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Porous tantalum augments are widely used in revision total hip arthroplasty for the reconstruction of
severe bone defects. Here, we present the first 3 cases who underwent femoral revision arthroplasty
using standard distal femoral and proximal tibial porous tantalum cones to reconstruct severe bone loss
in the proximal femur. Cones were inserted press fit, followed by implantation of a cemented revision
stem in all cases. After a mean follow-up period of 15.8 months, all patients showed an improved Harris-
Hip-Score and no radiological signs of subsidence or loosening. Porous tantalum cones may be an option
in the reconstruction of severe femoral defects in revision total hip arthroplasty. The shape of the
tantalum cones should be optimized for the use in the proximal femur.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Large femoral defects are a major challenge in revision total hip
arthroplasty (rTHA). To achieve durable femoral fixation particu-
larly in the presence of substantial bone loss, several strategies have
been used: long cemented stems, impaction bone grafting, and
various types of uncemented revision stems, including extensively
coated, distally locked stems, and proximal femur replacement
[1e8]. However, none of these strategies have completely elimi-
nated problems with fixation in patients with severe loss of prox-
imal femoral bone stock.

Porous metal constructs made out of tantalum or titanium alloy
have beenwidely used to address large bone defects in revision hip
and knee arthroplasty. They are available as cones, sleeves, or aug-
ments and come in various sizes and shapes [9e11]. Studies have
shown excellent long-term data in revision total knee arthroplasty
(rTKA) where porous tantalum cones were used in the distal femur,
as well as in the proximal tibia [10,12,13]. Moreover, porous
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tantalum augments have been used to reconstruct contained and
uncontained acetabular defects in rTHA [14,15]. However, there are
no reports on the use of porous tantalumcones in the reconstruction
of severe bone loss of the proximal femur in rTHA [10,14e19].

Here, we present the first 3 cases who underwent femoral
revision arthroplasty using standard distal femoral and proximal
tibial porous tantalum cones to reconstruct severe metaphyseal
bone loss in the proximal femur in combination with cemented
revision stems.

Statement of informed consent

The present case series was approved by the institutional review
board (EK11/2020). The included patients were informed and
agreed to data concerning the case being submitted for publication.
These cases are presented according to the Case Report (CARE)
criteria.

Case histories

Case 1

A 58-year-old male patient presented with a history of massive
groin pain and squeaking of his right hip, 8 years after initial
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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Figure 1. Pelvic anterior-posterior AP radiograph (a) and a postoperative pelvic AP
radiograph after resection arthroplasty (b). Pelvic AP (c) and axial (d) radiograph after
TM cones implantation at the time frame of last follow-up.

Figure 2. Intraoperative cone-shaped metaphyseal defect (a), intraoperative implantation of
tibial cone (c).
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primary THA. Preoperative plain radiographs indicated an extended
femoral osteolysis (Fig. 1a). Owing to low-grade infection and se-
vere metallosis, a two-stage procedure was performed. In the first-
stage procedure, no spacer was used because of the poor femoral
bone stock and the risk of fracture (Fig. 1b).

Six weeks later, the second-stage procedure was performed
through a lateral approach in supine position. The femur was
broached distally, then the cones were inserted press fit after
preparation. Two tantalum cones were used to address the femoral
defect (Trabecular Metal proximal tibial cone 51 � 34 � 25 mm;
distal femoral diaphyseal cone 30 mm size L; Zimmer Biomet
Holdings, Inc., Warsaw, IN). In this case, a segmental cortical defect
was present (Fig. 2a). The proximal cone had a good lateral, ante-
rior, and posterior bone contact but had no medial bone contact
(Fig. 1c, d and 2c). The distal cone had a good circumferential bone
contact (Figs. 1c, d and 2b). Good press fit was achieved with both
cones. A cement restrictor was used, and high-pressure lavage was
performed before cementing. A cemented revision stem (CPT, size
4 � 200; Zimmer Biomet Holdings, Inc., Warsaw, IN), a Continuum
Acetabular System Trabecular Metal Shell, size 58/36, multi hole
(Zimmer Biomet Holdings, Inc., Warsaw, IN) with 2 screws, and a
highly cross-linked polyethylene liner were implanted (Fig. 1c and
d and Tab. 1).

At the most recent follow-up, 13 months after second-stage
procedure, the patient presented pain free and with a Harris Hip
Score (HHS) of 93 compared with 72 preoperatively. Plain radio-
graphs showed no signs of loosening or subsidence (Fig. 1c and d).
Case 2

An 80-year-old female patient presented with a subtrochanteric
nonunion and recurrent dislocations after revision arthroplasty of
the left hip after a periprosthetic fracture. Primary THA was per-
formed at the age of 54 years. She sustained a periprosthetic frac-
ture at the age of 73 years and underwent revision surgery at
different institution. A Hyperion (Zimmer Biomet Holdings, Inc.,
Warsaw, IN) revision hip system with 2 distal locking titanium
screws and 3 cerclage fixations (Fig. 3a and b) were used. She
developed a subtrochanteric nonunion and massive widening of
the proximal femur. Moreover, she dislocated multiple times and
had to use a hip brace permanently. Preoperatively the hip was
aspirated to rule out infection.

