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Introduction: There are many questions concerning the relationship between childhood 

obesity and childhood growth and development. The aim of the study was to determine if 

overweight and obese children and adolescents show accelerated dentition development and 

skeletal maturity in comparison with the normal weight individuals.  

Material and Methods: In total,  109 patients divided into three groups were selected for the 

retrospective study. The OW group included  34 overweight patients (mean age: 10.91 ± 

2.43). The OB group comprised 23 obese individuals (mean age: 10,67 ± 2.54). The control 

group (NW) included 52 normal weight subjects (mean age: 10.19 ± 1.81). Dental age and 

skeletal maturity were assessed. The data was analyzed by STATISTICA 10 for Windows 

Software (StatSoft Inc., Tulsa, USA). 
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Results: The mean dental age acceleration was 0.38 ± 1.13 in the NW group, 1,79  ± 0.96 in 

the OW group and 1.88  ± 0.75 in the OB group and was significantly greater in the OW and 

OB group than in the NW group (P<0.05). The mean CVM score accounted for 2.01 ± 1.16 in 

the NW group, 2.95 ± 1.47 in the OW group and 2.97 ± 1.49 in the OB group. The mean 

CVM score was significantly greater in the OW and OB group than in the NW group 

(P<0.05).                                                                                                                               

Conclusions: The study revealed accelerated dentition development and skeletal maturity in 

overweight and obese children and adolescents. BMI percentile is an important data that 

healthcare professionals should consider in the context of growth and development 

assessment in paediatric patients.   
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Introduction 

Obesity is nowadays concerned as a major global health challenge due to the established 

health risks and its increasing worldwide prevalence [1, 2, 3]. 

According to WHO, worldwide obesity has nearly tripled since 1975[1]. In 2016, more 

than 1.9 billion adults were diagnosed as overweight and 650 million of them were found 

to be obese. In 2016, 41 million children under the age of 5 and over 340 million children 

and adolescents aged 5-19 were overweight or obese [1]. In 2013, 23.8% of boys and 

22.6% of girls living in developed countries were diagnosed to be overweight or obese [2].  

Global age-standardised prevalence of obesity increased from 0.7% in 1975 to 5.6% in 

2016 in girls, and from 0.9% in 1975 to 7.8% in 2016 in boys [3]. The worldwide 

prevalence of infantile and juvenile obesity has progressively increased in recent decades, 

from 4.2% in 1990 to 6.7% in 2010 [4].
 

The vast majority of overweight or obese children live in developing countries, where the rate 

of increase of overweight and obesity has been more than 30% higher than that of developed 

countries [4]. In Europe the highest rates of obesity were reported in Eastern and Southern 
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European countries [5]. In Poland, between 1971– 2000, the incidence of overweight and 

obesity in children from Cracow doubled from 6.5% to 11.8% in girls and 7.5% to 15.2% in 

boys  [6]. The research completed in 2009 revealed a further increase in the prevalence of 

overweight and obesity in children and adolescents reaching 35% in boys and almost 20% in 

girls [6]. In 2008 the prevalence of overweight and obesity in the south-eastern Poland was 

registered to be respectively 13.3% and 7.7% in girls and 14.2% and 6.4% in boys [7].                 

Along with the inreasing prevalence of overweight and obesity in children and adolescents, 

the prevalence of medical complications of the excess of adipose tissue is also alarmingly 

growing [8]. 

There are many questions concerning the relationship between childhood obesity and 

childhood growth  and maturation.  It has been suggested that an early onset obesity can 

accelerate skeletal growth. In particular, obesity has been considered to affect craniofacial 

growth and result in precocious maxillary and mandibular skeletal maturation. The biologic 

aspects of facial skeletal growth are fundamentally important in dentofacial orthopaedics.
 

A higher prepubertal BMI is associated with an earlier pubertal growth spurt. The 

combination of various hormonal stimuli related to the increased body fat, increased 

conversion of androgens to estrogens and increased bioavailability of circulating sex steroids 

could contribute to the earlier activation of the hypothalamic-pituitary-gonadal axis and 

thereby to the earlier onset of puberty in the obese individuals.
 
