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ABSTRACT
BACKGROUND: Surgeons still face difficulties when performing aseptic acetabular

revision on patients with extensive defects. Advances in three-dimensional printing
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technology (3DP) have afforded to the surgeons to create a patient-specific implant
matching the morphology and topography of the defect.

OBJECTIVE: The aim of the current research was to determine the survivorship in the
treatment of acetabular bone defects with pelvic discontinuity (PD).

METHODS: In order to reconstruct Paprosky type Ill defects with PD, twenty-three
patients underwent revision total hip arthroplasty (THA) utilizing 3D-printed implants
(Mobelife). The primary outcomes were the implant-associated failure rate correlated
with survivorship. As secondary variables, complications and the effect of age, sex,
comorbidities, history of infections and the presence of other lower limb arthroplasties on
a new revision were analyzed.

RESULTS: Patients were followed out to a mean of 67.22 + 39.44 months (range, 0.9-
127 months). Mobelife implant mean survival was 102.57+9.90 months (95% CI 83.17—
121.96). The cohort's implant one-year survival rate was 87%; at ten years, it dropped to
78.3%. There were four revisions: three due to periprosthetic joint infection (PJI) and one
case due to aseptic loosening. Cox regression analysis did not identify any variable as
predictor of failure.

CONCLUSIONS: The use of 3DP patient-specific acetabular components has shown
encouraging results and it is a viable treatment option for addressing acetabular defects

with combined PD in aseptic THA revision.

KEYWORDS: Acetabular bone loss; Paprosky type 111 bone defect; Pelvic discontinuity,
Patient-specific implants; 3D printing.
1. Background

Over six hundred thousand total hip arthroplasties (THA) are conducted every

year in Europe and 1.4 million worldwide. These numbers are anticipated to grow
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considerably by 2030, and subsequently, the frequency of revision hip arthroplasty is also
expected to rise [1, 2].

The Paprosky classification is a well-known system for categorizing acetabular
bone loss in revision THA [3, 4]. Paprosky type 111 defects pose the greatest challenges
in reconstruction. Effective management of such defects with associated pelvic
discontinuity calls for meticulous surgical planning. The main goals entail reconstructing
the anatomical hip centre and maintaining the continuity between the ischium and the
ileum. Numerous options are available, and the optimal method will depend on the
severity of the bone loss. These include the use of metal augments and antiprotrusio cages,
oblong acetabular components, reconstruction cages with ischial or ilial screw fixation,
structural allograft with plating, jumbo cups and triflange revision acetabular components
[5-14]. The range of surgical treatments that are available is indicative of how challenging
this issue is to address. Currently, there is little evidence that any of these methods can
consistently produce favourable outcomes, due to high failure rates and unsatisfactory
survivorship [11, 15-17].

There are two main issues with using non-custom acetabular components in
massive acetabular defects. First, the standard sizes of the implant may not conform to
the defect shape. Second, the implant-defect mismatch increases the fatigue failure [18].
The use of patient-specific implants eliminates these concerns to improve fit of the
implant in the acetabular defect [19-22]. The utilization of medical 3D-printing
technology has accelerated over the past several years, and the application of 3D-printed
implants in orthopedic surgery has become more usual [23, 24]. The main clinical
rationale for the use of 3D printed implants is the customization afforded to the surgeons
to create a patient-specific implant matching the morphology and topography of the

defect. Additional benefits include the capacity to precisely regulate the orientation of
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the acetabular component and restore the hip center of rotation, as well as the
incorporation of several bearing alternatives, including constrained components and dual
mobility. However, there remains a lack of evidence on the survivorship of these
implants in acetabular revision with severe bone loss. On that account, we have
conducted the current study with the main purpose of assessing the survivorship of 3D-
printed acetabular implants in Paprosky type Ill defects with pelvic discontinuity. In
addition, we have assessed postoperative complications and the influence of the patient’s
age, sex, comorbidities, history of infections, and the presence of other lower limb

arthroplasties on implant failure.

