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Objective: While the odontoblast ability to respond to injury in permanent teeth (PT) is well established, 
there is a lack of knowledge about deciduous teeth (DT). Aim of this study was to compare the odontoblasts 
activity within the pulp of DT versus the pulp of PT. Study design :Dental pulp was obtained from forty-two 
DT and twenty-seven PT extracted from sixty-five patients (aged 6-16 years). Histomorphometry was carried 
out and the quantification of odontoblastic layer was assessed. Dental pulps of DT and PT were stained 
for anti-ssDNA, BCL-2, BCL-x, BAX, caspase3. Results : Pulps from DT were characterized by reduction 
of odontoblastic layer and greater occurrence of apoptotic odontoblasts. Pro-apoptotic BAX phenotype 
expression on odontoblasts correlated with the occurrence of numerous activated caspase3 odontoblasts 
in DT. The number of BAX positive cells was significantly higher compared to BCL-2 positive cells in the 
odontoblastic layer of the DT (p=0.03). Since BAX and BCL-2 proteins have an inverse role in the regulation 
of the apoptosis, this finding suggests that odontoblasts have a predominant pro-apoptotic phenotype in DT. 
Conclusion: According to our results, the odontoblasts of DT can be assumed to have a lower reparative 
activity if compared to odontoblasts of PT.
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INTRODUCTION

The dental pulp not only provides nutritional and sensory 
properties to dentin but also has its own reparative capacity.1-4 
This potential has important implications for dental therapies. 

Dentinogenesis has been extensively studied to comprehend the 
development and mineralization of this connective tissue. The odon-
toblast ability to respond to injury (e.g. caries, cavity preparation) and 
up-regulate its secretory activity leading to deposition of reactionary 

dentin is well established. 1,6-7 The important feature of this response 
is that there is no cell renewal and the odontoblasts have to survive 
the injury. The process of reactionary dentinogenesis is different 
from the reparative dentinogenesis, where the intensity of the injury 
is of a magnitude that results in odontoblast death and cell renewal 
by a new generation of odontoblasts-like cells, that may differentiate 
from progenitor cells within the pulp and secrete a reparative dentin 
matrix.1 In the case of the injury leading to pulpal exposure, this repar-
ative dentinogenesis may give rise to dentin bridge formation.

Since reparative dentinogenesis may start after the elimination 
of damaged odontoblasts, it is noteworthy to understand the death 
regulation of odontoblasts.

The number of odontoblasts decline with age and the apoptosis, 
as programmed cell death, has been implicated in this biological 
process.8 There are several findings confirming that apoptotic cell 
death play a role during tooth development and in repair-related 
tooth remodelling such as injured pulp, in permanent teeth. 9

However, there is a lack of knowledge in understanding the 
apoptotic mechanism in odontoblasts of deciduous teeth and their 
potential response to pulp injuries.

The purpose of the present study was to evaluate a series of 
deciduous (DT) and permanent teeth (PT) to clarify the odontoblasts 
physiological activity in deciduous teeth compared to permanent 
teeth. The hypotheses tested were that 1) there are morphological 
differences between the odontoblastic layer of deciduous and 
permanent teeth and 2) there is an apoptotic mechanism that regu-
lates odontoblasts response, in primary dentition.
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MATERIALS AND METHOD

Tissues
Dental pulp was obtained from forty-two DT and twenty-seven 

PT extracted from sixty-five different patients between 2009 and 
2012. All patients, including the parents of minor children, gave 
informed consent to the treatment procedure. The age of patients 
ranged from 6 to 16 years (mean 11 years), with a slight prevalence 
of males (33/65, 50.7%). DT and PT were extracted for orthodontic 
treatment (n=39), extrusive trauma (n=19), delayed permute (n=11). 
The extracted DT were all in the second stage of development with 
well-defined roots. DT were extracted from patients aged 6-11 years 
while PT from patients aged 11-16 years. After extraction, all the 
teeth had been immediately fixed in 10% formalin for 24-48 hours. 
The enamel was removed with a diamond burr in order to minimize 
the thickness of the hard tissue and the specimens were successively 
decalcified in EDTA solution for 12 hours and embedded in paraffin.

Histomorphometry
Histomorphometry was carried out on photomicrographs of the 

entire section stained from each specimen by means of the Olympus 
BX-60 microscope, equipped with the Olympus DP-70 digital 
camera. Image analysis was performed by Analysis 3.2 soft imaging 
system GMBH. The quantification of odontoblastic layer extent 
was assessed by the odontoblastic index (OI), defined as the ratio of 
odontoblastic layer length to pulp chamber perimeter x 100.

