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Abstract

Objectives As prevalence of molar-incisor hypomineralisation varies considerably in different countries and regions, the aim
of this study was to obtain representative epidemiological data for schoolchildren living in the canton of Basel-Landschaft,
Switzerland.

Material and methods A representative population of schoolchildren of three different age groups, i.e. 1st grade (mean age:
7.4 years), 6th grade (mean age: 12.6 years), and 9th grade (mean age: 15.7 years) visiting compulsory schools in the canton
of Basel-Landschaft, Switzerland, was examined. The presence or absence of molar-incisor hypomineralisation at time of
examination was recorded as well as potential influencing factors such as age group, gender, nationality, or the children’s
place of residence.

Results A total of 1252 schoolchildren could be included. On average, the prevalence of MIH in the study population was 14.8%.
No statistically significant differences were found for nationality, gender, or place of residence. Although not statistically significant,
children from the youngest age group had the highest while children from the oldest age group had the lowest MIH prevalence.
Conclusion With a mean value of 14.8%, MIH prevalence among schoolchildren living in the canton of Basel-Landschaft,
Switzerland, is comparable to mean values recorded globally.

Clinical relevance This study represents the first study on MIH prevalence in Switzerland and also provides further evidence
on potential influencing factors.
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Introduction

Since the term molar-incisor hypomineralisation (MIH) was
first introduced in the literature in 2001, this dental condition
has increasingly become a relevant and important issue in
dental medicine. Children suffering from this sometimes very
painful enamel malformation present not only a challenge for
dental professionals, but also for parents who are confronted
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and phosphate. Originally, this condition was described for
first molars and incisors only [4, 5], but recent studies show
that all deciduous and permanent teeth can be affected [6].
The malformation of the first permanent molars and incisors
takes place in a time frame from the 8th month of pregnancy
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to the 4th year of life, in accordance with the calcification of
the respective tooth nuclei. This may explain the difficulty
to pinpoint a specific cause for this disorder as symptoms
only become apparent years after the damage has occurred.
Although the exact aetiology is still not known, MIH appears
to be multifactorial and acute or chronic illness and exposure
to environmental pollutants during the last trimester of preg-
nancy and the first years of life have been suggested as poten-
tial causative and/or contributing factors [7-9]. Associated and
predisposing factors are a major focus of research [10—12]. The
investigation of potential treatment approaches has progressed
significantly during the last two decades and current concepts
are based on intensive prophylactic protocols as well as sealing
or restoring the affected teeth [13-16].

As data collection is often based on different classification
systems, study design, and age group analysed, comparison
between epidemiological studies is difficult. Nevertheless, studies
show that MIH is not a rare dental condition in children [17-20].
In a recent systematic review and meta-analysis, the mean global
prevalence was estimated as high as 13.1% [19], while another
systematic review reported a pooled prevalence of 14.2% globally
[20]. Both studies noted significant differences between regions
and countries, with particularly high MIH prevalence in some
regions such as South America (18%) or Spain (21%) compared
to Africa (11%) or India (8%). Regional differences can even be
noticed within countries. In Germany, for example, prevalences
between 4.3% and 14.7% have been recorded, and prevalence of
first permanent molars was reported to be higher in children liv-
ing in a city compared to children living in rural areas [21, 22].

Additionally, an increase in MIH prevalence is described
in the literature. In a recent systematic review analys-
ing results from 70 studies, children of younger age,
i.e. < 10-year-olds, were shown to have a higher pooled prev-
alence than older children [20]. An increase in MIH preva-
lence affecting the first permanent molars was also observed
in Germany comparing data from 2003 and 2015 [21].

Thus, factors associated with MIH are still debated
among experts. Moreover, no data on the prevalence in
Switzerland has been reported so far [23]. As prevalence
varies highly in different countries and regions, the aim of
this cross-sectional study was to obtain representative epi-
demiological data in schoolchildren living in the canton of
Basel-Landschaft, Switzerland. Secondary objectives were
to analyse the impact of various potential influencing factors
such as age group or place of residence on MIH prevalence.

Material and methods
Study population and ethical approval

Based on regional law, surveys on the dental health of
schoolchildren have to be performed regularly in the
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canton of Basel-Landschaft, Switzerland. Dental services
for schoolchildren are organised by the cantons and are
not standardised on a national level. A study protocol was
submitted to the ethical committee Northwest and Cen-
tral Switzerland (EKNZ 2021-00107), but the study was
exempt from formal approval as the planned oral health
check-ups were considered mandatory.