2. Materials and methods

The present research was a single-center observational study. In order to identify
all sequential patients who underwent acetabular reconstruction for the treatment of a
Paprosky |11 defect with PD, we retrospectively evaluated our database. From November
2012, 32 patients with failed THA and Paprosky Il acetabular bone defects received
revision arthroplasty utilizing the 3D printed custom acetabular component (aMace
Acetabular Revision System, Mobelife, Materialise, Leuven, Belgium). The three
requirements for inclusion were: (1) a failed acetabular implant after one or more prior
revisions, or after a primary THA, (2) aseptic loosening as cause of failure and (3) a
Paprosky type I11 defect with PD. In the final analysis, 23 patients were included (Fig. 1).

Data on patient demographics, underlying health conditions, primary indications
for THA, total of previous revisions and infections, cause of failure, type of last implant,
and presence of other arthroplasties were gathered. The Paprosky, D'Antonio (AAOS),

and Charnley classification systems were assessed for all patients.
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2.1. Surgical planning and procedure

Prior to revision surgery, all patients underwent computed tomography (CT) scans
of the pelvis to assess the morphology of the defect. The company that produced the
implant analyzed the data to determine the location of the center of rotation of the failed
hip joint and examined the remaining bone tissue to create a customized implant design
and to develope a precise plan for implantation. The data was presented in a Digital
Imaging and Communications in Medicine (DICOM) format, and specialized image
processing software (Mimics, Materialise NV) (Fig. 2) was used to estimate the size of
the bone defect guided by the method described by Gelaude [25]. Before the final 3D
implant was manufactured, the surgeon carefully examined the surgical blueprints and
offered suggestions to confirm that the final 3D implant's design would facilitate proper
screw placement and component integration (Fig. 3). The operative surgery was executed
via a posterior approach in the lateral decubitus position by nine experienced orthopaedic
surgeons, who used 3D-printed plastic anatomical models to guide surgical exposure and
bone preparation (Fig. 4). After surgery, patients were allowed to gradually resume
bearing weight, starting with 30 kg for the first six weeks, and then gradually increasing
to full weight-bearing capacity over the subsequent eight to twelve weeks. Pelvic

anteroposterior radiographs were obtained periodically (Fig. 5).

2.2. Statistical methods

Continuous data were presented as mean + standard deviation (SD). The survival
rate of the Mobelife implant was estimated using the Kaplan-Meier method. The implant
was considered to have failed if it required revision or removal. To identify potential

predictors of implant failure, Cox regression analysis was performed. The XLSTAT
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software was utilized for the statistical tests, and a p-value of less than 0.05 was

considered statistically significant.

2.3. Ethical considerations
All aspects of the study were approved by our Institutional Review Board (PV

No: P\/5376-3690_1-BO-ff).

3. Results

3.1. Patient characteristics

23 patients were analyzed. There were 22 females and one male. The mean age
was 63.9 + 11.4 years (range, 36-77 years) with a median body mass index (BMI) of
25.50 kg/m? (interquartile range 22.93-28.48 kg/m?). Other demographic data and
baseline characteristics of the study cohort are summarized in table 1.

We observed 3 cases with femoral stem loosening intraoperatively. The
breakdown of the classification of each patient’s defect are shown in Table 2. The
majority of acetabular defects were found in the posterior superior region, accounting for

82% of cases, as shown in Table 3.

3.2. Implant survival outcomes

Patients were followed a mean of 67.22 + 39.44 months (range, 0.9-127 months).
The mean implant survival was 102.57 + 9.90 months (IC 95% 83.17-121.96). There
were four failures (17.4%), of which three were revised for PJI and one was revised for
aseptic loosening, resulting in a cumulative implant survival rate of 87.0% at one year

and 78.3% at ten years (Fig. 6). Two cases of early failure, not beyond the first month
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post-implantation, were due to PJI. One patient developed PJI at 87 months of follow-up.
Cox regression analysis did not identify any variables as a predictor of failure (p > 0.05)

(Table 4).

3.3. Postoperative complications

There were nine documented complications in the postoperative setting. Besides
the implant failures noted above, four patients sustained a hip dislocation, and two
patients had medical complications relating to underlying vascular disease. A bigger head
was employed in two cases of hip dislocation and a larger head with neck adapter was
used in the other two cases. Regarding the medical complications, one patient had surgical
site hematoma and another case had postoperative anemia, but not clinically relevant and

the patients were fully recovered without further intervention.

