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Related factors accelerate fracture healing in traumatic brain injury combined with 

fracture    

 

Ma Le-yuan, Zhao Yan, Qiao Wan-qing, Zhu Feng (First Affiliated Hospital of Xinjiang Medical University, Urumqi 

830054, Xinjiang Uygur Autonomous Region, China) 

 

Abstract 

BACKGROUND: Brain injury can promote fracture healing is becoming an issue of concern, but the 

underlying mechanism remains unknown.  

OBJECTIVE: To establish a model of cerebral injury combined with right tibial fracture, and to investigate the 

cerebrospinal fluid and serum levels of calcitonin gene-related peptide, nerve growth factor and insulin-like 

growth factor-1. 

METHODS: New Zealand white rabbits were randomly divided into four groups: group A: blank control group; 
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group B: simple brain injury group; group C: simple tibial fracture group; group D: tibial fracture combined with brain 

injury. The cerebrospinal fluid and serum levels of calcitonin gene-related peptide, nerve growth factor and insulin-like

growth factor-1 were detected at different time points. The rabbits in the groups C and D were sacrificed at 1, 4 and 8 

weeks after modeling to remove the whole tibia, and scanned by X-ray. The callus volume was calculated, and the 

pathological changes were analyzed.  

RESULTS AND CONCLUSION: The fracture healing was faster in the group D than the group C. The callus volume, 

trabecular width, trabecular area ratio, and the number of newly born vessels in the group D were significantly higher 

than those in the group C at 4 weeks after modeling (P < 0.05). The cerebrospinal fluid and serum levels of calcitonin 

gene-related peptide, nerve growth factor and insulin-like growth factor-1 in the group D were significantly higher than 

those in the group C (P < 0.05), and the cerebrospinal fluid levels reached the maximum values earlier than did the 

serum levels. Furthermore, in the group D, the calcitonin gene-related peptide level was increased earlier than the other 

two factors. To conclude, calcitonin gene-related peptide, nerve growth factor and insulin-like growth factor-1 are 

essential factors involved in promoting fracture healing after traumatic brain injury, and moreover calcitonin gene-related 

peptide shows a stronger ability than the other factors. 

Subject Headings: Tissue Engineering; Nerve Growth Factor; Brain Injuries; Fractures, Bone 
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Figure 1  Establishment of a rabbit model of traumatic brain injury 

combined with tibial fracture 

����� A����	
��B������
�� 

 

� 2  �
���������������� 

Figure 2  Rabbit tibia and traumatic cerebral tissue samples 
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Figure 3  Callus morphology in the simple tibial fracture and tibial 

fracture combined with brain injury groups at 4 weeks after 

modeling 
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Figure 4  Callus morphology in the simple tibial fracture and tibial fracture combined with brain injury groups 
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Figure 5  Histological changes of the rabbit brain in the control and 

simple brain injury groups (hematoxylin-eosin staining, x200) 
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Table 1  Neurological severity scores before and after brain injury    
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Figure 6  Histological changes of the tibia in the simple tibial fracture 

and tibial fracture combined with brain injury groups at 4 weeks after 

modeling (hematoxylin-eosin staining, ×200) 
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Table 2  Comparison of the volume of callus between two groups 

at different time points     

��������	
��

�
P < 0.05 

	� ������

� 7 d 4� 8� 

����	� 0.45±0.11 1.19±0.12 1.06±0.12 

��������	� 0.49±0.13 1.81±0.13

�
 1.28±0.11 

 

- 3  9�:;<=>��F4GAC�DE          (x

�

±s, n=4) 

Table 3  Comparison of the callus compositions between two 

groups at different time points    
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Table 4  Comparison of the serum level of calcitonin gene-related peptide among groups at different time points    
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Table 5  Comparison of the cerebrospinal fluid level of calcitonin gene-related peptide among groups at different time points    

����)*	
��

�
P < 0.05+�����(�	
��

�
P < 0.05+�����	
��

�

P < 0.05 

������	��

6 h  , 3-� , 7-� , 14-� , 21-� , 28-�

)*	� 25.78±1.08 26.81±1.27 26.78±1.11 27.5±0.96 26.32±1.51   27.45±0.83 

����(�	� 25.33±1.33 34.24±1.53

�
 32.24±0.78

�
 26.98±1.24 28.46±1.88 26.43±1.42 

����	� 26.53±0.91 25.34±2.17

�
 27.14±1.74

�
 26.25±2.01 26.12±0.37 27.48±2.07 

��(�����	� 25.66±1.99 33.10±1.23

��
 30.26±1.30

��
 27.50±1.88 27.76±1.53 26.57±0.43 

 