It has been reported that leptin 

produced by the adipose tissue can stimulate skeletal growth by activation of various 

mediators, like insulin-like growth factor 1 and sex hormones. Moreover, leptin may act 

directly on the skeletal growth centers. Leptin receptors have been found in the cartilaginous 

growth centers that are involved in skeletal maturation. Therefore, an obese subject may show 

increased differentiation and proliferation of chondrocytes leading to precocious skeletal 

maturation [9].
 

Careful assessment of the developmental age is an essential part in the examination of the 

paediatric patients. Not only does it reflect continuity and integrity of the biological processes, 

but also it points to the stage of development in relation to the chronological age. There are 

numerous biological ages, such as morphological age, secondary sexual characteristics, as 

well as skeletal and dental age, which are widely recommended for this purpose [10]. For 

dental professionals and orthodontists skeletal and dental maturity are of the utmost 

importance for establishing a diagnosis and treatment plan. For the pediatricians and 

endocrinologists they are useful as a source of complimentary information. 
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The aim of the study was to determine if overweight and obese children and adolescents show 

accelerated skeletal maturity and dentition development in comparison with the normal 

weight individuals.  

 

Material and Methods 

Material 

A retrospective analysis of pretreatment medical records of the patients admitted to three 

orthodontic clinics between 2011 and 2016 was performed. Out of total number of 856 

patients 109 individuals were selected for the study. The OW group included  34 overweight 

patients (16 girls, 18 boys, mean age: 10.91 ± 2.43). The OB group comprised  23 obese 

individuals (10 girls, 13 boys, mean age: 10.67 ± 2.54). The control group (NW) included 52 

normal weight subjects (27 girls, 25 boys, mean age: 10.19 ± 1.81). 

 

Inclusion criteria 

For all the individuals, only records which met the following inclusion criteria were included 

in the retrospective study: 1. age ranging between 6 and 16 years at the time of the 

pretreatment examination, 2. pretreatment panoramic radiograph and lateral cephalometric 

radiograph of a good quality taken within 1 month of each other, 3. weight and height 

recorded within 1 month of the panoramic and lateral cephalometric radiograph, 4. a full 

complement of mandibular permanent teeth excluding third molars, 5. cervical vertebrae well 

visible in the lateral cephalometric radiograph, 6. a lack of congenital dental and cervical 

vertebrae anomalies, 7. no history of systemic diseases or therapy that could influence 

physical development and growth process. 

 

Methods 

Body mass index (BMI) percentile of each patient was assessed with the use of BMI score 

and age- and sex specific growth charts.  The BMI score was defined as the body mass 

divided by the square of the body height and was expressed in units of kg/m
2
. The data 

concerning body mass and body weight of the patients was taken from the pretreatment 

medical records, as taking these measurements is a routine procedure in the orthodontic 

pretreatment examination. Patients were classified into normal-weight, overweight or obese. 

According to Centers for Disease Control and Prevention, for children and adolescents (aged 

2-19 years), normal weight is defined as a BMI from 5th percentile to less than the 
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85
th

 percentile, overweight is defined as a BMI at or above the 85th percentile and lower than 

the 95th percentile for children at the same age and sex, whereas obesity is defined as a BMI 

at or above the 95th percentile [11, 12].
 

Panoramic radiographs of each subject were evaluated  by one investigator to determine 

dental age using a method introduced by Demirjian et al. considering 7 mandibular permanent 

teeth of the left side of the dental arch from central incisor to the second molar [13]. 

