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Does the crypt: tooth ratio in the developing 
tooth correlate with chronological age 
in children?—a novel, radiographic, 
cross‑sectional pilot study using ImageJ tools
Jayasankar P. Pillai1*    and Rajesh Babu2 

Abstract 

Background:  The bony cavity known as the crypt encloses the developing tooth, the size of which is influenced by 
the tooth movements during various phases of tooth eruption. The radiographic observations have revealed that the 
size of the crypt decreases as the root formation continues. The present study was conducted to assess the relation-
ship between the crypt to tooth ratio (CTR) and the chronological age in children in the age range of 4 to 16 years 
using their digital panoramic radiographs (OPGs). The ImageJ tools were used to calculate the area of the bony crypt 
and the area of the developing mandibular second molar from 145 OPGs. The ratio between the area of the crypt and 
the area of the calcified portion of the tooth was obtained and compared with the calendric age (CA) to develop a 
regression model for age estimation.

Results:  There was a significant negative correlation between the chronological age and the CTR values (r= −0.898, 
p<0.001) in all the age groups. The derived regression formula was age = 17.192–3.855 (CTR) with an r2 value of 0.807 
and a standard error of estimate (SEE) being 1.385. The derived formula was tested using 52 OPGs from a different set 
of patients in the same age group. The mean chronological age of the test sample was 9.57 years (± 3.42), their mean 
estimated age (EA) was 8.50 years (± 3.25), and the difference was statistically significant (p<0.001). A difference of 
more than 1 year was observed in 69% of boys and 54% of girls.

Conclusions:  This method is an attempt to correlate the crypt to tooth ratio of developing the second molar tooth 
with the chronological age. A large sample study is required to validate this novel technique of age estimation in 
children.
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Background
The tooth begins its development from its initiation 
through the invagination of the dental lamina and later 
expanding its growth within a designated space in the 
jaws. This bony space or cavity which encloses the 

developing tooth is known as crypt (Fig.  1) (Boughner 
and Dean 2004). The mineralization of the tooth germ is 
often graded or staged into developmental events involv-
ing the crown, the root, and the root apex. The crown 
starts with the first evidence of mineralization at the 
cusp tips and then coalescence of the cusps, followed by 
a complete cusp outline (Moorrees et  al., 1969a). After 
the formation of the crown, the root formation initiates 
through the proliferation of Hertwig’s epithelial root 
sheath (HERS). The root lengthens by the occlusal move-
ment of the tooth germs, allowing Hertwig’s epithelial 
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root sheath to proliferate vertically (Sivapathasundaram 
and Logeswari 2019). The tooth’s developmental jour-
ney ends as its crown reaches out into the oral cavity and 
establishes the full occlusion with the opposing tooth, 
which is termed as “eruption.” During the pre-eruptive 
phase, a special relationship exists between the devel-
oping tooth and the surrounding alveolar bone. Usually, 
teeth begin their eruptive movement in the crypt with a 
half-formed root and emerge into the oral cavity when 
3/4th of the root is complete (Sivapathasundaram and 
Logeswari 2019). From a general dentistry perspective, 
the most commonly used method to assess dental devel-
opment is through clinically recording the emergence 
of teeth from the gingival surface (Eskeli 1999; Eveleth 
and Tanner 1990). However, from a forensic odontology 
perspective, there are several invasive and non-invasive 
methods and standards established for estimating the 
age using the dental parameters (Demirjian et  al. 1973; 
Moorrees et al. 1963; Cameriere et al. 2006; Nolla 1963; 
Prince and Konigsberg 2008; Bang and Ramm 1970; 
Kvaal et al. 1994; Cameriere et al. 2004; Stott et al. 1982; 
Willems et al. 2001; Mincer et al. 1993). These scientific 
studies have related the stages of tooth development 
and the regressive changes in the tooth to the chrono-
logical age of the individual. From the anthropological 
aspect, the appearance of the cusp or cusps at the level of 
the alveolar crest is called “alveolar emergence” and the 
“clinical emergence” occurs at a later stage. For example, 
the alveolar emergence of the mandibular second molar 
takes place at 10.8 years (± 1.02) and the clinical eruption 
usually takes place after 2 years (Liversidge et  al. 1998). 
The space available in the alveolar bone for the initia-
tion of a tooth plays a significant role in the timing of its 

