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Abstract

Objective The main objective of this study was to estimate the prevalence of molar incisor hypomineralisation (MIH),
an alteration of tooth enamel with an estimated worldwide prevalence rate of 14%, among children using primary
care services in the Community of Madrid, Spain.

Materials and methods This was a descriptive, cross-sectional and multicentre study. After calibrating all researchers
and following the diagnostic criteria of the European Academy of Paediatric Dentistry (EAPD), children aged between
8 and 16 years who were users of the dental services at 8 primary oral health units of the Madrid Health Service
(SERMAS) were included. The children underwent a dental examination, and the parents were asked to complete a
guestionnaire.

Results The prevalence of MIH was 28.63% (Cl: 24.61-32.65%). The age cohorts most affected by MIH were 8 years
(21.4%) and 11 years (20.7%). The presence of MIH was greater among girls (85; 60.71%) than among boys (55;
39.28%). The mean number of affected teeth per patient was 4.46+2.8. The most frequently affected molar was the
upper right first molar (74.3%), and the upper left central incisor was the most affected incisor (37.85%). Opacities
were the defects most frequently recorded (63.57%).

Conclusions The prevalence of MIH in this study is the highest of all relevant studies conducted in Spain.

Keywords Molar incisor hypomineralization (MIH), Enamel developmental defect, Hypomineralised second primary
molars (HSPM), Oral Health Units, Pediatric Dentistry
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Introduction

Dental enamel alterations have been studied since 1895
[1]. One of these alterations is molar incisor hypomin-
eralisation, described for the first time at the end of the
1970s in Sweden, when paediatric dentists began to
detect changes in the enamel of first molars and per-
manent incisors, is an alteration of the tooth enamel of
unknown aetiology and not related to dental caries [2]. In
2001, Weerjheim et al. suggested using the name molar
incisor hypomineralisation (MIH), which was defined
as “hypomineralisation of systemic origin of one to
four permanent first molars frequently associated with
affected incisors” and must be differentiated from other
enamel pathologies, such as diffuse opacities, hypoplasia,
amelogenesis imperfecta or non-MIH hypomineralisa-
tions, such as initial caries [3-5].

In 2003, the European Academy of Paediatric Den-
tistry (EAPD) established the diagnostic criteria for
MIH: demarcated opacity, posteruptive enamel break-
down, atypical restauration and extracted molar due to
MIH, and the first prevalence studies were carried out in
Europe to establish strategies for the diagnosis, treatment
and prevention of this pathology [6, 7].

Microscopically, compared with healthy enamel,
the enamel of affected teeth shows porous areas with a
higher carbon content and lower calcium and phospho-
rus concentrations. The borders between healthy and
affected enamel are well defined. At the macroscopic
level, affected teeth present alterations in enamel translu-
cency, resulting in marked opacities, in addition to areas
with fractured enamel and exposed dentin [8]. Clinically,
patients affected by MIH present with several problems.
Frequently, mild cases only show aesthetic defects, espe-
cially when anterior teeth are affected. More serious cases
involve tooth sensitivity to changes in temperature and
during brushing, resulting in inadequate oral hygiene,
with a consequent increase in number and severity of
caries and gingival problems. Dental professionals will
observe rapid tooth decay, especially in posterior sectors,
with lesions in unusual areas, making restorative treat-
ment difficult and potentially causing premature tooth
loss. In addition to the above, anaesthetic management of
patients may be challenging due to chronic pulp inflam-
mation resulting from continuous bacterial penetration
from the porous enamel into the dentin, which can cause
behavioural problems during dental treatment [6, 9, 10].
Aetiology of MIH is unknow and has been related with
environmental factors presents from the last months
of pregnancy to the first years of life that are capable of
altering the enamel development, such as, maternal ill-
ness, early childhood diseases or use of drugs, included
self-medication [11, 12].

Research on the prevalence of MIH began in 2000,
but despite the popularisation of the use of the EAPD
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criteria, the results were substantially different among
investigations; as such, several researchers highlighted
the need to standardize the criteria among studies [13,
14]. In 2015, Ghanim et al. proposed a new evaluation
system that takes into account both the clinical status
of enamel lesions and their extent [15]. Currently, the
prevalence of MIH is considered high. 2 recent reviews
estimated worldwide prevalence rates of 13.1% and 14.2%
[16, 17]. In Spain, the estimated prevalence rate is 20%
[17, 18]. Regarding the Community of Madrid, the esti-
mated prevalence is approximately 12% [19], but there
are no published studies that follow the standardized
assessment criteria recommended by the EAPD for MIH
studies.

In our setting, public dental care in the Community of
Madrid, which is provided through the Oral Health Units
(OHUs) of Primary Care Health Centres, there are also
no studies on the prevalence of MIH that meet the EAPD
criteria. Considering that this pathology has a high prev-
alence and is a complex clinical problem and given that
dental consultations in the Madrid public health system
mainly involve preventive care, this study was designed
with the aim of determining the prevalence of MIH
among children users of public dental services in Madrid.

Materials and methods

This was an observational, descriptive, cross-sectional
and multicentre study to estimate the prevalence of MIH
among children aged between 8 and 16 years in different
oral health units (OHUs) of the Community of Madrid,
Spain. We selected this age group because it is the group
included in public oral health program. This study was
approved by the Ethics Committee of the Hospital
Clinico San Carlos following the Declaration of Helsinki’s
ethical principles for medical research involving human
subjects (Internal Code: 21/162-E_Tesis).

