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The purpose of this prospective cross-sectional study
was to determine whether body mass index (BMI)
is associated with dental development in Hispanic
children when compared to their chronologic age and
expected dental development. The study enrolled
265 healthy (American Society of Anesthesiology
Class I), 6- to 12-year-old Hispanic children. A BMI
was calculated from each child’s height and weight,
and a panoramic radiograph was taken at the same
appointment. Subjects were enrolled into 1 of 2 groups:
a control group with BMIs classified as underweight/
average (less than 85th percentile) and a group with
BMIs classified as overweight/obese (85th percentile
or greater). Dental age was determined using both
panoramic radiographs and the Demirjian dental maturity scale to examine the stage of root development
in the dentition. Chronologic age was obtained from
each child’s birthdate. Results showed a high correlation between chronologic and dental ages (P < 0.001),
although dental age was significantly greater in the
total sample. The mean difference in dental age among
all children was 7.4 months, but the difference was
significantly greater (P < 0.001) in children who were
overweight/obese (11.7 months) than in underweight/
average subjects (3.4 months). Overweight/obese
Hispanic children were approximately 3.5 times more
dentally advanced. The older the chronologic age, the
greater the difference.
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he American Academy of Pediatrics Committee
on Nutrition has stated that “…obesity is the most
prevalent chronic health condition in the pediatric
population.”1 Obesity is defined as a body mass index (BMI)
greater than or equal to the 95th percentile. An age- and sexstandardized BMI is the most commonly used indicator to
assess a child’s size.2,3
Dental development and skeletal development are common
indicators for determining an individual’s overall maturation,
due to their high reliability and resistance to environmental
effects.4 Several different methods are available for assessing
a child’s dental age, including tooth emergence and tooth
formation stages. Tooth eruption is known to be inferior for
evaluating dental age due to variables such as lack of space
and systemic factors (nutritional status).4 Methods of assessing skeletal maturation include hand-wrist radiographs and
cervical vertebral maturation (CVM) analysis.5 Hand-wrist
radiographs are considered the gold standard for skeletal
maturation; however, their use for dental purposes exposes
the patient to increased radiation. Among orthodontists
especially, CVM has lately become popular for assessing
skeletal maturation.5
The dental maturity scaling system proposed by Demirjian
et al is arguably the most common way to assess dental age
in children.6 According to Demirjian et al, tooth formation is a more reliable indicator of dental maturity.6 In their
original study, the researchers used panoramic radiographs
of approximately 3000 healthy children, aged 2-20 years, who
were of French Canadian descent, free from disorders, and had
complete permanent mandibular dentitions.6 The Demirjian
rating system is based on the shape of teeth and root closure
as opposed to the length of tooth roots. They determined
that using the mandibular left side (7 teeth) would be just as
accurate as using all teeth.6 Each tooth in the mandibular left
quadrant of teeth is evaluated and assigned to a stage ranging from A to H (A, at the beginning of calcification; H, when
the apical end of root canal is completely closed). The stage is
then converted to a numerical score based on a table created
by Demirjian et al.6 After the scores of all the teeth on the
mandibular left side are added, the total is converted into an
approximate dental age (maturity score).
The Demirjian scale has been used in countless studies in
assessing the dental age of patients and is sometimes coupled
with CVM to assess a patient’s overall dental and skeletal
maturity. Overall, the Demirjian method has been shown to be
an accurate, reliable method for assessing dental age.4,7,8
The relationship between obesity and dental age has been
previously examined, but a definitive relationship has yet to
be established. DuPlessis et al found that BMI percentile and
ethnicity are poor predictors of dental age and chronologic age.9
However, their study did not focus on the Hispanic population.9

Table 1. Characteristics of 265 Hispanic childrena included
in the study.
Characteristic
Age (y)

Mean

SD

9.3

1.5

Height (in)

53.8

4.7

Weight (lb)

83.3

30.6

BMI Z score

0.8

1.2

70.3

30.0

BMI percentile

Abbreviation: BMI, body mass index.
a
The sample comprised 131 boys (49.4%) and 134 girls (50.6%).