development. But there is hardly any study comparing the 
metric changes in developing tooth and the surrounding 
bony crypt. It is also a well-known fact that as the tooth 
mineralizes and increases in size, and the crypt space sur-
rounding the tooth is being replaced by the bony compo-
nent (Sivapathasundaram and Logeswari 2019). Thus, the 
objective of the present study was to evaluate the crypt 
to tooth ratio (CTR) using the radiographic area of the 
developing mandibular second molar and the area of its 
bony crypt and to the ratio value with the chronological 
age of the individual. We hypothesize that as the area of 
the developing tooth increases, the area of the bony crypt 
decreases.

Methods
This is a cross-sectional study undertaken with a ran-
domly selected retrospective sample of 145 digital 
panoramic radiographs (OPGs) of children (72 boys 
and 73 girls) in the age range of 4 to 16 years. The mean 
chronological age of the study subjects was 9.75 years 
(± 3.14). The OPGs belonged to the patients visiting 
the departments of Pedodontia and Orthodontia for 
their respective treatments. The radiographs taken for 
treatment purposes were utilized for this study. The 
institutional ethical committee’s approval was obtained 
for this study. The inclusion criteria included only 
those OPGs demonstrating clear radiographic details 
of the development stage of mandibular 2nd molar in 
both the quadrants. The date of birth and the date of 
x-ray were recorded, and the actual chronological age 
(CA) in years was calculated using the Microsoft Office 
Excel® 2007 (Microsoft®, Redmond, Washington, 
USA) tool. The OPGs were coded in such a way that 

Fig. 1  A The image showing the developing mandibular second molar in the bony crypt. B The radiographic image showing the crown completed 
stage of the mandibular second molar in the bony crypt
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the demographic details of the children were unknown 
to the investigators. The study subjects were catego-
rized into four age groups according to the chronol-
ogy of the events occurring during the development 
of the mandibular second molar (Table  1). The digital 
images of the OPGs were opened in the ImageJ soft-
ware and using the threshold tool the visualization of 
the mineralized portion of the developing 2nd molar 
was enhanced. The crypt outline was drawn using the 
draw tool and the area in pixels was measured using 

the Analyze - Measure toolbar. The calcified area of the 
developing 2nd molar was also drawn, and the area was 
calculated as earlier (Figs.  2 and 3). All the measure-
ments in the ImageJ software were taken to the near-
est pixel value. Both the values were noted in the Excel 
sheet, and the crypt-to-tooth area ratio was calculated. 
To determine the reliability and the repeatability of the 
measurements, 20 OPGs were subjected to re-measure-
ments and the values were compared with the earlier 
measurement and tested statistically. The crypt to tooth 
ratio (CTR) variable was compared to the actual age of 
the children, and statistical analysis was computed. The 
regression equations derived using the linear relation-
ship between the CTR values and actual calendric age 
(CA) were tested on a test sample of 52 OPGs from a 
different set of children (26 boys and 26 girls) in the 
same age group with a mean age of 9.57 years (± 3.42) 
with a null hypothesis stating that there is no signifi-
cant difference between the actual age (CA) and the 
estimated age (EA) using the newly derived age estima-
tion formula.

Table 1  The frequency distribution of the study sample, 
according to age range (N=145)

Group Age range (years) n %

I 4.01–7.00 38 26.2

II 7.01–10.00 38 26.2

III 10.01–13.00 37 25.5

IV 13.01–16.00 32 22.1

Fig. 2  The image showing the use of ImageJ tools for calculating the crypt area and the tooth area of the mandibular second molar. A Selecting 
the tooth understudy from the digital OPG; B using the image enhancement tools to visualize the mineralized component of the tooth; C using 
the elliptical tool and drawing the outline of the crypt; and D adjusting the threshold tool to select the mineralized part of the crown of the second 
molar
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Statistical analysis
The data was analyzed using the Statistical Package for 
Social Sciences (SPSS) software (SPSS for Windows, 
V.16.0. SPSS Inc., Chicago, IL, USA; now IBM Corp., 
Armonk, USA). A p-value of <0.05 was set as statisti-
cally significant. The normality of the quantitative data 
distribution was checked using the Shapiro-Wilks test 
and by the visual analysis of the normal Q–Q plots for 
the measured variables, the CTR value. The consistency 
and the reliability of the measurements were tested using 
the intraclass correlation coefficient (ICC), paired t test, 
and by applying Dahlberg’s formula. Dahlberg’s formula 
is defined as D =