Study population and sample selection

Participation was voluntary; the guardians of the children
were approached about participating in the study, and all
those who agreed signed an informed consent form. The
inclusion criteria were as follows: (1) children between
8 and 16 years of age, (2) complete eruption or eruption
of at least 1/3 of the occlusal surface of the first 4 per-
manent molars, and (3) signed informed consent form
(guardians).

The exclusion criteria were as follows: (1) no first per-
manent molars or eruption less than 1/3 of the occlusal
surface of molars, (2) fixed orthodontic appliances, (3)
systemic diseases or under treatment with drugs that
could alter enamel development, and (4) lack of coopera-
tion during the examination.

The sample size was calculated for an estimated preva-
lence of 12%, referencing a previous study carried out in
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a population similar to ours [14], with a precision of 3%
and a confidence level of 95%, which resulted in a sample
size of 451 children.

The OHUs of the Madrid Health Service (SERMAS)
were divided into two groups to facilitate randomization:

+ 40 metropolitan OHUs located in the city of Madrid.
+ 46 OHUs located in other municipalities of the
Community of Madrid. Those located in towns with

fewer than 20,000 inhabitants were considered rural
OHUs.

Ultimately, 8 OHUs were selected: 4 in the city of Madrid
and another 4 in the municipalities of Parla, Alcobendas
and Algete (rural).

Training and calibration

Prior to data collection, the 8 participating dentists
received a training session on the diagnosis of MIH using
the EAPD criteria [10] (Fig. 1). Subsequently, calibration
was carried out. A questionnaire with 29 photographs
of teeth was sent to each dentist; the dentists provided
diagnoses using the EAPD diagnostic criteria on which
they were previously trained. Each dentist completed the
questionnaire twice, within a week between each session.
The kappa coefficient was used to calculate inter-exam-
iner agreement. All kappa values were between 0.74 and
0.94; therefore, according to the Landis and Koch scale,
the degree of agreement was classified as good and very
good.

Data collection

Data collection consisted of 2 steps: a dental examina-
tion and a questionnaire to be completed by the parents.
The oral examination was performed by the dentists in an
office dental chair. The light source was the equipment
light. Cotton balls were used to dry oral surfaces; an air
syringe was not used. Ball-ended probes were used to
detect irregularities in the enamel surface. Each dentist
completed a data collection sheet for each patient.

Clinical status criteria

0 =No visible enamel defect.

1 = Enamel defect, non-MIH/HSPM.

2 = White, creamy demarcated, yellow or brown demarcated opacities.
3 = Post-eruptive enamel breakdown (PEB).

4 = Atypical restoration.

5 = Atypical caries.

6 = Missing due to MIH/HSPM.

7 = Cannot be scored*.

Lesion extension criteria (only after diagnosing MIH/HSPM, i.e. scores 2 to 6)
1= Less than one third of the tooth affected.

11 = At lcast onc third but less than two thirds of the tooth affected.

1IT = At least two thirds of the tooth affected.

Fig. 1 EAPD diagnostic criteria for MIH

Page 3 of 9

Data analysis

IBM SPSS Statistics version 27.0 was used for statisti-
cal analyses. Quantitative variables are described using
means and standard deviations, and categorical vari-
ables are described as frequencies and percentages. The
prevalence of MIH was calculated as a percentage, and
estimations are reported using confidence intervals. The
Mann-Whitney U test and the Wilcoxon test were used
to analyse significant differences between different sam-
ples, and the chi-square test was used to determine the
differences between percentages. Differences were con-
sidered statistically significant when p <0.05.

Results

The sample comprised 489 children between 8 and 16
years of age, of whom 258 (52.76%) were girls and 231
were boys (47.23%). A total of 140 children were affected
by MIH; therefore, the estimated prevalence of MIH in
this study was 28.63% (CI: 24.61-32.65%). Regarding sex,
55 boys (39.28%) and 85 girls (60.71%) were affected by
MIH. Girls were affected more than boys and difference
was significant (chi-square test, p<0.05).

The mean age of the children (N=489) at the time of
the examination was 11.01£2.3 years, and that of chil-
dren affected by MIH (N=140) was 10.5%2.11 years. The
age cohorts most affected by MIH were 8 years (21.4%),
11 years (20.7%) and 10 years (17.1%); notably, in the
16-year-old cohort, no patients presented MIH. There
were significant differences between the 10-year-old
cohort and 11-year-old cohort and other cohorts with
regard to the presence of MIH (chi-square test, p<0.05).
Figure 2 shows the distribution of the sample and the
prevalence of MIH by sex and age at the time of the
examination.

A total of 1,672 permanent index teeth were studied.
The number of affected teeth in each patient with MIH
varied between 1 and 12; the mean number of affected
teeth was 4.46+2.8. In the upper arch, 55.6% (n=347)
of the teeth presented hypomineralisation, and the aver-
age number of affected teeth was 2.47+1.66. In the lower
arch, the percentage of affected teeth was lower, 44.39%
(n=277), with a mean of 1.99+1.55 affected teeth. In
both arches, the most common number of affected teeth
was 2, and 6 patients had 12 affected index teeth. Signifi-
cant differences were found between the upper and lower
arches with regard to the mean number of affected teeth
(Wilcoxon signed rank test, p=0.001).

