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Abstract

Objective. Molar-Incisor Hypomineralization (MIH) is a common developmental enamel defect characterized by demarcated
opacities in permanent molars and incisors. Its etiology still remains unclear. The aim of this retrospective cohort study was to
assess if the socioeconomic environment of the child is associated with MIH. Materials and methods. The study was located
in two rural towns and three urban cities in Finland. A total of 818 children, between 7—13 years old, were examined for MIH
using the evaluation criteria in line with those of the European Academy of Paediatric Dentistry, but excluding opacities smaller
than 2 mm in diameter. The mothers filled in a questionnaire which included questions related to the family’s way of living (e.g.
area of residency, farming, day care attendance) and socioeconomic status (family income, number of mother’s school years,
level of maternal education). Results. The prevalence of MIH in the study population was 17.1%. Family income, urban
residency and day care attendance were associated with MIH in the univariate analysis. In the multivariate analysis using binary
logistic regression, only urban residency during a child’s first 2 years of life remained associated with MIH. The prevalence of
MIH in urban areas was 21.3% and in rural areas 11.5% (OR =2.18, CI=1.35-3.53, p=0.001). Conclusions. The prevalence

of MIH was related to urban residency and could not be explained by any other factor included in the study.
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Introduction

Developing teeth are sensitive to environmental
disturbances. Since dental hard tissues do not
recover, problems during their development can
cause permanent defects. A qualitative defect in the
permanent first molars and often also in incisors,
called Molar-Incisor Hypomineralization (MIH), is
a common enamel aberration [1]. The visual appear-
ance varies from a white to yellow or brown demar-
cated opacity. In a severe form, the enamel is broken.

The enamel development consists of two major
stages: the secretory stage, when the enamel matrix
is produced, and the maturation stage, when the
mineralization dominates. Between these two stages
is a short transitional stage. A disturbance to amelo-
blasts may influence the cells at any stage, but it has
been suggested that ameloblasts are most vulnerable
at the transitional and early maturation stages [2,3].

In the first permanent molars (FPM), mineralization
of enamel starts just before birth. Enamel formation in
the tooth cusps is completed around the age of 1 year
and throughout the crown at ~3 years [4]. Thereafter,
the enamel is further matured until the tooth erupts
into the oral cavity. Based on the development sched-
ule of FPM, the first years of the child’s life is
the target time period in many etiological studies,
including the present study [5-8].

A number of studies have been made trying to shed
more light on the cause of MIH. Still, the etiology
remains unclear and results are controversial [9,10].
Proposed etiological factors are related to different
medical conditions, such as problems during pre- and
perinatal periods, frequent childhood diseases and the
use of antibiotics [5-8,11,12]. In some studies,
greater prevalence of MIH has been associated with
longer breastfeeding [13,14] and exposure to envi-
ronmental toxicants [15]. The prevalence of MIH
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varies between the studies made and diagnostic cri-
teria used, but in northern Europe the percentage of
affected children in studied populations has mostly
been 15-20% [5,13,16]. Taking into account the high
prevalence of MIH in these areas, there is a need to
know more about the etiology of the defect.

From the clinical experience, it seemed to us that
the children with MIH are not equally divided
between families from different backgrounds. The
results from a few other studies support this point
[17,18]. Our hypothesis was that children from
higher socioeconomic backgrounds present a higher
prevalence of MIH than children from lower socio-
economic backgrounds. Our aim was to test the
hypothesis and also to evaluate the factor/factors
explaining such a difference if it existed. The infor-
mation would be useful when considering the
perspectives of future research.

Materials and methods
Participants

The study was located in two rural towns, Lammi and
Jalasjarvi, and in three cities, Helsinki, Oulu and
Lappeenranta. These regions are located in different
parts of Finland. The study population was gathered
from two sources. From Lammi, Jalasjarvi and Lap-
peenranta, a total of 994 children attending public
school in the 2nd to 5th grades were invited to
participate in the study. From the Oulu and Helsinki
districts, a total of 167 children had participated in a
previous study, which focused on the possible role of
environmental toxicants on MIH [19]. Alongside that
study, a similar questionnaire with only minor mod-
ifications was collected and the clinical examination
was conducted in the same manner as in Lammi,
Jalasjarvi and Lappeenranta.

