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Abstract
Purpose Severe metaphyseal bone defects remain a challenge and represent a growing problem in revision total knee arthro-
plasty (RTKA). The purpose of this study was to examine the survival of first-generation tantalum metal cones (TMC) and to 
assess clinical and radiographic data obtained from mid- to long-term follow-ups (FU) after RTKA with severe bony defects.
Methods This retrospective case series included 100 consecutive patients of the same centre, who underwent RTKA surgery 
with TMC for tibia and/or femur bone defects between January 2011 and December 2015. Fourteen patients had died and six 
were lost for FU, leaving a total of eighty patients (one hundred and twelve TMC) for final evaluation. Clinical parameters 
including the Knee Society Score (KSS), visual analogue scale (VAS), Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC) and range of motion (ROM) were determined preoperatively based on the patients’ medical charts, 
and assessed again during the final FU after an average of 6.1 (5–9) years postoperative. Standardised postoperative X-rays 
were analysed during the final FU visit for osseointegration of the cones, and any signs of implant loosening were assessed 
with the modified Knee Society Radiographic review criteria. Perioperative and postoperative complications, reoperations, 
as well as implant and cone re-revisions were analysed. Survivorship analysis was performed with (a) cone-related revision 
for any reason and (b) implant component revision for any reason.
Results Previous RTKA had to be performed due to 64 (80%) aseptic and 16 (20%) septic failures. At the final FU, 75 (94%) 
tibia and 76 (95%) femur TMCs and implants were clinically stable. One patient experienced loosening of cones and implants 
at the femur and tibia but denied re-revision surgery. There were eight (10%) reoperations including two early wound healing 
problems, two inlay changes, two periprosthetic fractures, one debridement, antibiotics and implant retention (DAIR), and 
one secondary patella replacement. The six (7.5%) re-revisions included two aseptic loosening’s of the opposite implant 
without TMC, one arthrodesis for recurrent instability, and three deep infections managed by two two-stage exchanges, and 
one amputation for persistent infection. At re-revision, all TMC cones were osteointegrated without signs of loosening. The 
determined clinical parameters showed significant (p < 0.001) postoperative improvement, and objective KSS was rated as 
excellent in 51%, and as good in 22% of patients at the final FU. The estimated 8-year Kaplan–Meier survival was 95% for 
TMC and 92.5% for implant components.
Conclusion Tantalum metal cones (TMC) demonstrate a secure fixation for treatment of severe femoral and tibial metaphyseal 
bone defects during RTKA. This fixation concept showed excellent mid- to long-term clinical and radiographic outcomes 
with promising 8-year survival rates for cones and implant components.
Level of evidence Retrospective cohort study, Level IV.
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RTKA  Revision total knee arthroplasty
TMC  Tantalum metal cones
TT  Tibial tuberosity
VAS  Visual analogue scale
WOMAC  Western Ontario and McMaster Universities 

Osteoarthritis Index
ICM  International Consensus Meeting

Introduction

The frequency of revision total knee arthroplasty (RTKA) 
is growing, and orthopaedic surgeons are increasingly faced 
with the challenging problem of managing large bone loss, 
particularly in patients with a history of multiple surgical 
procedures of the same knee [29, 33, 34]. Thus, the demand 
for prosthesis with durable methods of fixation is increasing 
in revision surgery.

The AORI (Anderson Orthopaedic Research Institute) 
classification is a useful tool for surgeons to describe and 
guide femoral and tibial bone loss in RTKA [14]. Based on 
the size and type of the defect, various treatment modalities 
are available [5, 24, 25]. Tantalum metal cones (TMC) and 
sleeves have emerged as promising treatment options for 
handling major AORI type 2–3 defects, where the meta-
physeal segment is damaged or deficient, and fixation of the 
implant in RTKA is difficult [36]. The mechanical proper-
ties of TMC, such as high porosity, bone ingrowth, high 
co-efficient of friction and stiffness, are similar to that of 
cancellous bone. The TMC optimises the contact with the 
host bone and enables a biological fixation [13]. In addition, 
the metaphyseal fixation of TMC in zone 2 increases the 
rotational stability and plays a key role for the longevity of 
implant fixation in case of bone deficiencies in TKA surgery 
[27]. Many previous studies have reported excellent survival 
rates and promising clinical and radiological outcomes of 
TMC and newer cones of different material in the short-term 
FU, but only few studies have examined the mid- to long-
term results thereof.

The primary aim of this study was to evaluate the mid- 
to long-term survival for TMC and implants in a consecu-
tive series of patients who underwent complex RTKA with 
severe bony defects. The secondary aim included the evalu-
ation of clinical and radiographic outcomes as well as the 
analysis of complications, reoperations and revisions. The 
hypothesis of this study was that TMC will maintain a high 
survivorship of greater than 90% in the mid- to long-term 
period and will achieve favourable mid- to long-term clinical 
and radiological outcomes.

Materials and methods

In total, 100 consecutive patients underwent RTKA using 
first-generation TMC (tantalum metal cones, Zimmer, War-
saw, Indiana) for femoral and/or tibial bone defects between 
January 2011 and December 2015. Of these 100 patients, 
14 (14%) had died by the time the current study began for 
reasons unrelated to the surgical intervention and 6 patients 
(6%) were lost to follow-up. The final cohort included 80 
patients with a mean FU period of 6.1 (5–9) years after 
surgery. The baseline characteristics of these patients are 
presented in Table 1.