The most frequently affected molar was the upper right
first molar (74.3%, n=104), followed by the upper left
first molar (68.6%, n=96), the lower left first molar (65%,
n=91) and the lower right first molar (61.4%, n=86); the
least frequently affected tooth was the upper left lateral
incisor (14.3%, n=20).
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Fig. 2 Distribution of MIH in the sample. Age and Sex
Table 1 Distribution of MH and MIH affected incisor and molars
Number affected molars Number affected incisors TOTAL (%)

0 1 2 3 4 5 6 7 8

1 10 6 6 1 1 0 0 0 0 24 (17.8)
2 24 6 6 4 0 0 1 0 0 41 (304)
3 7 7 3 3 0 0 0 0 0 20 (14.8)
4 10 6 8 6 9 1 2 2 6 50 (37)
TOTAL 51 25 23 14 10 1 3 2 6 1352
(%) (37.8) (18.5) (17) (10.4) (74) 0.7) 2.2) (1.5) (4.4) (100)

@Not erupted index teeth are not included

Regarding the number of affected molars in each
patient with MIH, the mean number of affected molars
was 2.69%1.15. A total of 36.4% (n=52) showed involve-
ment of the 4 molars, 30% (2=42) had 2 affected molars,
18.6% (n=26) had a single affected molar, and 14.3%
(n=20) had 3 affected molars. The mean number of
affected incisors in patients with MIH was 1.76+2.1.
36,4% of these patients (n=51) showed no affected inci-
sors and had hypomineralisation only on the first per-
manent molars or molar hypomineralisation (MH). On
average, 1.03%+1.31 incisors were affected in the upper
arch, and 0.75+1.13 were affected in the lower arch. Sig-
nificant differences were found in the number of affected
upper and lower incisors (Wilcoxon signed rank test,
p=0.004). The distribution of incisor involvement by the
number of affected molars is shown in Table 1.

Regarding types of defects due to MIH, those proposed
by the EAPD— demarcated opacities, post-eruptive
enamel breakdown, atypical restorations, atypical caries

and missing teeth—were analysed. Of the 1,672 teeth
analysed, 624 (37.32%) showed some type of enamel
defect. A total of 519 (31%) presented opacities, 47 (2.8%)
presented atypical restorations, 33 (2%) presented post-
eruptive enamel breakdown, 24 (1.4%) presented atypical
caries, and 1 tooth (0.1%) had been extracted because of
MIH.

In patients with MIH (#=140), opacity was the most
frequent defect (n=76) in the upper first molars. Tooth
loss associated with MIH was detected only in 1 lower
left first molar.

Regarding primary molars, 97 patients (69.3%, n=140)
had at least 1 s primary molar present at the time of the
examination, and 74 (52.9%) had all 4. Of those who had
a primary molar (n=97), 73 (75.3%) did not present any
alteration in the molars present, 9 (9.3%) had 1 molar
affected by hypomineralised lesions on second primary
molars (HSPM), 9 (9.3%) had 2 affected molars, 2 (2.1%)
had 3 affected molars, and 4 (4.1%) had 4 affected molars.
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Regarding the type of defect, 341 primary second molars
were analysed. A total of 39 teeth (11.4%) had opacities, 6
(1.8%) had atypical caries, 3 (0.9%) had atypical restora-
tions, and 1 (0.3%) had post-eruptive enamel breakdown.
Table 2 shows the percentages of affected index teeth by
defect type.

The extent of the defects and their severity were evalu-
ated using the EAPD criteria: Type I was considered
when defect extension was less than 1/3 of the affected
tooth, type II when at least 1/3 but less than 2/3 of the
affected tooth and type III when 2/3 or more of the tooth
was affected. Of the teeth analysed in which the size of
the defect was recorded (n=613), 51.71% of the defects
showed type I extension, 35.7% showed type II extension,
and 12.56% showed type III extension.

With regard to the severity of the affected teeth
(n=624), 83.17% (n=>519) of teeth only showed changes
in colour, i.e., mild severity, and 16.82% (n=105) of the
teeth presented severe disease, i.e., post-eruptive enamel
breakdown, atypical caries or restorations or loss due
to MIH. Of the 140 patients diagnosed with MIH, 61
(43.57%) had severe disease in at least 1 tooth, and in 79
patients (56.42%), all the teeth presented mild disease. In
the children with mild disease, an average of 3.84 teeth
were affected, and in the children with severe disease, an
average of 5.28 teeth were affected. The difference in the
mean number of affected teeth as a function of severity

Table 2 Distribution of defect types in permanent index teeth
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was significant (Mann-Whitney U test for independent
samples, p=0.003). The most severe lesions were found in
older children (mean age of 11.15 years for severe lesions
versus 10.25 years for mild lesions (Mann-Whitney U
test for independent samples, p=0.014). No relationship
was found between lesion severity and sex.

Regarding defect colour, most of the teeth with opaci-
ties were white. Colour alterations were analysed in
515 teeth. A total of 60.97% (n=314) of teeth had white
defects, 21.16% (n=109) had yellow defects, and 17.86%
(n=92) had brown defects. Yellow and brown defects
occurred more frequently in molars than in incisors. Fig-
ure 3 shows the percentage of opacities by defect colour
and tooth type.

