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Background: Extensive bone loss on femur and acetabulum posed a big challenge to orthopedists in total
hip revision surgeries. Impaction bone grafting (IBG) as a valuable bone preservation technique could
effectively address this problem. Either IBG revision on the femoral or acetabular side was well studied,
while its use on both sides in one operation was not. The aim of this study is to present the outcomes of
IBG on both femoral and acetabular sides at first-time hip revision.
Methods: We retrospectively reviewed 8 patients (mean follow-up of 5.8 years) undergoing first-time
revision with IBG on both acetabular and femoral sides at our institution. The Paprosky classification
system was used to classify bone defects. Freeze-dried allografts and cemented prostheses were used in
all patients. Postoperative complications and rerevision rates were reported.
Results: Five patients presented a Paprosky type IIC acetabular defect, 3 with a type IIIB, IIIA, and IIC
defect, respectively. Three patients presented with a type IV femoral defect, 3 with a type IIIB defect, and
2 with a type II defect. Two patients developed complications, while one had an intraoperative femoral
fracture and one had delayed wound healing. At the latest follow-up, no patient had rerevisions or
operations related to the prosthesis.
Conclusions: IBG in combination with cemented prosthesis is a profitable biological reconstruction
revision technique that could provide satisfying midterm outcomes. We first propose the use of blood
clots mixed with bone grafts for potential bone incorporation enhancement, while its specific effects
need to be verified in further studies.
© 2023 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/).
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Introduction femoral side [2,3]. However, the majority of them fail to address

bone stock preservation and may consequently lead to deterio-

Reconstruction of proximal femur and acetabulum has long
been one of the most challenging problems in revision hip
arthroplasty [1]. Multiple techniques have been used in dealing
with this issue, including jumbo cup, reinforcement rings, and
antiprotrusio cage, etc. on the acetabular side and proximally
porous-coated uncemented stem and tapered stem, etc. on the

* Corresponding author. Department of Orthopedics, The Second Xiangya Hos-
pital of Central South University, 139 Renmin Road, Furong District, Changsha,
Hunan 410011, China. Tel.: +86 139-7580-6781.

E-mail address: xinzhan.mao@csu.edu.cn

https://doi.org/10.1016/j.artd.2023.101160

rative bone storage that can make future revision a knotty
problem.

Impaction bone grafting (IBG), since its first use in acetabular
reconstruction in January 1978 by Slooff et al. and femoral recon-
struction in April 1987 by Gie et al.,, has proven to provide sur-
prisingly satisfying outcomes [4,5]. Not only initial stability is
achieved as many other revision techniques do, but more impor-
tantly, hip reconstruction is accomplished by repairing bone de-
fects. Favorable outcomes have been reported during the past
decades, as the 20-year survival rate was up to 98.8% on the femoral
side and 87% on the acetabular side with aseptic loosening as the
end point [6,7].

2352-3441/© 2023 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
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Though IBG revision on either femoral side or acetabular side
has been largely reported in the literature, its use on both the
acetabular and femoral sides at first-time hip revision is poorly
studied. As the result of one-side-only IBG revision could be
unavoidably influenced by the other side, to clarify the indepen-
dent efficacy of IBG in revision hip arthroplasty, there is a need to
analyze the outcomes of IBG revision performed on both sides.

Material and methods

Between October 2013 and November 2018, 8 patients (2 males,
6 females; mean age 64 years; range, 51 to 74 years) undergoing IBG
revision on both the acetabular and femoral sides at our institution
were collected. Approval of this study was obtained from our in-
stitution’s internal review board. Patients’ digital medical records
were reviewed to collect demographics, clinical characteristics, and
operative data. Detailed radiographic examination was conducted,
and the Paprosky classification system was used to classify femoral
and acetabular bone defects [8,9]. Two senior fellows in the field of
arthroplasty reviewed the preoperative radiographs and clinical
data to reach a consensus about the failure mechanism. Any dis-
agreements were resolved by discussion with and arbitration by
our senior attending surgeon (Xinzhan Mao). Initial diagnosis was
posttraumatic avascular necrosis in 3 patients, primary avascular
necrosis in 4 patients, and unknown in one patient. The indications
for revision total hip arthroplasty were all aseptic loosening of the
acetabular and femoral components.

All patients routinely received prophylactic first-generation
cephalosporin (1 gram, once) and tranexamic acid (1000 mg,
once) 30 minutes preoperatively. Five patients were operated on
the left hip and 3 on the right hip under general anesthesia. All
surgeries were performed through a standard posterolateral
approach by one surgeon. Postoperatively, intravenous first-
generation cephalosporin was given for 24 hours. Low-molecular-
weight heparin (4000 IU qd) was given to all patients for throm-
boembolic prophylaxis during hospital stay and substituted by
aspirin (100 mg qd) or rivaroxaban (2.5 mg Bid) after discharge for
35 days in total. Straight leg raise exercise was started on the sec-
ond postoperative day, and partial weight bearing was allowed
after drainage tube removal. Follow-up visits after surgeries were
planned in the first, third, and sixth postoperative months and
annually thereafter. Without using clinical scores to assess patients’
functional outcomes, we preferred to record more specific self-
reported complaints. Major complications defined as deep venous
thrombosis and pulmonary embolus, as well as implant-related
complications such as periprosthetic joint infection, dislocation,
and periprosthetic fractures were recorded. The average follow-up

was 5.8 years (range, 3.6 to 8.6 years). Telephone interview was
made at the latest follow-up if the patient could not make the visit
in person.