�

∑N

i=1

d
2

i

2N
 where di is the difference between 

the two measured values and N is the sample size (N=20 
in this case) (Galvão et  al. 2012). The Mann-Whitney 
test was applied to test the difference in the CTR val-
ues between male and female samples. The analysis of 
variance (ANOVA) test was used to test the CTR values 

between the four age range categories of the sample. 
Pearson’s correlation coefficient statistics was applied to 
identify the degree or strength of the linear relationship 
between the actual age and the crypt to tooth ratio val-
ues in all the groups. The linear regression equation was 
derived using age as the dependent variable and the CTR 
value as the independent variable.

Results
Sample characteristics
The Shapiro-Wilks test (p>0.05) and a visual inspection of 
their histograms and the normal Q-Q plots showed that 
CTR values were not normally distributed for both boys 
and girls, with skewness of 0.896 (SE=0.283) and kurtosis 
of 1.318 (SE= 0.599) for the boys and skewness of 1.388 
(SE=0.281) and kurtosis of 1.722 (SE= 0.555) for the girls 
(Razali and Wah 2011). Excellent reliability was observed 
between the CTR values in the test and retest samples 

Fig. 3  The image showing the use of ImageJ tools for calculating the crypt area and the tooth area of the mandibular second molar. A Selecting 
the developing second molar in the digital OPG; B using the draw tool, the outline of the mineralized plus the follicular area is selected; C using the 
Analyze-Measure tool the area of the selection is calculated; and D using the draw tool, the outline of only the developing tooth alone is drawn and 
the area of the selection is calculated as before
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(Koo and Li 2016). Table 2 shows the results of the reli-
ability tests. The single measures ICC was 0.935 with a 
95% confidence interval from 0.844 to 0.974 (F(df=19) 
= 29.769, p<0.001). The mean CTR value for the overall 
sample was 1.930 (±0.73). There was a significant dif-
ference in the CTR values between the four age groups 
(df=3; F=168.070; p<0.001) and an overall significant 
negative correlation between the actual age and the CTR 
values in all the four groups (r= -0.898, p<0.001). The 
mean CTR value decreases as the age advances (Table 3). 
The mean CTR value in boys was higher than that of 
girls; however, the difference was not significant (p>0.05). 
The CTR value in boys showed a better correlation with 
age when compared to girls (Table  4). However, in the 
age groups 3 and 4, the girls showed a better correlation 
between CTR and age than boys. The regression model 

utilizing the CTR value yielded the regression equa-
tions for boys and girls separately and the overall sample 
(Table 5 & Fig. 4). The CTR values in the test sample were 
approximately normally distributed for both boys and 
girls, with skewness of −0.037 (SE=0.456) and kurtosis 
of −1.377 (SE= 0.887) for the boys and a skewness of 
−0.032 (SE =0.460) and kurtosis of −1.414 (SE= 0.890) 
for the girls. Table  6 shows the descriptive statistics of 
the test sample. The mean CTR value for the test sam-
ple was 2.26±0.84. The new regression formula underes-
timated the age of the test sample (Table  7). There was 
an excellent correlation between the estimated age (EA) 
and the calendric age (CA); however, the mean difference 
was statistically significant in both the genders and in the 
overall sample (mean = −1.08±0.484, df = 51, p<0.001). 
The tests of between-subjects effects between the age 
groups revealed a significant difference in the residual 
value (F(3,4.717), p<0.05,η2= 0.243). The residual value 
between boys and girls in all four age groups was not 
significantly different. The estimated age was neared to 
the calendrical age in group 1 in both genders followed 

Table 2  The results of the tests for the reliability of the variable, CTR (N=20)

*Significant at p<0.05; CTR​ crypt to tooth ratio, SD standard deviation, ICC intraclass correlation coefficient

Variable n Mean value SD Mean diff. SD Dahlberg’s formula value Paired t test (p value)* ICC