Discussion

The main objective of this study was to estimate the
prevalence of MIH among users of public dental services
in Madrid, Spain. Worldwide, the prevalence of MIH is
highly variable, ranging from 0.5 to 40% () [17, 20, 21]. In
Spain, it ranges from 12 to 24.8% [17-19, 22, 23], higher
than the prevalence in other areas of Europe such as Cro-
atia (13%) [24], Germany (13.5%) [25], Sarajevo (11.5%)
[26], Switzerland (14.8%) [27]and Belgium (18.6%) [28].
Although EAPD was the first to unify diagnostic criteria
for MIH, others are currently accepted [29]. In our case,
we decided to use EAPD criteria because we were more

INDEX Not affected Affected (%) TOTAL
TEETH (%) Demarcated Post-eruptive Atypical  Atypical  Extracted Not erupted
opacity enamel breakdown filling caries due to MIH

16 36 76 7 13 8 0 0 140 (100)
(25,7) (54.3) (5) 9.3) (5.7) (0) (0)

12 17 22 0 0 0 0 1 140 (100)
(83.6) (15,7) 0) 0) 0) ) 0.7)

1 87 51 2 0 0 0 0 140 (100)
(62.1) (36.4) (1.4) 0) (0) (0) (0)

21 88 50 2 0 0 0 0 140 (100)
(629) (357) (14) (0) (0) 0) 0)

22 17 20 0 0 0 0 3 140 (100)
(83.6) (14.3) ©) (0) (©) ©) 2.1

26 44 74 6 10 6 0 0 140 (100)
(314) (52.9) (4.3) (7.1) 43) (0) (0)

36 49 67 6 12 5 1 0 140 (100)
(35) (47.9) (4.3) (8.6) (3.6) (0.7) (0)

32 116 23 0 0 0 0 1 140 (100)
(82.9) (16.4) 0) 0) 0) 0) 0.7)

31 115 25 0 0 0 0 0 140 (100)
(82.1) (17.9) 0) (0) (©) ©) ©)

41 117 23 0 0 0 0 0 140 (100)
(83.6) (16.4) (0) 0) (0) (0) ©)

42 109 28 1 0 0 0 2 140 (100)
(77.9) (20) 0.7) 0) (©) ©) (1.4)

46 53 60 9 12 5 0 1 140 (100)
(379 (429 (6.4) (8.6) (3.6) ) 0.7)
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19,5% 11,9%
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White/Creamy
H Brown

Fig. 3 Healthy and demarcated opacity teeth. Color of the opacities according to the type of index tooth (%)

interested in knowing prevalence of MIH than in treat-
ment needs.

In this study, the first to be carried out in Madrid using
the EAPD criteria, the estimated prevalence of MIH
among children aged between 8 and 16 years was 28.63%.
This result is higher than expected based on studies car-
ried out in our country; however, the results were similar
to those reported in other studies in Caracas (Venezuela)
(25.35%) [30], Brazil (28.7%) [31], Mexico (35.4%) [32]
and Lebanon (26.7%) [33]. Similar to our study, others
have also investigated the presence of MIH among public
health care users. Rodriguez-Rodriguez et al. (Venezuela)
and Lopez Jordi et al. (Argentina and Uruguay) studied
the prevalence of MIH among public and private health
care users and found higher prevalence rates in the pri-
vate system. These authors explain these higher rates as
follows: in their countries, only people from the lowest
socioeconomic level and who do not receive social secu-
rity benefits seek dental care through the public system
[30, 34]. In contrast, in our study, conducted only with
participants who use the public system, we obtained
higher prevalence rates than those obtained in any other
study conducted in our country. We believe that this is
because more children with dental pathologies are seen
through the public system in Madrid because the Madrid
health system, which provides universal and fully subsi-
dized medical coverage, provides free dental treatment
for permanent teeth in children between 7 and 16 years
of age [35].

With regard to sex, although several recent meta-
analyses have not found differences [16, 17, 20], in our

study, we found a higher prevalence of MIH among girls,
a finding that is similar to the results reported in other
published studies [24, 26, 36, 37]. Schwendicke et al., in
a meta-analysis carried out in 2018, did not find differ-
ences between sexes; however, they acknowledge that
in certain areas, the prevalence among girls is signifi-
cantly higher than among boys, but the causes could not
be determined [16]. Chawla et al. [38] suggest that this
higher prevalence may be observed because dental matu-
rity usually occurs earlier in girls, and therefore, their
teeth would have been erupted for longer, with more
post-eruptive enamel breakdown detected. Being MIH an
alteration in which there may be an aesthetic affectation,
especially when the incisor group is affected, we believe
that the greater presence of MIH n girls in our study can
be explained because girls tend to show more concern
about their physical appearance. All participants in this
research were users of a free access preventive program
and, affected girls, would attend dental check-ups more
frequently than those who are not affected.

In studies in which different age groups were anal-
ysed, the prevalence of MIH seems to be influenced by
the age of the participants. According to other studies,
the prevalence of MIH appears to be higher in younger
patient cohorts. This may be because at 8 years of age,
the age recommended by the EAPD for conducting
MIH prevalence studies [21], the first permanent molars
erupt, and most are still intact without enamel break-
down; this allows the visualization of opacities, facilitat-
ing the diagnosis of MIH. In older children, it is possible
that more post-eruptive enamel breakdown occurs, and
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if conservative treatment is administered, these molars
may not be identified as affected by MIH, resulting in the
underdiagnosis of this condition [10, 21]. In our study,
the highest prevalence of MIH corresponded to the
youngest children, 8 years of age (21.4%), similar to the
studies by Grieshaber et al. [27] and Arslanagic-Murat-
begovic et al. [26]; however, in this study, the age of par-
ticipants in the youngest cohort was 6 years. Our study
found significant differences between the 10-year-old
and 11-year-old cohorts and the other cohorts; however,
this may have been influenced by the sample size because
some studies propose that each cohort should be made
up of at least 100 children [21]; in this study, the size of
the cohorts was less than 100.

On the other hand, youngest children who still have
primary molars may present defects in the enamel of
these teeth, comparable to MIH, which is called hypo-
mineralisation of second primary molars (HSPM). It has
been shown to be a pathology predictive of MIH [5].

