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abstract

Background: Dental X-ray has an important role in dentistry. Complication case such as tooth fracture extraction requires this 
examination to determine the appropriate treatment measures. Dental X-ray can also cause a negative impact to the body at cellular 
and even molecular level. Purpose: The aim of this study was to evaluate the decrease of vascular endothelial growth factor (VEGF) 
expression and new blood vessels number caused by dental X-ray irradiation on  fractured tooth extraction wound  on day 3 and 7 after 
extraction.  Method: We used 30 wistar rats which was randomly divided into 6 groups. Each rat’s  central insisive of left mandible 
was fractured and then extracted after or without X-ray irradiation. Group KA and KB were control groups without irradiation. Group 
P1 A and P1 B were treatment groups  with 0.08 mSv irradiation dose. Group P2 A and P2 B were treatment groups  with 0.16 mSv 
irradiation dose. The subject from group KA, P1 A, and P2 A were sacrficed and sockets were collected at  day 3. The subject from 
group KB, P1 B, and P2 B were sacrficed and sockets were collected at day 7.  Socket were processed and painted with hematoxylin 
eosin and immunohistochemistry, then observed with a microscope. Data processing was performed with SPSS 16 through one way 
anova test and post hoc Tukey test HS. Result: The lowest means expression of VEGF and the number of new blood vessels on the 
day 3 was found in P2 A group, and the highest found in the KA group. The lowest means expression of VEGF and the number of new 
blood vessels on the  day 7 was found in P2 B group, and the highest found in the KB group. Conclusion: Dental X-ray irradiation 
dose of 0.08 mSv and 0.16 mSv causes decrease of VEGF expression and new blood vessels in the wound fractured tooth extraction 
in day 3 and day 7 post-extraction.
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introduction

Tooth extraction is a common action performed by a 
dentist. Tooth extraction process can cause complications 
with a prevalence of 37.6% in Indonesia. Fractures are the 
most common complication encountered in Indonesia with 
a prevalence of 30.4%.1 Tooth extraction injures the dental 
tissues area where the tooth extracted, including sockets, 
mucosa, and blood vessels. This leads to the wound healing 
process by the body.2 Angiogenesis is a process occured 
in the proliferation phase.3 Proliferation phase occurs in 
the range of day 3 to day 5 post-injury. This process is 
characterized by the formation of new blood vessels around 

the wound.4 Vascular endothelial growth factor (VeGF) is 
a growth factor initiates the formation of new blood vessels 
through the formation mechanism of budding.5 

Dental X-ray plays an important role to support a 
diagnosis and to determine appropriate treatment, such as 
in the fracture extraction case.6 The common radiographs 
used to examine tooth extraction fractures is periapical 
radiographs.7 The use of dental X-ray irradiation in medical 
examination can also give negative impacts. Soft X-ray 
irradiation at 50 Rad, 100 Rad, and 700 Rad can slow down 
the wound healing process, inhibit cells proliferation, and 
activate cell apoptosis. Soft X-ray irradiation also inhibits 
the cells cycle at day 3 up to day 5, which may be one of 
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the cellular mechanism to slow down the wound healing 
process.8 

Irradiation can inhibit the early inflammatory response 
by reducing the infiltration of macrophages and neutrophils. 
Irradiation can also damage the blood vessels, resulting 
in the formation and maturation of granulation tissues are 
inhibited. Fibroblasts are damaged and re-epitelisation 
process becomes slow cause the wound healing process 
requires more amount of time.9 Dental X-ray periapical 
irradiation at 0.08 mSv dose can cause apoptosis in mucosal 
cells sudah dapat menyebabkan apoptosis pada sel mukosa. 
Irradiation dose 0.08 mSv is the dosage used for periapical 
radiographic examination.10

Researchers observed the expression of VeGF and 
the number of new blood vessels after exposed to dental 
X-ray irradiation on the fracture wound of wistar rat 
tooth extraction. VeGF expression was observed through 
immunohistochemistry examination, while the formation 
of new blood vessels was observed through histological 
preparation observation with hematoxylin eosin staining. 
Tissues sampling was collected on the third day post-
treatment since the beginning of proliferation phase, and 
on the seventh day post-treatment for a final extended 
period of proliferation phase if the wound healing process 
is inhibited.5

