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Abstract
Purpose: To evaluate the impact of caries and fluorosis on oral health related quality of life (OHRQoL)
among schoolchildren living in areas with high concentrations of fluoride in water.
Methods: 524 schoolchildren (8-12-years-old) residing in rural communities in central Mexico were
examined for oral hygiene, caries (International Caries Detection and Assessment System, ICDAS II),
and fluorosis (Thylstrup and Fejerskov Index, TFI). OHRQoL was evaluated with the Child Perceptions
Questionnaire for two age groups (CPQ8-10 and CPQ11-14). Generalized Structural Equation Models
(GSEM) were constructed for data analysis.
Results: Overall prevalence of caries was 88.5% and fluorosis 46.9%. Group 8-10-year-old:
48% of the children had advanced carious lesions in primary or permanent teeth (ICDAS≥4), 22.6% had
moderate/severe fluorosis and 59.9% of children had an impact on OHRQoL. Schoolchildren with
ICDAS≥4 were more likely [OR=1.75, (95%CI 1.34–2.28)] to suffer a negative impact on OHRQoL.
Group 11-12- year-old: 19.9% of children had advanced carious lesions and 23.2% showed
moderate/severe fluorosis. 67.3% of children reported had an impact on OHRQoL. Children 11-12-yearold with fluorosis (TFI≥4) [OR=2.39 (95%CI 2.12–2.69)], caries (ICDAS≥4) [OR=2.18 (95%CI 2.13–
2.24)], and low brushing frequency [OR=2.04 (95%CI 1.21–3.44)] were more likely to have
deterioration on OHRQoL.
Conclusion: A negative impact on OHRQoL was observed in children with caries and fluorosis.
Clinical relevance: Deterioration on OHRQoL found in children as a sequel of caries and fluorosis
should be considered when designing health policies leading to prevention and effective health
promotion programs, and incorporated to clinical guidelines for timely dental treatment.
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Introduction
In recent years there has been an increased interest in research evaluating oral health-related quality of
life (OHRQoL) [1, 2]. The driving force for this momentum has been the realization that health status
must be examined in every dimension; not only the clinical aspects but also psychological and sociobehavioral antecedents and consequences of oral diseases. This attention has often been centred on
dental caries, as it is highly prevalent in many countries [3, 4]. It can cause problems such as pain,
discomfort while chewing, difficulties in sleeping, and aesthetic problems, among others; therefore, it
seems intuitive it can affect quality of life [5, 6]. Studies of the association between caries and quality of
life have inconsistent results across settings, however. For example, an association between dental
caries and deterioration in quality of life was identified among Asian schoolchildren [6]. Conversely in
Nigerian children no association was observed [7]. It is possible that the failure to identify a relationship
between dental caries and OHRQoL is due to limitations in the criteria to evaluate dental caries; several
indices do not consider the degree of tooth involvement. In recent years, more detailed caries indices
have been developed to connote the stage of progression of the carious lesion. One such index is ICDAS
(International Caries Detection and Assessment System); it discriminates between incipient lesions, and
lesions encompassing larger portions of the tooth [8].
Dental caries has decreased on average in many developed and middle income countries, manly as a
result of the widespread use of fluorides; however, fluorosis prevalence has often increased [9, 10].
Dental fluorosis is an irreversible defect in dental enamel formation resulting from chronic aboveoptimal ingestion of fluoride during tooth formation [11]. The clinical appearance of dental fluorosis
may range from white spots to dark brown areas; pitting and fractures appear in severe cases [12, 13].
Children exposed to several sources of fluoride have an increased prevalence and severity of dental
fluorosis [14, 15]. In Mexico, epidemiological studies found the presence of dental fluorosis mostly in
the Central and Northern regions of the country [16-19]. The relationship of mild fluorosis with the
enhanced exposure to small yet continuous amounts of fluoride through the national program to
fluoridate domestic salt for human consumption has been established [20].
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To assess OHRQoL several instruments have been developed such as the Child Perceptions
Questionnaire (CPQ) [21] and Child Oral Impacts on Daily Performances Index (Child-OIDP) [22]. It
is worthwhile noting that there have been few studies examining in detail the relationship between
fluorosis and quality of life [23, 24]. There are studies where the presence of fluorosis in the mild or
very mild fluorosis categories were associated with a positive impact on quality of life due to the whiter
color of the teeth, which apparently made them more attractive [25]. In contrast, in Tanzania and in
Mexico it was found that severe fluorosis categories had a negative impact on OHRQoL [26, 27].

