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ABSTRACT 

Objective: To test the variability of the volume measurements when different segmentation methods 

are applied in pulp volume reconstruction. Materials and methods: Osirix® and ITK-SNAP software 

were used. Different segmentation methods (Part A) and volume approaches (Part B) were tested in a 

sample of 21 dental CBCT’s from upper canines. Different combinations of the data set were also 

tested on one lower molar and one upper canine (Part C) to determine the variability of the results 

when automatic segmentation is performed. Results: Although the obtained results show correlation 

among them(r>0.75), there is no evidence that these methods are sensitive enough to detect small 

volume changes in structures such as the dental pulp canal (Part A and Part B). Automatic 

segmentation is highly susceptible to be affected by small variations in the setting parameters (Part 

C). Conclusions: Although the volumetric reconstruction and pulp/tooth volume ratio has not shown 

better results than methods based on dental radiographs, it is worth to persevere with the research in 

this area with new development in imaging techniques.  
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INTRODUCTION 

Since 1950 different methods have been 

proposed to estimate dental age in adults.
1
 

Most of them are based on the formation of 

secondary dentine and the decrease of the 

pulp chamber size with age.
2,3

 Methods 

that have an invasive approach, (for 

example aspartic acid racemization and 

cementum annulation), are not of 

preference, as they often require the 

physical damage of the sample.
4
 With the 

evolution of different diagnostic imaging 

techniques, non-invasive methods for 

dental age estimation have become the 

preferred methods,
5
 starting with the use of 

periapical dental radiographs,
2,3

 then 

panoramic radiographs
6
 and more recently 

cone beam computed tomography 

(CBCT).
7
 

  

Micro-Computer Tomography (µCT) was 

introduced in the early 20th century
8
 to 

determine age related three-dimensional 

changes in pulp cavities, from maxillary 

first premolar teeth. Consistent with early 

histological research, µCT study’s findings 

indicate that decrease in pulp volume is not 

linear. It demonstrates a quicker reduction 

between the 20 and 40 years and then it 

slows down thereafter. Further research 

correlating the ratio between pulp and 

tooth volume with the chronological age, 

using µCT and linear regression models to 

estimate dental age in adults, found 

promising outcomes.
8
 However, in light of 

the high radiation doses associated with 

µCT, only extracted teeth can be measured 

in this way.
9
 More recently CBCT has 

been used for dental age estimation 

calculating the volumes from tooth and 

pulp chamber. Since then, volumetric 

reconstruction from CBCT with different 

software have been reported in various 

studies for dental age estimation in 

adults.
10-13

 The most recent studies 

document the use of CBCT from single- 
5,13

 and multi-rooted teeth.
14

. However,  

 

these new methods have not shown 

superior accuracy to the methods based on 

dental radiographs.
2,15

 It is evident that 

within each type of software there are a 

series of sensitivity settings that influences 

the mathematical approach to measure the 

baseline volumetric data. These settings 

clearly have consequences for the outcome 

and may well be in part the cause of the 

substantial variation. The primary aim of 

this study was to test the variability of the 

volume measurements when different 

segmentation methods were applied to pulp 

volume reconstruction.  This study is 

designed to ensure that the underpinning 

assumptions of a commonly used age 

estimation approach based on pulp volume 

calculation are as accurate as possible. 

 

MATERIALS AND METHODS 

Ethics approval for this study was obtained 

from the Human Research Ethics 

Committee of the University of Western 

Australia (Ref: RA/4/1/6797). This study 

has been performed in accordance with the 

ethical standards laid down in the 1964 

Declaration of Helsinki.  

 

Study sample 

A total of 22 anonymized dental CBCT’s 

were used in this study. All of them were 

recorded with therapeutic purposes, with 

the consent of the participants, and there 

was no unnecessary or repeated radiation 

exposure. All the images were previously 

unidentified, and age and sex of each 

individual was the only known 

information. From these, 57% (n=12) were 

female, age range 17-63 years, mean age 

33.7, and 43% (n=9) were male, age 

range=15-52 years, mean age 36.7. The 

CBCT’s were obtained from the radiology 

department of the University of 

Kebangsaan, Malaysia, and the research 

group INVIENDO from the National 

University of Colombia, In both cases the 

images were obtained using the 9000 3D 

Extraoral Imaging System (Carestream  
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Dental, Atlanta, GA, USA) which had a 

180˚ rotation and a field of view (FOV) of 

50 mm by 37 mm. The radiation exposure 

parameters were 8-10 mA, 70 Kv, with a 

slice thickness of 0.076mm. The images 

were saved in DICOM format. The 

selected tooth to apply the different 

segmentation approaches was the upper 

right canine, or the left when the right was 

absent (with Federation Dentaire 

International (FDI) notation 13 and 23) 

reconstructing one tooth per subject. Only 

sound teeth, free of any restorations with 

completed apex formation were included. 