Regarding the possibility of greater MIH involvement
in the upper or lower arch, studies are not conclusive.
Several investigations have shown greater involvement in
the upper arch than in the lower arch [26, 31, 39-41] but
found no significant differences; in this study, the number
of teeth affected by MIH was also greater in the upper
arch than in the lower arch, but the difference was signifi-
cant. Chawla et al. (2008) provided various reasons for
greater maxillary molar involvement. The lower molars
tend to erupt earlier than the upper molars; therefore,
as the former have been exposed to the oral environ-
ment for longer, they can be affected earlier by enamel
breakdown, with such patients receiving conservative
treatment, leading to underestimations of the diagno-
sis of MIH in the lower molars. Additionally, examina-
tions performed in the lower arch may be influenced by
the presence of the tongue, which can make it difficult to
detect MIH lesions in the lower molars [38].

The results of this study agree with those reported in
many other studies, i.e., opacities are the most frequent
lesions [25, 26, 41, 42]. In our study, atypical restorations
ranked second, which differs from other studies, which
found post-eruptive enamel breakdown more frequently)
[26, 39, 43]. Given that the children who participated in
our study were users of an oral health programme that
includes restorative treatment of permanent molars, we
believe that the reason for the presence of atypical res-
torations as the second most frequent lesion is that teeth
with post-eruptive enamel breakdown received restor-
ative treatment. Similar to Garcia-Margarit et al. [22], we
believe that longitudinal designs are needed to assess the
progression of lesions over time.

To analyse lesion extension, the scale proposed by
Ghanim et al. [15] was used, and less than 1/3 of the
tooth surface affected was the most frequently observed
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extension, similar to results reported in the studies by
Argote et al. [41] and Sidhu et al. [44]. The lesion sever-
ity most frequently found in our study was mild, with
results comparable to those obtained in other studies [30,
42-44].

Patients with more severe lesions had a greater num-
ber of affected teeth and were older than patients with
mild lesions, findings that are consistent with the results
of other studies [26, 41]. In this study, examinations were
performed in an office dental chair, which is why we
believe that the results may be more reliable than those
reported in studies in which examinations were per-
formed in schools and without the chair light. The limita-
tions of our study include the use of the short data form
suggested by the EAPD, which is why only the index teeth
were analysed, and the fewer number of participants in
the oldest age groups, which decreases the representa-
tiveness of the sample.

Conclusions

The prevalence of MIH among children using public den-
tal services in Madrid was 28.63%, the highest among the
studies that have been carried out in Spain. The preva-
lence of MIH was highest among female patients between
the ages of 8 and 11 years. Opacities were the most fre-
quent lesions, followed by atypical restorations. Regard-
ing the extent of the defects, most of the teeth showed
less than 1/3 of the tooth surface affected. Brown defects
were more prevalent in molars, and the incisors showed
white or yellow defects. Longitudinal studies are needed
to measure lesion progression. Given the high prevalence
of MIH, it is necessary to promote multidisciplinary
awareness and prevention programs for primary health
care personnel, including nurses and paediatricians.

Abbreviations

EAPD  European Academy of Paediatric Dentistry
MIH Molar Incisor Hypomineralisation

OHUs  Oral health units

Acknowledgements

We are grateful for the patients and their legal guardians for their participation
in this study and their contribution to science. As well as Madrid Health
Service for promoting research and always giving us their unconditional
support. To the dentists and dental hygienists who participated in this study.

Author contributions

S.O-L. contributed to conceptualization, methodology, formal analysis,

data curation, investigation, writing-original draft. G.F-G.conceptualization,
investigation, resources, validation, writing-review and editing, supervision.
M.M.-H. conceptualization, investigation, resources, validation, writing-review
and editing, supervision. N.G-L. contributed to investiga tion, resources,
writing-review and editing.A.M.C. conceptualization, investigation, resources,
validation, writing-review and editing, supervision. All authors read and
approved the fnal manuscript.

Funding
“This project received a grant for the publication of this paper from the
Foundation for Biosanitary Research and Innovation in Primary Care (FIIBAP)".



Ortega-Luengo et al. BMC Oral Health (2024) 24:229

Data availability
All collected data from patients analysed during this study are included in this
published article.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of the Hospital Clinico San
Carlos following the Declaration of Helsinki's ethical principles for medical
research involving human subjects (Internal Code: 21/162-E_Tesis). The
parent/legal guardian of the patients signed a written consent for the use of
records for purposes investigations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 9 May 2023 / Accepted: 8 February 2024
Published online: 13 February 2024

References

1. Berten J. Hypoplasie Des Schmelzes. Dtsch Mschr Zahnheilkd.
1895;13:425-600.

2. Weerheijm KL, Mejare I. Molar incisor hypomineralization: a questionnaire
inventory of its occurrence in member countries of the European Academy
of Paediatric Dentistry (EAPD). Int J Paediatr Dent [Internet]. 2003;13(6):411-6.
Available from: http://www.ncbi.nim.nih.gov/pubmed/14984047.

3. Weerheijm KL. Molar incisor hypomineralisation (MIH). Eur J Paediatr Dent
[Internet]. 2003 Sep [cited 2019 Sep 71;4(3):114-20. Available from: http://
www.ncbi.nim.nih.gov/pubmed/14529330.

