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RESUMEN 

La estimación de la edad dental en personas vivas y cadáveres es muy importante para 

la Odontología Forense, sobre todo en casos de identificación en investigaciones legales 

y sociales. El objetivo del estudio fue estimación de la edad dental mediante la medición 

del volumen pulpar de imágenes dentales en tomografía computarizada de haz cónico 

(TCHC) de pacientes peruanos. Fueron analizadas 231 TCHC de pacientes entre 12 a 60 

años a más. [Mujeres (134), hombres (97)] se dividieron en seis grupos de edad (12-19, 

20-29, 30-39, 40-49, 50-59, 60 años a más). El análisis volumétrico de la pulpa dental se 

realizó en un total de 1155 dientes (caninos superiores, incisivos centrales superiores 

izquierdos, primeros molares superiores izquierdos y primeros premolares inferiores 

izquierdos), mediante el software Romexis® 5.3.3.5. El análisis de regresión lineal 

mostró un coeficiente de determinación del 30% que sugiere una correlación débil entre 

la relación del volumen pulpar de los dientes y la edad. El volumen pulpar de los 

caninos superiores derecho e izquierdo disminuyó a medida que aumentaba la edad y el 

volumen pulpar en dientes de personas de 60 años a más fue el más bajo. Sin embargo, 

se pueden proponer estudios futuros para incluir una gran muestra homogénea de 

dientes en diferentes categorías y grupos de edad para confirmar la correlación y 

establecer una ecuación de regresión confiable. 

PALABRAS CLAVE: Ciencias forenses; Odontología forense; Estimación de la edad 

dental; Tomografía computarizada de haz cónico; Pulpa dental; Dentina secundaria. 

 

 

 



 

12 

ABSTRACT 

Dental age estimation is very important for individual identification in criminal and civil 

forensic investigations. One of the methods for age estimation is studying age related 

changes in pulp volume of teeth. The objective of the current study was to estimate 

dental age from the pulp volume of five different categories of teeth of a Peruvian 

sample using cone beam computed tomography (CBCT). Retrospective CBCT records 

of 231 patients [females (134), males (97), age: 12-60 years] were included in the study, 

categorized into five different age groups (12-19, 20-29, 30-39, 40-49, 50-59, 60 years 

and older). Dental pulp volume of five categories of teeth (upper canines, left upper 

central incisors, left upper first molars, lower left first premolars, first molars) were 

analyzed using Romexis® 5.3.3.5 software for each patient. There was a reduction in 

the pulp volume of upper right and left canine with age. The pulp volume was lowest in 

people aged 60 years and over. Linear regression analysis of the pulp volume and 

chronological age showed a coefficient of determination of 30%, suggesting a weak 

correlation. A weak correlation between dental pulp and age is derived. But a robust 

large homogenous sample of teeth in future for different age groups may establish a 

reliable regression equation. 

KEYWORDS: Forensic science; Forensic dentistry; Age determination by teeth; Cone 

beam computed tomography; Dental pulp; Secondary dentin. 
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I. VERSIÓN APROBADA PARA PUBLICAR 

Dental Age Estimation by Assessing the Pulp Volume of 

Five Teeth in a Peruvian Population Using Cone Beam Computed Tomography 

Images  

Abstract 

Dental age estimation is very important for individual identification in criminal and civil 

forensic investigations. One of the methods for age estimation is studying age related 

changes in pulp volume of teeth. The objective of the current study was to estimate 

dental age from the pulp volume of five different categories of teeth of a Peruvian 

sample using cone beam computed tomography (CBCT). Retrospective CBCT records 

of 231 patients [females (134), males (97), age: 12-60 years] were included in the study, 

categorized into five different age groups (12-19, 20-29, 30-39, 40-49, 50-59, 60 years 

and older). Dental pulp volume of five categories of teeth (upper canines, left upper 

central incisors, left upper first molars, lower left first premolars, first molars) were 

analyzed using Romexis® 5.3.3.5 software for each patient. There was a reduction in 

the pulp volume of upper right and left canine with age. The pulp volume was lowest in 

people aged 60 years and over. Linear regression analysis of the pulp volume and 

chronological age showed a coefficient of determination of 30%, suggesting a weak 

correlation. A weak correlation between dental pulp and age is derived. But a robust 

large homogenous sample of teeth in future for different age groups may establish a 

reliable regression equation. 

KEYWORDS: Forensic science; Forensic dentistry; Age determination by teeth; Cone 

beam computed tomography; Dental pulp; Secondary dentin.      

 INTRODUCTION 
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The estimation of age is important for human identification in civil and criminal 

proceedings. Teeth are the hardest tissue structure in the human body and can withstand 

nutritional deficiencies and high physical and chemical stresses over time (1-4). Hence, 

teeth are used for dental age estimation (DAE) in many forensic applications by varied 

techniques and aids. In children and adolescents, DAE is based on the development and 

eruption of teeth as opposed to methods in adults where dental development is complete 

(5,6). However, adult teeth present important physiological modifications throughout 

life, such as the formation of secondary dentin which causes a reduction of pulp volume 

(7,8). Therefore, DAE can be performed by analyzing dental pulp volume in different 

age groups, showing a reduction in volume with progressing age (9-11). 

The pulp volume of teeth can be assessed by two-dimensional (2D) and three-

dimensional (3D) radiographic images including cone beam computed tomography 

(CBCT). These techniques have several advantages of being minimally invasive, no 

requirement of tooth extraction, and are applicable in different population groups (12-

14). Of the two radiographic methods, 3D-CBCT is more accurate as it measures the 

exact size and volume of the dental pulp, based on voxel size, exposure time, and 

equipment accessibility (15,16). 

Previous studies attempted to study association of pulp volume with age both 2D and 

3D radiographic methods but showed conflicting results. Kvaal et al. (1995) used 

periapical radiographs to study different pulp-tooth ratios (pulp-root, pulp-tooth, tooth-

root, pulp-root width) in six different types of teeth of 100 patients. Results showed a 

significant association of pulp-root and pulp-tooth ratio with advancing age and a linear 

regression of (R²=0.76) for age, demonstrating a strong correlation.9 Vandevoort et al. 

(2004) used micro-computed tomography (CT) of 43 single root teeth for calculating the 

pulp-tooth volume ratio and found a weak association (R²=31%) between biological age 
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and volume ratio (17). Asif et al. (2019) assessed pulp volume on CBCT scans of 300 

intact teeth classified into 5 age groups from 16-65 years. They found a strong 

correlation of pulp volume with age: maxillary right central incisors (r=0.83), right 

canines (r=0.74), and left canines (r=0.73). (7) Kazmi et al. (2019) used CBCT images 

of maxillary and mandibular canines of 368 females and 349 males in the age group of 

15-65 years. They found mandibular canine pulp volume and sex as strong predictors in 

the regression equation formulated for estimating age (R²=0.33) (18). 

Although previous literature has studied association between pulp volume and age, a 

major limitation has been the use of different categories of representative teeth from 

different individuals. Hence, the current study utilized CBCT scans of five categories of 

teeth from the same individuals for age estimation in a Peruvian sample. 

METHODS  

Study Design and Ethical Approval: This was a retrospective, cross-sectional, 

observational study. Ethical approval was obtained from the institutional committee of 

research ethics (Record No.230 CIEI-Scientific-2019). 

A pilot study was carried out using 30 CBCT images for pulp volume assessment for 

calibration purposes. The volumetric readings were performed by 2 operators (JS and 

EA) and repeated at a gap of two weeks. Intra-class correlation coefficient (ICC) 

analysis was performed to determine intra-examiner, and inter-examiner reliability. The 

ICC results were greater than 0.90, indicating excellent reliability.     

STUDY SAMPLE 

The study sample consisted of CBCT records of patients who attended a private 

oral and maxillofacial facility from 2018 to 2019. All the records of 231 patients were 

included in the study comprising 134 females and 97 males (12-60 years old). CBCT 
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images of these patients were further categorized into six sub-groups, as described in 

previous studies (7,8,9,11-15,19). 

The groups were classified into six groups according to age as follows: 

Group 1: 12-19 years (y) 

Group 2: 20-29 y 

Group 3: 30-39 y 

Group 4: 40-49 y 

Group 5: 50-59 y 

Group 6: 60 y and older. 

From each CBCT image, 5 teeth were selected for volumetric measurement of the 

dental pulp, resulting in a total sample of 1155 teeth. The five teeth studied in each 

CBCT image were: the upper right canine (U13), upper left central incisor (U21), upper 

left canine (U23), upper left first molar (U26) and lower left first premolar (L34), as 

described previously (7,9,17,18). 

INCLUSION CRITERIA 

The CBCT records for the study were selected based on known chronological 

age and the presence of outlined five teeth in high resolution, teeth in good condition 

(no caries or associated pathologies), and no obvious morphological abnormalities. 

