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a b s t r a c t

Management of large acetabular bone defects is challenging. The Masquelet technique has successfully
reconstructed segmental defects in long bones arising from trauma, tumors, or infection but not been
described for large acetabular defects. We present 3 cases of large acetabular bone defects arising from
chronic prosthetic joint infection, treated via a novel induced membrane bone grafting technique, drawn
from the Masquelet technique. All cases showed satisfactory clinical and radiological outcomes at
midterm follow-up. This technique holds promise and can be an alternative means when treating large
acetabular bone defects.
© 2020 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

The management of large bone defects, secondary to either
trauma or infection, has been traditionally challenging. The Mas-
quelet technique was initially described in 1986, as a 2-stage pro-
cedure to facilitate reconstruction of large bony defects of up to 25
cm [1-3]. The first stage involves thorough debridement of devi-
talized tissue, followed by soft-tissue reconstruction and insertion
of a polymethylmethacrylate (PMMA) cement spacer at the site of
the bone defect. This technique allows the creation of a self-
induced membrane around the space, which provides mechanical
and biological advantages. The hypervascularized nature promotes
osteoinduction and corticalization while reducing the risk of
resorption [4]. After a PMMA-induced membrane is achieved
around 6-8 weeks later, the spacer is removed, and a bone-graft
procedure is carried out to fill the bone defects. The PMMA
spacer has been replaced with other superior alternatives such as
calcium sulfate [5] as a localized antibiotic delivery vehicle and
bone substitute, but the techniques and concepts remain largely
similar and applicable in today’s context.
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A recent systematic review in 2016 collated data of available
studies and reported a union rate of up to 89.7% and also noted that
infections rectified in 91.1% of cases [6]. In the same recent sys-
tematic review, it was demonstrated that the most common area
operated onwas the tibia (67.2%), followed by the fibula (12.9%) and
femur (19.4%). There has, however, never been use of such tech-
nique in the acetabulum or hip joint as it is traditionally used to
treat diaphyseal and metaphyseal bone defects of the lower ex-
tremities. It is carried out to mitigate bone loss with the eventual
aim of restoring limb function [7]. Authors of preceding literature
have found the method especially useful in femoral defects and
bilateral tibial defects [8].

Contraindications to this technique [9] include nonresolving
infection, osteomyelitis, inadequate soft-tissue coverage in the re-
gion of a bone defect, or osteoporosis.

Our study is the first known case series that aims to describe the
use of the induced membrane technique, drawn from the Mas-
quelet technique, for management of large acetabular bone defects,
due to osteomyelitis.
Case Histories

This series describes 3 cases of hip arthroplasty prosthetic joint
infection (PJI) complicated by large acetabular bone defects, treated
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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Figure 1. Intraoperative image showing (a) pseudomembrane formation and (b) allogenic bone graft.
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with our institution’s novel induced membrane bone-grafting tech-
nique from 2015 to 2017. Operations were performed by a single
surgeon in ahigh-volume institution. Informed consentwasobtained
from all patients. Deidentified patient-specific informationwas used.

The inclusion criteria were chronic PJI with acetabular bony loss
classified as either Paprosky IIC or IIIA [10].

All patients underwent 2-stage revision total hip arthroplasty
(THA) using our induced membrane bone-grafting technique. A
modified Hardinge lateral approach was used for all cases. The
first-stage revision entailed removal of all infected implants and
foreign material, followed by implantation of an antibiotic
cement spacer. Synovasure Alpha Defensin lateral flow test
(Zimmer Biomet, Warsaw, IN) was used to aid in diagnosis of PJI.
The femoral canal was packed with either a dowel rod-coiled
wire or Steinmann pin coated with 40 g of Simplex Bone
Cement (Stryker, Kalamazoo, MI) and colored with methylene
blue. The antibiotic mixture in the cement is composed of
tobramycin and 2 g of vancomycin for each of the 3 cases. After
coating the dowel rod, we packed cancellous bone chips into the
acetabular defect and used a tamp to compact the bone chips. We
then finger-packed the remaining cement into the acetabulum
over the bone chips (Fig. 1). It is important to ensure that the
cement is well packed into the acetabulum so it does not
dislodge when the patient is up and moving around.

After the first-stage revision, the patient was kept on
noneweight bearing status on the operated side until reimplanta-
tion. Patients were commenced on 6 weeks of intensive culture-
specific intravenous antibiotic therapy, after which a 2-week anti-
biotic holiday was observed and repeat test for C-reactive protein
Table 1
Patient demographics and operative details.

Age Sex BMI (kg/m2) Stage 1 revision

75 Female 22 May 2014
71 Female 31.9 November 2014
86 Female 22 May 2015
(CRP) performed. We proceeded with the second-stage revision
only when this reading had normalized.

