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Abstract

Background/Aim—The impact of traumatic dental injuries (TDI) in primary dentition on oral
health-related quality of life indicates the need for the planning of prevention strategies. The aim
of this study was to assess whether anthropometric characteristics in early life are associated with
TDI by preschool age.

Materials and Methods—A birth cohort was recruited from the public healthcare system in the
city of Porto Alegre, Brazil. Socio-demographic variables, type of birth, head circumference,
weight and length were collected at birth (WHO standards). Head circumference, body mass index
for age and height for age were collected at 12 months. TDI (Andreasen criteria) at three years of
age (n = 458) were recorded by two examiners who had undergone training and calibration
exercises. Multivariable analysis was carried out with Poisson regression with robust variance.

Results—A total of 31.0% of the children (142/458) exhibited TDI at three years of age. In the
final model, the risk of TDI was 47% higher among children with a smaller head circumference
upon birth and nearly 60% higher among those who were overweight/obese at 12 months of age
(RR: 1.58; 95% CI: 1.15-2.17). The risk of TDI was also significantly higher among boys (RR
1.50; 95% CI: 1.13-2.00), but the outcome was not significantly associated with socioeconomic
variables or other anthropometric variables.

Conclusion—The identification of overweight/obesity in the first year of life as a risk factor for
TDI can contribute to the establishment of prevention strategies based on the common risk
approach.
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INTRODUCTION

The high prevalence of traumatic dental injury (TDI) in childhood and its impact on oral
health-related quality of life indicate the need for the planning of prevention strategies.!:2
Such interventions should be based on the identification of risk factors for this outcome. To
date, only accentuated overjet has been consistently recognized as a risk factor for TDI
among preschool children,3# which at least partially explains the absence of TDI prevention
protocols at the individual and collective levels.

TDI is an eminently physical event and factors that exert an influence on all steps of this
process, such as postural balance, the force resulting from a fall, motor and mental disorders,
all play a role in its etiology.>8 Thus, it is plausible that anthropometric variables, especially
those associated with balance, such as body mass, height and head circumference, may be
associated with the occurrence of accidental trauma.”-8 A taller height in childhood was
associated with a greater occurrence of bone fractures in a cohort form Dunedin; it is
possible that taller children have less motor coordination and may be encouraged to
participate in activities with older children of the same size, who have a better coordination
and balance.® However, in the only study to identify a greater occurrence of TDI among
taller children, both variables were collected in a cross-sectional manner.10 A recent
systematic review identified obesity as being associated with TDI, but nearly all studies
analyzed had a cross-sectional design and involved schoolchildren.1! Thus, few longitudinal
studies have evaluated the effects of anthropometric variables on the occurrence of TDI,
especially among preschool children.

The World Health Organization (WHO) has suggested a strategy for combating risk factors
common to different conditions to promote health.12:13 These factors include overweight and
obesity, which are increasing in prevalence in several countries, and may represent risk
factors for different relevant childhood health outcomes.14-16 Generally, anthropometric
characteristics are influenced by environmental and behavioral factors during the prenatal
period and early childhood and can therefore be modified.1” To contribute toward the
establishment of prevention strategies, the effects of such variables on the occurrence of TDI
should be investigated in longitudinal studies.

The aim of the present study was to investigate anthropometric risk factors at birth and 12
months of age for the occurrence of TDI in the primary dentition in a cohort of preschool
children in southern Brazil.

MATERIAL AND METHODS

Participants and study design

The present prospective cohort study is nested in a cluster randomized clinical trial
conducted in Porto Alegre, which is a city with 1.4 million inhabitants in southern Brazil. In
the larger study, pregnant women were recruited from 20 primary health units between May
2008 and February 2009 with the aim of evaluating the impact of healthcare worker training
in maternal nutritional counseling on child health outcomes.18 To be eligible for the study,
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the health units needed to have more than 100 annual appointments with children less than
one year of age and not participate in any other intervention study.

