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Abstract 

BACKGROUND: Autologous bone is considered the main material for spinal fusion, while synthetic 

materials overcome the shortcomings caused by the autologous bone (complications and limited source) 

and become the most promising bone graft substitute materials.  

OBJECTIVE: To investigate the effects of nano-hydroxyapatite (nano-HA) coating and combined magnetic 

field (CMF) on the biphasic calcium phosphate (BCP) transplantation for rabbit posterolateral lumbar fusion.  

METHODS: Forty-eight rabbits underwent bilateral intertransverse processes fusion at the level of L

5-6

, 

and were then randomly divided into six groups: rabbits in group G1 received autologous iliac bone graft 

and CMF treatment; group G2 was given nano-HA/BCP and CMF treatment; group G3 received BCP and 

CMF treatment; group G4 received autologous iliac bone graft and placebo; group G5 underwent 

nano-HA/BCP and placebo; group G6 received BCP and placebo. CMF treatment was performed 30 

minutes each day for 8 consecutive weeks beginning at 1 week after surgery. These rabbits were 

euthanized at 9 weeks after surgery to evaluate spinal fusion effects through palpation, X-ray examination, 

CT examination, histological analysis (decalcified and undecalcified sections) and biomechanical 

assessment. 

RESULTS AND CONCLUSION: The palpation, X-ray and histological examinations showed that there 

was significant difference in the fusion rate between groups G2 and G6, the highest in the group G2, and 

the lowest in the group G6 (P < 0.05). The bone ingrowth rate in the group G2 was significantly higher than 

those in the groups G3, G4 and G6 (P < 0.05). The normalized optical density index of fusion mass and 

bending stiffness in the group G2 were significantly higher than those in the other groups (P < 0.05). CT 

and histological observations found that new bone trabecula grew into the biological scaffold, exhibiting 

osseointegration. Factorial analysis showed that CMF and nano-HA coating could significantly improve the 

spinal fusion rate, fusion score, bone ingrowth rate and bending stiffness (P < 0.05). In conclusion, CMF 

combined with nano-HA/BCP for rabbit posterolateral lumbar fusion can significantly ameliorate the fusion 

rate, which is analogous to the single autologous bone; therefore, it can be used as a new spinal fusion 

method. 

Subject headings: Lumbar Vertebrae; Spinal Fusion; Nanocomposites; Hydroxyapatites; 

Electromagnetic Fields; Tissue Engineering 
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 7.25±1.16(G1) 7.5±0.76(G2) 5.88±1.64(G3) 

 5.87±1.25(G4) 6.5±1.60(G5) 5.25±1.91(G6) 

� 1  ������                              (n=8)          

Table 1  Experimental animal grouping 
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Figure 1  Measurement 

of the normalized 

absorbance index of 

fusion mass 
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Figure 2  Comparison of the normalized absorbance index of 

fusion mass by X-ray examination among groups at different 

time points after surgery 
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Figure 3  The error bar chart of the normalized optical density index of fusion 

mass by X-ray examination among groups at 9 weeks after surgery 
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Figure 5  The error bar chart of the spinal 

fusion rate by histology in each group 
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Figure 6  The error bar chart of the spinal 

fusion score by histology in each group 
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Figure 7  The interface between 

autogenous bone and artificial bone 

(hematoxylin-eosin staining, ×70) 
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Figure 4  Axial images of the fusion zone by CT scan in each 

group at 9 weeks after surgery 
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Figure 8  Undecalcified 

histological sections (toluidine 

blue staining, x40) 
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Figure 9  The error bar chat of bone ingrowth 

rate of the artificial bone in each group 
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Figure 10  The error bar chat of residual rate 

of the artificial bone in each group 

���G3 ���=>?�$%& G2 �

G6 ���=>?�$%& G5 �

a

P < 

0.05�G1 � *+,+-./�)G2 �

 *+,+0123456/7�489)G3

 � *+,+7�489)G4 �:;<+

-./�)G5 �:;<+0123456/

7�489)G6 �:;<+7�489� 

� 2  ������X �	
������������                                                                           

Table 2  Comparison of spinal fusion evaluations by palpation, X-ray and histological examination among groups 

��  G1 G2 G3 G4 G5 G6 

��(n/N) 14/16 15/16 11/16  10/16  12/16  7/16  ��� 

�	(x

_

±s) 1.75±0.46 1.88±0.35 1.38±0.52 1.25±0.71 1.50±0.53 0.88±0.64 

��(n/N) 14/16 14/16 10/16 10/16 11/16 7/16 X
� 

�	(x

_

±s) 4.88±0.64 4.75±1.04 4.00±0.93 3.75±1.04 4.50±1.20 3.00±2.27 

��(n/N) 7/8  8/8 5/8 4/8 6/8 3/8 �� 

�	(x

_

±s) 7.25±1.16 7.50±0.76 5.88±1.64 5.87±1.25 6.50±1.60 5.25±1.91 
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Table 3  Comparison of results in three-point bending test among groups 

�� 

G1 G2 G3 G4 G5 G6 

3456(N/mm) 102.49±20.62 140.19±24.32 94.37±17.94 82.33±17.41 108.05±8.54 85.44±20.23 

789:(MPa) 374.18±36.14 436.75±45.32 543.47±32.67 368.64±43.63 378.38±21.49 316.88±18.38 

7834;<(N) 475.80±52.13 555.40±47.82 691.10±38.83 468.80±40.25 481.10±32.17 402.90±25.37 
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