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Finite element analysis of a customized flange acetabular component in revision total hip
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Abstract: Background Despite the clinical application of custom flange acetabular components (CFAC), the design of the
pubic flange and the necessity of adjunctive screw fixation remain controversial, primarily due to a lack of relevant biomechanical
evidence. Objective To compare the biomechanical differences between two CFAC designs under load using finite element
analysis, providing a theoretical basis for clinical decision-making and prosthesis optimization. Methods A three-dimensional
pelvic model was reconstructed from CT data of a patient with a Paprosky type III B acetabular defect and posterior column
discontinuity. Two CFAC models were designed: a Dualflange construct without pubic flange fixation and a Triflange construct with
pubic flange fixation. Finite element models were established using Abaqus software to simulate standing conditions. Peak stress and
micromotion of the two prostheses and their fixation screws were evaluated and compared. Results In both designs, peak stress
was observed at the junction between the iliac flange and the acetabular shell. The Triflange prosthesis exhibited a peak stress of
39.46 MPa, approximately 25% lower than that of the Dualflange prosthesis (52.62 MPa). Peak screw stress in the Triflange group
was 33.59 MPa, approximately 27% lower than that in the Dualflange group (45.71 MPa). Micromotion analysis showed that the
screws at the acetabular roof and ischial flange demonstrated more pronounced micromotion compared to others. Conclusion The
addition of a pubic flange with fixation reduces peak stress and micromotion of both the CFAC prosthesis and its fixation screws. In
complex acetabular defects of this type, pubic flange design and fixation may provide relevant clinical benefits.

Keywords: revision total hip arthroplasty; acetabular defect; customized flange acetabular component (CFAC); finite element
analysis; pelvic discontinuity
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Fig. 2 Schematic of the 3D model of the acetabular bone defect
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Fig.3 Design of the dual flange (A) and the triflange (B)
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Fig. 4 Assembly of the two CFAC designs
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Tab.1 Mesh convergence analysis results

R JF(mm) A R R4 K von Mises i /1
(MPa)
1.5 99 882 395147 55.21
1.2 169 011 658 591 52.74
1.0 222 168 889 658 52.62
0.8 364 942 1520831 52.38
0.5 983 335 4228 698 52.27
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Fig. 5 Coordinate system for load application
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Fig. 6 Stress distribution nephogram (A), micromotion
distribution nephogram (B), stress (C)and micromotion (D)

distribution of screws in the Dualflange prosthesis
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distribution (D) of screws in the triflange
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