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Abstract

Background: Acetabular aseptic loosening due to bone defect in total hip arthroplasty revisions is a great challenge
and several solutions have been proposed, but a broadly accepted consensus in the literature has not been reached
yet. The aim of this study is to compare the clinical and radiographic results of acetabular bone defects treatment with
biological-only graft or with a mixture of bone graft substitute and biological graft.

Methods: 33 patients had revision hip arthroplasty using impaction grafting with biological-only graft (21 patients,
Group A) or a 1/3 mixture of allograft and tricalcium phosphate bone graft substitute (12 patients, Group B). Patients
were reassessed at a minimum of one year after surgery with new x-rays and the Harris Hip Score (HHS).

Results: Survivorship of bone graft was 86% in Group A and 100% in Group B at a mean follow-up of 35 months. No
statistical difference between the two groups was found in terms of implants survivorship (P=0.28), clinical (P=0.08) or
radiographic (P=0.27) outcomes.

Conclusion: In our experience the use of tricalcium phosphate bone graft substitutes in combination with allo and
autograft provides good outcomes, low risk of failure and great clinical and radiographic results. Further investigations
on larger samples are needed to impact clinical practice.

Level of evidence: Il
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Introduction

successful procedures in orthopedic surgery, with
excellent clinical outcomes in terms of pain relief,
restoration of joint function and patient satisfaction; the
number of primary hip arthroplasties performed is
consistently growing worldwide and the numbers of
younger patients are also increasing (1). As a result, an
increase in revision surgery is expected in the future
(2,3).
Massive bone defects and prosthetic components-

Total hip arthroplasty (THA) is one of the most
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induced osteolysis are known indications for revision
THA (4,5). When a primary THA requires revision, the
acetabular component alone has been reported to be
involved 40% of the time (6). Acetabular defects can be
managed with bone grafting, either autografts or
allografts, as well as metal augments or cemented rings
(7-9). Cancellous bone autograft, harvested from the iliac
crest, has been shown to have good incorporation in the
remaining bone (10). However, its use has limitations,
including: the amountofavailable bone can be inadequate,
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harvesting is time consuming and sometimes the donor
site is complicated by residual pain. On the other hand,
the use of allografts is expensive (during an impaction
grafting procedure the equivalent of five femoral heads
may be used) and can be associated with risk of
transmitting infections and of immunological rejection
(11-14). Although autologous bone grafting is still
considered the “gold standard” in bony defect repair,
significant recent advances in the development of
alternatives to natural bone have been made (15). Bone
graft substitutes can be used alone or in combination
with auto or allografts. Their use is convenient due to
inadequate amount of graft material and may exploit
potential advantages such as better mechanical
properties and reduced risk of infection (16). Possible
disadvantages of bone graft substitutes are poor
integration with the remaining bone and foreign body
reaction (17).

The aim of this study is to compare the clinical and
radiographic results of patients with bone defects from
aseptic acetabular loosening treated with biological-only
graft or with a mixture of bone graft substitute and
biological graft in total hip arthroplasty revisions.

Materials and Methods
Each author certifies that all investigations were
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conducted in conformity with ethical principles of
research. In our hospital between January 2012 and
December 2016 a total of 40 patients underwent
acetabular-only revision THA with bone impaction
grafting. Informed consent was signed, charts and
imaging were reviewed retrospectively. Preoperative
planning was based on plain anteroposterior and Judet
oblique views of the pelvis. Preoperative computed
tomography (CT) scans were not routinely used, but only
for the most complex cases. The acetabular defect was
classified according to Paprosky and only patients
affected by Paprosky 2 or greater were included in the
study (18). Thirty-three patients met inclusion criteria.
Age at surgery, gender, complications and comorbidities
were recorded.

All the patients were treated with surgical posterolateral
approach. Acetabular bone defect classification was
intraoperatively confirmed. When biological derived
bone grafts were chosen, acetabular gaps were filled with
a mix of morsellized femoral head allografts (which were
stored at -70° thawed, and decorticated) and little
autografts (periacetabular and trocanteric ossifications,
residual bone reamed from the acetabulum) [Figure 1].
As bone graft substitute, tricalcium phosphate (Vitoss®,
Stryker) was used and mixed with a 3:1 ratio with
biological graft [Figure 2]. Graft choice was based on

Figure 1. A 73 years old patient affected by Paprosky 3b acetabular defect treated with a
cementless implant (Delta One TT®, Lima) associated with bone allograft. A (preoperative
x-ray); B (immediate postoperative x-ray), C (36 months follow-up).

Figure 2. A 56 years old patient affected by Paprosky 2a acetabular

el

defect and cup migration

treated with a cementless implant (Delta One TT®, Lima) associated with Vitoss® bone graft
substitute: A (preoperative x-ray); B (immediate postoperative x-ray), C (12 months follow-up).