4. Weerheijm KL, Jalevik B, Alaluusua S. Molar-incisor hypomineralisation. Caries
Res 2001;Sept/Oct(35):390-1.

5. Lygidakis NA, Garot E, Somani C, Taylor GD, Rouas P, Wong FSL. Best clinical
practice guidance for clinicians dealing with children presenting with molar-
incisor-hypomineralisation (MIH): an updated European Academy of Paedi-
atric Dentistry policy document. European Archives of Paediatric Dentistry
[Internet]. 2022;23(1):3-21. https://doi.org/10.1007/540368-021-00668-5.

6.  Schneider PM, Silva M. Endemic Molar Incisor Hypomineralization: a Pan-
demic Problem That Requires Monitoring by the Entire Health Care Commu-
nity. Curr Osteoporos Rep [Internet]. 2018;16(3):283-8. Available from: http://
link.springer.com/https://doi.org/10.1007/511914-018-0444-x.

7. Weerheijm KL, Duggal M, Mejare |, Papagiannoulis L, Koch G, Martens LC,
et al. Judgement criteria for Molar Incisor Hypomineralisation (MIH) in
epidemiologic studies: a summary of the European meeting on MIH held in
Athens, 2003. Eur J Paediatr Dent. 2003;4(3):110-3.

8. Weerheijm K, The European Academy of Paediatric Dentistry and Molar Inci-
sor Hypomineralisation. Eur Arch Paediatr Dent [Internet]. 2015;16(3):233-4.
Available from: http:/link.springer.com/https://doi.org/10.1007/
s40368-015-0189-5.

9. Weerheijm KL. Molar incisor hypomineralization (MIH): clinical presentation,
aetiology and management. Dent Update. 2004;31(1):9-12.

10. Ghanim A, Silva MJ, Elfrink MEC, Lygidakis NA, Marifio RJ, Weerheijm KL et
al. Molar incisor hypomineralisation (MIH) training manual for clinical field
surveys and practice. Eur Arch Paediatr Dent [Internet]. 2017;18(4):225-42.
Available from: http://link.springer.com/https://doi.org/10.1007/
s40368-017-0293-9.

11. Zeb S, Mushtag M, Ahmad M, Saleem W, Rabaan AA, Naqvi BSZ et al.
Self-Medication as an Important Risk Factor for Antibiotic Resistance: A Multi-
Institutional Survey among Students. Antibiotics. 2022;11(7).

12. Alaluusua S. Aetiology of Molar-Incisor Hypomineralisation: A systematic
review. Eur Arch Paediatr Dent [Internet]. 2010;11(2):53-8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20403298.

13.  Elfrink MEC, Ghanim A, Manton DJ, Weerheijm KL. Standardised studies on
Molar Incisor Hypomineralisation (MIH) and Hypomineralised Second Primary
Molars (HSPM): a need. Eur Arch Paediatr Dent [Internet]. 2015;16(3):247-

55. Available from: http://link springer.com/https://doi.org/10.1007/
s40368-015-0179-7.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

Page 8 of 9

Hernandez M, Boj J, Espasa E. Do We Really Know the Prevalence of MIH?
Journal of Clinical Pediatric Dentistry [Internet]. 2016;40(4):259-63. https://
doi.org/10.17796/1053-4628-40.4.259.

Ghanim A, Elfrink M, Weerheijm K, Marifio R, Manton D. A practical method
for use in epidemiological studies on enamel hypomineralisation. Eur Arch
Paediatr Dent [Internet]. 2015;16(3):235-46. Available from: http:/link.
springer.com/https://doi.org/10.1007/540368-015-0178-8.

Schwendicke F, Elhennawy K, Reda S, Bekes K, Manton DJ, Krois J. Global bur-
den of molar incisor hypomineralization. J Dent [Internet]. 2018,68(Decem-
ber):10-8. https://doi.org/10.1016/jjdent.2017.12.002.

Zhao D, Dong B, Yu D, Ren Q, Sun Y. The prevalence of molar incisor
hypomineralization: evidence from 70 studies. Int J Paediatr Dent [Internet].
2018:28(2):170-9. https://doi.org/10.1111/ipd.12323.

Bravo Pérez M, Almerich Silla J, Gdmez Santos G, Hidalgo Olivares G, Lamas
Oliveira M, Martinez Beneyto Y, et al. Encuesta De Salud oral Espafiola. Revista
del consejo Gen de Colegios de Odontologos y Estomatologos de Espafa
[Internet]. 2020;25(4):12-69. Available from: www.rcoe.es.

Comes Martinez A, Puente Ruiz C, de la. Rodriguez Salvanés F. Prevalencia De
Hipomineralizacion en primeros molares permanentes (MIH) en poblacién
infantil del Area 2 De Madrid. RCOE. 2007;12(3):129-34.

Lopes LB, Machado V, Mascarenhas P, Mendes JJ, Botelho J. The prevalence
of molar-incisor hypomineralization: a systematic review and meta-analysis.
Sci Rep [Internet]. 2021;11(1):22405. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/34789780.

Jalevik B. Prevalence and diagnosis of molar-incisor- hypomineralisation
(MIH): a systematic review. Eur Arch Paediatr Dent. 2010;11(2):59-64.
Garcia-Margarit M, Catala-Pizarro M, Montiel-Company JM, Almerich-Silla JM.
Epidemiologic study of molar-incisor hypomineralization in 8-year-old Span-
ish children. Int J Paediatr Dent [Internet]. 2014;24(1):14-22. Available from:
https://onlinelibrary.wiley.com/doi/https://doi.org/10.1111/ipd.12020.
Negre-Barber A, Montiel-Company JM, Catalé-Pizarro M, Almerich-Silla JM.
Degree of severity of molar incisor hypomineralization and its relation to
dental caries. Sci Rep [Internet]. 2018;8(1):1248. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/29352193.