Parents (usually the mother) of 676/994 children
(68%) from Lammi, Jalasjarvi and Lappeenranta
gave informed consent for the participation of the
child in the clinical examination and filled out a
questionnaire which consisted of questions related
to socioeconomic status, health and the way of living
of the family and the child. Parents from the Oulu and
Helsinki districts had already given consent for the
previous study. Thus, altogether 843 children were
eligible. A total of 25 children were excluded because
their MIH status could not be determined due to
unclear records or fixed orthodontic appliances pre-
venting complete view or they had one or more
unerupted FPMs. The same dentist (SL) performed
all examinations.

The final number of participants was, thus, 818.
The children were 7—13 years old and born between
1990-1999. The Ethics Committee at South
Karelia Hospital District, in Lappeenranta, Finland,
approved the study.

Questionnaire

Among 72 questions included in the questionnaire,
the ones which attempt to explain possible differences
in MIH prevalence between children from different
socioeconomic backgrounds were selected (a mother—
child research questionnaire by the National Public
Health Institute). The questionnaire was originally
designed for the purpose of studying allergies and
lifestyle and it was slightly modified to suit this study.
Most of the questions used in this study were either a
multiple choice or yes/no style, except for the ques-
tions such as place of residency and questions about
duration of breastfeeding, which were open-ended.

Questions related to the socioeconomic environ-
ment of the child were the following: area of
residency, farming, family income, mother’s school
years, level of maternal education, day care atten-
dance of the child and questions about mother’s
smoking (Tables I and II).

o Area of residency: Mothers were asked to name
the area/areas where the family had lived and the
periods of residence in those areas. For further
analysis, the area where the family lived during a
child’s first 2 years was categorized into urban or
rural area according to the classification made by
Statistics Finland [20]. ‘Rural areas’ are munici-
palities where less than 60% live in suburbs and
where the biggest suburb has less than 15 000 resi-
dents. ‘Rural areas’ also include municipalities
where more than 60% but less than 90% live in
suburbs and where the biggest suburb has less than
4000 residents. Areas which did not fit into either
of the above classifications were classified as urban
areas. Table I shows how the participants were
distributed according to the place of residency in
early childhood as well as the fluoride content in
the communal pipe lines and in the wells in the
study locations. If the family had changed their
residency into a different category during the
2-year period or they left the question unanswered,
the data was omitted from the statistical analysis.

o  Farming: It was also asked whether the family had a
farm.

o Famuly income: The annual family gross income
was classified into six classes, from the lowest, less
than 13 500%€, to the greatest, more than 50 400€.

o Mother’s school years: It was asked how many years
the mother had attended school.

o Education of the wmother: The question about
mother’s education had four classes: primary
and secondary school, vocational school or equiv-
alent, high school or higher vocational school and
college/university graduate. The first level also
included former forms of Finnish basic education,
which were a 4-6 year-long compulsory school and
a 5 year-long voluntary school.
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Table I. Number of children and prevalence of MIH according to the areas where the children lived during the first 2 years of life.

