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ABSTRACT

Introduction: Given the increase in hip arthroplasties in the last century, serious acetabular defects are increasingly frequent
events. Their treatment represents a real challenge, due to the bone deficit and poor bone quality that these patients usually pres-
ent. Materials and Methods: Six patients treated between 2016 and 2021 are presented. Five cases of pelvic discontinuity due
to failed revisions, classified as Paprosky type 11IB, and one transverse fracture of the acetabulum, a possible treatment option in
cases of osteoporotic patients. Results: The patients treated with this multidisciplinary technique were followed up for an average
of 20 months, and none of them presented postoperative complications. The results evaluated by analogous scales are promising
and invite us to establish this procedure as the gold standard. Conclusions: Strict evaluation is necessary for acetabular defects.
The inclusion of medical IT makes it possible to study the need to use bank grafting and to manufacture custom-made multiporous
trabecular titanium/tantalum implants, which is ideal for achieving osseointegration, added to the possibility of planning the direc-
tion and length of the screws to the remaining bone, according to its quality. The cementation of a dual mobility cup inside the
customized implant reduces the risk of dislocation and overload of the latter, by eliminating metal-metal friction.
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Utilizacion de cotilos 3D en defectos acetabulares graves

RESUMEN

Introduccidn: Ante el aumento de las artroplastias de cadera en el ultimo siglo, los defectos acetabulares graves son eventos
cada vez mas frecuentes. Su tratamiento representa un verdadero desafio, debido al déficit y pobre calidad dsea, con la que cuen-
tan habitualmente estos pacientes. Materiales y Métodos: Se presentan 6 pacientes tratados entre 2016 y 2021. Cinco casos de
disrupcion pélvica por revisiones fallidas, clasificadas como tipo IlIB de Paprosky y una fractura transversal de acetabulo, posible
opcion de tratamiento en casos de pacientes osteopordticos. Resultados: Los pacientes tratados con esta técnica multidiscipli-
naria fueron seguidos durante un promedio de 20 meses, ninguno presenté complicaciones postoperatorias. Los resultados valo-
rados por escalas analogas son prometedores e invitan a establecer éste procedimiento como el estandar de oro. Conclusiones:
La evaluacion estricta es necesaria en los defectos acetabulares. La inclusion de ingenieria informatica médica permite estudiar
la necesidad de utilizacién de injerto de banco, fabricar implantes a medida de titanio/tantalio trabecular multiporoso lo que es
ideal para lograr la osteointegracion, sumado a la posibilidad de planificar direccién y longitud de tornillos al hueso remanente, se-
gun su calidad. La cementacion de un cotilo de doble movilidad, dentro del implante customizado, disminuye el riesgo de luxacién
y de sobrecarga de este ultimo, al eliminar la friccion metal-metal.
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INTRODUCTION

Hip arthroplasty is one of the most successful surgeries of the 20th century, as it relieves pain, corrects deformi-
ties, and improves joint function.

Acetabular component failure is a frequent and complex scenario faced by the hip surgeon. Most failures occur
due to aseptic loosening, but other possible causes include infection, recurrent dislocation, periprosthetic fracture,
component incompatibility, wear, and osteolysis.
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3D Cups in Acetabular Defects

The revision has become a challenge, due to the loss of bone tissue and its quality. The difficulty in recon-
struction is related to identifying the location and characteristics of residual viable bone. Once the pattern of
the bone defect has been identified by radiographic analysis, its staging facilitates the appropriate choice of
treatment.

Paprosky classified acetabular defects into three types. We will focus on type III, which is subclassified into
IIIA, and is characterized by superior migration of the femoral component of more than 3 cm, moderate lysis of
the teardrop, and intact Kohler’s line; unlike type IIIB, which typically presents a medial migration that causes
a discontinuity of Kohler’s line, associated with severe lysis of the teardrop and the ischium.' In our series, we
include the description of an acetabulum fracture in an elderly man.

Some of the most widely used techniques to solve these serious bone defects are the use of block structural
allograft, antiprotrusio cage, and custom implants. With regard to antiprotrusio cages, mechanical failures have
been published with rates of up to 15% in a medium-term follow-up, in addition to sciatic nerve neuropraxia,
loss of implant fixation, and fracture of the fixation wing. Acetabular reconstruction with structural allograft
achieves variable outcomes, with rates of mechanical failure of up to 70% of the component and migration.”

The high failure rates generated the need to develop new implants with enhanced biological and mechanical
properties.

Faced with this problem, a technique was developed which is capable of analyzing the defect in detail and
reconstructing the acetabulum using a custom-made implant, with trabecular titanium, which fits into the re-
maining anatomy, in order to achieve implant stability and restore the functionality of the joint.?