In the second stage of the revision surgery, there was no diffi-
culty encountered in removing the cement spacer as a pseudo-
membrane had formed between the cement spacer and the graft. It
is important not to disturb this pseudomembrane for graft inte-
gration. Trabecular Metal Acetabular Revision System by Zimmer
Biomet was then used. All patients received highly porous hemi-
spherical shells without the need for augment as the bony defects
were downsized with bone grafting. We ensured that at least 3
screws were inserted around the periphery of the cup. Burring was
also performed to create screw tracks for additional screws. We
used monoblock tapered titanium stems for the femur. Weight-
bearing status gradually progressed from partial to full based on
individual tolerance levels.

For data collection, patient demographic data, including age,
gender, body mass index (BMI), smoking status, and comorbidities,
were noted. Patient records and postoperative follow-up notes
were reviewed to determine the following: presence of infection,
spacer time, time from the initiation of the procedure to the
commencement of full-weight bearing. They were also screened for
the presence of secondary grafting procedures or complications.
Functional outcome measures were conducted preoperatively and
postoperatively at 2 years. They include Oxford Hip Scores,Western
Ontario and McMaster Universities Osteoarthritis Index, and a 36-
Item Short Form Survey. Preoperative, immediate postoperative,
and final follow-up radiographs of the hip were used to assess
progression of defect size and to determine time for radiographic
consolidation.
Stage 2 revision Date of the last
follow-up

Duration of follow-up
(months)

June 2014 September 2016 27
January 2015 February 2017 25
July 2015 September 2017 24



Figure 2. Preoperative pelvic radiographs: (a) the anteroposterior view; (b) the lateral view demonstrating wear of the polyethylene liner, pedestal formation, and periarticular
calcifications.
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All patients were followed up clinically and radiologically, with
the mean follow-up duration exceeding 2 years.

Baseline characteristics were recorded as demonstrated
in Table 1. The mean age was 77 years, and the mean BMI was
25.3 kg/m2.

Case 1

A 75-year-old female, with a BMI of 22.0, with underlying dia-
betes, hypertension, hyperlipidemia, and hypothyroidism on levo-
thyroxine replacement and a history of the right THA in 1993
presented with worsening right hip pain over 1 year. Radiographs
showed wear of the polyethylene liner, pedestal formation, and
periarticular calcifications (Fig. 2).

The patient underwent stage-1 revision THA as demonstrated
in Figure 3. Large amount of caseous fluid was noted on breaching
the joint capsule, tracking from the medial to lateral aspect of the
femoral stem. Synovasure Alpha Defensin Lateral Flow Test (Zim-
mer Biomet, Warsaw, IN) was positive. Intraoperative findings
Figure 3. Pelvic radiographs after first revision operation, showing insertion of a tempora
anteroposterior view and (b) cross table true lateral hip view.
included right-hip PJI with osteolysis and wear, as well as heter-
otropic ossification (Brooker 3). Medial wall protrusion and defect
was noted, consistent with a grading of Paprosky 2C. A 15-cm
extended transfemoral osteotomy was performed to remove the
femoral stem. The acetabular cup and liner were removed. The
femoral canal was prepared as per the process described previ-
ously. The patient was placed on noneweight bearing status on
the operated side after the surgery until reimplantation. Multiple
intraoperative cultures were negative, but she was treated pre-
sumptively for gram-positive PJI with 6 weeks of intravenous (IV)
cefazolin. We proceeded further with stage 2 when CRP had
normalized after a 2-week antibiotic holiday.

Stage 2 of revision was completed uneventfully. A monoblock
tapered titanium stem used for the femur is shown in Figure 4. The
patient sustained a greater trochanteric fracture during dislocation
of the hip. This was fixed with cerclage wires. Partial weight-
bearing instructions were given to the patient, and she was also
informed to strictly avoid any abduction or adduction exercises for
the next 6 weeks.
ry femoral head prosthesis, as well as a bone graft packed into the medial floor in (a)



Figure 4. Pelvic radiographs after second-stage revision operation, stable well-fixed new implants (highly porous hemispherical shell for the acetabulum and monoblock tapered
titanium stems for the femur).
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Radiographs at 2 years postoperatively (Fig. 5) showed stable
implants and radiological consolidation.

Case 2

A 71-year-old female with a BMI of 31.9 presented to the
outpatient orthopaedic clinic with 3 days of right hip pain and
inability to bear weight after an unwitnessed fall. This was on a
background of previous right-hip bipolar hemiarthroplasty per-
formed 5 years prior for a femoral neck fracture. Other relevant
medical history included diabetes, hypertension, hyperlipidemia,
mild congestive cardiac failure, stable peripheral vascular disease,
and a history of pulmonary tuberculosis in remission.