Immunohistochemistry
Dental pulps of six DT and twenty PT were stained for 

anti-ssDNA (Bender Med-Sysytems, Vienna, Austria, EU), a 
typical marker of apoptosis, using formalin-fixed tissue sections 
according to manufacturer’s protocol. The apoptotic index (AI) 
was defined for odontoblastic layer as the ratio of ssDNA-positive 
odontoblast to all counted odontoblastic cells x 100. Sections from 
seventeen PT and twelve DT dental pulps were also immunos-
tained for BCL-2 (dilution 1:50, Dako, Golstrup, Denmark, EU), 
BCL-x (dilution 1:50, Abcam, Cambridge, United Kingdom, EU), 
BAX (dilution 1:100, Abcam). Sections were also immunostained 
for activate caspase-3 (dilution 1:200, Trevigen, Gatthersburg, 
MD, USA). After heating (750W) for 15 min in EDTA buffer, 
an indirect immunoperoxidase technique (StrAviGen Multilink 
Kit, Biogenex, San Ramon, CA, USA) was used. Nuclei were 
counterstained with Haematoxylin. For each case, the number 
of positive cells was counted on photomicrographs from two 
randomly selected high power fields (40x objective, 10x ocular), 
corresponding to 0.07 mm2 of tissue, using an Olympus BX60 
microscope. Positive cells were ascertained on the basis of a 
cytoplasmic staining. In addition, only activated caspase-3+ and 
ssDNA+ cells were also identified on the basis of nuclear labelling. 
Sections represented positive controls derived from cases of reac-
tive lymphadenitis, Hodgkin’s lymphoma, normal prostatic tissue, 
respectively for BCL-2, BCL-x, BAX antigens. Positive controls 
for activated caspase-3 and ssDNA were represented by sections 
from Burkitt’s lymphoma. The omission of the primary antibody 
or the use of an isotype matched, irrelevant antibody, represented 
negative controls.

Statistical analysis
Statistical analysis was performed by using the Mann-Whitney 

rank-U test for quantitative data (differences between DT and 
PT) and Fisher’s exact test for odontoblastic layer presence. The 
Wilcoxon rank test was used to analyze BAX and BCL-2 expression 
on odontoblasts from DT. The Pearson’s correlation coefficient was 
calculated to determine the correlation between the number of posi-
tively stained cell respectively for BAX and activated caspase-3. 
Statistical significance was defined as p<0.05.

RESULTS
Quantitative data are illustrated in Table 1. Dental pulps from 

DT were characterized by reduction of odontoblastic layer and 
occurrence of apoptotic odontoblasts (Figure 1). The observa-
tion of odontoblastic layer in the sections of dental pulp showed 
that odontoblasts were significantly reduced in twenty-one out 
of forty-two (50%) deciduous teeth (DT) if compared to four 
out of twenty-seven (14.8%) permanent teeth (PT) (p=0.04). To 
evaluate whether apoptosis may be involved, a sensitive analysis, 
using ssDna immunostaining in deciduous and permanent dental 
pulps was applied. SsDna+ cells were observed in the majority of 
deciduous dental pulps (66.6%) in contrast to permanent dental 
pulps (45%) and appeared as single scattered cells located to the 
odontoblastic layer. Furthermore, the apoptotic index (AI) was 
quantified in odontoblastic cells and, even if the differences were 
not significant, it was higher in deciduous dental pulps compared 
to the pulps of PT (7.80+4.13 vs 4.70+1.68).

Odontoblastic index (OI) was significantly lower in DT as 
compared to PT. Histomorphometric results showed that odonto-
blastic layer length was lower in DT compared to PT (10.12+0.81 
vs 12.74+1.04). The odontoblastic index (OI) was significantly 
lower in DT compared to PT (30.15+5.00 vs 51.81+6.97, p=0.03).

