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Purpose: The purpose of this study was to assess the medium-term results of trabecular metal cones for the reconstruction of large
bone defects in revision TKA.
Methods: Thirteen patients who had undergone revision TKA using trabecular metal cones for femoral and/or tibial large bone
defects were identified. We included patients who had a minimum of three years follow-up in the study. We evaluated their functional
outcomes, implant survivorship, radiological findings, and complications.
Results: At a mean follow-up of 6.9 years (range of 3.5–9.4 years), all trabecular metal cones and implants were well fixed and did
not exhibit any radiographic evidence of migration or loosening. At the final follow-up, the mean Knee Society knee scores had
improved from 37.2 to 78.1 (p < 0.05), and function scores had improved from 35.5 to 77.5 points (p < 0.05). One intraoperative
fracture in the distal femur occurred in an 85-year-old woman during impaction of a single trabecular metal cone. The fracture was
successfully affixed to the femoral cone and bone three months postoperatively.
Conclusion: The present study of trabecular metal cones demonstrates excellent clinical outcomes and survivorship in revision TKA
during medium-term follow-up periods. However, longer-term follow-up studies are needed to further investigate these implants in
revision TKA. Additionally, the necessity of metal cones in revision procedures should be carefully considered depending on patient
needs and economic capabilities.
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Introduction
With the rapid increase in demand for primary total knee arthroplasty (TKA) in Korea, there is also an expected
concomitant increase in the burden for revision TKA.1 The management of severe bone loss in revision TKA procedures
is an enormous challenge. Based on the Anderson Orthopaedic Research Institute (AORI) classification,2 the largest bone
defects (AORI type-2B or 3) can be managed with impaction grafting, structural allografts, porous trabecular metal
cones, and tumor prostheses.3–6 The effectiveness of the different options for reconstructing large bone loss has yet to be
established.

Trabecular metal cones are a relatively new implant strategy for the reconstruction of large bone defects during
revision procedures. They have demonstrated promising short-term results.5,7,8 Trabecular metal cones have the potential
advantage of being highly capable of biologic fixation because of their high porosity and low elastic modulus, allowing
for immediate weight bearing.9,10 These cones also enable the surgeon to size and position the implant for specific
defects.

Several studies in western countries have reported trabecular metal cones in revision TKA performed for severe bone
defects. Even though these studies have demonstrated good short- and medium-term results,5,7–9,11 studies on the use of
trabecular metal cones are rare in revision TKA, and it is difficult to perform prospective controlled studies due to
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specific patient criteria in the use of those implants. Especially, since revision TKA procedures using metal cones require
a long learning curve, years of experience, advanced surgical techniques, and high cost, it is difficult to gather data on a
large number of patients, and corresponding reports are rare in Korea.

Therefore, we designed a retrospective observational study. The purpose of the present study is to assess the medium-
term results of trabecular metal cones for revision TKA of large bone defects.

Materials and Methods
The design and protocol of this retrospective study were approved by the Institutional Review Board of Himchan
Hospital. The privacy and personal identity information of all participants were protected in accordance with the
Declaration of Helsinki. The requirement for informed consent was waived due to its retrospective nature. Fifteen
patients (15 knees) underwent revision TKA (Scorpio Total Stabilizer Revision Knee System; Stryker, Mahwah, New
Jersey, USA) at a single center using trabecular metal cones (Trabecular Metal; Zimmer, Warsaw, Indiana, USA) for
femoral and/or tibial large bone defects between January 2012 and December 2017. The indication for revision TKA
using trabecular metal cones in all patients was aseptic loosening after primary TKA. We included patients with a
minimum of three years follow-up, and there were no exclusion criteria. Of these 15 patients, one died two years
postoperatively from causes unrelated to the in situ revision TKA, and one patient was lost to follow-up. The study group
was composed of 1 man and 12 women with an average age of 73.2 years (range, 62 to 85 years) at the time of surgery.
Six patients had femoral cone implants, five patients had tibial cones, and two patients had both. The mean clinical
follow-up period was 6.9 years (range, 3.5 to 9.4 years). The reason for the revision TKA in our study was aseptic
loosening in all 13 cases. There were no cases of septic loosening or fracture as a cause for revision. The intraoperative
assessments of femoral and/or tibial bone defects were AORI type IIB in eight patients and type III in five patients.

