L))

Check for
updat

Case Report

Page 1 of 6

Use of 3D-planning and tantalum in revision total hip arthroplasty
after failed iliac bone allograft for Ewing sarcoma: a case report
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Abstract: A 10-year-old patient with a pelvic Ewing sarcoma (ES) was initially treated with chemo-
radiotherapy (RT) and a type I+II pelvic resection. Pelvic reconstruction was performed with massive iliac
bone allograft, successively failed for infection after 3 years. We describe an original construct for pelvic
reconstruction using total hip arthroplasty revision components made in tantalum. The purpose was to design
an implant that would minimize the risk of infection while providing optimal stability of the reconstruction.
After planning the reconstruction using a virtual and physical 3D-model to optimize the implant size
and placement, we used a revision cup associated only with a straight buttress to perform hemipelvis
reconstruction. This original combination restored the sacral-pelvis continuity, minimized the amount of
metal implanted reducing the risk of infection, without sacrificed the implant stability. Components were
made in tantalum, that has been reported with good results on irradiated bone in oncologic patients. At
last follow-up at 24 months to surgery, the implant is well-placed without signs of infection or recurrences.
Functional scores and patient’s satisfaction are good, with no pain. We conclude that the use of technological
innovations, represented by 3D-planning and tantalum, may simplify the procedure and improve the clinical

results of complex oncological reconstructions of the pelvis.
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Introduction Pelvic resections are classified by region: type I iliac, type
IT acetabular, and type III pubic. But in children, physeal

Ewing sarcoma (ES) is the second most frequent malignant . . . o
cartilage may represent an oncologic barrier, providing an

bone tumor in children (1). Pelvic ES, representing about adequate margin for resection, while maintaining some part

25% of cases, has presented poorer outcomes, because of
delay in diagnosis, proximity to noble structures, and lack of
anatomic barriers to tumor spread.

Current treatment for localized ES is a combination of
chemotherapy, surgery and/or radiotherapy (RT). Surgery
consists in a wide margins tumor resection and limb-

preserving pelvic reconstruction.

of the native acetabulum for use in the reconstruction.

The choice of the type of pelvic reconstruction after
RT and resection with pelvic discontinuity and involving
the acetabulum is complex. Massive grafts or custom-
made pelvic prostheses can be used. However, the risk
of complications is high, and it is increased by RT. In
particular, RT complicates the consolidation of massive
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Figure 1 Pre-operative imaging. (A) Pelvis X-rays show a large area of osteolysis involving the left iliac wing and extended to the acetabular

roof. (B) CT scan highlights the interruptions of cortical iliac bone.

bone grafts and the retention of custom-made bulky
implants. Moreover, the risk of infection is increased by the
high amount of metal and RT. As a consequence, if revision
surgery is required, the cause of the failure of the primary
reconstruction must be carefully considered, particularly
after infection.

With this report we describes a case of pelvic
reconstruction with total hip arthroplasty (THA) revision
components after failed iliac bone allograft for infection,
following RT and a type I+II pelvic resection in a child
with a Pelvic ES of the left iliac wing extended to the
acetabular roof.

The first topic of this report is the role of 3D-printed
pelvic model used to test matching degree of implant.
The present case shows the application of preoperative
simulation tools based on a 3D virtual model and of intra-
operative use of a life-size physical model.

The second topic is the choice of the implant. Tantalum
lead to a great osteointegration thanks to its high
coefficient of friction (0.88) and porosity (80%) (2). The
use of tantalum implants on irradiated bone in oncologic
patients, has been reported with good results (3-5). We
used a revision cup associated only with a straight buttress
to perform hemipelvis reconstruction. This original
combination restores the sacral-pelvis continuity, simplifies
the procedure, minimizes the amount of metal implanted
reducing the risk of infection, without sacrifices the implant
stability.

We present the following article in accordance with
the CARE reporting checklist (available athttp://dx.doi.
org/10.21037/pcm-20-42).

© Precision Cancer Medicine. All rights reserved.

Statement of informed consent

The patient and his parents were fully informed that data
concerning his case would be submitted for publication.
All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee(s) and
with the Helsinki Declaration (as revised in 2013). Written
informed consent was obtained from the patient.

