the graft.24,25 Structural allografts can 
replace both central and peripheral deficient bone segments without the need for an additional metal mesh. In the 
long term, the structural allograft may resorb, fracture, become infected or fail to consolidate.6,26 The increased 
failure rate of this type of reconstruction stimulated the development of highly porous trabecular metal cones that 
function as an alternative to structural allografts. These devices achieve solid initial metaphyseal fixation and 
eventual biological fixation without the risk of graft resorption or fracture.9,10,12,13 Finally, the metaphyseal sleeves 
have a stepped shape and are coated with titanium beads to produce a porous surface for bone growth. The host 
bone is prepared with a wick and the sleeve is attached to the femoral or tibial component through a Morse taper.

Our series confirms the results already published: at 32 months of average follow-up (range 24-62), the os-
seointegration rate is 94%, with only one case of mechanical failure. Medium-term publications report all-cause 
revision rates of 8-15%15,21 and revision rates for reinfection of 5-19%.13 In our series, the all-cause revision rate 
was 6% (n = 2) and the reinfection revision rate was 3% (n = 1). In 2016, Potter et al.19 published a series of 159 
femoral tantalum cones in 157 patients and a survival rate of 70% at 5 years (includes all revision causes). 23 
cones underwent a revision, 14 for infection, six for aseptic loosening (all in hinged prostheses with type 3 femur 
defects), and three for ligament instability. Similarly, in our series, aseptic loosening also occurred in a case of 
AORI type 3 defect located in the femur treated with a rotating-hinge prosthesis.

Being a salvage surgery in complex patients with multiple previous surgeries, complications are not uncom-
mon. In a series of 63 patients treated with tibial cones (2A, 2B, and 3 defects) with a minimum follow-up of 5 
years, Kamath et al.21 reported a complication rate of 27% (both septic and aseptic). For their part, Brown et al.14 
had a very high complication rate: 45% in their series of 83 patients. The most frequent were deep infection (11, 
13%) and stiffness (17, 20%). In our series, the complication rate was 20% (n = 7): one case of early postopera-
tive infection, one aseptic loosening, two intraoperative fractures, one pulmonary thromboembolism, one case of 
stiffness, and one extensor mechanism dislocation. 

Our study has the inherent limitations of retrospective studies, the effects of which are mitigated by prospective 
data collection. The number of patients could be considered low; however, the number included in the published 
series ranges from 927 to 157 in the larger series presented by the Mayo Clinic.19 Follow-up is short due to the 
recent incorporation of these implants in our setting, a greater follow-up of our population will provide additional 
information. Furthermore, this series includes both patients with septic and aseptic loosening, various types of 
implants, and even patients with extensor mechanism reconstructions. This heterogeneity could make the inter-
pretation of the outcomes difficult. 

The excellent osseointegration rate (94%), added to the good clinical outcomes, position the trabecular metal 
cones as an alternative in the treatment of severe metaphyseal bone defects. Long-term analyses and a comparison 
with other reconstruction options are required to determine whether this method of reconstruction will provide 
superior long-term clinical success.
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