In order to assess skeletal maturity of the patient we used the Cervical Vertebrae Maturation 

(CVM) method proposed by Baccetti et al. consisting of six maturational stages (CVM stages) 

[14]. In accordance with the method the morphology of the second, third, and fourth cervical 

vertebrae in the lateral cephalometric radiograph of each subject was visually analysed by one 

investigator. Two features were analysed in the morphology of cervical vertebrae:  the 

presence or absence of concavity at the lower border of C2–C4 as well as the shape of the 

vertebral bodies of C3 and C4 (trapezoidal, rectangular horizontal, square, and rectangular 

vertical). Depending on the morphology of cervical vertebrae C2-C4 each patient was 

classified into one of the six CVM stages (CS1 – CS6). 

Dental age and skeletal maturity of all the subjects were reassessed 2 weeks after the initial 

assessment by the same investigator. 

All data were recorded in 1 electronic spreadsheet. 

 

Statistical analysis 

The data was analyzed by STATISTICA 10 for Windows Software (StatSoft Inc., Tulsa, 

USA). Continuous variables were reported using descriptive statistics like mean and standard 

deviation. For continuous variables, differences between two independent samples (boys and 

girls) were tested by nonparametric Mann-Whitney U test. To compare three independent 

groups (OW, OB, NW) we used nonparametric Kruskal-Wallis test. P value < 0.05 was 

considered statistically significant. The intra-rater reliability for dental age and skeletal 

maturity assessment was estimated with intra-class correlation coefficients with 95% 

confidence intervals. Intra-rater reliability was proved to be high both for dental age (0.93) 

and CVM method (0.92). 

 

Results 

Characteristics of weight, height and BMI percentile  
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In total, 109 patients at the age ranging from 6 to 16 years divided into three groups met the 

inclusion criteria. The OW (overweight) group comprised 34 patients (16 girls, 18 boys), the 

OB (obese) group included 23 individuals (10 girls, 13 boys) and the NW (normal weight) 

group consisted of 52 normal weight subjects (27 girls, 25 boys). The mean BMI percentile 

accounted for  42.81 ± 21.05 in the NW group, 87.75 ± 12.72 in the OW group and 97.51 ± 

1.32 in the OB group. Statistical analysis revealed significant differences in the mean BMI 

percentile between three examined groups (H=130.7671; P=0.0001). Multiple comparisons 

revealed a significantly higher BMI percentile in the OW group than in the NW group 

(z=7.3197),  in the OB group than in the NW group (z=10.5268) and in the OB group then in 

the NW group (z=3.4494). Statistical analysis did not reveal any significant difference in the 

mean BMI percentile between boys and girls in any of the studied groups (Table 1).  

Characteristics of chronological age, dental age and skeletal age 

As shown in Table 2, the mean chronological age accounted for 10,2 ± 1.81 in the NW group, 

10.91 ± 2.43 in the OW group and 10.67 ± 2.54 in the OB group. Statistical analysis did not 

reveal any significant difference in the mean chronological age between three examined 

groups (P=0.3267). The comparison of the mean chronological age between boys and girls 

did not show any significant difference in any of the examined groups. The mean dental age 

accounted for 10.58 ± 2.28 in the NW group, 12.7 ± 2.72 in the OW group and 12.55 ± 2.76 

in the OB group. Statistical analysis revealed a significant difference in dental age between 

three studied groups (H=22.0038; P=0.0001). Multiple comparisons showed a significantly 

higher dental age in OW group than in the NW group (z=4.0735) and in the OB group than in 

the NW group (z=3.4111). No significant difference was found in dental age between OW 

group and OB group (z=0.2366). The mean dental age acceleration accounted for as a 

difference between dental age and chronological age was 0.38 ± 1.13 in the NW group, 1,79  

± 0.96 in the OW group and 1.88  ± 0.75 in the OB group. Statistical analysis revealed a 

significant difference in dental age acceleration between the studied groups (H=59.4897; 

P=0.0001). Dental age acceleration was significantly greater in the OW group in comparison 

with the NW group (z=6.3603) and in the OB group in comparison with the NW group 

(z=6.0251). No significant difference in dental age acceleration between OW group and OB 

group was found (z=0.2464) (Fig. 1). In all the studied groups girls presented a significantly 

greater dental age acceleration than boys (P<0.05).  
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As presented in Table 2, the mean Cervical Vertebral Maturation (CVM) score accounted for 

2.01 ± 1.16 in the NW group, 2.95 ± 1.47 in the OW group and 2.97 ± 1.49 in the OB group. 