Preoperative radiographs performed in the outpatient clinic
revealed a right proximal femur periprosthetic fracture, associated
with protrusio acetabuli (Fig. 6). Inpatient admissionwas arranged,
and this was further confirmed on a computed tomography and
magnetic resonance imaging of the pelvis (Fig. 7). Findings from
these additional imaging did not reveal additional signs of loos-
ening or infection.

She underwent right-hip aspiration under fluoroscopic guid-
ance, and multiple studies including fluid cultures, cytology, gram
stains, and tuberculosis testing did not reveal any signs of infection.
However, elevated white cell count (13 � 10̂ 9 L), erythrocyte
Figure 5. Pelvic radiographs at 2 y postoperatively showing that the implant is stab
sedimentation rate (77 mm/h), and CRP (30 mg/L) were noted.
Considering she had an episode of pulmonary tuberculosis 2-3
years ago, and protrusio acetabuli appeared chronic, a 2-stage
revision hip arthroplasty was decided on in view of concerns of PJI.

Postoperative radiographs after stage 1 of revision THA are
shown in Figure 8. Intraoperatively, there were no signs of infection
but significant amounts of fibrotic scar tissue around the implant
and within the acetabulum. An extended trochanteric osteotomy
was performed to expose the stem and gain access to the acetab-
ulum. A Paprosky 2C acetabular defect was noted. The superior and
anterior edges of acetabulum had to be osteotomized as they were
impeding removal of the bipolar head. The femoral canal was
prepared as per the surgical technique described previously.

The patient was placed on noneweight bearing status on the oper-
ated side after the surgery until reimplantation. Tissue cultures grew
Citrobacter koseri, and shewas started on IV aztreonam for 6 weeks per
our local infectious diseases department’s recommendations.

Similarly, a 2-week antibiotic holiday was adopted, and we
proceeded with stage-2 revision when CRP was normalized after
this period.

The patient was discharged to a community hospital for further
rehabilitation shortly after and performed well. Postoperative ra-
diographs at 2 years showed no radiological complications such as
periprosthetic loosening (Fig. 9).
le, intact, and unchanged in position. Mild right acetabular protrusio is noted.



Figure 6. Preoperative radiograph of the pelvis in (a) judet and (b) lateral views, demonstrating Vancouver B2 periprosthetic fracture of the right-sided bipolar hemiarthroplasty,
and protrusio acetabuli.
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Case 3

An 86-year-old female, with a BMI of 22.0 with underlying
diabetes, hypertension, hyperlipidemia, and a history of right bi-
polar hemiarthroplasty performed in 2011 for a right neck of femur
fracture, presented to the outpatient clinic with a 3-month history
of right hip pain.

Radiographs showed sclerosis of the right acetabulum, peri-
prosthetic loosening, and early protrusion (Fig. 10). A technetium
bone scanwas also performed, showing no scintigraphy evidence of
periprosthetic infection around the right-hip prosthesis.

She underwent right stage-1 revision THA (Fig. 11), and a
modified Hardinge lateral approach was adopted. Intraoperatively,
chronic PJI with accelerated osteolysis and osteomyelitis was found.
There was exuberant synovitis and florid pus. Synovasure Alpha
Defensin Lateral Flow Test (Zimmer Biomet, Warsaw, IN) was pos-
itive. There was protrusion, with loss of the medial wall consistent
with a Paprosky 2C defect. There was also proximal femoral loss.

As most of the pus was noted to accumulate posteriorly, the
decision was made to convert to a posterior approach. The
femoral canal was packed with a Steinmann pin coated with 40 g
Simplex tobramycin (Stryker, Kalamazoo, MI) and colored with
methylene blue. After coating, we packed cancellous bone chips
into the acetabular defect and used a temp to compact the bone
chips before finger-packing the remaining cement into the ace-
tabulum over the bone chips.
Figure 7. Computed tomography (coronal view) of the pelvis further demonstrates
right prosthetic hip protrusio acetabuli, and a Vancouver B2 periprosthetic fracture.
The patient was placed on noneweight bearing status on the
operated side after the surgery until reimplantation. Intraoperative
cultures showed Candida albicans, and the patient was treated for
fungal PJI. She was discharged to the community hospital and
placed on IV fluconazole for 6 weeks via a peripherally inserted
central catheter. She developed a reinfection, and repeat stage 1
was performed. A culture-directed antibiotic-impregnated
(amphotericin and fluconazole) cement spacer block was used.

After a 2-week antibiotic holiday, CRP had normalized, and we
proceeded with stage-2 revision THA, implanting a highly porous
hemispherical shell and monoblock tapered titanium stem for the
femur. She was discharged to a community hospital for further
rehabilitation shortly after and performed well. Postoperative ra-
diographs showed no radiological complications.
Discussion

In this study, we have successfully shown the viability of our
induced membrane allogenic bone-grafting technique in treating
infected hip hemiarthroplasties complicated by large acetabular
bone defects.

