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Abstract

Purpose Acetabular bone loss is a challenging problem in revision total hip arthroplasty (rTHA). Severe bone loss is not
uncommon especially in periprosthetic joint infection. Surgical options, including revision shells, rings, and cages—with or
without bone allograft—are affected by high complication rates and unsatisfactory clinical results. We report our mid-term results
of non-flanged, custom-made acetabular components in staged rTHA.

Methods We retrospectively reviewed all patients undergoing two-stage revision with acetabular custom-made implants between
2014 and 2016 at a single institution. Harris Hip Scores, Oxford Hip Scores, and Visual Analogue Scales for pain were obtained,
and radiographical follow-up was performed. Complications were reported and analysed.

Results We included 19 patients (19 hips) with an average follow-up of 42.3 + 11.8 months. At the time of re-implantation,
significant acetabular bone loss according to Paprosky classification (IIC, IIIA-B, and pelvic discontinuity) was detected in our
patients. Clinical outcomes showed statistically significant improvement from pre-operative visit to last follow-up (p < 0.01). All
custom-made implants had radiological osseointegration, and we did not find any implant complications, such as loosening or
malposition. No mismatch between pre-operative planning and intra-operative findings was observed. To date, we report one
septic failure managed with second staged revision, and one re-operation for recurrent THA dislocation.

Conclusions Custom-made acetabular implants showed excellent clinical and radiographic mid-term outcomes with a low rate of
related complications, providing implant stability on residual host bone, restoring hip biomechanics, and allowing biological
osseointegration. Further long-term studies are needed to confirm preliminary results.

Keywords Bone defects - Infection - Custom-made implants - Pelvic discontinuity - Complication - Outcome - Revision total hip
arthroplasty

Introduction

The burden of revision total hip arthroplasty (rTHA) is expect-
ed to rise in the future due to the increasing number of im-
plants placed and the longer life expectancy of patients [1, 2].
In.vestigation performed at the Azienda Ospedaliera Santa Corona, Pietra Acetabular bone loss is a common finding during rTHA,
Ligure (SV), ltaly which represents a real challenge for the orthopaedic surgeon
[3]. This problem can be even more severe and frequent after
hip periprosthetic joint infection (PJI) because of delayed di-
agnosis and the need for radical debridement prior to re-im-

< Ferdinando Da Rin de Lorenzo
darin.ferdinando @iol.it

! Ortopedia e Traumatologia II - Joint Replacement Unit/Bone plantation. Two-stage revision is the gold standard for treat-

Infection Unit, Santa Corona Hospital, Pietra Ligure (SV), Italy ment of PJI but, if not accurately planned, can lead to wors-
2 Clinica Ortopedica - Policlinico San Martino, Genova (GE), Ttaly ened acetabular bone stock. The incidence of Paprosky type
3 III B bone defects and pelvic discontinuity has been reported
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failure rates reported by the Norwegian Arthroplasty Register
(25.6% at 10-year follow-up), mainly due to failure of the
revised acetabular component [7].

In these settings, the use of standard reconstruction im-
plants displays poor fit to the host bone and inadequate bio-
logic fixation which may lead to implant loosening and fatigue
failure.

In the literature, several treatment options have been pro-
posed to address severe acetabular defects, including rings and
large hemispherical or oblong acetabular components—with
or without morcellised and/or structural allograft or porous
metal augmentations [8—11], standard cage reconstruction
with iliac or ischial screw fixation, cup-cage construction
[12—14], double-cup construction [15-17], and tri-flanged
custom-made acetabular implants [18]. Cages, rings, or cup-
cage construction with acetabular structural allograft are com-
monly used, but complicated by unsatisfactory results [19]
and high rates of short- and mid-term mechanical failure [20,
21]. The best surgical technique has not been established and
none of the previous mentioned solutions has produced pre-
dictable and satisfactory clinical and radiological outcomes in
the management of severe periacetabular bone loss.

For this reason, the use of flanged, custom-made acetabular
implants has gained popularity in the last few years, thanks to
the possibility of restoring hip biomechanics to bridge the
bone defect. The available data show good clinical and radio-
logical outcomes at mid-term follow-up with an acceptable
complication rate [22]. Notably, the available evidence about
custom implants is based on tri-flanged cups that rely on the
“span the gap” concept.