materials and methods

This research is laboratory experiment with post-test 
only control group design.11 The sample was selected by 
using simple random sampling of the population that met 
the need of inclusion criteria. Thirty male wistar rats were 
used for this research and were divided into 6 randomized 
groups in which each group consists of 5 male wistar rats. 
The control groups are KA and KB group with fracture of 
the left mandibular central incisors extraction without dental 
X-ray exposure. The treatment groups consist of P1 A and 
P1 B group with fracture of the left mandibular central 
incisors extraction and 0.08 mSv dental X-ray exposure, and 
P2 A and P2 B group with fracture of the left mandibular 
central incisors extraction and 0.16 mSv dental X-ray 
exposure. KA, P1 A, and P2 A groups were examined o the 
third day, while KB, P1 B, and P2 B groups were examined 
on the seventh day after extraction. The research subjects 
were adaptated first to the environment of Laboratpry of 
Biochemistry, Faculty of Medicine, Universitas Airlangga 
for 7 days with the treatment on the form of food, drink, and 
appropriate cage that meets the ethical standard of Health 
Research ethics and Airworthiness Committee of Faculty 
of Dental Medicine, Universitas Airlangga.

The fracture extraction were performed to the whole 
subject of research on the left mandibular central incisor, 
after being given intramuscular ketamine and diazepam 
anaesthesia. each rat was in supine position (abdomen 
above) and the tongue of the rat was held under a sterile 
gauze rolls. Sonde was inserted in the depth of 2 mm into 

the gingival sulcus of the left mandibular central incisor and 
was moved around the sulcus to damage the periodontal 
ligament. The left mandibular central incisor was fractured 
by using diamond bur. The extraction of the remaining part 
of tooth fractures was resumed after dental X-ray exposure 
to the treatment group.

The rats were fixed by using wire netting first so that 
they could not move when the exposure was given. Cone 
beam periapical air photo was directed to the left mandibula 
of the rat. The extraction of the remaining fractures was 
performed after the dental X-ray irradiation was given.

The research subjects were anaesthetized by using 10% 
ether solution. each rat was put in a glass box with a lid, then 
the entire wall of the inner box was sprayed  with 10% ether 
and was closed again so that the steam can be fully inhaled 
by the rats. Left mandible was taken and was immediately 
put in a container of NBF 10 fixated solution.

Mandibular tissues fixation was performed in 10% 
neutral buffered formalin (NBF). The next stage was 
decalcification so that the calcium content within the tissues 
becomes lost and facilitates the tissues processing to the 
next stage. Soft bone tissues were dehydrating, clearing, 
and then embedding into paraffin blocks to be easily cut 
with microtome. The pieces were placed into waterbath by 
using sengkelit with 40-50°C temperature, until they stuck 
into object glass, and then were painted with hematoxylin 
staining eosin.12 VeGF observation was performed by 
using monoclonal antobody VeGF Santa Cruz, SC-152 
and the kit Novolink, Novocastra, Re7230-K. The painting 
process was performed according to the instructions of 
use. Then the preparation was performed with mounting 
by using entelan.12 The results reading was done by 
observing the preparation under the light microscope with 
1000x magnification. New blood vessels were observed 
by counting the number of lumens arterioles and venules 
around the sockets on the former extraction  in one visual 
field quantitatively. VeGF expression was calculated by 
examining the positive expression of the growth factor 
on the dark brown coloured macrophage cells, in which 
this interpretation was done quantitatively. The reading of 
VeGF expression and new blood vessels were done five 
times visual field for each sample, before taking the mean 
value. The data were analyzed by SPSS 16 program through 
one way Anova test and post hoc test Tukey HS.

results

The mean and standard deviation value of VeGF 
expression and the number of new blood vessels after the 
exposure of dental X-ray irradiation on fracture wound of 
Wistar rat tooth extraction can be seen in Table 1. Figure 
1 is a picture of VeGF positive expression. The figure of 
VeGF positive expressions are dark brown coloured and 
evenly circulated around blood vessel lumens in which can 
be observed in Figure 1-A (control group A) and B (control 
group B). Figure 1-C shows VeGF expressions in group P1 
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Figure 1. The figure of immunohistochemistry on VeGF expression (circled and pointed by black small arrow  blood vessel 
lumens) with monoclonal antibody VeGF anti-rats and paint material DAB on sockets of Wistar rats tooth extraction. The 
observation was performed by microscope with 1000x magnification. Positive expression is shown by the coloured figure 
around the blood vessel lumens. (A) group KA; (B) group KB; (C) group P1 A; (D) group P1 B; (e) group P2 A; (F) group 
P2 B.