CTR (1st attempt) 20 2.178 0.922 0.045 0.312 0.21 0.523 0.935

CTR (2nd attempt) 2.133 0.803

Table 3  The results of the group-wise correlation between the 
mean age and the mean CTR values

*Significant at p<0.05

Group n Mean age (S.D) Mean CTR (S.D) Correlation 
coefficient 
( r)

Sig.*

I 38 5.69 (0.79) 2.923 (0.61) −0.713 0.000

II 38 8.62 (0.84) 1.940 (0.19) −0.655 0.000

III 37 11.5 (0.81) 1.535 (0.16) −0.588 0.000

IV 32 13.92 (0.61) 1.19 (0.18) −0.718 0.000

Total 145 9.75 (3.14) 1.930 (0.73) −0.898 0.000

Table 4  The gender-wise frequency distribution and the descriptive statistics of variables in the study sample (N=145)

*Significant at P<0.05. CTR​ crypt to tooth area ratio, SD standard deviation

Group Boys (n=72) Girls (n=73) Correlation 
coefficient

n % Age (years) CTR​ Correlation 
coefficient

n % Age (years) CTR​

Mean SD Mean SD r Sig*. Mean SD Mean SD r Sig*.

I 20 27.8 5.74 0.84 2.881 0.51 −0.747 0.000 18 24.7 5.63 0.75 2.969 0.70 −0.710 0.001

II 18 25 8.52 0.73 2.00 0.16 −0.682 0.002 20 27.4 8.71 0.94 1.882 0.20 −0.644 0.002

III 19 26.4 11.53 0.85 1.550 0.20 −0.533 0.019 18 24.7 11.37 0.79 1.519 0.11 −0.798 0.000

IV 15 20.8 13.99 0.59 1.244 0.20 −0.747 0.001 17 23.3 13.87 0.63 1.154 0.14 −0.851 0.000

Total 72 100 9.68 3.17 1.97 0.69 −0.916 0.000 73 100 9.81 3.13 1.892 0.77 −0.886 0.000

Table 5  The regression equations derived using the age as the 
dependent variable and the CTR as the independent variable

*Significant at p<0.05. SEE standard error of the estimate; CTR​ crypt to tooth ratio

Subjects n Regression equations r2 SEE Sig.

Boys 72 1. Age = 17.894–4.166 (CTR) 0.839 1.285 0.000

Girls 73 2. Age = 16.646–3.611 (CTR) 0.785 1.463 0.000

Overall 145 3. Age = 17.192–3.855 (CTR) 0.807 1.385 0.000
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by group 2 in boys and group 3 in girls (Table 8). A dif-
ference of more than 1 year was observed in 69% of boys 
and 54% of girls (Fig. 5).

Discussion
There are several age estimation methods based on 
the developmental and post-developmental changes in 
teeth. The present study is based on the spatial rela-
tionship of the developing tooth with its bony crypt. 
As the size of the mineralized component of the tooth 

increases during development, the size of the bony 
crypt decreases. This pilot study was limited to the 
developing mandibular second molar to find out the 
linear relationship between the area of the mineral-
ized portion of the tooth and the area of the bony 
crypt. To the best of the author’s knowledge, there 
was hardly any study till the submission of the present 
one, highlighting the relationship between the crypt to 
tooth ratio with the chronological age. Earlier, Camer-
iere et  al. (2004) established a linear relationship 

Fig. 4  The scatterplot diagram showing the linear relationship between the crypt to tooth ratio (CTR) and the chronological age of the children 
(N=145)

Table 6  The table showing the gender-wise descriptive statistics of the parameters in the test sample (N=52)

*CA chronological age, CTR​ crypt to tooth ratio, EA estimated age, SD standard deviation

**Significant at p<0.05

Parameters* Boys (n=26) Girls (n=26) Total (N=52) Sig**.