Following the birth of children, mothers with a full-term gestation (> 37 weeks), no
impediment with regard to breastfeeding (HIV/AIDS) and who had children with no
congenital malformations were invited to participate in the study. Among the 736 women
invited, 715 agreed to participate, corresponding to a 97.0% consent rate. The evaluations of
the cohort were performed during household visits when the children were 12 months and
three years of age. Oral health data were collected during the latter evaluation, which was
performed when the children had an average of 38 months of age (n = 458). The originally
recruited and analytic samples were similar in characteristics.1®

The number of participants recruited and who remained in the intervention study was used to
determine the sample size of the present investigation. Based on a 95% confidence interval,
1:1 ratio of unexposed (shorter height for age) to exposed (taller height for age) children, an
outcome prevalence rate of 17% among unexposed children and a relative risk of 1.79,10 the
expected power of the study was estimated to be higher than 90%. Figure 1 displays the
flowchart of the study.

Data collection

Collection of the independent (anthropometric) variables, potential confounding
(demographic and socioeconomic) variables and the outcome (TDI) was performed through
structured interviews, anthropometric examinations and dental examinations, as detailed
below.

Baseline evaluation

After inclusion of the pregnant women to the cohort study, interviews were held to record
mother’s schooling (categorized as more or less than eight years of study) and household
income (in Brazilian currency [Real] and categorized in tertiles). Soon following the birth of
the child, the following data were collected: sex (male or female), type of birth (natural or
cesarean), birth weight (categorized as < 2,500 g, 2,500 g to 4,000 g and > 4,000 g), length
at birth (< 48 cm or = 48 cm) and head circumference (in mm, transformed into z-scores and
categorized as < —1 standard deviation [SD] or = -1 SD). The cutoff points were based on
internationally accepted standards.2°

Evaluation at 12 months of age

A team of extensively trained nutrition students collected data on the weight, height and
body mass index (BMI) of the children at 12 months of age following international
protocols. The data were converted into height/length-for-age and BMI-for-age z-scores
using WHO standards.?! This was used to categorize the BMI as indicative of the ideal
weight range (< 1 SD) or overweight/obesity (> +1 SD). Head circumference (in mm) was
measured, transformed into z-scores and categorized as < —0.5 SD or = — 0.5 SD. The cutoff
point for this variable was defined by the lowest decile. It was not possible to use the same
categorization at that used at birth, since the small number of children with a head
circumference < -1 SD would impede the analysis.
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Evaluation at three years of age

The oral health evaluation was performed with 458 of the 475 children followed up in the
cohort when the children were three years of age. The evaluations were conducted by two
trained examiners. To estimate reliability for TDI, each examiner previously evaluated 24
children aged three to five years on each of two occasions separated by a one-week interval.
The unweighted inter-examiner kappa coefficient was 0.70 and unweighted intra-examiner
kappa coefficients were 0.77 and 0.85.

The clinical examination followed the WHO protocol.22 The examiners first brushed the
children’s teeth and dried the teeth with gauze. The examinations were performed using an
intraoral mirror with a light (DenLite, Miltex Inc., York, PA, USA) with the children seated
in a chair. The assessment of TDI, the outcome of this study, followed the criteria
established by Andreasen.23

Statistical analysis

Statistical analysis was conducted with the aid of the SPSS 20.0 program for Windows
(IBM, USA). Poisson regression with robust variance was performed to investigate
associations between the anthropometric characteristics and TDI. Crude relative risk (RR)
values and respective 95% confidence intervals (Cl) were determined for the independent
and adjustment variables. A hierarchical model was employed for the multivariable
analysis,2* involving three levels: a) demographic and socioeconomic variables (sex,
mother’s schooling and household income); b) anthropometric variables at birth (type of
birth, birth weight and head circumference); and c) anthropometric variables at 12 months of
age (BMI for age, height for age and head circumference) (Figure 2). All variables remained
in the final model regardless of statistical significance and the effect measures were adjusted
for variables on the same level or a higher level. The variable trial-group (intervention or
control) was maintained in the final model regardless of statistical significance.

