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Abstract 

Background: Chronological age does not always accurately reflect biological maturation in children, 

particularly in the presence of systemic diseases. Dental age assessment is widely used as a biological 

maturity indicator; however, the effect of juvenile diabetes mellitus on dental maturation remains 

insufficiently clarified, with inconsistent findings reported across populations. Objective: This study 

aimed to compare dental age estimated using the Demirjian method with chronological age in 

children with juvenile diabetes and in age- and sex-matched healthy controls. Materials and 

Methods: This observational comparative study included panoramic radiographs from 30 children 

aged 8–15 years: 15 patients diagnosed with juvenile diabetes mellitus and 15 systemically healthy 

controls, all presenting Angle Class I malocclusion. Dental age was assessed using the Demirjian 

method and compared with chronological age. Appropriate parametric or non-parametric statistical 

tests were applied based on data distribution. Results: Children with juvenile diabetes exhibited a 

statistically significant advancement in dental age relative to chronological age, with a mean DA–CA 

difference of 1.36 years (p = 0.0066). No statistically significant differences between dental and 

chronological age were observed in the control group. Sexual dimorphism was evident from crown 

completion stages onward, with females demonstrating earlier dental maturation. Conclusions: 

Juvenile diabetes mellitus is associated with accelerated dental maturation. These findings have 

clinical implications for orthodontic treatment timing and growth assessment and indicate a potential 

risk of age overestimation in forensic contexts. Dental age should therefore be interpreted alongside 

skeletal and chronological indicators, particularly in pediatric patients with systemic metabolic 

conditions. 

Keywords: dental age estimation; Demirjian method; juvenile diabetes mellitus; biological 

maturation; orthodontic treatment timing 
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1. Introduction 

Accurate assessment of growth and maturation in children and adolescents is fundamental to 

clinical decision-making in dentistry, orthodontics, pediatrics, and forensic science [1,2]. Although 

chronological age (CA) is widely used for administrative, legal, and clinical purposes, it frequently 

fails to reflect an individual’s true developmental status [3]. Biological maturation is a complex and 

heterogeneous process influenced by genetic, nutritional, environmental, and systemic factors, 

resulting in substantial inter-individual variability and frequent divergence from CA [3,4]. Moreover, 

growth does not proceed uniformly across biological systems; skeletal, dental, somatic, and sexual 

maturation follow distinct developmental trajectories, as demonstrated by classical growth models 

proposed by Scammon, Tanner, Hägg, and Taranger [5–7]. Consequently, chronological age may lead 

to inaccurate diagnoses or suboptimal timing of therapeutic interventions, particularly in growth-

dependent disciplines such as orthodontics [8]. 

For these reasons, biological age indicators have gained increasing prominence as more reliable 

tools for assessing developmental status. Among these, dental age (DA) is regarded as one of the 

most robust and reproducible markers of biological maturation [9,10]. Dental development—

particularly tooth calcification—is a genetically regulated and continuous process extending from 

crown initiation to root apex closure. Compared with skeletal maturation, dental mineralization is 

relatively resistant to the effects of malnutrition, hormonal imbalance, and environmental stressors 

[11]. This relative biological stability makes DA estimation especially valuable in children affected by 

systemic diseases or growth disturbances, in whom other maturity indicators may be altered or 

unreliable [11,12]. 

Dental age assessment has broad clinical and scientific applications. In pediatric dentistry, it 

supports preventive strategies, monitoring of eruption patterns, and interceptive treatment planning 

[13–15]. In orthodontics, DA contributes to identifying critical developmental phases relevant to 

orthopedic and orthodontic interventions, thereby optimizing treatment timing in relation to 

craniofacial growth [2,16,17]. In pediatrics and endocrinology, dental maturation serves as a 

complementary indicator for evaluating growth disorders and monitoring systemic conditions [18–

20]. Additionally, DA estimation plays a pivotal role in forensic science for determining the age of 

unidentified minors and human remains [21,22], as well as in anthropology and archaeology for 

reconstructing growth patterns in past populations [23–26]. 

Numerous methods have been proposed for estimating dental age. Early approaches based on 

clinical tooth eruption proved unreliable due to their susceptibility to local and environmental 

factors, such as premature tooth loss, impaction, ankylosis, and crowding [27,28]. Consequently, 

radiographic assessment of tooth calcification has become the preferred approach [29,30]. Among the 

various radiographic methods described in the literature—including those developed by Nolla [1], 

Cameriere et al. [31–33], and Willems [32]—the method introduced by Demirjian, Goldstein, and 

Tanner in 1973 remains the most widely used and extensively validated worldwide in both clinical 

and research contexts [1,10,33–35]. 