4. Discussion
The current research demonstrated ten-year survivorship of 78.3% in patients
undergoing revision total hip arthroplasty using patient-specific 3D-printed acetabular

components to deal with pelvic discontinuity secondary to severe acetabular defects.

In revision total hip replacement, managing extensive acetabular defects can be
challenging, especially when they involve pelvic discontinuity [26]. Several implant
options, such as jumbo cups, acetabular cages, adjunctive plating, augments, cup-cage
combinations, and allografts, have been proposed for treating these complex defects [11-
13, 20, 27]. While porous metal cup-cage constructs and custom acetabular components
have shown promising results [28, 29], long-term follow-up studies are scarce in the

literature [29, 30].
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Using standard acetabular implants to reconstruct extensive acetabular defects
may result in early aseptic loosening and the need for additional surgery. Custom-made
acetabular cups have demonstrated a lower risk of early aseptic loosening and re-revision
surgery [31]. Long-term studies have demonstrated that 20-35% of patients with custom
implants require subsequent revision surgery [28, 30, 32, 33], which are slightly higher

than the rate observed in the present study at ten years.

In the context of complex acetabular defect reconstructions, periprosthetic joint
infection (PJI) stands out as a particularly worrisome complication. Although studies
generally report an incidence of around 8% for PJI [17, 28], this study observed a slightly
higher frequency (13%, n=3/24). Additionally, custom-made acetabular component
implantation carries a risk of prosthetic dislocation, occurring in 16-24% of cases [18, 28,

33], which is similar to the 17% rate (n=4/24) found in this study.

This study has several limitations owing to the retrospective nature and small
cohort size. These limitations may affect the generalizability of the results. Moreover, the
absence of complete follow-up clinical scores presents a limitation that should be
addressed in future research to provide a comprehensive view of patient outcomes post-
implantation. Furthermore, there is no comparison group in the study and surgeries were
performed by multiple surgeons; however, the surgeons involved in the study had
extensive level of expertise in arthroplasty, each conducting more than four hundred total

hip and knee arthroplasty procedures annually.

Custom-made 3D-printed acetabular components offer several benefits over
traditional options, despite its limitations. It is a viable solution for treating acetabular

defects with concomitant pelvic discontinuity in revision total hip arthroplasty. The long-
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term follow-up results show low complication rates and acceptable long-term
survivorship, making 3D-printed patient-specific acetabular implants a valuable
treatment option for combined PD cases. As technology advances and production costs
decrease, the demand for this implant is expected to rise, leading to increased adoption in

the future.
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Table and figure legend

Table 1. Patient data variables.
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Table 2. Classification outcomes.

Table 3. Total radial Acetabular Bone Loss (TrABL) (Gelaude) (%).

Table 4. Cox regression analysis.

Fig. 1. Patient flowchart for the study cohort.

Fig. 2. The ultimate bone defect measured by the software with the 3DP custom
acetabular component (aMace Acetabular Revision System, Mobelife).

Fig. 3. The planned acetabular component with length, placement, and trajectory of the
SCrews.

Fig. 4. 3D-printed plastic anatomical model of the hemipelvis with trial implant.

Fig. 5. Preoperative and at final follow-up x-rays of two cases.