Residence area Non-MIH, 7 (%) MIH, n (%) F (mg/L)
Rural areas Lammi 123 (84) 23 (16) < 0.1
Jalasjarvi 156 (92) 13 (8) 0.7-1.0
Other rural area 22 (92) 2 (8) Vary
Urban areas Lappeenranta 186 (75) 62 (25) 0.25
Oulu district 13 (76) 4 (23) <0.2
Helsinki district 98 (83) 20 (17) <0.2
Other urban area 53 (85) 9 (14) Vary
Not defined Category changed 4 (50) 4 (50) Vary
(data omitted from statistical analysis) during the first 2 years
Abroad 2 (100) 0 (0) Unknown
Unknown 21 (87) 3 (12) Unknown
Total 678 (83) 140 (17)
Table II. Background factors of the children with Molar-Incisor Hypomineralization (MIH) or without (non-MIH).
Characteristic Non-MIH MIH p Total
Number of children 678 (83) 140 (17) 818 (100)
Gender, male 343 (51) 74 (53) 0.625 417 (51)
Age, years 10,0 £ 1.5 10.1 £ 1.6 0.499 10.0 £ 1.5
Residence area, urban 351 (54) 95 (71) < 0.001** 446 (57)
Farm 92 (14) 12 (9) 0.125 104 (13)
Mother’s education 0.872
Primary & Secondary school 88 (13) 22 (16) 110 (14)
Vocational school 166 (25) 33 (24) 199 (25)
High school/higher vocational school 310 (47) 60 (43) 370 (46)
College/University graduate 102 (15) 24 (17) 126 (16)
Mother’s school years 13.9+2.9 13.9+2.9 0.835 13.9+£2.9
Family income 0.006**
<13 500€ 16 (3) 3 (3) 19 3)
13 500-16 800 52 (9) 7 (6) 59 (9)
16 800-25 200 70 (12) 9 (8) 79 (12)
25 200-33 600 111 (20) 16 (13) 127 (19)
33 600-50 400 153 (27) 38 (32) 191 (28)
>50 400€ 165 (29) 46 (39) 211 (31)
Mother ever smoked regularly 261 (39) 57 (41) 0.651 318 (39)
Exposure to tobacco smoke <1 year old 98 (15) 21 (15) 0.897 119 (15)
(from the mother smoking)
Exposure to tobacco smoke <1 year old 273 (41) 60 (44) 0.590 333 (42)
(from someone smoking in the family)
Breastfeeding, months 75 +5.4 6.5+ 4.3 0.092 7.3 £5.2
Breastfeeding only, months 3.1 +£2.0 3.2+2.0 0.881 3.1 +£2.0
Day care attendance
The 1st year 18 (3) 10 (7) 0.017* 28 (4)
The 2nd year 95 (14) 31 (23) 0.020* 126 (16)

Data are presented as the mean + SD or number of cases (percentages). Percentages are calculated according to the total number of cases in a
category of characteristic, which may not be equivalent to the total number of participants because some data was not obtained from all
participants. p-values were obtained by using Pearson/Fisher’s exact or Mann-Whitney U-test. *p < 0.05, **p < 0.01.
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o Smoking habit of the mother: Questions about smok-
ing were whether the mother had ever smoked
regularly and whether the mother or someone in
the household had smoked during the child’s first
year of life.

e Day care: It was asked at what age the child
attended day care and whether it was in a day
care center or home environment (nanny, other
family). For the analysis it was assessed if the child
had attended day care during his/her first and
second year of life in a day care center.

o Duration of breastfeeding: Mothers were asked to
report the duration of mother’s milk as the only
source of nutrition and total duration of breastfeed-
ing. The questions about breastfeeding were
selected based on the assumption that the variables
might act as confounding factors between SES and
MIH (Table II).

When answering the questions, the mothers were
asked to utilize a notebook distributed by maternity
clinics. In that notebook, information of the child’s
well-being and development is recorded by the med-
ical staff on each regular check-up at the health care
center.

Dental examination

The dental examinations were performed in the den-
tal clinic under standard dental lighting. Examina-
tions were part of the check-ups that are offered free of
charge to every child in Finland at certain ages.
According to the study protocol, all examinations
were done by one calibrated dentist (SL) using a
mirror and a periodontal probe. The questionnaire
was sent home by post or brought home by the child
from school in advance. The questionnaire was
returned at the examination. The examiner had no
knowledge of the questionnaire information. The
teeth were not cleaned or dried before the examina-
tion. The probe was used for removing plaque when
necessary. The teeth were examined for MIH-
characteristic hypomineralization such as demarcated
opacities, post-eruptive enamel loss and atypical
restorations replacing the affected dental hard tissue,
in line with the judgement criteria for MIH set by the
European Academy of Paediatric Dentistry [21]. In
addition to these criteria, lesions smaller than 2 mm in
diameter were not recorded. The diagnosis of MIH
was set when a lesion was present in at least one FPM.
Diffuse opacities indicating fluorosis were recorded
but not included in the analyses. Children with hered-
itary defects of dental hard tissues were not seen. If the
patient had orthodontic molar bands or partially
erupted molars, only the visible teeth surfaces were
examined. The participating dentist was trained and
calibrated for the screening of MIH, diffuse opacities
and hypoplasia by examining part of the children

twice at an interval of a few weeks. The training
included inter-examiner calibration by another author
(SA). The inter-examiner kappa coefficient for teeth
with developmental defects of enamel (>2 mm) was
0.96 and for classified defects (MIH, diffuse opacity
and hypoplasia) it was 0.81 between SL and SA. The
intra-examiner kappa coefficients were 0.91 and 0.90,
respectively.

