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Abstract

Purpose: The aim of this cross-sectional study was to evaluate tooth development, tooth eruption, and dental caries formation for
different body mass index status regarding the development of dental tissues and dental health problems.

Materials and Methods: One-hundred-seventy-six children, aged between 3-12 years old, were included in the study and
distributed into 4 groups (n:44) according to their body mass index as underweight, healthy, overweight, and obese. Data on tooth
development, tooth eruption, and dental caries were recorded by using modified Demirjian classification, Carvalho classification,
and decayed-missing-filled-tooth index (dmft), respectively. p<0.05 was accepted as significant.

Results: According to the results, dmft was significantly higher in children with underweight than overweight and obese whereas,
whereas earlier tooth eruption was seen in children with healthy and obese than underweight (p<0.05). However, there was no
statistically significant difference between BMI status for tooth development (p> 0.05).

Conclusions: Dental caries was higher in children with underweight while tooth eruption was earlier in children with obesity
Therefore, general practitioners or pediatricians should be aware of the oral effects of obesity or underweight and consult a
pediatric dentist.
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Introduction differ according to being overweight or underweight. Dental prob-
lems such as enamel hypoplasia, salivary gland hypofunction and
changes in saliva composition might occur because of being under-

weight, these findings may also be considered as symptoms that

Oral and dental health is greatly affected by daily food intake, such
as high-energy foods and beverages specially including carbohy-

drates, and this also plays an important role in the development of
overweight and obesity. ! Overweight and obesity can be defined
as the increased amount of fat stored in the body and the ratio of
weight to height square, which is called body mass index (BMI),
can be used to define the status as obese, overweight, healthy and
underweight. 23 The BMI status of children is classified accord-
ing to percentile ratios.? Childhood obesity has increased dramat-
ically in many countries around the world and become a national
health problem for specially developing countries and paves the
way for adulthood obesity.% Even though, prevalence of patients
with overweight, and obesity increased with the development of
food industry, there are still children with underweight whom of-
ten malnourished.3 The first signs of these might be seen during
dental visits with clinical and radiographical evaluation and they

associates malnutrition with dental caries. 3© Also, the incidence
of malocclusion tent to increase considerably as well as obesity
than primitive societies.” This occurs because of the decrease in
chewing forces, and the consumption of refined soft foods and pre-
mature loss of primary teeth due to the dental caries. 5~8 Therefore,
the null hypothesis of this study was that there was no difference
between different body mass index status regarding tooth develop-
ment, tooth eruption, and dental caries formation. So, the aim of
this study was to evaluate tooth development, tooth eruption, and
dental caries formation between children with different BMI status
such as obese, overweight, healthy, and underweight.
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Material and Methods
Ethical and priori statistical considerations

Procedures followed during the study were in accordance with
the Helsinki Declaration, written consents were taken, and the
study was approved by Baskent University Institutional Review
Board with the number D-KA18/32. In this study, 176 healthy child-
patients aged between 3-12 years old were included and classified
as underweight, healthy, overweight, and obese according to their
BMI, and the study was continued to include 44 patients in each
group with a power of at least 90% at the 5% significance level and
0.3 effect size. Children with systemic disease such as cardiac dis-
ease, neurologic disease, developmental and growth problems, or
hormonal dysfunctions such as diabetes mellitus, hypothyroidism
were excluded from the study.

Study design

This study was conducted as a cross-sectional study for the eval-
uation of tooth development, tooth eruption and dental caries for-
mation for children with obese, overweight, healthy and under-
weight. The height and weight of the children were measured with
an electronic height- weight scale (Seca GmbH & Co. kg, Hamburg,
Germany) to calculate the BMI for each child. The BMI of the partic-
ipating children was classified by using percentile curves prepared
by World Health Organization for children according to age and
gender.? After BMI measurement all dental data was recorded us-
ing a form during the clinical examination by a different pediatric
dentist who was unaware of the group distribution of participating
children in pediatric dentistry clinic in Bagskent University.