In all patients, standardised preoperative radiographs 
were performed to classify the defect according to the AORI 
classification system and to perform preoperative planning 
based on full leg weight-bearing radiographs. The require-
ment for TMC (AORI type 2 and 3 only) was determined 
based on the preoperatively estimated bone loss and during 
final intraoperative assessment after implant removal. Rea-
sons for revision, AORI classification and implant informa-
tion were reviewed retrospectively.

Surgical technique

In all cases, a standardised failure analysis [18] and a three-
step surgical technique [37] were performed by one of the 
three senior authors (HS, PM or DO). In three cases (4%), 
tibia tubercle osteotomies were performed; two of which 
for the approach in stiff knees with patella baja and one for 
removal of a tibia implant with cementless porous keel fixa-
tion. The metaphyseal zone was prepared for the cone using 
a standardised surgical technique with reamers and broaches 
to optimise the contact with the host bone. Special care was 
taken for sclerotic bone at the tibia to prevent any fracture 
during cone implantation. The preferred implant type for 
AORI type 2 defects was a semi-constrained condylar knee 
(CCK) prosthesis (NexGen LCCK Zimmer, Warsaw, Indi-
ana), which allows a less constrained posterior stabilised 
(PS) insert in balanced knees. For AORI type 3 defects, the 
preferred implant type was a third-generation rotating hinge 
knee (RHK) (NexGen RHK Zimmer, Warsaw, Indiana), 

Table 1  Baseline characteristics of the cohort

ASA American Society of Anesthesiologists

Demographics Value

Sex female/male, n (%) 44 (55%)/36 (45%)
Body mass index kg/m2; mean (SD) 29.7 (18–42)
Age at time of surgery, mean (SD) 65.3 (42–83)
ASA score; mean (SD) 2.17 (1–3)
Knee right/knee left, n (%) 36 (45%)/44 (55%)
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which allows less rotational stress on the metaphyseal con-
struct. The intramedullary canal was reamed to ensure a 
press-fit cementless stem fixation into the diaphysis. With 
the exception of five cases (6%), all prosthesis were fixed 
with a hybrid cementing technique with cementless stems. 
The preferred stem length was 100 mm. A short cemented 
diaphyseal stem (35 mm) was used only when the anatomy 
did not allow the use of longer stems.

Prior to the hybrid cementing of the implant, the porous 
tantalum cone was placed in proper position and primary 
press-fit stability was checked with the “pull out test”. 
Because of weak distal cortical bone in 18 femurs (23%), an 
additional prophylactic cerclage wire was used before the 
placement of the TMC. In severe meta-diaphyseal bone loss, 
with the exception of one patient, a stacking technique with 
two TMCs was used as an alternative to a megaprosthesis 
solution. In this double cone technique, a smaller diaphyseal 
cone was press-fit implanted into the healthy diaphyseal host 
bone, and a larger metaphyseal cone was cemented on top 
together with the implant to reconstruct the metaphyseal 
anatomy [31]

For all infected cases, the antibiotic (AB) therapy was 
administered for 6 weeks on the recommendation of the 
infectious disease specialist. Inpatient mobilisation with 
partial weight-bearing started the day after surgery and 
was followed by a standardised inpatient or outpatient reha-
bilitation programme allowing progressive weight-bearing. 
All patients had a clinical and radiographic FU visit after 6 
weeks and full weight-bearing was allowed. Further clini-
cal checkups were performed annually at the hospital or the 
referring orthopaedic surgeon.

Clinical and radiographic assessment

Clinical outcomes were reviewed preoperatively from the 
institutional medical database and assessed again at the final 
FU. Clinical outcomes consisted of KSS, ROM and VAS. 
The KSS was further classified as excellent (objective ≥ of 
90, function ≥ 85), good (objective from 77 to 89, function 
from 73 to 84), fair (objective from 65 to 76, function from 
56 to 72) or poor (objective < 65, function < 56) [26]. In 
addition, the joint-specific Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) was obtained at 
the time of FU to assess pain, stiffness and function.

The standardised postoperative anteroposterior X-rays, 
lateral and full leg film were assessed for osseointegra-
tion of the cones and any signs of implant loosening using 
the modified Knee Society Radiographic review criteria, 
recently published by Behery et al. [6]. The radiographs 
were evaluated by EHM and HS on a consensus basis. The 
AP and lateral view of the femur and tibia were divided 
into 14 zones and the gap of the radiolucent lines for each 
of the zones was measured in millimetres and summarised 

for each component. Femoral constructs were classified as 
stable (< 8 mm radiolucencies), implant at risk (9–19 mm 
radiolucencies) or loose (> 20 mm radiolucencies or compo-
nents migration). Tibial constructs were classified as stable 
(< 9 mm radiolucencies), implant at risk (10–22 mm radio-
lucencies) or loose (> 23 mm radiolucencies or components 
migration). Four patients who were unable to attend the last 
FU in person received a comprehensive questionnaire, were 
contacted via telephone, and submitted recent radiographs.

Complications, reoperations and re‑revisions

Perioperative and postoperative complications, reoperations 
and implant and cone re-revisions were analysed through a 
medical database search of all included patients. Addition-
ally, patients were asked during the FU visit about any previ-
ous or current issues with the implant.