Mean SD Mean SD Mean SD

CA 9.57 3.46 9.57 3.44 9.57 3.41 0.990

CTR​ 2.27 0.84 2.25 0.86 2.26 0.84 0.930

EA (gender-based formula) 8.45 3.51 8.53 3.10 8.50 3.28 0.929

EA-CA (gender-based formula) –1.12 0.42 –1.04 0.59 –1.08 0.51 0.561

EA (general formula) 8.46 3.25 8.53 3.31 8.50 3.25 0.932

EA-CA (general formula) –1.12 0.46 –1.04 0.52 –1.08 0.48 0.564
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between the pulp area and the tooth area (Cameriere 
et  al. 2004). The association of the tooth length and 
the alveolar eruption of all deciduous teeth, perma-
nent central incisors, and first molars was reported 
by Liversidge and Molleson (Liversidge and Molleson 
1999). Their findings suggest that the active phase of 
eruption is probably a rapid process and occurs dur-
ing the first half of root growth. In the present study, 
it was observed that the minimum difference in the EA 
and CA was in the age range of 4 to 7 years when the 
crown formation is in the active phase. The root for-
mation of the mandibular second molar usually starts 
after 8 years. The correlation between CTR value and 
chronological age was comparatively lower in the age 

Table 7  The table showing the descriptive statistics of the test sample, according to the age groups

SD standard deviation

*Significant at p<0.05

Group N Calendrical age (CA) 
(years)

CTR​ Estimated age (EA) 
(years)

EA-CA (years)

Mean SD Mean SD Mean SD Mean SD F df Sig*

I 16 5.54 0.84 3.23 0.25 4.74 0.95 –0.80 0.46 4.625 3 0.006

II 12 8.50 0.80 2.53 0.27 7.45 1.05 –1.05 0.44

III 13 11.64 1.03 1.74 0.33 10.50 1.28 –1.14 0.48

IV 11 14.17 0.54 1.16 0.18 12.73 0.68 –1.44 0.35

Total 52 9.57 3.41 2.26 0.84 8.50 3.25 –1.08 0.48

Table 8  The mean difference between the estimated age 
(EA) and the calendric age (CA) in all the four groups between 
genders

*Significant at p<0.05, SD standard deviation

Group Difference between estimated age and 
calendric age (EA-CA)

Sig.*

Boys Girls

Mean SD Mean SD

I –0.82 0.39 –0.79 0.55 0.886

II –0.91 0.48 –1.19 0.38 0.297

III –1.39 0.27 –0.93 0.54 0.800

IV –1.45 0.33 –1.42 0.4 0.892

Total –1.12 0.46 –1.04 0.515 0.564

Fig. 5  Scatter plot showing the distribution of the test sample according to their mean difference between EA and CA
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range of 10 to 13 years. This is the stage when the 
root formation is in the middle stage and the tooth 
eruption usually starts. The variations in the appear-
ance of the calcification point at the root bifurcation 
area which usually occurs after the initial root forma-
tion are complete may also be the contributing factor. 
In 2006, Cameriere et  al. presented a method of age 
estimation using the linear measurements of the root 
apices of the developing teeth based on its association 
with the calendrical age (Cameriere et al. 2006). Their 
method valued all the seven left mandibular teeth and 
measured the vertical height of the developing teeth 
and the near-horizontal measurements mesiodistally 
between the developing root tips. The present study 
used the area of the calcified part of the develop-
ing tooth and the area of the bony crypt of only one 
tooth, the mandibular left second molar. The ratio 
value gradually decreased as the tooth developed. A 
ratio value of 1 was given to that tooth where the root 
apex is fully closed and root formation is complete. 
Thus, the minimum value of CTR in the present study 
was 1.00. The initial evidence of calcification and the 
appearance of the cone-shaped calcified area are usu-
ally evident during the 4th year of life. Hence, the 
lower age limit of the sample was selected as 4 years 
in this study. The root apex closure also is usually 
completed by 16 years, and thus, this age was selected 
as the upper age limit of the sample. When the area, 
length, and width parameters were measured in digi-
tal radiographic images, they produce reliable and 
reproducible intra-observer measurements (Camer-
iere et  al. 2004). The idea of using the crypt area and 
the tooth area and their ratio for age estimation was 
inspired from the works of Cameriere et  al. (2004) 
wherein the pulp area and the tooth area were meas-
ured and a regression equation was derived for age 
estimation (Cameriere et  al. 2004). Considering the 
ease of visualization and at the same time the presence 
of already completely developed first molar and the 
developing third molar in the near vicinity, the present 
study was designed on a preliminary basis using the 
second molar. Also, tooth development is recognized 
at the earliest, by the first appearance of the crypt on 
radiographs and during its development, and there is 
an established relationship between root formation 
and tooth eruption (Moorrees et  al., 1969b; Smith 
and Buschang 2010). Studies similar to the Cameriere 
et  al. study were also conducted on a representative 
sample of the Indian population using digital image 
analysis software like AutoCAD and Adobe Photoshop 
(Babshet et  al. 2010; Babshet et  al. 2011; Jeevan et  al. 
2011). Acharya developed a new digital technique for 

