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Introduction: Researchers have always been interested in the close and mutual relationship 
between the pulp and periodontal tissues. Although the effects of pulpal disease on 
periodontium have been well known, the clear relationship between periodontitis and pulp 
has not been documented . It seems that bacteria and inflammatory products of periodontitis 
can affect pulp through accessory canals, apical foramen, and dentinal tubule. Meanwhile, 
Vascular Endothelial Growth Factor (VEGF) and Nerve Growth Factor (NGF) are components 
of growth factors which increase in the inflammatory tissues. This study aimed to evaluate 
periodontal disease effects on the expression of VEGF and NGF in dental pulp. 

Materials and Methods: In this analytical cross-sectional study, 30 human dental pulp 
specimens were collected from 15 teeth with severe chronic periodontitis and 15 teeth with 
healthy periodontium. The percentage of stained cells (LI) and intensity of stained cells (VEGF 
and NGF) were calculated and compared between two groups by Independent t test and Fisher 
analysis.

Results: The percentage of stained cells for VEGF in the case group was 34.514 and in the 
control group 35.473. The percentage of stained cells for NGF in the case group was 34.962 
and in the control group 34.592. There was no statistically significant difference between two 
groups (P>0.05). In addition, there was no significant and qualitative difference between the 
case and control groups with regard to the intensity of stained cells (P>0.05). 

Conclusion: According to the results of this study, severe periodontitis did not affect the 
expression of the VEGF and NGF in dental pulp.
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1. Introduction 

esearchers have always been interested 
in the close and reciprocal relationship 
between the pulps and periodontium tis-
sues. The effects of periodontal disease on 
human pulp were first reported by Turner 

and Drew in 1919. They found that bacteria were present 
in the root canal of the teeth with periodontal lesions but 
not in the healthy dental pulps [1, 2]. Some researchers 
also believe that chronic infection in the pulp tissue leads 
to secondary infection and periodontal degeneration. In 
contrast, severe periodontal disease can also cause or ex-
acerbate inflammatory changes in the pulp tissue. This 
relation is physically established through the apical fora-
men, accessory channels, and dentinal tubules [3]. 

According to Walton and Granick, the spread of stimu-
lants from the pulp to periodontal tissues is mostly ob-
served around the apex and especially apical foramen 
and accessory channels [4]. Torabinejad et al. study re-
ports no change in the pulp of the teeth with periodontitis 
[5]. 

The primary response of the tooth pulp to damage is 
similar to other tissues. However, due to the presence of 
hard dental walls in the pulp chamber, its final outcome 
can be significantly different when the external stimula-
tion level reaches a critical level, and the mast cell de-
generation, decreased blood flow, and cellular damages 
occur. In the meanwhile, numerous mediators of inflam-
mation are released. These mediators cause vasodilata-
tion, increased vascular flow, and vascular leakage along 
with edema. Angiogenesis means the formation of new 
vascular vessels from the vascularity that existed before. 

This process results in the division of endothelial cells. 
Angiogenesis occurs under physiological and pathologi-
cal conditions and is associated with some degrees of in-
flammation, which by the creation of small blood vessels 
leads to the transfer of pro-inflammatory cells, nutrients, 
and oxygen to inflammatory tissue. Many cytokines and 
growth factors are involved in the angiogenesis process, 
but Vascular Endothelial Growth Factor (VEGF) is the 
key factor in this process [6]. 

VEGF is essentially a heparin connected to a 45-kDa 
glycoprotein. The VEGF family consists of 6 members; 
VEGF, VEGF-E, VEGF-D, VEGF-C, VEGF-B, VEGF-
A, among which VEGF-B is the most influential factor 
in angiogenesis. This factor stimulates the proliferation 
of endothelial cells, secretion of proteolytic enzymes, as 
well as chemotaxis and migration. VEGF also affects the 

endothelial cells. It plays a role in the course of normal 
growth and tissue regeneration, even in tumors and other 
pathological conditions, such as delayed allergic reac-
tion and rheumatoid arthritis. Recently, it has been ob-
served that, in the dentin matrix, VEGF expresses during 
the development of caries, and contributes to the com-
pensatory response of the dentin-pulp complex. These 
factors are released by monocytes, and the macrophages 
of the patients with periodontitis in response to bacterial 
agents. 