The Demirjian method is based on the systematic evaluation of tooth calcification stages, which 

reflect a genetically regulated and biologically stable process less susceptible to environmental and 

systemic influences than tooth eruption or skeletal growth. It assesses the developmental stages (A–

H) of seven permanent mandibular teeth, excluding the third molar, using panoramic radiographs. 

Sex-specific maturity scores are assigned to each tooth and subsequently converted into an estimated 

dental age [1,10,33,35]. The method’s enduring relevance in both clinical and research settings can be 

attributed to its methodological simplicity, clearly defined staging criteria, and high intra- and inter-

observer reliability [33–36]. Consistent with established patterns of biological maturation, dental 

development assessed using this approach exhibits sexual dimorphism, with females generally 

demonstrating earlier advancement in calcification stages than males, particularly from stage 

Donward [37–39]. 

In its original formulation, dental age is assessed by examining the seven permanent left 

mandibular teeth, excluding the third molar, on panoramic radiographs. The mandibular teeth were 
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selected due to their consistent visualization, reduced superimposition, and symmetrical 

development between the left and right sides of the jaw. In cases where a tooth is missing or cannot 

be reliably evaluated, the corresponding tooth on the contralateral side may be assessed instead, 

without compromising the validity of the method [40]. 

Each tooth is assigned one of eight discrete developmental stages, designated from A to H, based 

on clearly defined morphological criteria describing crown and root formation. These stages 

represent successive events in tooth mineralization, from the initial appearance of calcified cusps to 

complete root apex closure. The standardized nature of these stages facilitates high intra- and inter-

observer reproducibility and allows for consistent application across different populations 

. 

 

Figure 1. Dental developmental stages (A–H) according to Demirjian. 

Source: Adapted from Demirjian, Goldstein, and Tanner (1973) [40]. 

The eight stages of dental formation are defined as follows [40]: 

- Stage A: Initial crown mineralization is observed in both monoradicular and multiradicular 

teeth. Calcification appears as separate cusp tips without fusion bridges. 

- Stage B: The mineralized cusps coalesce, forming a continuous and regularly contoured 

occlusal surface. 

- Stage C: Enamel formation is complete at the occlusal surface; dentin mineralization begins. 

The pulp chamber exhibits a curved outline toward the occlusal surface. 

- Stage D: Crown mineralization is complete up to the cemento-enamel junction. In 

monoradicular teeth, the pulp chamber assumes a well-defined shape, while in multiradicular teeth 

it becomes trapezoidal, with pulp horns resembling an “umbrella tip.” Initial root formation is 

evident. 

- Stage E: In monoradicular teeth, the pulp chamber becomes more clearly contoured, and root 

length remains shorter than crown height. In multiradicular teeth, the beginning of bifurcation 

appears as a mineralized crescent. 

- Stage F: Root length becomes equal to or greater than crown height. In monoradicular teeth, 

the pulp chamber walls converge, forming an isosceles triangular shape with a funnel-shaped apex. 

In multiradicular teeth, the bifurcation is well developed. 

- Stage G: The walls of the root canal are parallel, with the apical end still partially open, 

particularly in the distal roots of molars. 

- Stage H: Root development is complete, with full closure of the apical foramen. The periodontal 

ligament uniformly surrounds the root and apex. 

Following stage assignment, each tooth is converted into a numerical maturity score using sex-

specific conversion tables, reflecting established differences in maturation tempo between males and 
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females. The individual tooth scores are then summed to produce a total dental maturity score, which 

is subsequently transformed into an estimated dental age using standardized reference tables 

provided by the authors. Dental age thus represents the mean chronological age at which a given 

maturity score is observed in the reference population. 

 

Figure 2. Radiographic illustration of the eight stages of dental development (A–H) according to Demirjian. 

Source: Demirjian et al. (1973) [40]. 

Following stage assignment, each tooth is converted into a numerical maturity score using sex-

specific conversion tables, reflecting established differences in maturation tempo between males and 

females. The individual tooth scores are then summed to produce a total dental maturity score, which 

is subsequently transformed into an estimated dental age using standardized reference tables 

provided by the authors. Dental age thus represents the mean chronological age at which a given 

maturity score is observed in the reference population. 

Chronological age, used for comparison, is calculated by subtracting the patient’s date of birth 

from the date of radiographic examination and expressed in decimal years. 