measuring the root dentinal translucency area using 
extracted, ground sectioned tooth, and derived regres-
sion formulae for translucency length and area (Acha-
rya 2014). The present study applied the ImageJ tools 
to measure the area of mineralization in the develop-
ing mandibular second molar and the area of the bony 
crypt. Earlier, ImageJ tools were also used in dental age 
estimation using the pulp-to-tooth ratio parameters in 
maxillary canine tooth and also for counting the incre-
ment lines in cementum for age estimation (Juneja 
et al. 2014; Dias et al. 2010). ImageJ is a public domain, 
Java-based image processing program developed at 
the National Institute of Health, a biomedical research 
facility located in Maryland, USA. It can display, edit, 
analyze, process, save, and print images. It can calcu-
late the area and pixel value statistics of user-defined 
selections (Rasband and ImageJ 1997). The use of such 
image analysis tools in analyzing the digital radio-
graphic images avoids the bias inherent in observer 
subjectivity and improves the reliability of the data 
(Cameriere et  al. 2001). Studies concentrating on the 
maturation stages of the third molar for age estimation 
are already available in the scientific literature (Mincer 
et  al. 1993; Willershausen et  al. 2001; Gunst et  al. 
2003). However, the present study was performed to 
introduce a novel methodology by using the crypt area 
and the developing tooth area for age estimation. The 
regression equation derived through the present study 
was also validated using a test sample from the same 
population and with the same age range. There was 
a significant negative correlation between CTR value 
and age. The correlation was comparatively lower in 
the age range of 10.00 to 13.00 years with a mean age of 
11.5 years (±0.81) when compared with the other age 
range groups. This could be because of the variations 
in the appearance of the root bifurcation point in the 
radiographs. The mean difference between the calen-
dric age and the estimated age gradually increased as 
the tooth development continues. In group 1, with 
the age range of 4.01 to 7.00 years the difference was 
lesser in girls than boys. If the age difference is less in 
a particular age group, it means that the tooth area is 
greater, and thus, the CTR value is reduced. Hence, it 
can be deduced that in age group 1, the mineraliza-
tion of teeth in girls is ahead of those in boys. This age 
group is predominated by the crown formation with 
regards to the development of the mandibular sec-
ond molar. However, in group 4, with the age range of 
13.01 to 16.00 years, the root maturation is ahead in 
boys than in girls. It was also observed that a residual 
value between the calendric age and the estimated age 
was less than 1 year (−0.80) during the crown forma-
tion stage, i.e., till the age of 7 years. Thus, it may be 
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concluded that this novel methodology of using the 
crypt to tooth ratio may be useful in estimating the age 
of when the tooth crown is under mineralization pro-
cess. Though well-established age estimation methods 
are using the developing dentition, this novel meth-
odology may be treated as an additional method and 
strictly not as a stand-alone method.

Conclusions
A new method of dental age estimation was attempted 
using the crypt area and the developing tooth area using 
digital radiographs. The novel CTR parameter may be 
useful to estimate the age during the crown formation 
stage of the mandibular second molar. This new method 
could be an additional measure to estimate the age in 
addition to the already well-established age estimation 
methods for children. However, large sample studies 
using several teeth need to be designed to further explore 
the potential application of CTR as a parameter in dental 
age estimation.

Limitations
The present study was a pilot study, conducted with lim-
ited sample size. Also, only one developing tooth, i.e., the 
mandibular second molar was considered in this study. 
This study may be extended to include the develop-
ing third molars also. The draw tool in ImageJ was used 
instead of the auto-selecting or wand tools. Hence, the 
observer needs technical training in using such image 
editing tools.