She underwent revision arthroplasty through a lateral approach
in supine position. The femur was broached distally, then the cones
the distal femoral diaphyseal cone (b) and intraoperative implantation of the proximal



Table 1
Overview about the used implants in our patients.

Case nr. Femoral cone Tibial cone Stem Cup

Case 1 30 mm size L 51 � 34 � 25 mm CPT revision stem, size 4 � 200 Continuum size 58/36
Case 2 30 mm size L 55 � 36 � 25 mm CPT revision stem, size 4 � 230 Durasul 46/36 liner
Case 3 30 mm size M 55 � 36 � 25 mm Weber stem size M Continuum size 68/36

S. Simon et al. / Arthroplasty Today 8 (2021) 216e221218
were inserted press fit after preparation. In order to address the
mobile proximal femur and severe metaphyseal bone loss, 2
tantalum cones (TrabecularMetal proximal tibial cone 55� 36� 25
mm; distal femoral diaphyseal cone 30 mm size L; Zimmer Biomet
Figure 3. Pelvic AP (a) and axial (b) radiograph after a cementless revision hip system with
AP (c) and axial (d) pelvic radiograph after TM cones implantation at the time frame of las

Figure 4. Intraoperative cone-shaped defect at the distal femur fragment (a), intraoperati
metaphyseal defect at the proximal femur fragment (c), and intraoperative implantation of
Holdings, Inc., Warsaw, IN; Figure 4aed), as well as a 4.5 ten-hole
LCDC-plate (Limited Bone Contact dynamic compression; DePuy
Synthes Companies, Monument, CO) were used. The proximal cone
had a good lateral and anterior bone contact but only had a focal
a huge cone-shaped metaphyseal defect and a subtrochanteric nonunion. Postoperative
t follow-up.

ve implantation of the distal femoral diaphyseal cone (b), intraoperative cone-shaped
the proximal tibial cone (d).



Figure 5. Pelvic AP radiograph after a healed femur fracture due to gunshot (a) and after primary THA in 2017 (b). PROSTALAC type implant in 2017 in AP (c) and axial (d) view.
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medial contact point (Fig. 3c and d). No ideal contact with host bone
was achieved posteriorly (Figs. 3d and 4d). The overall press fit was
still adequate. The distal cone had good circumferential bone con-
tact and excellent press fit despite the poor bone quality (Figs. 3c,
d and 4b). A cement restrictor was used, and high-pressure lavage
was performed before cementing. A cemented revision stem (CPT;
size 4� 230; Zimmer BiometHoldings, Inc.,Warsaw, IN)was used in
this case. She had a well-fixed cup that was retained. The original
cup sizewould only allow a 32 head. Hence, we cemented a Durasul
46/36 liner into the cup to use a 36 head (Fig. 3c and d and Table 1).

She dislocated the stem 2 months postoperatively, and it was
treated successfully through a closed reductionmaneuver. She then
used a brace for 6 weeks. After 1 year, the patient presented free of
pain and with an HHS of 87 compared with a preoperative score of
48. Plain radiographs showed no signs of loosening or subsidence
(Fig. 3c and d). The patient did not sustain another dislocation and
does not wear a brace.
Case 3

A 66-year-old male patient presented with posttraumatic oste-
oarthritis of the right hip after femoral fracture caused by a gunshot
at the age of 19 years and a leg length discrepancy of approximately
-5 cm. Primary total hip arthroplasty failed because of a peri-
prosthetic joint infection with Pseudomonas aeruginosa 9.5 months
after index surgery (Fig. 5a and b). As part of a two-stage rTHA, the
patient received a PROSTALAC type implant as part of a first-stage
procedure (Fig. 5c and d) [20]. The second stage was done 17
months after first-stage procedure through a lateral approach in
supine position. The femur was broached distally, then the cones
were inserted press fit after preparation. To address the femoral
metaphyseal bone loss, 2 tantalum cones (Trabecular Metal prox-
imal tibial cone 55 � 36 � 25 mm and a distal femoral diaphyseal
cone 30 mm size M; Zimmer Biomet Holdings, Inc., Warsaw, IN)
were used (Fig. 6a and b). The proximal cone had a good lateral and
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anterior bone contact but only has a focal medial contact point and
partial posterior bone contact (Fig. 6c and d). The distal cone had a
good circumferential bone contact (Fig. 6c and d). A cement
restrictorwas used, and high-pressure lavagewas performed before
cementing. A cemented Weber stem (straight, size M; Zimmer
Biomet Holdings, Inc., Warsaw, IN), a ContinuumAcetabular System
(Trabecular Metal Shell, size 68/36, multi hole; Zimmer Biomet
Holdings, Inc., Warsaw, IN) fixed with 2 screws, and a highly cross-
linked polyethylene linerwere implanted (Fig. 6c andd and Table 1).