 

PROCESSING OF IMAGES 

The images were obtained from Pro 3D Mid CBCT unit (PlanMecaR, Helsinki, 

Finland) using a 150-to-200-micron voxel size, 90KVp tube current, 10mA tube voltage 

with time exposure of 13.5 seconds. Data files were imported to the Romexis®5.3.3.5 

software (MecaR Plan, Helsinki, Finland), and each image was oriented into axial, 

coronal and sagittal planes (Figure 1). The pulp cavity was delimited manually using the 



 

17 

different values of the default threshold in order to detect the borders (highest) of the 

pulp cavity. Each tooth was measured for pulp volume by the software for 30 minutes, 

and the volume was automatically individually calculated in mm³ (Figure 2, Figure 3). 

STATISTICAL ANALYSIS 

The statistical program STATA 14.0 was used for data analysis. A descriptive 

analysis of the response variable (tooth pulp volume) was calculated using summary 

measures for numerical variable: mean and standard deviation (SD). Multiple linear 

regression was performed to determine the predictor variables of the patient's age, and 

the sex-related predominance with age. The level of significance was 5%. 

RESULTS 

The response variable was calibrated by the ICC in 30 selected CBCT. It depicted the 

intra-examiner reliability for U13, U21, U23, U26, L34 to be 0.984, 0.997, 0.996, 0.997 

and 0.995 respectively and the inter-examiner reliability for U13, U21, U23, U26, L34 

as being 0.917, 0.956, 0.987, 0.997 and 0.985, respectively. 

Sex-based differences in pulp volumes (Table 1): The average pulp volume in males 

was greater than in females for all the representative teeth. Of all the teeth, the average 

pulp volume of U23 in men was the highest (20.54 mm³) compared to women (17.31 

mm³) 

Inter-group differences in pulp volume (Table 1): The pulp volume was highest in 

Group 1 and lowest in Group 6 for U13, U21, U23, L34 while in U26, the pulp volume 

was highest in Group 1 and lowest in Group 4. There was a statistically significant 

difference between the pulp volume of U13, U23, L34 and sex, and between all 

categories of teeth and age groups. 

A multiple linear regression equation was developed from predictive variables 

associated with U13, U21, U23 and U26 to estimate the age of the patients, based on p 
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value and confidence interval (Table 2). At an adjusted coefficient of determination (R²) 

of 30% (p=0.001), the equation was as follows: 

Age= 55.616-0.376 (U13)-0.434 (U21)-0.284 (U23) -0.141 (U26). 

To estimate the age in men, a multiple regression equation based on predictive variables 

of the pulp volume of U13, U21, U23, and U26 was formulated. At an adjusted R² of 

42% (Table 3), the model was not predictive, showing only an association with age. The 

equation was as follows: 

Male age= 61.926-0.563 (U21)-0.579 (U23) -0.305 (U26). 

To estimate age in women, a multiple linear regression equation based on predictive 

variables of the pulp volume of U13, and U21 was formulated. At an adjusted R² of 

23% (Table 4), the model was not predictive, and was only associated with age. The 

equation was as follows: 

Female age= 49.263-0.478 (U13) -0.512 (U21). 

 

DISCUSSION  

Measurement of dental pulp size by CBCT is an established non-invasive age estimation 

technique for adults which allow accurate measurement of pulp volume changes with 

advancing age as a result of secondary dentin deposition (12,19). This technique 

currently uses low-dose radiation and produces high-resolution images (3,20). Analysis 

of the volume of dental pulp and the pulp chamber is more reliable than area calculation 

as secondary dentin formation may give an incorrect projection of irregularity due to 

discontinuity. In the present study image projection and analysis of CBCT images of 

teeth for pulp volume measurement was carried out in approximately 30 minutes per 

tooth unlike other studies, in which the estimated evaluation time of pulp volume 

evaluation was much longer (7,12,21). 
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The U13, U21, U23, and L34 teeth were chosen for evaluation because they have a 

simpler, straighter root anatomy and a wider pulp cavity compared to the lower incisors, 

and these teeth have been used in many studies (18,19,22,23). These characteristics 

facilitate the delimitation of the pulp cavity, allowing accurate and rapid analysis and 

measurement of pulp volume. The U26 tooth included in the current study presents the 

widest pulp chamber and is suitable for assessment of pulp volume reduction with age 

(3-6,12,15,22,23). 

The current study excluded teeth from patients with systemic diseases and dental 

restorative treatments as they may influence pathological formation of secondary dentin 

(24,25). 

Previous studies have shown that CBCT is successful in the analysis of pulp volume of 

single and multi-rooted teeth (12,15,26). The present study showed a decrease in the 

pulp volume of upper canines with age, in accordance with the results of previous 

studies (19,23,27). The pulp volume of teeth in Group 6 (aged 60 years and above) was 

the lowest in all teeth except U26, in agreement with the results of previous studies (12, 

26,28). In contrast, a study carried out by Oi et al. in 2004 demonstrated that the pulp 

volume of the upper first premolars showed a large decrease in individuals aged 

between 20 and 40 years but beyond that age, there was no significant reduction (29). 

This difference may be attributed to limited sample of premolar teeth in this study 

compared to our study. 

In our study, 30% of the variability with age was explained by the pulp volume of U13, 

U21, and U26, similar to a previous study which obtained a coefficient of determination 

(R²) of 31% analyzing the upper central incisors, upper canines, and left lower canine 

(30). Different teeth gave different R² values for age in different studies, including 

lower canines (R²=39.7%), (19) incisors (R²=41%), (12) canines (R²=7%), (12) and 
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premolars (R²=23%) (12). A lower R²=21% with the upper central incisors, reported a 

weak correlation between pulp volume and age, which was probably due to the 

secondary dentin formation by external stimuli (8). Therefore, as dental development is 

complete, the ability to accurately estimate dental age is reduced, due to degenerative 

changes in the teeth such as attrition, abfraction, erosion. 

The regression equations generated in the current study to estimate dental age in men 

and women used different teeth with R² value of 42% and 23% respectively. Similar 

regression equations have been generated in previous studies (4, 5,12,19). However, few 

studies have reported a higher coefficient of determination for women in contrast to the 

results of the current study (4, 8,12,15). This may be due to a smaller sample size of the 

teeth in our study, which is one of the limitations of the current study. 

The equation variables generated in the present study are age and pulp volume of the 

upper canines, left central incisor, and left upper first molar. But due to lower R² value, 

it is not useful for the prediction of age, and can be used only for association. Our 

results were similar to a previous study by Porto et al. (2015) which studied 118 central 

incisors across 5 age groups showing a weak correlation of pulp/tooth volume ratio with 

age, with R²=21% (8). 

The lower left premolar did not contribute to the generation of the linear regression 

equation model, and was, therefore, not included in the equation. In addition, there was 

no linearity between any of the independent variables. 

Our study has a few limitations. There was an unequal distribution of participants in the 

different age groups due to the difficulty in finding images of adult patients with all 

their teeth present. Also, the variability in the size of the teeth studied caused disparity 

in the sizes of the pulp cavities. Further studies should include a larger sample of 
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individual age groups and study similar categories of teeth for uniformity and better 

reproducibility. 

CONCLUSIONS 

The present investigation analyzed the relationship between chronological age and 

dental pulp volume in five categories of teeth in the same adult individual. 

The following conclusions were drawn: 

Linear regression equations were generated for the estimation of age using pulp 

volumes of multiple teeth independent of sex, and also separately for males and 

females. 

A low coefficient of determination (R²) of 30% indicated a low predictive value of 

independent variables of pulp volumes of respective teeth, also suggesting a weak 

association between pulp volume and age. 

The pulp volume of the upper right and left canine decreased as age increased. The 

results show that the pulp volume of the teeth in people aged 60 years and over was the 

lowest among all the teeth except U26. 

Further research is needed to confirm the reproducibility of the model and obtain a 

reliable formula with a high predictive potential. 

LIST OF ABBREVIATIONS 

CBCT (cone beam computed tomography) 

DAE (dental estimation) 

2D (two-dimensional) 

3D (three-dimensional) 

R² (coefficient of determination) 

r (correlation) 

ICC (intraclass correlation coefficient) 
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SD (standard deviation) 
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FIGURES AND TABLES 

 

 

Figure 1. Pulp volume measurement threshold in sagittal, coronal, and axial views. 

 

 

 

Figure 2. Three-dimensional view of pulp volume measurements of U12, U23, U21 and U26. 
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Figure 3. Three-dimensional view of pulp volume measurements of L34. 
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Table 1:  Descriptive evaluation of pulp volumes measured in mm3 with the mean and standard deviation (SD) of the right upper canine (U13). 