Abbreviations
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Estimated age.

Acknowledgements
The authors wish to acknowledge Dr. Girish Parmar, Dean and Additional 
Director (Dental), Govt. Dental College and Hospital, Ahmedabad, for his 
motivation and support and also the Institutional Ethical Committee members 
for approving this study. The authors also acknowledge the guidance and 
support of Dr. J.M.Vyas, Hon’ble Vice Chancellor, National Forensic Sciences 
University, Gandhinagar.

Authors’ contributions
The study design was framed by the first author [JP]. He performed the 
analysis and the manuscript preparation. The second author [RB] guided the 
first author in the study and did the proof reading and corrections in the 
manuscript. Both authors have read and approved the manuscript before 
submission.

Author’s information
The first author [JP] is a qualified forensic odontologist and a Fellow of Indian 
Board of Forensic Odontology [IBFO]. He handles medicolegal dental age esti-
mation cases referred to his institute. He has a teaching experience of nearly 
25 years in the subjects of dental anatomy, oral histology, oral pathology, 
and forensic odontology. The second author [RB] is an Associate Professor at 
School of Forensic science, National Forensic Sciences University, Gandhinagar. 
He is a recognized PhD guide for forensic science and also the head of Inter-
national Centre for Humanitarian Forensics (ICHF), NFSU, Gandhinagar, India.

Funding
No funding was received for conducting this study.

Availability of data and materials
The datasets generated during and/or analyzed during the current study are 
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The Institutional Ethical Committee (IEC) of Govt. Dental College and Hospital, 
Ahmedabad, had approved the project wherein the study materials were used 
for this study (Ref. No. IEC-GDCH/S.1/2019). Informed consent was obtained 
from all individual participants included in the study. The parent’s written 
consents were obtained in case of minors.

Consent for publication
Consent to publish the study results in scientific journals along with the 
consent to participate was obtained from the study subjects.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Oral Pathology, Government Dental College and Hospital, 
Ahmedabad, India. 2 School of Forensic Sciences, National Forensic Sciences 
University, Gandhinagar, India. 

Received: 29 January 2021   Accepted: 2 May 2022

References
Acharya AB (2014) Forensic dental age estimation by measuring root dentin 

translucency area using a new digital technique. J Forensic Dent Sci 
59:763–768

Babshet M, Acharya AB, Naikmasur VG (2010) Age estimation in Indians 
from pulp/tooth area ratio of mandibular canines. Forensic Sci Int 
197(125):e1–e4

Babshet M, Acharya AB, Naikmasur VG (2011) Age estimation from pulp/
tooth area ratio (PTR) in an Indian sample: a preliminary comparison 
of three mandibular teeth used alone and in combination. J Forensic 
Legal Med 18(8):350–354

Bang G, Ramm E (1970) Determination of age in humans from root dentine 
transparency. Acta Odontol Scand 28:3–35

Boughner JC, Dean MC (2004) Does space in jaw influence the timing 
of molar crown initiation? A model using baboons (Papio Anubis) 
and great apes(pan troglodytes, pan paniscus). J Juman Evolution 
46:253–275

Cameriere R, Ferrante L, Cingolani M (2001) Precision and reliability of pulp/
tooth area ratio (RA) of second molar as indicator of adult age. J Forensic 
Sci 49(6):JFS2004125-5

Cameriere R, Ferrante L, Cingolani M (2004) Variations in pulp/tooth area ratio 
as an indicator of age: a preliminary study. J Forensic Sci 49:317–319

Cameriere R, Ferrante L, Cingolani M (2006) Age estimation in children by 
measurement of open apices in teeth. Int J Legal Med 120:49–52

Demirjian A, Godstein LH, Tanner JH (1973) A new system of dental age assess-
ment. Hum Biol 42:211–227

Dias PE, Beaini TL, Melani RF (2010) Age estimation from dental cementum 
incremental lines and periodontal disease. J Forensic Odontostomatol 
28(1):13–21

Eskeli R (1999) Standards for permanent tooth emergence in Finnish children. 
Angle Orthod 69:529–533

Eveleth P, Tanner J (1990) Worldwide variation in human growth, 2nd edn. 
Cambridge University Press, Cambridge

