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Abstract

Purpose: Age estimation is one of the most important procedures used for identifying an individual in medical, forensic andanthropological studies. Anatomical structures such as teeth, vertebra, cranial structures, pelvis are used in the identification ofthe individual. Teeth have been frequently used in age estimation methods because they can remain unchanged for a long timeand they are less affected by external factors than other body structures. The narrowing of the pulp cavity due to the secondarydentin formation with age is an important criterion that is taken into consideration in dental age estimation of adults. The aim ofthis study is to estimate age by performing linear measurements of pulp cavity of the maxillary central and canine teeth accordingto Kvaal’s method on cone beam computed tomography (CBCT) images in a sample of Turkish population.Material and Methods: CBCT images of 74 individuals (37 females, 37 males) aged between 18 and 63 years were evaluatedretrospectively. Linear measurements (the length and width measurements of tooth, root and pulp cavity) of 74 maxillary centraland 74 canine teeth were performed on pseudo panoramic CBCT sections according to Kvaal’s method. The relationship betweenage and morphological variables was calculated by the Pearson correlation analysis. Multiple linear regression models wereestablished for each tooth to estimate the age.Results: As a result of the regression equation analysis developed to estimate age from morphological variables, the standardestimation error for maxillary canine teeth= ±10.42, maxillary canine tooth determination coefficient R2= 0.158; the standardestimation error for maxillary central teeth= ±10.65, maxillary central tooth coefficient of determination R2= 0.131; the standardestimation error for both teeth= ±10.18, both teeth coefficient of determination R2= 0.207.Conclusion: Linear measurements and ratios of pulp cavity of the maxillary central and canine teeth on CBCT images wereinsufficient to estimate the age according to Kvaal’s method in a sample of Turkish population. In future studies, it isrecommended to use different radiographic measurements such as larger sample size or pulp area and pulp volume to increase theaccuracy of age estimation in adult Turkish individuals.
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Introduction

Biological methods such as fingerprints, tooth comparison, andDNA profiling, radiological methods are the main tools for identi-fying a person. 1 Age estimation is one of the most important pro-cedures used for identifying an individual in medical, forensic andanthropological studies. 2 The methods that evaluate tooth and bonedevelopment are frequently used for age determination. The ageof people can be estimated by evaluating structures in differentparts of the body such as epiphysis and metaphysis of bones, su-ture closures of skull bones, costal cartilage, paranasal sinuses andteeth. Teeth have been frequently used in age estimation methodsbecause they can remain unchanged for a long time and they are

less affected by external factors than other body structures. 2–4
Therefore, age determination using teeth is one of the most pre-ferred methods of estimating the age of living people and deadbodies. 2 Many methods have been developed for age estimationfrom teeth. Teeth were generally evaluated morphologically, radio-logically, biochemically and histologically. 2,5,6 Administration ofmethods based on biochemical and histological features of teethis often difficult due to complex laboratory equipment, long timeand tooth extraction requirements. 6 Evaluation of developmentalstages in deciduous and permanent teeth makes it easier to deter-mine the age of children and adolescents, but in adults age estima-tion is more complicated than in younger people due to degenerativechanges in teeth such as periodontitis, secondary dentin formation,
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root resorption and/or tooth erosion. 3,6 Due to the formation of sec-ondary dentin with age, narrowing of the pulp cavity or tooth wearare important criterion that is taken into consideration in dentalage estimation of adults. 4 Many radiographic methods based onmathematical measurements and ratios have been suggested forage estimation. Two-dimensional (periapical and panoramic radio-graphy) and three-dimensional (cone beam computed tomography(CBCT), computed tomography (CT), or micro-CT) radiographytechniques can be used for age estimation using dental structures.And these methods are noninvasive. Two-dimensional radiographshave limited visualization of dental structures due to distortion andsuperimposition. These disadvantages are eliminated by the useof three-dimensional radiography techniques and the measure-ments can be obtained more consistently and accurately. CBCTprovides clinicians accurate anatomical information for diagnosisand treatment planning. There are many studies that have usedCBCT to measure and calculate ratios such as pulp-tooth linearmeasurement ratio, pulp-tooth area ratio, pulp volume and pulp-tooth volume ratio to evaluate the relationship between age andsecondary dentin deposition. 6 Kvaal et al. developed a method fordetermining the chronological age of people from measurementratios by making linear measurements on periapical radiographsof maxillary central, lateral, second premolars and mandibular lat-eral, canines and first premolars teeth. 7 The aim of this study is toestimate age by performing linear measurements of pulp cavity ofthe maxillary central and canine teeth according to Kvaal’s methodon CBCT images in a sample of Turkish population.