In the canton of Basel-Landschaft, compulsory educa-
tion lasts 11 years. After 2 years at kindergarten, school-
children spend 6 years at a primary school before they
switch for the last 3 years to a secondary school. Sec-
ondary school has three different sections where children
are assigned based on their school performance: Section
A (general requirements), Section E (extended require-
ments), and Section P (baccalaureate-level requirements).

As in the previous dental examinations in the canton of
Basel-Landschaft, a random sampling of school classes
from first, sixth, and ninth grades was performed [24].
This resulted in a study population with 1st grade school-
children who were in their first year of primary school, 6th
grade schoolchildren attending the last year of primary
school and 9th grade schoolchildren who were in their
last year of compulsory schooling (Sections A, E, or P).

Prior to the dental examination, the legal guardians of
the selected schoolchildren received information about the
purpose and procedures of the examinations as well as a
questionnaire to collect information on the date of birth,
nationality, gender, and place of residence to complete the
basic demographic information obtained by the Cantonal
Statistical Office Basel-Landschaft.

Dental examinations

Dental examinations were conducted by three teams con-
sisting of one dentist and one dental assistant each. The
setup of the dental examinations was in accordance with
the principles of clinical oral health surveys as recom-
mended by the World Health Organization [25]. That
implies all examinations were performed in schoolrooms
under artificial light (high-performance LED headlamps).
The examination was announced in advance, so children
would brush their teeth before class. If necessary, excess
saliva was removed with a cotton swab by the dentist prior
to examination which included a sickle probe (Maillefer
Nr. 6, Maillefer, Ballaigues, Switzerland) and a plane
mouth mirror.

MIH diagnosis was based on the evaluation system
described by Steffen et al. [26]. Clinical manifestations rang-
ing from Index 1 (MIH without hypersensitivity, without
defect) to Index 4 (MIH with hypersensitivity, with defect)
were recorded as MIH (yes / no), regardless of the affected
tooth and the severity of the disease [26].
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Reliability

Prior to the start of the study, all examiners were trained and
calibrated by a paediatric dentist (R.S.) specialised in the
diagnosis and treatment of MIH. The reliability of the clini-
cal examinations between pairs of examiners was assessed
by comparing schoolchildren from two school classes (1st
and 6th grade, respectively). Cohen’s kappa values for inter-
rater reliability values were ranging from 0.72 to 0.89 for the
three examiners. To assess the intra-rater reliability, 4.5% of
the children were examined twice by the dentists. Cohen’s
kappa values for intra-rater reliability were 1.0 for all three
examiners, respectively.

Data collection

All data were entered on-site in a Microsoft Access-
based data entry programme (Microsoft Corporation,
Redmond, WA, USA) including the information from the
questionnaire.

Children were included in the evaluation only if all four
first permanent molars were fully erupted. MIH values per
child were presented as a dichotomous variable: 1 repre-
senting the presence of MIH (yes), and 0 representing the
absence of MIH (no).

Age was calculated as the difference between the date of
the dental examination and the date of birth.

The classification of the children’s places of residence
into rural, intermediate or urban regions was based on
the regional typology published by the Federal Statisti-
cal Office [27]. This classification uses a reproducible
algorithm incorporating both morphological and func-
tional criteria, such as density of inhabitants, employed
persons or overnight stays and is comparable to similar
approaches for other European or international countries.
For Switzerland, relevant factors for this classification
are the permanent residual population, jobs/employed
persons and overnight stay equivalent in hotels. Addition-
ally, an accessibility index is included for rural munici-
palities which is based on an algorithm that assesses the
effort required to reach destinations outside the respec-
tive municipality. The exact method for classification is

based on a nine-step procedure that is described in more
detail in the publications of the Federal Statistical Office
[28, 29].

Children with an incomplete dataset were excluded from
the study. Prior to the statistical analysis, all data were
anonymised.

Statistical analysis

To identify possible influencing factors for MIH such
as age, gender, nationality, place of residence, and the
school level at 9th grade, individual logistic regressions
were performed to estimate the odds ratio (OR) and the
corresponding 95% confidence interval (CI). All of the
tests performed were two-tailed tests with a 0.05 signifi-
cance level.

The analyses were done using IBM SPSS Statistics for
Windows Version 27 (IBM Corp. Armonk, NY, USA).