We hypothesize that both caries and dental fluorosis affect OHRQoL in children; larger cavities and
more severe forms of fluorosis may have greater impact on OHRQoL, compared to incipient carious
lesions or milder levels of fluorosis. We also propose that the complex relationships between different
oral conditions and their impact on OHRQoL could be more accurately discerned applying structural
equation modelling (SEM). This approach allows for analysis of variables that are correlated, thereby
affording a better understanding of the relationships between different health conditions and risk factors
[28]. This technique has been sparsely applied in OHRQoL research [29].
Given the limited literature about perspectives of various age groups on dental conditions and
OHRQoL, the aim of the present study was to evaluate the impact of dental caries and fluorosis on the
OHRQoL among schoolchildren 8-12-year-old. SEM was added to the research approach to tease out
specific pathways of influence.
Materials and methods
The Ethics Committee of the Division of Postgraduate Studies and Research, School of Dentistry,
National Autonomous University of Mexico approved the study protocol (UNAM/PMDCMOS/221).
Research Location
The study area was located in a rural region in the southeast of the State of Morelos, Central Mexico.
This location is rather typical of the heterogeneous living conditions and socio-economic situation of an
emerging economy country such as Mexico. In the selected communities 85.7% of households had
access to community water systems, 92.0% lived in neighbourhoods that had sewer systems, 37.5% of
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inhabitants had finished elementary education, 8% of the population aged 6 to 14 did not attend school,
10.4% of the population aged 15 years or older was illiterate; considering living conditions (availability
of electricity, overcrowded conditions, having toilet and having a refrigerator) this communities are
classified in the top third poverty level in the State of Morelos [30]. Water wells that provide piped
water in the study communities were sampled during both dry and raining seasons. The concentration
of fluoride in the water wells ranged from 0.7 ppm to 1.61 ppm. To determine the fluoride concentration
in drinking water a fluoride specific electrode (Orion ™) was used, following the standard technique; all
samples were analyzed in duplicate [31].
Study population.
The study group was selected from two rural communities with different water fluoride concentration
aiming to include children showing different levels of fluoride exposure and more likely different levels
of dental fluorosis. The four elementary schools available in the communities were included and
children 8-year-old and older were selected. Following the inclusion criteria, the participating children
were born in the selected communities; the exclusion criteria were children who have lived outside of
the study region for more than six months during their first seven years of life, or who had fixed
orthodontic appliances. Informed consent was obtained from the parents of all individual participants
included in the study. Sample size calculation to detect a difference in the proportions of poor OHRQoL
between children with and without cavitated carious lesions were performed for α=0.05, β=0.20, and a
probability of poor OHRQoL in the group without cavitated carious lesions P=0.12. The sample size
estimated was 517 children. We allow for a non-response rate between 10%-12% or having exclusion
criteria, 600 children were targeted to ensure about 540 participants. The estimation of sample size was
also performed for dental fluorosis, resulting in a smaller sample size required (n=341) [32, 33].
A total of 600 children’ parents were thus asked to allow their children to participate in the study, of
which 550 parents signed the consent letter. Of the 550 children potentially eligible, 26 were excluded,
either because they had orthodontic appliances, missing data in the oral clinical evaluation, or failed to a
complete survey. The response rate was 91.7%. A cross-sectional study including the data from 524
schoolchildren was performed.
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Study Variables
Variables were sex, age (years), tooth brushing frequency with fluoride toothpaste (number of times a
day), Oral Hygiene Index Simplified (dichotomized cut-off point OHI-S≥2), dental caries in children
aged 8-10-year-old in primary and permanent, and in children aged 11-12-year-old in permanent
dentition using ICDAS criteria, in three categories ICDAS 0, ICDAS 1-3 and ICDA ≥4 [8]. Dental
fluorosis was assessed through the Thylstrup and Fejerskov Index (TFI) and children TFI≥4 were
classified as having moderate/severe fluorosis [34].
We chose ICDAS over the Decay, Missing and Filled index (DMFT) to distinguish between stages of
carious lesions. ICDAS may have higher sensitivity than DMFT to detect associations with possible risk
factors [35]. The validity and reliability of ICDAS has been tested [8].
The OHRQoL was evaluated using the Spanish version of the Child Perceptions Questionnaire [33, 36].
This instrument has the advantage of being designed for the assessment of OHRQoL in children of a
specific age group (8-10-year-old and 11-14-year-old). Validity and reliability have been reported for
Mexican children [33, 36]. The CPQ8-10 consists of 25 questions (score range 0-100), and CPQ11-14 of
37 (score range 0-148) questions asking about experiences during the last four weeks. They are divided
into four domains: oral symptoms, functional limitations, emotional well-being and social well-being,
using Likert-type scales (0-4). High values of the CPQ indicate higher deterioration in quality of life.
The questionnaire was self-administered by study participants in the classrooms, filled in approximately
20 minutes. A trained dental assistant helped in the administration of the questioners in the classrooms
and no time limits were set.
Oral examination
Oral exams were performed by one dentist with dental mirrors (# 5), WHO probes, and artificial light.
Teeth were brushed before the oral examination. Adequate standardization with a Kappa=0.87 for caries
and Kappa=0.85 for fluorosis was obtained; 10% of examinations were duplicated and the percentage of
agreement was 88% and 87% for caries and dental fluorosis, respectively. Applicable infection control
standards were followed [37].
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Oral Hygiene Index Simplified (OHI-S) was applied; OHI-S was dichotomized at cut-off point OHIS≥2, indicating fair/poor oral hygiene and OHI-S˂2 good oral hygiene. ICDAS criteria for the
assessment of dental caries was used [8]. This system includes the identification of non-cavitated
incipient lesions (ICDAS 1-2), cavitated incipient lesions (ICDAS 3), underlying dentin shadow
(ICDAS 4), lesions involving the destruction of less than half of the tooth surface (ICDAS 5) and more
than half (ICDAS 6). Therefore, higher ICDAS scores indicate an increase in the severity of untreated
carious lesions. Dental fluorosis was evaluated in the vestibular, occlusal and lingual surfaces of all
erupted permanent teeth according to the TFI [34]. This index classifies fluorosis based on the
histological changes of the tooth due to dental fluorosis. TFI categories ranged from 0 to 9; higher
ordinal scale values indicate an increase in the severity of dental fluorosis.
Statistical analysis.
The description of the data is presented using means and standard deviations (SD) for continuous
variables and as percentages for categorical variables. Comparisons between categorical variables were
performed applying χ² test. Cohen’s d effect size (ES) and 95% confidence intervals (95% CI) were
calculated for the global CPQ score and its domains by dental caries (ICDAS) and dental fluorosis
(TFI). Generalized Structural Equations Modelling (GSEM) was applied to study the impact of dental
fluorosis and dental caries on OHRQoL. Dental fluorosis was classified in three categories (TFI 0, TFI
1-3 and TFI≥4); dental caries was also classified in three categories (ICDAS 0, ICDAS 1-3 and
ICDAS≥4). Additionally, tooth brushing (with fluoride toothpaste) frequency and sex were included in
the models. In this analysis the CPQ scores were dichotomized in: CPQ8-10 3rd quartile (CPQ ≥28) and
for CPQ11-14 3rd quartile (CPQ≥49). The path coefficients obtained by SEM were exponentiated; odds
ratios (OR) and their respective 95% CI were reported. Robust standard errors were obtained
considering that the children were clustered in their communities. Analysis for the identification of
outliers was performed using Mahalanobis’ distance. One observation was identified as outliner and it
was exclude from data analysis. Data analysis was performed using Stata 14 (Stata Corp, College
Station, TX, USA).
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Results
Basic results
A total of 524 schoolchildren were included in the study; 252 between 8-10-year-old, mean age 9.59 (±
0.51) years, and 272 between 11-12-year-old, mean age 11.40 (± 0.55). The percentage of girls in the 810-year-old group was 46.0% and in the 11-12-year-old it was 48.2%. In children 8-10-year-old, 80.5%
brushed their teeth twice a day or more frequently; 85.3% did so in the 11-12- year-old group.
Approximately, half (53.2%) of the schoolchildren had fair/poor oral hygiene (OHI-S≥2) and 46.8% had
good oral hygiene in the 8-10-year-old group. Similarly, about half (45.6%) of schoolchildren had
fair/poor oral hygiene (OHI-S≥2) in the 11-12-year-old group. Table 1 presents the distribution of the
ICDAS score; overall 11.5% showed no clinical signs of caries (ICDAS =0), large carious lesions
(ICDAS≥ 4) were observed in 19.9% of children in permanent teeth in the 11-12-year-old children, and
approximately half (48.0%) of the children in the 8-10-year-old group showed large carious lesions,
considering both primary and permanent teeth. The number of tooth surface affected by dental caries
by age group is shown in Table 2. In the 8-10-year-old children, 64.8% of the tooth surface in the
primary dentition and 85.0% in the permanent dentition did not showed signs of dental caries. More
primary than permanent surfaces showed large lesions, 5.0% and 1.1%, respectively. In the 11-12-yearold children 74.5% of the surfaces were classified as sound and large lesions were detected in 2.2% of
the surfaces.
Table 1. Distribution of 8-12-year-old children by caries experience using the International Caries
Detection and Assessment System (ICDAS II)
a
b
a
8-10-year-old
11-12-year-old
8-12-year-old
c
n (%)
n (%)
n (%)
ICDAS II 0