Upper left central incisor (U21). Upper left canine (U23).  Upper left molar (U26). And lower left first premolar (L34) according to sex and age 

group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Student’s t-test for independent samples 

**Kruskal-Wallis test 

Different lowercase letters imply statistical significance

Variable  U13 U21 U23 U26 L34 

         Mean ± SD      Mean ± SD 

 

      Mean ± SD 

 

     Mean ± SD 

 

       Mean ± SD 

Sex Female 17,31±9,49 14,11 ±7,63 17,36±9,09 22,24±11,95 13,75±7,35 

 Male 20,54±8,42 15,95±8,00 20,81±8,68 25,75±13,54 16,06±8,13 

p-value  0.003* 0.060* 0.001* 0.066* 0.034* 

           

 12-19 26,76±6,70a 22,77± 4,31a 27,60±6,21a 30,79±9,32a 21,30±3,89a 

Age  20-29 16,77±8,51a 12,69 ±5,97a 16,35 ±7,75ab 20,75±11,78a 12,83±6,62ab 

(years) 30-39 17,68 ±9,15ac 13,04 ±8,89a 16,60 ±8,86ab 23,81±11,28a 12,85±8,65ab 

 40-49 14,87 ±7,98bc 12,80 ±6,70a 16,09 ±7,94b 22,44±15,99b 13,64 ±7,41b 

 50-59 16,75 ±7,49bc 12,36 ±6,62a 17,00 ±8,32b 17,21±8,64a 12,11 ±7,61b 

 60 + 11,90 ±7,78ab 8,70 ±4,74a 11,70 ±5,38ab 23,90±17,58ab 9,80 ±7,12ab 

p-value  p<0.001** p<0.001** p<0.001** p<0.001** p<0.001** 
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Table 2: Multiple linear regression model to estimate age based on pulp volume (mm3) of 

the right upper canine (U13). Upper left central incisor (U21). Upper left canine (U23). And 

upper left molar (U26). 

* The multiple linear regression model had an adjusted R2: 30%, p = 0.001 

 

Table 3: Multiple linear regression model to estimate age in men based on the pulp volume 

(mm3) of the upper left central incisor (U21). Upper left canine (U23). And upper left molar 

(U26). 

 

* The multiple regression model had an adjusted R2: 42% in males; p = 0.001 

 

 

 

Table 4: Multiple linear regression model to estimate age in women based on the pulp 

volume (mm3) of the right upper canine (U13). Upper left canine (U23). 

TOOTH COEFFICIENT STANDARD 

ERROR  

p 95% CONFIDENCE 

INTERVAL  

 U13 -0,376 0, 099 P<0,001 -0,573 to -0,180 

 U21 -0,434 0,122 P<0,001 -0,674 to -0,193 

U23 -0,284 0,107 P<0,008 -0,495 to -0,073 

U26 -0,141 0,066 P<0,033 -0,270 to -0,011 

CONSTANT 55, 62 2,41 0.001 50,86 to 60,37 

TOOTH COEFFICIENT STANDARD 

ERROR  

p 95% CONFIDENCE 

INTERVAL  

 U21 -0,563 0,174 P<0,002 -0,909 a -0,216 

U23 -0,579 0,166 P<0,001 -0,909 a -0,250 

U26 -0,305 0,093 P<0,002 -0,490 a -0,120 

CONSTANT 61.93 3.62 0.001 54.74 a 69.11 

     



 

                                                                                                                                    32 

 

* The multiple regression model with adjusted R2: 23% in females; p = 0.001 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TOOTH COEFFICIENT STANDARD 

ERROR  

p 95% CONFIDENCE 

INTERVAL  

U13 -0,478 0,117 P<0,001 -0,711 a 0,246 

U23 -0,512 0,146 P<0,001 -0,801 a 0,223 

CONSTANT 49,26 2,61 0,001 44.10 a 54.42 
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II. VERSIÓN INICIAL ENVIADA A PUBLICAR 

Dental age estimation by assessing the pulp volume of five teeth in a Peruvian 

population using cone beam computed tomography images 

Abstract 

Background: Estimation of dental age in living and dead people is very important for 

identification in criminal and civil forensic investigations. The objective of this study was 

to estimate dental age from the dental pulp volume of teeth in a Peruvian population 

sample using cone beam computed tomography (CBCT).  

Methods: The patients included [females (134), males (97), age: 12-60 years] underwent 

CBCT to yield 231 images, which were categorized into five different age groups (12-19, 

20-29, 30-39, 40-49, 50-59, 60 years and older). The dental pulp volume of 1155 teeth 

(upper canines, left upper central incisors, left upper first molars, lower left first 

premolars, first molars) from all the age group categories were analyzed using Romexis® 

5.3.3.5 software.  

Results: There was a reduction in upper right and left canine pulp volume according to 

the increase in age, with pulp volume being lowest in people aged 60 years and over. 

Linear regression analysis of the pulp volume and chronological age showed a coefficient 

of determination of 30%, suggesting a weak correlation.  

Conclusions: A weak correlation between dental pulp and age is suggested. However, a 

large homogenous sample of teeth in different age categories may be able to establish a 

reliable regression equation in future studies. 

Keywords: Forensic science, Forensic dentistry, Age determination by teeth, Cone beam 

computed tomography, Dental pulp, Secondary dentin.  

Estimación de la edad dental evaluando el volumen pulpar de cinco dientes en imágenes 

de tomografías computarizadas de haz cónico en una población peruana 

Resumen 
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Antecedentes: La estimación de la edad dental en personas vivas y cadáveres es muy 

importante para la Odontología Forense, sobre todo en casos de identificación en 

investigaciones legales y sociales. El objetivo del estudio fue estimación de la edad dental 

mediante la medición del volumen pulpar de imágenes dentales en tomografía computarizada 

de haz cónico (TCHC) de adultos peruanos. 

Métodos: Fueron analizadas 231 TCHC de pacientes entre 12 a 60 años a más. [Mujeres 

(134), hombres (97)] se dividieron en seis grupos de edad (12-19, 20-29, 30-39, 40-49, 50-59, 

60 años a más). El análisis volumétrico de la pulpa dental se realizó en un total de 1155 

dientes (caninos superiores, incisivos centrales superiores izquierdos, primeros molares 

superiores izquierdos, primeros premolares inferiores izquierdos y primeros molares), 

mediante el software Romexis® 5.3.3.5.  

Resultados: El análisis de regresión lineal mostró un coeficiente de determinación del 30% 

que sugiere una correlación débil entre la relación del volumen pulpar de los dientes y la 

edad. 

Conclusiones: El volumen pulpar de los caninos superiores derecho e izquierdo disminuyó a 

medida que aumentaba la edad y el volumen pulpar en dientes de personas de 60 años a más 

fue el más bajo. Sin embargo, se pueden proponer estudios futuros para incluir una gran 

muestra homogénea de dientes en diferentes categorías y grupos de edad para confirmar la 

correlación y establecer una ecuación de regresión confiable. 

Palabras clave: Ciencias Forenses, Odontología Forense, Estimación de la edad dental, 

Tomografía computarizada de haz cónico, Pulpa dental, dentina secundaria.  

1. Background 

The estimation of age of living individuals and cadavers is important in cases of civil and 

criminal proceedings, and human identification purposes. Teeth have the hardest tissue 

structure in the human body and are able to resist high physical and chemical stresses for a 
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long time and withstand nutritional deficiencies.(1-4) Hence, teeth are used for dental age 

estimation (DAE) in many forensic applications by varied techniques and aids. In children 

and adolescents, DAE is based on the development and eruption of teeth as opposed to 

methods in adults in whom dental development is complete;(5, 6)However, adult teeth present 

important physiological modifications throughout life, such as the formation of secondary 

dentin which causes a reduction of pulp volume.(7, 8) Therefore, DAE can be performed by 

analyzing dental pulp volume in different age groups, showing a reduction in volume with 

progressing age.(9-11) 

The pulp volume of teeth can be assessed by two-dimensional (2D) and three-dimensional 

(3D) radiographic images including cone beam computed tomography (CBCT), which have 

several advantages. They are minimally invasive, do not require teeth extraction and are 

applicable in different population groups.(12-14) Of the two radiographic methods, 3D-CBCT is 

more accurate as it measures the exact size and volume of the dental pulp, based on voxel 

size, exposure time and equipment accessibility.(15, 16) 

Several authors have attempted pulp cavity assessment for DAE using both 2D and 3D 

methods with promising results. Kvaal et al. (1995) investigated four different pulp tooth 

ratios (pulp-root, pulp-tooth, tooth-root, pulp-root width) on periapical radiographs of 100 

patients. These ratios were measured at three levels in six different types of teeth (maxillary 

central, lateral incisors, and second premolars, mandibular lateral incisors, canines, and first 

premolars) and a significant association was found with the pulp/root and pulp/tooth-ratio 

with advancing age as well as a difference in both width and length ratios. Additionally, the 

ratios of all six teeth presented a linear regression of (R2=0.76) for age, demonstrating that 

pulp volume may explain about 75% of the variation in age.9 In 2004, Vandevoort et al. used 

micro-computed tomography (CT) of 43 single root teeth for calculating the pulp and tooth 

volume ratio and found a weak association (R2=31%) between biological age and volume 
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ratio.(17)  A recent study by Asif et al. (2019) estimated pup volume of maxillary central 

incisors and right and left canines on CBCT scans of 300 intact teeth classified into 5 age 

groups from 16-65 years. They concluded that there was a strong correlation with age in the 

order of maxillary right central incisors (r=0.83), right canines (r=0.74), and left canines 

(r=0.73), but the difference between males and females was not statistically significant.(7) In 

2019, Kazmi et al. used CBCT images of maxillary and mandibular canines of 368 females 

and 349 males in the different age groups of 15 and 65 years to estimate the association of 

pulp volume as well as the influence of sex for age prediction. They found mandibular canine 

pulp volume and sex as strong predictors in the regression equation formulated for estimating 

age (R2=0.33).(18)  

Although previous literature has shown a strong association between pulp volume and age, a 

major limitation is the use of different categories of representative teeth from different 

individuals. Hence, the current study utilized CBCT scans of five categories of teeth from the 

same individuals for age estimation in a Peruvian population. 

