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Role of dental pulp in age estimation: 
A quantitative and morphometric study

Introduction

Aging is an inevitable process affecting all organisms 
characterized by homeostasis imbalance, increased 

susceptibility, and decreased capability for adaptation in 
response to all stimuli.[1]

Age‑related changes in teeth begin in utero and continues 
throughout the life.[2] The assessment of age‑related 
changes in teeth are based on variations in morphology and 

molecular makeup.[3] The aging phenomenon is influenced 
by normal physiologic processes and pathologic changes in 
response to functional and environmental factors.

The dental pulp (DP) is a soft‑tissue mesenchyme present 
within the pulp chamber and root canals of all teeth.[4] The 
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Abstract

Context: This study was designed to characterize the role of the dental pulp (DP) in age 
estimation. Aim: The analysis of age‑related quantifiable changes in DP components 
such as odontoblasts, collagen fibers, and blood vessels. Subjects and Methods: One 
hundred and twenty extracted teeth from six age groups (20–30 years, 31–40 years, 
41–50  years, 51–60  years, 61–70  years, and 71–80  years) were subjected to 
decalcification and routine histopathological processing followed by Hematoxylin and 
Eosin and Picrosirius Red staining. Evaluation of the number of odontoblasts, mean 
vessel area (MVA), mean vessel diameter (MVD), and collagen fiber thickness were 
done. Statistical Analysis Used: ANOVA test, Fisher’s test, and Regression Analysis. 
Results: Reduction in the number of odontoblasts/mm of pulp‑dentinal border, MVA, 
and MVD were seen with advancing age. Rise in collagen fiber thickness was noted 
with increasing age. All parameters showed strongly statistically significant differences 
between age groups with P < 0.001 (ANOVA test). Conclusions: Regression formulae 
derived for age estimation based on data collected demonstrated linear correlation with 
age. Collagen fiber thickness had the highest accuracy followed by odontoblast numbers 
and MVA. MVD was the least accurate among the factors considered. However, the 
highest accuracy of 90.9% was seen when all parameters were incorporated together 
in a single equation.
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mature DP is rimmed by a layer of odontoblasts, at the 
periphery.[5] The pulp chamber is also occupied by smaller 
blood and lymphatic vessels, nerves, supporting fibers, 
ground substance, interstitial fluid, odontoblasts, fibroblasts, 
undifferentiated mesenchymal cells, stem cells, and defense 
cells such as histiocytes, mast cells, and plasma cells.[4,6]

DP undergoes regressive and reactive changes as individual 
ages.[7] In general, there is decreased blood flow, decreased 
reparative capacity, and increased calcification within the 
pulp.[3] Microscopically evident alterations are increased 
fibrosis, decreased vascularity and cellularity of pulp[5,7]

The odontoblasts are seen at the dentinal border of pulp, 
with processes extending into the dentinal tubules. The 
odontoblasts are generally believed to live as long as the 
tooth is viable, but inactivity and aging of the odontoblasts 
result in the loss of organelles and a reduction of cell size.[4,8] 
The young odontoblast is an elongated cell with a basally 
placed nucleus and a slightly basophilic cytoplasm, whereas 
the older cells appear stubby with little cytoplasm and a 
centrally placed prominent nucleus.[4] Although quantitative 
studies in humans have reported a reduction in total pulp 
cell numbers by 50% between the ages of 20 and 70 years, 
there is insufficient information regarding changes in the 
odontoblastic population with age.[2]

DP matrix is predominantly composed of Type I collagen, 
along with Type  III fibers in moderate numbers.[9] With 
advancing age, there is a decrease in cellularity of pulp and 
the surviving fibroblasts respond by producing more fibrous 
matrix. DP shows both diffuse fibrillary components as well 
as thickened collagen fiber bundles arrayed longitudinally in 
the radicular pulp and diffusely in the coronal pulp. Thus, 
overall the connective tissue matrix in the aging pulp appears 
to be more fibrosed with thick bundles of collagen fibers.[4,6,9]