Figure 2. The figure of histological lumens of new blood vessels (circled and pointed by yellow small arrow  blood vessel lumens) 
with hematoxylin eosin painting. The observation was performed by microscope with 1000x magnification. (A) group KA; 
(B) group KB; (C) group P1 A; (D) group P1 B; (e) group P2 A; (F) group P2 B.
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A which are brown coloured and less than in Figure A and 
B. The observation of group P1 B in Figure 1-D resulting 
in the similar figure to Figure 1-C. VeGF expressions are 
brown coloured and the least one is seen in Figure 1-e 
(group P2 A) and Figure 1-F (group P2 B).

The observation result of the new blood vessel can be 
seen in Figure 2. Figure 2-A shows a picture of the new 
and dense blood vessels in control group KA. The figure of 
dense blood vessels can also be seen in Figure 2-B which 
is in control group KB. The density of blood vessels can 

be seen from the lumens density of blood vessels formed. 
Group P1 A shows the rarer figure of blood vessel lumens 
in Figure 2-C than in figure A and B. It is also shown in 
Figure 2-D, that is in group P1 B. Figure 2-e and F show the 
least density in group P2 A and P2 B, when are compared 
to the previous figures.

The data were then processed by using SPSS 16.0 
program for Windows. First statistical test was conducted by 
using Kolmogorov Smirnov test to find out the distribution 
of the research data as a requirement prior to the one way 
Anova test. The test results of all groups show that p value 
is greater thab 0.05 so it can be stated that all data were 
normally distributed. Levene test was also conducted first 
to see the variance homogenity of the groups that will be 
compared. The results of Levene test show that the values 
were above 0.05, so it can be stated that the variance of 
the entire data is homogeneous variant. The analysis was 
then followed by parametric test using one way Anova 
test because the data had normally distributed and had  
homogeneous variances. The analysis was continued by 
post hoc test Tukey HS to compare whether there are any 
differences between each researched group.

discussion

The mean values of each group showed that the greater 
the dose of  dental X-ray irradiation is given, the lesser the 
VeGF expression in the fracture sockets of tooth extraction 
on the day-3 and day-7. The decreased expression of VeGF 
is caused by the biological effects of ionized radiation. 
The biological effects can occur without the interference 
of threshold radiation dose, namely stochastic effects. 
Stochastic effects are often found in DNA damage. DNA 
damage can be directly or indirectly resulted from the 
formation of free radicals and water molecules.13 

In the research conducted by Saputra,10 the exposure of 
dental X-ray irradiation was given to the buccal mucosa of 
Wistar rats. The result showed that there was an increase of 
apoptosis and necrosis cells which were proportional to the 
increased dose of dental X-ray irradiation as much as 0.8 
mSv, 0.16 mSv, and 0.24 mSv. Those results correspond 
with the results in this research, that there is damage to the 

Table 1. The mean value of VeGF expression and new blood vessels on the day-3 and 7

Group

VeGF expression
Mean ± SD

The number of new blood vessels
Mean± SD

Day-3
(A)

Day-7
(B)

Day-3
(A)

Day-7
(B)

K 5.80±1.09 6.60±1.52 455.00±57.41 420.80±90.47
P1 5.40±1.67 6.20±1.48 383.00 ±41.67 315.20±80.12
P2 3.00±1.23 2.60±1.14 276.20±67.11 192.00±35.34

Notes: K= Fractures of Wistar rats tooth extraction without dental X-ray irradiation (control);

P1= Fractures of Wistar rats tooth extraction with dental X-ray irradiation 0.08 mSv;

P2= Fractures of Wistar rats tooth extraction with dental X-ray irradiation 0.16 mSv.

Table 2. The p value post hoc test Tukey HS of VeGF 
expression on the day-3

Researched group KA P1 A P2 A
KA - 0.888 0.017
P1 A 0.888 - 0.039
P2 A 0.017 0.039 -

Table 3. The p value post hoc test Tukey HS of VeGF 
expression on the day-7

Researched group KB P1 B P2 B
KB - 0.893 0.002
P1 B 0.893 - 0.004
P2 B 0.002 0.004 -

Table 4. The p value post hoc test Tukey HS of new blood 
vessels on the day-3

Researched group KA P1 A P2 A
KA - 0.150 0.001
P1 A 0.150 - 0.028
P2 A 0.001 0.028 -

Table 5. The p value post hoc test Tukey HS of new blood 
vessels on the day-7

Researched group KB P1 B P2 B
KB - 0.095 0.001
P1 B 0.095 - 0.049
P2 B 0.001 0.049 -
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body either cellular or molecular due to the exposure of 
dental X-ray irradiation even though only in small doses. 
The damage caused by the exposure to the dental X-ray 
irradiation is proportional to the increased doses given.