The principal strengths of the Demirjian method include its clear staging criteria, ease of 

application, and high reproducibility. These attributes, combined with its extensive validation across 

diverse populations, have established the method as a reference standard for dental age estimation 

in pediatric dentistry, orthodontics, forensic science, and anthropological research. 

Systemic diseases may alter the tempo of biological maturation, including dental development 

[18,41,42]. Juvenile diabetes mellitus, in particular, has been associated with metabolic dysregulation, 

altered mineral homeostasis, early tooth eruption, and modifications in craniofacial growth, all of 

which may influence dental maturation patterns [43–45]. However, existing evidence regarding the 

impact of juvenile diabetes on dental age remains limited and inconsistent across populations, with 

reports of delayed, advanced, or unchanged dental maturation relative to chronological age [43–46]. 

These discrepancies may be attributable to differences in study design, age ranges, assessment 

methods, and population characteristics. 

Despite growing interest in the interaction between systemic metabolic disorders and dental 

development, data directly comparing dental age and chronological age in children with juvenile 

diabetes—using standardized and widely validated methods such as Demirjian’s—remain scarce. 

Clarifying whether dental maturation is accelerated, delayed, or concordant in this population is 

clinically relevant, as inaccurate age estimation may affect orthodontic treatment timing, growth 

assessment, and forensic interpretation. 

Therefore, the present study aimed to compare dental age estimated using the Demirjian method 

with chronological age in children diagnosed with juvenile diabetes and in age- and sex-matched 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 January 2026 doi:10.20944/preprints202601.0382.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.0382.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 14 

 

healthy controls, thereby contributing to a more precise understanding of dental maturation patterns 

in the context of pediatric diabetes. 

2. Materials and Methods 

2.1. Ethical Considerations 

This study was approved by the Ethics Committee of the “George Emil Palade” University of 

Medicine, Pharmacy, Science, and Technology of Târgu Mureș (Decision No. 1885, 12 October 2022) 

and adhered to the ethical principles of the Declaration of Helsinki. Written informed consent was 

obtained from all participants and their guardians. This manuscript is reported in accordance with 

the STROBE 2021 reporting guideline and the RECORD 2015 extension for observational studies 

using routinely collected health data. 

2.2. Study Design and Sample Selection 

This observational, comparative study was conducted on panoramic radiographs obtained from 

pediatric patients aged between 8 and 15 years. The study population consisted of two groups with 

comparable dento-maxillary characteristics. The study group included 15 children diagnosed with 

juvenile diabetes mellitus and Angle Class I dento-maxillary anomalies. The control group comprised 

15 systemically healthy children, matched for age, sex, and type of malocclusion (Angle Class I), with 

no history of diabetes or other systemic conditions known to influence growth and development. 

Panoramic radiographs were selected based on diagnostic quality, absence of significant 

distortions, and clear visualization of mandibular permanent teeth. All radiographs were obtained 

as part of routine clinical care, following standard radiographic protocols. 

 

Figure 3. Panoramic radiograph of a patient from the study group illustrating various stages of dental 

development. 

2.3. Dental Age Assessment 

Dental age (DA) was estimated using the Demirjian method [10,12,33,34,36–39], which assesses 

the developmental stages (A–H) of seven left mandibular permanent teeth, excluding the third molar. 

Each tooth was assigned a specific developmental stage based on radiographic appearance, following 

the original criteria proposed by Demirjian et al. The corresponding maturity scores were then 

attributed according to sex-specific reference tables. 

The individual tooth scores were summed to obtain a total maturity score, which was 

subsequently converted into dental age using the standardized conversion tables provided by the 

method’s authors. In cases of unilateral tooth extraction or radiographic artifacts affecting 

assessment, the homologous tooth on the contralateral side was evaluated, in accordance with 

Demirjian’s guidelines. 

For comparative and illustrative purposes, quantitative assessment methods based on apical 

measurements, such as the Cameriere method [12,15,31,33], were considered. However, due to the 

increased complexity and time requirements of these measurements, they were not applied 

systematically in the present study. 
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Figure 4. Cameriere’s measurements of mandibular teeth (xi = Ai/Li) for seven left mandibular permanent teeth, 

illustrating quantitative assessment of dental maturity. 

2.4. Statistical Analysis 

Chronological age (CA) was calculated by subtracting the date of birth from the date of 

radiographic examination and expressed in decimal years. Dental age (DA) was obtained using the 

Demirjian method, and the difference between DA and CA (DA–CA) was calculated for each 

participant. 