Vascular changes also occur in the aging DP as they do 
elsewhere in the body. The outer diameter of vessel walls 
increase as collagen fibers are deposited in the medial and 
adventitial layers.[5] Atherosclerotic plaques in blood vessels 
and perivascular calcifications may be seen. The rate of 
blood flow is also considerably decreased with age.[4,9]

Factors related to dental aging such as enamel attrition, 
secondary dentin deposition, dentinal sclerosis, and cemental 
apposition have been investigated and standardized for age 
estimation techniques in forensic odontology. However, 
very little is known at present regarding the role of DP in 
age estimation techniques although it is considered to be the 
best source of DNA for personal identification in forensic 
investigations.[10]

The aim of this study was to evaluate the role of DP in 
age estimation by measuring the thickness of collagen 
fibers, mean vessel diameter  (MVD) and the area along 

with odontoblast density in the DP of individuals from six 
different age groups.

Subjects and Methods

The study sample consisted of physiologically sound teeth 
extracted from healthy patients within the age group of 
20–80 years. The patients reported for extraction of normal 
teeth either due to periodontitis or as part of orthodontic 
treatment. The study was approved by an institutional 
review board and informed consent was obtained from 
all the study participants. The patients name, age, gender, 
and medical history were recorded before routine oral 
examination. One hundred and twenty samples were 
equally divided into six groups, based on the age of 
the patients. Group A: 20–30‑  year‑old patients  (n  =  20), 
Group  B: 31–40‑  year‑old patients  (n  =  20), Group  C: 
41–50‑ year‑old patients (n = 20), Group D: 51–60‑year‑old 
patients (n = 20), Group E: 61–70‑ year‑old patients (n = 20), 
Group F: 71–80‑year‑old patients (n = 20) [Tables 1 and 2].

Permanent, erupted, unerupted, anterior and posterior 
teeth were included in the study. Teeth with deep dental 
caries, nonvital, restored teeth, teeth with severe attrition, 
abrasion, erosion, dental fluorosis, severe periodontitis 
(associated with abscess formation), as well as teeth from 
participants with collagen vascular disorders, autoimmune 
disorders, cardiovascular disorders and uncontrolled 
diabetes mellitus were excluded from the study sample.[11]

Immediately after extraction, the teeth were fixed in 10% 
neutral buffered formalin for a maximum of 5 days. The 
samples were then subjected to decalcification in a solution 
containing 12% nitric acid with accelerators (EDTA, sodium 
tartrate and potassium tartrate) for up to 5  days. The 
decalcified teeth were processed and embedded in paraffin 
to obtain tissue blocks. The tissue blocks were trimmed to 
expose DP, and two sets of 4 µ thick sections were made. The 
sections were stained with hematoxylin and eosin (H and E) 
and picrosirius red  (PSR).[12,13] PSR staining was done as 
follows: Paraffin sections were dewaxed and hydrated. 
Nuclear staining with Weigert’s Hematoxylin  (Nice 
Chemicals) for done for 8 min and subsequently washed in 
running tap water for 10 min. The sections were then stained 
in PSR solution (0.1 g of Direct Red 80, Sigma‑Aldrich in 
100 ml of saturated aqueous solution of picric acid) for 1 h 
and later washed in two changes of acidified water (5 ml 
of glacial acetic acid in 1 liter tap water). The sections were 
then dehydrated, cleared, and mounted in DPX media.[13]

H  and  E stained sections were analyzed under the light 
microscope, whereas PSR stained sections were observed 
under circularly polarized light.

Photomicrographs were captured using Olympus 
B × 51 Research Microscope with ProgRes CT3 camera 
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attachment and Image Pro software, in.jpg format. 
Photomicrographs at  ×  100 were captured with a 
preset calibration of 1020.40 pixels  =  700 µm2 and 
photomicrographs at  ×  400 were captured with a set 
calibration of 4080 pixels = 170 µm2.