Statistical analysis

Statistical analysis was carried out using IBM® SPSS® 
Statistics (Version 27.0.1.0). Descriptive data analysis is 
presented as median and interquartile range (IQR) for con-
tinuous variables and as absolute/relative frequency for 
categorical variables. The Kolmogorov–Smirnov test was 
used to assess whether the data (KSS, VAS) were normally 
distributed. To detect significant differences between pre-
operative and postoperative data, the Wilcoxon matched-
pair signed-rank test and paired t tests were performed for 
parametric and non-parametric distributions, respectively. A 
p value of < 0.05 was considered as statistically significant. 
The Kaplan–Meier method was employed to calculate cumu-
lative unadjusted component survival with (a) cone-related 
revision for any reason and (b) implant component revision 
for any reason.

A post hoc power analysis (G*Power version 3.1.9.4) 
for the difference in preoperative and postoperative clinical 
scores was performed and revealed a statistical power of 
greater than 80% with a p value of < 0.05.

This retrospective cohort study was approved by the 
institutional review board of the Medical University of 
Graz (EK-nr. 32-196 ex 19/20) and informed consent was 
obtained from all included patients.

Results

A total of 112 cones were implanted, and in 6 (7.5%) 
patients, a double cone stacking technique was performed. 
The reasons for revision surgery were 64 (80%) aseptic and 
16 (20%) septic failures. At the time of revision, 19 (24%) 
knees showed large bony defects of AORI type 2a, 28 (35%) 
showed type 2b defects and 33 (41%) showed type 3 defects. 
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Details of the implants and used TMC are summarised in 
Table 2.

Clinical outcome

All clinical parameters showed significant (p = 0.001) 
improvement from preoperative to the last FU and are sum-
marised in Table 3. The KSS improved significantly from 
52 (IQR 22) and 45 (IQR 26) before the operation to 90 
(IQR 20.0) and 77 (IQR 30.0) after the operation. The objec-
tive KSS was excellent in 40 (51%) and good in 17 patients 
(22%) at the latest FU. The mean maximum knee flexion 

increased from 90° (IQR 14.0°) preoperatively to 110° (IQR 
34.0°) postoperatively (p = 0.001). Twelve patients had a 
preoperative flexion contracture of > 10°. At the time of last 
FU, one patient had a residual flex contracture of > 10°.

Radiographic outcome

At the final FU, 75 (94%) tibia and 76 (95%) femur TMCs 
and implants were stable, as summarised in Table  3. 
Implants at risk were noted in four cases (5%) on the tibial 
side and in two cases (2.5%) on the femoral side without 
any clinical symptoms. After the fifth revision surgery 

Table 2  Reason for revision, defect classification according to the Anderson Orthopedic Research Institute classification, implant information

PS posterior stabilised, CC condylar constrained, RHK rotating hinge knee, TT tibial tuberosity, PJI periprosthetic joint infection, AORI Ander-
son Orthopaedic Research Institute
a Short 35 mm
b Standard 100 mm
c Long 140 mm
d One femur with cone without stem

Reason for revision No. knees (%)

Aseptic loosening 36 (45%)
Instability and malrotation 14 (17%)
Osteolysis due to poly wear 11 (14%)
Periprosthetic fractures 2 (3%)
Osteomyelitis 1 (1%)
PJI (periprosthetic joint infection) 16 (20%)

AORI classification No. knees (%)

Type 2a 19 (24%)
Type 2b 28 (35%)
Type 3 33 (41%)

Parameter No. knees (%)

Level of constrained Condylar constrained—PS insert 20 (25%)
Condylar constrained—CC insert 20 (25%)
RHK third generation 39 (49%)
Megaprosthesis RHK 1 (1%)

Average polyethylene insert thickness 16.50 mm 
(range 
10-24 mm)

Tibial stem length  shorta/standardb/longc 1/46/33
Femoral stem length  shorta/standardb/longc 0d/41/38
Hybrid cementing 75 (94%)
Full cemented stems 5 (6%)
Prophylactic femur cerclage 18 (23%)
TT osteotomy 3 (4%)

Type and cone size No. cones (%)

Tibial cone: total 68 Single 64 (57%)
Two double cones 4 (4%)

Femoral cone: total 44 Single 36 (32%)
Four double cones 8 (7%)
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with TCM for aseptic loosening following two two-stage 
septic procedures, one patient displayed femoral and tib-
ial implant and cone loosening with complete radiolucent 
lines but without any signs of infection. The patient denied 
revision surgery but was counted as septic failure for the 
survival calculation (Fig. 1). Two further cases showed a 
well-fixed TMC but loosening of the opposite implant (one 
femur and one tibia), which had been initially implanted 
without a TMC (Fig. 2).