(570)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 10. NUMBER 7. JULY 2022

graft availability and surgeon preference. In cases of large
segmental acetabular defects, cemented Burch-
Schneider® rings (Zimmer) or cementless metal
augments were used, regardless of the type of graft that
was used.

Patients were divided into Group A, with biological-only
graft used, and Group B, cases with combination of
biological and bone graft substitutes.

Patients were reassessed at least one year after surgery
with new x-rays and clinical evaluation with the Harris
Hip Score (HHS) (19,20). X-rays allowed the evaluation of
incorporation of the graft in the three zones described by
DeLee and Charnley, any radiolucent lines, localized
resorption, and migration of the prosthetic components
according to Hodgkinson (21,22).

Statistical analysis was performed using the Fisher’s
test and the Student t-test to compare nominal and
continuous variables respectively. P values of <0.05 were
considered to be significant. Values are reported as mean
+ standard deviation [range].

Results

Among the 33 patients studied, 17 (52%) were male
and 16 (48%) were female, with a mean age of
68.0£12.8 [31-89] years. Twelve patients (36%) were
affected by Paprosky type 2a defects, 2 (6%) by type
2b, 4 (12%) by type 2c, 4 (12%) by type 3a, and 11
(33%) by type 3b. Acetabular revision was performed
using cementless cups (Pinnacle Multihole®, DePuy
Synthes; Omnia®, AdlerOrtho; Delta One TT®, Lima)
in 26 cases (79%) (associated with metal augments in
five cases of large segmental defects), while in 7 cases
(21%) the Burch-Schneider® ring (Zimmer) with a
cemented PolarCup® (Smith & Nephew) was used
[Figure 3; Table 1].

The mean clinical follow-up time was 34.6+15.0 [12-60]
months and the mean radiographic follow-up time was
27.6x14.2 [12-60] months. At the latest follow-up, the
mean HHS was 77.9+14.1 [41.8-97.7].

In 29 patients (88%) there was no radiographic
evidence of graft resorption or cup migration. In 3
patients (9%) affected by Paprosky 3a (1 patient) and
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Figure 3. A 65 years old patient treated with a cementless implant

(Delta One TT®, Lima) associated with metal augment.

3b (2 patients) acetabular defect graft resorption with
cup migration was observed and required a second
THA revision [Figure 4]. In 1 case (3%) affected by
Paprosky 2a acetabular defect, signs of lysis and
resorption of the graft were detected without
mobilization of the cup and without symptoms and the
patient did not require any further intervention. One
patient, underwent biological grafting, presented with
clinical signs (pain, local heat, redness and little
purulence from the wound associated with alteration
of blood tests) of early infection (< 2 months) without
any radiographic evidence of graft resorption at follow-
up, and was treated with targeted antibiotic therapy. IV
antibiotics were used, while DAIR (debridement,
antibiotics and implant retention) was not performed

Table 1. Patients’ Demographics

GROUP A GROUP B TOTAL
Number of patients 21 12 33
Gender (male:female) 10:11 7:5 17:16
Mean age, y (range) 67 (31-84) 69 (50-89) 68 (31-89)
Mean clinical Follow up, months (range) 36 (13-60) 33 (12-60) 35 (12-60)
Mean radiographic Follow up, months (range) 29 (12-60) 26 (12-60) 28 (12-60)
Preop. Paprosky 2a (patients) 7 5 12
Preop. Paprosky 2b 2 / 2
Preop. Paprosky 2¢ 1 3 4
Preop. Paprosky 3a 4 / 4
Preop. Paprosky 3b 7 4 11
Uncemented/cemented implant 18/3 8/4 26/7
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Figure 4. A 62 years old patient with a cementless implant (Delta One TT®, Lima) associated with metal

augment and bone allograft. A (immediate postoperative x-ray), B (implant failure at 12 months follow-up).

Bone graft (red arrow).

due to the patient’s poor clinical condition and because
the patient refused any additional surgery. Up to now
(four years from surgery) no further surgery has been
needed [Table 2].

In 21 patients (64%) biological-only grafts were used
(Group A), while in 12 (36%) Vitoss®bone graft
substitute mix was used (Group B).

The mean age was 67+13 [31-84] years in Group A
and 69+13[50-89] years in Group B (P=0.67). There
were no significant differences between the two
groups in terms of the Paprosky type distribution
(P=0.13), gender distribution (P=0.72), clinical and
radiographic follow-up time (P=0.56 and P=0.58
respectively) and percentage of use of cemented/
uncemented implants (P=0.37) or metal augments
(P=0.13).Three patients reported rheumatoid arthritis
in their past medical history (one in Group A, two in
Group B) with none having bone resorption and
implant loosening.