Variable measurements

During the clinical examination, dental caries formation, tooth
development and tooth eruption were recorded according to their
indexes. The decay-missing-filled-tooth (dmft) index, which de-
termines according to the calculation of caries, extracted and re-
stored teeth and use to define the prevalence of caries, was recorded
to determine the occurrence of dental caries formation. 89 Tooth
development and tooth eruption were scored by using modified
Demirjian et al. classification and Carvalho et al. classification, re-
spectively. 19713 According to the modified Demirjian classification,
there are 9 stages of tooth development starting with the beginning
stage of follicle development as a radiolucent bud with no calcifica-
tion (Stage 0), calcification of cusp tips without coalescence (Stage
A), and continue with coalescence of the mineralized cusp tips with
recognizable coronal morphology (Stage B), formation of nearly
half of the crown and beginning of dentin deposition (Stage C),
complete crown formation up to cementoenamel junction (Stage
D), root length shorter than the crown height (Stage E), root length
equal or greater than the crown height (Stage F), complete root
formation with open apical foramen (Stage G) and complete closure
of apical root end (Stage H). 13 Carvalho classification was mod-
ified to represent the unerupted first permanent molar teeth for
children with an age of <6 years old.'° So, according to the Carvalho
classification 5 eruption stages were evaluated which were; Go: Not
erupted, G1: Partially erupted one tooth, G2: More than one tooth
was partially erupted, but more than half of the facial surfaces were
covered with gingival tissue, G3: More than one tooth was partially
erupted, but less than half of the facial surfaces were covered with
gingival tissue, G4: Full occlusion for more than one year. 1°

Statistical analysis

The data obtained in this study were analyzed using the SPSS 21
package program. Mean, standard deviation and percentages were
used for descriptive statistics. Quantitative variables such as age
and dmft were given as mean and standard deviation. Age was ana-
lyzed with ANOVA due to normal distribution analyzed with Shapiro
Wilk and skewness and kurtosis values, while dmft was analyzed
with Kruskal Wallis-H Test with Mann-Whitney U Test as pairwise
comparisons. Gender, education level and family income level were
given as percentages and the association between these categorical
variables was examined by Chi-Square analysis. In case of signifi-
cance results for gender, education level and family income level,
pairwise comparisons were analyzed with Independent T-Test after
the evaluation of normality with Shapiro Wilk and skewness and
kurtosis values. p<0.05 was accepted as statistically significant.

Results

According to the obtained data, demographic data such as age, gen-
der, parental education level and family income levels of the partic-
ipating children in underweight, healthy, overweight, and obese
groups are given in Table 1. Gender distribution was statistically
significant for different BMI status (p=0.011; Table 1). There was
statistically significant difference between overweight and under-
weight (p=0.005; p<0.05), obese and underweight (p=0.002; p<0.05)
and healthy and underweight (p=0.017; p<0.05) while there was no
difference between overweight and obese (p=0.830; p>0.05), over-
weight and healthy (0.671; p>0.05) and obese and healthy (0.523;
p>0.05). In terms of BMI status of participating children, there was
not any significant difference between parental education levels
(p=0.058; Table 1) however, underweight children percentage was
higher (42.1%; Table 1) with parents with less than 8 years of edu-
cation. There was statistically significant difference between the
groups in terms of dmft index (p=0.023; Table 2). dmft scores are
significantly higher in participants with underweight than over-
weight (p=0.021; Table 2) and obese (p=0.026; Table 2). However,
there was no statistically significant difference between BMI status
for tooth development (p=0.268; Table 3). There was statistically
significant association for tooth eruption and according to the Car-
valho’s classification Go, G1 and G2 were higher in participants
with underweight while G3 and G4 was higher in participants with
healthy and obese, respectively (p=0.002; Table 3).

