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Introduction

Abstract

Aims: Reconstruction following resection of tumours involving
the peri-acetabular area is challenging. Achieving acceptable long-
term functional status remains difficult and complications are com-
mon. The aim of this study was to describe our experience of using
the Stanmore ice-cream cone implant after major pelvic tumour
resection and present 2 unique cases of implant fatigue failure.

Methods: Ten patients with primary pelvic tumours involving
the peri-acetabular region were treated with resection (type 2/2+3)
and reconstruction using the Stanmore ice-cream coned pelvic im-
plant between 2010 and 2019 at our centre. Retrospective analysis
of our database and patient records was carried out to identify out-
comes and complications.

Results: Seven male and three female patients with a mean
age of 46 years (range- 17-74 years) were treated with reconstruc-
tion using the Stanmore ice-cream cone implant. Chondrosarcoma
(n=7) was the most common diagnosis. At a mean follow up of 67
months, 7 patients were alive without disease, 1 patient developed
metastatic disease and 2 patients died of recurrent/metastatic dis-
ease. Dislocation occurred in 2 patients and 1 patient developed
deep infection requiring re-operation for local control. Two patients
developed fatigue failure of the implant, which has not been de-
scribed in the literature. No revision was performed at the time of
study.

Conclusion: Reconstruction after peri-acetabular tumour resec-
tion remains challenging with high rates of complications. Surgical
techniques and implant options are evolving but the ideal implant
is yet to be established. Patients should be advised about potential
complications including the need for further treatment related to
implant failure.

Keywords: Pelvis tumour resection; Reconstruction; Stanmore
coned pelvis; Implant fatigue failure

Approximately 10% of bone sarcomas occur in the pelvis. The
complex 3D anatomy of the pelvis and proximity of tumours to
major vessels and nerves make surgical management particu-
larly challenging. Extensive surgery is required to achieve an
acceptable oncological margin and postoperative complications
are frequent [1-3].

Surgical management of pelvic tumours has undergone a
paradigm shift/evolved over recent decades. Hind-quarter am-
putation, which used to be the mainstay of management has

largely been abandoned and is currently reserved for select
indications [2-4]. Limb preserving internal hemipelvectomies
are the standard of treatment and the classification system by
Enneking and Dunham serves as guide for extent of resection
based on the anatomic segment(s) of the pelvis involved by the
tumour (resections type I-1V) [1].

A range of reconstructive options have been described fol-
lowing internal hemipelvectomies [2]. While Biological recon-
struction /no reconstruction has proved to be a viable option
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following some type of resections (type |, type llI, type 1+IV) [5],
resections involving the periacetabular region (type 1) benefit
from reconstruction to restore force transmission and weight
bearing along anatomic axes [3,6,7].

Design of endoprosthesis used for peri-acetabular resection
have also evolved over the past few decades [3,6]. The Stan-
more hemi pelvic stemmed coned implant (ice cream cone im-
plant) is one of the models that was first introduced in 2003.
Inspired by the Mckee Farrar stemmed acetabular prosthesis
design, the ice cream coned implant was marketed as an off the
shelf option for reconstruction of peri acetabular defects follow-
ing tumour resection. The conical stem design is partly coated
with hydroxyapatite and has cutting flutes which provide axial
and rotational stability. Additional stability is gained by putting
antibiotic-containing cement around the implant and inserting
screws/pins in different directions into the remaining llium. It
also has the advantage of an offset stem which allows for better
loading and positioning in the iliolumbar bar and the reaming
for the stem is in line with that of the implant thus providing a
more secure fit of the stem in the remaining ilium [8,10].

Initial description of short-medium term results of 27 pa-
tients by Fisher et al., 2019 [9], has shown an overall compli-
cation rate of 37% (infection-11.1%, dislocation-14.8%, loos-
ening-4.4%) and a reoperation rate of 18.5%. Refinements in
surgical techniques, namely computer-aided navigation, use
of large femoral heads and hypotensive epidural anaesthesia)
have resulted in improved complication rates like dislocation
and infection [10-12].