Statistics

The results of the dental examinations and the data
gathered with the questionnaire were collected in a
Microsoft Excel database. Statistical analysis was
performed with PASW®  Statistics version
18.0 (SPSS Inc., Chicago, IL). Associations between
MIH and non-parametric variables were analyzed
using the Mann-Whitney U-test. The Pearson Chi-
Square test was used for proportion comparison.
Multivariate analysis between MIH and associated
factors (p < 0.05) was performed with binary logistic
regression. The variables that had strong correlation
(correlation coefficient >0.5) were not used together
in a logistic regression model. The statistical signifi-
cance level was 0.05.

Results

The study sample consisted of 401 (49%) girls and
417 (51%) boys. The mean age of the examined
children was 10.0 years (SD = 1.52). A total of
140 children (17.1%) had MIH. Of these, 56%
(n = 78) had demarcated defects in at least two
FPMs. Age or the year of birth did not differ between
the children with and without MIH (p = 0.499 and
0.336). Prevalence of MIH in different study locations
is seen in Table I.

Background characteristics of the study population
in regard to the diagnosis of MIH are shown in Tables
I and II. Factors associated with MIH in the univar-
iate analyses were the following: urban residency,
greater family income and day care attendance.

In the binary logistic regression analysis, which
consisted of the variables associated with MIH in
the univariate analyses, living in an urban area for
the first 2 years of life was the only factor to remain

Table III. Analysis of Molar-Incisor Hypomineralization as a
dependent variable and background factors as independent
variables in a binary logistic regression (n = 639).

B » OR  95% CI
Residence area, urban 0.78 0.001** 2.18 1.35-3.53
Family income 0.15 0.078 1.16 0.98-1.37

Day care during the Ist year 0.59 0.213 1.80 0.71-5.54
Day care during the 2nd year 0.30 0.262 1.34 0.80-2.25

**p < 0.01.



significantly associated with MIH (Table III). The
prevalence of MIH in urban areas was 21.3% and
in rural areas 11.5% (OR = 2.18, CI = 1.35-3.53,
p=0.001).

A total of 657 mothers (80%) had used a notebook
containing information of the child’s well-being and
development when answering the questions.

Discussion

The prevalence of MIH in the whole study population
was 17.1%. It ranged from 8% in Jalasjérvi to 25% in
Lappeenranta. Many studies in Europe have found
similar prevalence rates [5,17,22]. However, a very
wide variation of prevalence has been reported, from
2.4% in Germany [23] to 37.3% in Denmark [24].
Part of the differences in the reported prevalence of
MIH can be explained by the different diagnostic
criteria used. Some studies included even the smallest
opacities, whereas others, such as this study, excluded
opacities smaller than 2 mm. Here all children were
examined by one calibrated dentist, which increases
the reliability of the results and suggests that the
differences found were real.

The principal finding in our study was the follow-
ing: when studied individually, greater family income,
urban residency and day care attendance were asso-
ciated with MIH. The association between urban
residency and MIH remained significant in the mul-
tivariate analysis. Other SES-related factors became
non-significant in the multivariate analysis.

Recently there have been a few other studies exam-
ining the relationship between higher SES and the
presence of MIH. An Argentinian study found that,
among patients with better access to healthcare, the
prevalence and degree of severity of MIH was greater
[18]. In a British report, an association was found
between prevalence of MIH and deprivation quintiles
so that the MIH rate rose when moving from the most
deprived categories to the least deprived categories,
up to the second highest category [17]. In New
Zealand, researchers did not find any statistically
significant associations between MIH and SES, which
was measured by school decile [25].

