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Abstract

Background Reconstructions in case of acetabular bone loss in hip revision arthroplasty are challenging. A few techniques
have been proposed, with inconstant outcomes. Biological reconstructions using bone allografts may address the acetabular
bone loss and restore the hip anatomy. Aim of this work was the description of the surgical technique and the evaluation of
the outcomes using a regional arthroplasty register.

Materials and methods Minor or massive bone allografting was performed in hip revision arthroplasties in a tertiary center.
Bulk allografts were used in severe acetabular bone losses. Fresh-frozen femoral heads were impacted in the bone cavity and
porous cups were implanted; multihole sockets were used when necessary. In DeLee A zone, no grafts were used in order to
reduce overstress graft resorption. The results were evaluated using a regional arthroplasty register, and a comparison with
revisions without bone grafts was performed investigating re-revision rates and reasons for further revisions.

Results At 10 years, acetabular revisions with bone allografts achieved a similar survival rate than revisions without bone
grafts. The re-revisions occurred more frequently in revisions without bone allografts (10.8 vs. 9.7%). In the allograft cohort,
septic loosening was lower (0.3 vs. 2.6%), whereas a higher rate of aseptic cup loosening was experienced (2.7 vs. 1.4%).
Conclusions Bone allografts may provide a good restoration of the acetabular bone stock and the hip biomechanics. Septic
loosening does not seems a major concern, whereas a higher rate of aseptic cup loosening should be expected when bone
grafts are used.
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Introduction loss is a frequent cause of concern in revision procedures,

in particular when the acetabular cup is involved [1-5]. The

The hip revision arthroplasty is still a hot topic in orthopedic
surgery. Despite the technical advancements of the implants,
the rate of revision procedures is not decreasing, with insta-
bility and mechanical loosening being the most common
reasons leading to reimplantation [1, 2].

In revision procedures, the main goals are the achieve-
ment of a good primary stability, the restoration of the hip
biomechanics and the bone stock [3, 4]. In fact, the bone
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available techniques adopted to revise an acetabular cup with
a reduced bone stock and a segmental defect without pel-
vic discontinuity are mainly three: morselized bone grafts,
cages and cemented cups; acetabular revision shells (oblong,
jumbo, pedestal, etc.); bone grafts and porous press-fit cups
[1-5].

The technique involving morselized bone graft, cage (or
mesh) and cemented cup allows an anatomical cup position-
ing in the true acetabulum [2-6]. The primary stability is
achieved bypassing the bone loss, which is partially filled
with morselized grafts: thus, it is independent from the bone
grafts [2-6]. However, the main drawbacks are related to the
large exposure, the challenging technique, and most of all,
the lack of cage or mesh osseointegration [2—6]. Further-
more, the acetabular reconstructions using cemented cups
demonstrated remarkable rates of long-term failures [2—6].

@ Springer


http://orcid.org/0000-0002-3567-9194
http://crossmark.crossref.org/dialog/?doi=10.1007/s12306-018-0573-5&domain=pdf

174

MUSCULOSKELETAL SURGERY (2019) 103:173-179

The acetabular revision shells may provide a good pri-
mary stability with a theoretical large bone-implant contact,
restoring the center of rotation [3-5, 7-9]. These surgical
techniques are often demanding, and the cup positioning
is challenging as well; excessive bone reaming may be
required, furtherly sacrificing other supportive bones [3-5,
7-9]. The long-term results were not always satisfying; thus,
these techniques should be performed in selected patients
[3-5, 7-9].

The use of bone grafts provides a biological reconstruc-
tion of the acetabulum, allowing the implantation of a hem-
ispherical press-fit cup [10-17]. The main advantages of
this approach are the restoration of the hip anatomy and the
bone stock [10-17]. The osteoconductive and osteoinduc-
tive properties of the allograft may provide a good mechani-
cal construct, allowing the restoration of the offset and the
center of rotation and enhancing the bony ingrowth [10-17].
Moreover, the renewed bone stock may provide an adequate
support for a good cup osseointegration and a possible re-
revision procedure [10-17]. Since the first results described
by Paprosky et al. in severe defects, the literature reported a
good cumulative survival rate at 5 years (77-100%) and at
10 years (74%) in Paprosky type III defects [12, 13]. Beyond
some encouraging results, few drawbacks, as the partial
resorption of the graft, the precocious cup loosening and a
high rate of infection, were reported, questioning the results
of the bone grafts [3-5, 10-17].

