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Aims

Large acetabular bone defects encountered in revision total hip arthroplasty (THA) are chal-
lenging to restore. Metal constructs for structural support are combined with bone graft
materials for restoration. Autograft is restricted due to limited volume, and allogenic grafts
have downsides including cost, availability, and operative processing. Bone graft substitutes
(BGS) are an attractive alternative if they can demonstrate positive remodelling. One po-
tential product is a biphasic injectable mixture (Cerament) that combines a fast-resorbing
material (calcium sulphate) with the highly osteoconductive material hydroxyapatite. This
study reviews the application of this biomaterial in large acetabular defects.

Methods

We performed a retrospective review at a single institution of patients undergoing revision
THA by a single surgeon. We identified 49 consecutive patients with large acetabular de-
fects where the biphasic BGS was applied, with no other products added to the BGS. After
placement of metallic acetabular implants, the BGS was injected into the remaining bone
defects surrounding the new implants. Patients were followed and monitored for functional
outcome scores, implant fixation, radiological graft site remodelling, and revision failures.

Results

Mean follow-up was 39.5 months (36 to 71), with a significant improvement in post-revision
function compared to preoperative function. Graft site remodelling was rated radiologically
as moderate in 31 hips (63%) and strong in 12 hips (24%). There were no cases of com-
plete graft site dissolution. No acetabular loosening was identified. None of the patients
developed clinically significant heterotopic ossification. There were twelve reoperations: six
patients developed post-revision infections, three experienced dislocations, two sustained
periprosthetic femur fractures, and one subject had femoral component aseptic loosening.

Conclusion

Our series reports bone defect restoration with the sole use of a biphasic injectable BGS in
the periacetabular region. We did not observe significant graft dissolution. We emphasize
that successful graft site remodelling requires meticulous recipient site preparation.
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Introduction especially challenging.? The well-established
Total hip arthroplasty (THA) rates are rising options to restore acetabular defects are the
globally, which portends a rise in revision THA  use of autologous and allogenic bone. Autolo-
procedures.” Revision procedures are diffi- gousbone, considered the optimal graft mate-
cult, and large acetabular bone defects are rial, has many limitations including available
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Table 1. List of the primary indication necessitating revision total hip
arthroplasty in the 49 study subjects.

Primary indication for revision THA Subjects

Wear debris phenomenon (metal and/or polyethylene) with or 19
without implant loosening

PJI - reimplantantion procedure (second stage of two-stage 15
exchange)

Mechanical implant loosening without significant wear debris 10

Prosthetic femoroacetabular impingement pain sans 4
dislocation
Recurrent dislocation 1

PJI, periprosthetic joint infection; THA, total hip arthroplasty.

graft volume and surgical risk independent of the revision
surgery.® Allogenic grafts combined most frequently with
cementless implants and, more recently, with porous metal
augments, address the limitations of autologous graft.*
However, in recent years, good-quality donated bone has
become increasingly hard to source in many countries.

To address the limitations of autogeneic and allogenic
grafts, synthetic bone graft substitute (BGS) products
have been used in non-structural bone graft applications.
BGS products differ according to composition, but most
products are composed with a majority of either calcium
sulphate or calcium phosphate. To date, many BGS products
have not conclusively demonstrated equivalence to bone
grafts with regard to incorporation and bone remodelling
in large and/or uncontained defects.>¢ Calcium sulphate-
predominant BGS generally resorbs rapidly (almost
always within six weeks).” Conversely, calcium phosphate-
predominant BGS is essentially non-absorbable, and lacks
sufficient porosity to enable graft site remodelling.” For this
reason, next-generation BGS products have been devel-
oped that are biphasic, combining calcium sulphate and
calcium phosphate in relative proportions that emphasize
the benefits of each.®