Methods

This study was approved by the Clinical Ethics Committee of Su-leyman Demirel University, Faculty of Medicine (approval number2021/266). Archival CBCT images of patients who were admitted tothe Suleyman Demirel University, Faculty of Dentistry, Departmentof Dentomaxillofacial Radiology between the year 2013 and 2017were retrospectively screened. CBCT images (Planmeca Promax3DMid, Helsinki, Finland, 2011; maxilla tomography) of right orleft maxillary central incisor and canine tooth of patients over theage of 18 was included in the study. The maxillary central incisorand canine tooth that have good image quality without artifacts,no caries, no dental restorations, no root resorption or apical le-sion, no periodontal disease, no previous orthodontic, prosthodon-tic or endodontic treatment, no developmental and morphologicalanomalies such as pulp stone and canal calcification were includedin the study. Considering these criteria, images of 74 patients (37female, 37 male) aged between 18 and 63 years were evaluated inthis study. Linear measurements of pulp cavity of maxillary centralincisor and canine tooth were made on pseudo panoramic CBCTsections using Kvaal’s method. The study was performed by a oneobserver using Romexis software of the CBCT device. Thirty-fivepercent of the measurements were repeated by the same observerfifteen days after the initial measurements to assess intra-observerconsistency. According to Kvaal’s method described by Kvaal etal. 7 the following measurements were made on the CBCT pseudopanoramic images of the maxillary central and canine teeth (Figure1). T: Maximum tooth length/root length P: Pulp length/root lengthR: Pulp length/maximum tooth length A: Pulp width at the cemen-toenamel junction/ tooth width at the cementoenamel junction B:Pulp width a in the middle of the distance between the middle of theroot and the cementoenamel junction / tooth width in the middle ofthe distance between the middle of the root and the cementoenameljunction C: Pulp width at the midpoint of the root/ tooth width atthe midpoint of the root M (The mean of all ratios): (P+R+A+B+C)/5W (The mean of width ratios of B and C): (B+C)/2 L (Mean of lengthratios): (P+R)/2 The applied method was made to be the same forboth teeth. The maxillary central incisor or maxillary canine toothwas determined and the long axis of the tooth was adjusted perpen-

Figure 1. Diagram showing the ratios used on the radiographs according to Kvaal et
al. 7 T: tooth/root length ratio; P: pulp/root length ratio; R: pulp/tooth length ratio;
A: ratio between width of pulp and root at cementoenamel junction; B: ratio between
width of pulp and root at midpoint between levels C and A; C: ratio between width of
pulp and root at mid-root level

dicular to the horizontal plane in the sagittal section (Figure 2). Apanoramic curve was drawn passing through the coronal pulp ofthe teeth in the axial section and dental measurements performedon the formed pseudo panoramic image (Figure 3). This methodprovides standardization for the evaluation because the root andcrown of the teeth could be observed on the same image at thesame plane for each measurement. In addition, standardizationwas achieved in image resolution without changing the contrast inall images. The relationship between age and morphological vari-ables was calculated by the Pearson correlation analysis. Multiplelinear regression models were established for each tooth to estimatethe age.

Results

The correlation between chronological age and measurement ratiosof pseudo panoramic CBCT sections according to the Kvaal’s methodis shown in Table 1. The formula in the created model accordingto the Kvaal’s method is shown below: Age=[24.987-67.473 X Ca-nine (W-L)]-[28.491 X Central Incisor (T)] The multiple regression
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Figure 2. Adjusting the long axis of the tooth perpendicular to the horizontal plane
in sagittal section at the beginning of the evaluation process.