 

2. Methods 

Study Design and Ethical Approval: This was a retrospective, cross‐sectional, 

observational study. Ethical approval was obtained from the institutional committee of 

research ethics (Record No. 230 CIEI-Scientific-2019).  

A pilot study was carried out using 30 CBCT images for pulp volume assessment for 

calibration purposes. The readings were performed by 2 operators (JS and EA), primarily led 

by operator JS, who is an expert in radiographic interpretation of CBCT. The volumetric 

assessment was repeated by operator JS 2 weeks later.  Intra-class correlation coefficient 

(ICC) analysis was performed to determine intra-examiner, and inter-examiner reliability. 

The ICC results were greater than 0.90, indicating excellent reliability. 
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Study sample: The study sample consisted of CBCT records of patients who attended 

a private oral and maxillofacial facility from 2018 to 2019. All the records of 231 patients 

were included in the study comprising 134 females and 97 males (12-60 years old). CBCT 

images of these patients were further categorized into six sub-groups, as described  

elsewhere. (7, 8, 9, 11-15,19) 

The groups were classified into six groups according to age as follows: 

Group 1: 12-19 years (y) 

Group 2: 20-29 y 

Group 3: 30-39 y 

Group 4: 40-49 y 

Group 5: 50-59 y 

Group 6: 60 y and older. 

From each CBCT image, 5 teeth were selected for volumetric measurement of the dental 

pulp, resulting in a total sample of 1155 teeth. The five teeth studied in each CBCT image 

were: the upper right canine (U13), upper left central incisor (U21), upper left canine (U23), 

upper left first molar (U26) and lower left first premolar (L34), as described 

previously.(7,9,17,18) 

Inclusion criteria: The inclusion criteria for the teeth were: having a high resolution image, 

known chronological age, availability of the five teeth under study, teeth in good condition 

(no caries, no associated pathologies) and fully developed roots. 

All the images were obtained from Pro 3D Mid CBCT unit (PlanMecaR, Helsinki, Finland) 

using a 150-to-200-micron voxel size, 90KVp tube current, 10 mA tube voltage with time 

exposure of 13.5 seconds. Data files were imported to the Romexis®5.3.3.5 software (MecaR 

Plan, Helsinki, Finland), and each image was oriented into axial, coronal and sagittal planes. 

The pulp cavity was delimited manually using the different values of the default threshold in 
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order to detect the borders (highest) of the pulp cavity; as a result, the software did not detect 

minimal details in the root structure. Each tooth was measured for pulp volume by the 

software for 30 minutes, and the volume was automatically individually calculated in mm3. 

Statistical analysis 

The statistical program STATA 14.0 was used for data analysis. A descriptive analysis of the 

response variable (tooth pulp volume) was calculated using summary measures for numerical 

variable: mean and standard deviation (SD). Multiple linear regression was performed to 

determine the predictor variables of the patient's age. In addition, multiple linear regression 

analysis was performed to determine the predominance of one sex according to age. The level 

of significance was 5%. 

3. Results 

The response variable was calibrated by the ICC in 30 selected CBCT. It depicted the intra-

examiner reliability for U13, U21, U23, U26, L34 to be 0.984, 0.997. 0.996, 0.997 and 0.995 

respectively and the inter-examiner reliability for U13, U21, U23, U26, L34 as being 0.917, 

0.956, 0.987, 0.997 and 0.985, respectively. 

Sex-based differences in pulp volumes (Table 1): The average pulp volume in males was 

greater than in females for all the representative teeth. Of all the teeth, the average pulp 

volume of U23 in men was the highest (20.54 mm3) compared to women (17.31 mm3) 

Inter-group differences in pulp volume (Table 1): The pulp volume of U13 was highest 

(26.76 mm3) in Group 1 and lowest (11.90 mm3) in Group 5 compared to the other age 

groups.  Similar results were seen in U23, in which the pulp volume was highest (27.60 mm3) 

in Group 1 and lowest in Group 5 (11.70 mm3). However, in U26, the pulp volume was 

highest in Group 1 (30.79 mm3) and lowest in Group 4 (17.21 mm3). There was a statistically 

significant difference between the pulp volume of U13, U23, L34 and sex and between U13, 

U21, U23, U26, L34 and all age categories. Additionally, statistically significant differences 
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were also found in the pulp volume of U13 between Group 1, Group 4, and Group 5; of U13 

between Group 2, Group 4, and Group 5; and in U23 between Group 1 and Group 4, Group 5.  

A multiple linear regression equation was developed from predictive variables associated 

with U13, U21, U23 and U26 to estimate the age of the patients. The independent variables 

that contributed to the model were U13 (P < 0.001, confidence interval [CI] -0.573 to -0.180), 

U21 (P < 0.001, CI -0.674 to -0.193), U23 (P < 0.008, CI-0.495 to -0.073) and U26 (P < 

0.033, CI -0.270 to -0.011). At an adjusted R2 of 30% (p = 0.001) (Table 2), the equation was 

as follows:  

Age = 55.616-0.376 (U13) -0.434 (U21) -0.284 (U23) -0.141 (U26). 

Another multiple regression equation was created to estimate the age in me, based on 

predictive variables of the pulp volume of the teeth, U13, U21, U23 and U26. The 

independent variables that contributed to the model were U21 (P < 0.002, CI -0.909 to -

0.216), U23 (P < 0.001, CI -0.909 to -0.250), and U26 (P < 0.002, CI -0.490 to -0.120). At an 

adjusted R2 of 42% (Table 3), the model was not predictive, showing only an association 

with age. The equation was as follows: 

Male Age = 61.926-0.563 (U21) -0.579 (U23) -0.305 (U26). 

For the estimation of age in women, a separate multiple linear regression equation was 

formulated based on certain predictive variables of the pulp volume of the teeth; U13 (P 

<0.001, CI -0.711 to 0.246), U21 (P <0.001, CI -0.801 to 0.223). At an adjusted R2 of 23% 

(Table 4), the model was not predictive, and was only associated with age. The equation was 

as follows: 

 Female age = 49.263-0.478 (U13) -0.512 (U21). 

4. Discussion 

Measurement of dental pulp size by CBCT is an established non-invasive age estimation 

technique for adults which allows accurate measurement of changes in pulp volume as a 
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consequence of secondary dentin deposition with advancing age.(12, 19) This affordable 

technique uses low-dose radiation and produces high-resolution images.(3, 20) Analysis of the 

volume of dental pulp and the pulp chamber is more reliable than area calculation as 

secondary dentin formation may give an incorrect projection of irregularity due to 

discontinuity. In the present study image projection and analysis of CBCT images of teeth for 

pulp volume measurement was carried out in approximately 30 minutes per tooth unlike other 

studies, in which the estimated evaluation time of pulp volume evaluation was much longer.(7, 

12, 21) 

The upper canines, left upper central incisor, and lower left premolar were chosen for 

evaluation because they have a simpler, straighter root anatomy and a wider pulp cavity 

compared to the lower incisors, and these teeth have been used in many studies.(18, 19, 22,23) 

These characteristics facilitate the delimitation of the pulp cavity, allowing accurate and rapid 

analysis and measurement of pulp volume. The upper molar was also included in the analysis 

as it presents the widest pulp chamber. The deposition of secondary dentin in the wide pulp 

chamber of the molars causes a reduction in its volume with age and can be a good predictor 

of patient age.(3-6,12,15, 22, 23) 

The current study included teeth from patients without systemic diseases and dental 

restorative treatments as they may influence pathological formation of secondary dentin. The 

same inclusion criteria have also been used in previous studies.(24,25) 

Previous studies have shown that CBCT is successful in the analysis of pulp volume of single 

and multi-rooted teeth.(12, 15, 26)The present study showed that the pulp volume of the upper 

canines decreased as age increased, in accordance with the results of previous studies 

confirming a reduction in volume of the lower and upper canines over time.(19, 23, 27)The pulp 

volume of teeth in Group 5 (aged 60 years and above) was the lowest, in agreement with the 

results of previous studies.(12, 26, 28) In contrast, a study  carried out by Oi et al. in 2004 
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demonstrated that the pulp volume of the upper first premolars showed a large decrease in 

individuals aged between 20 and 40 years but beyond that age, there was no significant 

reduction.(29) 

In the present investigation, 30% of the variability according to patient age can be explained 

by the pulp volume of the U13, U21, U26. In 2006, Yang et al. analyzed the upper central 

incisors, upper canines, and left lower canine, and obtained a coefficient of determination 

(R2) of 31%. (30) In 2011, Jagannathan et al. evaluated the lower canines resulting in an R2 = 

39.7%. (19) In the same year, Star et al. evaluated the incisors (R2 = 41%), canines (R2 =7%), 

and premolars (R2=23%).(12)Porto et al. Analyzed the upper central incisors, resulting in 

R2=21%, and reported that this weak correlation between pulp volume and age was probably 

due to the formation of secondary dentin by external stimuli.(8) Therefore, as dental 

development is complete, the ability to accurately estimate dental age is reduced, due to 

degenerative changes in the teeth such as attrition, abfraction, erosion.  