One such ‘hybrid BGS’ is Cerament (Bonesupport ab,
Sweden). It is a biphasic injectable calcium sulphate/
hydroxyapatite BGS. It is composed of 60% a-calcium
sulphate hemihydrate (CSH) (CaSO, 1/2H,0) and 40%
hydroxyapatite (HA) (Ca,(PO,)6(0OH)2).>® By combining
a fast-resorbing material (CSH) with a highly osteo-
conductive material (HA), a controlled rate of product
resorption and bone ingrowth can be matched to one
another, creating a favourable environment for remod-
elling. The HA particles are high temperature sintered
and further processed to give a size (5 um), shape, and
surface characteristic that is optimal for mixing and osse-
ointegration.*'® Previous studies with this BGS show
good capacity for bone remodelling.”™ These friendly
environments include osteotomy of distal radius, fracture
malunions,™ tibial plateau fractures,'> and benign bone
tumours.”™ However, it is more pertinent to consider
whether this product is capable of guiding bone remod-
elling in harsh environments such as large acetabular

defects encountered during revision THA. This is consid-
ered one of the hardest areas to restore bone. Osseointe-
grative signals are muted for many reasons, including
inhibitive inflammatory state created by particulate wear
debris phenomenon, compromised local vascularity,
excess mechanical bone loads as a result of regional bone
loss, and inadequate surgical preparation of the recipient
site.’>1”

For this study, we present a retrospective review of
the hybrid BGS Cerament, used in acetabular revision
surgery in the setting of significant structural and cavi-
tary bony defects. We review serial radiographs to rate
the extent of radiological remodeling of the BGS placed
into the acetabular region.

Methods

A retrospective analysis was performed, examining the
medical records and radiographs of patients treated
with injected acetabular BGS (Cerament without antibi-
otics) at a high-volume revision arthroplasty centre. All
patients were treated between January 2014 and June
2018 by a single surgeon (EJM). Minimum follow-up
was 36 months. Only those patients whose revision THA
surgery involved the pelvis or acetabulum were included.
The procedures included aseptic revision THA and re-im-
plantation THA in a two-stage exchange protocol for
periprosthetic joint infection (P)I).

The technical preparation of the recipient area of the
BGS was twofold. In the areas of contiguous bone, the
bone surfaces were scraped meticulously to remove all
fibrotic material, metal debris, and inflammatory tissue.
Bone was curetted or removed aggressively until punc-
tate bleeding bone was seen, known as the Paprika
Sign, as described by Patzakis and Zalavras.” In areas
of segmental bone loss, the remaining soft-tissues were
meticulously debrided with removal of any surrounding
avascular ‘rind’ until bleeding tissue was noted. The
recipient sites were then irrigated with pulsatile saline
mechanical lavage. After insertion of the reconstruction
cage or cup, but before placement of the polyethylene
bearing, the BGS was injected. Specifically, the BGS
powder was hydrated and mixed using a two-syringe
technique. No antibiotics were included nor added to the
BGS product. After three minutes, the BGS was injected
with a cannula behind the cage or cup, through the cage/
cup holes, or rim edges into the defect regions, and then
allowed to set. After curing, the polyethylene bearing was
placed. Within this study group, dissolvable antibiotic-
loaded CaSO, (ALCS) beads were placed only within the
joint space at the time of closure. The bead product was
Stimulan (Biocomposites, UK). A 10 cc volume of CaSO,
was mixed with 1 gm of vancomycin and 240 mg of
tobramycin.

Procedure-specific data included injected BGS
volume, implanted devices, surgical reconstruction, and
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Fig. 1

a) Anteroposterior (AP) pelvic radiograph of a 75-year-old female with a painful, aseptically loose right revision acetabular component showing protrusion of
right cementless porous cup (prior cemented cup). CT scan showed segmental bone loss of anterior column and medial quadrilateral plate. b) Postoperative
AP pelvic radiograph showing pelvic reconstruction with MaxTi triflange cage. 18 ml of Cerament was injected behind the cage into all defects before
cementing the acetabular component into the cage. c) AP pelvic radiograph 16 months postoperatively. Pelvic reconstruction remains stable. Note the area of
Cerament where remodelling has occurred. Remodelling has progressed to an appearance that suggests transformation into bone. Also note the removal of
15 mm of superior ramus screw tip which exited the anterior cortex and was a focal area of discomfort when wearing pants. The exposed screw was removed

at 14 months postoperatively with a limited incision.