The Stanmore ice cream coned pelvic implant has also been
utilised in revision arthroplasty with major acetabular defects/
bone loss as well as the treatment of acetabular fractures in the
elderly with variable short and medium-term results [13,14].
Other pedestal cup designs have since been introduced for peri-
acetabular reconstruction with different design modifications
and the added advantage of modularity, but still with high rates
of complication [3,15-19].

We present our experience of using the Stanmore ice cream
coned implant for peri-acetabular reconstruction, with empha-
sis on 2 unique implant fatigue/structural failures (type 3 fail-
ure according to classification system by Henderson et al) [20]
in well-fixed implants in young, active patients. To the best of
our knowledge, this has not been previously described in the
literature.

Material and Methods

We retrospectively analysed the outcomes of 10 patients
with primary pelvic bone tumours who were treated with surgi-
cal resection and reconstruction using the ice cream coned pel-
vic implant at the Orthopaedic Oncology unit of Glasgow Royal
Infirmary between 2010 & 2019. The unit is a tertiary referral
centre for Sarcoma in the west of Scotland and has a catchment
area of around 3 million people. The database of the unit, pa-
tient charts, radiology reports, pathology reports and MDT Out-
come letters were used as data sources.

All surgeries were performed by fellowship-trained ortho-
paedic oncologists. The preferred position is a “sloppy lateral”
which allows the patient to be tilted to gain adequate access
too anteriorly and posteriorly. Dual ilio-inguinal and posterior
Kocher-Langenbeck or lateral approaches were utilized in all
cases.

All surgeries were performed under computer navigation.
Pre-operative planning of the resection margins was done us-
ing planning software OrthoMap 3D, Stryker, Newbury, United
Kingdom) and bony resections and prosthesis implantation
were performed under computer navigation (Navigation Sys-
tem Il, Stryker). Details of the planning and operative technique
are described in a study from our unit [21].

After resection of the pelvic segment involved with the tu-
mour (type 2, type 2+3), the remaining ilium is hand reamed
and an appropriately sized stem is inserted. The trajectory of
reaming as well as stem insertion is done under computer navi-
gation. A double mix of antibiotic-containing cement is used to
augment the construct and fill the space around the implant.
Additional screws or Steinmann pins are inserted through holes
in the cup after the cement is set. After that, a large acetabular
cup (most commonly a 48 mm ADM cup) is cemented into the
coned cup. Femoral reconstruction proceeds like a normal hip
replacement and the Exeter V40 Femoral stem were used when
the resection only involved the femoral neck. Trochanteric os-
teotomies were commonly fixed with screws or a plate (1 case).
The Zimmer segmental endoprosthesis system was used in cas-
es where the proximal femur was resected as part of the extra
articular peri-acetabular resection.

Results

A total of 10 patients (7 Male and 3 Female) with primary
pelvic bone tumours were treated with the Stanmore ice cream
coned implant between 2010 and 2019. Mean age at diagno-
sis was 47 years (range 17-74 years). Chondrosarcoma was the
most common diagnosis (5 conventional, 1 de-differentiated, 1
secondary from synovial chondromatosis). The chondrosarco-
mas were treated with surgery alone, whereas the rest (1 Ew-
ing’s Sarcoma, 1 Chondroblastic Osteosarcoma and 1 high grade
Undifferentiated Pleomorphic Sarcoma of bone) had neo-adju-
vant chemotherapy.

Surgery

Four patients had type 243 resection and reconstruction
with standard total hip arthroplasty stem. Six patients had type
2 resection, of which 3 involved proximal femur resection which
was reconstructed with Zimmer Segmental endoprosthesis
system. Additional screws or pins were inserted through the
cement surrounding the cone into the remaining llium to aug-
ment the construct. Median surgical time was 11.5 hours (range
8-27 hrs) and median blood loss was 4.25L (range 2-15 L).

All surgical margins were clear of tumour except one. A pa-
tient with a grade 3 Chondrosarcoma of the proximal femur
who presented with a pathologic fracture and underwent an
extra-articular type 2+3 resection and reconstruction has posi-
tive distal femoral marrow margins, which was treated with
post-operative radiotherapy.