Measurement software ITK-SNAP version 

3.4 (open source software, 

www.itksnap.org) and Osirix® 

(OnDemand 3D software CyberMed Inc, 

Seoul, South Korea) were used in this 

study.  All the segmentations were 

completed by a single observer (TYM).  

All data was collated using Excel (version 

2013 Microsoft Redmont, USA) and 

statistical analysis was completed using R 

Core Team version 3.1.3 (2015). (R: A 

language and environment for statistical 

computing. R Foundation for Statistical 

Computing, Vienna, Austria. URL 

http://www.R-project.org/.) 

Description of the method 

This study tested the comparative outcome 

of three different ways of estimating the 

pulp volume,
5,13,14 

dental age indicator used 

in adults. The tests were carried out on the 

root pulp chamber of upper canines (n=21), 

to calculate the correlation between 

automatic
14

 and manual segmentation
5
 

(Part A)(Table 1) and cone shape approach 

volume calculation
13

 (Part B)(Table 2). 

The final part of the study (Part C)(Table 

3) tested the variability of the results 

obtained with different setting parameter 

values combinations for automatic 

segmentation of the pulp canal of one 

multi-rooted tooth, as previously reported 

in the literature
14

 and one single rooted 

tooth. (Figure 1) 

 

 

Part A.  Automatic and manual 

segmentation 

Automatic segmentation was performed 

using the software ITK-SNAP. (Figure 1. 

A). Manual segmentation used software 

Osirix ® and its 2D viewer, (Figure 1. B) 

which allows the observer to go slice by 

slice and manually select the boundaries of 

the space to reconstruct, using the tool 

polygon. The automatic segmentation 

process in ITK-SNAP is called seed 

region-growing. To apply it, the observer 

sets up a “seed” inside the structure to 

reconstruct, in this case the pulp chamber. 

This seed grows and a volume is finally 

obtained. 

 

Automatic segmentation of the pulp was 

generated using the same combination of 

setting parameters through the entire 

sample: Scale of Gaussian blurring: 3.0, 

edge transformation contrast: 0.2, edge 

transformation exponent: 4.0, expansion 

(balloon) force: 1.0, smoothing (curvature) 

force: 0.2, edge attraction (advection) force 

2.0. In three cases the edge transformation 

exponent needed to be adjusted to 0.05.  

 

Regression models were run to establish 

which of the setting parameters would 

have the most significant influence on the 

final results. Little changes in the Scale of 

Gaussian generated the bigger changes in 

the final obtained values (p< 0.001). 

 

With manual segmentation two approaches 

were used. Firstly, every fourth slice was 

analysed as for the published method. 

Secondly, the first and last slice was used 

as the sample. To analyse the same length 

of root in the automatic and manual 

approaches, a length defined in the 

automatic approach was set for the manual 

approach.  

 

 

Part B. Cone shape geometric 

approximation 

http://www.r-project.org/


   Reliability and repeatability of pulp volume reconstruction through three different volume calculations. 
Penaloza et al.            

38 
 

 

The geometric approximation of the root 

canal to cone is a simple conservative 

method and has been used for dental age 

estimation in adults. Using Osirix®, ovals 

of best fit were formed in the root canal at 

the cemento-enamel junction (CEJ) level, 

following the reported method.
13

 Secondly, 

instead of best fit ovals, the boundaries of 

the pulp canal were drawn using the tool 

polygon. (Figure 1, C) The root length was 

measured from the CEJ to the apex, 

(Figure 1, D) and finally two different 

volumes of cones were calculated per tooth 

with a mathematical formula. 

 

Part C. Automatic segmentation and 

different setting parameters 

combinations 

As observed in part A, it is not possible to 

apply the same combination of setting 

parameters values to all teeth with 

automatic segmentation. Taking into 

account the advantage of this automatic  

 

 

process
16

 twenty combinations of different 

values for all the setting parameters (Table 

3) were used to reconstruct the pulp 

chamber of one lower first molar (FDI 36, 

Male 23 year old Malaysian origin, slice 

thickness 0.2mm) and an upper canine 

(FDI 23, Male 31 year old Colombian 

origin). The volumetric reconstruction with 

each combination was completed twice per 

tooth. The variation among the obtained 

volume from the same tooth was 

calculated. 