Demographic data included age, gender, body mass index, AORI type, and pre- and post-operative Knee Society
Scores (Table 1). The primary endpoint was trabecular metal cone survivorship. The secondary endpoints were all-cause
implant survivorship, patient-reported outcome measurements with KSS scores, and radiographic analyses.

Surgical Technique
All the surgical procedures were performed by a senior surgeon using the standard medial parapatellar approach and
tourniquet. The surgical procedure of the revision TKA using metal cones was identical with the conventional revision
TKA procedure, except for the implantation of the metal cone. Failed prosthetic components were removed, and all
osteolytic lesions were carefully debrided. The bone loss of the proximal tibia and distal femur was assessed and

Table 1 Demographic Characteristics of the Patients

Final Cohort

Number of patients 13

Number of revision TKAs 13

Male:female 1: 12
Age (years) (mean ± SD) 73.2 ± 6.8

Body mass index 27.1 ± 3.6

AORI classification
Type-IIB 8

Type-III 5

Pre-operative
Knee Society knee score 37.2 ± 4.8

Function score 35.5 ± 6.5

Post-operative
Knee Society knee score 78.1 ± 11.9

Function score 77.5 ± 12.4

Abbreviations: TKA, total knee arthroplasty; SD, standard deviation; AORI,
Anderson Orthopaedic Research Institute.
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classified using the AORI classification system. Femoral and tibial metal cones (Trabecular Metal; Zimmer, Warsaw,
Indiana, USA) were only used for management of type-2B or 3 bone loss defects. Tibial and femoral intramedullary
guides were then utilized to allow for proper alignment and placement of the cones. Trial sizes for the appropriate metal
cones were used to press-fit the cones into their final positions. The cones were matched to the size and shape of the
osseous defects. Through press-fit, the metal cones were implanted in the bone defects and rotational stability was
manually assessed (Figure 1). Residual voids between the host bone and metal cone were reconstituted with autologous
bone from the cuts and allograft or artificial bone. The stemmed tibial and femoral components were cemented in place.
Simplex P bone cement (Stryker, Mahwah, New Jersey, USA) was used in all cases.

The patients were immediately mobilized with weight-bearing as tolerated. Active exercises were initiated under the
supervision of a physiotherapist. The patients underwent clinical and radiographic follow-ups postoperatively at 2 weeks,
6 weeks, 3, 6, 9, and 12 months, and 1 year thereafter. Clinical evaluations were performed using the Knee Society rating
system.12 The results were classified as excellent (80–100), good (70–79), fair (60–69), or poor (<60). Radiographic

Figure 1 A 63-year-old female with a failed TKA secondary to wear, severe osteolysis, and aseptic loosening of the femur and tibia. (A and B) Intraoperative photographs
showing type-IIB tibial and femoral bone defects following implant removal and debridement. (C and D) The implanted tibial and femoral metal cones providing solid
structural support for a bone platform. (E) Preoperative radiographs. (F) Postoperative six-year radiographs.
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analysis included long leg standing radiography from the pelvis to the ankle joint for evaluating the axis, a weight-
bearing anteroposterior view, a non-weight-bearing anteroposterior view, a lateral view at 30° flexion, and a skyline view
of the patella. We considered the 6-week anteroposterior and lateral radiographs as the baseline study for radiographic
comparison. Each radiograph was assessed for osseointegration, signs of migration, fracture, and loosening. Each
radiograph was objectively examined for radiolucent lines and osteolytic defects using Knee Society
Roentgenographic Evaluation and Scoring System (KSRESS).13 Preoperative radiographs and intraoperative assessments
identified the type of bone defect according to the AORI classification system.2 Mortality status and implant survival
analyses were determined using hospital records and/or interviews with family members. During the follow-up evalua-
tions, we made sure to interview the same caretaker that we had interviewed during the patient’s hospitalization.

The Chi square test was used to analyze Knee Society knee and function scores. The analyses were carried out using
SPSS version 18.0 (Chicago, IL, USA). All the reported p-values were two-sided, and a p<0.05 was considered
statistically significant.