Galvão MC, Sato JRJR, Coelho EC (2012) Dahlberg formula – a novel approach 
for its evaluation, dent. Press. J Orthod 17:115–124



Page 10 of 10Pillai and Babu ﻿Egyptian Journal of Forensic Sciences           (2022) 12:25 

Gunst K, Mesotten K, Carbonez A, Willems G (2003) Third molar root develop-
ment in relation to chronological age: a large sample sized retrospective 
study. Forensic Sci Int 136:52–57

Jeevan MB, Kale AD, Angadi PV, Hallikerimath S (2011) Age estimation by pulp/
tooth area ratio in canines: Cameriere’s method assessed in an Indian 
sample using radiovisiography. Forensic Sci Int 204:209.e1e5

Juneja M, Devi YB, Rakesh N, Juneja S (2014) Age estimation using pulp/tooth 
area ratio in maxillary canines - a digital image analysis. J Forensic Dent 
Sci 6:160–165

Koo TK, Li MY (2016) A guideline for selecting and reporting intraclass correla-
tion coefficients for reliability research. J Chiropractic Med 15:155–163

Kvaal SI, Kolveit KM, Thomsen IO, Solheim T (1994) A non-destructive method 
for age estimation. J Forensic Odontostomatol 12:6–11

Liversidge HM, Herdeg B, Rosing RW (1998) Dental age estimation of 
non-adults. A review of methods and principles. In: Alt KW, Rosing FW, 
Teschler-Nicola M (eds) Dental anthropology, fundamentals, limits, and 
prospects. Springer, Vienna, pp 419–442

Liversidge HM, Molleson TI (1999) Developing permanent tooth length as an 
estimate of age. J Forensic Sci 44:917–920

Mincer HH, Harris EF, Berryman HE (1993) The a.B.F.O. study of third molar 
development and its use as an estimator of chronological age. J Forensic 
Sci 38:379–390

Moorrees CFA, Fanning EA, Hunt EE Jr (1963) Age variation of formation stages 
for ten permanent teeth. J Dent Res 42(6):1490–1502

Moorrees CFA, Grøn A-M, Lebret LML, Yen PKJ, Frohlich FJ (1969) Growth stud-
ies of the dentition: a review. Am J Orthod 55:600–616

Nolla CM (1963) The development of permanent teeth. J Dent Child 
27:254–266

Prince DA, Konigsberg LW (2008) New formulae for estimating age-at-death in 
the Balkans utilizing Lamendin’s dental technique and Bayesian analysis. J 
Forensic Sci 53:578–587

Rasband, W.S., ImageJ, U. S. National Institutes of Health, Bethesda, Maryland, 
USA, https://​imagej.​nih.​gov/​ij/, 1997-2018.

Razali NM, Wah YB (2011) Power comparisons of Shapiro-Wilk, Kolmogorov-
Smirnov, Lillifors and Anderson- Darling tests. J Stat Model Anal 
2(1):21–33

Sivapathasundaram B, Logeswari J (2019) Development of tooth. In: Sivapa-
thasundaram (ed) Textbook of Oral embryology and histology, 1st edn. 
Jaypee, New Delhi, pp 22–37

Smith SL, Buschang PH (2010) An examination of proportional root lengths of 
the mandibular canine and premolars near the time of the eruption. Am 
J Orthod Dentofac Orthop 138:795–803

Stott GG, Sis RF, Levy BM (1982) Cemental annulation as an age criterion in 
forensic dentistry. J Dent Res 61(6):814–817

Willems G, Van Olmen A, Spiessens B, Carels C (2001) Dental age estima-
tion in Belgian children: Demirjian’s technique revisited. J Forensic Sci 
46(4):893–895

Willershausen B, Loffler N, Schulze R (2001) Analysis of 1202 orthopantograms 
to evaluate the potential of forensic age determination based on third 
molar developmental stages. Eur J Med Res 6(9):377–384

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://imagej.nih.gov/ij/

	Does the crypt: tooth ratio in the developing tooth correlate with chronological age in children?—a novel, radiographic, cross-sectional pilot study using ImageJ tools
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Statistical analysis

	Results
	Sample characteristics

	Discussion
	Conclusions
	Limitations

	Acknowledgements
	References