 

Statistical analysis 
Shapiro Wilk normality test, mean, 

standard deviation (SD), paired t-Test and 

Pearson correlation coefficient, were 

calculated to compare the results obtained 

using the different segmentation methods 

(Part A), cone shape volume approach 

(Part B), and the obtained results when 

different parameters are used to do the 

automatic segmentation of the same tooth 

(Part C). 

 

Fig.1: Volumetric reconstructions, upper right canine using different methods 
Volumetric reconstruction of tooth 13 from a female individual, 36 years old, using the different 

methodologies mentioned in this paper. A: Semiautomatic recontruction using ITK-SNAP software. B: 

Manual segmentation using Osirix ® software. C and D: Cone shape geometric approximation, 
following the methodology reported by the author doing area measurement of he root canal at the 

level of the CEJ (D) and length measurement of the root from the CEJ up to the root apex (C), using 

Osirix ® software. 

RESULTS 

Part A. Automatic and manual 

segmentation 

Three data-sets were obtained from the 

volumetric reconstruction of the root canal  
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of the canines using the different methods 

(Table 1).  

 

When automatic and manual segmentation 

using each fourth slice were compared, the 

Pearson’s correlation coefficient (r=0.83), 

shows a greater correlation between them, 

than between automatic and manual 

segmentation using only the first and the 

last slice (r=0.75) or between the two 

manual segmentation methods (r=0.79). 

However, this does not mean that manual 

segmentation using every fourth slice and 

automatic segmentation produce 

comparable results. The paired t test shows 

that there is a statistically significant 

difference between the means of the results 

of both manual segmentations and 

automatic segmentation (p<0.001). 

When comparing the obtained volumes, it 

was observed that manual segmentation 

produced volumes that are larger than 

those obtained with automatic 

segmentation. To facilitate the 

understanding of this difference, a simple 

mathematical analysis was used, taking the 

obtained volume with automatic 

segmentation as 100% of the volume. 

Then the difference between the volumes 

obtained with automatic segmentation and 

both manual segmentation, were used in a 

rule of three to calculate the percentage 

this difference represents.   

The results of this calculation showed that 

the volumes obtained using every fourth 

slice are in average 25% (1%-53%) larger 

than those obtained with automatic 

segmentation. Also, that using the first and 

the last slice are in average 57% (12% to 

210%) larger than those obtained with 

automatic segmentation.  The average of 

the obtained volumes from both manual 

segmentation methods is in general 41% 

larger than automatic segmentation.  

 

The volumes obtained doing manual 

segmentation of each fourth slice were in 

average 28% larger than those obtained 

using only the first and the last slice. 

However, some of them were in average 

16% smaller (p>0.05). The mathematical 

analysis was like the previously described, 

but in this case, the volume obtained with 

manual segmentation using only the first 

and last slice was taken as 100% in the 

rule of three. 

 

Part B. Cone shape geometric 

approximation 

It was expected to obtain similar area and 

volume values when using ovals of best fit 

and the tool polygon following the outline 

of the pulp chamber. Different than 

expected, it was observed that with the tool 

polygon the obtained areas and volumes 

were noticeably larger (50%) than with the 

ovals (Table 2). However, there is a strong 

correlation coefficient between both 

measured areas using the tools oval and 

polygon (r=0.84) at the CEJ and the 

obtained volumes (r=0.88). 

 

When the obtained areas using the two 

different tools are compared the data show 

a big variability and a high SD, this effect 

is diminished once the volume is 

calculated. In this way, the length of the 

root is what really determines the final 

obtained volume.  

 

Part C. Automatic segmentation and 

different setting parameters 

combinations 

Repeatability of the automatic 

segmentation for the first and the second 

repetition for both teeth was evaluated 

with the paired t test (r=0.7, p=0.99) 

showing that there is no statistically 

difference between both repetitions with a 

95% level of confidence. The average 

between the obtained volumes in both  
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repetitions was calculated. The volumes 

obtained for the molar pulp chamber (FDI 

36), ranged from 31.7mm
3
 to 53.74mm

3
, 

with a SD of 5.7and a variance of 33. 