Radiographic consolidation was achieved in all cases, and there
was satisfactory downsizing of the bone defect in all cases. There
were no reinfections, and bony union was achieved in all cases.
There was improvement in mean patient-reported outcome mea-
sures during midterm follow-up as shown in Table 2.

All cases achieved good bone union, which is in line with pre-
vious studies reporting bone union rates of 82%-90% [11-13].
Although there was a high degree of variability in time to weight
bearing and consolidation observed in our study group, it is
worthwhile to note that all patients eventually progressed to pain-
free weight bearing.

The Masquelet technique was initially designed for the treat-
ment of bone defects caused by infection. It hinges on the concept
of a membrane-induced technique that aids in bone reconstruction
promotion by preventing the bone-graft resorption and also play-
ing an important role in revascularization and consolidation. The
use of a spacer also helps to maintain the defect and inhibit fibrous
ingrowth [3]. Owing to its success, its applications have widely
expanded, and there is abundance of literature that describes how
it is successfully used to treat post-traumatic bone loss in long
bones of the lower extremities [4,12,14], tumors [15], osteomyelitis,
infected nonunions, and tibia pseudarthrosis [16]. There has also
been increasing expansion of usage, including but not limited to,
the hand [17] and feet [18].

To date, our study is the only study, albeit a low-volume case
series, that evaluates the outcomes of a similar technique drawn
from the Masquelet technique, on the hip, specifically large



Figure 8. Radiographs showing an antibiotic cement spacer, with prosthesis for concurrent fixation of right proximal femoral fracture.
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acetabular bone defects. Our induced membrane technique differs
from the true Masquelet technique in that the secondary bone is
formed in the central acetabulum before removal of the antibiotic
spacer. The temporary cement spacer inserted in stage-1 revision
served as a template for secondary ossification around the central
acetabular defect.

There are a few key advantages to this technique that provides
feasibility and versatility in treatment. Bone union is not directly
related to the defect size, and the technique can be combinedwith a
variety of implants, allowing surgeons to choose the best implant,
considering location of and size of the defect, as well as severity of
infection [13].

Regarding operative considerations, the graft source may be
autologous, homologous, or mixed and can be supplemented with
growth factors. We decided to use an allograft rather than autolo-
gous bone graft in managing massive bone defects as autologous
grafts have demonstrated an increased risk of resorption and sub-
optimal healing when the defect is over 4 to 5 cm [19].

The benefit of this technique over an articulating spacer is that
large acetabular defects often are unable to accommodate an
articulating spacer because of acetabular bone loss. In addition to
local antibiotic delivery from cement, formation of the
Figure 9. Postoperative radiographs at 2 y showing good radio
pseudomembrane also makes revision surgical dissection easier,
especially when trying to identify pelvic and acetabular landmarks.
Bone grafting also downsized the amount of bone loss so that
hemispherical cups may be used, making subsequent reimplanta-
tion surgery easier.

Alternatives that may be considered in treating these defects
include antiprotrusio cages and custom triflange acetabular pros-
theses. For supplementation of the acetabular bed, modular
metallic augments, structural allograft, and morselized impacted
allograft are all plausible options [20].

Our case series was limited by its retrospective nature with low
patient volume. There was variability in time to weight bearing and
radiographic consolidation, but all patients were ultimately able to
progress to full-weight bearing. Further prospective large-scale
randomized and comparative studies are required to validate and
support the efficacy of our proposed technique.

Summary

Our induced membrane bone-grafting technique has shown
preliminary success in treating large bone defects arising from
previous hip hemiarthroplasty PJI. All cases showed satisfactory
logical graft integration with no periprosthetic loosening.



Figure 10. Pelvic radiographs: (a) anteroposterior and (b) lateral showing sclerosis of the right acetabulum, with early protrusion.

Figure 11. Pelvic radiographs: (a) anteroposterior and (b) lateral after stage-1 revision THA, showing removal of right total hip arthroplasty, with a dowel rod in the femoral shaft,
and a density within the right hip joint representing the antibiotic cement spacer.
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clinical and radiological outcomes at midterm follow-up. This
technique holds promise and can be an alternative means when
treating large acetabular bone defects.
Table 2
Tabulation of preoperative and postoperative patient-reported outcome measures.

Scores Preoperative
mean

2-y
Postoperative
mean

WOMAC scores
Pain 76 100
Stiffness 65 95
Physical function 46 91

SF-36 scores
Physical functioning (PF) 45 85
Role physical (RP) 0 50
Bodily pain (BP) 41 84
General health (GH) 72 97
Vitality (VT) 55 90
Social function (SF) 25 100
Role emotional (RE) 67 100
Mental health (MH) 67 100

Oxford Hip Score
Score 34 14

WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; SF-36,
36-Item Short Form Survey.
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