Results

In total, 1822 children were asked to participate in
this study. However, 465 schoolchildren (25.5%) were
excluded as they were absent from class on the day of
the dental examination, and a further 105 (5.8%) were
excluded because not all four first permanent molars
were present in their dentition. As only the basic demo-
graphic information obtained by the Cantonal Statis-
tical Office was used for the present study, a total of
1252 children (68.7%) could therefore be included in
this study. This corresponds to approximately 15% of
all schoolchildren in the canton of Basel-Landschaft in
these three age categories. The detailed characteristics
of the study population are shown in Table 1.

About three-quarters of the children examined were
of Swiss nationality, and the majority lived in an urban
setting. This distribution was found to be similar for all
three different age categories.

On average, the prevalence of MIH in the study pop-
ulation was 14.8%, with the highest prevalence in the
youngest age category (Table 2). However, differences

Table 1 Descriptive characteristics of study participants. Shown are sample size, age, gender, nationality, and the respective regional typology

for all participants and the three age categories

N Age (y) Gender Nationality Regional typology
(min—-max) Male Female Swiss Foreign Urban Intermediate  Rural
All children 1252 11.8 (6.5-17.9) 647 (51.7%) 605 (48.3%) 935 (74.7%) 317 (25.3%) 818 (65.3%) 266 (21.3%) 168 (13.4%)
Ist grade 409 7.4(6.5-8.6) 199 (48.7%) 210 (51.3%) 317 (77.5%) 92(22.5%) 299 (73.1%) 58 (14.2%) 52 (12.7%)
6th grade 469 12.6 (11.6-14.0) 268 (57.1%) 201 (42.9%) 356 (75.9%) 113 (24.1%) 271(57.8%) 122 (26.0%) 76 (16.2%)
Oth grade 374 15.7 (14.4-17.9) 180 (48.1%) 194 (51.9%) 262 (70.1%) 112 (29.9%) 248 (66.3%) 86(23.0%) 40 (10.7%)
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Table 2 MIH prevalence rates
among age groups, gender,
nationality, regions, and

section at secondary school

at 9th grade. Shown are the
percentages and total numbers
(in brackets) for children

with MIH in the respective
subgroup. Level at 9th grade
indicates the respective section
at secondary school in 9th grade
with A =general requirements,
E =extended requirements,

and P =baccalaureate-level
requirements. Risk comparisons
are given as odds ratios (OR)
with the respective 95%
confidence intervals (CI 95%)

MIH

OR (95% CI); p value

All children (n=1252)
Age group
1st grade (n=409)
6th grade (n=469)
9th grade (n=374)

Gender
Male (n=647)
Female (n=605)
Nationality

Swiss (n=935)
Foreign (n=317)
Regional typology
Urban (n=818)
Intermediate (n=266)
Rural (n=168)
Level at 9th grade
level A (n=100)
level E (n=142)
level P (n=132)
level A (n=100)
level E (n=142)
level P (n=132)
level A (n=100)
level E (n=142)

14.8% (n=185)

15.7% (n=64)
14.7% (n=69)
13.9% (n=52)

14.1% (n=91)
15.5% (n=94)

14.5% (n=136)
15.5% (n=49)

15.8% (n=129)
13.9% (n=37)
11.3% (n=19)

15.0% (n=15)
8.5% (n=12)
18.9% (n=25)
15.0% (n=15)
8.5% (n=12)
18.9% (n=25)
15.0% (n=15)
8.5% (n=12)

p=n.s.

1

0.93 (0.64, 1.35); p=n.s
0.87 (0.59, 1.29); p=n.s
p=n.s

1

1.12 (0.82, 1.57); p=n.s
p=n.s

1

1.07 (0.75, 1.53); p=n.s
p=n.s

1

0.86 (0.58, 1.28); p=n.s
0.68 (0.41, 1.14); p=n.s
p=0.04

1

0.52 (0.23, 1.17); p=n.s
1.32 (0.66, 2.67); p=n.s
1.91 (0.85, 4.28); p=n.s
1

2.53(1.22,5.28); p=n.s
0.76 (0.38, 1.52); p=n.s
0.40 (0.19, 0.82); p=0.01

level P (n=132)

18.9% (n=25) 1

n.s. not significant

between age groups were not statistically significant as
well as other potential influencing factors such as gender,
nationality, or place of residence.

Logistic regressions showed that the level at 9th grade
might be an influencing factor for MIH as a statistically
significant difference could be noticed (p =0.04). There-
fore, the three subgroups were analysed in more detail.
A statistically significant difference between level E and
level P was present, with a lower MIH prevalence in chil-
dren who attended a secondary school with an extended
requirement profile (Section E) compared to children
attending a school with baccalaureate-level requirements
(»p=0.01).