Aim of this report is describing the surgical technique
with bone allografts in revision procedures. The registry
outcomes of bone graft revisions were also reported and
compared to revisions with no bone graft.

Materials and methods
Surgical technique

All the procedures start with a correct surgical preoperative
planning, implying serial X rays, CT scan (from the fourth
lumbar vertebra to the tibial plateau) and MARS protocol
MRI when appropriate (pseudotumors, metal-on-metal
implants). Infection must be ruled out.

We generally perform a lateral approach, with the
patient in supine position. The components’ stability is
manually evaluated. Loosened components are removed:
retention of the femoral component is suggested when the
stem is well fixed and in adequate position, in order to
avoid the high morbidity of an unnecessary removal. The
acetabular component is easily removed in case of major
osteolysis; however, removal blades (Explant, Zimmer,
Warsaw, Indiana; CupX, Innomed, Savannah, Georgia)
are adopted when the socket is at least partially inte-
grated. Then, the acetabulum is widely debrided and all
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the fibrous and necrotic tissues are removed. The bony
defects are visualized and classified according to Paprosky
[10, 15]. Allograft bone filling is performed in case of
a notable bone loss, with partial involvement of the col-
umns, and no pelvic discontinuity (Paprosky type II and
III defects) [3-5, 10, 12]. Minor acetabular defects are
filled with the reamed bone or morselized bone allografts,
and larger segmental ones require massive bone grafts
[3-5, 10, 12]. In case of massive bone grafts, fresh-frozen
femoral heads are prepared: the cartilage is fully abraded
and the graft is modeled, in order to achieve a diameter
which is larger than the bone defect. The graft can be also
partially reamed before the impaction, outside the acetabu-
lum, in order to achieve a more appropriate shape. Then,
the graft is positioned inside the acetabulum and impacted.
The graft may substitute the zones B and/or C according
to DeLee and Charnley; the zone A is not filled [16, 17].
Grafting in zone A should be avoided as the risk of resorp-
tion is notable, in particular when the graft-cup contact
exceeds 50% [16, 17]. Thus, a high hip center technique
is adopted, without any bone graft in the superior part of
the acetabular cavity: the cup is superiorly supported by
the remaining native bone only [16, 17]. The acetabular
cavity is then reamed with the same version and abduction
of the future cup implant, preserving the bone stock of the
posterior column. The orientation of the reaming is also
dictated by the version of the stem, in order to provide
a correct reciprocal positioning of both the components
(combined anteversion) [5, 7]. The cup is then implanted,
adding supplemental screw fixation in case of massive
bone grafting and precarious primary stability. The femur
is inspected as well: in case of osteolysis without a frank
loosening, a bone filling of the metaphysis with morselized
bone allograft is suggested. After liner positioning, a trail
reduction is performed and the head is subsequently cho-
sen. A modular head adapter system may be adopted to
adjust the leg length, the offset and the version (Figs. 1, 2,
3). The capsule should be sutured whenever possible, in
order provide a further restraint to dislocation. The abduc-
tor muscles are carefully reattached.

Rehabilitation

The rehabilitation is started the day after. External rotation
and adduction are prohibited, and a hip brace is positioned
in case of compromised soft tissue envelopes. A touch-
down weight bearing is allowed for 45-60 days using two
crutches. Abductor strengthening exercises are encour-
aged. The full weight bearing is not allowed before the
third month, and it should be delayed until the graft is
radiographically integrated.
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Fig. 1 Aseptic cup loosening with intrapelvic migration (Paprosky
III B without pelvic discontinuity) was diagnosed in a 67-year-old
female patient (a anteroposterior pelvis X-ray, b coronal CT scan).
The revision procedure was performed using a femoral head allograft,

Methods

RIPO is the regional arthroplasty registry of Emilia
Romagna region (over 4 million inhabitants), collecting
data about primary and revision procedures about hip, knee
and shoulder arthroplasties since 2000. For every primary
or revision surgery, a specific form about the features of
the patients, the diagnosis or reason for revision and the
type of the implant (batch and code) are collected. The cap-
ture rate of RIPO is 98% [18]. We investigated the RIPO
registry about the distribution and the survivorship of bone
allografts in revision procedures. Data about all the revi-
sion surgeries were collected and used as a control cohort.
The assessment was performed only considering the patients
residing in Emilia Romagna region, in order to minimize
the bias of loss to follow-up: in these cases, the procedure,
even when performed outside the region, is reimbursed to
Emilia Romagna region and it is captured by the registry
[18]. Out of the resident patients evaluated by RIPO, only
the hip revisions performed in our specialized tertiary care
center were eventually included. In this way, the previous
surgical technique with the above-mentioned indications
could be assessed on a very large case series.

positioned in zone B, and a multihole porous socket (Trilogy, Zim-
mer, Warsaw), stabilized with two screws. After 4 years, the anter-
oposterior X-ray (c¢) and the CT scan (d axial; e coronal) showed a
stable implant with a good restoration of the bone stock

Local ethical committee approval was not necessary due
to the features of RIPO, collecting data as a standard practice
and concealing the identity of the patients.