Bone grafts were taken from freeze-dried femoral heads (XKC,
Beijing, China), which were irradiated at about 25 kGy. Intra-
operatively, it was soaked in iodine complex for 15 minutes, then
washed with pulsatile lavage. Bone cortex was completely
removed, and the cancellous substance was morselized manually
with rongeur, yielding cancellous bone chips from 4 mm to 8 mm.
Prepared bone chips were mixed with 1 gram of vancomycin
powder (GENTLE PHARMA CO., Yunlin, China) per femoral head and
fresh autologous coagula obtained from the wound (Fig. 1). The X-
change revision instruments system (Stryker Howmedica, New-
bury, UK) was used to impact grafts in all revisions. The X-Change
revision mesh (Stryker Howmedica, Newbury, UK) and Simplex
cement (Stryker Howmedica Osteonics, Rutherford, NJ) were used
in all cases (Fig. 2).

Results

The clinical characteristics of the patients are listed in Table 1. All
of these patients underwent their first-time revision. Stryker Exeter
stem was cemented into the impacted graft bed in 7 patients, and a
Link SP II long stem was used in one patient. Exeter X3 RimFit
Acetabular Cup was used in all cases.

On the acetabular side, there was one case presenting a type IIIB
defect, one case with a type IIIA defect, 5 cases with a type IIC
defect, and one case with a type IIB defect. On the femoral side,
there were 3 cases presenting a type IV defect, 3 cases with a type
IIIB defect, and 2 cases with a type Il defect. Uncontained bone loss
on both the acetabular and femoral sides was identified in 4 pa-
tients. In total, 4 out of the 8 patients were revised with IBG in
combination with metal mesh on both the acetabular and femoral
sides, 2 with metal mesh used on the femoral side, and 2 with IBG
only (Table 1; Fig. 3). Extended trochanteric osteotomy was per-
formed in one patient. The average duration of operation (incision
to close time) was 6.3 hours (range, 4.8-10 hours), with mean
intraoperative hemorrhage of 600 ml.

Two patients developed complications. One patient who had
intraoperative femoral fracture was treated with allograft struct
wires fixation, which postponed her weight-bearing activity to
start at the sixth postoperative week. One patient had delayed
wound healing and was cured by prolonged antibiotics. At the
latest follow-up, no patient had rerevision or operations related to
the prosthesis (Fig. 4). All patients were mobile without using
support for walks. Pain of the hip was not reported. Only 3 patients
complained mild hip discomfort after walking a long distance.

Figure 1. Intraoperative photographs of the preparation process of bone grafts. (a) Washed allografts. (b) Manually morselized bone chips. (c) Bone chips mixed with vancomycin

and blood clots.
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Figure 2. Intraoperative photos of reconstructed (a) femoral canal and (b) acetabular bed.

Discussion

Regarding people’s increasing life expectancy and the rising
number of revisions performed in young patients, the situation
where orthopedists perform repeated revisions on the same pa-
tient will become inevitable. In hip revision arthroplasties, exten-
sive bone deficiency is one of the most challenging problems [10].
Patients who are expected to undergo repeated revisions would
experience cumulative bone loss and increasingly worse outcomes
in later revisions if the bone defects were not preserved at the first-
time revision. Although there are varying revision techniques, very
few of them provide benefits for replenishing the loss of bone stock
but IBG.

IBG on either femoral or acetabular side has been well studied in
the literature. Comba et al. reported that 30 patients who under-
went IBG revision on acetabular side had 7-year survival free of
aseptic revision rating up to 96% and survivorship free of rerevision
for any reason rating 89% [11]. Similarly, Morita found 94.7% sur-
vivorship free of aseptic revision and 90.8% survivorship free of
rerevision for any reason in their cohort of 66 patients undergoing
IBG revision on acetabular side with mean follow-up of 6.6 years
[12]. Regarding IBG revision on femoral side, both midterm and
long-term outcomes were reported in the literature. Buttaro et al.
retrospectively reviewed 15 hips that had proximal femoral re-
constructions with IBG and metal mesh and found the survivorship
was 100% at 1 year and 86.6% at 6 years [13]. Heyligers et al. re-
ported a 15-year survivorship of 100% in a cohort study of 33
femoral reconstructions with IBG [14].