The regression equations generated in the current study to estimate dental age in men and 

women used different teeth with determination coefficients (R2) of 42% and 23%, 

respectively. Similar regression equations have been generated in previous studies.(4, 5, 12, 19) 

However, few studies have reported a higher coefficient of determination for women in 

contrast to the results of the current study..(4, 8, 12, 15) This may be due to a smaller sample size 

of the teeth in our study, which is one of the limitations of the current study. 

The equation variables generated in the present study are age and pulp volume of the upper 

canines, left central incisor, and left upper first molar. However, since the coefficient of 

determination (R2) is low, it is not useful for the prediction of age and can be used only for 

association. The lower left premolar did not contribute to the generation of the linear 

regression equation model, and was, therefore, not included in the equation. In addition, there 

was no linearity between any of the independent variables. 
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In a similar study by Porto et al. in 2015 including 118 central incisors across 5 age groups 

with CBCT images in a Brazilian population, there was a weak correlation of age with the 

pulp/tooth volume ratio with a low coefficient of determination (R2) of 21%. This is similar 

to the results of our study which also showed a low predictive value and, hence, a weak 

correlation between pulp volume and age. 

Our study has a few limitations, including the difficulty in finding images of patients with all 

their teeth, especially in adult patients. However, it is important to mention that the use of the 

CBCT made it possible to achieve reliable and high-quality samples. Another limitation was 

the variability in the size of the teeth studied, causing disparity in the sizes of the pulp 

cavities as well as an unequal distribution of participants in the different age groups. Further 

studies should include a larger sample of individual age groups and study similar categories 

of teeth for uniformity and better reproducibility. 

5. Conclusions 

The present investigation analyzed the relationship between chronological age and dental 

pulp volume in five categories of teeth in the same adult individual.  

The following conclusions were drawn: 

1. Linear regression model models for the estimation of age using pulp volumes of 

multiple teeth were generated, independently of the tooth evaluated and sex. Separate 

equations for males and females were also formulated but showed a low predictive 

value. 

2. The pulp volume of the upper right and left canine decreased as age increased. The 

results show that the pulp volume of the teeth of people aged 60 years and over was 

the lowest among all the teeth evaluated. 
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3. A low coefficient of determination (R2) of 30% indicated a low predictive value of 

independent variables of pulp volumes of respective teeth, also suggesting a weak 

association between pulp volume and age. 

Further research is needed to confirm the reproducibility of the model and obtain a 

reliable formula in a sample with a greater distribution and more homogeneity. 

List of abbreviations 

CBCT (cone beam computed tomography) 

DAE (dental estimation) 

2D (two-dimensional) 

3D (three-dimensional) 

R2 (coefficient of determination) 

r (correlation) 

ICC (intraclass correlation coefficient) 

SD (standard deviation) 
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Table 1:  Descriptive evaluation of pulp volumes measured in mm3 with the mean and standard deviation (SD) of the right upper canine 

(U13). Upper left central incisor (U21). Upper left canine (U23).  Upper left molar (U26). And lower left first premolar (L34) according to 

sex and age group.  

 

*Student’s t-test for independent samples 

**Kruskal-Wallis test 

Different lowercase letters imply statistical significance

Variable  U13 U21 U23 U26 L34 

         Mean ± SD      Mean ± SD 

 

      Mean ± SD 

 

     Mean ± SD 

 

       Mean ± SD 

Sex Female 17,31±9,49 14,11 ±7,63 17,36±9,09 22,24±11,95 13,75±7,35 

 Male 20,54±8,42 15,95±8,00 20,81±8,68 25,75±13,54 16,06±8,13 

p-value  0.003* 0.060* 0.001* 0.066* 0.034* 

           

 12-19 26,76±6,70a 22,77± 4,31a 27,60±6,21a 30,79±9,32a 21,30±3,89a 

Age  20-29 16,77±8,51a 12,69 ±5,97a 16,35 ±7,75ab 20,75±11,78a 12,83±6,62ab 

(years) 30-39 17,68 ±9,15ac 13,04 ±8,89a 16,60 ±8,86ab 23,81±11,28a 12,85±8,65ab 

 40-49 14,87 ±7,98bc 12,80 ±6,70a 16,09 ±7,94b 22,44±15,99b 13,64 ±7,41b 

 50-59 16,75 ±7,49bc 12,36 ±6,62a 17,00 ±8,32b 17,21±8,64a 12,11 ±7,61b 

 60 + 11,90 ±7,78ab 8,70 ±4,74a 11,70 ±5,38ab 23,90±17,58ab 9,80 ±7,12ab 

p-value  p<0.001** p<0.001** p<0.001** p<0.001** p<0.001** 
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Table 2: Multiple linear regression model to estimate age based on pulp volume 

(mm3) of the right upper canine (U13). Upper left central incisor (U21). Upper left 

canine (U23). And upper left molar (U26).  

 

 

* The multiple linear regression model had an adjusted R2: 30%, p = 0.001 

 

 

 

Table 3: Multiple linear regression model to estimate age in men based on the pulp 

volume (mm3) of the upper left central incisor (U21). Upper left canine (U23). And 

upper left molar (U26). 

 

 

 

* The multiple regression model had an adjusted R2: 42% in males; p = 0.001 

 

 

 

 

 

 

 

 

 

 

 

TOOTH COEFFICIENT STANDARD 

ERROR  

p 95% CONFIDENCE 

INTERVAL  

 U13 -0,376 0, 099 P<0,001 -0,573 to -0,180 

 U21 -0,434 0,122 P<0,001 -0,674 to -0,193 

U23 -0,284 0,107 P<0,008 -0,495 to -0,073 

U26 -0,141 0,066 P<0,033 -0,270 to -0,011 

CONSTANT 55, 62 2,41 0.001 50,86 to 60,37 

TOOTH COEFFICIENT STANDARD 

ERROR  

p 95% CONFIDENCE 

INTERVAL  

 U21 -0,563 0,174 P<0,002 -0,909 a -0,216 

U23 -0,579 0,166 P<0,001 -0,909 a -0,250 

U26 -0,305 0,093 P<0,002 -0,490 a -0,120 

CONSTANT 61.93 3.62 0.001 54.74 a 69.11 
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Table 4: Multiple linear regression model to estimate age in women based on the pulp 

volume (mm3) of the right upper canine (U13). Upper left canine (U23).  

 

 

 

 

 

 

* The multiple regression model with adjusted R2: 23% in females; p = 0.001 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TOOTH COEFFICIENT STANDARD 

ERROR  

p 95% CONFIDENCE 

INTERVAL  

U13 -0,478 0,117 P<0,001 -0,711 a 0,246 

U23 -0,512 0,146 P<0,001 -0,801 a 0,223 

CONSTANT 49,26 2,61 0,001 44.10 a 54.42 
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FIGURE LEGENDS 

 
 
 
 

 
Fig. 1 Pulp volume measurement threshold in sagittal,  

coronal and axial views. 

 

 

 

 
                 Fig. 2 Three-dimensional view of pulp volume  

                    measurements of U12, U23, U21 and U26. 
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Fig. 3 Three-dimensional view of pulp volume measurements 

of L34. 
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III. CARTAS DE RESPUESTA A LAS OBSERVACIONES DE LOS REVISORES. 

1. How many investigators analized the sample? Who was the expert or gold 

standard in charge of the callibration process? (not the name but the area of 

expertie) 

The volumetric readings were performed by 2 operators (JS and EA). 

2. In the study sample please explain patientswho attended the private oral and 

maxillofacial facility from which year to which year? 

The study sample consisted of CBCT records of patients who attended a private oral 

and maxillofacial facility from 2018 to 2019. 