Statistical analysis revealed a significant difference in the CVM score between the examined 

groups (H=18,8409; P=0.0001). The mean CVM score was significantly greater in the OW 

group than in the NW group (z=3.5218)) and in the OB group than in the NW group 

(z=3.2233), but the comparison of the mean CVM score between OW group and OB group 

did not reveal any significant difference (z=0.0369). Statistical analysis showed that normal 

weight girls presented significantly higher mean CVM score than obese boys (P=0.0391).  

Discussion 

Nutrition is an important regulator of the rate of human growth and obesity and overweight 

are usually associated with taller childhood stature and an earlier onset of puberty [15]. 

Tanner observed in the Harvard Growth Study that early maturation, based on age at peak 

height velocity, was positively associated with a higher weight/height ratio [16]. Frisch and 

Revelle  suggested a critical weight of 48 kg, or 22% body fat, had to be achieved to allow 

puberty to progress [17]. This critical weight hypothesis was controversial, but the discovery 

of leptin in 1994 provided a candidate hormone that might sense body fat levels and feed back 

to the brain to activate central gonadotrophin secretion [18]. Several observations in rodents 

promoted the theory that leptin may be the major trigger of the puberty [19]. In humans, a 

longitudinal study of children during adolescence reported a small peak in leptin levels just 

before the onset of puberty, therefore, suggesting that leptin might have an active role in 

pubertal development in humans [20].
 

There are numerous methods which have been described to assess the degree of maturity. In a 

growing patient dental development and skeletal maturity are commonly used to determine 

the timing of orthodontic treatment and to select appropriate treatment method.  

Association between obesity or overweight and precocious skeletal maturation  is a 

controversial subject in the literature. In our study we used cervical vertebrae maturation 

(CVM) method proposed by Baccetti et al., which is widely recommended to assess skeletal 

maturity of the patients in orthodontics and dentofacial orthopaedics [21]. The study  revealed 

accelerated skeletal maturity in overweight and obese children and adolescents in comparison 

with the normal weight individuals. The mean CVM (cervical vertebrae maturation) score 

accounted for 2.01 ± 1.16 in the NW group, 2.95 ± 1.47 in the OW group and 2.97 ± 1.49 in 

the OB group and was significantly greater in the OW and OB group than in the NW group 

(P<0.05).   
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In the study of Giuca et al. skeletal maturity assessed on hand-wrist and lateral cephalometric 

radiographs was significantly different in the obese and normal weight individuals. In 

accordance with the carpal analysis, the obese subjects showed precocious skeletal maturation 

in relation to the normal weight individuals. In contrast, the normal weight subjects showed a 

slightly delayed skeletal maturation in relation to their chronologic age. Furthermore, obese 

individuals had a higher mean cervical vertebral maturation score in comparison with  the 

normal weight subjects pointing to the earlier skeletal maturation. In the following study,  the 

skeletal age of both obese boys and girls at a mean age of 9.8 years was reported to be 12 

months ahead of the chronologic age, however no significant difference in skeletal age 

between both sexes was found [21]. In the study of Mack et al. an increase in the BMI 

percentile appeared to be correlated with an acceleration of skeletal maturation [22]. 
 

Dentition development and eruption are an integral part of a child′s development and are an 

important measure of general maturity of a paediatric patient. Only a few authors assessed the 

relationship between dental development and weight status of growing patients. Our study 

revealed accelerated dentition development in overweight and obese children and adolescents 

in comparison with the normal weight patients. The mean dental age acceleration accounted 

for 0.38 ± 1.13 in the NW (normal weight) group, 1,79  ± 0.96 in the OW (overweight) group 

and 1.88  ± 0.75 in the OB (obese) group and was significantly greater in the OW and OB 

group than in the NW group (P<0.05). Mack et al. found that for every 1 percentile of 

increase in BMI percentile for age, there was a 0.005-year increase in dental age. The study 

conducted by Mack et al. revealed that there was a significant relationship between weight 

status defined by BMI percentile and dental age [22].  In the study of Hilgers et al. conducted 

in the obese children the mean dental age difference for all individuals was 0.98 years [23]. 