Regarding to what was discussed, VEGF seems to play 
a significant role in periodontal diseases [7]. In addition, 
Neural Growth Factor (NGF) is a polypeptide neuro-
trophin which is essential for the growth, maintenance, 
and survival of sympathetic and sensory nerves. This fac-
tor is essential for the maintenance of cholinergic nerves 
in the brain, sympathetic nerves and sensory peripheral 
tissues, as well as the development and differentiation of 
these nerves [8]. 

NGF and its receptors, P75, and (TrkA [Tyrosine Re-
ceptor ankylase A]) are also increasing under trauma, 
transverse nerve cut, dental orthodontic movements, and 
inflammation. Additionally, mRNA, for NGF, has been 
identified in human periodontal ligament cells and gingi-
val fibroblasts in the laboratory [8, 9]. The vascular and 
nervous components are in contact with each other, also 
the immune cells with vascular endothelium are in con-
tact with each other and have a close proximity to free 
nerve terminals. This common biochemical association 
between immune, neurological, and vascular systems 
indicates the existence of an important functional unit 
in the pulp [10]. 

Considering the different views on the effect of peri-
odontal disease on dental pulp, this study aimed to exam-
ine the effects of periodontal disease on the expression 
of VEGF and NGF in dental pulp. This study compared 
the effects of dental pulp changes through immunohisto-
chemical examination of VEGF and NGF, in the pulp of 
the teeth with periodontitis as well as healthy teeth pulp.

2. Materials and Methods

This study was an analytical cross-sectional study. The 
study population comprised all patients referred to peri-
odontics and oral medicine department of the Sanandaj 
Dental Faculty in 2015-2016. Samples consisted of 30 
single-rooted teeth, 15 of which belonged to individu-
als with severe chronic periodontitis, and 15 others 
belonged to subjects with a normal periodontal condi-
tion. The patients with no history of periodontal surgery 

R
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were included in the study after completing the forms 
containing demographic information and clinical and 
radiographic examination and obtaining their informed 
consent. 

People with the history of taking osteoporotic and ste-
roid anti-inflammatory drugs, taking antibiotics over 
the past 3 months, having systemic diseases affecting 
periodontium like diabetes, history of smoking, history 
of root canal therapy or root canal surgery, history of 
trauma and root or crown fracture, history of caries or 
filling or crowning, calcification pulp (based on radio-
graphic evaluation), root resorption, excessive occlusal 
force (parafunctional habits or Trauma From Occlusions 
[TFOs]) were excluded from the study. 

The patients with hopeless teeth and mobility condi-
tions, advanced and severe periodontal disease (Clinical 
Attachment Level [CAL] ≥5), the presence of inacces-
sible areas were extracted atraumatically under local an-
esthesia, after recording parameters, including bleeding 
on probing, pus discharge from gingival sulcus, the de-
gree of mobility of the tooth, and the depth of the gingi-
val sulcus at three points around the tooth. In the control 
group, healthy teeth were extracted during prosthetic and 
orthodontic treatment. Immediately after tooth extrac-
tion, the root end was cut by diamond disk and the tooth 
was placed in 10% formalin solution. 

After encoding, it was transferred to the laboratory. In 
the laboratory, the teeth were placed in 20% formalic 
acid solution for decalcification for 21 days. After decal-
cification, longitudinal sections with a diameter of 40 to 
30 μm were performed on the root of the tooth and the 
slides were prepared in two series. The laboratory meth-
od used in the study is immunohistochemistry, which 
is widely used for diagnostic and research purposes in 
identifying specific proteins (or other molecules) in cells 
and tissues. In this method, an antibody is needed against 
the protein which is going to be detected. 

The protein must be purified so that antibodies can be 
produced against it. To remove additional paraffin from 
the slides, the samples were cut and placed in an oven for 
24 hours at a temperature of 58°C to remove additional 
paraffins from the slides. Then, the samples were placed 
on each side on the xylene 100%, for 5 minutes. After 
removal, the samples were placed in ethanol 100% and 
then 96% for 5 minutes followed by 3 minutes in 70% 
ethanol to eliminate residual paraffin residues. Next, they 
were rinsed on both sides with distilled water for 5 min-
utes. After this stage, the antigen retrieval samples were 
put in a plastic container containing buffer citrate; pH=9, 

at different times; at first 5 minutes at 850 W and then 15 
minutes at 450 W in the microwave. After 15 minutes, 
the specimens were washed for 15 minutes. After drying 
the slides, peroxidase solution 3% was poured onto each 
sample and kept it in a dark and humid chamber for 20 
minutes. Subsequently, the samples were washed in PBS 
for 5 minutes.

