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Abstract: This study evaluated the impact of molar–incisor
hypomineralization (MIH) on oral health-related quality of life
(OHRQoL) according to the perceptions of schoolchildren and their
parents/caregivers. This cross-sectional study consisted of a sample
of 594 schoolchildren between 11 and 14 years of age and their
parents/caregivers who answered the questionnaires CPQ11–14ISF:16
and P-CPQ, respectively. The main independent variable of this
study was MIH of the schoolchildren. Experience of dental caries,
malocclusion, and socioeconomic status were treated as confounding
variables. Statistical analysis used descriptive analysis and Poisson
regression with robust variance. The prevalence of MIH was 18.9%. The
overall P-CPQ score ranged from 0 to 35 (average = 7.26 ± 6.84), and the
overall CPQ11-14ISF:16 score ranged from 0 to 47 (average = 11.92 ± 7.98).
Severe MIH was associated with a greater negative impact of the
“functional limitation” domain (RR = 1.41; 95%CI = 1.01–1.97), according
to parents’/caregivers’ perceptions. Severe MIH was associated
with a greater negative impact of the “oral symptom” domain
(RR = 1.30; 95%CI = 1.06–1.60) and functional limitation domain
(RR = 1.42; 95%CI = 1.08–1.86), according to the schoolchildren’s
perceptions. Schoolchildren with severe MIH had a greater negative
impact on the oral symptom and functional limitation domains than
those without MIH. According to parents’/caregivers’ perceptions,
schoolchildren with severe MIH had a greater negative impact on the
functional limitation domain than those without MIH.
Keywords: Quality of Life; Dental Enamel Hypoplasia; Oral Health;
Tooth Demineralization.
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Molar–incisor hypomineralization (MIH) is a structural defect of the
tooth enamel that affects at least one first permanent molar, and it is
often associated with alterations in permanent incisors.1 Teeth with MIH
present with demarcated opacity with clear and defined limits and can
occasionally undergo post-eruptive breakdown.1,2,3,4
MIH is associated with many dental problems such as hypersensitivity,
quick development of carious lesions, and recurrent dental treatment
needs.2,3,5,6,7 Such factors can affect the daily lives of individuals, leading
to negative social and esthetic effects as well as pain.5 Indicators of oral
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health-related quality of life (OHRQoL) are used to
determine the impact of oral conditions in the daily
lives of individuals.8
Several studies have shown that oral conditions
affect OHRQoL.9,10,11,12 However, to the best of our
knowledge, the impact of MIH on OHRQoL has
not been reported. Parents/caregivers should be
considered as informants about the oral health of
their children as their reports are a good complement
to the information obtained from their children.13,14
The aim of this study was to evaluate the impact
of MIH on OHRQoL according to schoolchildren’s
and their parents’/caregivers’ perceptions.

and three public schools from each district were selected
by lots. After this draw, classes were randomly drawn
from each school, and then, schoolchildren from each
class were randomized by random drawing.
The inclusion criterion was a schoolchild who
presented with all first permanent molars and
permanent incisors fully erupted. Exclusion criteria
were children presenting with other types of enamel
defects (e.g., moderate/severe dental fluorosis,
amelogenesis imperfecta, enamel hypoplasia, enamel
tooth malformation linked to syndromes) and children
undergoing orthodontic treatment with fixed appliances
at the time of evaluation.

Methodology

Data collection

Ethical considerations
This study was approved by the Human Research
Ethics Committee of the Universidade Federal do
Piauí (Protocol 0441.0.045.000-11). An informed
consent form was signed by the schoolchildren
and the parents/caregivers, in accordance with the
Declaration of Helsinki.