Fig. 6. Kaplan—Meier survival analysis.
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Table 1.
Body Indication  Number Previous . Arthroplasties
e . . . . Last failed .
Gender Age Mass Comorbidities for primary of prior joint implant in other lower side
Index THA revisions infections P limb joints
. Burch-
F 36 218 None Dysostosis 2 No Schneider No -
F 36 238 Vascular Thalafssemla 3 No Girdlestone No -
minor
F 50 233  Neoplasm  cmoralhead No Burch- Yes No
necrosis Schneider
F 60 19,9 HBP Rheume_at_md 2 No Tantal Yes Yes
Arthritis
. . Tantal/Burch
F 61 228 None Hip Dysplasia 8 No Schneider Yes No
. . Burch-
F 62 27,3 HBP Hip Dysplasia 0 No Schneider Yes No
HBP, Rheumatoid
F 66 281 hypothyroidism Arthritis 8 No Endler Yes i
F 69 28,6 Vascular Rheumi';\t_md 8 No Tantal Yes No
Arthritis
HBP, HLP, .
F 70 246 DMIIRA, CHD, Rneumatoid 3 No saddle Yes No
Arthritis
neuropathy
HBP, DMII,
F 75 17,4 vascular, CPOD, Posttraumatic 1 No Girdlestone No -
CHD
F 76 20,7 HBP, CPOD  Hip Dysplasia 5 Yes Tantal, Ganz Yes Yes
F 77 20,7 HBP, CPOD  Hip Dysplasia 6 Yes Mobelife Yes Yes
F 54 311 HBP,CPOD Primary. 2 No |antal/Burch- No ;
coxarthrosis Schneider
. Ganz Schale
Foo6s 201 N:t‘;p'f;?i’s N C:]ft‘:rrtgrg_sr's 1 No and Burch- No i
ypothy Schneider
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0
Primary Burch-
F 62 24 HBP coxarthrosis No Schneider No i
HBP, HLP,
DMII, .
F 70 264  arrhythmia, Rr:r‘:m?tti‘;'d 4 No th”nrg:j'er No i
CHD, asthma,
OSAS
M 72 301 HBP Primary 2 No Burch- Yes Yes
coxarthrosis Schneider
HBP,
L . Burch-
F 77 27  hypothyroidism, Posttraumatic 6 No . Yes No
. Schneider
arrhythmia
CHD,
arrhythmia,
F 68 35,9 DMII, HLP, Posttraumatic 3 No Tantal No -
HBP, obesity,
neoplasm
F 62 353 DOFobesity, Primary. 11 No Tantal No ;
depression coxarthrosis
F 71 241 HBP Primary 3 No Burch- Yes No
coxarthrosis Schneider
F 77 26,44 None Hip Dysplasia 5 No Tantal Yes Yes
F 5 - None Femoral head Yes Burch- No .
Necrosis Schneider

THA = Total Hip Arthroplasty; HBP = High Blood pressure; HLP = hyperlipidemia; DMII = Diabetes Mellitus type
Il; RA = Rheumatoid Arthritis; CHD = Coronary Heart Disease; CPOD = Chronic Obstructive Pulmonary Disease;
OSAS = Sleep apnea syndrome.
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Table 2.
n %
Paprosky classification
3A 3 13.04
3B 20 86.96
D’ Antonio classification (AAQOS)
4 23 100
Charnley classification
A 7 30.44
B 8 34.78
C 8 34.78
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Table 3.
n MeantSD Median Minimum Maximum

Superior 9 81671768 89 51 100
Anterior 10 42.4+34.25 49 1 98
Anterosuperior 7 41.03+16.07 38.6 20.6 71
Anteroinferior 6 47.78+22.53  50.5 12 74
Inferior 7 15.13+17.03 13 0 47
Posterior 7 T74.43%17.32 68 50 96
Posteroinferior 9 31.49+18.89 30 7 57
Posterosuperior 8 82+17.15 87.5 53.7 100
Medial 16 55.4+30.15 65.55 0 94
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Table 4.
Lower  Upper
95% 95%
p Exp(B) Cl Cl
Gender F .968 0 0 Infinity
Age .828 1.02 0.89 1.16
Comorbidities .973 231305.14 0 Infinity
Number of 502 0.79 0.4 1.56
prior
revisions
Joint 422 6.75 0.06 715.27
infections
Other 93 0.88 0.05 15.29
arthroplasties
lower limb
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Fig. 1.

Patients who underwent revision arthroplasty using 3D
printed custom acetabular component from 2012

n =32

Inclusion criteria Excluded
-Failed THA due to aseptic loosening n=9

NO—

-Paprosky type III acetabular bone defects

-Septic loosening (n = 1)
-Pelvic discontinuity (PD) -NoPD (n=8)

yes

Final study population

n=23
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Fig. 2.
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Fig. 3.
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Fig. 4.
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Fig. 5.

Preoperative

Preoperative At final follow-up
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