Hilgers et al found a direct relationship between an increased
BMI and accelerated growth and development among children
7-15 years old.10 Many studies have used retrospective data in
assessing BMI and its relation to dental growth and development, yet none of these studies sought to find whether there
was a correlation between BMI and craniofacial development in the Hispanic pediatric population. Knowledge of this
relationship would allow a dentist to offer anticipatory guidance and timely orthodontic treatment to Hispanic children.
Additionally, improved anticipatory guidance related to nondental factors—such as an earlier onset of puberty—could be
provided to both parent and patient.
The purpose of this prospective cross-sectional investigation
was to determine whether BMI has an impact on dental development in Hispanic children when compared to their chronologic age and their expected dental development.

Materials and methods
Patient sample

Approval was obtained from the Protection of Human Patients
Committee of the Herman Ostrow School of Dentistry,
University of Southern California, Los Angeles. Patients who
presented for comprehensive or recall examination and needed
a panoramic radiograph (per American Dental Association
guidelines) were recruited to participate in this study. Informed
consent was obtained from the legal guardian of each patient.
Patient demographics and dental examination data were gathered from patients who matched the following inclusion criteria:
American Society of Anesthesiologists Class I, 6-12 years of
age, and Hispanic, as disclosed by the parent or guardian in the
patient information sheet.
Ultimately 265 children were recruited for the study. The
BMI of each subject was calculated from the child’s height
and weight on the same day the radiograph was obtained. The
Centers for Disease Control (CDC) defines BMI categories as
follows: underweight, BMI less than 5th percentile; normal
(average), 5th percentile to less than 85th percentile; overweight, 85th percentile to less than 95th percentile; and obese,
95th percentile or greater.11 The patients were grouped into
either underweight/average or overweight/obese pairings to
create a more definitive classification system. Chronologic age
was calculated from each patient’s birthdate, and the sex of

Table 2. Distribution of 265 Hispanic children by
body mass index category.
Category

n

%

Underweight

7

2.6

127

47.9

Overweight

61

23.0

Obese

70

26.4

Average weight

each patient was also recorded. The dental age was then calculated by a single investigator who used the panoramic radiograph and the Demirjian dental maturity scale to determine
the stage of root development in the child’s dentition.

Statistical analysis

Patient characteristics were computed using number and
percentage for categorical outcomes and mean (with standard
deviation) for continuous outcomes. Age variables (chronologic,
dental, and difference) were examined for normality and were
deemed parametric. BMI percentile and Z scores were calculated for sex- and age-matched norms using the guidelines provided by the 2000 CDC growth charts.12 Pearson correlations
revealed the association of chronologic and dental ages. Paired t
tests compared chronologic age with dental age, and a repeatedmeasures analysis of variance (ANOVA) was performed to test
whether there was an effect of weight status (underweight/
average versus overweight/obese) on the differences found
between chronologic and dental ages. Sex was also examined
as a potential confounder. A Bland-Altman plot was created
to examine whether the concordances were similar across the
chronologic age range.

Results

Approximately 80% of the 265 children who participated in the
study were of Mexican descent. Table 1 shows the characteristics of the patients included in the analyses. Ages ranged from
6.0 to 12.9 years, and patients were evenly distributed between
boys (131; 49.4%) and girls (134; 50.6%). Approximately half
(47.9%) of the participants (n = 127) were deemed to be of
average weight (Table 2). These patients, combined with the
7 (2.6%) who were underweight, made up the underweight/
average (control) category (n = 134). Sixty-one of the patients
(23.0%) were deemed to be overweight, and these patients,
combined with the 70 (26.4%) who were obese, made up the
overweight/obese group (n = 131).
There was a strong correlation between chronologic and
dental ages (r = 0.82; P < 0.001), although the dental age was
significantly higher in the total sample—estimated to be
7.4 months (95% confidence interval [CI] = 5.7-9.2 months)
higher than chronologic age (t264 = 8.51; P < 0.001). A repeatedmeasures ANOVA showed that obesity had a significant effect
www.agd.org/generaldentistry
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on concordance (F1,263 = 24.6; P < 0.001). Table 3 reports the
results (in years) stratified by group and sex. For overweight/
obese children, the mean difference was approximately 1 year
(11.7 months; 95% CI = 9.2-14.2 months; P < 0.001), while the
difference in underweight/average children was 3.4 months
(95% CI = 1.2-5.5 months; P = 0.002). Sex was neither a confounder nor an effect modifier.
A Bland-Altman plot demonstrated that variability in the
differences increased with chronologic age, although the correlation between the difference and chronologic age was slight
(r = 0.12) (Chart 1). Chart 2 shows the distribution of the combined BMI groups in relation to age. Chart 3 shows the distribution of BMI percentile categories in relation to age.

