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	 One of the causes of nonunion is inadequate vascularization due to severe injury 
mechanisms that cause defective bone healing factors. Therefore, in non-union fractures, a trigger 
is needed for the growth factors to work properly. This study aimed to determine the effects of 
ALSR on  VEGF and CD-34 in non-union fractures. This study used an experimental post-test 
only control group design that involved white rats of the Sprague-Dawley strain. The VEGF 
expression was assessed by anti-VEGF staining, which was done by cutting paraffin blocks into 
a thickness of 5 µm, then the blocks were deparaffinized in xylol and rehydrated with alcohol. 
The results of the analysis are displayed with their mean ranks between control groups and 
treatment groups. It was found that CD-34 expression was high in the ALSR group. This shows 
the occurrence of angiogenesis and the regeneration in the case of non-union fractures in this 
study.
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	 Fractures have become a prominent issue 
in the health sector due to their increasing incidence 
and related complications that require longer 
treatment. One of the complications of fracture 
healing is non-union, which is the failure of the 
fracture to heal1,2. The incidence and prevalence of 
reported non-union vary according to the region, 
anatomy, and criteria used to define non-union. 
	 One of the causes of nonunion is 
inadequate vascularization due to severe injury 
mechanisms that cause defective bone healing 
factors. Therefore, in non-union fractures, a trigger 
is needed for the growth factors to work properly. A 
study has found that the lower levels of the vascular 

endothelial growth factor (VEGF) in nonunion may 
be due to prolonged hypoxia.3

	 Research has also found a link between 
VEGF and hypoxia. VEGF is an important factor 
in stimulating the neovascularization process, 
which includes angiogenesis. VEGF activity is 
influential in every stage of fracture healing, from 
hematoma formation to bone turnover during 
the remodeling phase.4 In addition to the VEGF, 
the role of Cluster of Differentiation 34(CD-34) 
antigens in angiogenesis and vasculogenesis cannot 
be ignored. Antigen surface proteins of CD-34 cells 
are markers found on the surface of the cell that are 
commonly found in progenitor, hematopoietic, and 
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endothelial cells. These progenitor endothelial cells 
would express CD-34 to form new blood vessels 
from existing vascular structures (angiogenesis) in 
tissues that are ischemic or stimulate angiogenic 
growth factors.5

	 Amnion lyophilization sterile radiation 
(ALSR) could help overcome the onset of 
problems in the fracture healing process, namely 
nonunion and its complications. However, evidence 
regarding the effect of ALSR in aiding the fracture 
healing process and increased expression of VEGF 
and CD-34, especially in nonunion conditions, has 
not been found. Therefore, a study is needed to 
prove this theory. This study was done to Sprague-
Dawley rats instead of human.
	 This study aimed to determine the effects 
of ALSR on VEGF and CD-34 in non-union 
fractures.

Material and methods

	 This study used an experimental post-
test only control group design that involved white 
rats of the Sprague-Dawley strain. The research 
began with a pilot study to determine the nonunion 
model. The samples used were 8 week old rats, 
weighing 250–350 grams of male sex. The study 
was conducted on five groups of rats with a total of 
seven rats per group, and thus the total number of 
animals needed for this study was 35, 21 of which 
were used for the preliminary study (pilot study) 
and 14 were for the research with ALSR. 
	 After preliminary research, a nonunion 
model was obtained for further research with 
ALSR.  In the study with ALSR, the rats were 
divided into 2 groups. Group 1 (control group):  rats 
that experienced nonunion in a preliminary study 
(osteotomy, periosteal stripping or cauterization, 
and ORIF with K-wire). Group 2:  non-unionized 
rats, which were given amnion lyophilization 
sterile radiation. The two groups were sacrified 
in the fourth and eight weeks, respectively for 
histological examination of the expression of 
VEGF and CD-34.
	 The VEGF expression was assessed by 
anti-VEGF staining, which was done by cutting 
paraffin blocks into a thickness of 5 ìm, then the 
blocks were deparaffinized in xylol and rehydrated 
with alcohol. The endogenous peroxide was then 
blocked with 3% methanol and H2O2 for 30 

minutes, then antigen recovery was performed by 
adding the antigen recovery solution (Dako) and 
placing the blocks ) in the microwave for 5 minutes. 
After the blocks were washed in a PBS solution, 
the blocks were added with antibodies for VEGF 
with a dilution of 1:400. Further detection was done 
using an envision kit (Dako) with a DAB substrate 
(diaminobenzidine).  The results were then assessed 
by an anatomical pathology specialist11. 
	 In this study, VEGF expression was 
assessed by screening three to five fields of 
view at 100x magnification to look for hotspot 
areas. Unlike homogeneous solid tumors where 
the field of view is taken at random, this study 
sought hotspot areas or areas with intense 
vascularization, then performed blood vessel 
calculations at an enlargement of 400x. This 
follows the study method which found that each 
collection of endothelial cells was positive for the 
immunostaining body.12 CD34 and anti-VEGF are 
also counted as individual blood vessels for those 
that can be morphologically identified as the lumen 
of blood vessels. Then the results of the calculation 
were averaged and would then be referred to as 
VEGF expression in this study. 
	 The results of the analysis are shown 
with their mean ranks between the control groups 
and the treatment groups13. Analysis of VEGF 
expression was calculated using the area of positive 
and negative areas in VEGF staining so that the area 
of proportion could be obtained as a percentage. 
	 In addition, VEGF expression was 
assessed by the CD-34 staining on the fracture 
fragments. This analysis was carried out by 
calculating the wide proportion of positive and 
negative areas in CD-34 coloring so that the 
proportional area in percent could be obtained.