29 (11.5)

31 (11.4)

60 (11.5)

ICDAS II 1-3

102 (40.5)

187 (68.7)

289 (55.2)

ICDAS II ≥4

121 (48.0)

54 (19.9)

175 (33.3)

Total
252 (100)
272 (100)
a
Primary and permanent teeth, b Permanent teeth, c n=number of children.

524 (100)
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Table 2. Distribution of tooth surfaces by International Caries Detection and Assessment System
(ICDAS II) criteria in 8-12-year-old children
Number
Number of
Number of tooth
Total number of
primary tooth
permanent tooth
permanent
tooth surfaces
ICDAS II Score
surfaces
surfaces
surfaces
(%)
(%)
(%)
(%)
8-10-year-old
8-10-year-old
11-12-year-old
8-12-year-old
ICDAS II 0
7815
17206
24671
49692
(64.8)
(85.0)
(74.5)
(76.0)
ICDAS II 1-2
1344
1675
3744
6763
(11.2)
(8.3)
(11.3)
(10.3)
ICDAS II 3
1239
702
2656
4597
(10.3)
(3.4)
(8.0)
(7.0)
ICDAS II 4
16
22
127
165
(0.1)
(0.1)
(0.4)
(0.3)
ICDAS II 5
1040
431
1200
2671
(8.6)
(2.1)
(3.6)
(4.1)
ICDAS II 6
600
215
721
1536
(5.0)
(1.1)
(2.2)
(2.3)
Total
12054
20251
33119
65424
(100)
(100)
(100)
(100)
The overall prevalence of dental fluorosis was 46.9%; severe fluorosis categories (TFI≥4) were
observed in 22.9% of the children. Figure 1 presents the distribution of the fluorosis score by water
fluoride concentration in the community of residence. The children living in the community with 0.7
ppm F showed a lower prevalence of fluorosis (29.2%) than children living in the 1.6 ppm F community
(53.8%); higher categories of TFI (TFI≥4) were more frequently found in the children in the 1.6 ppm F
community, compared with those in the 0.7 ppm F community: 28.1% and 9.5%, respectively
(p<0.0001). The number of children showing TFI 0 was 142 (56.4%) and 136 (50.0%), TFI 1-3 53
(21.0%) and 73 (26.8%) and TFI≥4 57 (22.6%) and 63 (23.2%) of the 8-10 and 11-12-year-old children,
respectively.
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Figure 1. Prevalence of dental fluorosis in 8-12-year-old children across water fluoride
concentration
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TFI: Thylstrup & Fejerskov Index, *(n) number of children in each fluorosis category.

Child Perceptions Questionnaire in 8-10-year-old (CPQ 8-10)
In the general question about participants’ perceptions of their oral health status, 22.2% rated their oral
health as very good, 25.0% good, 31.8% medium and 21.0% as poor. Concerning general well-being,
49.6% of the children experienced a negative impact on their quality of life due to the conditions of their
mouth; the distribution of the children’s responses to this question was: 50.4% no impact, 28.1% low,
7.1% medium and 14.3% high impact. The results of the CPQ8-10 indicated that 59.9% of schoolchildren
had some impact on their quality of life as a result of the conditions of their mouth; by domain: 51.2%
oral symptoms, 39.7% functional limitations, 43.7% emotional well-being, and 31.4% social well-being.
The mean score of CPQ8-10 in those children having an impact (CPQ>0) was 25.5 (± 31.1), and the
median was 14 (IQR 6, 28).
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OHRQoL in schoolchildren 8-10-year-old and caries and dental fluorosis
In the bivariate analysis, no statistical significant association was found between the score of each
domains of the CPQ8-10 and caries in primary and permanent teeth (Table 3). Similarly, no significant
association was detected between dental fluorosis status and the CPQ8-10 domains. Also, Table 3 shows
the effect sizes of caries and fluorosis on the CPQ 8-10 score. There were no statistically significant effect
sizes in this age group.

Table 3. Mean CPQ8-10 score and effect size by dental caries (ICDAS II) and fluorosis (TFI) in 8-10-year-old schoolchildren

a

ICDAS 0
(n= 29)

ICDAS 1-3
(n= 102)

ICDAS 4-6
(n=121)

bp

20.5 (±19.5)

24.3 (±29.4)

27.7 (±33.0)

0.4432

0.14
(-0.27, 0.55)

0.24
(-0.17, 0.64)

Oral symptoms

4.1 (±4.3)

5.5 (±5.5)

6.1 (±6.0)

0.2321

0.25
(-0.16, 0.67)

0.34
(-0.70, 0.75)

Functional limitation

2.6 (±3.2)

5.2 (±5.9)

4.4 (±5.8)

0.0977

0.47
(-0.05, 0.89)

0.32
(-0.09, 0.77)

Emotional well-being

3.4 (±3.0)

5.2 (±5.9)

5.4 (±6.3)

0.2640

0.32
(-0.09, 0.74)