In Group A the mean HHS was 74.7+14.6 [41.8-95.5]. In
17 hips (81%) there were no radiographic signs of graft
resorption or cup migration, 3 patients (14%) needed
further surgical revision due to radiographic evidence of
graft resorption associated with symptoms, 1 patient
(5%) had signs of resorption of the graft without
symptoms and did not need any further surgery. In these
three failed cases, nearly an entire femoral head thawed
and morselized plus residual bone reamed from the
remaining acetabulum was used. In Group B the mean
HHS was 83.3+11.9 [55.0-97.7] and there were no
radiographic signs of graft resorption or cup migration at
the latest follow-up.

Survivorship (with revision as the end point) of bone
graft was 86% in Group A and 100% in Group B at a mean
follow-up of 35 months. The no statistical difference
between the two groups was found in terms of implants
survivorship (P=0.28), clinical (P=0.08) or radiographic
(P=0.27) outcomes [Table 2].

Table 2. Outcomes

Group A (n.21) Group B (n.12) TOT (n.33)
COMPLICATIONS - N° (%) 1(5) None 1(3.03)
Early infection*
GRAFT OUTCOME - N°(%)
No lysis/resorption signs 17 (81) 12 (100) 29 (87.9)
Graft resorption which required new revision 3(14) None 3(9.1)
Lysis/resorption of the graft, but no further intervention 1(5) None 1(3.03)
Implant survivorship at latest follow-up - N° (%) 18 (86) 12 (100) 30 (91)
Mean postoperative HHS (range) 75 (42-96) 83 (55-98) 78 (42-98)

* (< 2 month after surgery)
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Discussion

THA revision surgery is becoming more frequent and
acetabular component loosening due to osteolysis is a
known mechanism of failure (4). In this scenario, the use
of bone grafts, bone substitutes or a combination are
options (23). The aim of our study was to compare the
results of patients who underwent revision THA either
with only biological graft or with a mixture of bone graft
substitute and biological graft. Our results showed the
value of bone graft substitutes in the management of
acetabular defects in THA revisions, without significant
differences between the groups studied.

Several studies have evaluated the role of bone graft
substitutes in the context of spine and head and neck
surgery, but there is still little evidence of its use in hip
surgery (17, 24). The use of bone graft in acetabular bone
stock deficiency has been discussed in some studies, but
a widely accepted consensus has not been reached yet.
Therefore surgeon’s choice is often guided by personal
preference, with a large variety of techniques proposed
(25-28).

Some authors have reported on the use of pure biological
bone grafts. Oommen, et alshowed good outcomes in 26
out of 30 hips treated with auto or allograft to restore
bone deficiencies at a mean follow-up of 23.4 months in
both cemented and uncemented THA (27). Joong-Myung
Lee, et al. analyzed the clinical and radiographic results of
acetabular revision arthroplasty using an impacted
morselized allograft and a cementless cup inserted via a
press-fit technique performed on 71 hips, reporting
95,8% survival rate at a mean follow-up of 12 years (29).

Other authors have described the use of synthetic bone
substitutes. Huang, et al. identified 89 patients with
acetabular or femoral bone defects that underwent
revision THA with the use of bone graft substitute made
of hydroxyapatite and type I collagen to fill all these
defects (30). None of the components needed re-revision
at a mean follow-up of 33.6 months. Schwartz and Bordei
used biphasic phospho-calcium ceramics in 32 hips to fill
cavities or to reconstruct segmental deficiencies in
revision THA with severe acetabular bone loss (31). After
a mean follow-up of 5.5 years, the authors showed
radiographic evidence of good integration of bone and
ceramic. Rates of common complications as dislocations
and infections were considered similar to those in their
series with allograft. Schwartz, et al. confirmed these
results at a long-term follow up (32).

Most of the time surgeons prefer to mix bone substitutes
with bone grafts. This is due to the fact that hydroxyapatite
and tricalcium phosphate have osteoconductive potential
with poor osteoinductive properties (33,34). Recent
studies reported on the incorporation of mesenchymal
stem cells into bone graft substitutes to improve
osteoinductive and osteogenic properties with
encouragingresults (35,36). Mixing bone graft substitutes
with the residual reamed acetabular bone could be a
good option in order to compensate for the lack of
osteoinduction. Abdullah, et al. reported on the
effectiveness of bone impaction grafting mixed with
hydroxyapatite (with a 1:1 ratio) for 47 acetabular
defects in primary and revision hip surgeries;
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survivorship, with revision as an end point, of bone
impaction grafting was 100% at 10-year follow-up (37).
In contrast with good clinical results, x-ray showed lysis
in 8 cases and cup migration in 4 cases, suggesting that
close monitoring is mandatory. Whitehouse, et al.
conducted a retrospective review of 43 consecutive
patients that underwent impaction grafting of acetabular
defects with a biphasic porous ceramic bone graft
substitute (80% sintered tricalcium phosphate and 20%
hydroxyapatite)(38). This was used in a 1:1 mix with
femoral head allograft with a reported 94% survivorship
of the grafted acetabulum and of the acetabular
component at 7 years after surgery, confirming the short-
term results previously reported in this cohort by Blom,
etal (39).