Discussion

The most important factors in childhood obesity are the dietary
habits of children and they are directly related with dental health
specially caries development. In this case, clinical examination
specially at first dental visit is very important step to diagnose and
prevent future dental problems. 35 According to the previous stud-
ies, the impact of higher or lower BMI on oral and dental tissues
are not clear and therefore the aim of this study was to evaluate
the impact of BMI status of the child on caries development, tooth
development and tooth eruption. 78 Besides, it should also be
noted that these clinical findings might be the result of oro-dental
development nearby the dental health problems caused by differ-
ent BMI conditions, especially obesity and underweight. First of
all, the primary reason of obesity and dental caries is assumed as
bad dietary habits for children without any systemic or physical
disease or disfunction in the literature. > However, the results of
the previous studies on the association between BMI and dental
caries development showed controversial results. '4~22 While some
of these studies showed the association between dental caries and
higher BMI, %17:18:22 some studies showed an inverse relationship
between BMI and development of tooth caries, or with the other
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Table 1. Demographic data of the participating children for each group regarding BMI status

BMI status
Underweight Healthy Overweight Obese Total
ANOVA
n  Meanssd n Meantsd n Meantsd n  Meanzsd n Meanzsd
p-value
Age (years) Ll 6.74+2.02 44 6.66+176 L4 5.74%¥231 44 6.45+2.27 176 6.40+2.12 0.107
n % n % n % n % n % 7Chl_8quare
p-value
Gender
Female 31 36.0 20 233 18 20.9 17 19.8 86 100.0 0.011%
Male 13 14.4 24, 26.7 26 28.9 27 30.0 90 100.0 ’
Education level
<8 years 8 421 7 36.8 3 15.8 1 53 19 100.0
>8 years 36 22.9 37 23.6 4 26.1 43 27.4 157 100.0 e
Family income level R
<Min wage 4 50.0 2 25.0 1 12.5 1 12.5 8 100.0 0525
>Min wage 40 23.8 42 25.0 43 25.6 43 25.6 168 100.0
Table 2. dmft scores of the participating children regarding different BMI status
BMI status dmft scores Kruskal Wallis-H Test Mann-Whitney U Test
n Meanzsd Median (p25-p75) Min Max p-value Pair-wise comparison
. Underweight-Healthy; p = 0.128
Underweight 44  17.9+123 16.0 0.0 440 Un derweigh%— Overweigsklltl;)p - 0.021*
Healthy Ll 14.1+10.0 14.0 0.0 42.0 0.023*
Overweight Lt 11.2+11.3 85 0.0 39.0 Underw?ight—obese; P =0.026*
Overweight-Healthy; p = 0.190
Obese Lty 12.1£11.1 115 00  39.0 OV;?;?:E{;S;ZS;Z E ;.266380
Total 176  13.8+11.4 14.0 0.0 440

Table 3. The association between different BMI status of participating children regarding tooth development and eruption