In the current study, MIH was more common
among children who had lived in urban areas than
among those who had lived in rural areas their first
2 years of life, which is the approximate time when
enamel mineralizes in permanent incisors and first
molars. The prevalence of MIH in children living in
urban areas (21.8%) was approximately at the same
level as in two earlier Finnish studies (19.3% and
24.7%) conducted on children living in urban areas
[13,16]. The result appears to be the reverse of the
common understanding of prevalence of develop-
mental defects of enamel (DDE): they are more
common in rural areas [26]. These earlier results
have been explained by malnutrition in poorer rural
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areas, since a low supply of calcium, vitamin D and
other nutrients does not allow enamel to develop
normally [27]. Only few studies have been made
evaluating the residence area of the MIH patients
particularly. Da Costa-Silva et al. [28] from Brazil
found results opposite to ours: higher MIH preva-
lence was found in rural areas. The authors state that
Brazil has significant socioeconomic discrepancies,
with poorer individuals concentrated in rural areas.
In Finland wealth is not divided equally either, with
lower levels of education and income in rural areas,
but the differences are fairly small. There is no real
difference in health or diet in sociodemographic char-
acteristics [29]. Quality-of-life is experienced equally
regardless of the area of residency [30]. The great
differences in countries’ wealth, economy and health-
care systems may explain the difference in results
between this study and the one done in Brazil.

Other studies have proposed different childhood
infections as etiologic factors of MIH [5-8,31]. The
retrospective nature of this study did not make it
possible to reliably assess the number or types of
infections the children may have suffered. However,
the prevalence of MIH was higher among the children
who had attended day care centers during the first and
second year of life. Children who attend day care
centers are known to have higher rates of infections
than those not in day care [32,33]. In the present
study, 8% of the children attended day care during
the second year of life in rural areas, whereas in
urban areas the proportion was 22%. The difference
was statistically significant, but in the multivariate
analysis, day care attendance did not explain why
there were more children with MIH in urban areas.
There were also fewer children with MIH among the
families who lived on a farm (12% vs 18% in
non-farming families), but the difference was not
statistically significant.

Some studies have found an association between
MIH and the use of antibiotics, especially amoxicillin
[7,8,11], although the evidence is still too weak to
draw any definite conclusions. In experimental stud-
ies, amoxicillin has disrupted the development of
enamel [11,34]. One speculation for the increased
prevalence of MIH in urban areas is that there is a
difference in the rate of antibiotic use between rural
and urban areas. This could be explained by the
different habits of taking a child to a doctor between
families from different socioeconomic backgrounds.
Indeed there is some proof for this speculation [35].
The Finnish healthcare system consists of publicly
funded healthcare and a much smaller private health-
care sector. In many rural towns, like those where this
study was conducted, there is no private healthcare
available and, if there is, they serve only on weekdays
during working hours. People who decide to pay for
private insurance prefer the faster access to a doctor
and possibility for better service. Private insurance
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usually covers all the medication in excess of a deduct-
ible. It is possible that children from the families with
private insurance would get more antibiotics or just
that in rural areas children receive less antibiotics in
general. The role of the antibiotics in developmental
defects of the enamel needs to be researched more
precisely to make any conclusions.

In Australia, scientists assessed risk factors for
DDE and found that exposure to cigarette smoke
increased the risk of enamel hypoplasia and opacities
[36]. We did not find any correlation between the
prevalence of MIH and the exposure to cigarette
smoke during the first year of life. We also analyzed
duration of breastfeeding as a confounding factor
between MIH and SES, because long breastfeeding
has been mentioned as an etiologic factor of MIH and
the duration of breastfeeding is known to be related to
SES [37]. In a Swedish study it was proposed that
long breastfeeding (>6 months), together with late
introduction to gruels and infant formula, is related to
MIH [14]. The authors were of the opinion that
mother’s milk lacks essential nutrients for the com-
plete development of enamel. In the present study,
there was no association between MIH and duration
of mother’s milk as the only source of nutrition, or the
total duration of breastfeeding. Again, it is possible
that this information is not reliable due to the retro-
spective study design, but most of the mothers had
used a notebook where the duration of breastfeeding
had been marked earlier. Long breastfeeding has also
been proposed to increase the risk of MIH through
environmental toxicants that are secreted in the milk
[13]. In a Finnish study, MIH defects were clearly
associated with the total exposure to toxic dioxins and
furans via mother’s milk [38]. However, in a later
study, when the levels of toxicants in mother’s milk
had already decreased [39], such an association was
not found [19].