Complications, reoperations and re‑revisions

No intraoperative complications occurred. There were 14 
(17.5%) postoperative complications with 8 (10%) reop-
erations and 6 (7.5%) revision surgeries as summarised in 
Table 4. The reoperations included two instabilities (one 
CCK with PS and one RHK) which were treated with 
isolated inlay exchanges. The PS to CCK insert change 
was successful, whereas the thicker RHK insert still had 
recurrent dislocations due to an insufficient extensor 

Table 3  Clinical and radiographic outcomes preoperative and at last follow up (KSS, VAS, WOMAC, Flexion contracture) KSS was classified 
by Miralles-Muñoz FA et al. [26]

KSS American Knee Society Score, WOMAC Western Ontario and McMaster Universities Osteoarthritis Index, IQR Interquartile range
a Clinical outcome 78 patients (arthrodesis and amputation excluded)

Clinical  outcomea Preoperative median (IQR) At last follow-up median (IQR) p-value

KSS objective 52 (± 22) 90 (± 20)  < 0.001*

KSS function 45 (± 26) 77.5 (± 30)  < 0.001*

VAS 7 (± 1) 2 (± 3)  < 0.001*

WOMAC  ~ 69.7 (± 29.6)
Knee flexion 90 (± 14) 110 (± 34)  < 0.001*

KSS objective Preoperative No. patients (%) At last follow-up No. Pat. (%)

Excellent > 90 1 (1%) 40 (51%)
Good 77–89 4 (5%) 17 (22%)
Fair 65–76 14 (18%) 8 (10%)
Poor < 65 59 (76%) 13 (17%)

KSS function Preoperative No. patients (%) At last follow-up No. Pat. (%)

Excellent > 85 1 (1%) 23 (30%)
Good 73–84 5 (6%) 22 (28%)
Fair 56–72 17 (22%) 15 (19%)
Poor < 56 55 (71%) 18 (23%)

Flex contracture Preoperative No. patients (%) At last follow-up No. Pat. (%)

5–10° 10 (13%) 2 (2.5%)
> 10° 9 (11.5%) 1 (1.5%)
> 20° 3 (4%) 0

Radiographic outcome No. implant (%)

Tibial implant Stable (≤ 9) 75 (94%)
At risk (10–22) 4 (5%)
Loose (≥ 23) 1 (1%)

Femoral implant Stable (≤ 8) 76 (95%)
At risk (9–19) 2 (2.5%)
Loose (≥ 20) 2 (2.5%)

Tibial cone (n = 68) No radiolucent line 62 (91%)
Partial radiolucent line 5 (7.5%)
Loose 1 (1.5%)

Femoral cone (n = 44) No radiolucent line 42 (95%)
Partial radiolucent line 1 (2.5%)
Loose 1 (2.5%)



5501Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:5496–5506 

1 3

mechanism, which eventually resulted in arthrodesis. 
The two periprosthetic fractures with adequate trauma 
and stable TMC and implant components were success-
fully treated with open reduction internal fixation. The 
two superficial wound healing problems were managed 
with superficial debridement. One early postoperative 
deep infection was successfully treated with debridement, 
antibiotics and implant retention (DAIR). The secondary 
patella replacement was performed elsewhere with mod-
erate success. The six re-revisions included the two cases 
described above with aseptic loosening of the opposite 
implant where no TMC had been used. Both knees under-
went successful partial revisions of the loose implant with 
additional TMC for fixation (Fig. 2). Two of the three late 
deep infections were treated with two-stage procedures. 
One knee had to be amputated due to persistent infection 
after three failed two-stage procedures. Arthrodesis was 
performed for the previously described RHK case with 
recurrent dislocations. During re-revision surgery, all 

four TMCs showed good osteointegration and no signs 
of loosening.

Survivorship

The Kaplan–Meier estimates demonstrated an 8-year sur-
vivorship for TMC revision of 95% for any reason and of 
92.5% for implant components (Fig. 3).

Discussion

The most important finding of the present study is that first-
generation TMC in combination with cementless diaphyseal 
stems demonstrates an excellent mid- to long-term survival 
rate for both TMC and implant components. In addition, 
all clinical parameters showed a statistically significant 
improvement from preoperative to the final FU and are com-
parable to those of previous studies (Table 5). At the mean 
FU of 6.1 years, no TMC had to be re-revised due to aseptic 
loosening and the overall rate of revision and reoperation 
was low for these complex revision cases.

The excellent survival (revision for any reason) of TMC 
and of implant components was in accordance with four 
studies documented in the recent literature [12, 20, 28, 32]. 
In contrast, a few publications report worse mid- to long-
term survival rates. For example, Abdelaziz et al. [1, 2] 
describe two RTKA TMC series. The first report includes 
infected TKA only, compared to the 20% septic patients in 
this study cohort, and achieved a lower TMC and implant 
component survival of 83% and 79% after 4-year FUs, 
respectively. In the second report, fixed hinges were used in 
52% of the patients and a lower cone and implant component 
survival of 75% and 52% were reported, respectively. The 
higher failure rates of infected TKA and fixed hinges are 
mentioned by the authors in both publications. Furthermore, 
higher aseptic loosening rates of this specific hinge design 
with large femur diameters are reported in the literature [22].

Potter et  al. reported higher failure rates for single 
femoral cones with AORI type 3 defects compared to the 
tibia which led to a lower survival rate for femoral cones. 
Therefore, these authors recommended TMC with different 
shapes, sizes and methods of preparation for type 3 femur 
bony defects [30]. Hernandez et al. found a survival rate at 
a mean FU of 7.5 years for cone and implant components 
of 84% and 62%, respectively [17]. The lower TMC and 
implant survival rate in this series was observed due to the 
higher number (37%) of periprosthetic joint infections (PJI) 
of patients after two-stage revisions.