At the most recent follow-up, 22.4 months after the 2nd stage
procedure surgery, the patient was pain free and presented with an
HHS of 97 compared to a preoperative score of 60. Plain radio-
graphs showed no signs of loosening or subsidence (Fig. 6c and d).

Discussion

We present 3 revision arthroplasty cases, where we used stan-
dard tantalum cones of the distal femur and proximal tibia to
reconstruct severe metaphyseal bone loss of the proximal femur in
combination with a cemented revision stem. While the used cones
are designed for revision of proximal tibial or distal femoral defects
in revision knee arthroplasty, in these 3 cases, they were used to
allow cementless metaphyseal fixation in combination with a
cemented revision stem. All patients had a satisfactory clinical and
radiological result at the latest follow-up.

Reconstruction of the proximal femur during revision surgery is
a challenging procedure. Numerous treatment options exist, such
as cementless diaphyseal locking stems, cemented revision stems,
impaction bone grafting, and proximal femur replacement.
Cementless diaphyseal locking stems are widely used in rTHA.
Unfortunately, progressive subsidence, stress shielding, and unre-
liable ingrowth remain a frequently reported complication, and
their use is limited by the quantity and quality of the remaining
bone stock [1e6,21e24]. The benefit of cemented stems is the lower
risk of initial subsidence. However, owing to absence of trabecular
Figure 6. Intraoperative cone-shaped metaphyseal defect (a) and implantation of the TM co
after TM cones implantation at the time frame of last follow up.
bone after numerous revisions, there is less cement-trabecular
bone interlock, resulting in a high risk of aseptic loosening [1,5,8].
Impaction bone grafting has been reported as a useful tool, espe-
cially in young patients, inwhom further reoperations are probable.
In rTHA, it shows a beneficial postoperative outcome, but its
outcome mainly depends on the extension of the bone defect.
Furthermore, it is a very time-consuming and technically
demanding procedure [7,14]. Proximal femur replacement should
be used with caution in revision cases [1,2,25,26]. However, none of
these strategies have completely eliminated problems with fixation
in patients with severe loss of proximal femoral bone stock.

Porous metal cones such as tantalum or titanium alloy con-
structs have been successfully used in revision arthroplasty
[10,13,16,17]. The high coefficient of friction vs cancellous bone is
responsible for its initial fixation [27]. The increased metaphyseal
load may prevent stress shielding and therefore may preclude
further bone loss. Tantalum cones showed promising mid-term
outcomes on managing bone loss in rTKA, and histological
studies have shown a reduced infection risk [13,14,28,29]. For ti-
tanium cones, only short-time follow-up studies are available for
rTKA [30]. Tantalum cones show a higher osteoid formation than
titanium in in-vivo experiments [10,31]. Titanium and tantalum
cones show similar low initial micro-motion which is essential for
secure bone ingrowth and fixation [14,32]. Removal of a well-
ingrown trabecular metal construct may be challenging in case of
re-revision [14]. More long-time follow-up studies are needed for
both materials to evaluate if their clinical results differ.

It is important to note that this is an off-label use of a medical
device. In this study, we used porous tantalum cones that were
designed for the use in rTKA; therefore, a perfect bone-cone contact
was not always achieved. The size and shape of the cones could be
optimized for the use in the proximal femur to resolve some of our
concerns. There are commercially available titanium augments of
the proximal femur; however, no data have been published. There
are also some other technical issues that need to be addressed. We
nes into the metaphyseal defect (b). Postoperative pelvic AP (c) and axial (d) radiograph
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cemented a revision stem into the tantalum cones. During the
curing process, the cement expands and may cause the cones to
lose the initial press fit. Another concern may be that the use of
cones may lead to malalignment of the stem. At this stage, it is not
known if the cone subsides in regions with poor bone-contact.
Moreover, a focal bone contact could be a stress riser at the bone
interface and may lead to a periprosthetic fracture. However, we
did not observe this intraoperatively or postoperatively. We will
assess these patients every 6months clinically and radiographically
to get long-term data.

There are several limitations in our study. We only have a
limited sample size with a short follow-up period. Moreover, it was
an off-label use of cones designed for the use in rTKA. Longer
follow-up is needed to assess the outcome.

Our results demonstrate another treatment option, to address
severe bone loss in the proximal femur during revision arthroplasty
using porous tantalum cones.

Summary

Tantalum cones may be used for metaphyseal bone recon-
struction in the setting of severe bone defects in the proximal fe-
mur. Ideally the size and shape of these constructed should be
optimized for addressing proximal femur defects.
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