0.34
(-0.07,0.75)

Social well-being

7.5 (±8.4)

6.8 (±11.6)

8.7 (±12.9)

0.5166

-0.06
(-0.47, 0.35)

-0.10
(-0.31, 0.50)

f TFI 0
(n= 142)

TFI 1-3
(n= 53)

TFI ≥4
(n= 57)

p

g

h

25.2 (±30.7)

28.4 (±31.4)

23.5 (±28.4)

0.6863

0.10
(-0.21, 0.42)

-0.06
(-0.36, 0.25)

Oral symptoms

5.7 (±5.7)

6.0 (±5.8)

5.1 (±5.3)

0.6818

0.05
(-0.27, 0.36)

0.11
(-0.42,0.20)

Functional limitation

4.5 (±5.8)

5.1 (±5.0)

3.9 (±5.7)

0.5352

0.12
(-0.20,0.44)

-0.09
(-0.40,0.22)

Emotional well-being

4.8 (±5.8)

6.0 (±6.2)

4.8 (±5.7)

0.4231

0.20
(-0.11,0.52)

0.01
(-0.30,0.31)

Socialwell-being

7.6 (±12.0)

8.8 (±12.1)

7.4 (±11.6)

0.7894

0.01
(-0.22,0.41)

-0.02
(-0.33,0.29)

e

CPQ8-10

CPQ 8-10

c Effect

size
(95% CI)

Effect size
(95% CI)

d Effect

size (95% CI)

Effect size
(95% CI)

a

ICDAS II (International Detection and Assessment System of primary+permanent teeth), b ANOVA p-value, c Cohen’s d
effect size between ICDAS 1-3 vs ICDAS 0, d Cohen’s d effect size between ICDAS 4-6 vs ICDAS 0, e CPQ8–10 (Child
Perception Questionnaire) higher values indicate poorer OHRQoL (Oral Health Related Quality of Life), f TFI (Thylstrup &
Fejerskov Index), g Cohen’s d effect size between TFI 1-3 vs TFI 0, h Cohen’s d effect size between TFI ≥4 vs TFI 0.
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The Generalized Structural Equation Model (GSEM) of the 8-10-year-old participants is presented in
Figure 2, and path coefficients are provided. The presence of large (ICDAS≥4, p˂0.005) or incipient
(ICDAS 1-3, p˂0.05) carious lesions and low tooth brushing frequency (˂2/day, p˂0.005) showed
positive significant coefficients associated with poor CPQ8-10 scores. Additionally, a significant positive
coefficient was found between low brushing frequency and the presences of large carious lesions
(ICDAS≥4, p˂0.005). Table 4 presents the odds ratios obtained in the GSEM analysis of CPQ8-10.
Children with dental caries were more likely to have poor CPQ8-10; both incipient [OR=1.12, (95% CI
1.01-1.26, p=0.042)] and large [OR=1.75, (95% CI 1.34-2.28, p˂0.001)] lesions were significant in the
model. Additionally, lower brushing frequency was associated with poor CPQ8-10, [OR=1.76, (95% CI
1.23-2.52, p=0.002)]. No association was found between low (TFI 1-3, p=0.777) and high (TFI ≥4,
p=0.308) fluorosis levels with CPQ. Similarly, sex was not associated with CPQ8-10 (p=0.439). Tooth
brushing frequency was associated with ICDAS≥4 [OR=2.04, (95% CI 1.26-3.30, p˂0.005)] but not
with ICDAS 1-3, neither fluorosis (Figure 2).

ICDAS
1_3
.6005
.7130**

Tooth
brushing

ICDAS
≥4

.1590

Sex
.1176*
.5591**

CPQ
8 - 10

.0780

TFI
1_3

-.1478

-.1795

.1524

.5639**

TFI
≥4
Fitted Model: AIC=1342.281; BIC=1345.866
Saturated Model: 1578.005; BIC=1581.531

Figure 2. Graphical representation of the generalized structural equation model for children´s 8-10-years-old
Quality of Life. Results from structural equation model (Logistic regression) coefficients. *p<.05, **p<.005.
Reference Categories: Tooth brushing frequency <2/day, ICDAS=0, TFI=0, Sex=females. ICDAS=
International Caries Detection and Assessment System, TFI= Thylstrup and Fejerskov Index.
AIC: Akaike´s information criterion; BIC: Bayesian information criterion.
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Table 4. Odds ratios of the generalized structural equations model for oral health-related quality of life
(CPQ8-10) and dental caries, fluorosis index, tooth brushing frequency and sex in 8-10-year-old
schoolchildren
Variables
a

b

OR (95% CI)

p

Dental caries (ICDAS score)
ICDAS 1-3

1.12 (1.01 – 1.26)

ICDAS≥4

1.75 (1.34 – 2.28)

0.042
<0.001

Dental fluorosis (TFI)
TFI 1-3

1.08 (0.63 – 1.85)

TFI≥ 4

0.83 (0.59 – 1.18)

c

Sex (male)

0.86 (0.59 – 1.25)

d

Tooth brushing frequency <2/day

1.76 (1.23 – 2.52)

0.777
0.308
0.439
0.002

a
d

CI= confidence interval. Reference: b ICDAS=0 (primary+permanent teeth), c dental fluorosis TFI =0,
sex = female, e tooth brushing frequency≥2/day.

Child Perception Questionnaire in 11-12-year-old (CPQ11-14)
In the general question about perception of oral health status, 5.5% of schoolchildren considered their
oral health as excellent; 5.9%, very good; 13.6% good; 64.7% medium; and 10.3%, bad. Regarding
general welfare, 82.7% perceived that their quality of life was affected by the condition of his/her
mouth; these responses were distributed as follows: 32.0%, slightly; 28.3%, somewhat; 9.2%, fairly; and
13.2%, a lot. About two thirds (67.3%) of schoolchildren reported their teeth or mouth condition having
some impact on their quality of life in the past four weeks. The distribution by domain were 58.1%, oral
symptoms; 52.0%, functional limitations; 54.8%, emotional well-being; and 40.1%, social well-being.
The mean CPQ score was 46.1 (± 42.8), and the median 28 (IQR 16, 45).
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OHRQoL in schoolchildren 11-12-year-old and caries and dental fluorosis
Table 5 shows the bivariate analysis of the CPQ11-14 score and its domains and caries, no significant
associations were detected (p> 0.05). Conversely, the mean CPQ11-14 score was associated with dental
fluorosis (TFI≥4, p=0.0147). Differences in the four domains were significant: oral symptoms
(p=0.0391), functional limitations (p=0.0370), emotional well-being (p=0.0133), social well-being
(p=0.0229). Also, Table 5 shows the effect sizes of caries and dental fluorosis on the CPQ11-14

