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Abstract
Objective: To evaluate the correlation among nutritional status, tooth wear and
quality of life in Brazilian schoolchildren.
Design: The study followed a cross-sectional design. Nutritional status was
measured via anthropometry using BMI and tooth wear was measured using the
Dental Wear Index; both these assessments were carried out by a trained recorder
according to standard criteria. A modified version of the Child Oral Impacts on
Daily Performances was used to assess quality of life.
Setting: City of Bauru, in Brazil.
Subjects: A cluster sample of 396 schoolchildren (194 boys and 202 girls) aged
7–10 years.
Results: The anthropometric assessment showed similar situations for both sexes
regarding underweight (31·40 % in boys and 30·20 % in girls) and overweight/
obesity (33·96 % in boys and 33·17 % in girls). The underweight children showed a
greater severity of tooth wear in the primary teeth (OR= 0·72; CI 0·36, 1·42),
although in the permanent dentition the obese children had a greater severity of
tooth wear (OR= 1·42; 95 % CI 0·31, 6·55). The tooth wear was correlated with age
for both dentitions.
Conclusions: Tooth wear in the primary and permanent dentition may be related
to nutritional status. Tooth wear and obesity did not have a significant impact on
the schoolchildren’s perception of quality of life.
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Up until the last century, chronic undernutrition was one
of the most important public health concerns around the
world. Within recent decades, obesity has emerged as a
new issue of similar global importance. These nutritional
extremes persist alongside each other in many countries
and populations(1–3). Brazil is undergoing a period of
important epidemiological transition that has been
associated with both demographic and nutritional
changes. This transition has resulted in a reduction in the
prevalence of underweight, with a subsequent increase in
the prevalence of obesity(4,5).

Environmental factors(6) such as a child’s nutritional
status(7) may also influence the occurrence of oral health
problems(8). Tooth wear is a progressive physiological
condition that affects the dentition throughout life. The
tooth wear may become pathological as a result of three
processes, erosion, abrasion and attrition(9–11), that occur
simultaneously in the oral cavity(12,13). It has been

recognized that tooth wear is a clinical problem that
is becoming increasingly important in the popula-
tion(12,14,15). Thus, tooth wear can compromise the health
of the teeth individually or the entire dentition, with
manifestations ranging from severe loss of tooth structure
to dentin hypersensitivity, abnormal occlusion and
aesthetic damage(9–11,16).

Oral health problems may have an impact on quality of
life, since the concept of health is complete physical,
mental and social well-being and not merely the absence
of disease or infirmity. Therefore, the analysis of quality of
life is essential for understanding the true impact of dental
disease, especially in children. The outcome could be
useful in planning public health policies for prioritization
of care and evaluating outcomes from treatment strategies
and initiatives(17,18).

Tooth wear as well as dental caries are diseases of
multifactorial aetiology. Factors like frequent contact
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of gastric juice with teeth surfaces in patients with eating
disorders and gastro-oesophageal reflux disease, special
diets, regular consumption of acidic beverages, use of
some medications and drugs(19), residence in rural
areas, electric tooth-brushing and snoring(20) have been
described as having an association with tooth wear. In
obese/overweight patients the risk factors for tooth
wear appear more frequently because harmful eating
habits (with the consumption of acidic drinks in greater
quantity and frequency) and possible eating disorders
(bulimia, anorexia nervosa and gastro-oesophageal reflux)
can cause obesity and tooth wear to share the same
pathogenesis factors, predisposing the overweight or
obese patient to tooth wear(21).

However, there is a lack of information in the literature
about the influence of nutritional status on tooth wear. The
aim of the present study was to evaluate nutritional status,
tooth wear and their impact on the quality of life of
Brazilian schoolchildren.

Methods

The study design was cross-sectional, involving children of
both sexes, aged 7–10 years, who were enrolled in public
schools.

Ethical considerations
The Research Ethics Committee of the Bauru School of
Dentistry of the University of São Paulo approved the
study. Positive consent was obtained from the participants’
legal guardians on the day of the clinical examination and
conducted in full accordance with the World Medical
Association Declaration of Helsinki.