ALCS bead volume. Outcome measures included, func-
tional outcomes (Harris Hip Score (HHS))," radiological
evidence of bone remodelling, and implant failure and/
or reoperations. Serial postoperative and follow-up radio-
graphs were obtained that included anterior-posterior
and lateral views of the pelvis and hip region. The radio-
graphs were reviewed by an independent musculo-
skeletal radiology examiner with assessment of implant
fixation and BGS remodelling.??" A careful review was
undertaken to identify, within the BGS regions, trabec-
ular patterns resembling host bone structure. Radio-
logical remodelling was subjectively rated as minimal,
moderate, or strong. If the BGS area reduced in size and/
or decreased in subjective density over time, remodelling
was rated as minimal. Moderate remodelling was present
when: 1) the BGS size was maintained over time and there
was maintained or increased subjective bone density or
2) the BGS size decreased, but there was an increase in
bone density suggesting remodelling of the BGS. Lastly,
when trabecular bone patterns were clearly identified
within the BGS, we considered this to be a proxy of defi-
nite graft remodelling and defined this as a strong remod-
elling response. In all cases, host staging was performed
using the McPherson Staging System.2? Clinical follow-up
intervals were at six weeks, three months, six months, 12
months, and biannually thereafter.

Statistical analysis. Statistical analysis of pre- and postop-
erative HHSs was conducted using a paired t-test with a
significance threshold of p < 0.05.

Results

Between January 2014 and June 2018, we identified
243 patients who had an aseptic revision THA or reim-
plantation THA. Within this group, 176 patients had a
revision procedure of the acetabulum. The remaining
67 patients had a revision procedure only of the femur
and were excluded from study. In the group undergoing

a revision acetabular procedure, we selected out those
who had the injectable biphasic BGS applied. During this
study period, we did not use any autologous or allogenic
bone grafts. The BGS was applied on its own. A total of
49 subjects (20% of all THA revisions) met the inclusion
criteria.

In the selected cohort of 49 revisions, the mean age
of the patient was 64.3 years (44 to 79). There were
16 males and 33 females. Mean follow-up for all subjects
was 39.5 months (36 to 71). During the follow-up period,
one patient died of multiple myeloma at 50 months post-
operatively. The primary indication necessitating the
revision procedure for all 49 subjects is listed in Table I.
Of these, four were McPherson A hosts (8%), 39 were
B hosts (80%), and six were C hosts (12%). The mean
volume of articular ALCS beads placed at closure was
24.25 cc (5 to 40).

In 25 cases (51%), a triflange pelvic cage was placed
to span segmental defects. Ten cages were ‘off the shelf’
MaxTi cages (Zimmer-Biomet, USA), while 15 cages were
larger-spanning custom porous triflange devices (PMI;
Zimmer-Biomet) In 20 cases, a cementless porous multi-
hole revision cup was used, either a MclLaughlin or G7
(Zimmer-Biomet), with 6.5 mm titanium screws to secure
fixation. In the remaining five cases, there was a well-fixed
porous metal shell with significant retroacetabular osteol-
ysis. In these cases, the lesions were debrided/curetted
with injection of BGS into the retroacetabular defects via
an open-door iliac window osteotomy. A new polyeth-
ylene bearing was retrofitted into the cup.

Across the entire patient group, a mean of 16 ml
(3 to 40) of BGS was injected. At a mean 39.5 month
follow-up, a mean HHS increase of 32 points was
recorded (p = 0.002). On radiological evaluation at
12-month follow-up, 31 subjects (63%) demonstrated
moderate graft site remodelling and 12 subjects (24%)
demonstrated strong remodelling with trabecular lines
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Fig. 2

a) Anteroposterior (AP) radiograph of pelvis and upper femur region showing infected endoprosthetic total hip arthroplasty (THA) of a 53-year-old female
with a chronic periprosthetic joint infection of her fourth revision right THA. The patient has epiphyseal dysplasia. A draining sinus was present over the lateral
mid-thigh. A polyethylene bearing is cemented into the cementless cup. There is cement behind the metal cup. The infecting organism was Cutibacterium.

b) AP radiograph of endoprosthetic PROSTALAC (PROSThesis Antibiotic Loaded Acrylic Cement) construct at six months. The patient is ambulatory with
partial weight with a walker. Three preoperative aspirations are negative. c) Postoperative AP radiograph showing pelvic reconstruction with MaxTi triflange
cage; 10 ml of Cerament was injected behind the cage into all defects before cementing the acetabular component into the cage. A constrained bearing was
cemented into the cage construct. d) AP pelvic radiograph 12 months postoperatively. The pelvic reconstruction remains stable. Note the area of Cerament
where remodelling has occurred. Remodelling is rated radiologically as moderate.

observed (Figures 1 to 3). In six subjects (12%), there
was minimal remodelling observed. Radiological evalua-
tion also revealed no instances of acetabular component
loosening.