Results

From January 2000 to December 2015, 2086 revisions were
performed. According to the above-mentioned inclusion cri-
teria (resident patients treated in our specialized center), 846
revision procedures were eventually considered. 339 patients
(40%) were treated with a bone allograft (minor or massive
grafts). 305 patients underwent an acetabular grafting, and
in 34 patients, an acetabular and femoral grafting was per-
formed in the same surgery.

The two revision cohorts (with a bone graft, 339 patients,
and without a bone graft, 507 patients) were compared and a
mean follow-up of 6.5 years was achieved. The survivorships
(defined as no further surgical procedure performed) were
roughly similar: at 10 years, the survival rate was 88.1%
(83.1-91.8%) for bone graft revisions and 87.5 (83.6-90.6%)
for revision without bone grafts (Fig. 4). In particular, the
aseptic loosening occurred in 19 cases (2.7%) in the bone
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Fig.2 The anteroposterior
X-ray (a) and axial CT scan (b)
showed an aseptic loosening of
the cup in a 53-year-old female
patient, with a severe bone loss
and cranial migration classi-
fied as Paprosky III A. The
cup was revised with multihole
porous socket (Trilogy, Zim-
mer, Warsaw) and morselized
bone apposition (¢ anteropos-
terior radiographic result after
3 years)

graft revision cohort and in 22 patients (1.4%) in the simple
revision cohort. The revisions due to sepsis were inferior in
procedures with bone grafts (0.3 vs. 2.6%) (Table 1).

Discussion

A few acetabular cup revision techniques are currently avail-
able in case of a segmental bone loss without pelvic discon-
tinuity: among them are cage and cemented cups, revision
shells, bone graft and porous cups [1-17]. Cemented cups
achieved disappointing results (survival rates lower than
70% at 10 years) [3, 4, 9]. Revision implants, oblong and
pedestal shells were burdened with limited experiences and
applicability along with inconstant outcomes and technical
challenges [3, 4, 8, 9]. Porous metal augments and acetabu-
lar bone grafts appear to be the most valid techniques, with

@ Springer

encouraging outcomes [3, 4, 8, 9]. However, the promises
of trabecular metal cups and porous augments have not been
yet confirmed by long-term studies (survival rates higher
than 90% at 3 years) [3, 4, 8, 9]. On the other hand, acetabu-
lar bone grafts achieved encouraging survival rates (> 80%)
at 10 years in severe acetabular bone loss [12-14, 16]. Nev-
ertheless, a few concerns about graft resorption, cup loosen-
ing and infection still exist [3-5, 10-16].

In the present case series, the survival rate of bone graft
revisions (encompassing morselized bone and bulk allo-
grafts) was 88% at 10 years, comparable to the survival
rate of revisions without bone allografts. The survivorship
of bone allograft revisions was higher than the pertinent
literature about similar bone defects (Paprosky type II and
IIT) [12-16]. Two main findings should be highlighted: the
rate of septic loosening was lower for graft revisions and
the rate of aseptic loosening was higher in the bone graft
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Fig.3 Aseptic cup loosening with severe bone loss Paprosky III B
without pelvic discontinuity was diagnosed in a 71-year-old female
patient (a anteroposterior pelvis X-ray; b axial CT scan). The revision
procedure was performed using a femoral head allograft, positioned

Fig.4 The Kaplan—-Meier
curves of hip revisions with
bone allografts (black line) and

