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Abstract

Objective: To compare the biomechanical differences among four internal fixation methods for
Schatzker I tibial plateau fractures, and to identify the mechanical advantages of bone graft substitute
combined with different screw configurations, thereby providing a theoretical basis for individualized
minimally invasive surgical strategies in clinical practice. Methods: A finite element model of a

Schatzker Il tibial plateau fracture was constructed using data from a healthy adult male volunteer.
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Four fixation groups were established: Group A (no bone graft substitute+palisade screws, i.e., an-
teroposterior double screws—lateromedial double screws+anti-slip screw); Group B (bone graft sub-
stitute+palisade screws, 1. e. , anteroposterior double screws—lateromedial double screws—+anti-slip
screw); Group C (bone graft substitute+anteroposterior double screws-+anti-slip screw); and Group
D (bone graft substitute+ lateromedial double screws—+anti-slip screw). Under identical support and
boundary conditions, finite element analysis was performed to evaluate and compare the biome-
chanical performance of the four fixation models under different loading conditions. Results: Under
the same loading conditions, Group D exhibited the most uniform stress distribution within the inter-
nal fixation, representing the optimal overall stress performance. Group C showed the highest stress
level with marked stress concentration, indicating the poorest mechanical behavior. In terms of frac-
ture fragment displacement, Group B achieved the smallest displacement of the lateral condylar frag-
ment and articular surface fragment, demonstrating the best fixation stability, while Group C showed
the largest displacement and the worst stability. Comparison of Group A and Group B, which had
identical screw configurations but differed in the use of bone graft substitute, revealed that the addition
of bone graft substitute in Group B effectively dispersed internal fixation stress, reduced fracture frag-
ment displacement, and enhanced overall fixation stability. Conclusion: Bone graft substitute com-
bined with lateromedial double screws plus an anti-slip screw provides a more reasonable stress distri-
bution and is suitable for simple fractures. Bone graft substitute combined with palisade screws offers
the best overall stability and 1s indicated for fractures with severe collapse. The combination of bone

graft substitute with anteroposterior double screws plus an anti-slip screw yields the worst mechanical
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outcomes and 1s not recommended for routine clinical use.
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