Sample structure
The representative sample was composed of 7–10-
year-old schoolchildren from Bauru, a city in the state of
São Paulo, south-east Brazil. Bauru has a fluoridated water
supply (0·7 ppm) and an estimated population of 343 937,
including 6700 children regularly attending sixteen public
schools(22). For the sample size calculation, the following
parameters were used: prevalence of tooth wear of 30 %,
SE of 5 %, 95 % CI, design effect of 1·4, and adding 10 % for
losses(12,21). The minimum sample size required for the
present study was 372 schoolchildren.

The sixteen public schools were randomized and
selected in order to comprise all the regions of the city,
providing a sample that represents the socio-economic
condition of the whole population. The random sample
was stratified by sex and age, and included a total of
396 schoolchildren (194 boys and 202 girls).

The exclusion criteria were (i) children or parents not
authorizing participation in the epidemiological survey
and (ii) if the children were currently wearing orthodontic
appliances and had extensive dental restorations.

Process calibration
Training and calibration exercises for two examiners took
place over a 6-month period prior to the main survey and
involved training on cast models, photographs and
subjects. The calibration process was composed of three
steps: (i) examiners were trained to learn the Dental Wear
Index (DWI); (ii) calculation of kappa statistics to analyse
agreement and to create matrices; and (iii) examiners
performed new exams and a gold standard for examiners
was established to evaluate the accuracy. The intra-exam
reliability showed a range of κ values between 0·91 and
0·87. The inter-exam and inter-examiner reliability showed
a range of κ values between 0·88 and 0·82.

Examination methodology
Examinations were carried out in classrooms by trained
examiners under standardized conditions with the
children in sitting position. The teeth were dried using
equipment with an air syringe and were examined
using a disposable mouth mirror and CPI probe under
natural lighting. All cross-infection control measures
were adopted and the clinical equipment was used
in accordance with the WHO guidelines (2010) for
epidemiological studies(23).

Nutritional status
Anthropometric weight and height measures were made at
the time of the exams, with the children wearing light
clothing and no shoes. Height was measured using a
standard physician’s scale and weight was measured with
a digital balance. The nutritional status of the children was
evaluated by BMI (kg/m2) and classified according to the
WHO (2006) reference(24), which defines BMI percentiles
for age and sex. The internationally recognized classifi-
cation of BMI into underweight, normal weight,
overweight and obesity was conducted with special tables
from the obesity consortium for children and adolescents.

Tooth wear
To evaluate tooth wear, the DWI was used according to
the diagnostic criteria proposed by Sales-Peres(21). The
DWI evaluates all teeth, which are divided into three
surfaces (buccal, incisal/occlusal and lingual surfaces).
The surfaces were scored as ‘a’ or ‘0’ (normal), ‘b’ or ‘1’
(enamel involvement), ‘c’ or ‘2’ (exposed dentin), ‘d’ or ‘3’
(secondary dentin or pulp exposure), ‘e’ or ‘4’ (restored
due to tooth wear) and ‘–’ or ‘9’ (could not be assessed) for
the primary and permanent teeth, respectively. The
buccal/facial, incisal/occusal and lingual/palatine surfaces
were examined and recorded on a specific form. The DWI
was developed according to decayed, missing and filled
teeth. The criteria used for examinations were: ‘normal’
(no evidence of wear – no loss of surface features);
‘incipient’ (tooth wear into enamel – loss of enamel
giving a smooth, glazed, shiny appearance, dentine is not
involved); ‘moderate’ (tooth wear into dentine – extensive
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loss of enamel with dentine involvement, exposure of
dentine); ‘severe’ (tooth wear into pulp – extensive loss of
enamel and dentine with secondary dentine or pulp
exposure); ‘restored’ (tooth wear leading to restoration –

tooth received restorative treatment due to tooth wear);
and ‘could not be assessed’ (extensive caries, large
restoration, fractured tooth, missing tooth, orthodontic
brackets).