Jurlina D, Uzarevic Z, Ivanisevic Z, Matijevic N, Matijevic M. Prevalence of
molar-incisor hypomineralization and caries in eight-year-old children in
Croatia. Int J Environ Res Public Health. 2020;17(17):1-10.

Amend S, Nossol C, Bausback-Schomakers S, Wleklinski C, Scheibelhut

C, Pons-Kiihnemann J et al. Prevalence of molar-incisor-hypominerali-

sation (MIH) among 6-12-year-old children in Central Hesse (Germany).

Clin Oral Invest [Internet]. 2021;25:2093-100. https://doi.org/10.1007/
s00784-020-03519-7.

Arslanagic-Muratbegovic A, Markovic N, Zukanovic A, Tiro A, Dzemidzic V.
Molar Incisor Hypomineralization: Prevalence and severity in six to nine-
year-old Sarajevo children. Eur J Paediatr Dent [Internet]. 2020,21(3):243-7.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/32893660.
Grieshaber A, Waltimo T, Haschemi AA, Erb J, Steffen R, Bornstein MM et al.
Prevalence of and factors associated with molar-incisor hypomineralisation
in schoolchildren in the canton of Basel-Landschaft, Switzerland. Clin Oral
Investig [Internet]. 2022,27(2):871-7. Available from: https://link springer.
com/https://doi.org/10.1007/500784-022-04648-x.

Vanhée T, Poncelet J, Cheikh-Ali S, Bottenberg P, Prevalence. Caries, Dental
Anxiety and Quality of Life in Children with MIH in Brussels, Belgium. J

Clin Med [Internet]. 2022;11(11):3065. Available from: https://www.mdpi.
com/2077-0383/11/11/3065.

Steffen R, Krdmer N, Bekes K. The Wiirzburg MIH concept: the MIH treatment
need index (MIH TNI): a new index to assess and plan treatment in patients
with molar incisior hypomineralisation (MIH). Eur Archives Pediatr Dentistry.
2017;18(5):355-61.

Rodriguez-Rodriguez M, Carrasco-Colmenares W, Ghanim A, Natera A,
Acosta-Camargo MG. Prevalence and Distribution of Molar Incisor Hypomin-
eralization in children receiving dental care in Caracas Metropolitan Area,
Venezuela. Acta Odontol Latinoam [Internet]. 2021;34(2):104-1112. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/34570857.

Reis PPG, Jorge RC, Americano GCA, Thiago Pontes N, de Peres S, Silva Oliveira
AMAM et al. AGE,. Prevalence and Severity of Molar Incisor Hypomineraliza-
tion in Brazilian Children. Pediatr Dent [Internet]. 2021;43(4):270-5. Available
from: https://onlinelibrary.wiley.com/doi/https://doi.org/10.1111/ipd.12327.
Villanueva-Gutiérrez T, Irigoyen-Camacho MME, Castano-Seiquier A, Zepeda-
Zepeda MA, Sanchez-Pérez L, Frechero NMN. Prevalence and Severity of
Molar-Incisor Hypomineralization, Maternal Education, and Dental Caries: A
Cross-Sectional Study of Mexican Schoolchildren with Low Socioeconomic


http://www.ncbi.nlm.nih.gov/pubmed/14984047
http://www.ncbi.nlm.nih.gov/pubmed/14529330
http://www.ncbi.nlm.nih.gov/pubmed/14529330
https://doi.org/10.1007/s40368-021-00668-5
http://link.springer.com/
http://link.springer.com/
https://doi.org/10.1007/s11914-018-0444-x
http://link.springer.com/
https://doi.org/10.1007/s40368-015-0189-5
https://doi.org/10.1007/s40368-015-0189-5
http://link.springer.com/
https://doi.org/10.1007/s40368-017-0293-9
https://doi.org/10.1007/s40368-017-0293-9
http://www.ncbi.nlm.nih.gov/pubmed/20403298
http://link.springer.com/
https://doi.org/10.1007/s40368-015-0179-7
https://doi.org/10.1007/s40368-015-0179-7
https://doi.org/10.17796/1053-4628-40.4.259
https://doi.org/10.17796/1053-4628-40.4.259
http://link.springer.com/
http://link.springer.com/
https://doi.org/10.1007/s40368-015-0178-8
https://doi.org/10.1016/j.jdent.2017.12.002
https://doi.org/10.1111/ipd.12323
http://www.ncbi.nlm.nih.gov/pubmed/34789780
http://www.ncbi.nlm.nih.gov/pubmed/34789780
https://onlinelibrary.wiley.com/doi/
https://doi.org/10.1111/ipd.12020
http://www.ncbi.nlm.nih.gov/pubmed/29352193
http://www.ncbi.nlm.nih.gov/pubmed/29352193
https://doi.org/10.1007/s00784-020-03519-7
https://doi.org/10.1007/s00784-020-03519-7
http://www.ncbi.nlm.nih.gov/pubmed/32893660
https://link.springer.com/
https://link.springer.com/
https://doi.org/10.1007/s00784-022-04648-x
https://www.mdpi.com/2077-0383/11/11/3065
https://www.mdpi.com/2077-0383/11/11/3065
http://www.ncbi.nlm.nih.gov/pubmed/34570857
https://onlinelibrary.wiley.com/doi/
https://doi.org/10.1111/ipd.12327

Ortega-Luengo et al. BMC Oral Health

33.

34.

35.

36.

37.

38.

39.