Table 1. Correlation between chronological age and the CBCT imagemeasurement ratios according to Kvaal’s method
Values

Maxillary central incisor tooth

Correlation coefficient (r)

Maxillary canine tooth

Correlation coefficient (r)
M -0.173 -0.217*
W -0.126 -0.342**
L 0.154 0.175
P 0.035 0.082
R 0.242* 0.250*
A -0.209* -0.119
B -0.088 -0.292**
C -0.253 -0.298**

W-L -0.152 -0.397**
P: pulp/root length ratio; R: pulp/tooth length ratio; A: ratio between width of pulp
and root at cementoenamel junction; B: ratio between width of pulp and root at
midpoint between levels C and A; C: ratio between width of pulp and root at mid-root
level; W: mean value of width ratios from levels B and C; L: mean value of the length
ratios P and R; M: mean value of all ratios.
* Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level.

analysis that was done in order to estimate age from morphologi-cal variables resulted in maxillary canine tooth standard error ofestimate=±10.42, the maxillary canine tooth coefficient of deter-mination R2= 0.158; for the maxillary central tooth standard errorof estimate=±10.65, coefficient of determination R2 = 0.131; andfor the both teeth standard error of estimate=±10.18, coefficient ofdetermination R2 = 0.207. The predictive power of the models wasfound to be low.
All experience indicates that distance education will be morethan a necessity in the coming period. Especially, ensuring thecontinuity of service and education is very important in maxillofa-cial radiology, which is an indispensable branch for the scientificcontinuity of dentistry. Data obtained as a result of studies showedthat distance education still has shortcomings in radiology prac-tical training. Despite some drawbacks, the integration of onlinelearning into radiology education should be utilized rapidly. It isinevitable to change hygiene habits after the pandemic and to makenecessary changes in maxillofacial radiology education.

Discussion

The methods used in age determination are generally radiological,histological, or biochemical. Radiological methods have advantagessuch as being easy to implement, they are fast, economical and

non-invasive. 2,6 Dental age estimation can be made by examin-ing the developmental stages and eruption status of the teeth inindividuals whose tooth development is incomplete, and the age-related changes of teeth in individuals whose tooth developmentis complete. 3 Dental evaluations can be made by considering sec-ondary dentin apposition and narrowing of the pulp cavity in agedetermination. 2 Kvaal et al. 7 first developed a method on a Nor-wegian sample for estimating age from measurements of lengthand width of the pulp cavity and tooth under a stereomicroscopeusing six tooth groups (mandibular lateral incisors, canines andfirst premolars and maxillary central and lateral incisors and sec-ond premolars) on periapical radiographs. They obtained a highcorrelation between the rates obtained as a result of the measure-ments and the age, and they created a regression model to estimatethe age of the individuals whose age is unknown. They suggestedthat the created formula should also be evaluated in different popu-lations. The accuracy of the Kvaal’s method has been investigatedin various populations in the literature. 2–4,6,8–10 Bosmans et al. 8
(Caucasian individuals), Roh et al. 9 (Korean individuals), Akay etal. 2 (Turkish individuals), Misirlioglu et al. 4 (Turkish individuals),Erbudak et al. 3 (Turkish individuals) and Aydin et al. 6 (Turkishindividuals) evaluated the applicability of the Kvaal’s method forage estimation in different populations. In our study, we evalu-ated the applicability of the Kvaal’s method in Turkish individuals.In Kvaal’s original study, six tooth groups (mandibular lateral in-cisors, canines and first premolars and maxillary central and lateralincisors and second premolars) were included. In studies usingthe Kvaal’s method, six teeth 2,3,8, four teeth 4 or a single tooth 5,6
were evaluated and regression models were created. We includedthe maxillary central and canine teeth in our study, since the pulpcavity dimensions are observed more clearly than the teeth witha smaller pulp area and they are generally single-rooted. Manystudies have been made on panoramic and periapical radiographsto estimate age according to Kvaal’s method and different resultshave been reported. 2–10 Bosmans et al. 8 tried to estimate age usingthe Kvaal’s method on panoramic radiographs instead of periapicalradiographs. According to the reported Kvaal’s method, maxillarycentral, lateral incisor, second bicuspid; and mandibular lateral in-cisor, cuspid and first bicuspid teeth were selected on the panoramicradiograph. Their results were similar to the study of Kvaal et al. 7
and they stated that there was no significant difference betweenthe application of the original technique on periapical radiographsor panoramic radiographs, especially when measurements weremade in all six selected teeth. Misirlioglu et al. 4 found similar re-sults with the original research of Kvaal’s method by using digitalpanoramic radiographs of a Turkish population and found thatthe pulp width was a better age indicator than the pulp length ofmaxillary canine teeth. Erbudak et al. 3 also evaluated the corre-lation between chronological and estimated age using the linearregression models presented by Kvaal et al. 7 and found that pulpcavity measurements on panoramic radiographs were insufficientto precisely estimate the age of Turkish individuals. Roh et al. 9
measured the tooth, root and pulp length and width of six toothtypes (maxillary central incisor, lateral incisor, second premolar,mandibular lateral incisor, canine and first premolar) in Koreanindividuals using the Kvaal’s method on digital panoramic radio-graphs. As a result of their studies, they reported that it would beappropriate to evaluate the width of tooth, root and pulp parame-ters without the length ratios. Sharma and Srivastava 10 reportedthat age estimation can be used in their study where they evaluatedthe applicability of the Kvaal’s method to estimate the age of adultsusing digital periapical radiographs. However, two-dimensionalimaging methods have disadvantages such as magnification anddistortion to evaluate pulp cavity in three-dimensional imaging.For this reason, the Kvaal’s method has also been applied to CBCTimages in some studies, and different results have been reportedabout the applicability of the Kvaal’s method to the studied teethand population in these studies. We also used CBCT images of max-
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Figure 3. Drawing a panoramic curve passing through the coronal pulp of the teeth in the axial section and obtaining a pseudo panoramic image