The purpose of this observational study is to analyse mid-
term survivorship, re-revision and re-operation rates, compli-
cations, and clinical and radiological results of pure press-fit,
porous, titanium custom-made acetabular implants for the
management of severe bone defects in a cohort of staged
rTHA. To our knowledge, no data about pure press-fit, custom
acetabular implants have been published.

Material and methods

All data had been prospectively collected by our Institutional
Arthroplasty Registry from January 2014 to December 2016
and then analysed. The Institutional Review Board (IRB) ap-
proved this single-centre study (no. 007/2018). Informed con-
sent was obtained from all individual participants included in
the study.

All patients undergoing acetabular reconstruction using a
two-stage hip revision with porous titanium, custom-made
acetabular implant and a minimum follow-up of 24 months
were enrolled in this study. Patients who had undergone ace-
tabular reconstruction with another technique were excluded.
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PJI diagnosis was made according to the modified
Musculoskeletal Infection Society criteria [22].

The indication for the use of a customised implant was
severe acetabular bone defects (IIC, IIIA-B, and pelvic dis-
continuity), which was considered unsuitable for an off-the-
shelf device. In particular, elective indications for custom ac-
etabular reconstruction were multidirectional defects with or
without pelvic discontinuity. Acetabular bone defects were
classified radiographically before surgery and confirmed dur-
ing surgery according to the classification of Paprosky et al.
[4, 23]. Pelvic discontinuity was well defined as separation
between the superior half and the inferior half of the pelvis
due to traumatic injury or acetabular bone loss secondary to
osteolysis [24].

Clinical and radiographic evaluation

Clinical and radiographic evaluation were performed before
and after surgery at one, three and six months, and subse-
quently once per year. Clinical assessment included physical
examination, the Visual Analogue Scale (VAS), the Harris
Hip Score (HHS), and the Oxford Hip Score (OHS), and these
were used to evaluate subjective and objective hip function.
At the same time, we performed conventional radiographs
(anteroposterior view of the pelvis and axial view of the hip)
to assess osseointegration, loosening, radiolucent lines,
osteolysis, leg length discrepancy (LLD), stem subsidence,
malposition, and heterotopic ossification. The Brooker classi-
fication was used to classify heterotopic ossification [25]. The
classification of Moore was used to evaluate custom implant
osseointegration [26]. Radiographs were assessed by two or-
thopaedic fellows (LC, FC).

Surgical procedure

All two stage rTHAs were performed by a single-skilled sur-
geon (GB), experienced in complex revision arthroplasty. All
hips were approached with a posterolateral incision. During
explantation time, after extensive debridement, an articulating
antibiotic-loaded spacer was implanted as previously de-
scribed [3]. A course of 14 days of intravenous antibiotic
therapy or longer was always performed. The switch to a
specific antibiotic oral therapy was performed according to
microbiological results. Sonication of the infected implant
and three to six intra-operative biopsies for microbiological
analysis were routinely attained. During the inter-stage inter-
val, the senior surgeon, in accordance with the medical engi-
neer, planned the custom acetabular implant based on the
high-resolution CT scan and on bony deficiency recorded
intra-operatively.

During re-implantation and after removal of the mobile
antibiotic-loaded spacer, a new, accurate surgical debridement
was performed. Three to six intra-operative samples were
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taken for microbiological analysis, as well as one specimen for
frozen section, to provide a definitive histology. According to
the size and shape of bone deficiency, the senior surgeon
decided the best technique to address the bone defect. The
custom press-fit technique provided for management of the
bone defect with a single monoblock socket to achieve im-
plant stability, a proper centre of rotation (COR), and suitable
lateral/vertical offset. If a single monoblock implant would not
simultaneously manage bone defects and provide implant sta-
bility, the modular technique was performed. In this scenario,
a pre-operatively planned, custom-made device was used to
fill the bone defect such as a superaugmentation, while the
acetabular shell was cemented inside the custom cage in the
correct position to achieve implant stability and COR
restoration.

Implant design

Custom acetabular components are based on the patient’s CT
scans. According to the selected strategy, a monoblock or a
modular implant that perfectly matches the bone defects is
produced. Flanges might be incorporated in order to improve
fixation to the residual host bone and to guide the final implant
position.