Ethical considerations

This study received approval from the Human Research Ethics Committee of the Porto
Alegre Federal University of Health Sciences (UFSCPA) and the University of California —
Berkeley and was conducted in accordance with the Declaration of Helsinki. The legal
guardians received clarifications regarding the risks and discomfort their children may
experience during the study and signed a statement of informed consent.

RESULTS

Among the 475 children who remained in the cohort at three years of age, 458 appeared for
the clinical dental examination and constituted the final sample of the present study. The
dropouts in each phase of the study are detailed in Figure 1. The sample was distributed
similarly in terms of sex (50.9% boys). Approximately one third of the mothers had less than
eight years of schooling; 69.2% of the children had a natural child birth and 94% had a
normal birth weight. At 12 months of age, the BMI ranged from 14.3 to 25.4 (mean [SD]:
18.0 [1.8]; median [P25-P75]: 17.9 [16.6-19.1]). Nearly half of the children had overweight
or obesity at 12 months of age (Table 1).
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A total of 31.0% (142/458) of the children exhibited TDI at three years of age (95% CI: 27.1
to 34.9%), 106 of whom had one tooth affected, 34 had two teeth affected and two had more
than two teeth affected. In the overall sample, 180 teeth had suffered TDI. The most
common type of injury was enamel fracture, followed by enamel/dentin fracture and crown
discoloration (data not shown not in a table).

The occurrence of TDI was significantly higher among boys (p = 0.011) and children with
overweight or obesity at 12 months of age (p = 0.004). The multivariable analysis (Table 2)
demonstrated that the risk of TDI was nearly 50% higher among children with a smaller
head circumference at birth (RR 1.47; 95% CI: 1.02 to 2.11) and 60% higher among
children with overweight/obesity at 12 months of age (RR: 1.58; 95% CI: 1.15t0 2.17). The
risk of TDI was also significantly higher among boys (RR: 1.50; 95% CI: 1.13 to 2.00). The
socioeconomic and other anthropogenic variables were not significantly associated with the
outcome.

DISCUSSION

To the best of the authors’ knowledge, this is the first investigation to establish in a birth
cohort that overweight and obese children in the first year of life have an increased risk of
TDI in early childhood. A smaller head circumference at birth was also associated with the
outcome. Few studies have investigated associations between anthropometric characteristics
and TDI in childhood.

A recent systematic review described a 22% greater occurrence of TDI among children who
were overweight or obese.11 However, among the 17 studies that contributed to the
systematic review and meta-analysis, 15 involved the permanent dentition and 16 had a
cross-sectional design, which impedes the identification of a causal relationship. Among the
three studies conducted with preschool children, two had a cross-sectional design and
presented conflicting results.2526 The only previous longitudinal study to investigate this
association found no greater incidence of TDI among children with a higher BMI.10 The
cutoff point used — tertiles rather than categorization according to overweight and obesity —
may at least partially explain the divergent results.

The identification of risk factors common to different adverse health conditions, including
overweight and obesity, justifies the use of BMI for age and the cutoff points employed in
the present investigation. BMI for age represents harmony between weight and height and is
currently one of the most recommended indices for the assessment of individual and
collective nutritional status.27:28

Overweight/obesity can lead to displacement of the center of mass and alter the axis of
balance,2? with negative impacts on motor skills,3% postural stability and balance when
walking.31-33 It should be stressed that the children in the present study were in the phase of
learning to walk and establishing balance and the effect of obesity on such actions may be
different at other ages. It is possible that the lower level of balance and motor skills in the
early years of life may at least partially explain the association between obesity and bone
fractures reported in previous studies involving preschool children as well as the findings of
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the present study.32:3435 Another possible explanation is that children with a high body mass
fall more heavily than lighter children.32:9