The areas differed in respect to local industry and
traffic. In Lappeenranta and Oulu, where the preva-
lence of MIH was high, there is a heavy pulp and
paper industry. Moreover, in urban cities, traffic
causes air pollution. In the rural locations, Lammi
and Jalasjérvi, only little industry and traffic exists. As
air pollutants are known to increase respiratory dis-
eases and possibly affect the immune system [40,41],
it could be speculated that they have an indirect role in
MIH. However, further research on this is needed.

Another aspect related to different prevalence of
MIH between localities in this study is fluoride content
in drinking water. The aforementioned study in Eng-
land found that there were fewer children with MIH in
the fluoridated area [17]. The authors state that fluo-
ride could be a somewhat protective factor for devel-
oping MIH or that the remineralization effect could
reduce the severity of the defect after eruption. In the
current study, there were considerably fewer children
with MIH in Jalasjiarvi, where the fluoride level in

drinking water was naturally higher. Our hypothesis
is that the higher fluoride contentin drinking water after
eruption might mineralize especially small MIH
defects and, thus, decrease the prevalence of MIH.
That would partially explain the lower prevalence of
MIH in those rural areas, where the fluoride content in
communal pipelines or in wells can be ~1 mg/L.. More-
over, the Brazilians found lower prevalence of MIH in
an urban area where the level of fluoride in drinking
water was 0.7 mg/L [28]. In a rural area where higher
prevalence of MIH was found, the fluoride content in
drinking water was 0.1 mg/L [28].

In conclusion, we found that urban living was
associated with the prevalence of MIH. This is a
new finding. However, as in other studies, no single
cause of MIH was found. According to the literature,
the etiology of MIH is multifactorial. The putative
etiologic factors could occur in one’s life simulta-
neously or one after another, promoting the develop-
ment of MIH. This study indicates that those factors
are more frequent in urban areas. The different life-
style or morbidity/use of medications in urban and
rural areas can probably explain part of the prevalence
differences found in this study. Also, the role of
the environmental toxicants should be taken into
account. Those aspects could be used as a basis for
future studies. In addition, the result of this study
raises the question of the positive effect of fluoride in
drinking water, which should be further studied.

Acknowledgments

The study was supported by the Academy of Finland
(Contract Nr 130443) and Helsinki University
Central Hospital, EVO grant TYH2012104. The
secretarial help of Ms Anneli Sinkkonen and Ms Raila
Jalomeri is acknowledged.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

References

[1] Weerheijm KL, Jalevik B, Alaluusua S. Molar-incisor hypo-
mineralisation. Caries Res 2001;35:390-1.

[2] Suga S. Enamel hypomineralization viewed from the pattern
of progressive mineralization of human and monkey develop-
ing enamel. Adv Dent Res 1989;3:188-98.

[3] Jalevik B, Norén JG. Enamel hypomineralization of perma-
nent first molars: a morphological study and survey of possible
aetiological factors. Int J Paediatr Dent 2000;10:278-89.

[4] Reid DJ, Dean MC. Variation in modern human enamel
formation times. ] Hum Evol 2006;50:329-46.

[5] Jalevik B, Norén JG, Klingberg G, Barregard L. Etiologic
factors influencing the prevalence of demarcated opacities in
permanent first molars in a group of Swedish children. Eur J
Oral Sci 2001;109:230-4.


http://www.ncbi.nlm.nih.gov/pubmed/11641576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11641576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2640430?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2640430?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2640430?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11310241?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11310241?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11310241?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16300817?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16300817?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11531068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11531068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11531068?dopt=Abstract

(6]

[7

—

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

Beentjes VE, Weerheijm KL, Groen HJ. Factors involved in
the aetiology of molar-incisor hypomineralisation (MIH). Eur
J Paediatr Dent 2002;3:9-13.

Whatling R, Fearne JM. Molar incisor hypomineralization:
a study of aetiological factors in a group of UK children. Int J
Paediatr Dent 2008;18:155-62.