Two to three weeks after CT analysis, company engineers
provided a complete report along with a trial that accurately
reproduced the residual bone and the desired implant (Fig. 1).
An initial surgery was performed so the surgeon could modify
the shape, size, and residual host bone preparation. A dual
mobility trial cup was also provided in order to guide the
proper orientation of the final implant. After the surgeon’s
confirmation, the company provided the final implant within
three to four weeks. Implants were manufactured employing
Electron Beam Melting (EBM) technology. The acetabular
component was built from layered titanium powders without
employing any physical tool. EBM allows manufacturing of
precisely shaped monolithic devices with the desired degree of
surface porosity and roughness without virtually any limita-
tion. Spikes usually cover the external surface of the implant
to maximise the bone-implant interface.

Post-operative course

Partial weight-bearing with a walker started on the second
post-operative day after removal of the surgical drain. This
mobilization continued for the first four weeks, and then the
patient was switched to crutches for one month. Standard ve-
nous thromboembolism prophylaxis with enoxaparin and
compression stockings was prescribed at least for 45 days.
In agreement with the infectious disease team, a specific in-
travenous antibiotic course was administered until intra-
operative microbiological results were attained and continued
thereafter if necessary.

Statistical analysis

Continuous variables were reported as mean + standard devi-
ation (SD) and compared between pre-operative and final
follow-up using the Student ¢ test. Categorical variables were
expressed as the number of cases or percentage. For all the
analysed data, a two-tailed, p value < 0.05 was considered
statistically significant. Inter-observer reliability was evaluat-
ed with the Cohen’s kappa coefficient. Kaplan-Meier survival
curves with 95% confidence intervals (CI) were created to
analyse custom-made implant survivorship free of revision
for any reason as the endpoints. We defined as re-operation
any kind of surgery that involved the hip joint after the index
procedure without removing the custom acetabular compo-
nent. Conversely, revision was considered as any surgical
procedure that required custom implant removal for any rea-
son. We defined septic recurrence as each new infection or
positive culture at re-implantation with isolation of the origi-
nal infecting organism.

Results

We identified 20 custom-made acetabular components (Adler
Ortho, Cormano, Milan, Italy) implanted in 19 patients with
hip PJI. All patients had a minimum follow-up of two years
and none were lost during this time.

The average age at the time of surgery was 59.8 + 15.8
years. Eleven (57.9%) were male and eight (42.1%) were fe-
male. The mean body mass index (BMI) was 25.1 + 3.9 Kg/
m?; two patients were classified as obese (BMI > 30).
Excluding the index staged revision, patients had a mean of
3.2 £ 1.8 previous surgery. The mean follow-up was 42.3 +
11.8 months. Smoking status and relevant comorbidities are
summarised in Table 1. Mean surgical time at re-implantation
was 115 + 25 minutes. In all cases, chronic PJI was the indi-
cation for rTHA (Table 2).

We included three (15.8%) Paprosky type 1IC, 11 (57.9%)
type IIIA, and 5 (26.3%) type I1IB hips, according to acetab-
ular Paprosky classification [4]. A pelvic discontinuity was
identified in one patient (Figs. 2 and 3). A modular technique
was adopted in three patients. The mean number of screws
used for primary acetabular component fixation was 2.1 + 1.8.

Clinical and radiographic outcomes

The average HHS and OHS improved significantly from 27.5
+8.1and 17.2 £+ 11.3 pre-operatively to 81.1 £ 10.8 and 39.6 +
3.6, respectively, at the last follow-up (p < 0.01). The average
VAS decreased from 8.3 + 1.1 pre-operatively to 0.9 = 1.0 at
the last evaluation (p < 0.01) (Table 3). Eleven patients walked
with crutches at final follow-up and two had mild limping.
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Fig. 1 Pre-operative planning. a
residual host bone; b custom
implant features and design; ¢
final implant positioning

Thick porous structure
(external surface)

Wide porous structure
(internal surface)

Radiographic analysis showed no evidence of custom de-
vice loosening or migration. All custom-made implants ap-
peared well osseointegrated. In two (10%) hips, incomplete
and not progressive < 2 mm radiolucent lines were observed.
The average inclination of the shell was 48 + 9.5°, excluding
one patient with contralateral previous Girdlestone procedure.
The mean post-operative LLD was 4.6 + 3.9 mm. No case of
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stem subsidence was reported. The radiographic evaluation
within the first post-operative year showed two cases of het-
erotopic ossification Brooker Grades I and II. These did not
require surgical re-operation, had good clinical results, and
displayed no progression on subsequent radiographs. For ra-
diological parameters, very good (= 90%) Cohen’s kappa
inter-rater agreement was found.
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Table 1 Demographic data of total hip revision arthroplasty patients
receiving custom acetabular implant. Presented as n (%), except *
presented as mean =+ standard deviation