The objective of this study was to carry out a literature search on the characteristics of acetabular revision
with custom 3D components, associated with the cementation of a dual mobility cup, and its functional and
radiographic outcomes, regarding the cases treated in our hospital, for Paprosky type I1IB defects and acetabu-
lum fractures.

MATERIALS AND METHODS

Between 2016 and 2021, five cases of pelvic discontinuity due to failed revisions, classified as Paprosky type
IIIB, and one transverse fracture of the acetabulum were treated.

We included patients with failed acetabular reconstructions and bone defects of such magnitude that the use
of classical methods, such as grafts or antiprotrusio cages, was not possible. The average age of the patients was
75.3 years and the average follow-up is 20 months (continues today).

In the preoperative interviews, the Harris Hip Score and the Merle d’ Aubigné and Postel evaluation scale were
applied.**

According to the protocol, panoramic anteroposterior radiographs of both hips, as well as inlet and outlet, alar
oblique, and obturator oblique pelvic radiographs were taken (Figure 1A, C, E, G, H, I, K).

Subsequently, a computed tomography with 1-2 mm slices of the entire pelvis was performed. The images were
analyzed with a program to represent it three-dimensionally.

The next step was to calculate the acetabular radial bone loss: it was performed using a computerized method
that uses computed tomography, processing the image and generating a 3D anatomical reconstruction.’ This
reconstruction allows studying the density and quality of the remaining bone tissue, thus determining the bone
support of the implant to be created. In addition, the direction and length of the fixation screws to be used in the
ischium, ilium and pubis sectors were programmed, taking into account the quality of the bone and its possible
fixation.
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Figure 1. Preoperative anteroposterior and lateral hip radiographs of the treated cases. A and B. Case 1. C and D. Case 2.
E and F. Case 3. G and H. Case 4. I and J. Case 5. K and L. Case 7. The description of each patient is detailed in Table 1.
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Table. Description of the six cases treated with 3D implants and dual mobility cups.

Revision Paprosky | Number Preop- | Preopera- Com- | Postop- | Postopera-
cause classifi- of revi- erative | tive Merle | plica- erative tive Merle
cation sion HHS d’Aubigné | tions to HHS d’Aubigné
and Postel date and Postel
score score
1/F/45 Aseptic 1B 1 Yes Yes 39 7 X 87 15
loosening
2/F/16 Septic 1B 3 Yes Yes 29 4 X 80 13
loosening
3/F/84 Aseptic 1B 1 Yes Yes 23 3 X 91 17
loosening
4/M/92 Septic 1B 3 Yes Yes 22 4 X 78 12
loosening
5/M/82 Aseptic 1B 1 Yes Yes 21 3 X 83 14
loosening
6/F/73 Acetabular X X X Yes X X X 86 15
fracture

M = male, F = female, HHS = Harris Hip Score.

It was an interdisciplinary work, during which the surgeon carried out a constant exchange with the computer
engineers, focused especially on optimizing the inclination and anteversion, and determining the center of rotation
(Figure 2).

Figure 2. 3D rendering and planning of the 3D cup and example fixation screws.
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In all cases, the posterolateral approach was used and the femoral component was revised. After a careful re-
lease and dissection of the soft tissues, the acetabular defect was exposed and filled with bone graft, always from
a bone bank. In this way, the comorbidity of taking the iliac crest graft is avoided, providing bone structure to
the deficit.

During surgery, the surgeon is provided with a trial anatomical mold, the 3D monitors allow locating the defect,
the position of the custom component, the screws to be placed, the length and the direction (Figure 3).

Figure 3. Example of a mold for preoperative planning and the mold used in Case 1 surgery.
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The material used for the construction of the custom cups was always trabecular titanium, due to its high coeffi-
cient of friction that allows it to provide initial primary stability and, subsequently, due to its high three-dimensio-
nal porosity, osseointegration, and secondary biological fixation (Figure 4).>67

Figure 4. Intraoperative image of the three-dimensional cup used as a restrictor. It allows to fill spaces and provides
biological fixation due to its manufacture in tantalum (Case 3).

Next, in the custom acetabulum, a dual mobility cup was cemented, increasing the head-neck ratio and establish-
ing two articulating surfaces that provided greater stability, preventing overloading of the 3D acetabular implant
and reducing targeted wear of the cross-linked polyethylene liner (Figure 5).

The dual mobility cup has an important use in patients with a high risk of dislocation, for example, those un-
dergoing oncological resection surgeries,® with hip-spine pathology or previous lumbosacral arthrodesis,” with
intracapsular fractures'” and revision cases such as those presented in this study.!' An intact gluteus medius muscle
is essential; if affected, the use of a constrained cup is suggested. In all cases, the correct length and joint range of
motion were confirmed, and the reinsertion of the gluteus medius was performed.

Rev Asoc Argent Ortop Traumatol 2022; 87 (5): 676-684 * ISSN 1852-7434 (online) m



l. Troncoso et al.