Discussion

This study represents the first study on MIH prevalence
in Switzerland, and one of the few investigations on a
large sample to assess potential influencing factors of the
disease. With a mean value of 14.8%, MIH prevalence in
schoolchildren living in the canton of Basel-Landschaft,
Switzerland, is comparable to the global mean of 14.2%
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obtained by systematically analysing 70 studies [20] or to
the mean prevalence of 13.1% reported by a similar system-
atic review that included 99 studies from 43 countries [19].

However, significant differences in the prevalence of
MIH exist between continents, regions and even within
countries. Geographical differences on different con-
tinents have been described by subgroup analysis with
South America having the highest prevalence of MIH
(18.0%), followed by Oceania (16.3%), Europe (14.3%),
Asia (13.0%), and Africa (10.9%) [20]. Within Europe,
mean values between 3.6% in Bulgaria and 37.3% in Den-
mark have been reported [30, 31]. Part of these differences
might be explained by different study designs, age groups
selected or criteria used to diagnose MIH. Nevertheless,
even when controlling for these factors, regional differ-
ences still do exist. In a recent study conducted in Ger-
many involving a total of 2395 children aged 7-10 years
from four different cities, an overall prevalence of 10.1%
was recorded. In this investigation, that included the same
diagnostic guidelines for all calibrated examiners and a
homogenous age group, statistically significant differ-
ences between the four selected German cities were noted,
with MIH prevalence ranging from 4.3% to 14.6% [22].
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The MIH prevalence for the canton of Basel-Landschaft
obtained in this study might, therefore, not be representa-
tive for the whole of Switzerland [26].

Regional variations in MIH prevalence based on
rural-urban comparisons have been described recently in
schoolchildren living in different areas of Germany. The
number of children with affected first permanent molars
was reported to be higher in children living in a city
(17.4%) compared to children living in rural areas (9.4%)
[21]. Although not statistically significant, the same ten-
dency was also noticed in the present study. Schoolchil-
dren with an urban place of residence had a MIH preva-
lence of 15.8% compared to 11.3% for children living in
arural area.

It has been argued that such regional differences are
due to genetic factors contributing to the MIH phenotype
that may vary depending on geographic origin [11]. As
prevalence varies even between neighbouring regions, as
is also the case in the current study, this might suggest an
even more complex interaction between multiple causes
and risk factors. Accordingly, no definite risk factors have
been identified so far and both genetic as well as envi-
ronmental factors have been implicated to play a role in
the development of MIH. A number of pre- and perinatal
factors such as maternal smoking, medication use during
pregnancy, prematurity, or birth complications have been
investigated in detail; yet, for these factors, no conclusive
association with the condition has been found. In con-
trast, most studies agree that early childhood illnesses, in
particular febrile illnesses, most likely correlates with the
occurrence of MIH [9].

Recently, the focus of research has shifted to the
impact of DNA methylation, enamel forming and immune
response-related genes. In this context, the interaction of
two genes thought to contribute to oral clefts have been
analysed. The interferon regulatory factor-6 (IRF6) is
a transcription factor that has been shown to influence
amelogenesis, while transforming growth factor alpha
(TGFA) is an essential cell regulator and cytokine. Both
gene—gene as well as gene-environment interactions were
noticed. Additionally, associations differed in the cohorts
analysed, supporting the hypothesis that genetic factors
may contribute to MIH depending on geographic locations
[11]. In the cord blood of twin pairs, differently methylated
regions were identified in several genes that were associ-
ated with hypomineralised second primary molars at age
of 6 years. Genes identified by these studies have previ-
ously been linked with dental tissue development [32].
Another focus of research lies on a localised exposure of
immature enamel to serum albumin. It has been shown
that, due to the binding of albumin, the growth of enamel-
mineral crystals is blocked leading to the typical demar-
cated hypomineralisations [33, 34].