Parameter
Gender
Female 8 (42.1)
Male 11 (57.9)
BMI (kg/mz) (body mass index)* 25.1+39
Age at time of surgery (years)* 59.8£15.8
Laterality
Right 11 (57.9)
Left 8 (42.1)
Revision diagnosis
2-stage re-implantation for periprosthetic joint infection 19 (100)
Primary diagnosis
Osteoarthritis 4(21.0)
Septic arthritis 4 (21.0)
Avascular necrosis of femoral head 3(15.8)
Congenital hip dysplasia 3 (15.8)
Posttraumatic 3 (15.8)
Rheumatoid arthritis 2 (10.6)
Number of previous surgeries™* 32+1.8
Smoking status
Current 5(26.6)
Former 4(21.0)
Never 11(57.9)
Comorbidity
Diabetes 5(26.3)
Cardiopathy 4(21.0)
Substance abuse 3(15.8)
Rheumatoid arthritis 2 (10.6)

Complications

The mean inter-stage interval was 18.3 £ 5.4 weeks. During
this time, we reported five (26.3%) complications. Four

Table 2 Microbiology of total hip revision patients receiving custom
acetabular implant

Microbiology

—_
3

Positive culture
Methicillin-resistant S. epidermidis
Methicillin-sensitive S. aureus
Polymicrobial flora
Methicillin-susceptible S. epidermidis
Coagulase-negative staphylococci
Methicillin-resistant S. aureus
Streptococcus spp.

M. tuberculosis

N = = = NN W W

Negative culture

(21.1%) cases required re-operation, with two spacer revisions
for recurrent dislocation and two femoral cerclages for tro-
chanteric fracture during septic prosthesis removal. One dis-
location was successfully managed with closed reduction and
partial weight-bearing until re-implantation time.

Three (15.8%) of 19 patients reported complications,
including septic recurrence (n = 1), recurrent hip dislo-
cation (n = 1), and positive intra-operative microbiolog-
ical cultures for methicillin-resistant staphylococcus
epidermidis (MSSE) (n = 1) managed with specific sup-
pressive therapy for three months with an optimal final
outcome. In detail, septic failure due to Candida
Albicans persistence was managed with second staged
revision and subsequently porous titanium acetabular
custom-made implant. Hip dislocation required re-
operation with replacement and re-orientation of the dual
mobility cup to improve joint congruency and hip
stability.

Discussion

Management of major bone defects represents a complex
and challenging procedure in revision total hip
arthroplasty. Although multiple solutions have been pro-
posed in literature, the best surgical technique has not
been established. Several authors have reported encour-
aging short-term clinical results with the use of custom
tri-flanged acetabular components. However, series with
longer follow-up are lacking [27]. The philosophy is to
fill and bridge the extensive bone loss spanning the de-
fect and restoring hip biomechanics. The flanged compo-
nent, with iliac and ischial screws or obturator hook,
safeguards the initial stability of the acetabular cage.
The first generation of flanged implants provided poor
osseointegration properties and was affected by several
mechanical failures [20, 21]. The latest implants provide
secondary stability with biological bone ingrowth, and
the large surface with hydroxyapatite or porous coating
allows osseointegration with desirable long-term fixation.

The present study shows the results of non-flanged po-
rous titanium custom acetabular implants for the manage-
ment of bone defects in a cohort of patients elected for hip
re-implantation in the setting of a two-stage procedure for
hip PJI. To our knowledge, no study has described expe-
rience with this kind of press-fit custom acetabular
component.

The underlying philosophy is to produce a custom
acetabular implant that maximises the implant-bone in-
terface. This feature combined with the high grip
strength of porous titanium ensures a primary press-fit
stability bypassing the need of flange and screws.
Accurate pre-operative planning, the preoperative trial
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Fig. 2 Pre-operative analysis of a right hip PJI with pelvic discontinuity. a Pre-operative X-ray showing implant migration; b CT scan demonstrates the
pelvic discontinuity; ¢ contrast-enhanced CT scan showing the position of the iliac vessels

surgery, and meticulous planning of safe screw insertion
zones to avoid injuries to the neurovascular structures
are the key points of custom-made acetabular implants.
Ideally, these advantages lead to a shorter operative
time and limit blood loss especially in the case of mul-
tidirectional bone defects [18]. Accurate pre-operative
planning of screw direction improves primary implant
stability and is of paramount importance in case of pel-
vic discontinuity in order to restore the continuity of
innominate bone.