 

For the volumetric reconstruction of the 

canine (FDI 23), the volume value ranged 

between 29.8 mm
3
 to 50.8 mm

3
, SD=7.12  

 

and variance of 50.75. The SD for the 

different parameters was not bigger than 

0.6 and the sample variance was not 

greater than 0.3 

 

 

 
 

 

Table 1. Volume results of using automatic segmentation (Vol 1), manual segmentation using 

just the first and last slice (Vol 2) and manual segmentation each forth slice (Vol3), of cone 

beam computer tomography from upper canines (FDI 13, 23) 

Individual Vol 1 (mm3) Vol 2 (mm3) Vol 3 (mm3) 

1 10.87 10.6 13.2 

2 16.03 17 19.7 

3 16.4 20.9 19.8 

4 9.309 12.9 14.8 

5 5.478 7.1385 8.04 

6 11.25 12.5 12.6 

7 13.26 25.9 16.3 

8 16.72 17 23.2 

9 37.01 32.6 41.9 

10 16.98 23.4 28.9 

11 11.77 19.2 17.7 

12 5.857 8.7131 11.7 

13 9.107 13.3 28.3 

14 17.24 33 29.8 

15 12.76 27.5 21.1 

16 15.87 16.1 27 

17 13.2 19.7 22.6 

18 11.61 19.7 16.5 

19 24.52 35.3 40 

20 15.51 22.1 22.1 

21 17.6 29.3 35.5 

Mean 14.68 20.18 22.41 

 

DISCUSSION 

With the introduction of computer vision 

techniques for medical imaging and their 

application in dentistry and forensic 

sciences, the possibilities to propose 

methods for age and sex estimation are 

almost unlimited. Owed to the apposition 

of secondary dentine, the anthropometric 

assessment of the variation in the ratio 

between size of the pulp chamber and size  
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of the tooth is still an acceptable dental age 

predictor.
14

 The aim of this study was to 

test the variability of the volume 

measurements when different 

segmentation methods are applied in pulp 

volume reconstruction, because although it 

would be expected that with volume 

measurements the results for age  

 

estimation were more reliable, the 

literature shows the opposite. To find out 

an explanation to the lower accuracy of the 

methods based on volume reconstruction, 

in this study we tested three different 

methods doing only pulp volume 

reconstruction. 

 

 

Table 2. Cone shape approach results using the tool polygon (Pol) and oval (Oval). Pulp area 

(in mm
2
) at the CEJ level and volume (in mm

3
) calculation with the measured root length (in 

mm). 

Area Area Pol Area Oval Root length Vol Pol Vol Oval 

1 22 20 1.55 11.2 10.2 

2 29 30.5 1.46 14.1 14.8 

3 28 24.5 1.46 13.6 11.9 

4 20 9.85 1.51 10.0 4.9 

5 21 16 1.04 7.3 5.5 

6 16 13.5 1.56 8.3 7.0 

7 46 29 1.86 28.6 18.0 

8 37 20.5 1.64 20.3 11.2 

9 52 41 1.38 24.0 18.9 

10 32 26.5 1.63 17.4 14.4 

11 30 17 1.28 12.8 7.2 

12 34 16 1.38 15.8 7.4 

13 32 22 2.10 22.4 15.4 

14 28 14 1.71 16.1 8.0 

15 42 28.5 1.79 24.9 16.9 

16 27 16 1.71 15.4 9.1 

17 25 17.5 1.96 16.2 11.3 

18 35 25.5 1.47 17.2 12.5 

19 58 44.5 1.73 33.9 26.0 

20 39 26.5 1.52 19.8 13.4 

21 46 24.5 2.17 33.3 17.7 

SD 8.7 10.86  7.45 5.2 

 

The methodology analysed in this study, 

using CBCT,  seems to  be no more 

accurate than those methods based on 

radiographs for dental age estimation in 

adults, regardless the sample size of the 

study which ranges from 19 individuals, 

analysing only 12 canines
7
 to 403 

individuals analysing only the pulp 

chamber of first molars.
14

 This is clear 

when the reported accuracy of the different  
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methods is compared. The reported mean 

absolute error using automatic 

segmentation of the first molar’s pulp 

chamber is 6.26 years at best.
14

 The cone 

shape geometric approach of pulp and  

 

 

tooth has a standard error of estimation of 

± 11.45 years,
13

 and finally, manual 

segmentation of pulp and tooth, has a 

prediction interval of ± 12 years.
5 

 

 

Table 3. Setting parameter combinations used in part C 

Repetition 

 

Scale of 

Gaussian 

Edge 

contrast 

Edge 

transformation  

exponent. 