Primary monoclonal antibody

VEGF (Mouse monoclonal antibody; code M7273, 
Dako, USA) and NGF (mouse monoclonal antibody, 
code M7273, Dako, USA) were sprayed onto each slide 
series individually, and washed at room temperature in a 
dark and humid chamber in 2 PBS buffers dishes for 5 
minutes each time. All of the stained slides were exam-
ined by VEGF and NGF markers with a Motic type 102 
Educational Microscope (MIGS) (made in China) under 
40x magnification, by oral and maxillofacial patholo-
gists. The number of cells stained with VEGF and NGF 
markers was determined by counting all areas of a slide, 
and then the number of colored cells was calculated as 
percentages for each sample and index labels was per-
formed. In order to avoid the counting errors, each sec-
tion was counted twice.

Samples were qualitatively graded into 3 groups [11]. 
Grade 0: Lack of coloring; Grade 1: Low to moder-
ate coloring; the cytoplasm and the nucleolus were not 
stained completely; Grade 2: High cytoplasmic and nu-
cleolus staining; The cell is completely stained in brown-
black color. The statistical tests used in this study were 
the Independent t test and Fisher Exact test. The signifi-
cance level in all tests was less than 0.05.

3. Results

Of 30 examined teeth, 15 were from individuals with 
severe chronic periodontitis (group A), and 15 from 
individuals without any periodontal disease (group B). 
The mean age of the participants in the group A was 
42.54 years and in the group B was 22.14 years. Table 1 
shows the clinical information of the patients. Bleeding 
on Probing (BOP) was seen in all teeth in the disease 
group, and pus secretion in 5 of them. The maximum 
gingival recession (CEJ [Cemento-Enamel Junction] to 
gingival margin) was 7 and at least 3 mm. The bone loss, 
performed by using the periapical graph (from CEJ to al-
veolar crest), was reported to be from 3 mm to maximum 
12 mm. Gingival sulcular depth measurements were also 
carried out. They are all presented in Table 2.
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In group A with severe chronic periodontitis, the num-
ber of patients with different mobility teeth degree were 
as follows: first grade mobility teeth: 3; second grade 
mobility teeth: 5; third grade mobility teeth:7.

Immunohistochemical findings

The study of samples with VEGF and NGF markers

The cytoplasmic and nuclear staining of the cells in the 
samples were considered as positive immunoreactivity 
with the markers of VEGF and NGF (Figures 1, 2 and 3).

The count of the colored cells with the VEGF and NGF 
markers in each group was performed in accordance 

with the methodology of the study that was previously 
explained, and the following results were obtained. The 
Mean±SD occurrence of a VEGF marker in the pulp 
cells of the teeth with periodontitis was 0.345±0.059 
cells and in the same group for the NGF marker were 
0.349±0.05 cells. The Mean±SD incidence of VEGF 
markers in healthy periodontal status was 0.345±0.051 
and for NGF markers were 0.052±0.0345 (Table 3). 

To compare the ratio of colored cells between the two 
groups, the Independent t test was used. There was no 
significant difference between the ratio of VEGF and 
NGF in the severity of periodontitis and control group in 
terms of incidence (P<0.05).

Table 1. Distribution of samples by age and sex

Group Number

Sex Age, Y

Male Female  Min Max Mean±SD

A 15 6 9 20 65  42.54±11.60 

B 15 7 8 14
26 22.14±4.92 

Total 30  13 17

Table 2. Sulcus depth measurements in group A

MaxMin Group A

103 Sulcus depth in mid-lingual area, mm

62Sulcus depth in mesiobuccal area, mm

112Salcus depth in distobuccal area, mm

Figure 1. Color for VEGF
Figure 2. Color for NGF

Rastin V, et al. Effect of PD on the Expression of VEGF and NGF in DP. J Dentomaxillofacial Radiol Pathol Surg. 2018; 7(1):43-50.
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In this study, in addition to quantitative study of VEGF 
and NGF, a qualitative method was used. Fisher analysis 
was used in qualitative analysis, which was done for the 
color intensity of the samples (P<0.05). There was no 
statistically significant difference between two groups in 
terms of color intensity, which is presented in Table 4.