Due to the high proportion of type 3 defects (41%) in the 
present study, half of the cases were treated with RHK. This 
design allows axial rotation on the tibial plateau, and thus 
reduces the stress to the interface between the bone and the 

Fig. 1  A Right knee, anteroposterior, B right knee, lateral radio-
graphic views after two septic two-stage revisions at time of fifth 
revision with tantalum metal cones (TMC). In this knee, both com-
ponents are loose with double cone technique at tibia, prophylactic 
cerclage at femur, cemented stems, fixation of the tibial tuberosity 
osteotomy with two screws into the TMC and complete radiolucent 
lines at 8.2-year follow-up (FU) (patient who denied re-revision sur-
gery and was calculated as septic failure)
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implant [3]. Moreover, six AORI type 3 defects were suc-
cessfully treated with a double cone stacking technique in 
our study and only one megaprosthesis was necessary. The 

5% TMC revisions for any reason reported in our study is 
excellent and finds itself in the lowest range described in 
the extant literature (Table 5). The patient with loose TMC 

Fig. 2  A Left knee, anteropos-
terior radiographs show perfect 
implantation of a condylar 
constrained knee (CCK) compo-
nent with cementless stems and 
TMC on tibia only. B Left knee, 
anteroposterior radiographs 
show loose femur component 
with stable tibia construct for 
aseptic loosening after 5-year 
FU. (C) Left knee, anteropos-
terior radiographs show partial 
revision of femur component 
only with TMC using a longer 
cementless stem

Table 4  Reoperation and re-revision surgery

PS posterior stabilised, CCK condylar constrained knee, RHK rotating hinge knee, DAIR debridement, antibiotics, and implant retention

Reoperations No. patients (%)

PS change for CCK inlay 1 (1.25%)
RHK inlay 1 size thicker 1 (1.25%)
Sec. patella resurface 1 (1.25%)
Periprosthetic fracture 2 (2.5%)
Superficial wound revision 2 (2.5%)
DAIR 1 (1.25%)

Re-revision surgery No. patients (%)

Partial revision femur/tibia without cone Aseptic loosening 2 (2.5%)
Two stage with cone Deep infection 2 (2.5%)
Arthrodesis with cone Recurrent instability 1 (1.25%)
Amputation without cone Recurrent infection 1 (1.25%)
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and components at both tibia and femur (Fig. 1) who denied 
revision surgery, had a history of two two-stage revisions 
for infection. Although no infection according to Interna-
tional Consensus Meeting (ICM) guidelines was detected, 
we suspect this case to be a septic loosening of the TMC 
and implant components. Two of the three late deep infec-
tions were treated successfully with a two-stage procedure. 
The remaining knee with recurrent infection ended up with 
amputation after two unsuccessful two-stage procedures.

One of the reasons for the very low infection rate for 
aseptic revisions in this study might be the AB manage-
ment of the present study’s institution. Therapeutic AB bone 
cement with 1 g gentamicin and 1 g clindamycin (Revision 
bone cement, Biomet, Warsaw, Indiana) is used in combina-
tion with prolonged systemic AB therapy for 5 to 7 days for 
all aseptic revisions. Although this approach with extended 
AB therapy in these high-risk patients is still controversial 
and not recommended by ICM 2018 [4], it is currently under 
debate [8].

It might have been possible to prevent the two (2.5%) 
cases with partial revision for aseptic loosening of the com-
ponent without TMC and stable opposite components with 
TMC (Fig. 2) using a TMC during the primary revision sur-
gery for both components. Ten year ago, the indication for 
TMC was very restrictive due to the high costs and missing 

evidence for their benefit, but over time, the number of 
RTKA has increased from 5 to 15% in the institution the 
study was conducted in. This trend has been also observed 
in the United States [10]. Currently, the benefit of TMC, 
especially for smaller defects, still has to be proven, par-
ticularly in comparison to other alternative fixation methods 
[9, 26, 35].

The long-term fate of the 6 (5%) out of 112 TMC patients 
with partial radiolucent lines remains unclear. Since none of 
the patients included in this study showed clinical signs of 
loosening, they might have remained stable and the long-
term outcome will not be compromised. In the authors’ clini-
cal experience, 30% to 50% of the TMCs must be osteointe-
grated to prevent loosening, but this will have to be proven 
in biomechanical and clinical studies with more patients and 
long-term FUs.

In the present study, all cases except for five (6%) were 
fixed with cementless diaphyseal stems with a hybrid tech-
nique. Cemented stems were used only in recurrent infec-
tions where the local AB cement in the diaphysis might 
be beneficial, where the metaphyseal construct seemed not 
to be stable enough for cementless stem fixation or where 
short metaphyseal stems were necessary due to meta-
diaphyseal anatomic conflicts. This study confirms that 
diaphyseal cementless fixation with TMC in severe bony 

Fig. 3  Kaplan–Meier survival analysis for any revision surgery for cones (straight line) and any implant (dotted line)
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defects work very well. Nevertheless, in the published 
TMC literature (Table 5), cemented stem fixations were 
used in only 75% of cases. Currently, there is no evidence 
that one of these fixation philosophies yields better results 
for RTKA, but many surgeons move to shorter cemented 
stems together with TMC [19]. It is not clear yet if this 
approach to reduce stem tip pain works well with AORI 
type 3 defects [38].