Descriptive statistics were computed for all variables, including means, standard deviations, 

medians, and ranges. Before inferential analysis, the distribution of continuous variables was 

assessed for normality using the Shapiro–Wilk test. Given the limited sample size, normality 

assessment was complemented by visual inspection of histograms and Q–Q plots. 

For variables showing an approximately normal distribution, comparisons between dental age 

and chronological age within each group were performed using paired-sample t-tests. Between-

group comparisons of DA–CA differences (juvenile diabetes vs. control group) were conducted using 

independent-sample t-tests when normality assumptions were met. In cases where data deviated 

from normal distribution, the corresponding non-parametric tests (Wilcoxon signed-rank test for 

paired comparisons and Mann–Whitney U test for independent samples) were applied. 

Sex-related differences in dental maturation were evaluated using independent-sample t-tests 

or Mann–Whitney U tests, as appropriate. All statistical tests were two-tailed, and the level of 

statistical significance was set at p < 0.05. Statistical analyses were performed using standard 

statistical software. 

3. Results 

3.1. Sexual Dimorphism in Dental Development 

In the early stages of dental calcification (stages A, B, and C), no notable differences were 

observed between male and female participants. However, beginning with stage D, corresponding 

to the completion of crown formation, females exhibited earlier and more rapid progression through 

subsequent developmental stages. This finding supports the use of sex-specific scoring systems when 

assessing dental maturity. 

3.2. Dental Age Versus Chronological Age 

Children with juvenile diabetes demonstrated marked discrepancies between dental age and 

chronological age, with differences reaching up to two years in some cases. This advancement in 

dental maturation has potential implications for intra- and inter-arch balance and orthodontic 

treatment planning. 

In the control group, 75% of subjects exhibited dental development consistent with their 

chronological age, while 25% showed delayed dental maturation. Across the entire control group, the 

mean difference between DA and CA was approximately 1.4 years, without reaching statistical 

significance. 
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Figure 5. Digital panoramic radiograph used for dental age estimation. 

3.3. Demirjian Scores and Group Comparisons 

Sex-specific Demirjian maturity scores were applied using standardized reference tables. 

 

Table 1. Demirjian maturity scores by tooth and developmental stage for girls. 

 

Table 2. Demirjian maturity scores by tooth and developmental stage for boys. 

Box plot analysis revealed a consistent advancement, compared to controls, of dental age relative 

to chronological age in children with diabetes. 
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Figure 6. Box plots comparing chronological age and dental age in the study (diabetic) and in the control 

group. 

In the diabetic group, the mean DA–CA difference was 1.36 years, 

and this difference was statistically significant (p = 0.0066), indicating 

accelerated dental maturation. 

 

Figure 7. Comparison between dental age and chronological age in children with juvenile diabetes. 

In contrast, no statistically significant differences were observed between DA and CA in the 

control group. 

 

Figure 8. Comparison between dental age and chronological age in the control group. 
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4. Discussion 

Authors should discuss the results and how they can be interpreted from the perspective of 

previous studies and of the working hypotheses. The findings and their implications should be 

discussed in the broadest context possible. Future research directions may also be highlighted. 

The present study demonstrates that children affected by juvenile diabetes exhibit a statistically 

significant advancement in dental maturation relative to their chronological age, whereas healthy 

controls with comparable dento-maxillary characteristics show general concordance between dental 

and chronological age. These findings support the hypothesis that systemic metabolic disturbances, 

particularly those related to endocrine regulation, may influence the tempo of dental development 

[43,45,47]. 

Dental maturation is a complex, genetically regulated biological process characterized by a 

highly ordered sequence of events, including initial mineralization, crown formation, root elongation, 

and apical closure [48]. Owing to its relative resistance to short-term environmental fluctuations, 

dental development has long been regarded as a reliable indicator of biological maturity [2,12,49]. 

However, the extent to which dental maturation reflects overall somatic or skeletal development 

remains controversial. 

An important distinction that warrants emphasis is that between accelerated dental maturation 

and accelerated tooth eruption, two phenomena that are biologically and clinically distinct. Dental 

maturation refers to the progression of tooth calcification and root development, as assessed 

radiographically, whereas eruption describes the axial movement of teeth into the oral cavity. 

Although early eruption has been reported in children with diabetes [43–45], eruption timing can be 

influenced by local factors such as space availability, periodontal conditions, and occlusal forces 

[27,28]. In contrast, calcification-based dental age assessment reflects intrinsic developmental 

processes and is less susceptible to local disturbances. The present study specifically evaluated dental 

maturation rather than eruption, thereby providing insight into the underlying tempo of 

odontogenesis rather than the clinical emergence of teeth. 