Smoothing 

force 

Average 

molar volume 

mm3 

Average 

canine  

volume mm3 

1 2.14 0.09 4 0.2 38.415 36.58 

2 3 0.05 3 0.2 45.775 49.7 

3 2.05 0.05 3 0.2 34.525 49.7 

4 2.5 0.05 3 0.2 46.075 41.81 

5 2.5 0.1 2.5 0.2 49.38 48.87 

6 2.5 0.2 2.05 0.2 53.74 48.94 

7 2 0.1 2.5 0.2 43.55 39.27 

8 2.15 0.09 4 0.2 36.53 40.26 

9 2.15 0.09 4 0.3 38.94 39.76 

10 2.15 0.09 4 0.35 42 39.38 

11 3 0.05 3 0.3 47.29 50.89 

12 3 0.05 3 0.35 43.555 48.92 

13 3 0.05 3 0.4 44.69 48.9 

14 2.05 0.05 3 0.3 38.695 35.98 

15 2.05 0.05 3 0.35 38.79 35.89 

16 2.05 0.05 3 0.4 38.46 36.04 

17 1.5 0.05 2.51 0.2 34.3 31.92 

18 1.5 0.05 2.5 0.2 34.955 30.08 

19 1 0.1 3 0.2 31.73 29.83 

20 2 0.05 4 0.2 36.405 35.10 

SD 0.53 0.03 0.59 0.07 5.74 7.12 

Variance 0.28 0.001 0.35 0.005 32.94 50.75 

There are 3 parameters available in ITK-SNAP software that are not listed, as they were constant for all the 

reconstructions: Edge attraction force (=2) and step size (=1) and smoothing force which was changed from 1 to 
0.5 only for the 18th combination. 

Other methods also using automatic 

segmentation of canines reported a 

prediction interval of 3.47 years at best.
17

 

When these reported results are compared 

with some of the most commonly used 

adult age estimation methods utilising  

dental radiographs, such as Cameriere et 

al.
3
 (with reported mean predictor errors of 

2.37 years
18

 to 11.01 years
19

 (tooth/pulp 

area ratio)), or the method developed by 

Kvaal et al.
2
 (pulp/tooth-linear 

measurements ratios with reported 

standard estimation errors of ±9.367 

years,
20

) it is possible to observe that the  



   Reliability and repeatability of pulp volume reconstruction through three different volume calculations. 
Penaloza et al.            

43 
 

 

use of CBCT and dental structures volume 

reconstruction, do not improve the final 

results for adult age estimation. The 

relation between the lack of the accuracy 

of the mentioned methods for age 

estimation and the different methods for 

volume reconstruction are presented as 

follow: 

 

Part A. Manual and automatic 

segmentation may produce similar results, 

as observed in this study (r=0.83). Manual 

segmentation is time consuming, difficult 

to perform and prone to be influenced by 

the subjectivity of the observer, and 

personnel trained in this aspect is 

necessary.
21

 Additionally, it is not accurate 

enough to estimate the variation of the 

volume in small anatomic structures, such 

as the root canal, as observed in this study. 

Although there are different methods for 

automatic image segmentation, the first 

problem faced in the bio-medical area, is 

the exclusive dependence on gradient or 

intensity analysis without using anatomical 

information.
21

 In the case of automatic 

segmentation, with ITK-SNAP software, 

although the software chooses which 

pixels will be included in the 

segmentation, the observer finally decides 

how to adjust the parameters to control the 

algorithms in the segmentation, making 

this method prone to a certain degree of 

subjectivity from the observers. These 

parameters may change from one CBCT to 

another. Unfortunately, in the previous 

study using this software the values of the 

setting parameters were not mentioned.
14

 

In this study it was also observed that 

although all the CBCT were obtained from 

machines with the same reference, and 

under similar exposure conditions (slice 

thickness, Kv, mA and time of exposure), 

and the same parameters for automatic 

segmentation, the interaction of the seed 

region-growing with the boundaries of the  

 

structure to reconstruct may also differ 

from one CBCT to another. For this 

reason, it is not possible to follow the 

recommendations of the ITK-SNAP 

manufacturer, who recommends to keep 

the same parameters among different 

CBCT, and it is neither possible to  

guarantee the uniformity of the 

segmentations obtained.
14

  

 

In this study, we also observe that small 

changes in the values of the setting 

parameters can generate significant 

variation in the final obtained volumes 

with automatic segmentation, even though 

the segmentation was made on the same 

CBCT, same tooth and same anatomic 

region.  

 

Which means that the final volume will be 

always the same under the same 

parameters in the same CBCT and 

anatomic region, but these parameters 

generally need to be modified from one 

CBCT to another, and in the same way, 

small changes in the parameters alter the 

final volume.  