The prevalence as well as the severity of MIH appears
to be increasing [21, 35]. In a longitudinal study, 182 chil-
dren previously diagnosed with MIH were re-examined after
18 months. An increase of MIH-affected teeth was noticed in
this cohort, and especially, teeth previously diagnosed with
yellow and brown enamel opacities were at high risk for an
increase in severity [35]. In another study, the prevalence
of hypomineralised first permanent molars in children aged
6-12 years has been shown to increase from 5.9% in the
school year 2002/2003 to 9.4% in the school year 2014/2015
in rural areas in Germany [21]. A potential increase in MIH
prevalence could also be noticed in the present study, with
children from the youngest age group (i.e. schoolchildren
from 1st grade) having the highest while children from the
oldest age group (i.e. schoolchildren from 9th grade) having
the lowest prevalence. A repeated assessment of schoolchil-
dren will allow to analyse the trend of MIH prevalence in the
canton of Basel-Landschaft.

As recommended by Elfrink et al. (2015), the optimal
examination for children included in MIH studies seems to be
at 8 years. In the present study, schoolchildren from 1st grade
had a mean age of 7.4 years which is consistent with this rec-
ommendation. Examining more age groups allows for cross-
sectional comparison between different age groups in this
population. However, in older age groups the prevalence of
MIH might be underestimated as hypomineralisations might
be masked by other defects such as dental caries [21]. There-
fore, to confirm a potential increase in prevalence, repeated
dental examinations in the same region over a longer time
span using the same classification criteria in a similar age
group and, ideally, also by the same examiners are needed.

Other factors analysed in the present study, such as gender
or nationality, had no statistically significant effect on MIH
prevalence. This is in agreement with a recent meta-analysis,
where no statistical differences were found between males
and females [20]. However, a statistically significant differ-
ence was noticed for the level at 9th grade. Schoolchildren
attending Section E had a significantly lower MIH preva-
lence compared to those attending one of the two sections,
namely Section A or Section P. However, only between 100
and 132 schoolchildren were included in these three different
subgroups which is below the minimum of 300 children rec-
ommended for MIH prevalence studies. Therefore, this result
could have been obtained by chance, and needs to be inter-
preted with some caution [17]. However, further analysis of
a potential influence of the children’s social background and
MIH prevalence including a larger number of children in the
different subgroups might be of interest.

Another limitation of our study is that only the presence
or absence of MIH was recorded, regardless of the affected
tooth and/or the severity of the disease. For this reason,
it is not possible to estimate the overall treatment need or
potential differences in treatment needs between the three
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age groups included. This is also due to the ongoing corona
pandemic, which has led to some restrictions in the clinical
evaluation process. Therefore, further studies are needed
to clarify these points and, in principle, the MIH treatment
need index (MIH TNI) might be applicable to answer these
questions as well as indicate if there is an increase in MIH
prevalence [26].

Conclusion

In summary, this study represents the first study on MIH
prevalence in Switzerland. With a mean value of 14.8%, the
MIH prevalence among schoolchildren living in the canton
of Basel-Landschaft, Switzerland, is similar to mean values
recorded globally. Children from the youngest age group
had the highest while children from the oldest age group
had the lowest MIH prevalence (15.7% vs 13.9%). Like-
wise, children living in urban areas had a higher mean MIH
prevalence compared to children from rural areas (15.8%
vs 11.3%).

Acknowledgements The authors are grateful to Ms. Kar Yan Li, Cen-
tral Research Laboratory, Faculty of Dentistry, The University of Hong
Kong, for her valuable assistance regarding the statistical analysis. The
authors would also like to thank Ms. Caroline Baumann, Ms. Christl
Hosch, Ms. Behare Limani, Ms. Patricia Maass, Dr. Ludmila Strickler,
Ms. Daniela Senapo, and Mr. Tobias Wiederkehr for their valuable
administrative and scientific support.

Author contribution Conceptualisation: Andreina Grieshaber, Tuomas
Waltimo, Michael M. Bornstein, Eva M. Kulik.

Investigation: Andreina Grieshaber, Asin A. Haschemi, Judith Erb.

Methodology: Andreina Grieshaber, Tuomas Waltimo, Richard
Steffen, Michael M. Bornstein.

Data curation: Eva M. Kulik.

Writing—original draft: Andreina Grieshaber, Michael M. Born-
stein, Eva M. Kulik.

Writing—review and editing: Andreina Grieshaber, Tuomas
Waltimo, Asin A. Haschemi, Judith Erb, Richard Steffen, Michael M.
Bornstein, Eva M. Kulik.

Funding acquisition: Tuomas Waltimo, Michael M. Bornstein.

Supervision: Michael M. Bornstein.

Project administration: Eva M. Kulik.

Funding Open access funding provided by University of Basel. The
study was financially supported by the canton of Basel-Landschaft,
Switzerland.