Those findings were in agreement with Eid et al., who also found a significant correlation 

between dental development and BMI [24]. Hilgers et al. found that girls had a significantly 

greater difference between dental age and chronologic age compared to boys. The mean 

dental age advancement ranged from - 0.09 to 2.38 years in boys, depending on age and the 

BMI index, whereas in girls it ranged from 0.72 to 3.33 years [23]. 
 

The study comparing dental age of Polish girls and boys aged 6-12 years using Demirjian 

method  revealed that the mean difference between chronologic age and dental age was 8.5 

months for girls and 3.5 months for boys [25]. Fudalej et al. assessing dental age of Polish 

children at the age of 9.5 – 11.5 years found out that the acceleration of dental age in relation 

to the chronological age accounted for 1.49-1.83 years for girls and 1.06-1.37 years for boys 

[26]. An acceleration of dental age was also observed in children from Central Poland in the 
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study conducted by Różyło-Kalinowska et al.
 
[27], which was confirmed in further research 

of the authors [10]. 

 

Conclusions 

The study revealed accelerated skeletal maturity and dentition development in overweight and 

obese children and adolescents  in comparison with the normal weight individuals. BMI 

percentile is an important parameter that healthcare professionals should thoroughly consider 

in the context of growth and development assessment in paediatric patients. 
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Table 1. The mean weight, height and BMI percentile in the NW (normal weight) group, OW 

(overweight) group and OB (obese) group.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group sex n Weight Height BMI percentile 

Mean SD Mean SD Mean SD 

NW Girls 27 34,01 7,49 1,41 0,12 41,47 20,32 

Boys 25 34,57 9,83 1,41 0,13 45,00 22,33 

Total 52 34,23 8,41 1,41 0,12 42,81 21,05 

OW Girls 16 52,67 10,09 1,53 0,12 89,71 4,07 

Boys 18 52,06 11,59 1,54 0,11 85,96 17,15 

Total 34 52,38 10,47 1,54 0,11 87,75 12,72 

OB Girls 10 48,50 10,98 1,42 0,12 97,44 1,46 

Boys 13 52,12 21,96 1,44 0,17 97,59 1,23 

Total 23 50,43 17,21 1,43 0,15 97,51 1,32 
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Table 2. The mean chronological age, dental age, dental age acceleration and CVM (Cervical 

Vertebrae Maturation) stage in NW (normal weight) group, OW (overweight) group and OB 

(obese) group. 

 

Group Sex Chronological 

age 

Dental age Dental age 

acceleration 

CVM stage 

  Mean SD Mean SD Mean SD Mean SD 

NW Girls 10,37 1,72 10,83 2,31 0,46 1,23 2,14 1,09 

 Boys 9,92 1,93 10,18 2,21 0,26 0,96 1,80 1,25 

 Total 10,20 1,81 10,58 2,28 0,38 1,13 2,01 1,16 

OW Girls 10,52 2,08 12,53 2,22 2,02 0,65 2,85 1,35 

 Boys 11,27 2,70 12,86 3,15 1,59 1,15 3,04 1,61 

 Total 10,91 2,43 12,70 2,72 1,79 0,96 2,95 1,47 

OB Girls 11,08 2,69 13,22 2,77 2,14 0,86 3,37 1,45 

 Boys 10,28 2,41 11,92 2,69 1,64 0,57 2,59 1,46 

 Total 10,67 2,54 12,55 2,76 1,88 0,75 2,97 1,49 
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Figure 1. The mean weight, height and BMI percentile in the NW (normal weight) group, OW 

(overweight) group and OB (obese) group. 

 