Morphometric assessment, i.e., the calculation of the area 
and perimeter, was made using ImageJ Software.[14‑16]

Assessment of number of odontoblasts were done as 
follows:[17,18]

•	 In each sample, five microscopic examination fields in 
the mid‑coronal part of the DP were assessed at × 400 
for the odontoblastic layer

•	 Photomicrographs were captured, and the total area 
was measured [Figure 1]

•	 Subsequently, the number of odontoblasts were counted 
in each image

•	 Finally, the average number of odontoblasts per square 
micrometer was calculated and conversion to number 
of odontoblasts per square millimeter was done.

Assessment of mean vessel area and mean vessel diameter 
were done as follows:[19]

•	 Photomicrographs of the pulp at mid‑coronal level were 
captured at × 100 [Figure 2]

•	 An area of 0.25 mm2 was considered, and all the blood 
vessels within the said area were traced

•	 Total vessel area and total vessel diameter were 
calculated using the software.

•	 The values were expressed as percentage mean vessel 
area (MVA) and MVD/mm2 Assessment of Collagen 
Fiber Thickness:[14,20,21]

•	 Photomicrographs of the pulpal core were captured 
at × 100 [Figure 3]

•	 The observations were limited to mid coronal pulp
•	 The cross‑sectional thickness of five largest collagen fiber 

bundles was measured and expressed in micrometers.

Table 1: Age group distribution in the study sample
Group  (years) Samples  (%)
20-30 20  (16.7)
31-40 20  (16.7)
41-50 20  (16.7)
51-60 20  (16.7)
61-70 20  (16.7)
71-80 20  (16.7)
Total 120  (100)
Mean±SD 51.35±17.15
SD: Standard deviation

Table 2: Gender distribution within age groups
Group 
(years)

Gender  (%) Total 
cases  (%)Female Male

20-30 10  (17.5) 10  (15.9) 20  (16.7)
31-40 8  (14) 12  (19) 20  (16.7)
41-50 10  (17.5) 10  (15.9) 20  (16.7)
51-60 8  (14) 12  (19) 20  (16.7)
61-70 10  (17.5) 10  (15.9) 20  (16.7)
71-80 11  (19.3) 9  (14.3) 20  (16.7)
Total 57  (100) 63  (100) 120  (100)

Figure 1: Odontoblasts in Group A (20–30 years), H and E, ×400

Figure 2: Collagen fiber bundles of dental pulp in Group F (71–80 years), 
PSR, ×100

Figure  3: Blood vessels of dental pulp in Group  F  (71–80  years), 
H and E, ×100
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Results

The patients age ranged between 20 and 80  years. Each 
age cohort made up 16.7% of the total sample. The 
mean chronological age in the present study sample was 
51.35  ±  17.15  years  [Table  1]. A  total of 57  females and 
63  males were included in the study with a percentage 
distribution of 47.5% and 52.5%, respectively. There was no 
significant difference between genders within age groups 
with P = 0.913, Chi‑square test [Table 2].