Population and study sample
This was a population-based cross-sectional study
of a representative sample of schoolchildren aged
11–14 years from the city of Teresina, Brazil. In 2011,
there were 54,056 students in this age group enrolled
in Teresina schools. For the sample size calculation, the
Epi-info program in StatCalc module was used (version
3.5.2; Centers for Disease Control and Prevention,
Atlanta, GA, USA). An MIH prevalence of 19.8% in
children and adolescents aged 6 to 12 years was used.2
A correction factor of 1.5 was used to increase accuracy.
The confidence interval was 95%, and the standard
error was 4.0. The minimum required sample size
was 569 students. An additional 20% of 569 students
were included to compensate for possible losses. In
total, 683 students and their parents/caregivers were
invited to participate in this study.
The sample was proportionally stratified by the
type of school. Teresina has 26.1% private schools
and 73.9% public schools. Each type of school was
proportionally stratified by the district of the city (north,
south, south–east, east, and central). Three private schools
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Data collection was performed in two stages
between April and July 2012. The first stage was
performed by the parents/caregivers. They signed
the consent form and answered the socioeconomic
questionnaire and the Brazilian short form of the
Parental-Caregivers’ Perceptions Questionnaire
(P-CPQ).14 The second stage was performed by the
schoolchildren whose parents/caregivers consented to
study participation. They were directed to answer the
self-reported 16-item Child Perception Questionnaire
(CPQ11–14ISF:16)15 and were clinically assessed.

Non-clinical data collection
Three questionnaires were used: (a) a questionnaire
addressing sociodemographic condition, (b) the short
form of the Brazilian P-CPQ for parents/caregivers,14
and (c) the Brazilian CPQ11-14ISF:16 for children.15
The first and second questionnaires were completed
by the parents/caregivers. The first questionnaire
contained information about sociodemographic
factors: gender, age, type of school (public or private),
family income (categorized based on the Brazilian
monthly minimum wage: an amount equivalent to
USD $290.38), mother’s schooling (years of formal
study), family structure (nuclear structure for
schoolchildren who lived with both parents and
non-nuclear structure for schoolchildren living with
only one parent or neither). The third questionnaire
was self-completed by the children.
The short form of P-CPQ contained children’s issues
during the last 3 months and was divided into three
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domains: “oral symptom,” “functional limitation,”
and “well-being.” The items were answered on a
five-point rating scale: “never” = 0, “once or twice” = 1,
“sometimes” = 2, “often” = 3, and “every day or
almost every day” = 4. “Don’t know” responses were
permitted and scored as 0. The total score ranged
from 0 to 52. The higher the score, the higher was
the impact of oral health on QoL of the children.14
The Brazilian version of the questionnaire
CPQ11-14ISF:16 consisted of 16 items divided into
four areas: “oral symptom,” “functional limitation,”
“emotional well-being,” and “social well-being.” Each
item addressed the frequency of events in the previous
3 months. A five-point rating scale was used, with
the following options: “never” = 0, “once/twice” = 1,
“sometimes” = 2, “often” = 3, and “every day/almost
every day” = 4. The total score ranged from 0 to 64,
and higher scores denoted a more negative impact
of oral conditions on QoL.15

Clinical data collection
The schoolchildren were examined by a single
examiner, previously calibrated within a classroom.
Before the clinical examinations, supervised
tooth-brushing was performed. The schoolchildren
sat on a chair and leaned back, resting the back of
their heads on the examiner’s lap. A dental mirror
(Duflex, SS White, Rio de Janeiro, Brazil), periodontal
probe (WHO-621, Trinity, Campo Mourão, Brazil),
and gauze swab were used under artificial lighting
(desk lamp model Pelican, Startec127V, São Paulo,
Brazil) for the dental examination. All the teeth were
examined dry by a gauze swab.
Schoolchildren were diagnosed with MIH when
at least one first permanent molar was affected, with
or without the involvement of the incisors, according
to the criteria proposed by the European Academy of
Paediatric Dentistry (EAPD).1 The diagnostic criteria
for MIH were at least one of the first permanent molars
affected by (a) well-demarcated opacities greater
than 1 mm; (b) post-eruptive enamel breakdown;
(c) atypical restorations, when there is the presence
of opacity in the margins; and (d) absence of first
permanent molars in dentitions with low caries
activity associated with one of the other previously
mentioned factors.1,2

