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Abstract
Introduction  Trabecular metal cones are a relatively new option for reconstruction of major bone defects during revision 
total knee arthroplasty (TKA). The purpose of the present study was to retrospectively assess medium-term results for tibial 
cones in revision TKA with a severe proximal tibial bone defect. We hypothesized that revision TKA patients with bone 
defects treated with trabecular metal cones have excellent medium-term clinical and radiological results.
Patients and methods  A single-center retrospective review included all consecutive cases of tibial revision using trabecular 
metal cones. All patients with a minimum 2-year follow-up were included in the study. There were no exclusion criteria. The 
primary endpoint was tibial cone survivorship. The secondary endpoints were revision TKA all-cause survivorship, patient-
reported outcome measures with a Knee injury and Osteoarthritis Outcome Score (KOOS), SF 12, and radiographic analysis.
Results  Five of the 57 patients alive at last follow-up (8.77%) had undergone revision (4 for infection and 1 for instability). 
Complications comprised four cases (7.02%) of infection, 2 cases (3.51%) of tibial and femoral implant aseptic loosening 
that did not require revision surgery, 1 of which (1.75%) with associated patellar loosening, and 1 case (1.75%) of instability. 
Kaplan–Meier estimates showed 100% 5-year survivorship with tibial cone revision for aseptic loosening and 93.44% (95% 
CI 83.47–97.49%) for all-cause revision.
Discussion  The present study of cones used for tibial revision supports shows excellent results; however, longer and larger 
follow-up is needed to better assess results in revision TKA.
Level of evidence  4, retrospective study
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Introduction

Revision total knee arthroplasty (TKA) is the primary treat-
ment for failed primary TKA. The anticipated volume and 
cost of revision TKA are forecasted to significantly increase 
in the near future [1]. Results after revision TKA are less 

predictable than after primary surgery [2]. Assessment and 
management of bone defects in revision TKA is a challeng-
ing problem [3]. Depending on defect severity, improved 
distal fixation may be needed. Many treatment options are 
available, without any evidence of superiority [4]. Tra-
becular metal (TM) cones are a relatively new option for 
reconstruction of major bone defects during revision TKA 
and have recently been studied, showing good primary fixa-
tion in cadaver [5] and biomechanical models [6]. TM is 
well described for femoral cones and tibial sleeves [7]. The 
purpose of a tibial cone is to enable metaphyseal fixation 
secondary to the high porosity and low elasticity modulus 
of TM [8, 9]. Some authors have reported good preliminary 
results with femoral cones, but further study is needed [8, 
10, 11]. Medium-term results on the tibial side have not yet 
been studied.

Sandiford et al. compared femoral head allograft and 
tibial cones in revision TKA and did not find any difference 
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[12], but there were only 15 patients in the cone group. 
Bohl et al. reported that metaphyseal cones were not associ-
ated with better short-term results [13]. Few studies have 
assessed medium-term results for tibial cones in revision 
TKA [14–16]. Longer follow-up studies are necessary to 
determine whether outcomes and survivorship differ over 
time. The purpose of the present study was to retrospec-
tively assess medium-term results for trabecular metal tibial 
cones in revision TKA. We hypothesized that revision TKA 
patients with bone defect treated with trabecular metal tibial 
cones have excellent medium-term clinical and radiological 
results.

Material and methods

A single-center retrospective review included all consecutive 
cases of tibial revision using trabecular metal cones. Since 
early 2010, all revision TKA procedures with tibial bone 
defects used porous metal cones. The study protocol was 
reviewed and accepted by our institutional review board.

The inclusion criteria were: patients undergoing revi-
sion TKA with a revision of the tibial component. Tibial 
metaphyseal cones were used in all cases. The metaphy-
seal tibial cone was made of highly porous tantalum bio-
material (Trabecular Metal, Zimmer®) Fig. 1. All patients 
with a minimum of 2 years follow-up were included. There 
were no exclusion criteria. Patients were seen for radio-
graphic and clinical follow-up as necessary. All surger-
ies were performed by one of the authors (WP), a senior 

fellowship-trained arthroplasty surgeon, between January 1, 
2010 and December 31, 2016.

