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Abstract

Objective: The mechanical distribution characteristics of reamed and unreamed in the treatment of
AO/OTA 43-A3 type distal tibial fractures by intramedullary nails were analyzed through finite el-
ement technology. The different biomechanical advantages of the two surgical methods were con-
firmed to provide clinicians with the selection and guidance of treatment plans. Method: A healthy
volunteer was selected. The tibia was scanned by CT to obtain the DICOM format file, which was
imported into the Mimics software to extract the three-dimensional model of the tibia. The Ge-
omagic Wrap software was used to optimize the polygon of the three-dimensional tibia model. The
initial tibial solid model was obtained through the operation of the precise surface command box,
and the cancellous bone solid model was obtained by replication and offset. The cortical bone model
was obtained through a Boolean operation in SolidWorks software, and the cortical bone was inte-
grated with cancellous bone to obtain the tibial solid model. Fracture lines were designed on the
model and osteotomy was performed to obtain the AO/OTA 43-A3 fracture model. Two groups of
intramedullary nail models were drawn. Group A: An intramedullary nail with a diameter of 10 mm
and a length of 360 mm simulated unreamed expansion. Group B: An intramedullary nail with a
diameter of 12 mm and a length of 360 mm simulated reamed expansion. The tibial fracture models
were assembled with intramedullary nails in the two groups respectively. The two groups of models
were respectively imported into the ANSYS software for analysis and solution. Observe the displace-
ment and stress distribution of the tibia and intramedullary nails in the two groups of models. Re-
sult: 1) In AO/OTA 43-A3 type fractures, the stress and displacement concentration areas of the tibia
and intramedullary nail are not affected by the diameter of the fixed intramedullary nail; 1) In
AO/OTA 43-A3 type fractures, when the tibia is fixed with an intramedullary nail in the unreamed
group, the maximum stress and displacement values of the tibia and intramedullary nail are greater
than those in the reamed group. Conclusion: In the treatment of AO/OTA 43-A3 type distal tibial
fractures with antegrade intramedullary nails, the reamed intramedullary nail fixation scheme
demonstrates better biomechanical performance.
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Figure 1. Tibia model
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Figure 2. (a) Tibial cortical bone, (b) Tibial cancellous bone
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Figure 3. Tibia and fracture model
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Figure 4. Intramedullary nail
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Table 1. Material values
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Figure 5. Fracture model and intramedullary nail internal fixation model
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Figure 6. Grid partitioning
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Figure 7. (a) Anterior view of tibia force distribution, (b) Tibial plateau force diagram, (c) Distal tibia fixation diagram
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Figure 8. Measurement of the inner diameter of the tibial medullary cavity
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Figure 9. Finite element displacement and stress maps of the normal tibia
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Figure 10. Displacement and stress maps of the tibia in the unreamed group
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Figure 11. Tibial displacement and stress maps in reamed group
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Figure 12. Displacement and stress maps of the intramedullary nail in the unreamed group
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Figure 13. Displacement map and stress map of intramedullary nail in reamer group
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