3. Were all the exams acquiered with that mA? Even in  the 12-19 age group? 

The CBCT records for the study were selected based on known chronological age and 

the presence of outlined five teeth in high resolution, teeth in good condition (no 

caries or associated pathologies), and no obvious morphological abnormalities. 
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1.    Please specify the age groups, (whether they start from 10-19 or 12-19), as 

discussed in the meeting. Kindly change it everywhere from abstract to material 

methods   

Age groups start from 12 to 19 and have already been corrected in the manuscript that 

was sent in Spanish and English 

2.    Please give the rationale of the distribution of age groups, if previous studies, 

please give relevant references 

In the third set of materials and methods we find the references …A number of 231 

CBCT images of patients female (134) and male (97) between aged 12 to over 60 years 

was categorized into six groups, considering the age of sub adults with adults and for 

precedents of previous studies (12-19; 20-29; 30-39; 40-49; 50-59; 60 and older) 

(8,9,11-15,19); Volumetric measurements of the dental pulp were made in 1155 teeth 

out of a total of 231 selected CBCT. 

3.    "The upper canines, the left upper central incisor, and the lower-left premolar 

were chosen for evaluation because they have simpler, straighter root anatomy and 

a wider pulp cavity compared to the lower incisor.”, please give appropriate 

references to the choice of teeth for study. Also, no rationale for including upper 

molar has been given. 

In the second paragraph of the discussion are the references to why the choice of 

monoradiculars and molar. 

The upper canines, the left upper central incisor, and the lower left premolar were 

chosen for evaluation because they have a simpler, straighter root anatomy and a wider 

pulp cavity compared to the lower incisors. These characteristics facilitated the 

delimitation of the pulp cavity, making the analysis and measurement of pulp volume 

accurate and fast. The upper molar was chosen in the analysis due to antecedents that 

refer to being a good predictor of the patient's age, since it presents the widest pulp 

chamber, where the formation of secondary dentin is directly related to the decrease in 

the pulp at an older age. (3-6,12,15, 22, 23) 
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IV. VERSIÓN EN ESPAÑOL 

Estimación de la edad dental evaluando el volumen pulpar de cinco dientes en imágenes 

de tomografías computarizadas de haz cónico en una población peruana 

RESUMEN 

La estimación de la edad dental en personas vivas y cadáveres es muy importante para la 

Odontología Forense, sobre todo en casos de identificación en investigaciones legales y 

sociales. El objetivo del estudio fue estimación de la edad dental mediante la medición del 

volumen pulpar de imágenes dentales en tomografía computarizada de haz cónico (TCHC) de 

pacientes peruanos. Fueron analizadas 231 TCHC de pacientes entre 12 a 60 años a más. 

[Mujeres (134), hombres (97)] se dividieron en seis grupos de edad (12-19, 20-29, 30-39, 40-

49, 50-59, 60 años a más). El análisis volumétrico de la pulpa dental se realizó en un total de 

1155 dientes (caninos superiores, incisivos centrales superiores izquierdos, primeros molares 

superiores izquierdos y primeros premolares inferiores izquierdos), mediante el software 

Romexis® 5.3.3.5. El análisis de regresión lineal mostró un coeficiente de determinación del 

30% que sugiere una correlación débil entre la relación del volumen pulpar de los dientes y la 

edad. El volumen pulpar de los caninos superiores derecho e izquierdo disminuyó a medida 

que aumentaba la edad y el volumen pulpar en dientes de personas de 60 años a más fue el 

más bajo. Sin embargo, se pueden proponer estudios futuros para incluir una gran muestra 

homogénea de dientes en diferentes categorías y grupos de edad para confirmar la correlación 

y establecer una ecuación de regresión confiable. 

PALABRAS CLAVE: Ciencias forenses; Odontología forense; Estimación de la edad 

dental; Tomografía computarizada de haz cónico; Pulpa dental; Dentina secundaria. 
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INTRODUCCIÓN 

La estimación de la edad es muy importante para la identificación humana en procesos civiles 

y penales. Los dientes tienen la estructura tisular más dura del cuerpo humano, resisten a altas 

tensiones físicas y químicas, así como las deficiencias nutricionales (1-4). Por ello los dientes 

son muy usados para estimar la edad dental (EED) en muchas aplicaciones forenses mediante 

técnicas y ayudas. En niños y adolescentes la EED se basa en el desarrollo y la erupción de 

los dientes a diferencia de los métodos en adultos donde el desarrollo dental es completo 

(5,6). Sin embargo, los dientes adultos presentan importantes modificaciones fisiológicas a lo 

largo de la vida del individuo, como la formación de dentina secundaria que provoca una 

reducción del volumen pulpar (7,8). Por lo tanto, EED se puede realizar analizando el 

volumen de la pulpa dental en diferentes grupos de edad, mostrando una reducción en el 

volumen con la progresión de la edad (9-11).  

El volumen pulpar de los dientes se puede evaluar mediante imágenes radiográficas 

bidimensionales (2D) y tridimensionales (3D), incluida la tomografía computarizada de haz 

cónico (TCHC). Estas técnicas tienen la ventaja de ser mínimamente invasivas, no requieren 

extracción dental y son aplicables en diferentes grupos poblacionales (12-14). De los dos 

métodos radiográficos las 3D-TCHC es más preciso, porque permite el análisis de lecturas 

exactas y similares al tamaño real del volumen de la pulpa dental, por características del 

tamaño del voxel, tiempo de exposición y accesibilidad del equipo (15,16). 

Estudios previos intentaron estudiar la asociación del volumen pulpar con la edad mediante 

los métodos radiográficos 2D y 3D, pero mostraron resultados contradictorios. Kvaal et al. 

(1995) utilizaron radiografías periapicales para estudiar diferentes proporciones de la  pulpa-

diente (pulpa-raíz, pulpa-diente, diente-raíz, anchura pulpa-raíz) en seis diferentes dientes de 

100 pacientes. Los resultados mostraron una asociación significativa de la relación pulpa-raíz 

y pulpa-diente con la edad avanzada y una regresión lineal de (R²=0,76) con un coeficiente de 

correlación muy alto. Vandevoort et al (2004) utilizaron la tomografía micro-computarizada 

(TC) de 43 dientes con raíz única para calcular la relación de volumen pulpa-diente y 

encontraron una asociación débil (R²=31%) entre la edad biológica y la relación de volumen 

pulpar (17). Asif et al. (2019) evaluaron el volumen pulpar en TCHC de 300 dientes intactos 

clasificados en 5 grupos de edad de 16 a 65 años. Encontraron una fuerte correlación del 

volumen pulpar con la edad para los  incisivos centrales superiores derecho (r = 0,83), 

caninos superiores derecho (r = 0,74) y caninos superiores izquierdo (r = 0,73) (7).  Kazmi et 

al. (2019) utilizaron imágenes TCHC de caninos superiores e inferiores de 368 mujeres y 349 

hombres en el grupo de edad de 15-65 años. Encontraron que al volumen pulpar del canino 

inferior y el sexo como fuertes predictores en la ecuación de regresión de estimación de la 

edad (R²=0,33) (18). 

Aunque la literatura previa ha estudiado la asociación entre el volumen de la pulpa y la edad, 

una limitación importante ha sido el uso de diferentes dientes y grupos de edad en los 

individuos. Por lo tanto, el estudio actual utilizó evaluaciones en TCHC de cinco dientes del 

mismo individuo para la estimación de la edad en una muestra peruana.  
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MÉTODOS 

Diseño del Estudio y Aprobación Ética: Se trata de un estudio retrospectivo, transversal y 

observacional. Se obtuvo la aprobación ética del comité Institucional de Ética de 

Investigación (Registro No.230 CIEI-Científica-2019). 

Previamente se realizó un estudio piloto utilizando 30 TCHC para la evaluación del volumen 

pulpar. Las lecturas volumétricas fueron realizadas por dos operadores y repetidas en un 

intervalo de dos semanas. Se realizó un análisis de coeficiente de correlación intraclase (CCI) 

para determinar la confiabilidad intraexaminador e interexaminador. Los resultados del CCI 

fueron superiores a 0,90, lo que indica una excelente fiabilidad. 

ESTUDIO DE LA MUESTRA 

La muestra del estudio consistió en registros de TCHC de pacientes que acudieron a una 

Instituto de Diagnóstico Maxilofacial privado del 2018 a 2019. El estudio estuvo conformado 

por los registros de 231 pacientes, que incluyeron 134 mujeres y 97 hombres (12-60 años). 

Las imágenes de TCHC de estos pacientes se clasificaron en seis grupos, como se describió 

en estudios anteriores (7, 8, 9,11-15,19). 

Se clasificaron en seis grupos según la edad de la siguiente manera: 

Grupo 1: 12-19 años (a)  

Grupo 2: 20-29 (a)  

Grupo 3: 30-39 (a)  

Grupo 4: 40-49 (a)  

Grupo 5: 50-59 (a) 

Grupo 6: 60 años a más. 

De cada imagen de la TCHC, se seleccionaron 5 dientes para la medición volumétrica de la 

pulpa dental, lo que resultó en una muestra total de 1155 dientes. Los cinco dientes 

estudiados en cada imagen de TCHC seleccionada fueron: El canino superior derecho (U13), 

el incisivo central superior izquierdo (U21), el canino superior izquierdo (U23), el primer 

molar superior izquierdo (U26) y el primer premolar inferior izquierdo (L34), como se 

describió anteriormente (7,9,17,18). 