- 6  :;<=> 4�IJKXYNZ[\P] 1TU�DE                                                      (x

�

±s,n=6,ng/L ) 

Table 6  Comparison of the serum level of insulin-like growth factor-1 among groups at different time points    

����)*	
��

�
P < 0.05+�����(�	
��

�
P < 0.05+�����	
��

�
P < 0.05 

������	��

6 h  , 3-� , 7-� , 14-� , 21-� , 28-�

)*	� 23.58±2.07        23.24±1.58 24.24±1.93 24.15±0.73 24.11±0.85     24.16±1.56 

����(�	� 24.22±1.12 28.90±0.98

�
 31.01±0.94

�
        32.85±1.23

�
 30.06±1.23

�
 27.97±0.72

�
 

����	� 24.14±1.52 27.26±0.68

��
 28.91±0.78

��
 30.76±1.16

��
 28.10±0.89

��
   26.59±0.95

��
 

��(�����	� 24.91±0.87   31.41±1.24

���
 34.11±1.10

����
 37.06±1.35

����
 34.01±1.20

����
 31.67±1.02

����
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� 7  ����� 4��	
�������� 1�����                                                     (x

�

±s�n=6�ng/L ) 

Table 7  Comparison of the cerebrospinal fluid level of insulin-like growth factor-1 among groups at different time points    

��������	


�
P < 0.05���������	


�
P < 0.05�������	


�
P < 0.05� 

���������

6 h  � 3 �� � 7 �� � 14 �� � 21 �� � 28 ��

���� 11.35±1.34        11.07±1.27 11.88±0.82 11.51±1.51 11.61±1.33         11.9 ±0.96 

������� 11.67±1.03 14.85±0.45

�
 18.81±1.09

�
        15.07±0.96

�
 13.63±1.35 11.86±1.18 

����� 10.23±1.12 11.41±1.05

�
 11.65±1.14

�
 11.23±1.08

�
 11.48±1.45   12.61±0.95 

���������� 12.36±0.97    15.43±1.66

��
 19.52±1.31

��
   15.21±1.81

��
 13.51±1.45 12.82 ±1.75 

 

� 8  ����� 4������������ ���                                                          (x

�

±s�n=6�ng/L ) 

Table 8  Comparison of the serum level of nerve growth factor among groups at different time points 

among groups at different time points    

��������	


�
P < 0.05���������	


�
P < 0.05�������	


�
P < 0.05� 

���������

6 h  � 3 �� � 7 �� � 14 �� � 21 �� � 28 ��

���� 77.54±2.61        77.85±2.32 80.48±3.24 77.88±3.87 80.23 ±2.72     76.82±3.59 

������� 77.85±2.11 91.98 ±2.25

�
 96.23±1.35

�
         100.49±1.48

�
 91.75±2.25

�
   80.14±2.19 

����� 78.95±2.04 86.88±2.84

��
 90.75±1.37

��
 94.45±2.70

��
 88.53±2.95

�
    79.25±3.93 

���������� 81.41±2.53  94.68±2.30

���
 102.46±3.75

���
 109.44±3.13

���
 95.71±1.93

���
 89.26±2.50

���
 

� 9  ����� 4��	
��������� ���                                                         (x

�

±s�n=6�ng/L ) 

Table 9  Comparison of the cerebrospinal fluid level of nerve growth factor among groups at different time points 

among groups at different time points    

��������	


�
P < 0.05���������	


�
P < 0.05�������	


�
P < 0.05� 

���������

��� 6 h � � 3 �� � 7 �� � 14 �� � 21 �� � 28 ��

���� 170.37±9.21       174.78±5.66 176.66±3.97 173.91±6.61 178.61 ±7.27         178.91±3.75 

������� 173.47±7.98 193.83±7.91

�
 241.95±9.93

�
        221.46±7.91

�
 194.68±8.22

�
 171.53±9.39 

����� 173.56±4.64 176.76±4.15

�
 171.15±7.37

�
 176.98±4.51

�
 175.33±7.48

�
  175.46±9.31 

���������� 177.55±8.72    200.18±9.44

��
 250.01±11.19

��
 221.01±10.42

��
 200.98±8.83

��
 176.53±9.16  
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