Demographic data included age, gender, weight, height, 
body mass index, comorbidities, and perioperative variables 
(complications, operative time, implant records, etc.). Pre- 
and post-operative clinical scores included Knee injury and 
Osteoarthritis Outcome Scores (KOOS) and SF-12. Ambu-
lation ability of all patients was evaluated with the Postel 
Merle d’Aubigné score. Devane activity level, Charnley class 
and range of motion were also recorded for all patients. Pre-
operative and postoperative X-rays were analyzed for cone 
integration, fracture, mechanical axis, and loosening. The 
primary endpoint was tibial cone survivorship. The second-
ary endpoints were revision TKA all-cause survivorship, 
patient-reported outcome measures with KOOS, SF-12, and 
radiographic analysis.

Reasons for revision TKA in our study comprised: sec-
ond stage after infection (2 cases), aseptic loosening (55 
cases), instability (3 cases) and rotational problem (1 case). 
There were no cases of implant failure or fracture as a cause 
for revision. All revision procedures for infection were 
performed in 2 stages. The first stage was implant removal 
with antibiotic spacer placement and the second stage was 
reimplantation with revision components and the tibial cone. 
Preoperative radiographic review and intraoperative assess-
ment identified bone defect according to the AORI Anderson 
Bone Defect Classification [17]. Type 2B and 3 defects were 
identified intraoperatively [18]. Defect status comprised: no 
defect in 5 cases (8.20%), type 1 in 4 cases (6.56%), type 2A 
in 22 cases (36.07%), type 2B in 24 cases (39.34%) and type 
3 in 6 cases (9.84%).

A medial parapatellar approach and tourniquet were used 
in all cases. Trial sizes for the appropriate tibial cone were 
used to press-fit the tibial cone into the final position. Any 
remaining voids around the implant were not grafted. All 
patients had hybrid fixation of the tibial components with 
cement only between the cone and the tibial component and 
press-fit stems. Concomitant femoral revision was performed 
in 31 patients (50.82%) and femoral cones were used in 5 
cases (8.20%). One patient (1.64%) had no prior patellar 
component and primary patellar resurfacing was performed; 
56 patients (91.80%) had a prior patellar component, which 
was left in place; 4 patients (6.56%) had a prior patellar com-
ponent that was revised during surgery (1 for loosening, 3 for 
malposition). Posterior-stabilized components were used in 
43 cases (70.49%), varus-valgus constrained components in 
12 cases (19.67%) and hinged constructs in 6 cases (9.84%). 
The level of constraint was dictated by ligamentous and soft-
tissue status. The minimal necessary level of constraint was 
utilized. Mean polyethylene thickness was 13.97 ± 3.44 mm 
(range, 10–26).

The immediate postoperative and all subsequent radio-
graphs were analyzed by 2 observers for implant alignment, Fig. 1   Tibial cone, trabecular metal, Zimmer®
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migration, osseointegration and any complications such as 
fracture or loosening. Full-length and standard knee radio-
graphs were analyzed for radiolucency around the compo-
nents, reconstruction of the joint line, HKA angle, alpha 
angle, tibial slope, joint-line height, patellar tilt and patellar 
lateral translation in sunrise view. Final follow-up radio-
graphs were available and used for assessment of all patients. 
Criteria for radiological loosening of the tibial component 
were progressive lysis between bone, cone and implant.

Statistical analyses used Stata software, v12 (StataCorp, 
Texas, USA). Descriptive statistics were reported as num-
bers and percentage for categorical data and continuous data 
as mean ± standard deviation, or median and interquartile 
range in case of non-normal distribution checked graphi-
cally and on Shapiro–Wilk test. Continuous variables were 
compared before versus after surgery on paired Student’s t 
test (or Wilcoxon matched-pairs signed-rank test in case of 
non-normal distribution). Inter-rater concordance was ana-
lyzed on Pearson’s correlation coefficient (or Spearman’s 
in case of non-normal distribution) and Bland and Altman 
plot. Complications (all causes, infection, loosening and 
instability) were analyzed by survivorship, considering the 
complication as the event, and time from surgery to compli-
cation or censoring at last news (last consultation, or death 
without previous complication). Survival curves were plot-
ted according to Kaplan–Meier. Results were reported as 
complication rates at different time-points, with 95% confi-
dence intervals. We chose the 0.05 threshold statement for 
statistical significance.