There were 12 reoperations (24%) in the study group.
The mean volume of BGS used in the failure group aver-
aged 17 ml (10 to 30), compared to an average of 16 ml
across the entire study group. There were six cases of
infection (12%). One case was an A Host, four were B
hosts, and one was a C host. Three of the cases recurred
after second-stage reimplantation. None of these cases
had a return to the operating theatre for wound drainage.
Of the six cases, five patients underwent a repeat two-
stage exchange protocol. In the other case, a single-stage
exchange was performed. Three patients (6%) developed
recurrent dislocations. All were treated with a modular
bearing exchange and conversion to a constrained bearing
construct. Two patients (4%) sustained a periprosthetic
femur fracture. Both were treated with a revision femoral
stem and multifilament cabling. There was one case (2%)
of aseptic loosening of the revision femoral stem that was
treated with a cemented proximal endoprosthesis. In
this series, there were no cases of significant periarticular
heterotopic bone formation. Small islands of heterotopic
bone were observed, mainly about the proximal femur in
cases of femoral stem revision. This was mostly in cases
where femoral osteotomies were performed.

Discussion

Surgical management of acetabular defects encoun-
tered during revision THA is driven by many factors.
These include surgeon philosophy, defect size, structural
acetabular/pelvic integrity, and availability of bone graft
material.?® Established restoration strategies include the
use of structural and/or particulate allograft, autograft, or
(increasingly) synthetic BGS."7* Placement of particulate

allogenic grafts into the acetabular region show good
survival.??¢ A retrospective case series of 95 patients
who underwent acetabular reconstruction using morcel-
lized virus-inactivated bone allograft and reinforcement
rings showed a ten-year survival rate of 96.2%, with 2.1%
failing due to acetabular loosening.?” However, there are
challenges using solely allogenic bone graft material.
Not infrequently, there is limited supply, and the incon-
sistency of supply makes surgical planning difficult. The
costs of allograft products can be substantial. Allograft
material must be stored in expensive refrigeration
systems to maintain graft sterility and integrity. Transport
of allografts requires very careful packaging with trans-
portation in high-priority air and ground travel. Intraop-
eratively, the time and complexity involved with thawing,
preparation, and placement of allograft can significantly
extend operating time. Thus, the use of synthetic alter-
natives has always been alluring. However, within the
periacetabular region specifically, remodelling and trans-
formation to bone has been problematic with many BGS
products.??

The advantages of synthetic bone grafts are several:
unlimited and consistent availability, the avoidance of
infection-transmission risks associated with allograft,
and generally lower costs compared to allogenic grafts.
However, their use is not without complications. These
include: graft dissolution, migration, resorption, hetero-
topic ossification, and hypercalcemia.®*%3' Furthermore,
bone regeneration rates are highly variable with variable
standards of evidence demonstrating bone regeneration
capabilities.?' This is important because effective bone
regeneration supports the reconstruction construct and
is known to reduce the likelihood of fracture or other
complications.?? Thus, a synthetic BGS that effectively
promotes bone regeneration would be most attractive.
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Fig. 3

a) Anteroposterior (AP) radiograph of pelvis and upper femur region showing loose spanning porous cage of a 65-year-old female who had undergone

five prior revision total hip arthroplasty procedures resulting from prior trauma. The cage has failed via an abduction pullout mechanism from the inferior
pelvis. An extended polyethylene (+ 5 mm) constrained bearing is locked into the cage. CT scan showed segmental bone loss of posterior column, medial
quadrilateral plate, and anterior rim. b) Postoperative AP radiograph showing pelvic reconstruction with a custom triflange porous cage; 28 ml of Cerament
was injected behind the cage into all defects before inserting a Freedom constrained bearing into the ring-loc mechanism. A long medullary screw was
inserted into the superior ramus to counteract abduction pullout stresses. c) AP pelvic radiograph 66 months postoperatively. Pelvic reconstruction remains
stable. The bone graft substitute site shows retroacetabular remodelling, but no trabecular bone patterns are observed.