Pro-apoptotic BAX phenotype expression on odontoblasts 
correlated with the occurrence of numerous activated caspase-3+ 

odontoblasts in DT (p=0.01).
Immunostaining for the anti-apoptotic BCL-2 and BCL-x 

proteins (Figure 2 and Figure 3) and the pro-apoptotic BAX 
protein (Figure 4) was performed in sections obtained from DT 
and PT. Table 1 exhibits the results of immunohistochemistry. No 
or rare odontoblasts showed positivity for BCL-x protein in DT 
and PT. On the other hand, BCL-2 protein was detected in odonto-
blasts and scattered fibroblasts and lymphocytes, when these were 
present. In particular, BCL-2 protein was expressed in 33.3% of 
DT and counting analysis showed that number of BCL-2+ odon-
toblasts was slightly higher in DT compared to PT (2.75+1.60 vs 
2.51+1.60) even if the difference was not statistically significant 
(p=0.140). BAX protein was detected in odontoblasts, fibroblasts 
and in rare lymphocytes, if these were present. BAX protein was 
expressed on odontoblasts in 83.3% of DT and in 40.7% of PT . 
Moreover, high number of BAX+ odontoblasts was identified in 
DT in contrast to PT, and the difference was statistically signifi-
cant (24.79+11.93 vs 4.27+1.48, p<0.01). Since BAX and BCL-2 
proteins have an inverse role in the regulation of the apoptosis, 
it was interesting to find that number of BAX+ cells was signifi-
cantly higher compared to BCL-2+ cells in the odontoblastic layer 
of the DT (24.79+11.93 vs 2.75+1.60, p=0.03), suggesting that 
odontoblasts have a predominant pro-apoptotic phenotype in DT. 
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These results were corroborated by detection of nuclear and cyto-
plasmic activated caspase 3+, a marker of commitment to apoptosis, 
on numerous odontoblasts in DT (20.37+5.77) (Figure 5). Finally, 
statistically analysis revealed strong linear correlation between 
numbers of BAX+ and activated caspase-3+ odontoblasts in DT 
(r=0.908, p=0.01).

Table 1. Extent of odontoblastic layer as determined by 
odontoblastic index (OI) and odontoblastic cells, 
expressing different markers (BCL-2,BCL-x, BAX, 
CASP-3A), related to apoptosis, in deciduous (DT) and 
permanent (PT) teeth. Values are expressed as the 
mean number and standard deviation (SD).

DT
mean ±SD

PT
mean ±SD

p value

Odontoblastic Index 
(OI) 30.15±5.00 51,81±6.97 p<0.05

BCL-2 2.75±1.60 0.00±0.00 --

BCL-x 0.00±0.00 0.70±0.42 - -

BAX 24.79±11.93 4.27±1.48 p<0.01

CASP-3A 20.37±5.77 3.48±3.61 p<0.01

Fig. 1 Coronal (a) and radicular (c) histological sections of a deciduous tooth: it’s showed lower cellular density of the odontoblasts 
(Od, arrowheads), compared to the coronal (b) and radicular (d) sections of a permanent tooth. D: dentin; dP: deciduous 
dental pulp; pP: permanent dental pulp (Magnification 100x)

Fig. 2 Expression of BCL-2 in the odontoblasts of deciduous (a, b) and permanent (c) dentition: immunohistochemistry showed 
low BCL-2 positivity only in some deciduous teeth (b). Od: odontoblasts (arrowheads); D: dentin; dP: deciduous pulp; pP: 
permanent pulp (Magnification 200x)
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Fig. 3 Immunohistochemistry showed BCL-x negativity in both deciduous (a) and permanent (b) dentition. Od: odontoblasts 
(arrowheads); D: dentin; dP: deciduous pulp; pP: permanent pulp (Magnification 200x)

Fig. 4 Immunohistochemistry showed the cytoplasmic and nuclear expression of BAX in odontoblasts (Od, arrowheads) laying 
the pulp of deciduous (dP) teeth (a), whereas no BAX expression was detected on histological sections obtained from 
permanent dentition (b). D: dentin; pP: permanent pulp (Magnification 200x)

Fig. 5 Immunohistochemistry showed positive expression of activated caspase-3 (casp-3) in histological sections of deciduous 
dentition. An intense (a) or moderate (b) labelling was observed on the cytoplasms, nuclei and odontoblastic processes of 
the odontoblasts (Od, arrowheads) laying the deciduous dental pulp (dP). D: dentin (Magnification 200x)
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DISCUSSION
The results of the present study support the two research hypoth-

eses, showing that: 1) there is a morphological apparent reduction 
of the odontoblastic layer in dental pulps of DT compared to PT, 
and 2) there is greater occurrence of apoptotic odontoblasts in DT 
compared to PT. It can be speculated that the mode of odontoblasts 
deficiency in dental pulps of DT is apoptosis, in accordance with 
previous studies demonstrating that odontoblasts decrease during 
their life-cycle by apoptotic cell death. 8,9