CRITERIOS DE INCLUSIÓN Y EXCLUSIÓN 

Los registros de las TCHC para el estudio se seleccionaron en función de la edad cronológica 

conocida y la presencia de cinco dientes nítidos en alta resolución, dientes en buen estado 

(sin caries ni patologías asociadas) y sin anomalías morfológicas obvias. 
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PROCESAMIENTO DE IMÁGENES 

La toma imaginológica de las TCHC se realizó utilizando un equipo Pro 3D Mid 

(PlanMecaR, ciudad, Finlandia con un kilovoltaje de 90KV y 10 Ma, tiempo de exposición 

de 13,5 segundos y el tamaño del voxel  fue de 150 a 200 micras. Los archivos de datos se 

importaron para el análisis al software Romexis 5.3.3.5 (Plan MecaR, Helsinki, Finlandia) 

orientando los dientes en los planos axial, coronal y sagital (Figura 1). La cavidad pulpar se 

delimitó manualmente utilizando los diferentes valores del umbral predeterminado para 

detectar los bordes (más altos) de la cavidad pulpar. El software calculó automáticamente el 

volumen de la pulpa dental en mm3. Este procedimiento tomó aproximadamente 30 minutos 

para cada diente. (Figura 2, Figura 3). 

ANÁLISIS ESTADÍSTICO 

Se utilizó el programa estadístico STATA 14.0 para el análisis de datos. El análisis 

descriptivo de la variable respuesta (volumen pulpar del diente) fueron la Media y desviación 

estándar (DE). Se realizó una regresión lineal múltiple para determinar cuáles son las 

variables predictoras (U13, U21, U23, U26 L34, sexo) de la edad del paciente.  Además, se 

realizó un análisis de regresión lineal múltiple según sexo, para determinar si la ecuación 

determina con más precisión la edad en hombres que en mujeres o viceversa. El nivel de 

significancia fue del 5%.  

RESULTADOS 

La variable de respuesta fue calibrada por el CCI en 30 TCHC seleccionados. Se representó 

la fiabilidad intra-examinador para las piezas dentarias U13, U21, U23, U26, L34 mostrando 

valores de 0,984, 0,997, 0,996, 0,997 y 0,995 respectivamente y la fiabilidad inter-

examinador para U13, U21, U23, U26, L34 fueron 0,917, 0,956, 0,987, 0,997 y 0,985, 

respectivamente.  

Se analizó los volúmenes pulpares según el sexo del individuo (Tabla 1): El promedio del 

volumen pulpar en los hombres fue mayor que en las mujeres para todos los dientes 

analizados. El promedio del volumen de la pulpa de U23 en los hombres fue el más alto 

(20,54 mm³) en comparación con las mujeres (17,31 mm³). 

Diferencias intergrupales en volumen de pulpa (Tabla 1): El promedio del volumen de pulpa 

fue mayor en el Grupo 1 y menor en el Grupo 6 para U13, U21, U23, L34, mientras que en 

U26, el volumen de pulpa fue mayor en el Grupo 1 y menor en el Grupo 4. Hubo una 

diferencia estadísticamente significativa entre el volumen pulpar de U13, U23, L34 y sexo, y 

entre todas las categorías de dientes y grupos de edad. 

Se realizó una ecuación de regresión lineal múltiple a partir de variables predictores 

asociadas a U13, U21, U23 y U26 para estimar la edad de los pacientes, con base en el valor 

p y el intervalo de confianza (Tabla 2). Con un coeficiente de determinación ajustado (R²) del 

30% (p=0,001), la ecuación fue la siguiente: 
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Edad= 55.616-0.376 (U13)-0.434 (U21)-0.284 (U23) -0.141 (U26). 

Para estimar la edad en hombres, se formuló una ecuación de regresión lineal múltiple, a 

partir de ciertas variables predictores del volumen pulpar de U13, U21, U23 y U26. Con un 

R² ajustado de 42% (Tabla 3), este valor nos indica que el modelo no fue predictivo, 

mostrando sólo una asociación con la edad. La ecuación fue la siguiente: 

Edad masculina= 61.926-0.563 (U21)-0.579 (U23) -0.305 (U26). 

Para estimar la edad en las mujeres, se formuló una ecuación de regresión lineal múltiple 

basada en variables predictores del volumen pulpar de U13 y U21. Con un R² ajustado del 

23% (Tabla 4), el valor nos indica que modelo no es predictivo y sólo están asociadas con la 

edad. La ecuación fue la siguiente: 

Edad femenina= 49.263-0.478 (U13) -0.512 (U21). 

DISCUSION 

La medición del tamaño de la pulpa dental mediante TCHC es una técnica establecida de 

estimación de la edad no invasiva para adultos, que permite realizar una medición precisa de 

los cambios en el volumen pulpar en relación con el avance de la edad a consecuencia de la 

deposición de dentina secundaria (12,19). Esta técnica utiliza actualmente una dosis de 

radiación baja y capacidad de producir imágenes con alta resolución (3,20). El análisis del 

volumen de la pulpa dental y la cámara pulpar es más confiable, que el cálculo de áreas por la 

formación de dentina secundaria por la proyección incorrecta de irregularidades debido a la 

discontinuidad. En el presente estudio se realizó el análisis de imágenes y la medición del 

volumen pulpar de dientes en TCHC en aproximadamente 30 minutos por diente a diferencia 

de otros estudios, en los que el tiempo estimado de evaluación del volumen pulpar fue mayor. 

(7, 12,21). 

Los dientes U13, U21, U23 y L34 fueron elegidos para evaluación porque tienen una 

anatomía radicular más simple, recta y una cavidad pulpar más amplia en comparación con 

los incisivos inferiores, estos dientes se han utilizado en muchos estudios (18, 19, 22,23). 

Estas características facilitaron la delimitación de la cavidad pulpar, permitiendo que el 

análisis y medición del volumen pulpar sean precisos y rápidos. El diente U26 incluido en el 

presente estudio fue elegida en el análisis por antecedentes que refieren ser buen predictor de 

edad del paciente, por presentar la cámara pulpar más amplia, en donde la formación de 

dentina secundaria está directamente relacionada con la disminución de la pulpa a mayor 

edad. (3-6,12,15,22,23).  

El presente estudio excluyó los dientes de pacientes con enfermedades sistémicas y 

tratamientos restauradores dentales, ya que pueden influir en la formación patológica de la 

dentina secundaria (24,25). 
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En estudios previos, la TCHC ha demostrado tener éxito para el análisis del volumen pulpar 

de dientes uniradiculares y multiradiculares (12, 15,26). El presente estudio mostró una 

reducción del volumen pulpar en los caninos superiores con la edad, en concordancia con  los 

resultados de estudios previos (19,23,27). El volumen pulpar de los dientes en el Grupo 6 (60 

años y más) fue el más bajo en todos los dientes excepto U26, de acuerdo con los resultados 

de estudios previos (12, 26,28). Por el contrario, un estudio realizado por Oi et al en 2004 

evidenció que el volumen pulpar de los primeros premolares superiores mostró una gran 

disminución en los individuos de edades comprendidas entre 20 y 40 años, pero más allá de 

esa edad, no hubo una reducción significativa (29). Esta diferencia puede atribuirse a la 

muestra limitada de dientes premolares en este estudio en comparación con nuestro estudio.  

En la presente investigación, el 30% de la variabilidad de la edad es explicada por el volumen 

pulpar de U13, U21 y U26, este resultado es similar a un estudio previo que obtuvo un 

coeficiente de determinación (R²) del 31% en dónde analizaron los incisivos centrales 

superiores, caninos superiores y canino inferior izquierdo (30). Diferentes dientes dieron 

diversos valores de R² para la edad en distintos estudios, incluyendo caninos inferiores 

(R²=39,7%),(19) incisivos (R²=41%), (12) caninos (R²=7%), (12) y premolares 

(R²=23%)(12). Un R²=21% inferior con los incisivos centrales superiores, reportó una 

correlación débil entre el volumen pulpar y la edad, que probablemente se debió a la 

formación secundaria de dentina por estímulos externos (8). Por lo tanto, a medida que se 

completa el desarrollo dental, se reduce la capacidad de estimar con precisión la edad dental, 

debido a cambios degenerativos en los dientes, como la atrición, abfracción, erosión. 

Las ecuaciones de regresión generadas en el presente estudio para estimar la edad dental en 

hombres y mujeres utilizaron diferentes dientes con un valor R² de 42% y 23% 

respectivamente. Se han generado ecuaciones de regresión similares en estudios previos (4, 

5,12,19). Sin embargo, pocos estudios han reportado un mayor coeficiente de determinación 

para las mujeres en contraste con los resultados del estudio actual (4, 8, 12,15). Esto puede 

deberse a un tamaño de muestra más pequeño de los dientes en nuestro estudio, que es una de 

las limitaciones del actual estudio. 