After morphometric and quantitative analysis, we found 
odontoblast density to be highest in the youngest age 
group with 75% of cases having 301–400 cells and only 
5% of the group showing odontoblast cell numbers 
between 201 and 300, based on measured values for 
number of odontoblasts/mm of pulp‑dentinal border. 
The 31–40 years old showed odontoblast density between 
201–300 and 301–400 cells with equal distribution. Sixty 
percent of samples in the 41–50  years age group have 
odontoblast cell density between 201 and 300  cells 
and 40% of samples demonstrate the high number of 
odontoblasts/mm of pulp‑dentinal border, i.e., 301–
400 cells. In the 51–60 years age group, 65% of samples 
have odontoblast density between 201 and 300 cells and 
35% of samples showed 301–400 cells. The incidence of 
lower odontoblast density between 101 and 200  cells 
was first observed in the 61–70 years old involving 45% 
of cases, whereas 55% of cases demonstrate odontoblast 
cell density between 201 and 300  cells. About 70% of 
cases in the 71–80  years old age group show 101–200 
odontoblasts/mm of pulp‑dentinal border and 20% of 
the samples analyzed in the same age group showed 
extremely low odontoblast numbers between 0 and 100. 
Remaining 10% of cases had relatively higher odontoblast 
density, i.e., 201–300  cells  [Figure  4]. The number of 
odontoblasts was highest in the age group of 20–30 years 
with a mean ± standard deviation (SD) of 335.40 ± 33.04. 
A  progressive decline in numbers was seen in each 
decade with a mean ± SD of 301.40 ± 36.51, 286.35 ± 36.26, 
288.25 ± 47.35, 204.40 ± 41.90, and 130.10 ± 61.09 in age 
groups of 31.40 years, 41–50 years, 51–60 years, 61–70 years, 
and 71–80  years, respectively  [Table  3]. A  significant 
difference was seen in the number of odontoblasts/mm 
of pulp‑dentinal border with advancing age.

Thin collagen fibers, <5 μm thickness are seen in 65% of 
20–30 years age group and 10% of 31–40 years old. About 
35% of 20–30  years old showed moderate collagen fiber 
thickness between 5 μm and 15 μm. Furthermore, 90% of 
31–40 years old and all 41–70 years olds along with 60% of 
71–80 years old exhibited collagen fiber thickness between 
5 μm and 15 μm. Thicker collagen fiber bundles, more 
than 15 μm in breadth are noted in 40% of cases within the 
71–80 years age group [Figure 5]. A progressive increase 
in collagen fiber thickness was noted across age groups 
with a mean thickness of 4.61  ±  0.61 μm at 20–30  years. 
Calculated mean values of collagen fiber thickness in 
micrometers were 5.49 ± 0.35, 6.55 ± 0.61, 8.05 ± 0.79, and 
11.11 ± 1.41 (mean ± SD) across age groups 31–40 years, 41–
50 years, 51–60 years and 61–70 years, respectively [Table 3]. 
Maximum collagen fiber thickness was noted in 71–80 years 
age group with a mean ± SD of 14.06 ± 2.19.

The calculated percentage MVA of the DP, in 35% of 
20–30 years was more than 10%. Sixty‑five percent of samples 
in the same age group showed pulpal MVA of 5%–10%. 
Almost 90% of 31–40 years old patients have 5%–10% pulpal 
MVA, the remaining 10% of patients have lower MVA <5%. 
The similar distribution pattern was seen in 41–50  years 
old with 5%–10% MVA seen in 60% patients and  <  5% 
MVA in 40% patients. Lower MVA, <5% was seen in 95% 
of 51–60 years old patients, and all patients between 61 and 
80 years of age. Only 5% of patients within the 51–60 years 
old sample showed high MVA of more than 10% [Figure 6].

The analysis of percentage MVA revealed a gradual 
decline with increasing age. The maximum value of 
10.85% ±4.32%  (mean  ±  SD) was seen in the age group 
of 20–30  years. Age groups of 31–40  years, 41–50  years, 
51–60  years, 61–70  years, and 71–80  years presented 
percentage MVA (mean ± SD) of 6.91 ± 1.29, 5.43 ± 1.49, 
3.47  ±  0.81, 3.27  ±  0.86 and 0.90  ±  0.46, respectively. 
Significant difference in measured MVA was seen across 
the age groups considered.