Follow up

All patients were followed according to national sarcoma
surveillance guidelines. Post treatment baseline cross-sectional
imaging of the pelvis was done at 4-6 months post-op. These
were used to confirm adequate placement of implant stem in
the ilium. Mean long term follow up was 67 months (range 13-
116 months). Two patients died during follow up. Both had local
disease recurrence. The other 8 continued follow up according
to national guidelines of which one was discharged after com-
pleting 10 years of post-treatment surveillance.
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Complications

Dislocations: 2 patients had dislocations within the first 2
weeks after surgery. Both had type 2+3 resection and femo-
ral reconstruction with standard total hip implants. Both were
reduced with manipulation under anaesthesia. One of the pa-
tients continued to have persistent dislocation (between the
trunnion of the femoral stem and modular head component)
and was not fit enough to undergo open reduction. The other
patient did not have further dislocations for the reminder of fol-
low up, 11 months from the time of surgery.

Infection: Immediate post op period (within 4 weeks of sur-
gery) - one patient developed deep infection, requiring re-oper-
ation. She was treated with irrigation and debridement twice,
extended wound VAC treatment for wound closure and local
infection control. The patient needed long term suppression
antibiotic therapy under the guidance of the infectious disease
department. Serial scans demonstrated a deep peri-prosthetic
collection, but she was not felt to be fit enough to undergo a
major revision/staged surgery and has retained the implant un-
til now (18 months following surgery).

Distant Metastasis

One patient developed lung metastasis on follow up, 45
months after surgery. The diagnosis at presentation was a path-
ological fracture of the proximal femur secondary to Grade 3
Chondrosarcoma. Surgery involved extra-articular resection of
the proximal femur and a type 2 pelvic resection. Distal mar-
row margins were positive (24cm below the joint level) and the
patient received radiation treatment post operatively. He was
subsequently enrolled into a clinical trial and is alive at the time
writing.

Death

Two deaths occurred within 18 months after surgery. Diag-
noses was chondrosarcoma (Grade 2, de-differentiated) and
were treated with a type 2+3 resection. Both patients had local
recurrence of disease. Palliative radiotherapy was given to one
of them for symptom relief.

Fatigue failure: Two patients developed fatigue failure (type
3 failure) of the stem of the coned implant during follow up.
Both patients are young males, who had no major postopera-
tive complications and returned to their active lifestyle soon
after surgery. Both cases are discussed in more detail.

Patient 1: 40-year-old male with Ewing’s sarcoma of the
peri-acetabular area. Treatment involved neoadjuvant chemo-
therapy, type 2+3 resection and reconstruction. The patient had
a smooth postoperative period with no major complications.
Initial post-operative pelvic x-rays showed satisfactory place-
ment of implant stem (Figure 1) which was later confirmed on
CT scan. Serial follow up x-rays did not demonstrate any abnor-
mality.

He underwent laparoscopic abdominal hernia repair 27
months post-op. He presented with mechanical pelvic pain
with gradual worsening over a period of weeks around the 30th
month post-op. Pelvic x-ray was unremarkable, Pelvic MRI and
CT scan of the pelvis showed a stress response paralleling the
stem of the coned implant and a small sacral stress fracture at
the superior margin of the sacro-iliac joint. He was treated with
analgesics and PWB with crutches.

He re-presented 8 weeks later with no improvement in the

Figure 1: Initial post-operative x-ray following type 2+3 resection
and reconstruction.

Figure 2a: Pelvic x-ray showing failure of the stem of the ice-cream

cone implant.

mechanical pain and x-ray showed fatigue fracture of the coned
implant (Figure 2a). He was treated conservatively with anal-
gesics, a period of rest and non-weight bearing. Serial x-rays
demonstrate continued loosening around the distal part of the
stem, whereas the proximal tip remained well fixed in the bone
(Figure 2b).

He managed to return to full time work with regular analge-
sia and using a pair of crutches for ambulation.

