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Long term results of impaction Bone grafting using a synthetic graft
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A B S T R A C T

Introduction: Impaction Bone grafting (IBG) in Revision THR is challenging and places demands on
allograft stores. Identifying a potential synthetic replacement that works in the longer term was the aim
of this study.
Methods: We retrospectively reviewed 21 sequential patients who had undergone revision THR using IBG.
They were randomised to receive either combined allograft and synthetic graft or Allograft alone. Among
the surviving 15 patients, there were total of 25 procedures were carried out. 15 hips underwent IBG in
the acetabulum and 10 hips underwent femoral IBG. Eight patients received a 50/50 mixture of allograft
and synthetic Bone graft (Apapore) and seven allograft alone. Bone loss was classified using Paprosky
classification. The average follow up was 10 years.
Results: Of the 21 patients, 6 had died of unrelated causes and were excluded. There were 3 re-operations
but no revision of the original components. There was no significant implant migration detected. 3
acetabular components had confluent lucent lines in zone-1 which remained stable on long term follow
up. 2 patients sustained femoral peri-prosthetic fractures after a simple fall and one patient who
developed deep infection treated by DAIR. The modified oxford hip score post-operatively was 18 in
allograft group and 22 in Apapore group
Conclusion: Long-term results indicate that the combined use of synthetic graft in Impaction Bone
grafting is an effective substitute
© 2017 Prof. PK Surendran Memorial Education Foundation. Published by Elsevier, a division of RELX

India, Pvt. Ltd. All rights reserved.
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1. Introduction

With an increasing life expectancy in the west from modern
healthcare, there will be a greater demand for total hip
replacement (THR) surgery. The Recent National Joint Registry
reported over 97,000 hip replacements were performed yearly in
the United Kingdom.1 This in turn will lead to an increase in the
presentation of loosening around these implants or peri-prosthetic
fractures. It will create a major challenge for the surgeon when
faced with an increasing number of bone deficient acetabulum or
femur. A significant amount of bone loss is frequently encountered
with revision hip replacement surgery.2 Multiple options are
available for impaction bone grafting (IBG) of these defects.
Autograft bone harvested from the patient can cause significant
morbidity and be of a limited supply. Allograft harvesting of
cadaveric femoral head is therefore preferable and commonly
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performed allowing large volumes of bone graft to be harvested
and implanted. This carries the risk of pathogen transmission,
increased cost and a time limited shelf life. De Roek et al. have
highlighted that a freeze dried allograft has much larger shelf life
but requires prolonged rehydration and affects the operation time
with different handling properties.3

A Potential solution could be a synthetic bone graft substitute
material that would allow a material similar to the bone to be
impacted into the defect. IBG of the acetabulum in arthroplasty of
the hip was originally described by Hastings and Parker in 1975.4

Subsequently Sloof, Hastings and Parker described the impaction
bone grafting using a cemented acetabular component.5,4 This
technique has been replicated in multiple centres.6 Later it also
became increasingly popular to use impaction bone grafting with
uncemented implants. Pulido et al. highlighted the increasing
popularity of using impaction bone grafting with cementless
acetabular components.7

With demand out stripping for supply of fresh femoral heads,
the search for synthetic alternatives has increased. Since the
introduction of calcium sulphate as a bone graft substitute in 1892,
there is a continuous drive to improve the material properties of
lsevier, a division of RELX India, Pvt. Ltd. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jor.2017.03.013&domain=pdf
undefined
http://dx.doi.org/10.1016/j.jor.2017.03.013
http://dx.doi.org/10.1016/j.jor.2017.03.013
http://www.sciencedirect.com/science/journal/0972978X
www.elsevier.com/locate/jor


Table 2
Paprosky classification of Bone loss.

Acetabulum Bone loss Apapore + Allograft Allograft alone

2A 1 4
3A 6 2
3B 1 1

Femur Bone loss 3A 6 4
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calcium sulphate and development of newer bio-ceramics. Bio-
ceramics are neither osteogenic nor osteoinductive, but work by
creating an osteoconductive scaffold to promote osteosynthesis.8,9

Currently, there are four main types of bio-ceramics that are used
as bone graft substitutes: calcium phosphate, tricalcium phos-
phate, calcium sulphate and coralline hydroxyapatite. Composite
Bio-ceramics use a combination of these types to provide materials
with improved properties. These bone graft substitutes are
available in multiple forms ranging from pellets and solid blocks
to injectable putty. Apapore is one such synthetic bone graft
substitute produced by ApaTechTM and consists of hydroxyapatite.
It is shaped similarly to cancellous bone in a trabecular structure
providing similar mechanical properties to that of bone.10