(2024) 24:229

Status. J Int Soc Prevent Communit Den [Internet]. 2019;9(5):513-21. Avail-
able from: http://www.ncbi.nlm.nih.gov/pubmed/31620386.

Elzein R, Chouery E, Abdel-Sater F, Bacho R, Ayoub F. Molar incisor hypo-
mineralisation in Lebanon: prevalence and clinical characteristics. European
Archives of Paediatric Dentistry [Internet]. 2020;21(5):609-16. Available from:
http:/link.springer.com/https://doi.org/10.1007/540368-019-00505-w.
Lopez Jordi M, del Cortese C, Alvarez SG, Salveraglio L, Ortolani |, Biondi AM.
[Comparison of the prevalence of molar incisor hypomineralization among
children with different health care coverage in the cities of Buenos Aires
(Argentina) and Montevideo (Uruguay)]. Salud Colect. 2014;10(2):243-51.
de Madrid C. Ley 7 /. 2018, de 26 de diciembre, de Atencién a la Salud Buco-
dental y de creacién del Programa de Atencion Dental Infantil. BOCM 2018.
Herndndez M, Boj JR, Espasa E, Peretz B. First Permanent Molars and
Permanent Incisors Teeth by Tooth Prevalence of Molar-Incisor-Hypo-
mineralisation in a Group of Spanish Schoolchildren. Acta Stomatol Croat
[Internet]. 2018;52(1):4-11. Available from: http://www.ascro.hr/fileadmin/
user_upload/2018/Number_2018-1/Hernandez_2018-1.pdf.

Bahrololoomi Z, Amrollahi N, Mostafaloo N. The prevalence and extent of
molar-incisor hypo-mineralization by gender in a group of Iranian children.
Iran J Public Health. 2020;49(8):1585-7.

Chawla N, Messer LB, Silva M. Clinical studies on molar-incisor-hypomineral-
isation part 1: distribution and putative associations. Eur Arch Paediatr Dent
[Internet]. 2008,9(4):180-90. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/19054471.

Abdalla HE, Abuaffan AH, Kemoli AM. Molar incisor hypomineralization,
prevalence, pattern and distribution in Sudanese children. BMC Oral Health

[Internet]. 2021;21(1):9. Available from: https://bmcoralhealth.biomedcentral.

com/articles/https://doi.org/10.1186/512903-020-01383-1.

40.

41.

42.

43.

Page 9 of 9

Temilola OD, Folayan MO, Oyedele T. The prevalence and pattern of decidu-
ous molar hypomineralization and molar-incisor hypomineralization in
children from a suburban population in Nigeria. BMC Oral Health [Internet].
2015;15(1):73. Available from: https://bmcoralhealth.biomedcentral.com/
articles/https://doi.org/10.1186/512903-015-0059-x.

Argote Quispe DM, de Priego GPM, Leon Manco RA, Portaro CP. Molar incisor
hypomineralization: Prevalence and severity in schoolchildren of Puno, Peru.
JIndian Soc Pedod Prev Dent [Internet]. 2021;39(3):246-50. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/34810339.

Glodkowska N, Emerich K. Molar Incisor Hypomineralization: prevalence
and severity among children from Nothern Poland. Eur J Paediatr Dent
[Internet]. 2019,20(1):59-66. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/30919647.

Damares Lago J, Restrepo M, Girotto Bussaneli D, Patricia Cavalheiro J,

Feltrin de Souza J, Santos-Pinto L et al. Molar-Incisor Hypomineralization:
Prevalence Comparative Study in 6 Years of Interval. ScientificWorldJournal
[Internet]. 2022;2022:4743252. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/36530554.

Sidhu N, Wang Y, Barrett E, Casas M. Prevalence and presentation patterns

of enamel hypomineralisation (MIH and HSPM) among paediatric hospital
dental patients in Toronto, Canada: a cross-sectional study. European archives
of paediatric dentistry [Internet]. 2020;21(2):263-70. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/31586297.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://www.ncbi.nlm.nih.gov/pubmed/31620386
http://link.springer.com/
https://doi.org/10.1007/s40368-019-00505-w
http://www.ascro.hr/fileadmin/user_upload/2018/Number_2018-1/Hernandez_2018-1.pdf
http://www.ascro.hr/fileadmin/user_upload/2018/Number_2018-1/Hernandez_2018-1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19054471
http://www.ncbi.nlm.nih.gov/pubmed/19054471
https://bmcoralhealth.biomedcentral.com/articles/
https://bmcoralhealth.biomedcentral.com/articles/
https://doi.org/10.1186/s12903-020-01383-1
https://bmcoralhealth.biomedcentral.com/articles/
https://bmcoralhealth.biomedcentral.com/articles/
https://doi.org/10.1186/s12903-015-0059-x
http://www.ncbi.nlm.nih.gov/pubmed/34810339
http://www.ncbi.nlm.nih.gov/pubmed/30919647
http://www.ncbi.nlm.nih.gov/pubmed/30919647
http://www.ncbi.nlm.nih.gov/pubmed/36530554
http://www.ncbi.nlm.nih.gov/pubmed/36530554
http://www.ncbi.nlm.nih.gov/pubmed/31586297
http://www.ncbi.nlm.nih.gov/pubmed/31586297

	﻿Prevalence and clinical presentation of molar incisor hypomineralisation among a population of children in the community of Madrid
	﻿Abstract
	﻿Introduction﻿﻿﻿﻿
	﻿Materials and methods
	﻿Study population and sample selection
	﻿Training and calibration
	﻿Data collection
	﻿Data analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