Patient 2: 30-year-old male with long-standing left hip pain,
that was diagnosed as synovial chondromatosis based on the
imaging and biopsy. He underwent a standard total hip replace-
ment. Pathologic analysis of samples sent at that time revealed
a secondary malignant transformation in keeping with chond-
rosarcoma. Baseline imaging demonstrated residual chondroid
tumour in the pelvis and the patient was placed on follow-up
with regular short interval scans as he was not willing to have
pelvic resection at that time. Pelvic MRI done 22 months from
total hip replacement, demonstrated an increase in the size of
the chondroid lesion

After further work-up and staging, a type 2 extra-articular re-
section along with the proximal femur was done (Figure 3). The
patient had no major complications in the immediate post-op
period and returned to full-time work within a year of surgery.

He presented with insidious onset of mechanical pelvic pain,
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Figure 2b: Pelvic x-ray showing loosening around the distal part of
prosthesis (18 months post-failure).

Figure 3: Initial post-op radiographs showing type-2 pelvic resec-
tion, proximal femur replacement, with appropriate placement of
components.

Figure 4a: Pelvic radiograph showing failure of the stem of the

coned implant.

accompanied by leg swelling 20 months post op. X-ray dem-
onstrated fatigue failure of the implant stem and the screws
through the cement (Figure 4a).

He was treated with analgesics, rest, activity modification
and weight-bearing restrictions. He was placed on regular short
interval follow-up with a serial x-ray which demonstrated no
significant loosening or migration of the prosthesis over the
following 12 months (Figure 4b). The leg swelling and pain im-
proved gradually and he was able to walk pain-free without

Figure 4b: Pelvic radiograph 18 months latter.

crutches for short distances. He returned to full-time work and
was placed back on a regular sarcoma surveillance schedule.

Discussion

Long term follow-up in our small series of 10 patients dem-
onstrated a complication rate of 50 % (2 dislocations, 1 infec-
tion and 2 fatigue implant failures). This reflects the complex
nature of the surgical management and in keeping with the
complication rate observed in other studies of peri-acetabular
reconstruction using the Stanmore conned hemi pelvic implant
as well as other pedestal cup implants [3,9,16-19].

Despite the limitation of having only 10 patients, the mean
follow-up of 67 months post operatively is longer than other
studies of done with this implant. In addition, our description of
the unique implant fatigue failures to our knowledge is not de-
scribed elsewhere. The fact that these complications were seen
in the medium follow up (20 and 30 months post-op) shows a
combination of patient and biomechanical factors play a role in
theses failures.

Use of navigation has been demonstrated to reduce com-
plications and improve long term functional outcomes in other
studies. All our surgeries were done under computer assisted/
navigated surgery which allowed the stem to be implanted cen-
tred in the remaining ilium. This in conjunction with the unique
design features of the implant have resulted in a stable fixation.
This is further augmented by the partial Hydroxyapatite coating
of the stem resulting in solid integration of the implant. This was
evidenced by the fact that none of the patients had loosening
around the stem in long run. This, we believe is due to the lack
of micromotion at the interface between a well centred implant
with adequate integration in to surrounding bone. However,
this solid integration creates excess cantilever stress the part of
the prosthesis not implanted into the bone resulting in fatigue
failure at this point, as evidenced by the point of failure in our 2
cases. This risk is in part related to the degree of repetitive can-
tilever stress (cycles per million/lifetime) as well as the absolute
stress applied in each cycle, both of which can be influenced by
several biomechanics factors such as body habitus, alteration of
gait biomechanics and level of activity.

The fact that both patients were young, active males who
returned to an active lifestyle soon after surgery at least proves
our theory, but needs to be studied further in biomechanics
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models/laboratory models. We hope our study serves as a basis
for future studies.

Conclusion

Reconstruction after peri-acetabular tumour resection
remains challenging with high rates of complications. Surgi-
cal techniques and implant options are evolving but the ideal
implant remain to be established. Computer assisted surgical
planning and use of navigation is improving results. The unique
implant failure complications should be discussed with patients.
Future studies should explore risk factors for implant failure and
potential salvage options.
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