Fifty‑five percent of patients between 20 and 30  years 
of age have MVD between 0.4 mm and 0.8  mm, while 
25% had MVD  >0.8  mm, only 20% of the samples had 
MVD  <  0.4  mm. In the 31–40  years age group, 75% of 
patients presented a MVD of 0.4–0.8  mm, whereas 15% 
and 10% of samples had MVDs of > 0.8 mm and < 0.4 mm, 

Table 3: Median and range of measured parameters in different age groups
Age 
(years)

Odontoblasts/mm of 
pulp‑dentinal border

Collagen fibre 
thickness (in microns)

Mean vessel area 
(in percentage)

Mean vessel 
diameter/sq.mm

20-30 350  (277-384) 4.65  (3.45-5.54) 9.52  (6.36-22.26) 0.52  (0.12-7.20)
31-40 301  (232-354) 5.55  (4.90-5.91) 6.68  (4.96-9.43) 0.57  (0.32-0.91)
41-50 282  (223 - 345) 6.58  (5.38-8.09) 5.72  (2.52-8.12) 0.58  (0.30-1.02)
51-60 270.0  (225-391) 7.98  (6.90-9.91) 3.08  (2.60-4.89) 0.48  (0.17-0.99)
61-70 205  (104-275) 11.10  (9.21-13.77) 3.08  (2.01-4.80) 0.41  (0.29-0.59)
71-80 137.0  (0.0-232) 13.57  (10.15-18.02) 0.79  (0.38-2.0) 0.12  (0.04-0.25)
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respectively. A similar trend was seen in the 41–50 years 
age group, with 60% of patients exhibiting MVD between 
0.4 mm and 0.8  mm and 25% and 15% patients having 
MVDs of > 0.8 mm and <0.4 mm, respectively. MVD between 
0.4 mm and 0.8 mm was seen in 55% of 51–60 years olds, 
and 60% of 61–70  years old. Thirty‑five percent of the 
former and 40% of the latter group had low MVD, <0.4 mm 
while only 10% of 51–60 years old patients showed high 
MVD >0.8 mm. 61 –70‑year‑old patients had 60% samples 
with a mean diameter between 0.4 mm and 0.8 mm and 40% 
<0.4 mm. The oldest age group presented exclusively with 
low pulpal MVD/mm2, i.e., <0.4 mm [Figure 7].

Scrutiny of MVD/mm2 of DP across age groups indicated 
decline in values with age. The highest value of 1.12 ± 1.65 
was seen in the 20–30  years age group, followed by 
decreasing values of 0.59  ±  0.17, 0.61  ±  0.21, 0.44  ±  0.16, 
0.42 ± 0.08, and 0.13 ± 0.06 from 4th to 8th decades of life.

Regression formulae for age estimation were derived 
from the data collected. It was found that when individual 
parameters were assessed, MVD was least accurate, 
with an R2 of 10.9% and standard error of ± 16.239 years. 
Measurement of odontoblasts/mm of pulp dentinal border 
and MVA were comparatively more precise with an 
accuracy of 58.7% and 66.1% and standard error of ± 11.022 
and ± 10.018 years, respectively. Collagen fiber thickness 
appeared to be the most accurate individual parameter 
for age estimation with an R2 of 85.7% and a standard 
error of ± 6.483 years. However, when all parameters were 
considered together, a higher accuracy of 90.9% with a 
standard error of ± 5.293 years was achieved [Table 4].

Discussion

Aging is an ongoing process in all organisms with a 
mitochondrial genome. In somatic tissues, it is characterized 
by the gradual accumulation of cellular damage and 
compromised function. The rates at which these changes 
occur are affected by many factors (intrinsic and extrinsic) 
and vary among individuals. This gives rise to inconsistencies 
in biological age among entities of the same chronological 
age thus, rendering conventional age estimation techniques 
difficult.[22]

The DP is enclosed in a rigid chamber by hard tissues which 
provide it with support and protection.[5] Thus, the DP is fortified 
from extrinsic factors which influence biological aging, to some 
extent. Therefore, in the absence of debilitating conditions such 
as infections or systemic diseases, the DP can be considered a 
tissue, in which biological age approximates chronological age. 
Furthermore, Gawande et al.[23] have elucidated the postmortem 
DP shows well‑preserved histological appearance for up to 72 h 
in contrast with destruction and degeneration seen in other 