Results

Clinical outcomes

Thirty-one of the 61 patients (50.82%) were female. 
Mean age at revision TKA was 60.35 ± 9.09 years (range, 
34.71–80.66 years). Four patients (6.56%) died for reasons 
unrelated to the revision TKA, but had been followed up for 
at least 2 years and were, therefore, included in the study. 
Two patients (3.28%), who had undergone revision TKA at 
least 2 years previously, were not seen after their 6-month 
appointment and were thus lost to follow-up. The study flow-
chart is shown in Fig. 2.

Clinical examination at final follow-up found 1 patient 
(1.82%) who could not walk at all, 1 patient (1.82%) walking 
with 2 canes, 3 patients (5.45%) walking 1 cane, 5 patients 
(9.09%) walking with a cane only outside the home, 13 
patients (23.64%) using a cane only for long distances, and 
32 (58.18%) walking without any assistive device. Devane 
activity level was 1 for 2 patients (3.64%), 2 for 26 patients 
(47.27%), 3 for 18 patients (32.73%), 4 for 8 patients 
(14.55%), and 5 for 1 patient (1.82%). Charnley class 

was A for 9 patients (16.36%), B for 31 patients (56.36%) 
and C for 15 patients (27.27%). Mean KOOS improved 
from 56.32 ± 10.84 (range 36.93–65.99) preoperatively 
to 71.84 ± 22.56 (range 24.88–100) at final follow-up 
(p = 0.013). Mean Mental SF-12 score improved from 
52.70 ± 8.93 (39.57–70.40) to 54.96 ± 6.80 (40.93–64.67) 
(p = 0.50), and mean Physical SF-12 score increased from 
32.31 ± 11.66 (18.87–57.65) to 39.58 ± 11.94 (21.43–57.84) 
(p = 0.083). At final follow-up, mean flexion contracture was 
0.33 ± 1.54° (− 5° hyperextension to 5° flexion contracture) 
and mean maximum flexion was 117.51 ± 10.92° (80–135°). 
These results are described in Table 1.

Radiographic results

Inter-observer reliability was good: correlation coefficient 
r = 0.93 (p < 0.001) for alpha angle, r = 0.98 (p < 0.001) 
for beta angle, r = 0.99 (p < 0.001) for HKA angle, r = 0.85 

Fig. 2   Flow chart

Table 1   Clinical results

Number at last follow-up or mean

Devane activity level 1 2
2 26
3 18
4 8
5 1

Charnley class A 9
B 31
C 15

KOOS 71.84 ± 22.56 (24.88–100)
SF-12 39.58 ± 11.94 (21.43–57.84)
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(p < 0001) for HKS angle, r = 0.98 (p < 0.001) for interline 
height, r = 0.98 (p < 0.001) for patellar translation, r = 0.98 
(p < 0.001) for patellar tilt, and r = 0.99 (p < 0.001) for tibial 
slope.

Mean HKA angle improved from 172.66 ± 6.82° to 
178.96 ± 2.85° (p < 0.001). Prior to surgery, 47 patients 
(77.05%) were outside the 180 ± 3° HKA range, with 45 
patients below 177° and 2 patients above 183°. Post-opera-
tively, only 12 patients (21.05%) were outside the 180 ± 3° 
HKA range, with 9 patients below 177° and 3 patients 
above 183°. Mean alpha angle changed from 95.50 ± 2.10° 
to 95.40 ± 1.47° (p = 0.72). Mean beta angle changed from 
84.77 ± 5.15° to 89.58 ± 1.70° (p < 0.0001). Mean tibial 
slope changed from 6.25 ± 5.09° to 4.84 ± 2.50° (p = 0.034). 
Mean joint-line height relative to the fibular head changed 
from 15.93 ± 4.87 mm to 17.19 ± 5.91 mm (p = 0.035). Mean 
patellar tilt progressed from 5.90 ± 4.57° to 3.80 ± 3.51° 
(p = 0.0005). Mean patellar lateral translation on sunrise 
view progressed from 4.32 ± 3.26 mm to 3.31 ± 3.35 mm 
(p = 0.031).

Survivorship and complications

Five of the 57 patients alive at last follow-up (8.77%) had 
undergone revision (4 for infection and 1 for instabil-
ity). Complications comprised 4 cases (7.02%) of infec-
tion, 2 cases (3.51%) of tibial and femoral loosening, 1 
of which (1.75%) with associated patellar loosening, and 
1 case (1.75%) of instability. The two patients with tibial 
and femoral aseptic loosening are asymptomatic and have 
not undergone revision surgery. Kaplan–Meier estimates 
showed 100% 5-year survivorship with tibial cone revi-
sion for aseptic loosening as an event, and 93.44% (95% CI 
83.47–97.49%) for all-cause revision (Fig. 3).