Macrophages, neutrophils, endothels, fibroblasts and 
smooth muscle cells are the cells that produce VeGF. 
Monocytes are the most damaged cells when experiencing 
oxidative stress compared to macrophages. The study 
showed that monocytes which were given oxidative 
stressor such as Tert-Buyl hydroperoxide (BOOH) 400µM 
did not express protein Poly ADP-Ribose) polymerase 1 
(PARP-1) and X-ray repair Cross-Complimenting protein 1 
(XRCC1). The study identified that the probable cause is the 
transcriptional down-regulation on monocytes. The absence 
of XRCC1 expression resulted in the decreased expression 
of Lig IIIα (deoxyribonucleic acid  ligase IIIα) for XRCC1 
is a protein that stabilizes Lig III. Protein deoxyribonucleic 
acid protein kinase catalytic subunit (DNA-PKcs) that plays 
role in the double strand repairment is also not detected on 
monocytes.14

Monocytes are more sensitive to oxidative agents 
than macrophages and neutrophils as monocytes are the 
progenitor cells that differentiate into macrophages and 
dendritic cells.15 energy absorption of radiation by water 
molecules within cells causes molecules excitation and 
ionizing. Ions generated from the reaction will form free 
radicals within the body and can penetrate the lipid bilayer 
of the membranes and then lead to the cell damage.16

The decreasing of monocytes results in the decreasing of 
macrophages within sockets. In addition, the cells ability to 
repair themselves and adapt to the ionizing X-rays radiation 
will be limited. Most of macrophage cells will fail to adapt 
dan will be exposed to the bilogical effects of the radiation, 
which whill lead to the cells death. Macrophage cells that 
die will become debris and can inhibit the recovery of 
the other cells. Such condition will cause the decreasing 
of VeGF, as monocytes and macrophages are two types 
of cells involved in releasing VeGF to initiate a series of 
angiogenesis processes.

Cell damage from dental X-ray irradiation does not 
only occur on monocytes alone. The number of cells on 
peritoneal macrophages culture of the rats decreases after 
exposed to X-ray irradiation at dose of 3 Gy nd 6 Gy.15 The 
damage on neutrophils, monocytes, and macrophages will 
result in the decreased expression of VeGF, in accordance 
with the results of this study.

The comparisons between group KA and P1 A, and 
group KB and P1 B have no significant difference in the 
statistical tests. However, the data averagely showed the 
difference of VeGF expressions between the each group. 
The non-significant result may be caused by the biological 
effects resulted in dental X-ray irradiation at a dose of 0.08 
mSv which was minimum and could be neutralized by the 
body, so that the data still showed the decreased espression 
of VeGF but did not appear statistically. The mean result of 
new blood vessels from each group shows that the gretaer 
the dose of dental X-ray irradiation is given, the lesser the 

number of new blood vessels formed around the sockets of 
fracture extraction on the day-3 and day-7.17

The decreased number of new blood vessels as the 
increased dose of radiation are also related to the decreased 
expression of VeGF and the cells on the fracture sockets 
of tooth extraction. VeGF is a cytokine that initiates the 
angiogenesis and vaskulogenesis processes. The decreased 
expression of VeGF results in the inhibition of endothelial 
signaling process to move forming the bud. Barriers bud 
formation lead to the formation of capillary network 
become blocked, so that there is a decrease in the number 
of new blood vessels in sockets.18

The biological effects of ionizing X-rays radiation 
also directly affect the cells cycle. Soft X-ray irradiation at 
dose of 5.21 Gy slows down the wound healing rate on the 
third until the ninth day. This is caused by the cells cycle 
disruption, in which the cells stop in phase G0/G1 and S, and 
becomes slow in phase G2/M.8 Cells cycle disruption results 
in the reduced proliferation and the increased apoptosis 
process, causing an imbalance in the proliferation stage. The 
decreased proliferation of endothelial cells and fibroblasts 
hamper the formation of new blood vessels which affects 
the next wound healing stage.15

There is no significant difference in the comparison 
between group KA and P1 A and between group KB and P1 
B. However, the average number of new blood vessels still 
shows the differences where the mean value of group P1 A 
is smaller than the mean value of group KA, and the mean 
value of group P1 B is smaller than the mean value of group 
KB. This result may be caused by the biological effects on 
dental X-ray  irradiation at dose of 0.08 mSv that results 
in new blood vessels are still minimum, so they do not 
appear statistically compared to the group without dental 
X-ray irradiation. In conclusion, dental X-ray irradiation 
dose of 0.08 mSv and 0.16 mSv causes decrease of VeGF 
expression and new blood vessels in the wound fractured 
tooth extraction in day 3 and day 7 post-extraction.
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