Figure 4: Odontoblast density across different age groups. Significant 
difference in odontoblast population between age groups with 
P < 0.001, Fisher’s exact test

Figure 5: Collagen fiber thickness  (in microns) across age groups. 
Significant difference between collagen fiber thickness across age 
groups with P < 0.001, Fisher’s exact test

Figure 6: Percentage mean vessel area of dental pulp across age 
groups. Significant difference in percentage MVA across age groups 
with P < 0.001 Fisher’s exact test

Figure 7: Mean vessel diameter/mm2 of dental pulp across different 
age groups. Significant difference in mean vessel diameter/mm2 across 
age groups with P < 0.001, Fisher’s exact test

Table 4: Regression analysis of the measured parameters
Regression equation R2  (%) Standard error 

of estimate
Age=92.91-0.161 × Odontoblasts 58.7 11.022
Age=13.79+4.52 × Collagen fiber thickness 85.7 6.483
Age=70.55-3.74 × MVA  (in percentage) 66.1 10.018
Age=55.665‑7.95 × MVD/sq.mm 10.9 16.239
Age=36.27-0.014 × odontoblasts+3.155 × 
Collagen fiber −1.338 × MVA −1.179 × MVD

90.9 5.293

MVD: Mean vessel diameter, MVA: Mean vessel area
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body tissues as early as 24 h, making it a viable candidate for 
soft‑tissue age estimation.

Vavpotic et  al.[18] have demonstrated that odontoblast 
numbers can be used to estimate time of death for about 
5 days postmortem, further perpetuating the role of DP in 
forensic odontology. Another application of DP in forensics 
has been described by Sandoval et al.[24] who validated that 
the Barr body test can be applied to DP fibroblasts of human 
remains exposed to extreme conditions of pH, humidity 
and salinity for gender identification with 98.9% accuracy.

The present study was conducted on teeth extracted 
from 120 patients, with age ranging from 20 to 80 years. 
Observation and quantification of morphological changes 
in DP in relation to age were carried out for the estimation 
of biological age and correlation with chronological age. The 
parameters considered were number of odontoblasts/mm of 
pulp‑dentinal border, collagen fiber thickness, percentage 
MVA, and mean vessel density per square mm of pulpal area.

Teeth where pulpal integrity was compromised, especially 
teeth with deep dental caries, severely attrited abraded 
and eroded teeth as well as nonvital teeth were excluded 
from this study.

Teeth with restorations were avoided, as it would not be 
amenable to histopathological processing and also because 
literature shows conflicting reports regarding effect of dental 
restorations and restorative procedures on pulp. Murray 
et  al.[17] claimed that cavity preparation and restoration 
variables have no significant effect on odontoblast numbers. 
However, Vitalariu et al.[25] postulated that clinical operative 
procedures such as depth of cavity preparation and use of 
water‑cooling affect odontoblast numbers. Similarly, teeth 
with fluorosis were not included, as Sentut et  al.[26] have 
demonstrated significant difference in odontoblast numbers 
between fluorotic and nonfluorotic teeth.

Studies by Zuza et al.[27] have demonstrated pulpal fibrosis 
and dystrophic calcifications in teeth affected by severe 
periodontitis with  >5  mm attachment loss. Similarly, 
Caraivan et al.[28] established fibrosis, congestive changes in 
blood vessels and odontoblast destruction in DP of teeth with 
severe periodontitis. Wan et al.[29] also validated correlation 
between histological changes in pulp and attachment loss. 
Considering these findings, patients with teeth affected 
by severe periodontitis were exempted from the study. 
Periodontitis, however, mild may be a confounding factor 
in correlation of biological age and chronological age as 
evidenced by Caraivan et  al.[28] Nevertheless, mild and 
moderate periodontitis samples with <5 mm attachment loss 
has been included in the study based on the supposition 
that, in a practical situation, majority of patients in the older 
age groups present with some degree of periodontitis and 
it is desirable to include this factor where age estimation is 

concerned, in the absence of debilitating conditions such as 
infections or systemic diseases.