The severity of MIH was classified as mild
(demarcated opacities without fracture), moderate
(hard and fractured enamel and need for treatment),
or severe (loss of tooth structure affecting the
enamel and dentine, replacement of hard tissues
with atypical restorations, and tooth extraction due
to hypomineralization). 2,16,17,18 Each schoolchild’s
MIH severity was defined by the most severe
defect observed in the permanent first molars or
permanent incisors.
Differential diagnoses between MIH and fluorosis
and amelogenesis imperfecta and enamel hypoplasia
were performed. Teeth with MIH have demarcated
opacities and are prone to caries, unlike teeth with
fluorosis, which have diffuse opacities.19,20 Fluorosis
should lead to similar alterations in homologous
teeth, a horizontal striated pattern across the teeth,
brown stains often altering the anatomy of the teeth
or areas with pits or wear, scattered brown spots,
and corrosive-looking teeth.19,20 In amelogenesis
imperfecta, changes in the structure and appearance
of the enamel should be present in all or almost all
the deciduous and permanent teeth. There is often a
history of family onset.20 In enamel hypoplasia, the
borders of the normal enamel are smooth, while in
post-eruptive enamel breakdown, the borders of the
normal enamel are irregular.20
Schoolchildren were also evaluated to determine
their experience of caries and malocclusion because
they were considered confounding variables.
The experience of caries was diagnosed through
the criteria of the World Health Organization. The
presence or absence of dental caries was evaluated
according to the DMFT index [decayed permanent
teeth (D), missing (M), and filled (F)].19 DMFT values
≥ 1 were considered as indicating the presence of
dental caries. Malocclusion was characterized by
the presence of any of the following abnormalities:
deep overbite, increased overjet, anterior open bite,
anterior crossbite, and posterior crossbite.21

Calibration exercise
Prior to the commencement of the study, one of the
authors underwent a series of calibration exercises.
The calibration exercise was performed in two stages.
The first stage included a theoretical discussion about
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the clinical diagnosis and severity of MIH, dental
caries, and malocclusion. Furthermore, oral clinical
examination training using slides was performed.2,19,21
The second stage was the clinical examination.
Twenty schoolchildren who did not participate in the
main study were examined and re-examined after
15 days.19 All conditions of the schoolchildren were
evaluated. Intra-examiner reliability was determined
on a tooth-by-tooth basis for each clinical condition.
Cohen’s kappa coefficient for intra-examiner calibration
was 0.91, 0.70, and 0.88 for MIH, malocclusion, and
dental caries, respectively.

Pilot study
A pilot study was conducted to evaluate the
methodology, dental examination, and administration
of the questionnaires. Twenty schoolchildren who did
not participate in the main study were selected by
convenience sampling. The pilot study confirmed the
original study design, and we had no modifications
in the approach.

Statistical analysis
Data processing and statistical analysis were
performed using the Statistical Package for Social
Sciences version 20.0 for Windows (SPSS Inc.,
Chicago, IL, USA). The outcome variables were
overall P-CPQ and CPQ11-14ISF:16 and their specific
domains. These were applied as count variables.
Caries, malocclusion, and socioeconomic factors
were applied as confounding variables.
Poisson regression analysis with robust variance
was used for multivariate analysis, as in previous
studies.22 Overall P-CPQ and CPQ11-14ISF:16 and specific
domain scores were compared in terms of the rate
ratios (RRs) and respective 95% confidence intervals
(95% CIs) with interest and confounding variables.
To be entered into the final model, variables with
p ≤ 0.20 and epidemiological variables that justified
the study (severity of MIH) were used. The final model
contained only factors that remained associated at
the p ≤ 0.05 level.

