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Abstract

Background: Bone defects are one of the most difficult challenges in knee revision surgery, and their
accurate assessment and classification are crucial. The Anderson Orthopaedic Research Institute
(AORI) classification system is a widely accepted and clinically prevalent system for classifying bone
defects; however, it does not address defects involving the anterior aspect of the distal femur. This
study aims to simulate the effects of distal femoral anterolateral bone defects on stress distribution
in revision prostheses using finite element analysis. Additionally, this study explores reasonable
treatment strategies for this type of defect. Methods: A three-dimensional finite element model of
the distal femur was constructed using computed tomography (CT) images from healthy volunteers.
First, two bone defect models of different sizes were artificially created on the anterolateral aspect
of the model. Then, three knee revision scenarios were simulated: unfilled, cement-filled, and filled
with patient-specific titanium trabecular metal (TTM). Seven finite element models of revision knee
joints were simulated through various combinations based on defect size, filling method, and pros-
thesis type. The study was conducted at different knee flexion angles (15°, 45°, and 60°) under uni-
form loading and boundary conditions. Two regions of interest (ROIs) were selected: ROI1 was the
cement sleeve region, and ROI2 was the defect region filled with TTM or bone cement. The maxi-
mum contact pressure and load distribution in these regions of interest were analyzed. Results: The
stress distribution in the cement sleeve region and the filled defect region was influenced by the
knee flexion angle and the size of the bone defect. Contact pressure on the large defect model in-
creased significantly compared to the small defect model, reaching a maximum of 737.3 MPa. In the
large defect model, filling the bone defect with titanium trabecular mesh (TTM) significantly re-
duced the maximum stress on the cemented liner to 91.30 MPa. Furthermore, the knee joint with
an extended-stem prosthesis in the revision model exhibited superior biomechanical performance.
Conclusion: Anterior femoral bone defects affect the biomechanical performance of the distal femur.
In particular, large bone defects may lead to increased stress concentration at the bone-prosthesis
interface, which could compromise prosthesis stability. Patient-specific TTMs offer a novel and ra-
tional approach to treating bone defects. Although existing clinical observations and biomechanical
simulation results indicate that bone defects at the anterior aspect of the distal femur exhibit unique
mechanical behavior—and their biomechanical characteristics suggest that this may be a specific
type of defect warranting further clinical research—there is currently no consensus on a standard-
ized treatment protocol for such defects. Therefore, further research, including biomechanical ex-
periments and clinical trials, is necessary to address the challenges posed by bone defects.
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Figure 1. Preoperative imaging and intraoperative gross manifes-
tations of anterior bone defect at distal femur
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Table 1. Finite element analysis design model

= 1 ARTOMRITHEE

Models Defect size Prosthesis Filling Stem
S1 Small A3® Blank No
S2 Small A3® Cement No
S3 Small A3® TT™ No
L1 Large A3® Blank No
L2 Large A3® Cement No
L3 Large A3® TT™ No
L4 Large ACCK® TT™ Yes
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Figure 2. Schematic diagram of finite element model construction for revision surgery of distal femoral anterior bone defects
of different sizes
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Table 2. Material properties in finite element models

= 2. AIRTARE PRI R

Items Modulus of elasticity (GPa) Poisson’s ratio
Cortical bone 17.00 0.30
Cancellous bone 0.35 0.25
CoCrMo ally 200.00 0.30
PMMA 2.28 0.30
™ 30.00 0.30
UHMWPE 1.00 0.30
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Figure 3. Load the simplified peak tibiofemoral force at three knee flexion angles:
2200 N at 15°, 3200 N at 45°, and 2800 N at 60°
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FA Small-defect model Large-defect model
Blank Cement Blank Cement
39.16 38.25 30.15 737.3 90.81 91.30
70.41 63.92 65.58 404.8 66.63 65.94
600 ' ' ' ' -
{
79.59 57.43 55.13 139.1 58.11 58.51

Figure 4. Stress distribution and maximum stress of the cement sheath. The numbers below the figure are the maximum stresses
(MPa). FA: Knee joint flexion angle; TTM: Titanium alloy trabeculae
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FA Small-defect model Large-defect model
Cement TT™M Cement T™

27.64 110.4 30.31 77.79

Figure 5. Filling body stress distribution and maximum force (MPa). FA: Knee joint flexion angle;
TTM: Titanium alloy trabecula. (The numbers below the figure are the maximum stress)
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Figure 6. Schematic stress distribution of each region in stemmed prosthesis revision model
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