Apoptosis is defined as an active process of cell death that ulti-
mately is mediated by activated caspase-3 and consequently acti-
vation of downstream DNAses.10,11 Indeed, previous immunohisto-
chemical reports demonstrated that apoptosis plays a crucial role not 
only during embryonic development, but also in the maintenance 
of dental tissue homeostasis, by eliminating cells that have already 
achieved their genetic program, thus controlling the pattern, shape 
and size of the teeth. 12-14

A close correlation exists between the volume of the dental 
pulp chamber and the age of the teeth, because there is a contin-
uous dentin deposition that decreases the volume occupied by the 
odontoblast/dentin interface. Only one report described this physi-
ological event, showing that massive odontoblast apoptosis occurs 
during a 4-year period.8 Some studies evaluated apoptosis in the 
odontoblastic layer of intact and injured permanent human teeth.15,16 
However, to the authors knowledge, there are no studies evaluating 
the odontoblast presence (by means of odontoblastic index) and 
apoptosis (by means of apoptotic markers such as BAX, BCL-2 and 
Caspase-3), both in DT and in PT.

Indeed, the morphological observations of the present study 
may lead to hypothesise a real difference in odontoblast activity 
between DT and PT. Histomorphometry and immunohistochemistry 
data seem to confirm this hypothesis. By means of OI computation, 
analysis of odontoblastic layer length suggests that the difference of 
odontoblasts between DT and PT is significantly high. This finding 
allows evaluating the occurrence of a pro-apoptotic phenotype 
expression on odontoblasts, using in situ immunohistochemistry 
for apoptotic regulatory BAX, BCL-2 and BCL-x proteins. Both 
BAX and BCL-2 have been expressed on odontoblasts, but a signif-
icative difference between DT and PT has been documented only 
for BAX expression. Indeed, while PT displayed scattered BAX+ 

odontoblasts, DT showed higher numbers of BAX+ odontoblastic 
cells. Furthermore, these findings are associated with a significant 

prevalence of pro-apoptotic BAX protein over anti-apoptotic BCL-2 
protein in odontoblastic cell population from DT, revealing the 
occurrence of pro-apoptotic phenotype on these cells. Since it has 
been demonstrated that high BAX/BCL-2 ratio determines the 
cell susceptibility to apoptosis following trigger signals, we have 
tried to detect activated caspase-3, one of the key cystein protease 
of apoptosis.17 Caspase-3 is involved in the proteolytic cleavage of 
key downstream proteins, such as poly(ADP-ribose) polymerase 
(PARP), which ultimately results in DNA fragmentation and apop-
totic cell death.

Findings showed that the occurrence of pro-apoptotic pheno-
type on odontoblasts of DT might be correlated with the degree 
of caspase-3 activation, a marker of commitment to apoptosis. 18 
In fact, a significant increased number of BAX+ odontoblasts were 
found in DT, as opposed to PT, and they were associated with acti-
vation of caspase-3, consequently being committed to apoptosis. 
These findings may corroborate the hypothesis that apoptotic cell 
death is responsible for the quantitative difference of odontoblasts 
evidenced by histomorphometric changes in DT. Odontoblasts 
are highly differentiated post-mitotic cells, which synthesize the 
circumpulpal dentin and lay down physiological secondary dentin. 

19 The decrease in this cellular activity may influence the tooth 
development and may change the response to tissue damage, since 
tertiary dentin is deposited beneath the site of injury by existing 
odontoblasts. 15,20 According to the present study, the odontoblasts of 
DT can be assumed to have a lower reparative activity if compared 
to odontoblasts of PT. Many reports have documented that the vital 
pulp treatments used in primary dentition have lower success rates 
in comparison to permanent dentition but this fact has been no 
correlated with the extent of odontoblastic layer and the apoptosis 
of odontoblastic cell population. 17,21-24 Further studies are needed to 
evaluate whether this clinical correlation might be confirmed.

CONCLUSION
According to the present study, the odontoblasts of DT can be 

assumed to have a lower reparative activity if compared to odonto-
blasts of PT. Many reports have documented that the vital pulp treat-
ments used in primary dentition have lower success rates in compar-
ison to permanent dentition but this fact has been no correlated with 
the extent of odontoblastic layer and the apoptosis of odontoblastic 
cell population. 17,21-24 Further studies are needed to evaluate whether 
this clinical correlation might be confirmed.
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