Declarations

Ethical approval A study protocol was submitted to the ethical com-
mittee Northwest and Central Switzerland (EKNZ 2021-00107), but
the study was exempt from formal approval as the planned oral health
check-ups were considered mandatory.

Consent to participate For this type of study, formal consent is not
required.

@ Springer

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Dias FMCS, Gradella CMF, Ferreira MC, Oliveira LB (2021)
Molar-incisor hypomineralization: parent’s and children’s
impact perceptions on the oral health-related quality of life. Eur
Arch Paediatr Dent 22(2):273-282. https://doi.org/10.1007/
540368-020-00556-4

2. Lygidakis NA, Wong F, Jilevik B, Vierrou AM, Alaluusua S,
Espelid I (2010) Best Clinical Practice Guidance for clinicians
dealing with children presenting with molar-incisor-Hypominer-
alisation (MIH): an EAPD Policy Document. Eur Arch Paediatr
Dent 11(2):75-81. https://doi.org/10.1007/bf03262716

3. Weerheijm KL, Jdlevik B, Alaluusua S (2001) Molar-incisor
hypomineralisation. Caries Res 35(5):390-391. https://doi.org/
10.1159/000047479

4. FDI Commission on Oral Health, Research & Epidemiology
(1992) A review of the developmental defects of enamel index
(DDE Index). Report of an FDI Working Group. Int Dent J 42
(6):411-426

5. Jdlevik B (2010) Prevalence and diagnosis of molar-incisor-
hypomineralisation (MIH): a systematic review. Eur Arch Pae-
diatr Dent 11(2):59-64. https://doi.org/10.1007/bf03262714

6. Steffen R, van Waes H (2011) Therapy of molar-incisor-
hypomineralisation under difficult circumstances. A concept
for therapy. Quintessenz 62:1613-1623

7. Alaluusua S (2010) Aetiology of molar-incisor hypomineralisa-
tion: a systematic review. Eur Arch Paediatr Dent 11(2):53-58.
https://doi.org/10.1007/bf03262713

8. Crombie F, Manton D, Kilpatrick N (2009) Aetiology of molar-
incisor hypomineralization: a critical review. Int J Paediatr
Dent 19(2):73-83. https://doi.org/10.1111/j.1365-263X.2008.
00966.x

9. Silva MJ, Scurrah KJ, Craig JM, Manton DJ, Kilpatrick N (2016)
Etiology of molar incisor hypomineralization - a systematic
review. Community Dent Oral Epidemiol 44(4):342-353. https://
doi.org/10.1111/cdoe.12229

10. Bagattoni S, Carli E, Gatto MR, Gasperoni I, Piana G, Lardani
L (2022) Predisposing factors involved in the aetiology of molar
incisor hypomineralization: a case-control study. Eur J Paediatr
Dent 23(2):116-120. https://doi.org/10.23804/ejpd.2022.23.02.13

11. Bezamat M, Souza JF, Silva FMF, Corréa EG, Fatturi AL,
Brancher JA, Carvalho FM, Cavallari T, Bertolazo L, Machado-
Souza C, Koruyucu M, Bayram M, Racic A, Harrison BM, Sweat
YY, Letra A, Studen-Pavlovich D, Seymen F, Amendt B, Werneck
RI, Costa MC, Modesto A, Vieira AR (2021) Gene-environment
interaction in molar-incisor hypomineralization. PLoS One
16(1):¢0241898. https://doi.org/10.1371/journal.pone.0241898


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s40368-020-00556-4
https://doi.org/10.1007/s40368-020-00556-4
https://doi.org/10.1007/bf03262716
https://doi.org/10.1159/000047479
https://doi.org/10.1159/000047479
https://doi.org/10.1007/bf03262714
https://doi.org/10.1007/bf03262713
https://doi.org/10.1111/j.1365-263X.2008.00966.x
https://doi.org/10.1111/j.1365-263X.2008.00966.x
https://doi.org/10.1111/cdoe.12229
https://doi.org/10.1111/cdoe.12229
https://doi.org/10.23804/ejpd.2022.23.02.13
https://doi.org/10.1371/journal.pone.0241898

Clinical Oral Investigations (2023) 27:871-877

877

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Verma S, Dhinsa K, Tripathi AM, Saha S, Yadav G, Arora D
(2022) Molar incisor hypomineralization: prevalence, associated
risk factors, its relation with dental caries and various enamel sur-
face defects in 8—16-year-old schoolchildren of Lucknow District.
Int J Clin Pediatr Dent 15(1):1-8. https://doi.org/10.5005/jp-journ
als-10005-2088