Case presentation

In March 2011, a 10-year-old patient presented with left
ileo-inguinal pain, appearing one month before after
sports activity. Remote pathological history was negative.
X-ray and CT scan of the pelvis revealed a large area
of osteolysis involving the left iliac wing and extended
to the acetabular roof (Figure 1A4,B), appearing extra-
compartmental in at least two points (medium gluteus and
ileo-psoas muscles). PET was positive in pelvis, chest CT
scan negative for pulmonary localizations. Open biopsy
confirmed the diagnosis of Ewing’s sarcoma, stage 11B
according to Enneking. Neoadjuvant chemotherapy was
started, according to ISG-AIEOP EW1 protocol. After
4 cycles, the volumetric reduction of the lesion was not
satisfactory. Consequently, RT was associated, resulting in
a negative PET in the pelvis. MRI showed that the lesion
now appeared intra-compartmental and non-invasive to tri-
radiated cartilage.

In May 2012, through skin incision following the iliac
crest, the musculature was dissected off the pelvis to expose
the ilium and acetabulum. Under fluoroscopic guidance,
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Figure 2 X-rays of the pelvis reconstruction through massive left

iliac bone allograft.

Figure 3 Pelvis X-rays documents the degree of allograft resorption.

the triradiate cartilage was divided using an osteotome. The
ilium superior to the triradiate cartilage was removed ez bloc,
with a part of the superior aspect of the acetabulum. An iliac
bone allograft was placed in order to restore the anatomical
congruence of the pelvis (Figure 2). Following a pelvic-
podal plaster was packaged. The histological examination
confirmed the wide margins of the resection, showing a
100% necrosis rate after neoadjuvant treatments. There was
a residual dysmetria in minus on the left limb of 5 cm. At
follow-up, no signs of local recurrence, but early signs of
graft resorption (Figure 3).

In November 2014, a sacral screw protrusion and
adjacent fistula were observed and surgically treated,
diagnosing a Staphylococcus aureus graft infection.

In February 2015, after pre-operative antibiotic-therapy
with oxacillin, the graft was removed, and an antibiotic-
laden cement spacer was placed (Figure 4). During surgery,
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Figure 4 Pelvis X-rays shows the temporary reconstruction with
antibiotic-laden cement spacer.

a severe deterioration of the femoral head was confirmed.
It followed antibiotic-therapy with cotrimoxazole and
rifampicin, with inflammation relief.

In February 2018, PET scan and laboratory analysis
confirmed no residual infection. MRI shown no local
recurrences. Therefore, the definitive reconstruction of
the hemipelvis and THA were indicated and performed
at the end of the growth, in March 2018. Due to the
massive bone loss, in order to optimize the implant size
and placement, a reconstruction planning using a virtual
and physical 3D-model, based on high-resolution CT scan,
was performed (Figure 5A,B,C). For the reconstruction
(Figure 6A4,B,C), a primary trabecular tantalum cup for THA
(Continuum Acetabular Shells Trabecular Metal™ Multi-
Hole, Zimmer Biomet) was implanted on the residual native
acetabulum. A straight tantalum buttress (Straight Buttress
Augment, Zimmer Biomet, Warsaw, Indiana, U.S.), usually
used to reinforce acetabular roof, was associated as a bridge
between cup and sacrum, reconstituting the continuity of
the pelvic ring. The bone continuity was reconstituted by
autologous grafts resulting from the femoral head, after
extemporaneous histological examination which confirmed
no sign of acute phlogosis. Actually, we believe that the
use of autologous bone, even if irradiated, is preferable to
allografts. The CT-based patient-specific printed 3D-model
of the pelvis was useful to facilitate the planned placement of
the implant components, providing anatomical landmarks.
Then, the cup was fixed with two sacral screws and one
screw through posterior acetabular wall. Three cancellous
screws were used to fix the buttress to the sacrum. The
cup and buttress were merged with cement. A conus stem
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Figure 5 Virtual 3D pelvis model of the patient before definitive reconstruction, in its anterior (A) and lateral (B) aspects. (C) Example of

CT scan-based 3D-planning for this patient.