Metaphyseal sleeves constitute a different approach of 
fixation concept in RTKA with severe bony defects. Sleeves 
are firmly attached to the prosthesis like a monobloc con-
struct, which might facilitate the use of the implantation 
technique. However, the reconstruction of the joint line is 
more limited in sleeves compared to cones. TMCs are an 
independent part of the prosthesis, and thus are flexible for 
eccentric bone defects. However, several papers have also 
shown excellent mid- to long-term survival rates for sleeves 
[7, 11, 16, 21]. In two recent meta-analyses and one large 
consecutive series comparing cones and sleeves, the survival 
rates were comparable [15, 23, 36].

There are some limitations of the present study. First, 
the data review was performed retrospectively for preopera-
tive clinical outcomes. However, a standardised chart form 
was used to guide prospective data collection in the local 
database which enabled a systematic data acquisition. Fur-
thermore, losses to FU or death may introduce an attrition 
bias, but eventually, a FU of 80% was maintained, which is 
acceptable for this kind of cohort. Another limitation is the 
considerably heterogeneous nature of the cohort in terms of 
indications, numbers of previous surgeries and soft tissue 
situations. However, as with all re-revisions, each case is 
somewhat unique. In our study, failure analysis, planning, 
surgical technique, use of implant constraint and philosophy 
of implant fixation were standardised and performed by three 
specialised orthopaedic knee surgeons only, which limits the 
possible impact of a technical bias. Additionally, there were 
only limited numbers of patients available for analysis after 
8 years, which may bias the estimated TMC and implant 
survival. For the radiographic review, no inter- and intra-
observer analysis has been performed. The major strength 
of this study is the relatively high number of patients and 
mid- to long-term FU which allows for valid conclusions 
regarding the fixation technique used with TMC in combina-
tion with cementless stem for severe bony defects.

The excellent mid- to long-term study results of this large 
series of RTKA using TMC strengthen the promising out-
comes of recent literature. Such data are particularly encour-
aging for patients with a history of multiple previous knee 
surgeries who may benefit from extended prosthesis survival 
and improved mobility, as well as reduced pain and stiff-
ness. Moreover, surgeons should attempt to maximise the 
metaphyseal fixation in AORI type 2–3 defects to guarantee 
solid primary fixation and a long-term implant survivorship.Ta
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Conclusion

First-generation TMC in combination with cementless 
stems demonstrate a secure fixation for treatment of severe 
femoral and tibial metaphyseal bone defects during revi-
sion TKA surgery. This fixation concept shows excellent 
mid- to long-term 8-year survival rates for cones and 
implant components with favourable clinical and radio-
graphic outcomes.

Funding Open access funding provided by Medical University of Graz. 
There were no outside funding or grants received that assisted in this 
study.

Data availability Raw data for dataset are not publicly available to 
preserve individuals’ privacy under the European General Data Protec-
tion Regulation.

Declarations 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval This retrospective cohort study was approved by the 
institutional review board of the Medical University of Graz (EK-nr. 
32-196 ex 19/20).

Informed consent Informed consent was obtained from all included 
patients.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Abdelaziz H, Biewald P, Anastasiadis Z, Haasper C, Gehrke T, 
Hawi N, Citak M (2020) Midterm results after tantalum cones 
in 1-stage knee exchange for periprosthetic joint infection: a 
single-center study. J Arthroplasty 35:1084–1089

 2. Abdelaziz H, Jaramillo R, Gehrke T, Ohlmeier M, Citak M 
(2019) Clinical survivorship of aseptic revision TKA using 
hinged knees and tantalum cones at minimum 10-year follow-
up. J Arthroplasty 34:3018–3022

 3. Abdulkarim A, Keane A, Hu SY, Glen L, Murphy DJ (2019) 
Rotating-hinge knee prosthesis as a viable option in primary 
surgery. Orthop Traumatol Surg Res 105:1351–1359. https:// 
doi. org/ 10. 1016/j. otsr. 2019. 08. 012

 4. Aboltins CA, Berdal JE, Casas F, Corona PS, Cuellar D, Fer-
rari MC, Hendershot E, Huang W, Kuo F, Malkani A, Reyes F, 
Rudelli S, Safir O, Seyler T, Tan TL, Townsend R, Tuncay I, 
Turner D, Winkler H, Wouthuyzen-Bakker M, Yates AJ, Zahar 
A (2019) Hip and knee section, prevention, antimicrobials (sys-
temic): proceedings of international consensus on orthopedic 
infections. J Arthroplasty 34:S279–S288 https:// doi. org/ 10. 
1016/j. arth. 2018. 09. 012

 5. Beckmann NA, Mueller S, Gondan M, Jaeger S, Reiner T, 
Bitsch RG (2015) Treatment of severe bone defects during revi-
sion total knee arthroplasty with structural allografts and porous 
metal cones—a systematic review. J Arthroplasty 30:249–253. 
https:// doi. org/ 10. 1016/j. arth. 2014. 09. 016

 6. Behery OA, Shing EZ, Yu Z, Springer BD, Fehring TK, Otero 
JE (2021) Survivorship and radiographic evaluation of meta-
physeal cones with short cemented stems in revision total knee 
arthroplasty. J Arthroplasty 37:330–335

 7. Bloch BV, Shannak OA, Palan J, Phillips JRA, James PJ (2020) 
Metaphyseal sleeves in revision total knee arthroplasty provide 
reliable fixation and excellent medium to long-term implant sur-
vivorship. J Arthroplasty 35:495–499