Patients with collagen vascular disorders and autoimmune 
disorders were excluded from the study Alteration in 
structure and function of microcirculation has been 
described in patients with cardiovascular disorders by Gates 
et al.[30] Catanzaro et al.[31] In diabetics, evidenced deposition 
of atheromatous material in the lumen of pulpal blood 
vessels and decreased collagen content in pulp.

Tangjit et  al.[32] have demonstrated decreased percentage 
MVA in occlusal hypofunction conditions and Popescu 
et al.[33] concluded that teeth subjected to occlusal trauma 
may present with fibrosis, inflammation and calcifications. 
Furthermore, Santamaria et al.[34] have reported increased 
blood vessel density and fibrosis in orthodontically 
displaced teeth. Similar results were described by Kayhan 
et al.[35] after rapid palatal expansion technique. Inability to 
exclude these confounding factors from the study sample 
was experienced, as most of the teeth obtained from the 
younger age group were indicated for extraction due to 
impaction or as part of the orthodontic treatment plan.

Assessment of the number of odontoblasts/mm of pulp‑dentinal 
border was carried out in accordance with the procedure 
described by Murray et  al.[17] and Vavpotic et  al.[18] These 
authors have used a micro ocular grid for manual counting 
of the number of odontoblasts, while in the present study 
photomicrography followed by the use of ImageJ software 
(Open source software developed by National Institute of 
Health, USA) for counting of cells were employed. A significant 
gradual decline in odontoblast numbers was noted with age 
and some teeth in the 71–80 years age group demonstrated 
total absence of odontoblasts with intense fibrosis of the 
pulp chamber. Another noteworthy observation was change 
in the morphology of odontoblasts, with tall columnar cells 
in the younger age group and cuboidal to flattened cells in 
older age groups. However, owing to cellular damage due 
to the decalcification procedure, the intracellular and nuclear 
changes of odontoblast cells were not well appreciated. It 
may be advisable to avoid decalcification and split the tooth 
in the sagittal plane and extract pulp followed by fixation 
and subsequent histological processing, as described by 
Lovschall et al.[36] and Hillman and Geurtsen,[11] if the analysis 
of individual cell morphology is desired. However, for 
quantitative analysis of number of cells as required in this 
study, the decalcification procedure provides adequate results.

Reduction in odontoblast density was correlated with 
age of patients, and the results were strongly significant. 
These findings are in agreement with those described 
by Murray et  al.,[2] who, in 51–59  years age group have 
recorded decrease of 15.6% in crown odontoblasts and 
40% in root odontoblasts compared to younger patients 
10–30 years of age. The authors have also remarked that 
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irrespective of age group, odontoblast density was higher 
in the crown compared to root with a range of values from 
316 to 350 cells/mm of pulp‑dentinal border in crown and 
226–284/mm of pulp‑dentinal border in root. These values 
approximate the numbers recorded in the current study, 
although for standardization purposes observations were 
limited to the middle one‑third of the pulp chamber in the 
current study and not divided into coronal or radicular 
segments. Based on the data collected, an equation was 
derived for age estimation, with linear regression, yielding 
an accuracy of 58.7% and a standard error of ± 11.022 years.

Several authors have described the advantages of the PSR 
staining method for the characterization of collagen fibers. 
The advantage, being that even very thin fibers show 
birefringence under polarized light. The thickness of collagen 
fibers was found to increase gradually from youngest to oldest 
age group. A steady increase in the thickness of collagen 
fiber bundles was perceived across age groups, ranging 
from 4.61 ± 0.61 µm in the third decade to 14.06 ± 2.19 µm 
in the eighth decade of life. Correlation between collagen 
fiber thickness and age was strongly significant with 
P < 0.001 (ANOVA test). Regression formula derived for age 
estimation based on collagen fiber thickness had an accuracy 
of 85.7%, and standard error of ±6.483 years, the most precise 
estimate for any of the individual parameters assessed. Thus, 
increasing collagen fiber thickness appears to be an important 
and consistent factor in age estimation with good correlation 
between estimated biological age and chronological age.