illary central and maxillary canine teeth in our study. Similar toour study, Adisen et al. 5 performed linear measurements of thepulp cavity of fully erupted maxillary canines in CBCT panoramicsections according to the Kvaal’s method in their study. Adisen etal. 5 stated that B and T variables had the highest correlation withthe age in linear measurements in the CBCT panoramic section,and they developed a separate regression model using these twovariables. In our study, the W-L value was found to have the highestcorrelation with age in linear measurements in the CBCT panoramicsection. The difference of our study results was thought to be due tothe size of the population and the difference in the standardizationmethods of the radiographic images. In a different study CBCT im-ages of 211 single rooted permanent extracted teeth were evaluated.According to Kvaal’s method linear measurements and ratios onCBCT images were performed and it was found to be insufficientto estimate the age of the Turkish population. 2 In our study, theKvaal’s method applied on maxillary central incisor and maxillarycanine teeth on CBCT images was found to be insufficient to es-timate the chronological age in a Turkish subpopulation as Akayet al. 2 reported. Since our study was performed on unextractedteeth, only CBCT pseudo panoramic images were evaluated in orderto provide standardization between images in the determinationof measurement points. In addition, due to the small number ofteeth used in the study, the data obtained as a result of the studymay not provide sufficient information about the general Turkishpopulation. The results that differ between these similar studiesmay be caused by the differences in imaging techniques, prepara-tion of image sections, quality of the image, characteristics of thecomputer used, and environmental conditions. The difference inthe results of the studies was thought to be due to the effects ofsecondary dentin apposition by many factors such as race, ethnic-ity and diet. The measurements of tooth length, root length andpulp width used in Kvaal’s method is directly affected by the dentalattrition and aging of the teeth. Therefore, the evaluated samplesize should be increased in order to decrease the impact of externalfactors causing dental tissue changes like attrition, erosion andpulp cavity narrowing. The differences between study results canalso be related to the difference of evaluated population size and thenumber of the teeth.

Conclusion

Linear measurements and ratios of pulp cavity of the maxillarycentral and canine tooth on CBCT images were insufficient to esti-mate the age according to Kvaal’s method in a sample of Turkishpopulation. In future studies, it is recommended to use differentradiographic measurements on CBCT images with a larger samplesize to increase the accuracy of age estimation in adult individuals.None
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