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Biomechanical changes of avascular necrosis of the femoral head treated by core decompression

and allogeneic bone grafting: a finite element analysis
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Abstract: Objective To analyze the clinical application of core decompression combined with allogeneic bone grafting in the
treatment of early avascular necrosis of the femoral head. Methods A patients with early avascular necrosis of the femoral head
was enrolled. Multi-slice spiral CT scan was performed on the affected femoral head before operation, and the obtained CT image
was then imported into a professional finite element analysis software for establishing a finite element model of avascular necrosis
of the femoral head. The simulation of core decompression was conducted on the finite element model. The allogeneic bone was
grafted to the subchondral bone at about 0-6 mm through compression channel, and the autologous cancellous bone was compacted.
Biped standing position was adopted as the simulated force position of the femoral head. The load-bearing conditions of the hip
joint were as follow: the abductor muscle force M, iliotibial tract tendon force T and hip joint contact force J were 1 060, 1 721
and 1 621 N, respectively. The necrosis angles of 90°, 120° and 150° were used to calculate the collapse value of the untreated
femoral head necrosis model and the collapse values after treatments with core decompression only or core decompression
combined with bone grafting. Results The Young's modulus of the normal bone of the femoral head was higher than that of the
necrotic bone, while the lateral deformation coefficient of the normal bone was lower than that of the necrotic bone. After the
femoral head core decompression, the collapse value of the femoral head was obviously increased, and after that the allogeneic

bone was grafted in the decompression channel, the collapse value was remarkably reduced, but still higher than that of the normal
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femoral head. Meanwhile, due to the increase in the necrosis angles of the femoral head, its collapse value was also significantly

increased. Conclusion Core decompression combined with allogeneic bone grafting can effectively improve the bone repair in

the necrotic area, strengthen the deformation of the femoral head support structure caused by the decompression channel, and

prevent the collapse of the femoral head joint surface.

Keywords: femoral head; avascular necrosis; finite element analysis; core decompression; allogeneic bone grafting;

biomechanics
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Fig.1 Establishment of three—dimensional finite element model

E2 RE=HBRITRE(MIMICS ZAEMN)
Fig.2 Three—dimensional finite element model of the femoral head
(MIMICS multi—angle view)

B3 REZHARTKRE(ANSYS ZAEID)
Fig.3 Three—dimensional finite element model of the femoral head
(ANSYS multi—angle view)
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Fig.4 Cross section of the normal femoral head model (red represents

cancellous bone and light green represents bone cortex)
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Tab.1 Comparison of Young's modulus and lateral deformation

coefficient of different components of the femoral head

215 7 A A GARESIZY
Je e 16.8 GPa 0.20
T T 700 MPa 0.40
EH 13.8 GPa 0.25
WIEH 0.052 GPa 0.45
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Fig.5 Cross section of the femoral head necrosis model (Yellow

represents necrosis region with a necrosis range of 120°)
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Tab.2 Three—dimensional finite element load—bearing zone nodes

and their collapse values (mm)

D FREX HEXAMO.S cm FEXAMI 0.5 cm
Omm 08505 0.1019 0.088 8
3mm  0.1585 0.097 4 0.0828
6mm  0.1187 0.0912 0.074 8
9mm  0.1056 0.080 2 0.070 2
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Tab.3 Comparison of collapse values of the femoral head at different

decompression positions and at a necrosis angle of 120° (mm)

D fEX  FEXHNM0.5 cm 1 5 X AMI 0.5 cm
Omm  0.8914 0.127 7 0.1132
3mm 02426 0.124 3 0.108 5
6mm 0.1597 0.122 6 0.092 9
9mm  0.1547 0.113 8 0.092 9
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Tab.4 Comparison of collapse values of the femoral head at different

decompression positions and at a necrosis angle of 150° (mm)

D MEX HEXAMO0.5 cm XM 0.5 cm
Omm 14934 0.9503 0.5276
3mm  0.5092 0.7039 0.408 6
6mm  0.4450 0.5422 03136
9mm  0.409 4 0.463 2 03153
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Fig.6 Collapse values of the femoral head at different

decompression positions and at different necrosis angles
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Tab.5 Comparison of collapse values of the femoral head in different
load—bearing areas after core decompression combined with bone

grafting (mm)

D PRFE il 90° WRFE il 150°
0 mm 0.056 3 0.0550
3 mm 0.061 0 0.059 3
6 mm 0.062 3 0.0615
9 mm 0.064 8 0.065 0
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Fig.7 Comparison of subchondral collapse value in the load—bearing
area of the femoral head at different decompression positions after
core decompression only and core decompression combined with

bone grafting (necrosis angle was 90°)
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Fig.8 Comparison of subchondral collapse value in the load—bearing
area of the femoral head at different decompression positions after
core decompression only and core decompression combined with

bone grafting (necrosis angle was 150°)
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