Bekes K, Amend S, Priller J, Zamek C, Stamm T, Krimer N
(2022) Hypersensitivity relief of MIH-affected molars using
two sealing techniques: a 12-week follow-up. Clin Oral Investig
26(2):1879-1888. https://doi.org/10.1007/s00784-021-04163-5
Lygidakis NA (2010) Treatment modalities in children with teeth
affected by molar-incisor enamel hypomineralisation (MIH): a
systematic review. Eur Arch Paediatr Dent 11(2):65-74. https://
doi.org/10.1007/bf03262715

Lygidakis NA, Garot E, Somani C, Taylor GD, Rouas P, Wong
FSL (2022) Best clinical practice guidance for clinicians dealing
with children presenting with molar-incisor-hypomineralisation
(MIH): an updated European Academy of Paediatric Dentistry
policy document. Eur Arch Paediatr Dent 23(1):3-21. https://doi.
org/10.1007/s40368-021-00668-5

Weber KR, Wierichs RJ, Meyer-Lueckel H, Flury S (2021) Res-
toration of teeth affected by molar-incisor hypomineralisation: a
systematic review. Swiss Dent J 131(12):988-997

Elfrink ME, Ghanim A, Manton DJ, Weerheijm KL (2015)
Standardised studies on molar incisor hypomineralisation (MIH)
and hypomineralised second primary molars (HSPM): a need.
Eur Arch Paediatr Dent 16(3):247-255. https://doi.org/10.1007/
s40368-015-0179-7

Ghanim A, Silva MJ, Elfrink MEC, Lygidakis NA, Marifio RJ,
Weerheijm KL, Manton DJ (2017) Molar incisor hypomineralisa-
tion (MIH) training manual for clinical field surveys and practice.
Eur Arch Paediatr Dent 18(4):225-242. https://doi.org/10.1007/
s40368-017-0293-9

Schwendicke F, Elhennawy K, Reda S, Bekes K, Manton DJ,
Krois J (2018) Global burden of molar incisor hypomineraliza-
tion. J Dent 68:10-18. https://doi.org/10.1016/j.jdent.2017.12.002
Zhao D, Dong B, Yu D, Ren Q, Sun Y (2018) The prevalence
of molar incisor hypomineralization: evidence from 70 studies.
Int J Paediatr Dent 28(2):170-179. https://doi.org/10.1111/ipd.
12323

Amend S, Nossol C, Bausback-Schomakers S, Wleklinski C,
Scheibelhut C, Pons-Kiihnemann J, Frankenberger R, Krimer N
(2021) Prevalence of molar-incisor-hypomineralisation (MIH)
among 6-12-year-old children in Central Hesse (Germany).
Clin Oral Investig 25(4):2093-2100. https://doi.org/10.1007/
s00784-020-03519-7

Petrou MA, Giraki M, Bissar AR, Basner R, Wempe C, Alta-
rabulsi MB, Schifer M, Schiffner U, Beikler T, Schulte AG, Spli-
eth CH (2014) Prevalence of molar-incisor-hypomineralisation
among school children in four German cities. Int J Paediatr Dent
24(6):434-440. https://doi.org/10.1111/ipd.12089

Dulla JA, Meyer-Lueckel H (2021) Molar-incisor hypomineralisa-
tion: narrative review on etiology, epidemiology, diagnostics and
treatment decision. Swiss Dent J 131(11):886-895

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Waltimo T, Menghini G, Weber C, Kulik EM, Schild S, Meyer J
(2016) Caries experience in 7-, 12-, and 15-year-old schoolchil-
dren in the canton of Basel-Landschaft, Switzerland, from 1992
to 2011. Community Dent Oral Epidemiol 44(3):201-208. https://
doi.org/10.1111/cdoe.12206

WHO World Health Organization (2013) Oral health surveys,
basic methods, 5th edn. World Health Organization, Geneva
Steffen R, Krdmer N, Bekes K (2017) The Wiirzburg MIH con-
cept: the MIH treatment need index (MIH TNI): a new index to
assess and plan treatment in patients with molar incisior hypomin-
eralisation (MIH). Eur Arch Paediatr Dent 18(5):355-361. https://
doi.org/10.1007/540368-017-0301-0

Statistischer Atlas der Schweiz Bundesamt fiir Statistik (BfS).
https://www.bfs.admin.ch/bfs/de/home/statistiken/regionalstatist
ik/atlanten/statistischer-atlas-schweiz.html. Accessed 01.02.2022
Federal Statistical Office (FSO) (2014) Areas with urban character
2012. Explanatory report. Neuchétel, Schweiz