To date, our study is one of the first to focus on IBG recon-
struction of both the acetabulum and femur at the first-time hip
arthroplasty revision using freeze-dried allografts. Though favor-
able outcomes of IBG revision on either the femoral side or
acetabular side was commonly agreed, the outcome of first-time

IBG revision on both sides is largely unknown. Stroet et al. stud-
ied 33 patients undergoing IBG revision on both the acetabular and
femoral sides in a consecutive retrospective study. They reported a
10-year survival rate of 97% and 15-year survival rate of 90% with
the end point of rerevision for aseptic loosening [15,16]. While
around half of their patients had one or multiple prior revisions, the
results could be inevitably biased, therefore hard to conclude the
independent efficacy of IBG at the first-time revision. In our study,
patients with an average follow-up of 5.8 years did not undergo
rerevision or any operations related to the implants. This result is in
accordance with the midterm outcomes of femoral or acetabular
IBG hip revisions reported in the literature and is relatively better.
All of our patients were freely mobile with no significant hip
discomfort. Although several female patients complained of mild
hip pain when the weather changed, it may not be related to the
implants [17].

The option of impaction bone grafts can either be fresh frozen or
freeze-dried allografts. Fresh-frozen allogenic bone used to be the
standard source for grafting. However, the scarcity of supply and
difficult storage has limited its extensive use [18]. Irradiated freeze-
dried allograft, with easy storage and similar mechanical nature, is
suggested to be a good alternative. To address the concern of
contamination of freeze-dried allografts, cobalt-60 source of
gamma radiation is applied [19]. Generally, 10 to 35 kGy gamma
irradiation is applied to sterilize bone graft [20]. Debate exists on
the application of proper radiation doses. Lower doses may add to
the concern of insufficient sterilization, while higher doses may
produce unacceptable strength of bone allografts. Dux et al. found
that the commonly used 30 kGy doses of gamma radiation could
alter the failure processes of cancellous bone resulting in increased
microfracture, reduced amounts of cross-hatching type diffuse
damage, and increased residual strain, which would make bone
tissue more brittle [21]. In an in vivo study, Hernigou et al. found

Table 1

Demographic data of all cases.
Case Age Gender Laterality Revision date Paprosky (femoral side) Paprosky (acetabular side) Follow-up (y)
1 51 Female Left 2013 11 1IC 8.6
2 74 Female Left 2014 v 1IB 7.9
3 65 Female Left 2015 B 1B 6.8
4 60 Female Right 2016 11IB 1A 6.1
5 72 Female Left 2017 v 1IC 4.5
6 58 Male Right 2017 11 |( 4.6
7 62 Male Left 2018 11IB IIC 3.6
8 68 Female Right 2018 1\% 1IC 4.2
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Figure 3. (a) Preoperative and (b) postoperative radiographs of case one.

the incidence of mechanical complication was as low as 5.5% in
patients implanted with allografts irradiated at 25 kGy, which was
not significantly different from nonirradiated grafts [22]. On top of
these reports, Zhang et al. found minimal change in the strength of
iliac crest wedges irradiated at 20 to 25 kGy dose [23]. These studies
demonstrate that the irradiation doses on the grafts used in our
study are acceptable and would not make mechanical impairment.
In addition to vancomycin, we mixed bone grafts with blood clots
obtained from patients’ wounds, which we thought could enhance
allograft remodeling. Lu et al. reported that fresh autologous
coagula could promote angiogenesis in their ectopic bone allograft
implantation model in comparison with freeze-dried allografts
implanted alone [24]. Angiogenesis is believed to be pivotal for
greater osteoblast differentiation and bone matrix synthesis, which
can further improve consolidation of impacted grafts with the re-
ceptor bed [25]. Promotion of allograft angiogenesis may thereafter
intensify bone incorporation. To our knowledge, there are no
studies discussing the effect of fresh autologous coagula on allo-
grafts in hip revisions. Further in vivo studies and longer follow-ups
are needed to clarify long-term effects on graft incorporation of this
treatment.

There are several potential limitations of this study. First, we
have a limited number of patients, which may weaken the reli-
ability of our results. As we collect more samples in recent years, we

Figure 4. Eight-year follow-up radiograph of case one.

will report more robust results and verify present outcomes in
future research. Second, patients’ self-reported complaints were
used instead of patient-reported outcome measures. Although
patient-reported outcome measures are helpful in evaluating pa-
tients’ function recovery, we believe patients’ complaints can
reflect their satisfaction more directly. Third, not all patients have
scheduled radiographic follow-ups, as some of them live in remote
areas and it is not convenient for them to come back frequently.
However, all patients do report high satisfaction at the latest
follow-up, which implies that the in vivo prostheses function well.

Conclusions

In conclusion, this study represents one of the first reported
articles on the application of impaction bone grafting revision using
freeze-dried allografts on both the acetabular and femoral sides of
reconstruction. Our result reveals that impaction bone grafting in
combination with cemented prostheses is a profitable biological
revision technique and could provide satisfying midterm outcomes.
Besides, we first propose the use of blood clots mixed with bone
grafts, which may help enhance the process of bone incorporation,
though its specific effects need to be verified in further studies.
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