Results
In radiological assessment using KSRESS of the 13 knees (13 patients) seen at follow-up, a total of 4 (30.8%) knees were
noted to have evidence of radiolucent lines. A total of 4 radiolucent lines were detected an average of 1.8 years following
surgery (range, 0.6 to 3 years) that were all isolated tibial lucencies without the knee showing femoral lucency. Of these
knees, 3 had medial (zone 1 or 2) and 1 had lateral (zone 3 or 4) baseplate radiolucent lines. Radiological assessment did
not reveal any evidence of component migration at final follow-up.

At the latest follow-up evaluations, all trabecular metal cones were well fixed with no radiographic evidence of
migration or loosening. Serial postoperative imaging showed evidence of osseointegration of the trabecular metal cones,
and there was no evidence of implant loosening or progressive radiolucent lines in any of the 13 cases.

The mean Knee Society knee scores improved from 37.2 points preoperatively to 78.1 points at the final follow-up
(p<0.05). Clinical outcomes were classified as excellent or good for 10 patients (76.9%), fair for 2 patients (15.4%), and
poor for 1 patient (7.7%). Mean preoperative function scores improved from 35.5 points to 77.5 points at the final follow-
up (p<0.05). Functional outcomes were classified as excellent or good for 11 patients (84.6%), fair for 1 patient (7.7%),
and poor for 1 patient (7.7%).

No significant complications associated with the use of trabecular metal cones were identified in this study. One
minor intraoperative fracture in the distal femur occurred in an 85-year-old woman during impaction of one trabecular
metal cone. The fracture was affixed successfully to the femoral cone and bone using a suture and bone cement. The
patient was allowed to walk a month after the surgery. Radiographic follow-up showed osteointegration and no evidence
of migration three months postoperatively (Figure 2).

Discussion
This study demonstrates excellent medium-term outcomes for trabecular metal cones in revision TKAs with large bone
defects. All femoral and tibial metal cones were found to be well fixated at a mean follow-up of 6.9 years. There were no
mechanical failures associated with using the trabecular metal cones, and all radiographic findings showed signs of
osseointegration.

Several studies have reported trabecular metal cones in revision TKA for large bone defects both in the United States
and internationally. These studies have demonstrated promising short- and medium-term outcomes (Table 2).5,7,11,14–18

Meneghini et al5 reviewed 15 cones in 15 patients undergoing revision TKA. At a mean follow-up of 2.8 years, none of
the implanted cones exhibited evidence of loosening. Long and Scuderi7 reported on a series of 16 revision TKAs with
cones. On a mean follow-up of 2.6 years, no loose trabecular metal cones were observed. Howard et al14 reported that on
a mean follow-up of 2.8 years, there were no failures in 24 revision TKAs with femoral metal cones. They concluded that
femoral metal cones can provide effective structural support for femoral revision implants. Sandiford et al11 reported on
the implantation of 14 cones in 14 patients at a mean follow-up of 7.2 years. They observed loosening of the implant in
one case, which therefore required a new revision procedure. Our results are consistent with these studies and support
previous findings in western countries. One patient with poor Knee Society knee score was associated with progression
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of Parkinson’s disease rather than revision surgery. We did not find any evidence of loosening or migration of the cones
and implants in any cases (Figure 3).

With respect to radiolucent lines, we were able to identify prostheses using the Knee Society Roentgenographic Evaluation
and Scoring System (KSRESS). Areas of lucency were confined to medial and lateral aspects of the tibial base plate (zones
1–4), with no femoral lucency. None of these radiolucent lines had progressed at a mean follow-up of 6.9 years. It was not clear
why radiolucent lines were present only in the tibial component, but it might be due to the small cohort.