2. Materials and methods

We retrospectively reviewed 21 patients who had undergone
revision hip arthroplasty using IBG between January 2004 and
October 2007. Patients were randomised to receive either plain
allograft or a 50:50 mix by volume of Apapore and allograft.
Patients over the age of 18 were included in the trial with no upper
age limit. Patients that were operated on outside this time period
or who had died of unrelated causes during follow up were
excluded. The Operation notes and Radiographs were examined to
ascertain which methods were used to augment the implants along
with the size of bone defect. The demographics and amount of
bone loss (classified using the Paprosky classification system)
shown in Tables 1 and 2 respectively. The indication for surgery in
all cases was aseptic loosening with significant bone loss.

There were two trial arms with one population, receiving a
50:50 mixture of allograft and Apapore synthetic bone graft and
the other population, receiving only Allograft alone. 15 acetabular
revision procedures underwent IBG whilst 10 femoral revisions
underwent IBG (Total 25 procedures).

Eight Patients (8 Acetabulum and 6 Femur) received a 50:50
mixture of allograft bone and synthetic bone graft (Apapore) and
seven patients (7 acetabulum + 4 femur) allograft alone. Bone loss
was classified using the Paprosky classification with the majority
being type 3 (Table 2). Among the 15 patients with Acetabular cup
fixation, 11 were cemented with mesh containment, one without
mesh and three uncemented without mesh. Ten hips had femoral
IBG with cemented components and two were bilateral. All bone
defects were treated with bone graft impaction using appropriate
specially designed tamps (Stryker Exchange system). Two Patients
with Paproski type 3 B defects needed mesh and IBG using the Gap
II cup cage construct (Styrker).

Fresh Femoral heads from the bone bank were used as the
allograft. Apapore 60 (ApaTech Ltd, Elstree, United Kingdom) was
the synthetic material which came in a 40 ml pack size with 5–
10 mm granule size. It has a 60% porosity and is a phase-pure
hydroxyapatite (HA). The combination of the pure-phase HA and
porous structure is likely to improve osteoconductivity and
encourage the bone ingrowth and remodelling.7,10,11 The grafts
were mixed with 1 g of vancomycin prior to impaction to reduce
the risk of infection. Post-operatively all patients were mobilised
Table 1
Demographics.

Groups Apapore + Allograft Allograft alone

No of cases 8 7
No of Procedures. 14 11
Average Age(years) 72.8 71.9
Male 4 3
Female 4 4
Oxford hip score 22 18
with partial weight bearing for 3/12 and progressed to full weight
bearing gradually after that. The patients were followed-up both
clinically and radiologically at 6 weeks, 6months initially and
annually there after. Radiologically assessed for graft incorpo-
ration, lucent zones and component migration. More than 2 mm
radiological lucency is considered to be significant. Revision of
original components for any reason is considered as failure. The
outcome measurements included to be an oxford hip score and
radiographic analysis.

3. RESULTS (Fig 1 and 2)

21 patients were reviewed as part of this study. Six died of
unrelated causes during follow up and were excluded from study.
Any revision surgery needing replacement of original component
is considered to be a failure. Among the surviving 15 patients, there
was an even distribution of gender with eight female and seven
male patients. The average age at the time of surgery was 72.4
years (60–89). The average follow-up was 10 years (Range 9–11
years).

There were three re-operations and no significant implant
migration detected. Three acetabular components had confluent
lucent lines which remained stable on long term follow up.

Two patients (13.3%) who had undergone femoral IBG sustained
a Vancouver type B1 femoral Peri-prosthetic fracture (PPF) after a
simple fall. One patient after 2 years and the other patient, seven
years post-operatively. Graft was well incorporated in both of these
cases. Both patients were treated with an open reduction and
internal fixation (ORIF) along with a strut graft without needing to
revise the stem. Fracture union noted in both cases at final follow
up both clinically and radiologically.

One patient (6.5%) developed deep infection from haematog-
enous spread 4yrs after IBG. This infection was identified early and
successfully treated with the debridement, antibiotics and implant
retention (DAIR). No recurrence of infection at final follow-up.