Figure 5. Intraoperative image of the cementation of the dual mobility cup within the three-dimensional implant. This makes
it possible to reduce the overload on the latter and reduce the risk of dislocation, one of the most frequent complications when
using the 3D cup.

RESULTS

The average hospitalization time was three days and the clinical-surgical evolution of the patients was good. Six
of them started weight-bearing 24 h after surgery, assisted by a walker, supplemented with active-passive range of
motion exercises and muscle strengthening. Upon discharge, anti-dislocation measures, physiokinesis treatment,
analgesics and anticoagulation/aggregation agents were prescribed as appropriate.

The first control was performed three weeks after surgery and, at that time, the mechanical sutures were removed
given the good evolution of the surgical wound. Preventive measures for dislocation were maintained until the next
consultation.

The following controls were performed with radiographs at 6 weeks, 2 and 3 months. The discontinuation of the
walker and the use of Canadian crutches with weight-bearing were indicated. At the sixth month, weight-bearing
support was withdrawn and controls were established every six months (Figure 1B, D, F, H, J, L). So far, no post-
operative complications have been recorded.

DISCUSSION

The treatment of a massive acetabular bone deficit is a complex scenario in hip revision. The way to treat this
defect is a matter of controversy; the multiple procedures described, such as the use of Jumbo cups,'? structural
grafts,'® or reconstruction cells,'* among others, have not achieved favorable long-term outcomes.

On the other hand, custom-made acetabular implants have the advantage of providing stability to these large
defects, while at the same time allowing the use of bone graft as a complement with the expectation of biological
fixation.

Christie et al. followed up 67 patients treated with 3D implants for 53 months. The Harris Hip Score improved
from 33 before surgery to 82 at the end of follow-up. The authors stated that revision was not necessary in any case;
however, the main complication was instability and dislocation of the prosthesis."

On the other hand, Holt and Dennis published data on 26 patients with Paprosky type IIIB deficiency. The Harris
Hip Score improved from 39 to 78 and the success rate was 88%. Three patients presented aseptic loosening due
to failed fixation of the ischial screws and two due to dislocations treated by closed reduction.'®

Joshi et al. carried out revisions on 27 patients with an average evolution of 2.3 to 5.3 years, according to the
Charnley score modified by Merle d’ Aubigné and Postel. They described the great complexity of the procedure,
but reported fewer dislocations after including femoral revision in all cases.’

Lastly, Wind et al. published a retrospective review of 19 patients treated for Paprosky types IIIA and B acetabu-
lar deficits, five of whom suffered prosthesis dislocation. 65% of the cases in their cohort were successful, which
the authors considered an unfavorable result.'®

According to what has been published, the dislocation of the prosthesis is one of the possible and frequent com-
plications of the treatment of acetabular defects using 3D implants, in addition to loosening.

In this situation, the use of dual mobility cups, as described in this series of patients, will reduce the overload
of the customized implant, provide a greater range of motion and less polyethylene wear, and reduce the risk of
dislocation of the prosthesis, one of the main complications described in the literature.
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The treatment of Paprosky type IIIA and B acetabular bone defects has become a real challenge in total hip
replacement revision surgeries.

Historically, the literature has described high rates of complications, especially loosening, in the results of the
reconstruction of these massive defects using classic techniques, such as the use of Jumbo cups, bone grafts or
reconstruction cages, among others.

The management of this condition through 3D implants created with computer engineering have founded a
new paradigm. This procedure requires a deeper study of each case, preoperative planning, and high technical
demand. The published results are encouraging, since it practically eliminates the typical loosening of other
types of procedures. However, instability has become its main complication.

Based on this problem, the cementation of dual mobility cups in 3D implants was implemented, practically
eliminating the risks of instability and, in turn, reducing overload. The international literature in this regard is
minimal. Baauw et al. published a series of 12 cases with a minimum follow-up of 18 months. None of the pa-
tients presented loosening and only one suffered a dislocation, in which the femoral stem had not been revised.

In Argentina, too, the literature is scarce; there is a study by Belzino et al. from 2020." The main limitation of
this study is the limited series of cases, directly attributable to the fact that it is a rare condition. The standard-
ization and streamlining of this therapeutic method are of vital importance given the exponential increase in hip
arthroplasties in the world, as a possible resolution in cases of catastrophic progression.

CONCLUSIONS

This article described a detailed approach to the analysis carried out by the hip team and its medical IT col-
laborators to develop a customized titanium implant that allowed optimal bone anchors to be placed with screws
in the areas of greatest fixation, depending on the particular remaining bone tissue of each patient, and the use
of dual mobility cup cementation to reduce the incidence of instability, the main complication in the treatment
of Paprosky type IITA and B acetabular defects with custom-made implants.
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