 

Part B. With the aim of simplifying the 

measurement of the tooth structure 

volume, a cone shape geometric approach 

was proposed (Part B).
13

 The developers of 

this method were aware of the main 

disadvantages of this proposal: 

measurements inaccuracy and subjectivity. 

They also reported that this method tends 

to underestimate the real volume of the 

tooth structures (56% to 67%), which in 

theory would not affect the final pulp/tooth 

ratio that was calculated to estimate the 

age. 

 

To test this method, we used two differ 

approaches for doing the volume 

calculation. The first, following the 

published methodology
13

 displaying ovals  
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at the CEJ, and a second one selecting 

manually the outline of the root canal at 

the CEJ, using the tool polygon. As 

observed in the results section, despite the 

difference between both area 

measurements, at the CEJ, once the 

volume is calculated the difference 

decreases.  Neither of these two 

approaches is recommended to  carry 

outpulp volume measurements, , firstly 

because of the subjectivity of the observer, 

who only counts with the naked eye to 

display one or another and  secondly, 

because both bring a distorted 

representation of the root canal, ignoring 

the different variations in its internal 

shape.  

 

Part C. In this study, it has been shown, 

that there are different parameters that 

affect the final volumetric reconstruction 

of any anatomical region. The scale of 

Gaussian, or blurrier factor
22

 was found to 

be the most relevant when doing automatic 

segmentation. To increase the value of the 

Gaussian scale, allows the observer to 

eliminate certain noises in the image, 

which affect the “growing of the seed”. 

However, the bigger the value the 

Gaussian scale is, the more principal 

structures and details will be lost.
23

 This 

would mean that the initial volume of the 

pulp chamber will be magnified.
16 

 

Although automatic segmentation is less 

prone to the subjectivity of the observer 

than manual segmentation, in this study we 

observed that it is not possible to keep the 

same volume reconstruction parameters for 

all the CBCT, and that minimum changes 

may produce significant variations even 

though they are done on the same tooth. 

The volume obtained with this tool must 

be understood as an approximation to the 

real volume of the structure being 

measured 

 

 Taking into consideration the reported rate 

of secondary dentin formation is 6.5 

μm/year for the crown and 10 μm/year for 

the root,
24

 the analysed methods in this 

study are not sensitive enough to detect 

such small dimension changes, generating 

a big variation of the measurements, which 

could explain the greater error of 

pulp/tooth volume based methods for age 

estimation when compared with simpler 

methods based on linear
2
 or area 

measurements
3
 on dental radiographs.  

 

Previous research in the biomedical area 

have highlighted the problems related to  

semi-automatic segmentation, and 

specifically, to the process that the 

software uses to select which pixels or 

voxels to be included in the final volume 

reconstruction. To overcome this problem, 

they have elaborated the probabilistic 

anatomic atlas, which facilitates the 

segmentation of an organ of interest.
21

 

When doing the semi-autographic 

segmentation of teeth and pulp chambers, 

different obstacles were observed. Firstly,  

owing to the similar density of dentine and 

bone and the irregularity of the periodontal 

ligament, it was not possible to obtain a 

volumetric reconstruction of the tooth as it 

is in for the pulp chamber. This is the 

reason why the automatic tooth volume 

reconstruction was not analysed.  

Secondly, owing to the large variety in the 

shape of the pulp chamber in the apical 

third of the tooth, there was always a leak 

of the seed region -growing in to the 

dentine. To create a probabilistic atlas for 

dentistry could help to overcome these 

issues, and help the dentist and forensic 

dentist to implement more accurate and 

easier methods for automatic segmentation 

and volume reconstruction.  Thirdly, 

although the automatic reconstruction of 

the pulp chamber of molars may be 

understood as a simple process, it may be  
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more reliable to use other methods for age 

estimation when using molars. 

 

CONCLUSIONS 

Based on the results of this study, it is 

possible to affirm that the obtained volume 

measurements with any segmentation 

method must be understood as an 

approximation of the measured structure 

and not as the real volume. In the same 

way, manual segmentation could produce 

volume values that are even more 

inaccurate, and should be avoided in future 

studies.  

 

Although the volumetric reconstruction 

and P/T volume ratio has not shown better  

 

results than methods based on dental 

radiographs, it is worth to persevere with 

the research in this area with an 

interdisciplinary team to build software 

that can reliably reconstruct pulp and tooth 

volumes for forensic purposes. 
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