Discussion

The primary conclusion of our study is the excellent 
medium-term results of tibial cones used for management of 
tibial bone defect and metaphyseal fixation in revision total 
knee arthroplasty. On the primary endpoint of survivorship 
for aseptic loosening of the revision TKA, clinical results 
at minimum 2 years follow-up were excellent. These results 
were similar to those reported for cones used in a femoral 
defect in revision TKA [8], with 5-year survivorship of 96% 
for cone revision due to aseptic loosening. To our knowl-
edge, no other studies specifically reported medium-term 
results for cones used for tibial defect, although short-term 
results were good in Bohl et al. [13] with no subsequent 
complications or revision. Denehy [15] found similar results 
with 90.2% survival rate for any reason at 27 months mean 
follow-up with the Stryker cone for femoral and tibial defect. 

Backstein et al. found satisfactory results using allograft in 
revision TKA but results in our study are slightly improved 
compared to these findings [19]. As described by Denehy, 
the second-generation metaphyseal cones used in this study 
were produced from titanium powder using 3-dimensionally 
printed technology and were prepared for insertion with a 
simplified cannulated technique with markings on the ream-
ers to identify the depth and size of the cone required to meet 
the surgical objectives. It makes the surgery easier than with 
the previous generation [15]. Moreover, the high number of 
trials and different sizes available help facilitate the use of 
these cones during surgery.

The secondary endpoint was all-cause survivorship. Com-
pared to the recent literature, the current study results for 
tibial cones are comparable to the results for cones in septic 
revision reported by Burastero and by Agarwal, although 
these studies included both tibial and femoral defects [20, 
21]. Our results are also comparable to those reported in sys-
tematic reviews by Divano et al. and Zanirato et al. [10, 22]. 
Klim et al. reported a lower survivorship rate but focused 
specifically using metaphyseal sleeves in septic revision 
TKA [23]. Sandiford et al. found no difference between 
femoral head allograft and trabecular metal cones for severe 
bone defects in revision TKA, and advocated that both may 
be used to address these defects in revision TKA [12]. Kim 
found no difference between cones and sleeves with severe 
bone defects in revision TKA, but the analysis included only 
a few studies and patients [24]. Stambough reported satisfac-
tory results using acetabular wedge augments in uncontained 
tibial plateau defects [25]. These studies as well as the cur-
rent study support the use of tibial cones as a viable option 
in revision TKA to aid with both primary and secondary 
fixation of the tibial component.

Complications with tibial cones are rare but do include 
risk of intraoperative fracture [22, 26]. Infection rate does 

Fig. 3   Kaplan–Meier analysis for implant survival for all complica-
tions



117Archives of Orthopaedic and Trauma Surgery (2021) 141:113–118	

1 3

not appear to be increased when using a tibial cone but larger 
and longer-term studies are needed to validate these conclu-
sions [27]. In our study the complication rate was low, may 
be due to our patient population. Nevertheless, all patients 
requiring a tibial revision were included in our analysis.

Our study does have a number of limitations. First, it was 
a retrospective single-center study with a small number of 
patients and without a control group. However, we did not 
exclude any patients undergoing revision TKA with a tibial 
cone during the study period and data were extracted from a 
prospective database. Thus our results may be a good reflec-
tion of reality. The length of follow-up is relatively short 
but these are newer implants and longer-term follow-up is 
unavailable at this point. We have used these tibial cones in 
many types of bone defects because we believe the cones 
help anchor the implant improving primary and secondary 
fixation. Defect-oriented differentiation of the survivorship 
according to primary and secondary endpoints based on the 
bone defects T1-T3 could be useful but type 1 and 3 were 
rare with no statistical value. Despite these limitations, the 
present study results are encouraging for the use of tibial 
cones in revision TKA.

Conclusion

The present study of tibial cones shows excellent clinical 
results and survivorship and supports their use in revision 
TKA. However, longer and larger follow-up studies are 
needed to better assess long-term clinical outcomes in revi-
sion TKA.
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