4. Discussion

The relationship between endodontic lesions and peri-
odontal diseases is very important, because these diseas-
es can be challenging for clinicians in order to choose the 
treatment process and the determination of prognosis of 
periodontal-endodontic diseases. Moreover, understand-
ing the relationship between endodontic and periodontal 
diseases empowers clinicians to select the best treatment 
plan. The direct relationship between dental pulp and 
periodontal disease may occur through three main ways: 
Dental tubules; Lateral channels; and Apical foramen 
[5]. 

Seltzer believed that lateral channels that are open into 
the oral cavity could transfer toxic products to the pulp, 
causing degeneration, atrophy, inflammation, and burn-
out in the pulp. On the other hand, Stanly believed that 
if the dentin thickness between the pulp and the stimu-
lated area was 2 mm, there would be little chance that the 
tooth pulp would be degraded. In addition, some believe 
that by using the scaling and root planning the pulp will 
not be compromised, even if there are clinical signs of 

Figure 3. NGF coloration at the crown section

Table 3. The mean VEGF and NGF expressions in the A and B groups

Marker Group No. Min Max Mean Standard Error ±SD

VEGF

A 15 31.204 37.825  34.514 1.543 5.977

B 15 32.597 38.348  35.473 1.340 5.192

Total 30 32.931 37.056  34.994 1.008 5.522

NGF

A 15 31.932 37.992  34.962 1.412 5.471

B 15 31.708 37.476  34.592 1.344 5.208

Total 30 32.816 36.738  34.777 0.958 5.251

Table 4. Qualitative analysis of color intensity for the VEGF and NGF

Group Frequency of Grade 1
 (Low to Moderate Color) (%)

Frequency of Grade 1 
(High Color) (%) Total 

VE GF

A 11(73.33) 4(26.67) 15(100)

B 12(80.00) 3(20.00) 15(100) 

Total 23(76.67) 7(23.33) 30(100) 

NGF

A 11(73.33) 4(26.67) 15(100)

B 12(80.00) 3(20.00) 15(100)

Total 23(76.67) 7(23.33) 30(100)
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pulpitis [12, 13]. On the other hand, Abed and Kamali et 
al. who studied the effects of advanced periodontal dis-
ease on pulp status, concluded that periodontal disease 
significantly affected pulp tissue [14]. 

In this study, the Mean±SD incidence of the VEGF 
markers in colored cells of group A was 0.345±0.059 and 
the mean incidence of the VEGF marker in group B cells 
was 0.354±0.051 cells. Also, the mean incidence of NGF 
markers in group A cells were 349±0.054 cells and in the 
cells of the group B was 0.354±0.051. Therefore, there 
was no significant difference between the ratio of VEGF 
and NGF between the two groups of patients with severe 
periodontitis and control (P> 0.05). 

There was no significant difference between the color 
intensity of the patient and the control group in the quali-
tative study (P<0.05). In Johnson et al. study, the amount 
of VEGF markers was the lowest in the normal gingiva 
and in the gingival with a depth to 4 mm was the high-
est, which indicates a relationship between VEGF and 
inflammation in periodontal tissues and was not consis-
tent with the results of this study. Considering that all 
teeth in the case group had severe periodontitis, it may 
be due to the type of pulp response to stimulation and the 
duration of periodontitis, which can stimulate a chronic 
phase of inflammation (including some degrees of atro-
phy and fibrosis). Thus, in these processes there will not 
be an increase in the expected expression of VEGF [15]. 

The study by Unln et al. indicates that diabetic pa-
tients with periodontal problems had the highest levels 
of VEGF, which is associated with microangiopathy and 
increased angiogenesis in patients with diabetes mel-
litus [6]. The evaluation of histopathology of tooth tis-
sue in the study of Torabinejad et al. on 25 teeth with 
periodontal disease, 18 moderate periodontal disease, 
and 7 severe periodontitis (according to Russell Index), 
showed no histopathological changes in the pulps of the 
studied teeth. These results are consistent with the results 
of our study, in which the marker of vascular endothelial 
growth in the teeth with severe periodontal disease did 
not express an increase [16].