score. On the global CPQ11-14, the effect size of dental fluorosis in high categories (TFI≥4)
(ES=0.35) compared with participants without this condition (TFI=0) was significant. Based on
the Cohen’s d statistic, 63.7% of the children showing TFI≥4 had a CPQ11-14 score above the
mean observed in the group without dental fluorosis. Accordingly, ES were significant in the
four domains of the CPQ 11-14. In the group showing TFI≥4 the percentage above the mean of
the TFI=0 group, for each domain was: oral symptoms 61.8%, functional limitations 62.2%,
emotional well-being 64.4% and social well-being 62.2%. Effect sizes of dental caries and CPQ
11-14

score were not statistically significant.

Table 5. Mean CPQ111-14 score and effect size by dental caries (ICDAS II) and fluorosis (TFI) in 11-12-year-old
schoolchildren
a

ICDAS 0
(n= 31)

ICDAS 1-3
(n= 187)

ICDAS 4-6
(n=54)

bp

45.0 (±41.9)

45.9 (±41.1)

47.3 (±42.3)

7.1 (±6.3)

7.6 (±6.7)

Functional limitation

10.3 (±10.4)

Emotional well-being
Social well-being

e

CPQ11-14

Oral symptoms

c Effect

d Effect

0.9687

0.02
(-0.36, 0.40)

0.06
(-0.39, 0.50)

7.4 (±6.5)

0.9333

0.07
(-0.31, 0.45)

0.05
(-0.40, 0.49)

9.8 (±10.5)

10.3 (±10.5)

0.9281

-.0.05
(-0.43, 0.33)

0.01
(-.44, 0.45)

10.2 (±10.7)

10.4 (±10.9)

11.4 (±10.8)

0.8101

0.02
(-0.36, 0.40)

0.12
(-0.33, 0.56)

13.0 (±14.7)

13.6 (±13.7)

0.9647

-0.04
(-0.34, 0.42)

-.06
(-0.39, 0.50)

g

h

0
(n= 136)

TFI 1-3
(n= 73)

TFI ≥4
(n= 63)

p

43.9 (±39.1)

39.3 (±34.6)

58.8 (±50.0)

0.0147

f TFI

CPQ11-14

13.9 (±15.4)

size
(95% CI)

Effect size
(95% CI)

-0.13
(-0.41, 0.16)

size
(95% CI)

Effect size
(95% CI)

0.35
(0.05, 0.65)
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Oral symptoms

7.2 (±6.5)

6.5 (±5.5)

9.3 (±7.7)

0.0391

-0.11
(-0.39, 0.18)

0.30
(0.10, 0.60)

Functional limitation

9.4 (±10.2)

8.5 (±8.7)

12.8 (±12.4)

0.0370

-0.09
(-0.38, 0.19)

0.31
(0.01, 0.61)

Emotional well-being

9.9 (±10.7)

9.0 (±9.0)

14.0 (±12.3)

0.0133

-.09
(-0.38, 0.20)

0.37
(0.07, 0.67)

Social well-being

13.1 (±12.7)

11.0 (±12.3)

17.6 (±17.9)

0.0229

-0.17
(-0.45, 0.12)

0.31
(0.01, 0.61)

a ICDAS

II (International Detection and Assessment System II of permanent teeth), b ANOVA p-value, c Cohen’s d effect size
between ICDAS 1-3 vs ICDAS 0, d Cohen’s d effect size between ICDAS 4-6 vs ICDAS 0, e CPQ11-14 (Child Perception
Questionnaire) higher values indicate poorer OHRQoL (Oral Health Related Quality of Life), f TFI (Thylstrup & Fejerskov
Index), g Cohen’s d effect size between TFI 1-3 vs TFI 0, h Cohen’s d effect size between TFI ≥4 vs TFI 0.

The graphical representation of the model of OHRQoL of the 11-12-year-old participants is presented in
Figure 3, and path coefficients are provided. The presence of large (ICDAS ≥4, p˂0.001) or incipient
(ICDAS 1-3, p˂0.001) carious lesions and low tooth brushing frequency (p˂0.01) showed positive
significant coefficients associated with poor CPQ8-10 score. Furthermore, a significant negative
coefficient was found between brushing frequency and fluorosis (TFI≥4, p˂0.01). Additionally, Table 6
presents the odds ratio obtained in the GSEM analysis of CPQ11-14 score and caries and fluorosis status.
Children with caries were more likely to have poor OHRQoL than children without lesions [ICDAS 1-3:
OR=1.93, (95% CI 1.79-2.07, p˂0.001), ICDAS ≥4: OR=2.18, (95% CI 2.13-2.24, p˂0.001)].
Furthermore, high levels of dental fluorosis (TFI ≥4) were associated with poor CPQ11-14 score
[OR=2.39, (95% CI 2.12-2.69, p˂0.001)]; low brushing frequency (˂2/day) also was associated with
poor CPQ11-14 score [OR=2.04, (95% CI 1.21-3.44, p˂0.01)] and boys showed a lower probability of
experiencing poor CPQ11-14 score than girls [OR=0.79, (95% CI 0.78-0.80, p˂0.001)]. No association
was found between low fluorosis levels (TFI 1-3, p=0.508) and CPQ11-14 score. Regarding tooth
brushing frequency, an association was found with high fluorosis categories (TFI ≥4); children who
brushed fewer than two times a day showed a lower probability of high levels of fluorosis [OR=0.81,
(CI 0.70-0.93, p=0.01)]. No significant association was found between brushing frequency and low
fluorosis categories (TFI 1-3) or dental caries.
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ICDAS
1_3
.1617

Tooth
brushing

ICDAS
≥4

Sex
.6551**

.0540

.7808**

.3625

.1653

-.2146*

.7100*

TFI
1_3

TFI
≥4

-.2295**

CPQ
11-14

.8705**

Fitted Model: AIC=1534.53; BIC=1538.132
Saturated Model: 1903.039; BIC=1906.641

Figure 3. Graphical representation of the model for children´s 11-12-years-old Quality of
Life. Results from structural equation model (Logistic regression) coefficients. *p<.01,
**p<.001. Reference Categories: Tooth brushing frequency <2/day, ICDAS=0, TFI=0,
Sex=females. ICDAS= International Caries Detection and Assessment System, TFI=
Thylstrup and Fejerskov Index. AIC: Akaike´s information criterion; BIC: Bayesian
information criterion.