BMI status
Underweight Healthy Overweight Obese Total Chi-Square analysis
n % n % n % n % n % p-value
Stageo o 0.0 0 0.0 0 0.0 0 0.0 0 0
StageA 0 0.0 0 0.0 0 0.0 0 0.0 0 0
StageB 1 100.0 0 0.0 0 0.0 0 0.0 1 100
StageC 3 50.0 1 167 2 333 0 0.0 6 100
Tooth development  Stage D 7 28.0 8 32.0 3 12.0 7 280 25 100 0.268
StageE 10 34.5 9 310 3 10.3 7 241 29 100
StageF 16 25.8 15 242 17 27.4 14 226 62 100
StageG 5 18,5 6 222 8 29.6 8 206 27 100
StageH 2 7.7 5 192 11 423 8 308 26 100
Go 18 40.9 13 295 6 13.6 7 159 44 100
G1 7 33.3 6 286 2 9.5 6 286 21 100
Tooth eruption G2 12 26.1 12 261 1 239 1 239 46 100 0.002*
G3 2 6.3 1 344 10 313 9 281 32 100
Gl 5 15.2 2 6.1 15 45.5 1 333 33 100
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terms no relationship at all. 1516:19721 I, this present study, dmft
index was used to assess the number of tooth caries for children
with underweight, healthy, overweight, and obese. According to the
obtained data, there was statistically significant difference between
the BMI status of participating children and dmft index values were
significantly higher in participants with underweight than over-
weight and obese. So, this result does not support the bad dietary
habits specially carbohydrates increase the caries development or
progression rate. On the contrary, it supports the information about
malnourished children might have insufficiency or abnormalities
during tooth development which might cause increased caries pro-
gression such as enamel hypoplasia, salivary gland hypofunction
and changes in saliva composition. 6 Also, lack of appetite in chil-
dren with underweight causes slow and less chewing function. %17
So, we might state that increased chewing time and holding food in
the mouth might increase the contact of the tooth surface and food
and decrease the cleanability due to low chewing function. There-
fore, pediatric dentists should be more aware about the BMI status
of the patients and advise protective approaches to prevent develop-
ment and progression of tooth caries or more tragic scenario such
as severe type of early childhood caries. Ignoring racial and ethnic
diversity, the increased linear correlation between BMI and tooth
eruption was stated in the literature.?3 According to the results
of a previous study conducted on the relationship between caries
and obesity, earlier tooth development had been seen in children
with overweight and obesity. >4 As a result of this, earlier develop-
ment and inadequate oral hygiene may lead to higher rates of tooth
eruption, tooth caries and therefore malocclusion. 25 In the present
study, the eruption stages were classified according to the Carvalho
etal. and Go, G1 and G2 stages were higher in participants with un-
derweight while G3 and G4 was higher in participants with healthy
and obesity, respectively. !° Besides the earlier eruption, the need
for orthodontic treatment may occur at an earlier age due to the
earlier eruption than the normal weight peers in children with over-
weight and obesity. In this study, the results of tooth eruption for
each group showed statistically significant difference consistently
with the literature. So, the hypothesis of the study was rejected ac-
cording to the results due to the significant difference determined
between different BMI conditions regarding dental caries and tooth
eruption. The participating children were selected from healthy
children without any systemic disease or drug use in order to pre-
vent developmental differences, and data collection was performed
by a different pediatric dentist to reduce the risk of bias. Perhaps
the limitations of the study are that the children included in the
study were examined only once and distributed to groups and no
information was gathered about dental health practices and other
risk factors related to the dental caries, tooth development, or tooth
eruption. Since the phases of dental development and dental prob-
lems such as dental caries and tooth eruption develop over a long
time, it can be supported by clinical studies in which patients are
followed instead of determining a group with a single appointment.

Conclusion

According to the results of the present study, different status of
BMI showed significant results for tooth caries and tooth eruption
rather than tooth development. But, considering that the early
tooth eruption might be an important reason for ongoing malocclu-
sion development, the need for early preventive treatments should
be evaluated in the future. Therefore, general practitioners or pedi-
atricians should consider the oral effects of obesity or underweight
and consult to a pediatric dentist. So, further comprehensive obser-
vational and clinical studies are needed to state the importance of
BMI to take its place in pediatrics and pediatric dentistry guidelines.

Acknowledgements

The authors wish to thank Pinar Onal Poyraz, DDS, for her contri-
bution to the study design.

Author Contributions

DSU and BMO conceived the idea, designed the study and carried
out experiments. DSU analyzed the data and wrote original draft
of the manuscript. BMO revised the original draft of manuscript
and all authors had final approval of the submitted and published
versions.

Funding

This study was supported by Baskent University Research Fund
(D-KA18/32).

Conflict of Interest

Authors declare that they have no conflict of interest.

Authors’ ORCID(s)

D.S.U.
B.M.O.

0000-0001-7850-2375
0000-0002-3291-6174

References

1. Liang]JJ, Zhang ZQ, Chen Y], Mai JC, Ma ], Yang WH, et al. Dental
caries is negatively correlated with body mass index among 7-9
years old children in Guangzhou, China. BMC Public Health.
2016;16:638. d0i:10.1186/s12889-016-3295-3.

2. WHO child growth standards: length/height-for-age, weight-
for-age, weight-for-length, weight-for-height and body mass
index-for-age: methods and development. World Health Orga-
nization; 2006.

