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Abstract 

BACKGROUND: Peri-fracture nerve injury can inhibit osteoclast activity and promote early fracture healing. 

OBJECTIVE: To investigate dynamically the effects of traumatic brain injury on the bone mineral density, 

microstructure, biomechanics property and bone metabolism in rat models of fractures.   

METHODS: Sixty-three male rats were randomly divided into three groups: sham group, simple fracture group 

and fracture combined with brain injury group. After 3, 6, and 3 months, the animals were sacrificed in batches 

under anesthesia, and then, the bones and serum specimens were used to detect the bone mineral density, 

microstructure, biomechanics property, serum cross-linked N-telopeptide of collagen type I and osteocalcin levels.   

RESULTS AND CONCLUSION: Compared with the simple fracture group, the fracture combined brain injury 

group had significantly increased bone mineral density of the proximal tibia, bone volume fraction of the 

cancellous bone, trabecular thickness, cross-sectional area of tibial cortical bone and total area of the bone 

marrow, ultimate load and stress of the tibia, serum cross-linked N-telopeptide of collagen type I and osteocalcin 

levels at 3 and 6 weeks after modeling (P < 0.05), but no differences in the above-mentioned indexes were found 

among the three groups at 3 months after modeling. These findings indicate that traumatic brain injury can 

increase the bone mineral density at the fracture site, improve bone microstructure and enhance biomechanical 

properties, thereby promoting bone healing and bone metabolism at the fracture site.  

 

Subject headings: Tissue Engineering; Fractures, Bone; Biomechanics; Nerve Growth Factor 

 

Zhou Q, Liu JL, Liu CQ, Zhou YD, Chen H. Dynamical effect of fractures combined with brain injury on the bone 
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Table 2  Comparison of bone microstructure parameters of the tibial cancellous bone among three groups at different time 

 

�����(%) ����	(µm) 
� 

�� 3� �� 6� �� 3�� �� 3� �� 6� �� 3�� 

���
 33.17±2.43 32.84±2.81 33.37±2.24 58.02±3.52 57.82±3.73 58.42±3.52 

����
 14.38±3.42 25.67±2.54 33.17±2.43 24.36±5.12 38.74±5.08 53.39±5.16 

�������
 24.45±4.16

��
 33.60±3.32

�
 35.17±2.43 38.74±5.57

��
 54.97±6.77

�
 55.63±4.89 
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P < 0.05% 
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Table 3  Comparison of geometric structure parameters of the tibial cortical bone among three groups at different time 
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�� 3� �� 6� �� 3�� �� 3� �� 6� �� 3�� 

���
 5.78±0.38 5.98±0.83 5.92±0.37 3.74±0.45 3.76±0.38 3.79±0.42 

����
 9.18±0.41 8.63±0.58 6.96±0.57 2.37±0.42 2.88±0.58 3.55±0.67 

�������
 11.75±0.86

��
 9.72±0.82

�
 6.72±0.82 2.72±0.53

�
 2.96±0.67

�
 3.59±0.71 
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Table 4  Comparison of biomechanical properties of the tibia among three groups at different time 

 

+,-.(N) +,/0(MPa) 
� 

�� 3� �� 6� �� 3�� �� 3� �� 6� �� 3�� 

���
 121.00±11.93 121.00±11.93 121.00±11.93 43.94±4.32 44.83±4.87 44.24±4.18 

����
 54.00±16.32 89.00±12.34 115.00±12.13 19.64±5.72 34.64±5.92 43.51±3.71 

�������
 74.00±14.56

��
 111.00±13.92

�
 119.00±13.32 28.64±4.52

��
 40.37±5.22

�
 45.24±4.19 
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P < 0.05$ ����
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P < 0.05% 
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Table 5  Comparison of serum cross-linked N-telopeptide of collagen type I and osteocalcin levels among three groups at different time 

 

123456(nmol BCE/mL) �789:(µg/L) 
� 

�� 3� �� 6� �� 3�� �� 3� �� 6� �� 3�� 

���
 14.91±4.71 15.18±5.27 16.90±5.31 8.99±4.93 9.42±5.21 9.39±5.33 

����
 20.41±5.45 19.41±4.75 16.71±6.21 14.99±5.47 12.18±4.86 10.69±4.73 

�������
 29.83±6.36

��
 24.43±6.76

��
 17.90±6.61 18.39±4.26

��
 15.73±5.17

��
 11.23±5.13 

��� ���
!"#

�
P < 0.05$ ����
!"#

�
P < 0.05% 

 

� 1 �������	
��-&�./�� (x

�
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�
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Table 1  Comparison of bone mineral density of the proximal tibia 

among three groups at different time 


� �� 3� � 6� � 3�� 

���
 0.217±0.016 0.216±0.011 0.216±0.021 

����
 0.077±0.025 0.157±0.027 0.227±0.012 

�������
 0.152±0.027

��
 0.247±0.023

�
 0.224±0.027 

 

��� ���
!"#

�
P < 0. 05$ ����
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P < 0. 05% 
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