Las variables de ecuación generadas en el presente estudio están asociadas con la edad y el 

volumen pulpar de los caninos superiores, incisivo central izquierdo y el primer molar 

superior izquierdo. Pero debido al valor R² bajo, no es útil para predecir la edad y solo se 

puede usar para la asociación. Nuestros resultados fueron similares a un estudio previo de 

Porto et al. (2015) que estudió 118 incisivos centrales en 5 grupos de edad que mostraron una 

correlación débil de la relación pulpa/volumen dental con la edad, con R²=21% (8). 

El premolar inferior izquierdo no contribuyó a la generación del modelo de ecuación de 

regresión lineal y, por lo tanto, no se incluyó en la ecuación. Además, no hubo linealidad 

entre ninguna de las variables independientes. 

Nuestro estudio tiene algunas limitaciones. Hubo una distribución desigual de los 

participantes en los diferentes grupos de edad debido a la dificultad para encontrar imágenes  
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de pacientes adultos con todos sus dientes presentes. Además, la variabilidad en el tamaño de 

los dientes estudiados causó disparidad en los tamaños de las cavidades pulpares. Las futuras 

investigaciones deben incluir una muestra más grande de grupos de edad individuales y 

estudiar categorías similares de dientes para la uniformidad y una mejor reproducibilidad.  

CONCLUSIONES 

La presente investigación analizó la relación entre la edad cronológica y el volumen de la 

pulpa dental en cinco categorías de dientes en el mismo individuo adulto.  

Se llegó a las siguientes conclusiones: 

Se generaron ecuaciones de regresión lineal para la estimación de la edad utilizando 

volúmenes pulpares de múltiples dientes independientes del sexo, y también por separado 

para hombres y mujeres. 

Un bajo coeficiente de determinación (R²) de 30% indicó un bajo valor predictivo de las 

variables independientes de los volúmenes de pulpa de los dientes respectivos, lo que 

también sugiere una asociación débil entre el volumen de pulpa y la edad. 

El volumen pulpar del canino superior derecho e izquierdo disminuyó a medida que 

aumentaba la edad. Los resultados muestran que el volumen pulpar de los dientes en personas 

de 60 años o más fue el más bajo entre todos los dientes, excepto U26. 

Se necesita más investigación para confirmar la reproducibilidad del modelo y obtener una 

fórmula confiable con un alto potencial predictivo. 
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TCHC (tomografía computarizada de haz cónico) 

EED (estimación dental) 

2D (bidimensional) 

3D (tridimensional) 

R² (coeficiente de determinación) 

r (correlación) 

CCI (coeficiente de correlación intraclase) 

DE (desviación estándar) 
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FIGURAS Y TABLAS 

 

 

Figura 1. Umbral de medición del volumen pulpar en vistas sagitales, coronales y axiales. 

 

 

Figura 2. Vista tridimensional de las mediciones del volumen pulpar de U12, U23, U21 y 

U26.   
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Figura 3. Vista tridimensional de las mediciones del volumen pulpar de L34 
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Tabla 1: Evaluación descriptiva del volumen pulpar en mm3 con la media y desviación estándar (DE) del canino superior derecho (U13). Incisivo 

central superior izquierdo (U21). Canino superior izquierdo (U23). Molar superior izquierdo (U26). Y primer premolar inferior izquierdo (L34) según 

sexo y grupo de edad. 

Variable  U13 U21 U23 U26 L34 

         Media ± DE      Media ± DE 
 

      Media ± DE 
 

     Media ± DE 
 

       Media ± DE 

Sexo Femenino 17,31±9,49 14,11 ±7,63 17,36±9,09 22,24±11,95 13,75±7,35 
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*Student’s t-test para muestras independientes 

**Kruskal-Wallis test Diferentes letras minúsculas implican significación estadística

 Masculino 20,54±8,42 15,95±8,00 20,81±8,68 25,75±13,54 16,06±8,13 

Valor-p           0.003* 0.060* 0.001* 0.066* 0.034* 

           

 12-19       26,76±6,70a 22,77± 4,31a  27,60±6,21a 30,79±9,32a 21,30±3,89a 

Edad 20-29 16,77±8,51a 12,69 ±5,97a 16,35 ±7,75ab 20,75±11,78a 12,83±6,62ab 

(años) 30-39 17,68 ±9,15ac 13,04 ±8,89a 16,60 ±8,86ab 23,81±11,28a 12,85±8,65ab 

 40-49 14,87 ±7,98bc 12,80 ±6,70a 16,09 ±7,94b 22,44±15,99b 13,64 ±7,41b 

 50-59 16,75 ±7,49bc 12,36 ±6,62a 17,00 ±8,32b 17,21±8,64a 12,11 ±7,61b 

 60 + 11,90 ±7,78ab 8,70 ±4,74a 11,70 ±5,38ab 23,90±17,58ab 9,80 ±7,12ab 

Valor-p  p<0.001** p<0.001** p<0.001** p<0.001** p<0.001** 
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Tabla 2: Modelo de regresión lineal múltiple para estimar la edad basado en el volumen pulpar 

(mm3) del canino superior derecho (U13). Incisivo central superior izquierdo (U21). Canino 

superior izquierdo (U23). Y molar superior izquierdo (U26).  

 

 

 

 

 

 

 

*El modelo de regresión lineal múltiple tuvo un R2 ajustado: 30%, p= 0,001  

 

Tabla 3: Modelo de regresión lineal múltiple para estimar la edad en hombres basado en el 

volumen pulpar (mm3) del incisivo central superior izquierdo (U21). Canino superior izquierdo 

(U23). Y molar superior izquierdo (U26). 

 

 

 

 

 

 

 

* El modelo de regresión múltiple tuvo un R2 ajustado: 42% en varones; p = 0.001 

 

 

TOOTH COEFFICIENT STANDARD 

ERROR  

p 95% CONFIDENCE 

INTERVAL  

 U13 -0,376 0, 099 P<0,001 -0,573 to -0,180 

 U21 -0,434 0,122 P<0,001 -0,674 to -0,193 

U23 -0,284 0,107 P<0,008 -0,495 to -0,073 

U26 -0,141 0,066 P<0,033 -0,270 to -0,011 

CONSTANT 55, 62 2,41 0.001 50,86 to 60,37 

TOOTH COEFFICIENT STANDARD 
ERROR  

p 95% CONFIDENCE 
INTERVAL  

 U21 -0,563 0,174 P<0,002 -0,909 a -0,216 

U23 -0,579 0,166 P<0,001 -0,909 a -0,250 

U26 -0,305 0,093 P<0,002 -0,490 a -0,120 

CONSTANT 61.93 3.62 0.001 54.74 a 69.11 
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Tabla 4: Modelo de regresión lineal múltiple para estimar la edad en mujeres basado en el 

volumen pulpar (mm3) del canino superior derecho (U13). Canino superior izquierdo (U23). 

 

* El modelo de regresión múltiple con R2 ajustado: 23% en el sexo femenino; p=0,001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TOOTH COEFFICIENT STANDARD 

ERROR  

p 95% CONFIDENCE 

INTERVAL  

U13 -0,478 0,117 P<0,001 -0,711 a 0,246 

U23 -0,512 0,146 P<0,001 -0,801 a 0,223 

CONSTANT 49,26 2,61 0,001 44.10 a 54.42 
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V. ABREVIATURAS 

CBCT (cone beam computed tomography) 

DAE (dental estimation) 

2D (two-dimensional) 

3D (three-dimensional) 

R² (coefficient of determination) 

r (correlation) 

ICC (intraclass correlation coefficient) 

SD (standard deviation) 
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VI. ANEXOS 

Anexo 1.  Evidencia de revisión y aceptación para publicación en revista científica. 
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Link de publicación 

El artículo se encuentra publicado en el sitio web de la revista ODOVTOS -International 

Journal of Dental Sciences: https://revistas.ucr.ac.cr/index.php/Odontos/article/view/54932 

 

 

 

 

 

 

 

 

 

 

 

https://revistas.ucr.ac.cr/index.php/Odontos/article/view/54932
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Anexo 2.  Documento de aprobación del comité de ética.  
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Anexo 3.  Resolución Directoral de cambio de título de proyecto de tesis 
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Anexo 4                          

FICHA DE RECOLECCIÓN DE DATOS 

Ficha N°:       Fecha: 

 

Sexo:                                                                        Edad cronológica: 

 

 

PIEZA DENTARIA VOLUMEN PULPAR 

(mm3) 

CANINO SUPERIOR 

DERECHO 

 

 

PIEZA DENTARIA VOLUMEN PULPAR 

(mm3) 

INCISIVO CENTRAL 

SUPERIOR 

IZQUIERDO 

 

 

PIEZA DENTARIA VOLUMEN PULPAR 

(mm3) 

CANINO SUPERIOR 

IZQUIERDO 

 

 

 

PIEZA DENTARIA VOLUMEN PULPAR 

(mm3) 

PRIMERA MOLAR 

SUPERIOR 

IZQUIERDO 

 

 

PIEZA DENTARIA VOLUMEN PULPAR 

(mm3) 

PRIMER PREMOLAR 

INFERIOR 

IZQUIERDO 

 

 