Quality of life
A modified version of the Child Oral Impacts on Daily
Performances (Child-OIDP) was used as a measure of the
oral health-related quality of life. For the application of the
Child-OIDP, children were initially asked to record all
problems related to oral health experienced in the
past 3 months(25) including eating, emotion, cleaning,
schoolwork, speaking, social contact, smiling and sleep-
ing. This is a composite indicator that covers basic
daily life activities and the frequency of impact of oral
conditions on these activities.

Statistical analysis
Data were analysed using the statistical software
package IBM SPSS Statistics version 20. For all variables
tested, the significance was pre-determined at α= 0·05.
Data were analysed using a univariate analysis. For the
relationships between an ordinal dependent variable and
one or more categorical or continuous explanatory vari-
ables, logistic and linear regression was used. In addition,
the odds ratios of the relationships were calculated.

Results

Overall the sample was composed of 396 children, 194
boys and 202 girls. The distribution of the 7- to 10-year-old
schoolchildren in relation to the BMI revealed that 32·79 %
were underweight and 34·67 % were overweight and
obese. The numbers of boys and girls in the age groups of

7, 8, 9 and 10 years old were numerically equivalent
(Table 1).

The distribution and univariate analysis showed that a
total of 57 024 dental surfaces were evaluated, with
approximately 144 faces per child, and revealed greater
severity of tooth wear in the occlusal (molars and
premolars) and lingual/palatal surfaces (incisors). Table 2
describes a higher prevalence of tooth wear in
the primary teeth of the 7- and 8-year-old children
compared with the 9- and 10-year-olds who were
evaluated. In the permanent teeth, there was no
prevalence of tooth wear regarding the children's age.

Among the 396 children in the sample, the overweight
and obese children showed moderate tooth wear on
the primary dentition. Similarly data on underweight
children revealed moderate tooth wear on the primary
dentition. Underweight children had greater severity of
tooth wear in the primary teeth (OR= 0·72), while obese
children showed greater severity of worn permanent teeth
(OR= 1·42; Table 3).

There was an association between the number of
worn primary teeth and the age (OR= 0·51) and BMI
(OR= 0·92) of the children. However, for permanent teeth,
an association was found only between tooth wear and
children’s age (OR= 1·58; Table 4).

The linear regression analysis showed that quality
of life had no association with the children's age,
BMI or tooth wear in the primary or permanent teeth
(Table 5).

Discussion

The present study evaluated the nutritional status,
tooth wear and quality of life in Brazilian schoolchildren.
The data suggest an association of nutritional status
with tooth wear and children’s age. Quality of life
showed no association with tooth wear and nutritional
status.

Table 1 Distribution of nutritional status by age and sex among 7- to 10-year-old schoolchildren (n 396) from Bauru, São Paulo, Brazil

Age

7 years 8 years 9 years 10 years

n % n % n % n % Total n

Boys
Underweight 15 28·85 13 32·43 15 30·00 18 33·33 61
Normal weight 20 38·46 13 35·14 18 36·00 20 37·04 71
Overweight 4 7·69 6 16·22 8 16·00 7 12·96 25
Obesity 13 25·00 6 16·22 9 18·00 9 16·67 37
Total 52 100·00 38 100·00 50 100·00 54 100·00 194

Girls
Underweight 5 11·11 15 32·61 15 25·45 26 47·27 61
Normal weight 21 46·67 16 34·78 21 38·18 16 29·09 74
Overweight 9 20·00 4 8·70 7 12·73 7 12·73 27
Obesity 10 22·22 11 23·91 13 23·64 6 10·91 40
Total 45 100·00 46 100·00 56 100·00 55 100·00 202
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The use of BMI for the current epidemiological research
was conducted according to the protocol of the WHO (2006)
reference(24). For each age group there are limits that define
the values for underweight, normal weight, overweight and
obesity. Previous studies that analysed nutritional status in
Brazilian children showed a higher prevalence of over-
weight (13·35%) and obesity (8·69%) among these children
compared with underweight (3·18%)(26,27). However, these

results differ from those found in the present study. In the
sample we analysed, there were similar prevalences of
underweight (32·79%) and overweight/obese children
(34·67%). The results of studies conducted during the past
three decades are indicative of an antagonism between
temporal tendencies of underweight and obesity, defining
one of the characteristics of the process of nutritional
transition that occurs in the country(24,27–30).