The current literature does not define what graft to
bone substitute ratio is the best, with several studies
reporting a 1:1 ratio (37-40). In an animal study with an
ovine hemiarthroplasty model, Blom et Al tested
different ratios of bone autograft with biphasic ceramic
bone substitutes (1:1 and 1:9) and showed that a higher
proportion of ceramic bone substitute can be used
without compromising implant outcomes (41). In our
study in Group B we used a 3:1 ratio, with 1 being the
biologic graft. This was chosen in order to avoid the use
of too much acetabular bone, which is often mixed with
fibrous and scar tissue.

Few studies have compared the use of bone graft with
the use of a bone substitute mix. In a cadaveric study,
Jacofsky, et al. compared the initial as well as long-term
stability of acetabular components during simulated
walking when a standardized acetabular defect was filled
either with an impacted, reverse-reamed, cancellous
allograft or with a injectable, bioresorbable, calcium
phosphate bone substitute (42). The calcium phosphate
provided markedly superior initial stability and cup
stability lasted longer during cyclic loading. In a
retrospective clinical study, Kumar, et al. reported after
either acetabular or femoral revision using a 1:1 mixture
of allograft and synthetic bone graft or allograft alone
(43). There were no significant clinical or radiographic
differences between the two groups. Aulakh, et al.
described a cohort of 65 patients who underwent THA
revision with the impaction grafting technique (44). The
authors compared the outcomes of pure morsellized
allograft (42 patients) with a 1:1 mixture of allograft and
solid particulate hydroxyapatite (23 patients). After 13
years of follow up, the authors concluded that prosthesis
survival (82% in patients treated with bone substitutes +
allograft versus 84% in patients treated with pure
allograft), graft incorporation and hip function were
similar in both groups. The cohort Aulakh, et al. reported
was heterogeneous, the impacted component was
femoral in 27 patients, acetabular in 9 patients and both
in 29 patients, making a difficult to compare with our
results. However, both studies support the use of bone
substitutes mixed with bone graft as a valid option.

In our series the graft resorption rate was 12% and
revision rate 9%, which is in line with what reported in
the literature regarding the impaction grafting technique
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(45,46).

Although no significant differences were detected, it has
to be noted that in group B the rate of radiographic failure
was 0% and this does not seem to be related to the age of
patients, type of defect, length of follow-up and use of
cement.

In our series one patient presented clinical signs of
infection in the “biological-only” group and none in the
“bone graft substitutes” but, although an increased risk
of infection appears to be wusually considered
attributable to the use of biological grafts, this patient
underwent multiple previous hip surgeries which is
confounding (39).

Economic aspects are worth being taken into
consideration. Leung, et al. compared the costs of fresh
frozen femoral head banking with the costs of bone
graft substitutes including the costs of screening tests,
power consumption of freezer storage, and manpower
costs (47). They estimated the cost of cancellous bone
allograft material as US$ 78-86 per gram compared to
US$ 9 per gram for calcium phosphate ceramic bone
graft. Although in our study we did not focus on
economic aspects, since we showed no significant
differences between the use of biological-only grafts
and bone graft substitutes, costs should be taken into
consideration by the surgeon during his decision
process in THA revision.

Our study has limitations and therefore it must be
interpreted with caution. First, this is a retrospective
study. Second, we do not have preoperative HHS values,
although the pre-operative functional state of a patient
has significant effect on the final outcome (44). Third,
we have used cementless as well as cemented implants;
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cemented implants are currently used in association
with bone grafting, but could make radiographic
evaluation more difficult (48,49). Fourth, the number of
patients in this study is low. Fifth, CT scan was not used
for preoperative or postoperative assessment in all
patients, but only in the most complex cases. Finally,
although radiographic healing was established, further
follow-up to assess long term survivorship is necessary.

Both biological-only grafts and bone graft substitutes
seem to be valid option in the management of acetabular
defects in THA revisions. In our experience tricalcium
phosphate bone graft substitutes used in combination
with allo and autograft was associated with lower risk
of failure and better clinical and radiographic results,
without statistically significant differences compared to
those obtained using biological-only grafts. Although
our clinical results appear promising, longer follow-up
are required to establish whether this technique is as
effective as using biological grafts alone.
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