The observed advancement in dental age among children with juvenile diabetes may be 

explained, at least in part, by alterations in endocrine and metabolic regulation. Insulin and insulin-

like growth factors (IGFs) play a central role in cellular proliferation, differentiation, and matrix 

synthesis in mineralized tissues. Experimental and clinical evidence suggests that these pathways 

influence odontoblast activity and dentin formation, potentially accelerating tooth development 

independently of skeletal maturation [44,45,47]. This mechanism may account for the dissociation 

observed between dental maturation and other growth indicators, supporting the notion that dental 

age represents a partially independent biological clock. 

The relationship between dental age, skeletal age, and chronological age has been extensively 

investigated, yet remains inconsistent across studies [8,50,51]. Early investigations by Demirjian et al. 

and Bedia et al. reported strong associations between skeletal and somatic maturity but weak or 

absent correlations between dental and skeletal development [52,53]. Similarly, Kanbur et al. [54] 

found no significant differences between dental and chronological age in adolescents with 

constitutional growth delay, suggesting that dental maturity may be relatively preserved despite 

alterations in somatic growth. In contrast, Engström and Sagne [55] reported a positive correlation 

between dental and skeletal maturation, indicating partial synchronization during certain growth 

periods. 

Subsequent studies have produced heterogeneous results. Sierra and Vallejo-Bolaños [56,57] 

emphasized methodological variability as a key contributor to inconsistent findings, whereas Saraç 

[58], Palanisamy [50], and Krailassiri [59] reported stronger correlations between dental and skeletal 

age. Conversely, Ghergie et al. [49], in patients with Class II malocclusion, observed weak or 

insignificant associations. Collectively, these discrepancies underscore that dental and skeletal 

maturation, while influenced by shared genetic and hormonal factors, are not uniformly coupled and 

may respond differently to systemic conditions. 
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In the context of juvenile diabetes, altered metabolic control has been associated with accelerated 

growth patterns, including early tooth eruption, increased number of erupted teeth, and 

modifications in mineralization processes [43–45,47]. Such changes may predispose affected children 

to enamel defects, increased caries susceptibility, and dento-maxillary disharmony resulting from 

asynchronous dental and skeletal development [44–47]. The advanced dental age observed in the 

present study aligns with these reports and reinforces the concept that metabolic dysregulation can 

selectively accelerate odontogenesis. 

Among the various methods proposed for dental age estimation, the Demirjian method remains 

one of the most widely applied and validated techniques [40,61]. Its strengths include clearly defined 

developmental stages, sex-specific scoring systems, and high intra- and inter-observer reliability, 

with Cohen’s kappa values frequently exceeding 0.75 [40,61]. Nevertheless, its limited correlation 

with skeletal maturity supports its use as a complementary rather than standalone indicator of overall 

biological development. 

From a clinical perspective, accurate assessment of biological maturity is essential in 

orthodontics and pediatric dentistry, particularly for growth-dependent interventions. Orthopedic 

treatment outcomes are closely linked to the timing of the pubertal growth spurt, which is more 

reliably predicted by skeletal maturity indicators than by chronological or dental age alone [46]. 

While dental age assessment offers practical advantages—such as accessibility and avoidance of 

additional radiation exposure—it should be interpreted within a broader diagnostic framework that 

includes skeletal and chronological parameters. 

The present study has certain limitations. The relatively small sample size reflects the low 

prevalence of juvenile diabetes in pediatric dental populations and the ethical constraints associated 

with radiographic exposure in children beyond routine clinical indications. Consequently, this 

investigation was designed as an exploratory comparative study. To enhance internal validity, strict 

inclusion criteria and careful matching for age, sex, and dento-maxillary characteristics were applied, 

resulting in a homogeneous sample. While these measures mitigate biological variability, the findings 

should be interpreted with caution, and further studies involving larger and more diverse cohorts 

are warranted. 

5. Conclusions 

Children with juvenile diabetes show significantly accelerated dental maturation relative to 

chronological age, unlike healthy peers. Dental age, assessed by the Demirjian method, may be 

influenced by systemic metabolic conditions and progress independently of skeletal maturation, 

underscoring the biological autonomy of dental development, particularly in the presence of 

endocrine disturbances. While clinically informative, dental age should not be used in isolation, as 

skeletal age remains the most reliable marker of overall maturity; therefore, integrated assessment is 

essential, particularly in pediatric patients with systemic disease. 
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