Table 6. Odds ratios (OR) of the generalized structural equations model for oral health-related quality
of life (CPQ11-14) and dental caries, dental fluorosis, tooth brushing frequency and sex in 11-12-year-old
schoolchildren
OR a (95% CI)

p

ICDAS II 1-3

1.93 (1.79 – 2.07)

<0.001

ICDAS II ≥4

2.18 (2.13 – 2.24)

<0.001

TFI 1-3

1.18 (0.72 – 1.92)

0.508

TFI ≥4

2.39 (2.12 – 2.69)

<0.001

Sex (male)

0.79 (0.78 – 0.80)

<0.001

Variables
Dental Caries (ICDAS II score)

c

d

Dental fluorosis (TFI)

e

Tooth brushing frequency
2.04 (1.21 – 3.44)
<0.01
<2/day
a
CI= confidence interval. Reference: b ICDAS=0 (permanent teeth), c dental fluorosis TFI
=0, d sex = female, e tooth brushing frequency≥2/day.
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Discussion
In these schoolchildren the presence of carious lesions was associated with a negative impact on quality
of life. The association between caries and quality of life has been reported in other groups of children
in Mexico and in Latin America [33, 38]. For example, Aguilar-Díaz et al. [27] found in schoolchildren
in Northern Mexico that high caries indices were associated with deterioration in quality of life, just as
in Brazilian schoolchildren [39]. Our results showed that presence of caries in primary and permanent
dentition (ICDAS ≥4) in schoolchildren 8-10-year-old was high. It is possible that carious lesions are
causing pain or discomfort, with a high percentage reported having oral symptoms (51.2%). More than
half of the 11-12-year-old also had oral symptoms. A similar association was found in AfricanAmericans in Detroit, Michigan [40]. However, other studies have not found an association between
caries experience and quality of life, such as Nigerian 11 to 14 year-olds [7]; this counterintuitive result
may have been due to low caries experience. The latter prevalence of caries was under 10%.
The experience of dental fluorosis also offered interesting associations. In 11-12-year-old children,
those with higher indices of fluorosis (TFI≥4) experienced a negative impact on OHRQoL compared to
those without significant fluorosis. The effect size of dental fluorosis in the global and in the domains of
the CPQ11-14 were between small and medium size [41]. More than 60% of the children in the group
with high dental fluorosis scores (TFI≥4) showed global CPQ11-14 scores and its domains above the
mean of those children without dental fluorosis. This effect was non-negligible. The main sources of
fluoride in the community are recognized; therefore, attention should be paid to reducing the expose
to this element in young children.

A study in Chinese children found that dental fluorosis resulted in a negative impact on the emotional
and social well-being domains of CPQ [6]. Other studies in children ages 8 to 13 mentioned that as the
degree of fluorosis increased, the negative impact on oral health also worsened [27]. The initial
categories of TFI are manifested as a slight whitish appearance. In the more severe categories brown
spots are frequently present or even loss of enamel, forming pits. Changes associated with moderate and
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severe fluorosis more likely explain the negative effect of fluorosis on the OHRQoL in the
aforementioned domains.
In the younger age group, 8-10-year-old, no association was identified between dental fluorosis and
OHRQoL, inconsistent with findings in the older schoolchildren. Failure to identify a negative impact of
fluorosis in the younger age group may be attributed to more severe forms of fluorosis in older children.
However, it is also possible that with increasing age and entering the pubertal age, tweens become more
sensitive to their physical appearance; smiling with anterior teeth affected by apparent fluorosis may be
embarrassing, producing a negative impact on quality of life. Such links may not be experienced at
earlier ages [42].
The GSEM analysis showed an association between low tooth brushing frequency and the more
advanced, cavitated lesions (ICDAS≥4) in the 8-10-year-old children. The use of fluoridated toothpaste
as a preventive caries strategy has been established for several decades [43]. However, no association
was detected with non-cavitated lesions, thus suggesting that more accurate information is required to
identify the role of fluoride toothpaste in early carious lesions in areas with above-optimal naturally
fluoridated water. A study performed in the Netherlands did not detect difference in the prevalence of
non-cavitated lesions between participants in fluoridated and non-fluoridated communities;
nevertheless, lesion progression from non-cavitated to cavitated was lower in the fluoridated areas [44].
A study performed in African-Americans in the US did not find an association between oral hygiene
habits and non-cavitated lesions; however, oral hygiene was associated with the number of surfaces
showing cavitated lesions [40]. This is consistent with the findings of the present study. Our results
indicated that lower tooth brushing frequency was associated with a negative impact on OHRQoL. A
study conducted in China on 12-year-old children revealed that participants who brushed fewer than
twice a day had a higher negative impact on OHRQoL, compared to those brushing more frequently [6].
Moreover, preschoolers in Iran who brushed their teeth fewer than once a day had a negative impact on
OHRQoL [45]. It is likely that those children who have a better attitude towards oral health also have a
higher frequency of tooth brushing and (they or their caregivers) may take better care of their oral
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health; the specific mechanisms for these factors leading to a positive impact on OHRQoL remain to be
fully established.
In the present study about two-thirds of the children had an impact on their quality of life in association
with oral conditions. It was also found that more than half had a negative impact on their emotional
state. These results are consistent with more than half of the participants considering themselves as not
having good oral health. This aspect is important because of the emotional vulnerability of children in
these age groups, thus reinforcing the importance of providing dental care services to protect oral health
at this vulnerable age. Other reports have substantiated this relationship. For example, a report from
Brazil showed impact on the oral health of 88.7% of schoolchildren ages 11 and 12, mainly experienced
as chewing difficulties [46]. Furthermore, an association between eating problems and a negative impact
on OHRQoL was detected in Spanish children ages 6 to 12 [47]. A rather innovative perspective was
afforded by the GSEM analysis, which showed that tooth brushing was associated both directly with
CPQ score, and also indirectly through caries and fluorosis. Oral hygiene practices more likely are
markers of attitudes towards oral health. Sex in older children was associated with OHRQoL, with girls
having a higher impact on OHRQoL. These aspects emphasize the multidimensional character of
OHRQoL, where not only the physical dimension plays a role.
One limitation of the present study is its cross-sectional design, which hampers the identification of the
temporal relationship between variables studied; however, it is a strength that the oral health conditions
of each child were evaluated at the time the OHRQoL questionnaire was administered. Extrapolating
data from this study group to other Mexican children should be done with caution because potential
differences in socio-cultural factors may moderate the assessments by children using OHRQoL. Quality
of life is a broad multidimensional concept that includes physical, psychological and social domains; it
is the result of individual and group perception. In the present study physical aspects were evaluated
utilizing finely graded assessments of caries and dental fluorosis. However, other dimensions were not
assessed; for instance, child’s self-esteem, child’s attitudes towards oral health, caregiver’s
perception/attitudes regarding child oral health, or access to dental services.
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In conclusion, we identified an association between caries, dental fluorosis and OHRQoL, in young age
population groups, targeting children living in areas with naturally fluoridated at above-optimal levels.
For these Mexican groups, some of the risk factors are related to lifestyle and the environment in which
they live. Policy makers and health care workers in the private and public sectors should consider that
some oral conditions have in fact an impact on the quality of life of children.