 8. Bukowski BR, Owen AR, Turner TW, Fruth KM, Osmon DR, 
Pagnano MW, Berry DJ, Abdel MP (2022) Extended oral anti-
biotic prophylaxis after aseptic revision TKA: does it decrease 
infection risk?. J Arthroplasty 37:S997–S1003.e1 https:// doi. org/ 
10. 1016/j. arth. 2022. 03. 042

 9. Byttebier P, Dhont T, Pintelon S, Rajgopal A, Burssens A, Victor J 
(2022) Comparison of different strategies in revision arthroplasty 
of the knee with severe bone loss: a systematic review and meta-
analysis of clinical outcomes. J Arthroplasty 37:S371–S381.e4 
https:// doi. org/ 10. 1016/j. arth. 2022. 02. 103

 10. Carender CN, An Q, Tetreault MW, De A, Brown TS, Bedard NA 
(2022) Use of cementless metaphyseal fixation in revision total 
knee arthroplasty in the United States. J Arthroplasty 37:554–558

 11. Chalmers BP, Desy NM, Pagnano MW, Trousdale RT, Taunton 
MJ (2017) Survivorship of metaphyseal sleeves in revision total 
knee arthroplasty. J Arthroplasty 32:1565–1570

 12. De Martino I, Mancino F, Di Matteo V, Singlitico A, Maccauro 
G, Gasparini G (2022) Tantalum cones for severe bone defects 
in revision knee arthroplasty: a minimum 10-year follow-up. J 
Arthroplasty 38:886–892

 13. Derome P, Sternheim A, Backstein D, Malo M (2014) Treatment 
of large bone defects with trabecular metal cones in revision total 
knee arthroplasty. J Arthroplasty 29:122–126. https:// doi. org/ 10. 
1016/j. arth. 2013. 04. 033

 14. Engh GA, Ammeen DJ (1999) Bone loss with revision total knee 
arthroplasty: defect classification and alternatives for reconstruc-
tion. Instr Course Lect 48:167–175

 15. Fischer LT, Heinecke M, Röhner E, Schlattmann P, Matziolis G 
(2021) Cones and sleeves present good survival and clinical out-
come in revision total knee arthroplasty: a meta-analysis. Knee 
Surg Sports Traumatol Arthrosc 30:2824–2837. https:// doi. org/ 
10. 1007/ s00167- 021- 06670-0

 16. Gurel R, Morgan S, Elbaz E, Ashlenazi I, Snir N, Kadar A, Gold 
A, Warschawski Y (2021) Mid-term clinical and radiographic out-
comes of porous-coated metaphyseal sleeves used in revision total 
knee arthroplasty. Knee Surg Relat Res 33:16–25. https:// doi. org/ 
10. 1186/ s43019- 021- 00103-5

 17. Hernandez NM, Hinton ZW, Wu CJ, Ryan SP, Bolognesi MP 
(2021) Mid-term results of tibial cones: reasonable survivorship 
but increased failure in those with significant bone loss and prior 
infection. Bone Joint 103-B:158–164

 18. Hofmann S, Seitlinger G, Djahani O, Pietsch M (2011) The pain-
ful knee after TKA: a diagnostic algorithm for failure analysis. 
Knee Surg Sports Traumatol Arthrosc 19:1442–1452

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.otsr.2019.08.012
https://doi.org/10.1016/j.otsr.2019.08.012
https://doi.org/10.1016/j.arth.2018.09.012
https://doi.org/10.1016/j.arth.2018.09.012
https://doi.org/10.1016/j.arth.2014.09.016
https://doi.org/10.1016/j.arth.2022.03.042
https://doi.org/10.1016/j.arth.2022.03.042
https://doi.org/10.1016/j.arth.2022.02.103
https://doi.org/10.1016/j.arth.2013.04.033
https://doi.org/10.1016/j.arth.2013.04.033
https://doi.org/10.1007/s00167-021-06670-0
https://doi.org/10.1007/s00167-021-06670-0
https://doi.org/10.1186/s43019-021-00103-5
https://doi.org/10.1186/s43019-021-00103-5


5506 Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:5496–5506

1 3

 19. Jacquet C, Ros F, Guy S, Parratte S, Ollivier M, Argenson J (2021) 
Trabecular metal cones combined with short cemented stem allow 
favorable outcomes in aseptic revision total knee arthroplasty. J 
Arthroplasty 36:657–663

 20. Kamath A, Lewallen D, Hanssen A (2015) Porous tantalum 
metaphyseal cones for severe tibial bone loss in revision knee 
arthroplasty: a five to nine-year follow-up. J Bone Joint Surg Am 
97:216–223. https:// doi. org/ 10. 2106/ jbjs.n. 00540

 21. Klim SM, Amerstorfer F, Bernhardt GA, Sadoghi P, Hauer 
G, Leitner L, Leithner A, Glehr M (2020) Excellent mid-term 
osseointegration and implant survival using metaphyseal 
sleeves in revision total knee arthroplasty. Knee Surg Sports 
Traumatol Arthrosc 28:3843–3848. https:// doi. org/ 10. 1007/ 
s00167- 020- 05865-1

 22. Levent A, Suero EM, Gehrke T, Bakhtiari IG, Citak M (2021) 
Risk factors for aseptic loosening in complex revision total knee 
arthroplasty using rotating hinge implants. Int Orthop Knee Surg 
Sports Traumatol Arthrosc 45:125–132