Souza JF, Costa-Silva CM, Jeremias F, Santos-Pinto L,
Zuanon AC, Cordeiro RC. Molar incisor hypomineralisation:
possible aetiological factors in children from urban and rural
areas. Eur Arch Paediatr Dent 2012;13:164-70.

Crombie F, Manton D, Kilpatrick N. Aetiology of molar-
incisor hypomineralization: a critical review. Int J Paediatr
Dent 2009;19:73-83.

Alaluusua S. Aetiology of Molar-Incisor Hypomineralisation:
a systematic review. Eur Arch Paediatr Dent 2010;11:53-8.
Laisi S, Ess A, Sahlberg C, Arvio P, Lukinmaa P, Alaluusua S.
Amoxicillin may cause molar incisor hypomineralization.
J Dent Res 2009;88:132-6.

Brogardh-Roth S, Matsson L, Klingberg G. Molar-incisor
hypomineralization and oral hygiene in 10- to-12-yr-old
Swedish children born preterm. Eur J Oral Sci 2011;119:
33-9.

Alaluusua S, Lukinmaa PL, Koskimies M, Pirinen S,
Holtta P, Kallio M, et al. Developmental dental defects
associated with long breast feeding. Eur J Oral Sci 1996;
104:493-17.

Fagrell T. Molar incisor hypomineralization. Morphological
and chemical aspects, onset and possible etiological factors.
Swed Dent J Suppl 2011;5:11-83.

Alaluusua S, Lukinmaa PL, Vartiainen T, Partanen M,
Torppa J, Tuomisto J. Polychlorinated dibenzo-p-dioxins
and dibenzofurans via mother’s milk may cause developmen-
tal defects in the child’s teeth. Environ Toxicol Pharmacol
1996;15:193-7.

Leppaniemi A, Lukinmaa PL, Alaluusua S. Nonfluoride
hypomineralizations in the permanent first molars and their
impact on the treatment need. Caries Res 2001;35:36—-40.
Balmer R, Toumba J, Godson J, Duggal M. The prevalence of
molar incisor hypomineralisation in Northern England and its
relationship to socioeconomic status and water fluoridation.
Int J Paediatr Dent 2012;22:250-7.

Biondi AM, Cortese SG, Martinez K, Ortolani AM,
Sebelli PM, Ienco M, et al. Prevalence of molar incisor
hypomineralization in the city of Buenos Aires. Acta Odontol
Latinoam 2011;24:81-5.

Laisi S, Kiviranta H, Lukinmaa P, Vartiainen T, Alaluusua S.
Molar-incisor-hypomineralisation and dioxins: new findings.
Eur Arch Paediatr Dent 2008;9:224-7.

Statistics Finland. Statistical grouping of municipalities. 2011.
Available online at http://www.tilastokeskus.fi/meta/luokituk-
set/kunta/001-2012/luokitusavain_kuntar.html. accessed 6/5,
2013.

Weerheijm KL, Duggal M, Mejare I, 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;4:110-13.

Jasulaityte L, Weerheijm KL, Veerkamp JS. Prevalence of
molar-incisor-hypomineralisation among children participat-
ing in the Dutch National Epidemiological Survey (2003). Eur
Arch Paediatr Dent 2008;9:218-23.

Dietrich G, Sperling S, Hetzer G. Molar incisor hypominer-
alisation in a group of children and adolescents living in
Dresden (Germany). Eur J Paediatr Dent 2003;4:133-7.

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

Background factors of MIH 969

Wogelius P, Haubek D, Poulsen S. Prevalence and distribu-
tion of demarcated opacities in permanent 1st molars and
incisors in 6 to 8-year-old Danish children. Acta Odontol
Scand 2008;66:58-64.

Mahoney EK, Morrison DG. Further examination of the
prevalence of MIH in the Wellington region. N Z Dent ]
2011;107:79-84.

Rugg-Gunn AJ, al-Mohammadi SM, Butler TJ. Effects of
fluoride level in drinking water, nutritional status, and socio-
economic status on the prevalence of developmental defects of
dental enamel in permanent teeth in Saudi 14-year-old boys.
Caries Res 1997;31:259-67.