At mid-term follow-up, no cases of loosening or im-
plant migration were observed. In two (10%) hips, ra-
diolucent lines < 2-mm wide were observed. One revi-
sion was performed due to septic failure (5%). A posi-
tive intra-operative microbiological culture for MSSE
(5%) during second stage rTHA was managed with spe-
cific suppressive therapy for three months with optimal
final outcome. Dislocation was the most frequent com-
plication observed in the literature in rTHAs with cus-
tom acetabular devices. Several mechanisms are

Fig.3 Staged treatment. a Mobile
spacer; b final custom-made ace-
tabular implant (1-year follow-up)

DIAGN1 150CM
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described: abductor insufficiency secondary to trochan-
teric bone loss, muscle injury, superior gluteal nerve
injury, inadequate soft tissue tension due to previous
surgeries, and large, extensive surgical approach neces-
sary for custom device implantation. Some authors sug-
gest that even in custom reconstructive settings, malpo-
sition of the implant frequently occurs especially for the
centre of rotation (31.3%) [28].

In the present case series, one patient with recurrent hip
dislocation (5%) required revision with replacement and re-
orientation of the dual mobility cup to improve joint congru-
ency and hip stability. The relatively low rate of dislocation
indirectly demonstrates proper restoration of the centre of ro-
tation and hip biomechanics.

In this study, the mean rate of custom acetabular AL was
0% with an overall custom implant survival rate of 95% as
demonstrated by Kaplan-Meier analysis (Fig. 4). The mean
rate of re-operations and re-revisions were 10% and 5%, re-
spectively. Despite being a difficult reconstructive challenge
in a patient population that often has multiple previous
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Table 3 Clinical outcomes
Score Pre-op values (n = 19)

mean =+ standard deviation

Last follow-up (n = 19)
mean =+ standard deviation

Improvement (p value)

Harris Hip Score 27.5+8.1 81.1 £10.8 53.6 (p < 0.01)

Oxford Hip Score 172+113 39.6+3.6 224 (p < 0.01)

Visual Analogue Scale 8.3 £ 1.1 09+1.0 74 (p<0.01)
surgeries and comorbidities, our study shows promising out-  Conclusions

comes in terms of clinical improvement expressed as Harris
Hip Scores, Oxford Hip Score, and the Visual Analogue Pain
Score.

In a recent systematic review, the mean rate of aseptic
loosening and survivorship of custom acetabular was 2.6 +
4.0% and 94.0 + 5.0%, respectively, with an average follow-
up of 58.6 months. The mean reported rates of re-operation
and re-revision were 19.3% and 5.2%, respectively.

Our results compare favourably with the available
evidence.

Cost analysis is still a matter of debate. In case of
complex multidirectional defects, composite reconstruc-
tion techniques are required. Such techniques require the
combination of multiple off-the-shelf devices with com-
parable final costs. Moreover, these operations are time-
consuming with subsequent blood loss, higher compli-
cation rate, and subsequent increase in final manage-
ment costs.

The present study has several limitations. The study popu-
lation is limited but homogenous for indication and surgical
procedure. A comparison group treated for the same diagno-
sis, but with a different surgical technique, would have im-
proved the quality of our study. Long-term follow-up will
better clarify complications, clinical results, and radiological
results of custom-made implants.

Survival rate

100-|1

50+

Percent survival

0 T T T 1
] 20 40 60 80

Months

Fig. 4 Kaplan-Meier survival function for the failure of total hip
arthroplasty (n = 19) in patients treated with two-stage revision and im-
plantation of porous titanium acetabular custom cages

The ideal treatment for severe acetabular bone defects in two-
stage r'THA is still unclear.

The present study demonstrates that custom press-fit, po-
rous titanium implants are safe and effective for the manage-
ment of severe acetabular bone defects in rTHA at mid-term
follow-up. These devices guarantee optimal primary stability
and strong secondary osseointegration maximising bone-
implant interface. Acetabular non-flanged custom implants
represent a novel and promising option in the management
of severe acetabular bone defects in rTHA. Further high-qual-
ity, long-term studies are needed to confirm our preliminary
results.
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