 Inflamed tissues exhibit excessive expression of NGF 
[17]. The role of the NGF in the metabolism and tissue 
repair has been taken into consideration and NGF has 
been considered as a factor in the organization of peri-
odontal ligaments and alveolar bone during orthodon-
tic dental movements. An increase in the NGF can be 
explained by its role in inflammation and immune re-
sponse. In O’Hara et al. study, the immunohistochemical 

recognition of NGF and its receptors in periodontal liga-
ments during dental movements was measured. 

O’Hara study was performed on 42 mice divided into 
two groups. In the first group, only dental movements 
were performed, and in the second group, they had den-
tal movements and anti-NGF injections. These orth-
odontic movements were performed on each sample on 
one side of the jaw and compared to the opposite side. 
This comparison was done on days 0, 3, 7 and 14. The 
results showed the apparent increase in the incidence of 
NGF, especially on the seventh day, and this increase 
was observed in pulp, periodontal ligament and bone, 
also along with increased secretion by fibroblast cells. 

The results of this study were in contrast with our study, 
which may be due to the type of orthodontic movement, 
the degree of inflammation, and the differences in the 
type and number of statistical population. Additionally, 
the difference in the time intervals for examining sam-
ples can also affect the obtained results, because severe 
chronic periodontal disease is a chronic and long-term 
process that can produce adaptive responses in the tis-
sues around [8]. 

In a study conducted by Laurina et al. to investigate 
the quantitative and qualitative association of NGF and 
several other growth factors in healthy and diseased peri-
odontal tissues (6 patients with chronic periodontitis and 
5 in the control group), they concluded that there was 
a significant increase in NGF in the periodontal tissue 
of the patient that may be due to its role in the adaptive 
process, during periodontitis. These results were also in-
consistent with our study results. This inconsistency is 
the result of difference in the type of studied tissue, pulp 
in the present study, and periodontal tissue in the Laurina 
et al. study, as well as the difference in the number of 
study samples [17]. 

On the other hand, cement in tooth structure acts as 
a protective barrier, but if the cement in the CDJ area 
does not evolve, direct link between the pulp and the 
periodonum is restored through dentin tubules. Cement 
may not be present due to developmental defects, dis-
ease processes, surgical procedures, or periodontal dis-
ease. Exposed dentin tubules in cement areas may act 
as pathways between the pulp and PDL. Inflammatory 
changes have been reported near the accessory channels 
that exposed to periodontitis. In addition, it is hypoth-
esized that the presence of a healthy cementum layer can 
protect pulp from microbial plaque, which may confirm 
the results of our study that extremely severe periodontal 
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disease, with a layer of cementum, could not affect the 
dental pulp [5, 18, 19]. 

The examination of a cementum layer on the teeth re-
quires more advanced instrumental techniques, such as 
ultrastructural studies, along with electronic microscope 
equipment, which because of our limited facilities, this 
examination was not possible. However, according to 
our study, the effect of the periodontal disease on the 
dental pulp could not be observed because of the exis-
tence of this protective barrier around the teeth. Czar-
necki conducted a study on dental pulp in teeth with 
varying degrees of periodontal disease. They suggested 
that periodontal disease did not affect the pulp unless at 
least the apex had been involved. 

This is similar to our study findings in which clinical 
evaluation indicates no evidence of tooth apex involve-
ment found in the periodontal group [20]. One of the 
symptoms recorded in the present study is the presence 
of dentin sensitivity or the root of the teeth sensitivity, 
that the absence of this symptom in group A and B did 
not provide the possibility of comparing the two groups 
and also the possibility of examining the relationship 
between the presence of sensitivity and the incidence 
of the NGF. Although the incidence and severity of the 
VEGF and NGF were not statistically different in the 
present study, there was little difference in the number 
and severity of colored cells between these two groups, 
which may be because of the role of VEGF and NGF 
in inflamed tissues. However, more studies are needed 
with a larger statistical sample size with ultrastructure 
investigations.

5. Conclusion

According to the study results, the number of colored 
cells and the color intensity of the VEGF and NGF 
markers in both groups did not show a significant differ-
ence, which may confirm that periodontal diseases could 
not affect the dentin pulp in inflammation and elevation 
of the vascular endothelial growth factor as well as the 
growth factor of the nervous system.
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