The evaluation of MVA and MVD was carried out according 
to the protocol described by Tomaszewska et  al.[19] All 
endothelium lined channels were considered as blood 
vessels, since according to the immunohistochemical study 
conducted by Gerli et al.,[37] lymphatic vessels are absent in 
the DP. A steady decrease in MVA and MVD was noted 
with increasing age, consistent with diminishing vascularity. 
Significant correlation between reduction in MVA and MVD 
was seen with increasing age, with P < 0.001 (ANOVA test). Age 
changes in the microcirculation, such as decreased peripheral 
blood flow, fibrosis of vessel walls, and narrowing of lumen 
were described by Ogrin et al.[38] and Yoshida and Ohshima,[39] 
which are consistent with our findings. Regression formula for 
age estimation based on percentage MVA also showed a linear 
regression model with an accuracy of 66.1% and standard 
error of ±10.018 years. However, regression model based on 
MVD showed a low accuracy of 10.9% with a standard error 
of ±16.239 years, showing poor correlation between estimated 
biological age and chronological age.

The age estimation model derived after factoring in all the 
measured variables, displayed linear regression pattern with 
good accuracy of 90.9% and a standard error of ±5.293 years. 
Thus, incorporation of all quantified parameters in a single 
regression model provided a better approximation between 
estimated age and chronological age compared to that 

estimated with individual factors. Rösing and Kvaal have stated 
that “methods with a standard error of regression of more than 
5 or 7 years are not suitable for routine forensic application.”[40] 
Based on this criterion, the evaluation of collagen fiber thickness 
would be the sole parameter suitable for age estimation with 
a standard error of 6.483 years. However, for forensic age 
estimation, the use of the regression formula incorporating all 
the parameters analyzed in this study would be best since it 
has an acceptable standard error of 5.293 years.

It would be ideal if confounding factors such as periodontitis, 
occlusal hypofunction and trauma as well as the effect of 
orthodontic manipulation can be eliminated from the study 
sample. Differences in morphometrics between various 
races and ethnicities also need to be studied and age 
estimation formulae must be customized according to those 
results. This study has attempted to conform the sample to 
physiologically sound subjects as much as possible. Further 
studies may be required to tailor the age estimation formulae 
for adults with common age‑related infirmities such as 
hypertension, diabetes mellitus and other degenerative 
disorders. Experimental application of this technique in a 
postmortem situation, factoring in the varying decomposition 
and degeneration of tissues may be helpful in further defining 
the circumstances where this method can be used.

Conclusion

Based on the results and observations made in our study, 
following conclusions were drawn:
•	 DP showed quantifiable changes with aging, which can 

be used for age estimation
•	 Decrease in odontoblast numbers was seen with 

increasing age, with significant difference between each 
decade of life

•	 Collagen fiber thickness increased with advancing age 
and can be qualitatively assessed with change in fibrillar 
hue under polarized light as well as quantitatively 
with increasing thickness of collagen fiber bundles. If 
a single pulpal parameter for age estimation is desired, 
collagen fiber thickness would be an ideal candidate for 
providing an accuracy of 85.7%

•	 Mean blood vessel area and MVD also showed 
significant reduction with advancing age

•	 Factoring all these four parameters in a regression 
model was more accurate than the assessment of 
individual parameters.

The role of dental hard tissues in age estimation has been 
well established. This study was an attempt to define the 
role of DP in age estimation. The results obtained have 
demonstrated that histological assessment of DP can be 
an effective addition to existing age estimation techniques. 
Further studies with larger samples are required for the 
validation of these findings and also may be helpful in 
realizing the objective of forensic age estimation, i.e., a more 
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accurate correlation between estimated biological age and 
chronological age of the subject.
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