Results
In total, 629 (response rate = 92.1%) parents/caregivers
authorized their children to participate in the study
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and answer all questions. However, 11 schoolchildren
(1.6%) were excluded because they met the exclusion
criteria and 24 (3.5%) were excluded because they were
absent from class on the day of the clinical examination.
Therefore, in total, 594 (86.9%) schoolchildren and
their parents/caregivers were enrolled in this study:
154 (22.5%) from private schools and 440 (64.4%) from
public schools.
The mean age of the adolescents was 12.45 years
(SD = 1.11). The predominant household income was
lower than or equal to one minimum wage (55.2%),
360 (60.6%) children belonged to a nuclear family
structure, and 276 (46.5%) children had parents
who had studied for 8–11 years. Most parental
questionnaires were answered by mothers (90%).
Clinical examination revealed that the prevalence
of MIH was 18.4% (n = 109) in schoolchildren aged
11–14 years. The prevalence of MIH in the public
schools was 19.3% and that in private schools was
15.6%. With regard to the severity of MIH, 54 (49.5%)
schoolchildren presented with mild, 30 (27.5%)
moderate, and 25 (23.0%) severe MIH. It was revealed
that 301 (50.7%) schoolchildren had malocclusion
and 302 (50.8%) had dental caries. The mean DMFT
was 1.49 (SD = 0.50).
In total, 501 (84.3%) parents/caregivers reported
an overall P-CPQ of ≥1. The highest score for
overall P-CPQ was 35 points. In total, 583 (98.1%)
schoolchildren reported an overall CPQ11-14ISF:16 of
≥1. The highest score for overall CPQ11-14ISF:16 was
47 points (Table 1).
The final model revealed that according to
parents’/caregivers’ perceptions, schoolchildren with
severe MIH had a 41% higher rate of impact than those
without MIH in the functional limitation domain of
P-CPQ (RR = 1.41; 95%CI = 1.01, 1.97) (Table 2).
Schoolchildren with severe MIH had 30% and
42% higher rates of impact than those without MIH
in the oral symptom (RR = 1.30; 95% CI = 1.06, 1.60)
and functional limitation (RR = 1.42; 95% CI = 1.08,
1.86) domains of CPQ11-14ISF:16, respectively (Table 3).

Discussion
To the best of our knowledge, this is one of the first
studies to analyze the association between MIH and
OHRQoL. It was concluded that schoolchildren with
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Table 1. Mean overall and specific subscale scores of the P-CPQ and CPQ11–14ISF:16 questionnaires (n = 594).
Variables

Mean (SD)

Median

Minimum

Maximum

Oral symptoms

1.86 (2.00)

1.0

0

Functional limitation

2.67 (2.76)

2.0

Well-being

2.75 (3.67)

Overall B-P-CPQ

Percentages
25%

50%

75%

10

0

1

3

0

14

0

2

4

2.0

0

19

0

2

4

7.26 (6.84)

5.0

0

35

2

5

11

Oral symptoms

4.08 (2.40)

4.0

0

13

2

4

6

Functional limitation

3.36 (2.76)

3.0

0

13

1

3

5

Emotional well-being

2.52 (2.76)

2.0

0

12

0

2

4

Social well-being

1.95 (2.31)

1.0

0

16

0

1

3

Overall CPQ11–14ISF:16

11.92 (7.98)

10.0

0

47

6

10

17

P-CPQ

CPQ11–14ISF:16

severe MIH are associated with a lower impact on
the oral symptom and functional limitation domains
of OHRQoL than those without MIH.
There is scarcity of literature about the prevalence
of the negative impact of MIH on OHRQoL. Thus,
for sample size calculation, the prevalence of MIH
in a Brazilian study with a representative sample
was used. 2 The study used a population-based
sample of adolescents aged 11–14 years and their
families, enabling the data to be extrapolated to
the general population.
The prevalence of MIH in this study was confirmed
by the results of another Brazilian study that also had
a predominance of mild defects.2 Previous studies
have addressed the prevalence and severity of MIH in
children and adolescents.2,18,23,24,25 These studies have
associated MIH with cosmetic changes caused by the
presence of demarcated opacities in the incisors or
pain caused by dentine hypersensitivity.3,16,18,27
Some authors have compared different age groups
and found that older children have more severe MIH
than younger children because of the post-eruptive
damage to the hypomineralised enamel. 2,27,28
Therefore, this study included schoolchildren aged
11–14 years to check whether there were severe MIH
impacts on OHRQoL.
Schoolchildren with severe MIH were associated
with lower OHRQoL than those without MIH in the