Discussion

It is well known that the prevalence of obesity in children has
steadily increased throughout the world.1,2 According to the World
Health Organization, obesity is a “global epidemic disease.”2 Several
factors have been suggested as a cause for childhood obesity,
including poor nutrition, decreased physical activity, metabolic
factors, and lower socioeconomic status.3 Specific consequences
of obesity include type 2 diabetes, osteoporosis, hypertension, and
cardiovascular disease.13 In the United States, Hispanic children
experience higher rates of obesity than white children.14 With obesity increasing worldwide, it is important to distinguish how body
weight affects the dentition of children.15 This prospective crosssectional study examined the relationship between obesity and
dental development in a young Hispanic population. The majority
of the children in this study were of Mexican descent.
In children and adolescents, physical development—including parameters such as skeletal maturity, height, and the onset
of puberty—is commonly used to determine the overall age.6
However, physical development can be influenced by several
factors—such as diet and environmental conditions—that may
make it a less reliable measurement tool. Dental age estimation
is accepted because it is less variable than other determinants
for overall age.7 Major determinants for dental age estimation
include the timing of tooth eruption and patterns of tooth development. However, estimation via tooth eruption, while accepted
in the past, has fallen out of favor as it has been found to be unreliable.7 The Demirjian method, which utilizes tooth development
patterns, has been established as reliable.4,7,8
There have been numerous studies utilizing the Demirjian
assessment method to determine a relationship between dental
development and BMI.16,17 In 2013, Mack et al conducted a
study in which they found that dental age and CVM were more
advanced in patients with increased BMI percentiles.16 The
authors found a mean difference of 1.17 years between dental
and chronologic ages, while a difference of 0.63 years was found
in the current study. Possible contributions to the variance
between the results of the present study and the Mack et al study
include patients of different races and an older patient pool (8-17
years) in the latter study.16 Additionally, Mack et al found that
boys were significantly more advanced from a dental standpoint,
whereas the current study did not find a significant difference
between sexes.16 Mack et al concluded that orthodontists should
consider weight status when evaluating children and adolescents,
as it can impact skeletal and dental development.16
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Table 3. Comparison of chronologic and dental ages in the
total sample and stratified by BMI and sex.
Paired t test
Mean

SD

t

df

P value

Dental

9.96

2.04

8.51

264

< 0.001

Chronologic

9.33

1.52

Difference

0.63

1.19
–9.15

130

< 0.001

–3.08

133

0.002

–5.91

130

< 0.001

–6.14

133

< 0.001

Age (y)
Total sample

BMI

≥ 85th percentile (n = 131)

Dental

10.49

2.15

Chronologic

9.52

1.59

Difference

0.97

1.21

BMI < 85th percentile (n = 134)
Dental

9.44

1.80

Chronologic

9.16

1.44

Difference

0.28

1.06

Dental

9.80

1.84

Chronologic

9.23

1.46

Difference

0.57

1.10

Dental

10.11

2.22

Chronologic

9.44

1.58

Difference

0.67

1.27

Boys (n = 131)

Girls (n = 134)

Abbreviation: BMI, body mass index.