Three acetabular components (20%) from the Apapore group
had confluent lucent lines in zone–1 noted on post-operative
radiographs. They remained stable without progression during the
Fig. 1. AP radiograph showing IBG (Allograft group) of Right femur and Acetabulum
–10 year follow up.



Fig. 2. Radiographs showing AP view of IBG (Apapore group) of left Acetabulum at 9
years follow up.
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follow-up. There were no significant differences noted clinically
and radiologically between each group.

The mean modified Oxford hip score post operatively is shown
in Table 1 for each group. The mobility at final follow up – seven
patients were independent, six patients using a stick and two
patients using a frame.

4. Discussion

There is a great deal of literature relating to the clinical
outcomes of bone graft substitutes although rather non-specific to
the harsh environment of IBG. It is largely comprised of
retrospective studies with few randomised controlled trials.

Kurien etal (2013) performed a systematic review on the use of
bone graft substitutes in orthopaedic practice. They found that the
only bone graft substitutes with Level I evidence were Norian SRS
(Synthes), Vitoss (Orthovita), Cortoss (Orthovita), and Alpha-BSM
(Etex). They concluded that there is a considerable need for further
prospective randomised controlled trials to facilitate an informed
decision with regard to the use of current and future bone graft
substitutes in clinical practice.12

Slooff et al. (1984) presented a series of 43 hips who underwent
the IBG procedure for acetabular protrusion.13 They addressed
large defects with a combination of IBG, mesh and protrusion rings.
In 1996, he presented the results of 88 hips with acetabular and
femoral reconstruction using IBG.5 After a mean follow up of 70
months, four cases of clinical failures (including on infection) and
six cases of radiologic failure of the reconstructions were observed,
resulting in a failure percentage of 11.4% after 5 years.

Comba et al.,6 presented 142 hips with a follow up between 2
and 13 years with similar results.

Pulido et al. in his review article highlighted that, with
improved methods of fixation and revision techniques with
availability of trabecular metal cups, there is increasing popularity
of using bone graft with cementless acetabular components.7

Various authors have advocated different techniques to
improve integration and mechanical stability of the impaction
bone graft. Dunlop DG et al. in a laboratory study showed removal
of fat and marrow fluid from milled human allograft by washing
the graft allows the production of stronger compacted graft that is
more resistant to shear, which is the usual mode of failure.14

Whilst Toms et al. demonstrated that bone graft must be
contained and sufficiently compacted to provide mechanical
stability.15 We used same techniques with special tampons and
Exeter exchange system for IBG in our study.

The optimum size of BG chips for impaction is not clear,
however, biomechanical studies demonstrate that large bone chips
of between 8 mm and 10 mm confer greater stability to an
acetabular model with a cemented component than a graft
composed of smaller chips IBG.16–18 In our study we used Apapore
60 with 5–10 mm size. Another biomechanical study19 demon-
strated that 50% addition of ApaPore-60 to allograft reduced
subsidence and rotation of the stem and will offer better initial
stability than allograft alone during femoral impaction grafting.

Schreurs BW et al. in 2004, presented the clinical and
radiological results of 62 consecutive acetabular revisions in 58
patients, at a mean of 16.5 years follow-up (15–20 years). They
concluded 79% survival at 15 years. In their series, two patients
needed revision for sepsis. Seven acetabular reconstructions
showed radiolucent lines in one or two zones. They suggested
that Acetabular revision using impacted large morsellised bone
chips (7 mm to 10 mm) and a cemented cup, is a reliable technique
of reconstruction.20

Mc Namara et al., in their retrospective study of 48 patients
with 50 consecutive acetabular IBG in primary and revision THA
using Apapore 60 as 1:1 mixture, showed clinical survival of 100%
at 5 years follow up. However radiologically 10 hips (20%) showed
radiolucent lines and two hips showed acetabular migration.21 Our
results and complication rates are very similar to the above studies
from the literature.

The main strength of our study is the longer term follow-up of
randomised patients. It is a comparison study of homogenous
patient group between the use of allograft and a mixture of
Apapore and allograft. It is a single surgeon series and is the largest
comparison case series of patients with allograft versus Apapore
mixture in revision arthroplasty. The limitations of this study is the
small population size

5. Conclusion

We conclude from our study that, Apapore remains a viable
option for the use of impaction bone grafting in revision
arthroplasty. It is potentially a safer option due to the reduced
requirement for donor allograft bone and produces comparable
results to allograft alone. Although it is a small sample, the long
term results indicate that it is an effective substitute for allograft
graft alone.
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