oral symptom and functional limitation domains.
The impact found is plausible because MIH may cause
oral symptoms such as esthetic alterations, dental
pain/discomfort, bad breath, and food impaction.3,16,26
Moreover, it may cause functional limitations such
as difficulty in biting or chewing food, trouble in
sleeping, and difficulty in drinking or eating hot or
cold beverages and foods.3,16,26
Teeth with MIH can suffer from enamel breakdown
after eruption and occlusal contacts depending on the
degree of enamel porosity. This enamel breakdown
facilitates food impaction. The enamel loss can lead to
the development of dentine hypersensitivity caused
by the exposure of the dentinal tubules, which are
broader in these teeth. 2,16,26 Thus, the individual
neglects oral hygiene, which in turn leads to biofilm
accumulation, increasing the chances of developing
tooth decay.2,3,16,26
We included dental caries, malocclusion, and
socioeconomic factors as confounding variables
because some studies have shown that these variables
can be associated with worse OHRQoL.9,10,29,30,31,32,33,34,35
Studies have shown that dental caries has a negative
impact on OHRQoL.10,30,36 Severe dental caries usually
produces an unsightly appearance. 30 Therefore,
parents/caregivers of schoolchildren with dental caries
reported that their children had a 27% greater probability
of a one-point increase in the well-being score.
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Table 2. Association between scores of the P-CPQ questionnaire with MIH and confounding variables: final multivariate model
(n = 594).
Oral symptoms

Variable

Functional
limitation

Well-being

Total score

RR1adj. (95%CI)
Severe

Moderate

MIH

Mild

1.34

1.41

1.03

1.15

(0.95–1.88)

(1.01–1.97)

(0.68–1.56)

(0.87–1.53)

1.25

1.27

1.16

1.19

(0.87–1.77)

(0.86–1.87)

(0.75–1.80)

(0.85–1.66)

0.99

0.99

0.91

0.95

(0.77–1.29)

(0.72–1.35)

(0.61–1.35)

(0.73–1.24)

1

1

1

1

1.27

1.20

(1.01–1.58)

(1.03–1.41)

1

1

1.47

1.23

(1.20–1.81)

(1.06–1.43)

1

1

2.10

1.49

(1.56–2.84)

(1.23–1.80)

1

1

-

-

-

-

-

-

-

-

-

-

-

-

-

-

No
Yes

Dental caries

Malocclusion

1.18
(0.99–1.41)

-

No

1

-

Yes

-

-

No
Public

Type of school

1.03
(0.79–1.34)

Private
≤ 1 MW

Family income
(minimum wage, MW)

1

-

1,29

1.18

(1,05–1,58)

(0.98-1.41)

1

1

1.47

1.16

(1.12–1.94)

(0.98-1.41)

1.23

0.99

(0.93–1.62)

(0.79-1.27)

1

1

1.28

1.09

(1,07–1,54)

(0.92-1.29)

1

1

> 1 MW
< 8 years
Mother’s schooling

8–11 years
> 11 years
Female

Gender

Male
1

-

Rate ratios adjusted.

Malocclusion was associated with a lower
OHRQoL, according to the schoolchildren and their
parents/caregivers. This result was in agreement with
that reported in the literature.10,31,32 The emotional
well-being domains addressed in the questions were
concerned with feelings about oneself and others’
perception.14,15 The social well-being domain addressed
in the questions was concerned with difficulty in
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school and in activities, avoidance of smiling, and
difficulties in relationships with other children.14,15
Disturbances in normal occlusion can reduce
social acceptance and lead to low self-esteem in
adolescents.11,31 Theoretical explanations of this
relationship are based on adolescents’ dissatisfaction
on a daily basis with self-image, esthetics, difficulty
in chewing, and speech difficulties caused by

Dantas-Neta NB, Lima MDM, Cruz PF, Moura MS, Paiva SM, Martins CC et al.