 23. Longo UG, Salvatore SD, Intermesoli G, Pirato F, Piergentili I, 
Becker R, Denaro V (2022) Metaphyseal cones and sleeves are 
similar in improving short- and mid-term outcomes in Total Knee 
Arthroplasty revisions. Knee Surg Sports Traumatol Arthrosc 
31:861–882

 24. Lotke PA, Carolan GF, Puri N (2006) Technique for impaction 
bone grafting of large bone defects in revision total knee arthro-
plasty. J Arthroplasty 21:57–60

 25. Mancuso F, Beltrame A, Colombo E, Miani E, Bassini F (2017) 
Management of metaphyseal bone loss in revision knee arthro-
plasty. Acta Biomed Ateneo Parmense 88:98–111

 26. Miralles-Muñoz FA, Gonzalez-Parreño S, Martinez-Mendez D, 
Gonzalez-Navarro B, Ruiz-Lozano M, Lizaur-Utrilla A, Alonso-
Montero C (2022) A validated outcome categorization of the knee 
society score for total knee arthroplasty. Knee Surg Sports Trau-
matol Arthrosc 30:1266–1272

 27. Morgan-Jones R, Oussedik SI, Graichen H, Haddad FS (2015) 
Zonal fixation in revision total knee arthroplasty. Bone Joint J 
97-B:147–149

 28. Panda I, Wakde O, Singh H, Rajgopal A (2018) Management of 
large bone defects around the knee using porous tantalum trabecu-
lar metal cones during complex primary and revision total knee 
arthroplasty. Semin Arthroplasty 29:265–271

 29. Panegrossi G, Ceretti M, Papalia M, Casella F, Favetti F, Falez 
F (2014) Bone loss management in total knee revision sur-
gery. Int Orthop 38:419–427. https:// doi. org/ 10. 1007/ 2Fs00 
264- 013- 2262-1

 30. Potter GD, Abdel MP, Lewallen DG, Hanssen AD (2016) Midterm 
results of porous tantalum femoral cones in revision total knee 
arthroplasty. J Bone Joint Surg Am 98:1286–1291

 31. Rajgopal A, Panda I, Yadav S, Wakde O (2018) Stacked tantalum 
cones as a method for treating severe distal femoral bone defi-
ciency in total knee arthroplasty. J Knee Surg 32:833–840

 32. Rossi SMP, Perticarini L, Ghiara M, Jannelli E, Cortesi L, 
Benazzo F (2022) High survival rate at mid-term follow up of 
porous tantalum cones for bone defects in revision total knee 
replacement: a 3–11 years follow up report. Knee 35:175–182. 
https:// doi. org/ 10. 1016/j. knee. 2022. 03. 007

 33. Sculco PK, Abdel MP, Hanssen AD, Lewallen DG (2016) The 
management of bone loss in revision total knee arthroplasty: 
rebuild, reinforce, and augment. Bone Joint J 98-B:120–124

 34. Sheth NP, Bonadio MB, Demange MK (2017) Bone loss in revi-
sion total knee arthroplasty: evaluation and management. J Am 
Acad Orthop Surg 25:348–357

 35. Siddiqi A, Chen AF, Piuzzi NS, Kelly MA (2021) The use of 
metaphyseal cones and sleeves in revision total knee arthroplasty. 
J Am Acad Orthop Surg 29:e904–e920

 36. Small I, Meghpara M, Stein J, Goh G, Banerjee S, Courtney PM 
(2022) Intermediate-term survivorship of metaphyseal cones and 
sleeves in revision TKA. J Arthroplasty 37:1839–1843

 37. Vince K, Oakes D (2006) Three-step technique for revision total 
knee arthroplasty. In: Scuderi GR, Tria AJ (eds) Knee arthroplasty 
handbook. Springer, New York, pp 104–115

 38. Xie S, Conlisk N, Hamilton D, Scott C, Burnett R, Pankaj P 
(2020) A finite element analysis of tibial tritanium cones without 
stems in varying bone defects. Knee 27:656–666

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Michael Eder‑Halbedl1  · Andrea Fink2 · Martin Pietsch3 · Oliver Djahani3 · Siegfried Hofmann2,3

 * Michael Eder-Halbedl 
 michael.eder.halbedl@gmail.com

1 Department of Orthopedics and Traumatology, LKH 
Feldbach-Fürstenfeld, Ottokar-Kernstock-Straße 18, 
8330 Feldbach, Austria

2 Department of Orthopedics and Traumatology, Medical 
University of Graz, Auenbruggerplatz 5, 8036 Graz, Austria

3 Department of Orthopedics, LKH-Murtal, Stolzalpe, 
Stolzalpe 38, 8852 Murau, Austria

https://doi.org/10.2106/jbjs.n.00540
https://doi.org/10.1007/s00167-020-05865-1
https://doi.org/10.1007/s00167-020-05865-1
https://doi.org/10.1007/2Fs00264-013-2262-1
https://doi.org/10.1007/2Fs00264-013-2262-1
https://doi.org/10.1016/j.knee.2022.03.007
http://orcid.org/0000-0002-9295-0972

	Excellent mid- to long-term survival of tantalum metal cones in a case series of revision knee arthroplasty with severe bony defects
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Surgical technique
	Clinical and radiographic assessment
	Complications, reoperations and re-revisions
	Statistical analysis

	Results
	Clinical outcome
	Radiographic outcome
	Complications, reoperations and re-revisions
	Survivorship

	Discussion
	Conclusion
	References




