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ABSTRACT

In patients with developmental dysplasia of the hip, shelf acetabuloplasty is a
common surgical procedure aimed at improving the coverage of the acetabulum over the femoral head.
So far, shelf acetabuloplasty has not been performed using preoperative planning, aiming to optimize
morphological and biomechanical parameters and evaluate the design with finite element analysis. This
study aims to conduct a finite element analysis of the hip joint before and after shelf acetabuloplasty,
contingent upon optimizing biomechanical and morphological parameters during preoperative planning.
In these patients, inadequate coverage can lead to stress concentration in the articular cartilage due to
reduced weight-bearing area, resulting in osteoarthritis.

[VETTLE The case study is a patient with challenging right hip dysplasia whose preoperative planning
was performed in a 3-D environment to optimize the morphological and biomechanical parameters of
the patient’s hip joint. The joint force was calculated after extracting 3-D models, aligning the pelvis
in the functional coordinate system, and registering the femur on the patient’s standing radiograph.
Then, the stress distribution on the articular surface of the acetabulum before and after surgery was
investigated, considering soft tissue and using the finite element method.

({52 Finite element analysis indicated that the maximum von Mises stress on the acetabular articular
surface decreased from 4.86 MPa preoperatively to 3.17 MPa postoperatively, representing a reduction
of 34.77%. Additionally, the contact pressure on the acetabular cartilage was reduced from 5.94 MPa
preoperatively to 3.77 MPa postoperatively, equivalent to a decrease of 36.53%.

[T The results showed that preoperative planning, aimed at improving morphological and
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Extended Abstract
Introduction

ysplasia is a complex developmental pro-

cess in which the acetabulum does not grow

properly, resulting in inadequate femoral

head coverage. The ultimate goal of hip

joint-sparing surgery in dysplastic hips is to
increase the coverage of the femoral head to increase the
weight-bearing area and reduce stress in the acetabulum.
There are various types of surgical treatments for dys-
plastic hips, such as periacetabular osteotomy and shelf
acetabuloplasty, which involve repositioning the acetabu-
lar socket using a periacetabular osteotomy or increasing
the surface of the acetabular socket extracapsular using a
graft. Preoperative planning plays a significant role in the
success of the surgery, especially hip joint-sparing surger-
ies. Two influential parameters in hip joint revision sur-
geries are morphological and biomechanical parameters.
However, no study has been conducted to investigate the
stress distribution in a dysplastic hip joint undergoing
planned shelf acetabuloplasty. Therefore, this study aims
to examine the effect of preoperative planning of shelf ac-
etabuloplasty surgery in a dysplastic patient, which was
performed to improve the biomechanical and morpholog-
ical characteristics of the hip joint on the distribution of
stress in the joint. The aforementioned preoperative plan-
ning was also carried out using code developed by the au-
thors of this article and during a joint scientific study with
Utrecht University of Medical Sciences, the Netherlands.

Methods

The patient was a 17-year-old male with severe develop-
mental dysplasia of the right hip, admitted to the Depart-
ment of Orthopedics, Utrecht University Medical Center,
The Netherlands. His preoperative planning was per-
formed using a code developed by this article’s authors to
improve the hip joint’s biomechanical and morphological
characteristics. For pre- and post-operative finite element
analysis, 3-D models of the patient’s pelvic and femoral
bones were extracted from CT scan images. Then, the pel-
vic bone was aligned in the functional coordinate system,
and the femur was also registered on the patient’s standing
radiograph. Soft tissues, including cartilage and joint cap-
sule, were modeled based on previous research data. The
joint force was calculated by writing 3-D static equilibri-
um relations in a single-leg stance. Finally, by restraining
the upper part of the ilium and the pubic symphysis, the
joint force was applied to the center of the fitted sphere on
the femoral head. The finite element analysis process was
performed using Fibio software, version 2.7.0.
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Results

The results showed that the stress on the acetabular ar-
ticular surface and the contact pressure in the acetabular
cartilage decreased after the operation. The maximum
von Mises stress decreased from 4.86 to 3.17 MPa, and
the maximum contact pressure in the acetabular cartilage
decreased from 5.94 to 3.77 MPa.

Conclusion

The results showed that using preoperative planning to
improve morphological and biomechanical parameters
can reduce stress in the articular surfaces and contact
pressure in the acetabular cartilage postoperatively, en-
hancing the likelihood of surgical success.
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10. Incongruity
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