Results and Discussion

	 The results of the analysis of VEGF 
expressions with VEGF and CD-34 coloring 
showed a significant difference, where the group 
with ALSR had a significant. VEGF can induce the 
occurrence of angiogenesis and osteogenesis14,15. 
This growth factor increases endothelial cell 
differentiation and proliferation, as well as the 
formation, mobilization, and recruitment of 
endothelial progenitor cells.16 First, VEGF induces 
angiogenic processes in endothelial cells, and this 
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Table 1. VEGF analysis with VEGF staining in the ALSR study

Group 	 N	 VEGF(Mean± SD)	 p-value	 CI 95%

Control	 7	 10.69± 1.17	 <0.001*	 9.06 (6.89-11.24)
ALSR	 7	 19.75± 2.37		

*Independent T-test 

Table 2. Results of VEGF analysis with CD-34 staining in the ALSR study

Group 	 N	 VEGF(Mean± SD)	 p-value	 CI 95%

Control	 7	 121.04± 5.33	 <0.001*	 257.67 (178.46-336.87)
ALSR	 7	 378.71± 85.63		

*Independent T-test 

Fig. 1. VEGF Expression in Control Group (A) and ALSR Group (B) with anti-VEGF Staining

Fig. 2. VEGF expression in the control group (A) and the ALSR group (B)

helps bone-forming cells migrate along with blood 
vessels to the fracture callus. Second, through the 
angiocrine mechanism, the VEGF will stimulate 
endothelial cells to produce osteogenic cytokines 
that encourage the differentiation of progenitor 
cells into osteoblasts. Third, VEGF would directly 

affect osteoblast function. Similarly, osteoblasts 
would produce VEGF and also respond to VEGF 
itself by regulating osteoblast chemotaxis, 
proliferation, and differentiation15.
	 It appears that there is a significant 
difference in VEGF expression in the fracture 
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healing process between the control group and 
the ALSR group. Based on the normality test, the 
VEGF data are distributed normally and thus the 
independent T-test was conducted.
	 There is a significant difference in VEGF 
expression between the control group and the 
ALSR group, both with VEGF and CD-34 coloring. 
Based on the normality test, VEGF and CD-34 data 
are distributed normally, therefore the Independent 
T-test was conducted.
	 As the fracture process is complex, 
the formation of blood vessels is controlled by 
growth factors and locally produced cytokines. 
The vascular system also plays an important 
role by providing oxygen, nutrients, and sending 
osteoprogenitors to the fracture site, resulting in 
bone formation cells. This study showed that the 
group administered with ALSR treatment showed 
increased VEGF expression. Furthermore, the 
coloring of Hematoxylin-Eosin also showed an 
increase in osteoblasts. Thus, the treatment of 
nonunion fractures with ALSR has been found 
to help heal the bone due to the increased VEGF 
expression.
	 The results of this study follow the 
research, which stated that for fracture healing, pro-
angiogenic factors such as VEGF greatly increase 
at the beginning of post-fracture and were shown 
to increase along with osteogenesis.15 The VEGF 
in this context is likely produced by inflammatory 
cells as well as mesenchymal progenitors recruited 
to the site of bone injury. Immediately after injury, 
the volume of vascular tissue would increase 
due to vasodilation. During the healing process, 
the VEGF fractures play a direct role in the 
vascularization of calluses. Hypoxia pathway 
inhibitory factor (HIF) is activated in areas with 
low oxygen pressure, such as the avascular part of 
the cartilage callus17 HIF is a transcription factor 
that directly improves VEGF gene expression. 
VEGF expression can be secondarily driven to 
hypoxia because VEGF represents the target gene 
of hypoxia-induced factors.18 Rats with enhanced 
HIF1-alpha transcription activity have been found 
to show a very large increase in bone mass and 
the bone regeneration distraction model showed 
accelerated intramembranous bone formation. 
	 In the fracture healing process, pro-
angiogenic factors such as VEGF greatly increase 
at the beginning of post-fracture and have been 

shown to increase with the extraction process 
of osteogenesis. In this case, the VEGF may 
be produced by inflammatory cells as well as 
mesenchymal progenitors recruited to the site 
of bone injury. Hypoxia conditions can improve 
VEGF expression because VEGF represents the 
canonical target gene of a factor that can be induced 
by hypoxia condition. A previous study found 
that rats with enhanced HIF1-alpha transcription 
activity showed a very large increase in bone mass. 
In addition, the bone regeneration distraction model 
also shows an acceleration of intramembranous 
bone formation.
	 In this study, it was found that CD-34 
expression was high in the ALSR group. This 
shows the occurrence of angiogenesis and the 
regeneration process in the case of non-union 
fractures in this study. This is in line with the 
findings of a previous study that stated that CD-
34 is considered a mediator of tissue regeneration 
of endothelial, epithelial, and mesenchymal 
cells.  VEGF and CD-34 findings based on 
immunohistochemical examination showed that the 
appearance of angiogenesis in tissues around the 
fracture and callus tissue occurred more frequently 
in the ALSR group.8,15 This suggests that blood 
supply to the fracture area in the ALSR group was 
better compared to the control group.

Conclusion

	 In this study, it was found that CD-34 
expression was high in the ALSR group. This 
shows the occurrence of angiogenesis and the 
regeneration process in the case of non-union 
fractures in this study. 
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