3. Flegal KM, Kit BK, Orpana H, Graubard BI. = Associa-
tion of all-cause mortality with overweight and obesity
using standard body mass index categories: a system-
atic review and meta-analysis. Jama. 2013;309(1):71—82.
doi:10.1001/jama.2012.113905.

4. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of
obesity and trends in body mass index among US children
and adolescents, 1999-2010. Jama. 2012;307(5):483—90.
doi:10.1001/jama.2012.40.

5. Psoter WJ, Reid BC, Katz RV. Malnutrition and dental caries:
a review of the literature. Caries Res. 2005;39(6):441—7.
doi:10.1159/000088178.

6. Singh A, Purohit BM. Malnutrition and Its Association
with Dental Caries in the Primary and Permanent Denti-
tion: A Systematic Review and Meta-Analysis. Pediatr Dent.
2020;42(6):418—426.

7. Kirthiga M, Murugan M, Saikia A, Kirubakaran R. Risk Factors
for Early Childhood Caries: A Systematic Review and Meta-
Analysis of Case Control and Cohort Studies. Pediatr Dent.
2019;41(2):95—112.

8. Ismail A, Sohn W, Lim S, Willem JM. Predictors of dental caries
progression in primary teeth. J Dent Res. 2009;88(3):270—5.
doi:10.1177/0022034508331011.

9. Moradi G, Mohamadi Bolbanabad A, Moinafshar A, Adabi H,
Sharafi M, Zareie B. Evaluation of Oral Health Status Based on


https://orcid.org/0000-0001-7850-2375
https://orcid.org/0000-0002-3291-6174
http://dx.doi.org/10.1186/s12889-016-3295-3
http://dx.doi.org/10.1001/jama.2012.113905
http://dx.doi.org/10.1001/jama.2012.40
http://dx.doi.org/10.1159/000088178
http://dx.doi.org/10.1177/0022034508331011

10.

11.

12.

13.

14.

15.

16.

17.

the Decayed, Missing and Filled Teeth (DMFT) Index. Iran J
Public Health. 2019;48(11):2050—2057.

Carvalho JC, Ekstrand KR, Thylstrup A. Dental plaque and
caries on occlusal surfaces of first permanent molars in re-
lation to stage of eruption. ] Dent Res. 1989;68(5):773—9.
doi:10.1177/00220345890680050401.

Demirjian A, Levesque GY. Sexual differences in dental develop-
ment and prediction of emergence. ] Dent Res. 1980;59(7):1110—
22. doi:10.1177/00220345800590070301.

Liversidge HM, Chaillet N, Mornstad H, Nystrom M, Rowl-
ings K, Taylor J, et al. Timing of Demirjian’s tooth
formation stages. Ann Hum Biol. 2006;33(4):454—70.
doi:10.1080/03014460600802387.

Zandi M, Shokri A, Malekzadeh H, Amini P, Shafiey P. Evalua-
tion of third molar development and its relation to chronologi-
cal age: a panoramic radiographic study. Oral Maxillofac Surg.
2015;19(2):183—9. d0i:10.1007/S10006-014-0475-0.

Alm A, Fahraeus C, Wendt LK, Koch G, Andersson-Gére B,
Birkhed D. Body adiposity status in teenagers and snack-
ing habits in early childhood in relation to approximal caries
at 15 years of age. Int J Paediatr Dent. 2008;18(3):189—96.
doi:10.1111/j.1365-263X.2007.00906.X.
Kopycka-Kedzierawski DT, Auinger P, Billings RJ, Weitz-
man M. Caries status and overweight in 2- to 18-year-old
US children: findings from national surveys. Community
Dent Oral Epidemiol. 2008;36(2):157—67. do0i:10.1111/j.1600-
0528.2007.00384.X.

Lempert SM, Froberg K, Christensen LB, Kristensen PL, Heit-
mann BL. Association between body mass index and caries
among children and adolescents. Community Dent Oral Epi-
demiol. 2014;42(1):53—60. doi:10.1111/cdoe.12055.

