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Abstract

Objective: To explore the biomechanical characteristics of reconstructed ACL and knee stability
after reconstruction with different methods (over-the-top single bundle reconstruction (OSBR)
and anatomical single bundle reconstruction (ASBR)). Methods: The left knee joint of a healthy
volunteer was scanned by CT and MRI. The posterior tibial slope (PTS) is 7° degree measured on
MRI scans. The data were imported into computer software to get the 3D models of the knee. The
3D models with 2° PTS and 12° PTS were established in Solidworks software. After establishment
of three groups of knee extension model, 30 and 90 flexion models were made through Solidworks
software. The ACLs were removed in three different PTS angle models. Then new ACLs were re-
constructed respectively according to the technical requirements of OSBR and ASBR in Solidworks
software (the tibial site was consistent and the femoral site was different in OSB group and ASB
group). 18 models of different angles and of different reconstruction methods in different flexion
were established, and 9 ACL deficient models were also established. Each 3D finite element knee
models was imported into ANSYS software, and then given the load and analyzed by computer. The
relative displacement between tibia and femur and the stress of ACL were recorded. Results: The
stress and the relative displacement between tibia and femur were obtained by finite element
analysis in 18 ACL reconstructed models and 9 ACL deficient models respectively. The detailed
results were described in the text. The results were analyzed with different models. With the in-
crease of tibia-femur displacement, the ACL tension increased compared with the increase of PTS.
The results of the tibia-femur relative displacement and ACL tension in OSBR models were rela-
tively low when compared with that in OSBR models. Conclusion: Both OSBR and ASBR can restore the
stability of the knee joint. Regardless of anatomical single bundle reconstruction or over-the-top single
bundle reconstruction, the stress of ACL and the displacement between tibia and femur will in-
crease with the increase of the PTS. In the models with the same PTS, the rotation center moved
inside near the condyle fossa after ASBR compared with that after OSBR, which resulted in short
ACL force distance, so the tension of the ACL and the displacement between the tibia and the femur
increase under the same load. This result is different from the previous studies and it is a question
worth considering in the study of ACL reconstruction.
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Table 1. Models with different knee flexion angle and with different PTS
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Figure 1. 3D model of ACL OSB reconstruction with 0 degree (ex-
tended position) knee flexion
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Figure 2. 3D model of ACL ASB reconstruction with 0 degree (ex-
tended position) knee flexion

& 2. [EBE 0° ((MELDACL R EZEE

DOI: 10.12677/hjs.2018.74015 94

S


https://doi.org/10.12677/hjs.2018.74015

FE %

Figure 3. 3D model of ACL OSB reconstruction with 30 degree knee
flexion
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Figure 4. 3D model of ACL ASB reconstruction with 30 degree knee
flexion
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Table 2. ACL stress and tibial femoral displacement under 1150 N vertical stress under 0 degree (extended position) knee
flexion
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Table 3. ACL stress and tibial-femoral Displacement under 1150 N Vertical Stress and 10 N-m External Torsion under 30
Degree Knee Bending
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Table 4. ACL stress and tibial femur displacement on tibial side 134 N forward stress under 90 degree Knee Bending
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Figure 5. The rotational center of femur in ACL OSBR model of 0° knee flexion with PTS 7°
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Figure 6. The rotational center of femur in ACL of 0° knee flexion with PTS 7°
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Figure 7. The rotational center of femur in ACL OSBR model of 30° knee flexion with PTS 7°
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Figure 8. The rotational center of femur in ACL of 30° knee flexion with PTS 7°
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