Table 2 Distribution of severity and prevalence of tooth wear by age and dentition among 7- to 10-year-old schoolchildren (n 396) from
Bauru, São Paulo, Brazil

Age

7 years
(1960 dental surfaces)

8 years
(1660 dental surfaces)

9 years
(2120 dental surfaces)

10 years
(2180 dental surfaces)

n % n % n % n %

Degree of tooth wear on primary teeth
Normal 789 40·25 785 47·28 1249 58·91 1649 75·64
Incipient 607 30·97 358 21·56 368 17·35 197 9·03
Moderate 561 28·63 516 31·08 500 23·58 331 15·18
Severe 3 0·15 1 0·08 3 0·16 3 0·15

Prevalence
Yes 1171 59·75 875 52·72 871 41·09 531 24·36
No 789 40·25 785 47·28 1249 58·91 1649 75·64

7 years
(2744 dental surfaces)

8 years
(2324 dental surfaces)

9 years
(2968 dental surfaces)

10 years
(3052 dental surfaces)

n % n % n % n %

Degree of tooth wear on permanent teeth
Normal 2005 73·06 1653 71·12 2018 67·99 1824 59·76
Incipient 178 6·48 266 11·44 394 13·27 722 23·65
Moderate 2 0·07 0 0·00 0 0·00 4 0·13
Severe 5 0·18 4 0·17 1 0·03 1 0·03

Prevalence
Yes 185 8·45 270 14·05 395 16·37 727 28·50
No 2005 91·55 1653 85·95 2018 83·63 1824 71·50

Table 3 Univariate analysis of severity of tooth wear by nutritional status among 7- to 10-year-old schoolchildren (n 396) from Bauru, São
Paulo, Brazil

Primary teeth Permanent teeth

Severity of tooth wear Severity of tooth wear

Nutritional status Enamel Dentin OR 95% CI P Enamel Dentin OR 95% CI P

Normal weight 19 126 1·00 Ref. – 141 4 1·00 Ref. –

Underweight 21 101 0·72 0·36, 1·42 0·044 119 3 0·88 0·19, 4·04 0·817
Overweight 12 40 0·50 0·20, 1·12 0·141 51 1 0·69 0·07, 6·32 0·853
Obesity 17 60 0·53 0·25, 1·09 0·125 74 3 1·42 0·31, 6·55 0·953

Ref., reference category.

Table 4 Association of tooth wear in primary and permanent teeth with age and BMI among 7- to 10-year-old schoolchildren (n 396) from
Bauru, São Paulo, Brazil

Tooth wear in primary teeth Tooth wear in permanent teeth

P OR 95% CI P OR 95% CI

Age 0·000* 0·510 0·387, 0·671 0·001* 1·581 1·206, 2·074
BMI 0·028* 0·922 0·858, 0·991 0·672 0·982 0·905, 1·067

*Significant difference (P < 0·05).
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A few studies have analysed the influence of nutritional
factors on the prevalence of tooth wear(31,32); in these
surveys, no significant associations were found, although
our results verified that there was an influence of
nutritional status on tooth wear. The DWI was designed to
provide a simple scoring system that can be used with the
diagnostic criteria of all existing indices, with the purpose
of transferring their results to record the most severely
affected surface and using the cumulative score to guide
management of the condition(12). The DWI could be a
useful instrument for broad epidemiological surveys and is
designed to be a simple and transferable scoring system. It
covers all types of tooth wear, facilitating the evaluation in
epidemiological studies(12).