Acknowledgements
The authors acknowledge the support of the Master and Doctor of Dental Medical Sciences and Health
Programs, of the National Autonomous University of Mexico (UNAM), and the Doctoral Program in
Biological and Health Science, Metropolitan Autonomous University (UAM), Mexico.
Compliance with Ethical Standards
Funding: This study was not funded by an external grant mechanism.
Conflict of Interest: The authors declare that they have no conflict of interest.

Ethical approval: All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Informed consent: Informed consent was obtained from all individual participants included in the
study.

20

References
1. Meredith P, Strong J, Ford P, Branjerdporn G (2016) Associations between adult attachment
and: oral health-related quality of life, oral health behaviour, and self-rated oral health. Qual
Life Res 25(2): 423-33
2. Vettore MV, Aqeeli A (2016) The roles of contextual and individual social determinants of oral
health-related quality of life in Brazilian adults. Qual Life Res 25(4):1029-42. doi:
10.1007/s11136-015-1118-0
3. Rwenyonyi CM, Muwazi LM, Buwembo W (2011) Assessment of factors associated with
dental caries in rural communities in Rakai District, Uganda. Clin Oral Investig 15(1):75-80
4. Folayan M, Sowole A, Kola-Jebutu A (2008) Risk factors for caries in children from southwestern Nigeria. J Clin Pediatr Dent 32(2):171-5
5. Martins MT, Sardenberg F, Vale MP, Paiva SM, Pordeus IA (2015) Dental caries and social
factors: impact on quality of life in Brazilian children. Braz Oral Res 29(1):S180683242015000100310
6. Li YJ, Gao YH, Zhang Y (2014) The impact of oral health status on the oral health-related
quality of life (OHRQoL) of 12-year-olds from children's and parents' perspectives. Community
Dent Health 31(4): 240-4
7. Kolawole KA, Otuyemi OD, Oluwadaisi, AM (2011) Assessment of oral health-related quality
of life in Nigerian children using the Child Perceptions Questionnaire (CPQ 11-14). Eur J
Paediatr Dent 12(1): 55-9
8. Ismail AI, Sohn W, Tellez M, Amaya A, Sen A, Hasson H, Pitts NB (2007) The International
Caries Detection and Assessment System (ICDAS): an integrated system for measuring dental
caries. Community Dent Oral Epidemiol 35(3): 170-8
9. Narwaria YS, Saksena DN (2013) Prevalence of dental fluorosis among primary school children
in rural areas of Karera Block, Madhya Pradesh. Indian J Pediatr 80(9): 718-20

21

10. Anuradha B, Laxmi GS, Sudhakar P, Malik V, Reddy KA, Reddy SN, Prasanna AL (2011)
Prevalence of dental caries among 13 and 15-year-old school children in an endemic fluorosis
area: a cross-sectional study. J Contemp Dent Pract 12(6): 447-50
11. Levy SM (2003) An update on fluorides and fluorosis. J Can Dent Assoc 69(5): 286-91
12. Cutress TW, Suckling GW (1990) Differential diagnosis of dental fluorosis. J Dent Res 69:
714-720
13. Martins CC, Paiva SM, Lima-Arsati YB, Ramos-Jorge ML, Cury JA (2008) Prospective Study
of the Association between Fluoride Intake and Dental Fluorosis in Permanent Teeth. Caries
Res 42(2): 125-133
14. Weyant RJ (2004) Seven systematic reviews confirm topical fluoride therapy is effective in
preventing dental caries. J Evid Base Dent Pract 4(2): 129-35
15. Mascarenhas AK, Mashabi S (2008) High fluoride concentration in drinking water may increase
the prevalence and severity of dental fluorosis, and decrease occurrence of caries. J Evid Based
Dent Pract 8(1): 15-6
16. Irigoyen ME, Molina N, Luengas I (1995) Prevalence and severity of dental fluorosis in a
Mexican community with above-optimal fluoride concentration in drinking water. Community
Dent Oral Epidemiol 23(4): 243-5
17. Pontigo-Loyola AP, Islas-Márquez A, Loyola-Rodríguez JP, Maupomé G, Márquez-Corona
ML, Medina-Solís CE (2008) Dental fluorosis in 12- and 15-year-olds at high altitudes in
above-optimal fluoridated communities in Mexico. J Public Health Dent 68(3): 163-6
18. Grimaldo M, Borja-Aburto VH, Ramírez AL, Ponce M, Rosas M, Díaz-Barriga F (1995)
Endemic fluorosis in San Luis Potosi, Mexico: identification of risk factors associated with
human exposure to fluoride. Environ Res 68(1): 25-30
19. Soto-Rojas AE, Ureña-Cirett JL, Martínez-Mier EA (2004) A review of the prevalence of dental
fluorosis in Mexico. Rev Panam Salud Pública 15(1): 9-18