Figure 6 Intra-operative images. (A) View after cement spacer removal. (B) Cup and buttress merged with cement. (C) Intra-operative

stability tests after femoral component placement.

(Wagner Cone Prosthesis®, Zimmer Biomet, Warsaw,
Indiana, U.S.) was used to maximize diaphyseal fill and fit,
due to the morphology of the proximal femur (Figure 7).
Postoperatively, pelvic-podal plaster was packed for one

© Precision Cancer Medicine. All rights reserved.

month, followed by hip brace for 15 days. Afterwards, an
incremental load was granted.

In March 2020, at last follow-up at 24 months to surgery,
the CT artifacts caused by the implant do not allow to
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Figure 7 Post-operative X-rays show the final implant (details in
text).

confirm the bone-union of the graft, but the implant is well-
placed without signs of infection or recurrences. Clinically,
the MSTS functional score was 70%, with good patient’s
satisfaction, no pain, flexion up to 90° and good degree
of rotations granted. Residual dysmetria of 9 cm will be
corrected next by lengthening the femur with an expandable
intramedullary nail.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and national research committees
and with the Helsinki Declaration (as revised in 2013).
Written informed consent was obtained from the patient
for publication of this manuscript and any accompanying
images.

Discussion

The use of allografts of the pelvic bone is a well-known
method of reconstruction after pelvic resection. However,
reported complication rates have been 29% to 60% (6).
Deep infection is the most frequent one (12% to 36%) and
is a common cause of implant failure.

Preoperative RT increases histological necrosis of the
resected specimens (6), but may contribute to increase the
infection risk, as happened in our case. Campanacci et al.
reported infection in 15% of patients after massive allograft
reconstruction (7). However, functional results have often
been good (8, 9), with better results in patients below
20 years (8). In our opinion, this evidence justifies the
choice of the initial treatment in the case described above.

In type I ES, the possibility of preserving the acetabulum
allows better functional result. The triradiate cartilage,
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acting as a barrier against the tumor spread, in some cases,
may offer this strategy also for ES of the ilium extended
to the acetabulum (type I+II). Preserving a part of the
acetabulum may optimize reconstruction and outcome.
Few kinds of reconstruction strategies are suitable after a
type I+11 resection, especially after previous procedures, as
in our case, because the poor bone stock may provide not
enough anchorages for the implant. To treat similar cases,
Guo ez al. reported the use of a pedicle screw-rod system
augmented with cement in combination with an acetabular
reinforcement shell and hip arthroplasty (10). We think that
the method used in this report may easily restore the sacral-
pelvis continuity and the function of the hip, maintaining
optimal mechanical stability.

In recent years, 3D technology had been applied in
orthopedic oncology with the production of protheses,
osteotomy guides, and virtual or printed models. Although
the use of 3D is a technically demanding process, requiring
additional radiation exposure, advantages are well
documented, especially for custom-made prosthesis, but we
assume also for the use of 3D virtual and printed models.
3D-models may facilitate the preoperative planning and
an accurate reconstruction of the joint, reducing operation
time and intraoperative complications.

About the implant, tantalum has shown its effectiveness
in revision THA, but there is limited evidence of its use
in oncologic patients undergoing previous RT. Previous
studies had shown how RT can affect both cemented and
uncemented acetabular components, leading to aseptic
loosening (5). Recently, the use of tantalum implants on
irradiated bone, has been reported with good results in
treatment of non-musculoskeletal tumors (3, 4). Instead,
senior author of this report (MDP), using tantalum cups,
reported an implant survival rate of 92% with a mean
68 months follow up, in patients with primary or secondary
pelvis musculoskeletal tumors undergoing acetabular
irradiation (5).

The main strength of the presented technique lies in
its potential high reproducibility. The main limits are
represented by the alteration of the hip rotation center and
the restricted follow-up. This is the first case treated with
this construct; larger series will be necessary to better define
the reliability of this technique.

This report provides an interesting example of
how the use of technological innovations, in this case
represented by new informatics tools and new materials,
can improve the clinical results of particularly demanding
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surgical procedures. We therefore suggest the evaluation
of 3D-planning and tantalum in complex oncological
reconstructions of the pelvis.
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