The injectable BGS used in this study was Cerament.
It was chosen for its biomaterial design to allow remod-
elling from adjacent bone regions.> By mixing a fast-
resorbing material (CaSO,) with a highly osteoconductive
material (HA), the resorption and bone ingrowth rate can
be matched. This has been previously demonstrated in
animal model studies.?* With the relative fast resorption
of the cured calcium sulphate component, a micropo-
rosity within the BGS is formed. This allows for the flow
of tissue fluids with nutrients and growth factors into the
BGS. This in turn promotes osteoclasts and macrophages
to enter the biomaterial and create macropores, resulting
in host cell ingrowth and remodelling of the BGS. Animal
studies have demonstrated the success of this approach
in transforming this BGS into bone. An animal model
demonstrated that Cerament is remodeled into trabec-
ular bone in six to 12 months.** More recently, a random-
ized controlled trial examining performance of the BGS
in managing tibial plateau fractures demonstrated non-
inferiority to autograft, the purported gold standard.'?
Further evidence of Cerament’s ability to regenerate into
bone has been shown in studies investigating perfor-
mance in distal radius malunions’” and bone cysts.™31
All these studies, however, were in favourable scenarios
that include contained bone defects in metaphyseal bone
regions with generally good inherent vascularity.

In this series, the performance of Cerament BGS was
investigated in the context of acetabular revision surgery,
which historically is a challenging area for bone graft
remodelling. At 12-month follow-up in this series, 63%
demonstrated moderate remodelling and 24% demon-
strated strong remodelling, similar to remodelling rates
seen with hybrid grafting techniques using allogenic
bone.% No instances of acetabular loosening were seen.
We did not experience any cases of heterotopic bone in

the periacetabular region of the BGS application. Despite
using two different CaSO, products in two different roles,
we did not experience any clinically relevant hypercal-
cemia where clinical treatment was required. The 12
instances of postoperative reoperations were, in our
opinion, unrelated to use of the BGS in the periacetab-
ulum. Since the BGS was placed behind the acetabular
implant en masse, we opine the CaSO, load from the BGS
would not be a significant contributor to the periarticular
CasSO, load within the first two postoperative weeks, the
period when wound drainage most often occurs. Addi-
tionally, in our six cases of PJl, none required a return to
the operating theatre for wound drainage. Statistically
significant improvements in functional outcomes (HHS)
from pre- to post-procedure were seen in the overall
patient cohort. In this small cohort review, there were
no complications relating directly to use of the BGS. We
emphasize the importance of clinical preparation of the
BGS recipient site to promote the remodelling process.
All areas (bone and soft-tissues) must show intraopera-
tively active bleeding. We describe the specific technique
as “curette, strip, and bleed”. The remodelling process
will only occur if the tissues juxtaposed to the BGS are
viable.

There are multiple weaknesses to the study. First, this
review is a retrospective single arm review of modest size.
Ideally, a randomized controlled study comparing allo-
genic bone graft to Cerament would be ideal. However,
such a study would be difficult to undertake due to the
complexities of revision THA surgery. In addition, it would
require multicentre support to arrive at significant statis-
tical analysis. Second, all radiological analyses regarding
bone remodelling are subjective. Radiological changes
can suggest BGS remodelling, but conversion into bone
can only be stated with histological analysis of the BGS
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site. In addition, in many cases, the area of applied BGS
was partially obscured by the surrounding metal placed
within the pelvis and acetabulum. In 51% of cases, a
reconstruction cage was placed. This effect was amplified
when smaller volumes (< 10 cc) of BGS were inserted.
Another weakness is the use of ALCS beads in this study,
meaning two different CaSO, products were used
concomitantly in two different roles. Thus, any purported
statements of heterotopic bone formation and increased
serum calcium cannot be attributed to the safety of Cera-
ment. However, in this series we did not experience clin-
ically significant hypercalcemia that required treatment.
Furthermore, we did not see heterotopic bone within the
periacetabular/hip joint region.

In conclusion, this retrospective case series demon-
strates that the sole use application of the synthetic
biphasic BGS Cerament appears to show positive radio-
logical remodelling in large acetabular defects encoun-
tered in acetabular revision surgery. This BGS consistently
contributes towards radiological bone defect restoration.
We strongly emphasize that successful graft site remodel-
ling requires meticulous recipient site preparation.

A Take home message

’) - Cerament is a biphasic bone graft substitute comprised of
hydroxyapatite and calcium sulphate. In this retrospective
series, it demonstrated consistent positive bone remodelling

in large acetabular bone defects.

- The authors stress the importance of clinical preparation of the

recipient site to promote the remodelling process.
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