Federal Statistical Office (FSO) (2017) Raumgliederungen der
Schweiz. Gemeindetypologie und Stadt/Land-Typologie 2012.
Neuchétel, Schweiz

Kukleva MP, Petrova SG, Kondeva VK, Nihtyanova TI (2008)
Molar incisor hypomineralisation in 7-to-14-year old children in
Plovdiv, Bulgaria—an epidemiologic study. Folia Med (Plovdiv)
50(3):71-75

Wogelius P, Haubek D, Poulsen S (2008) Prevalence and dis-
tribution of demarcated opacities in permanent 1st molars and
incisors in 6 to 8-year-old Danish children. Acta Odontol Scand
66(1):58-64. https://doi.org/10.1080/00016350801926941
Silva MJ, Mohandas N, Craig JM, Manton DJ, Saffery R, Southey
MC, Burgner DP, Lucas J, Kilpatrick NM, Hopper JL, Scurrah
KJ, Li S (2022) DNA methylation in childhood dental caries and
hypomineralization. J Dent 117:103913. https://doi.org/10.1016/j.
jdent.2021.103913

Hubbard MJ, Mangum JE, Perez VA, Williams R (2021) A
breakthrough in understanding the pathogenesis of molar
hypomineralisation: the mineralisation-poisoning model.
Front Physiol 12:802833. https://doi.org/10.3389/fphys.2021.
802833

Perez VA, Mangum JE, Hubbard MJ (2020) Pathogenesis of molar
hypomineralisation: aged albumin demarcates chalky regions of
hypomineralised enamel. Front Physiol 11:579015. https://doi.org/
10.3389/fphys.2020.579015

Da Costa-Silva CM, Ambrosano GM, Jeremias F, De Souza JF,
Mialhe FL (2011) Increase in severity of molar-incisor hypomin-
eralization and its relationship with the colour of enamel opacity:
a prospective cohort study. Int J Paediatr Dent 21(5):333-341.
https://doi.org/10.1111/j.1365-263X.2011.01128.x

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

@ Springer


https://doi.org/10.5005/jp-journals-10005-2088
https://doi.org/10.5005/jp-journals-10005-2088
https://doi.org/10.1007/s00784-021-04163-5
https://doi.org/10.1007/bf03262715
https://doi.org/10.1007/bf03262715
https://doi.org/10.1007/s40368-021-00668-5
https://doi.org/10.1007/s40368-021-00668-5
https://doi.org/10.1007/s40368-015-0179-7
https://doi.org/10.1007/s40368-015-0179-7
https://doi.org/10.1007/s40368-017-0293-9
https://doi.org/10.1007/s40368-017-0293-9
https://doi.org/10.1016/j.jdent.2017.12.002
https://doi.org/10.1111/ipd.12323
https://doi.org/10.1111/ipd.12323
https://doi.org/10.1007/s00784-020-03519-7
https://doi.org/10.1007/s00784-020-03519-7
https://doi.org/10.1111/ipd.12089
https://doi.org/10.1111/cdoe.12206
https://doi.org/10.1111/cdoe.12206
https://doi.org/10.1007/s40368-017-0301-0
https://doi.org/10.1007/s40368-017-0301-0
https://www.bfs.admin.ch/bfs/de/home/statistiken/regionalstatistik/atlanten/statistischer-atlas-schweiz.html
https://www.bfs.admin.ch/bfs/de/home/statistiken/regionalstatistik/atlanten/statistischer-atlas-schweiz.html
https://doi.org/10.1080/00016350801926941
https://doi.org/10.1016/j.jdent.2021.103913
https://doi.org/10.1016/j.jdent.2021.103913
https://doi.org/10.3389/fphys.2021.802833
https://doi.org/10.3389/fphys.2021.802833
https://doi.org/10.3389/fphys.2020.579015
https://doi.org/10.3389/fphys.2020.579015
https://doi.org/10.1111/j.1365-263X.2011.01128.x

	Prevalence of and factors associated with molar-incisor hypomineralisation in schoolchildren in the canton of Basel-Landschaft, Switzerland
	Abstract
	Objectives 
	Material and methods 
	Results 
	Conclusion 
	Clinical relevance 

	Introduction
	Material and methods
	Study population and ethical approval
	Dental examinations
	Reliability
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