Marshall TA, Eichenberger-Gilmore JM, Broffitt BA, Warren
JJ, Levy SM. Dental caries and childhood obesity: roles of diet
and socioeconomic status. Community Dent Oral Epidemiol.

18.

19.

20.

21.

22.

23.

24,

25.

Effects of Body Mass Index on Dental Problems | 27

2007;35(6):449—58. d0i:10.1111/j.1600-0528.2006.00353.X.
Mathus-Vliegen EM, Nikkel D, Brand HS. Oral aspects of
obesity. Int Dent J. 2007;57(4):249—56. doi:10.1111/j.1875-
595X.2007.tb00128.x.

Oliveira LB, Sheiham A, Bonecker M. Exploring the association
of dental caries with social factors and nutritional status in
Brazilian preschool children. Eur J Oral Sci. 2008;116(1):37—43.
doi:10.1111/j.1600-0722.2007.00507.X.

Sanchez-Pérez L, Irigoyen ME, Zepeda M. Dental caries, tooth
eruption timing and obesity: a longitudinal study in a group of
Mexican schoolchildren. Acta Odontol Scand. 2010;68(1):57—64.
do0i:10.3109/00016350903449367.

Vazquez-Nava F, Vazquez-Rodriguez EM, Saldivar-Gonzalez
AH, Lin-Ochoa D, Martinez-Perales GM, Joffre-Velazquez
VM. Association between obesity and dental caries in a
group of preschool children in Mexico. J Public Health Dent.
2010;70(2):124—30. doi:10.1111/j.1752-7325.2009.00152..X.
Willerhausen B, Blettner M, Kasaj A, Hohenfellner K. Asso-
ciation between body mass index and dental health in 1,290
children of elementary schools in a German city. Clin Oral In-
vestig. 2007;11(3):195—200. doi:10.1007/S00784-007-0103-6.
Pahel BT, Vann J] W F, Divaris K, Rozier RG. A Con-
temporary Examination of First and Second Permanent
Molar Emergence. J Dent Res. 2017;96(10):1115—1121.
doi:10.1177/0022034517716395.

Nicholas CL, Kadavy K, Holton NE, Marshall T, Richter A,
Southard T. Childhood body mass index is associated with
early dental development and eruption in a longitudinal sample
from the Iowa Facial Growth Study. Am J Orthod Dentofacial
Orthop. 2018;154(1):72—81. doi:10.1016/j.ajod0.2017.10.033.
Must A, Phillips SM, Tybor DJ, Lividini K, Hayes C. The associ-
ation between childhood obesity and tooth eruption. Obesity
(Silver Spring). 2012;20(10):2070—4. doi:10.1038/0by.2012.23.


http://dx.doi.org/10.1177/00220345890680050401
http://dx.doi.org/10.1177/00220345800590070301
http://dx.doi.org/10.1080/03014460600802387
http://dx.doi.org/10.1007/s10006-014-0475-0
http://dx.doi.org/10.1111/j.1365-263X.2007.00906.x
http://dx.doi.org/10.1111/j.1600-0528.2007.00384.x
http://dx.doi.org/10.1111/j.1600-0528.2007.00384.x
http://dx.doi.org/10.1111/cdoe.12055
http://dx.doi.org/10.1111/j.1600-0528.2006.00353.x
http://dx.doi.org/10.1111/j.1875-595x.2007.tb00128.x
http://dx.doi.org/10.1111/j.1875-595x.2007.tb00128.x
http://dx.doi.org/10.1111/j.1600-0722.2007.00507.x
http://dx.doi.org/10.3109/00016350903449367
http://dx.doi.org/10.1111/j.1752-7325.2009.00152.x
http://dx.doi.org/10.1007/s00784-007-0103-6
http://dx.doi.org/10.1177/0022034517716395
http://dx.doi.org/10.1016/j.ajodo.2017.10.033
http://dx.doi.org/10.1038/oby.2012.23

	Introduction
	Material and Methods
	Ethical and priori statistical considerations
	Study design
	Variable measurements
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	Author Contributions
	Funding
	Conflict of Interest
	Authors' ORCID(s)