The data regarding tooth wear and nutritional status
showed that underweight children had a higher severity of
tooth wear in the primary dentition. Studies evaluating the
salivary flow and composition in underweight children
have shown that malnutrition may be one factor that might
compromise salivary gland function(33). Deficiency of
specific nutrients, such as protein, minerals and vitamins,
has been related to impaired salivary gland function(33).
Studies in children have shown that the severity of
protein–energy malnutrition is related to the extent
of reduction of stimulated salivary secretion rate. Thus
the saliva has an important role in ensuring adequate
protection from oral diseases, especially tooth wear(13,33),
and underweight children do not have an adequate
protection factor for tooth wear, due to possible changes
in the composition and flow of saliva. Tooth wear in the
primary teeth is regarded as a predictor of increased risk of
erosion wear and general wear in the permanent
teeth(34,35), so precise preventive and therapeutic
measures for tooth wear and control of nutritional status
are necessary to avoid increasing clinical problems.

In the permanent teeth, greater severity of tooth wear was
found in overweight and obese children. The change in
dietary patterns and consumption of foods with erosive
potential can trigger this change in overweight children.
Several factors may have contributed to increase the risk of
dental erosion in children and adolescents. Increased pros-
perity and availability of acidic products such as soft drinks,
sports drinks and citrus fruit juices that have a greater mar-
keting may all have enhanced the exposure of paediatric
dentition to large amounts of acids at an ever earlier age(36).

The association between tooth wear and age has been
reported in several studies(11,12,35,37) and our results
confirmed this association in both dentitions. However, in
the present study, the analysis showed new evidence: the
association of tooth wear and BMI for primary teeth
(P = 0·028). The health care of the child is the subject of
many public health programmes worldwide. Our results
showed an association of the nutritional status of children
with tooth wear. In addition to the healthy growth of
children, oral health care, especially tooth wear, is an
irreversible loss of tissue and should be considered by oral
health teams for improving public programmes focused
on systemic oral health for children. However, it must
be considered that a limitation of our study is its cross-
sectional design, making it difficult to draw the relation-
ship regarding causes and effects. Therefore, further
longitudinal studies are needed to better understand and
interpret the tooth wear measures and associated risk
factors in children.

A possible limitation of our study is the absence of
dietary records for the children. The recall of eating habits
could provide additional data on risk factors for tooth wear
(dental erosion) to supplement the BMI. However, the
large number of research subjects, as well as the need for
participation of the children’s parents in answering the
questionnaire, made its analysis infeasible to be performed
in the present study.

Quality of life, reported by the Child-OIDP, had no
association with the oral conditions of children evaluated
in the present study, as previously described by Vargas-
Ferreira et al.(38). The Child-OIDP focuses on measuring
the ultimate impacts of disabilities and handicaps,
capturing more proximal and intermediate impacts such as
pain, discomfort, functional limitation and dissatisfaction
with appearance(39). The consequences of tooth wear are
variable according to the literature. It has been suggested
that tooth wear could affect the masticatory capacity and
phonetics(40), causing discomfort and pain symp-
toms(41,42), dental sensitivity, enamel fracture and altered
aesthetics(43) that could affect the self-rating of oral health,
perceived needs and quality of life. However, the majority
of studies have reported a low-severity grade of tooth
erosion in children(43,44–47). It was found that low levels of
severity probably did not cause pain or any other
psychosocial discomfort for the children in the present study.

Table 5 Multiple linear regression of age, BMI and tooth wear in primary and permanent teeth, with quality of life as the dependent variable,
among 7- to 10-year-old schoolchildren (n 396) from Bauru, São Paulo, Brazil

Quality of life

Variable Unstandardized coefficient, B SE Standardized coefficient, β t P

Age −0·178 0·203 −0·047 −0·877 0·381
BMI 0·083 0·064 0·067 1·301 0·194
Tooth wear in primary teeth −0·038 0·358 −0·006 −0·106 0·916
Tooth wear in permanent teeth −0·691 0·619 −0·057 −1·116 0·265
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Conclusions

The present data suggest that there is an association
between children’s nutritional status and the severity of
tooth wear. Underweight children had greater severity of
tooth wear in the primary teeth and overweight/obese
children had more severe lesions in the permanent teeth.
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