100,0% mgzzrza—

in zones B and C, and a multihole porous socket (Trilogy, Zimmer,
Warsaw), stabilized with two screws (c¢). After 2 years, the anteropos-
terior X-ray showed a stable implant with a good restoration of the
bone stock (d)

without bone allografts (dotted 80,0%
line) showed similar outcomes, F
bone allografts performing bet- T 600%-
ter at long follow-ups é '
<
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90.2 (87.0-92.6) 87.5 (83.6-90.6)
Without bone allografts Exposed: 309 Exposed: 102
91.4 (87.7-94.1) 88.1 (83.1-91.8)
With bone allografts Exposed: 215 Exposed: 85

cohort. Thus, aseptic loosening is still a possible drawback
of allograft revision procedures [12, 14, 16]. However,
after a valid bone grafting, if a cup loosening occurs, the
restoration of the bone stock may provide the surgeon a

valid support for a simpler cup re-revision, converting
the previous high graded defect in a minor bone loss [14,
16]. Thus, the use of allografts in case of segmental bone
defects, massive or minor ones, seems reliable even at
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Table 1 Reasons for revision were listed for hip revisions without
bone allografts and with bone allografts: the rates were reported as
absolute values and as percentages

Without bone allo- ~ With bone
grafts (507 patients) allografts (339

Reasons for revision

patients)

Pain without loosening 1(0.3%)
Periprosthetic fracture 2 (0.4%) 4(1.2%)
Dislocation 11 2.2%) 6 (1.8%)
Septic cup loosening 1(0.2%)
Septic stem loosening 1(0.2%)
Aseptic cup loosening 7 (1.4%) 9 (2.7%)
Aseptic loosening 4 (0.8%) 4 (1.2%)

(cup + stem)
Aseptic stem loosening 11 (2.2%) 6 (1.8%)
Septic loosening (cup+stem) 11 (2.2%) 1 (0.3%)
Neck breakage 1(0.2%) 1 (0.3%)
Cup breakage 1(0.3%)
Cup breakage in pedestal 2 (0.4%)

implant
Liner breakage 2 (0.4%)
Wear 2 (0.4%)
Total 55 (10.8%) 33 (9.7%)

long-term follow-ups. The rate of re-revisions is not higher
than in revisions in general, although more cases of aseptic
loosening should be expected.

Successful outcomes are related to a careful surgical
technique. The most remarkable tricks of this technique
are related to the use of allografts and the choice of the
implant. In our present case series and in the previous
study by Traina et al., the femoral head allograft was
shaped and impacted in the bone defect in order to restore
the bone stock of the DeLee and Charnley zones B and/or
C [16]. Allografts were not used to restore the bone loss
in DeLee and Charnley zone A [16, 17]. In fact, the bone
graft resorption is higher if the allograft is overstressed
[16, 17]. In case of bone loss in zone A, the use of a high
hip center is a feasible technique to bypass the bone loss,
providing durable results without impairing the abductor
functions [16, 17].

In the revision approach, the use of a porous cup plays a
remarkable role. A porous socket in biocompatible materi-
als, with a modulus of elasticity close to the bone and a
high surface roughness, allows an effective primary stabil-
ity [9]. When a porous cup is not sufficient, supplemental
screws may provide a rigid initial fixation [3, 4, 9]. In par-
ticular, when a large defect is present and the initial fixation
is precarious, a multihole socket may provide a valuable
solution [3, 4]. The reinforcements rings or antiprotrusio
cages should not be adopted to protect the bone grafts:
these devices require large exposures and, if not correctly
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positioned, show an unacceptable rate of early failures (up
to 50% of the cases) [15].

Registry studies show limits by their nature [18]. Some
elder and severely ill patients may have been unwilling to
undergo a re-revision. Thus, the survivorship may have been
overestimated, even if the comparison between the two revi-
sion cohorts should not have been affected. Bone allografts
are usually performed in more difficult cases, whereas revi-
sions without bone grafts can be appropriate in case of non-
notable bone loss: thus, the outcomes of the graft cohort
may have been not properly compared. A channeling bias
should be expected as well, as registry does not allow to
select the patients basing on the defect size. However, in
our Unit, the use of bone grafts in revision procedures have
been performing with the same indications since 2000 (see
“Methods” section). On the contrary, the strengths of this
study are related to the difficult cases involved, the large case
series and the follow-up.

Bone allografts to fill acetabular bone defects in revi-
sion hip arthroplasty may provide good long-term results,
comparable to simpler revisions with no need of bone allo-
grafts. Sepsis is not a major concern when a bone graft is
adopted. However, a higher rate of aseptic cup loosening
should be expected in such a cohort. To achieve satisfying
results, a meticulous surgical technique should be adopted:
it is important to protect the allograft from any stress and use
a porous cup to improve the osseointegration of the implant.
Case—control studies should be performed in order to con-
firm these preliminary results.
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