Table 3. Association between scores of the CPQ11-14ISF:16 questionnaire with MIH and confounding variables: final multivariate
model (n = 594).
Oral symptoms

Variable

Functional
limitation

Emotional
well-being

Social well-being

Total score

RR1adj (95%CI)
1.30

1.42

0.91

0.80

1.09

(1.06–1.60)

(1.08–1.86)

(0.60–1.39)

(0.54–1.19)

(0.87–1.37)

1.19

1.24

0.99

1.11

1.12

(0.97–1.45)

(0.91–1.68)

(0.70–1.42)

(0.76–1.65)

(0.89–1.41)

0.98

0.96

0.95

0.96

0.97

(0.80–1.18)

(0.77–1.20)

(0.70–1.29)

(0.70–1.32)

(0.80–1.18)

No

1

1

1

1

1

Yes

-

-

No

-

-

Yes

-

-

No

-

Severe

MIH

Moderate

Mild

Dental caries

Malocclusion

Type of school

Family income
(minimum wage –
MW)

Family Structure

1.10
(0.99–1.23)

-

1

1.36

1.40

1.18

(1.14–1.61)

(1.17–1.69)

(1.06–1.31)

-

1

1

1

1.14

1.23

1.51

1.53

1.31

(1.02–1.27)

(1.04–1.45)

(1.20–1.92)

(1.12–2.09)

(1.15–1.49)

Private

1

1

1

1

1

≤ 1 MW

-

-

-

> 1 MW

-

-

-

1.14

1.20

(1.03–1.25)

(1.05–1.37)

1

1

1.04

1.25

(0.94–1.15)

(1.09–1.43)

1

1

Public

Non-nuclear

Female
Male

1

(0.99–1.42)

-

1

Nuclear

Gender

1.19

1.27
(1.01–1.61)

-

1

-

1.21

1.17

(1.01–1.47)

(1.05–1.30)

-

1

1

-

-

-

-

-

-

-

Rate ratios adjusted.

ma locclusion. 11, 31 T h is may happen because
malocclusion causes esthetic features that can induce
adverse social responses among teenagers, such as
nicknames generated by schoolmates.31
Schoolchildren from public schools had a
lower OHRQoL than those from private schools.
Parents/caregivers of schoolchildren who earned less
than or equal to one minimum wage and mothers who
had less than 8 years of education reported that their

children had a lower OHRQoL. These results support
the results of previous studies that socioeconomic
status is associated with different oral conditions
and OHRQoLs.9,11,29,31 The low educational level may
lead to a reduced income, unemployment, and low
professional positions.29 These conditions influence
health habits and self-rated oral health24 due to the
difficulty in accessing information, dental services,
oral hygiene products, and private schools.33
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A non-nuclear family structure is also associated
with a lower OHRQoL. This result can be explained
by the influence of the home environment on
schoolchildren’s oral health behavior.9 Studies have
shown that schoolchildren who belong to a non-nuclear
family structure have worse oral health behaviors
because they tend to brush their teeth less often and
have fewer annual visits to dentists.34,35
Female schoolchildren had higher oral symptom
a nd f u nct ional li m itat ion scores t ha n male
schoolchildren. The association between gender and
P-CPQ and CPQ11,12,13,14ISF:16 scores may be explained
by a higher concern by girls in relation to functional
and esthetic-related health issues, as observed in
another study.29
The present study had limitations inherent in
cross-sectional studies because the data were related
to perceptions of the moment in which the individual
lived. Thus, longitudinal studies are required to
enable a better understanding of the effects of MIH
on OHRQoL.
It is necessary to train dentists for the early
detection and care of MIH. Early identification of MIH

can avoid the increased severity of these problems
and reduce the impact on OHRQoL in schoolchildren.

Conclusion
The following conclusions can be drawn on the
basis of the findings of this investigation:
1. Schoolchildren with severe MIH have a greater
negative impact on the oral symptom and functional
limitation domains than those without MIH.
2. Schoolchildren with severe MIH have a greater
negative impact on the functional limitation
domain than those without MIH, according to
parents’/caregivers’ perceptions.
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