Head circumference, especially between birth and two years of age, is considered one of the
indicators of healthy growth and may be associated with cognitive and visuospatial skills as
well as motor and neurological disorders.8:36:37 Cutoff points for this variable vary
depending on the objectives of each study and even for the definition of microcephaly. In the
present study, the cutoff point was defined as the lowest decile. Although children with a
small head circumference at birth and 12 months of age had a greater risk of TDI in
childhood, these results should be evaluated with caution. Actually, the differences were
only significant for head circumference at birth and after adjusting for potential confounding
factors. The effect of a small head circumference has been increasingly studied in the
medical literature and the present data suggest that TDI should also be included among the
outcomes investigated. The recognition of a causal relationship between head circumference
and TDI in childhood can only occur if the results of future longitudinal studies are
consistent with the present findings.

The greater occurrence of TDI among male children has been previously reported for
preschool children.25:38 However, this association is only consistent for older age groups, in
which behavioral differences between genders are more evident. Although a statistically
significant difference was found in the present study, it may not be clinically relevant, as it
may not be large enough to warrant greater care or orientations given to the parents of male
preschoolers.?

This study has limitations that should be considered. The considerable proportion of
dropouts during the follow up may have influenced the results in an unknown manner.
However, the possibility of selection bias is very low, as no differences were found in the
baseline characteristics between the original cohort and the cohort analyzed, as reported
above.18 The possibility of measurement bias is also very small due to exhaustive training
with an experienced nutritionist conducted with children of different ages. Despite the good
reproducibility between the examiners, non-differential classification error may have
occurred with the outcome, especially due to the difficulty in separating enamel fractures
from physiological wear or the results of tooth grinding. However, this type of poor
classification would bias the results toward the null hypothesis and therefore does not
account for the associations encountered.39

Another methodological aspect that merits discussion is the hierarchical approach used in
the multivariable analysis. This approach recommends that statistical models first adjust for
distal, or “upstream” variables, such as socioeconomic factors, before adding other proximal
variables that might influence the outcome but are “downstream” or caused by the distal
factors.24 There was no observed association between socioeconomic factors and TDI in any
of the hierarchical models, suggesting that the lack of association with maternal education or
family income in the present study was not due to over-adjustment for other potential causes
of TDI that are downstream of socioeconomic position.
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The identification of TDI as another consequence being overweight or obese is among the
main implications of the present study. Such knowledge should be considered in the set of
other potential outcomes that can stem from childhood obesity, such as morbidity and
premature mortality in adulthood.1® The increase in overweight and obesity in childhood is
one of the consequences of the nutritional transition that has marked the majority of
developed and developing countries in the world.1®

It should be stressed that overweight/obesity is a modifiable factor, since it is associated with
a higher maternal pre-pregnancy BMI, excess maternal gestational weight gain and eating
practices in the first two years of life, such as the consumption of sugary drinks and high
energy density foods that are poor in micronutrients as well as the insufficient consumption
of fruits, vegetables and grains.2417:40 From the practical standpoint, the present findings
underscore the need for prevention and control policies directed at childhood obesity.#!
Programs aimed at the promotion of healthy eating in the first year of life are reported to
reduce the frequency of hospitalizations and the use of medications.#2 Among the
implications for future studies, general and dental trauma should be included as outcomes to
be evaluated in this type of intervention.

In conclusion, the results of the present study indicate overweight/obesity to be a risk factor
for the occurrence of TDI in childhood and suggest that the prevention of childhood obesity
is a plausible path for the reduction of this outcome. If proven consistent in future
longitudinal studies, these findings add traumatic dental injury to other conditions that share
common risk factors and combating such factors seems to be the most effective prevention
strategy.
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Figure 1. Participant Flow
Legend. Flow of participants: pregnant women were recruited from 20 municipal health

centers in the city of Porto Alegre, Brazil, and followed to a mean child age of 38 months

or not present at maternal
interview
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Figure 2. Conceptual hierarchical framework for traumatic dental injuries (TDI)
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