22

20. Vallejos-Sánchez AA, Medina-Solís CE, Casanova-Rosado JF, Maupomé G, Minaya-Sánchez
M, Pérez-Olivares S (2006) Dental fluorosis in cohorts born before, during, and after the
national salt fluoridation program in a community in Mexico. Acta Odontol Scand 64(4): 20913
21. Foster-Page LA, Thomson WM, Jokovic A, Locker D (2005) Validation of the Child
Perceptions Questionnaire (CPQ 11-14). J Dent Res 84(7): 649-52
22. Gherunpong S, Tsakos G, Sheiham A (2004) Developing and evaluating an oral health-related
quality of life index for children; the CHILD-OIDP. Community Dent Health 21(2): 161-169
23. Onoriobe U, Rozier RG, Cantrell J, King RS (2014) Effects of enamel fluorosis and dental
caries on quality of life. J Dent Res 93(10): 972-9
24. Tellez M, Santamaria RM, Gomez J, Martignon S (2012) Dental fluorosis, dental caries,
and quality of life factors among schoolchildren in a Colombian fluorotic area. Community
Dent Health 29(1): 95-9
25. Do LG, Spencer A (2007) Oral health-related quality of life of children by dental caries and
fluorosis experience. J Public Health Dent 67(3): 132-9
26. Astrøm AN, Mashoto K (2002) Determinants of self-rated oral health status among school
children in northern Tanzania. Int J Paediatr Dent 12(2): 90-100
27. Aguilar-Díaz FC, Irigoyen-Camacho ME, Borges-Yáñez SA (2011) Oral-health-related quality
of life in schoolchildren in an endemic fluorosis area of Mexico. Qual Life Res 20(10): 1699706
28. Kline RB (2005) Principles and practice of structural equation modelling. 2nd ed. New York:
The Guildford Press
29. Qiu RM, Lo EC, Zhi QH, Zhou Y, Tao Y, Lin HC (2014) Factors related to children's caries:
a structural equation modeling approach. BMC Public Health 14:1071
30. INEGI (2010) Censo de Población y Vivienda, información nacional.
http://www3.inegi.org.mx/sistemas/mexicocifras/ Accessed 11 May 2016

23

31. NOM (2001) Norma Oficial Mexicana, NMX-077-SCFI-2001. Análisis de aguas.
Determinación de fluoruros en aguas naturales, residuales y residuales tratadas. Diario Oficial
dela Federación. http://www.conagua.gob.mx/CONAGUA07/Noticias/NMX-AA-077-SCFI2001.pdf Accessed 11 May 2016
32. Fleiss JL, Tytun A, Ury HK (1980) A simple approximation for calculating sample sizes for
comparing independent proportions. Biometrics 36 (32): 343-46
33. Del Carmen Aguilar-Díaz F, Irigoyen-Camacho ME (2011) Validation of the CPQ8-10ESP in
Mexican schoolchildren in urban areas. Med Oral Patol Oral Cir Bucal 16(3): e430-5
34. Thylstrup A, Fejerskov O (1978) Clinical appearance of dental fluorosis in permanent teeth in
relation to histologic changes. Community Dent Oral Epidemiol 6(6): 315-28
35. Shoaib L, Deery C, Ricketts DN, Nugent ZJ (2009) Validity and reproducibility of ICDAS II in
primary teeth. Caries Res 43(6): 442-8
36. Del Carmen Aguilar-Díaz, F, Foster Page LA, Thomson NM, Borges-Yáñez SA (2013)
Differential item functioning of the Spanish version of the Child Perceptions Questionnaire. J
Investig Clin Dent 4(1): 34-8
37. Kohn WG, Harte JA, Malvitz DM, Collins AS, Cleveland JL, Eklund KJ, Centers for Disease
Control and Prevention (2004) Guidelines for infection control in dental health care settings–
2003. J Am Dent Assoc 135(1): 33-47
38. Abanto J, Tsakos G, Paiva SM, Carvalho TS, Raggio DP, Bönecker M (2014) Impact of dental
caries and trauma on quality of life among 5- to 6-year-old children: perceptions of parents and
children. Community Dent Oral Epidemiol 42(5): 385-94
39. Mota-Veloso I, Soares ME, Alencar BM, Marques LS, Ramos-Jorge ML, Ramos-Jorge J (2016)
Impact of untreated dental caries and its clinical consequences on the oral health-related quality
of life of schoolchildren aged 8-10 years. Qual Life Res 25(1): 193-9
40. Ismail AI, Sohn W, Tellez M, Willem JM, Betz J, Lepkowski J (2008) Risk indicators for dental
caries using the International Caries Detection and Assessment System (ICDAS). Community
Dent Oral Epidemiol 36(1): 55-68

24

41. Sullivan GM, Feinn R (2012) Using Effect Size—or Why the P Value Is Not Enough. J Grad
Med Educ 4(3): 279-282
42. Chankanka O, Levy SM, Warren JJ, Chalmers JM (2010) A literature review of aesthetic
perceptions of dental fluorosis and relationships with psychosocial aspects/oral health-related
quality of life. Community Dent Oral Epidemiol 38(2): 97-109
43. Walsh T, Worthington HV, Glenny AM, Applelbe P, Marinho VCC, Shi X (2010) Fluoride
toothpastes of different concentrations for preventing dental caries in children and adolescents.
Cochrane Database of Systematic Reviews Issue 1. Art. No.: CD007868
44. Groeneveld A (1985) Longitudinal study of prevalence of enamel lesions in a fluoridated and
non-fluoridated area. Community Dent Oral Epidemiol 13 (3):159-63
45. Shaghaghian S, Bahmani M, Amin M (2015) Impact of oral hygiene on oral health-related
quality of life of preschool children. Int J Dent Hyg 13(3): 192-8
46. Castro Rde A, Portela MC, Leão AT, de Vasconcellos MT (2011) Oral health-related quality of
life of 11- and 12-year-old public school children in Rio de Janeiro. Community Dent Oral
Epidemiol 39(4): 336-44
47. Montero J, Rosel E, Barrios R, López-Valverde A, Albaladejo A, Bravo M (2016) Oral health-

related quality of life in 6- to 12-year-old schoolchildren in Spain. Int J Paediatr Dent 26(3):
220-30

25