Table 2 Previous Literature of Trabecular Metal Cones in Western Countries

Author(s) (yr) Number of Cases Age (Years) Mean Follow-Up (Years) Complication (Required Revision)

Meneghini et al5 (2008) 15 (15 pts) 68 (41–81) 2.8 (2.0–3.9) 2 septic loosening

Long & Scuderi7 (2009) 16 (15 pts) 66 (48–83) 2.6 (2.0–3.2) 2 septic loosening

Howard et al14 (2011) 24 (24 pts) 64 (46–79) 2.8 (2.0–4.2) 0
Panni et al15 (2013) 9 (9 pts) 75 (65–84) 7.0 (4.5–9.0) 0

Derome et al16 (2014) 29 (29 pts) 70 (36–84) 2.8 (1.1–6.1) 2 septic loosening

Jensen et al17 (2014) 36 (36 pts) 69 (51–84) 3.9 (0.3–7.0) 1 aseptic loosening
2 septic loosening

De Martino et al18 (2015) 18 (18 pts) 73 (55–84) 6.0 (5.0–8.0) 2 septic loosening

Sandiford et al11 (2017) 14 (14 pts) 71 (44–84) 7.2 (5.0–9.0) 1 aseptic loosening
Baek et al (Present study) 13 (13 pts) 73 (62–85) 6.9 (3.5–9.4) 0

Abbreviations: yr, year; pts, patients.

Figure 2 An 85-year-old woman who had an intraoperative fracture of the distal femur (yellow arrow). (A) Postoperative anteroposterior radiographs. (B) Postoperative
three-month radiographs showing evidence of osseointegration.
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Revision TKAs have shown a rapid increase between 2001 and 2010 by 267% in Korea.19 The gradual increase in
revision TKA can be explained by the increase in the aging population and improved accessibility to the healthcare
system.20 It is reasonable to expect that many surgeons will encounter severe bone defects presenting as one of the major
challenging issues in revision surgery. Our study shows evidence that trabecular metal cones are an effective option for
obtaining stable implants of large bone defects in revision TKAs. Additionally, surgery costs using trabecular metal cones
in revision arthroplasties are expensive and therefore cannot be recommended to all patients. The necessity of metal
cones in revision procedures should be considered carefully depending on patient needs and economic capabilities.

Trabecular metal cones have several distinct advantages. First and foremost, because several sizes and shapes of
cones are available, the surgical technique required for implants is relatively simple. Therefore, cones may reduce the
operative time and infection risk. Second, the cones allow for adequate structural support to the implants and offer the
opportunity for early weight bearing.21 The third advantage is the low potential risk of disease transmission that is
associated with structural allografts.21 Last, trabecular metal cones are suitable for a larger number of indications, such as
augmentations in tumor prostheses or after periprosthetic fractures.

Figure 3 Follow-up radiographs taken nine years following the revision TKA procedure with the use of a trabecular metal femoral cone, showing evidence of
osseointegration between the host bone and the femoral cone. (A) Preoperative radiographs. (B) Postoperative radiographs. (C) Postoperative one-year radiographs.
(D) Postoperative nine-year radiographs.
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Complications in the present study include a case of an intraoperative distal femoral fracture that occurred in an 85-
year-old woman during impaction of one trabecular metal cone. At the time of the revision procedure, the distal medial
condyle fragment was not unstable and was limited in fixation with a plate and screws. It was affixed to the femoral cone
and bone using a suture and bone cement. Complications with metal cones are rare but do include the risk of
intraoperative fracture during revision surgery.22,23 This case emphasizes the importance of adequate impaction power
and the appropriate size of the metal cone.

There are inevitable limitations to this study. First, this study is retrospectively designed and is performed on a small
number of patients. Surgery using trabecular metal cones is expensive and cannot be recommended to all patients. Second,
because this study has no comparative group and a small sample size, it has no external validity. Third, because there were only
few patient cases with trabecular metal cones at a single center, generalization about these outcomes may be limited. Fourth,
although the follow-up period had a mean of 6.9 years, a medium-term follow-up period may not be enough to confirm the
long-term effects and may not be a guarantee of good outcomes on long-term follow-ups. Last, this study only included a
trabecular metal cone group, lacking the usefulness of a comparison with other treatment options such as impaction grafting,
structural allografts, and nontrabecular implants. However, this study could not be prospectively randomized because the
outcomes associated with impaction grafting and structural allografts were not promising.24,25

The present study of trabecular metal cones exhibits excellent clinical outcomes and survivorship in revision TKA during
medium-term follow-up. Trabecular metal cones have been increasingly used for large bone defects in revision TKA. The
necessity of metal cones in revision procedures should be carefully considered depending on patient needs and economic
capabilities. In addition, longer-term follow-up studies are needed to further investigate these implants in revision TKA.
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