In a 2014 study examining the relationship between BMI
and dental development in younger Iranian orthodontic
patients, it was determined that overweight/obese children
had accelerated dental development.17 More specifically,
the difference between dental and chronologic ages was
0.73 years for underweight/average children and 1.8 years
for overweight/obese children, highlighting the correlation between accelerated dental maturity and higher BMI
percentiles.17 The difference in the overweight/obese children was approximately 2.5 times that in the underweight/
average children. The current study, with its findings of a
0.28-year difference between dental and chronologic ages in
underweight/average children and a 0.97-year difference in
overweight/obese children, produced an even greater disparity
between groups—3.5 times.
Similar studies have noted that an increase in a child’s BMI
has an accelerated effect on tooth eruption.9,10 This effect is
seen among African American, Hispanic, and white children.
Interestingly, the 2014 Iranian study found that girls were
more advanced in dental age, whereas the current study did
not.17 The current study found that sex was not a factor. In
contrast, DuPlessis et al have documented that sex differences
exist in dental development.9

Dental age − chronologic age (y)

Chart 1. Age difference, by chronologic age, stratified at the 85th percentile of body mass index.
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Chart 3. Distribution of BMI percentiles in relation to age.
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Chart 2. Distribution of combined BMI groups in relation to age.
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Abbreviations: BMI, body mass index; CI, confidence interval.
Red and blue circles represent outliers in their respective groups.

Analysis based on the Demirjian scale revealed subtle differences between teeth and their stages of development. In general,
the order of root closure (earliest to latest) is central incisor, first
molar, lateral incisor, first premolar, canine, second premolar,
and second molar. In the current study, the most common order
of root closure for the underweight/average population was the
expected order. However, among the overweight/obese population, the canine developed ahead of the first premolar. The
possible causation of this effect would need to be examined in
further detail, as this has not been reported in previous studies.
Obesity in childhood can be a driver of early puberty, creating a potential mismatch between sexual and psychosocial
maturation with resultant implications for self-perception.
However, the direct relationship between obesity in childhood
and the onset of puberty has not been definitively established,
as inconsistencies still exist.18 A study by Biro et al examined
the onset of breast development and the possible correlations
with BMI and other factors.19 It was concluded that a higher
BMI was the strongest predictor of earlier breast development. This could also be translated to dental development.

<5th

5th - 84th
85th - 94th
BMI percentile

≥95th

Abbreviations: BMI, body mass index; CI, confidence interval.
Red and blue circles represent outliers in their respective groups.

Specifically, female patients with a BMI greater than the 85th
percentile exhibited earlier maturation.19
With the knowledge that increased BMI can cause earlier
dental development, the general dentist can provide better
anticipatory guidance, such as timely orthodontic referral,
and implement different restorative philosophies, including
more conservative restorations in the primary teeth of dentally
advanced patients because tooth exfoliation will occur earlier. In
future studies, other populations should be examined to determine if BMI plays a role in their dental and skeletal development.
One limitation of the current study is sample size, as only
Hispanic children aged 6-12 years were included, and the
majority of them were of Mexican descent. It would be beneficial to find out if the same trend exists among Hispanic children from different countries.
Another limitation is the fact that the Demirjian method
has its shortcomings. In previous studies, it has been shown to
overestimate dental age in some populations.20,21 Alternatives
exist, including the Willems method, which uses a modified
variation of the Demirjian maturity table. However, Mani et al
www.agd.org/generaldentistry
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demonstrated that the Willems method may also overestimate
dental age.7 The current study yielded a slight overestimation
of age when examining the underweight/average population
(9.16 chronologic versus 9.44 dental); however, this difference
was not found to be statistically significant. A study by Aissaoui
et al examined the Demirjian method in Tunisian children and
found the gap between the chronologic and dental ages to be
approximately 0.26-1.37 years in females (and nearly the same
in males).4 Those authors found that a scale developed using
French Canadian children as a baseline may not be best suited
for other populations, and each population could benefit from
its own specific standard for an accurate estimation of age.4
In the current study, a single investigator assessed the root
development in the panoramic images as it relates to the
Demirjian scale. This could have introduced bias, which needs
to be considered as a limitation.

Conclusion

This study evaluated the effect of obesity on dental development in Hispanic children with mixed dentition. The obese/
overweight group had a significantly greater mean difference
between chronologic and dental ages than did underweight/
average patients. The disparity was approximately 3.5 times
greater (11.7 months' difference between chronologic and
dental ages for the overweight/obese patients and 3.4 months’
difference for the underweight/average group). In addition, this
study found that the older the chronologic age, the greater the
gap. Sex was not a confounding factor.
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