Descroix V, Kato S, Lezot F, Berdal A. Physiopathology of
dental rickets in vitamin D receptor-ablated mice. ] Dent Res
2010;89:1427-32.

da Costa-Silva CM, Jeremias F, de Souza JF, Cordeiro
Rde C, Santos-Pinto L, Zuanon AC. Molar incisor hypo-
mineralization: prevalence, severity and clinical conse-
quences in Brazilian children. Int J Paediatr Dent 2010;
20:426-34.

Laaksonen M, Lahelma E, Prattala R. Associations among
health-related behaviours: sociodemographic variation in
Finland. Soz Praventivmed 2002;47:225-32.

Karvonen S, Kauppinen TM, Ilmarinen K. Koetun hyvin-
voinnin erot ja kehitys asuinpaikan mukaan. In Vaarama M,
Moisio P, Karvonen S, editors. Suomalaisten hyvinvointi
2010. Helsinki: Terveyden ja Hyvinvoinnin laitos; 2010. p
216-32.

Lygidakis NA, Dimou G, Marinou D. Molar-incisor-hypo-
mineralisation (MIH). A retrospective clinical study in Greek
children. II. Possible medical aetiological factors. Eur Arch
Paediatr Dent 2008;9:207-17.

Haskins R, Kotch J. Day care and illness: evidence, cost, and
public policy. Pediatrics 1986;77:951-82.

Enserink R, Ypma R, Donker GA, Smit HA, van Pelt W.
Infectious disease burden related to child day care in the
Netherlands. Pediatr Infect Dis J 2013;32:e334—e40.
Sahlberg C, Pavlic A, Ess A, Lukinmaa PL, Salmela E,
Alaluusua S. Combined effect of amoxicillin and sodium
fluoride on the structure of developing mouse enamel in vitro.
Arch Oral Biol 2013;58:1155-64.

Shaikh N, Kearney DH, Colborn DK, Balentine T, Feng W,
Lin Y, et al. How do parents of preverbal children with acute
otitis media determine how much ear pain their child is
having? J Pain 2010;11:1291-4.

Ford D, Seow WK, Kazoullis S, Holcombe T, Newman B.
A controlled study of risk factors for enamel hypoplasia in the
permanent dentition. Pediatr Dent 2009;31:382-8.

Flacking R, Nyqvist KH, Ewald U. Effects of socioeconomic
status on breastfeeding duration in mothers of preterm and
term infants. Eur J Public Health 2007;17:579-84.
Alaluusua S, Lukinmaa PL, Torppa J, Tuomisto ],
Vartiainen T. Developing teeth as biomarker of dioxin
exposure. Lancet 1999;353:206.

Kiviranta H, Purkunen R, Vartiainen T. Levels and trends of
PCDD/Fs and PCBs in human milk in Finland. Chemosphere
1999;38:311-23.

US Environmental Protection Agency, Washington, DC.
US EPA. Integrated Science Assessment for Oxides of
Nitrogen - Health Criteria (Final Report). 2008;EPA/600/
R-08/071.

US Environmental Protection Agency, Washington, DC. US
EPA. Integrated Science Assessment for Particulate Matter
(Final Report). 2009;EPA/600/R—08/139F.


http://www.ncbi.nlm.nih.gov/pubmed/12871011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12871011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18384347?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18384347?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22883354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22883354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22883354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19250392?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19250392?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20403298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20403298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19278983?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21244509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21244509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21244509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9021315?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9021315?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21781681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21781681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21781681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21781681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21781681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11125194?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11125194?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11125194?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22010979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22010979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22010979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22010411?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22010411?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19054476?dopt=Abstract
http://www.tilastokeskus.fi/meta/luokitukset/kunta/001-2012/luokitusavain_kuntar.html
http://www.tilastokeskus.fi/meta/luokitukset/kunta/001-2012/luokitusavain_kuntar.html
http://www.ncbi.nlm.nih.gov/pubmed/14529329?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14529329?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14529329?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14529329?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14529334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14529334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14529334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18320420?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18320420?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18320420?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21957834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21957834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20929724?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20929724?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20738434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20738434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20738434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12415926?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12415926?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12415926?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19054474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19054474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19054474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3012455?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3012455?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23584578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23584578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23601745?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23601745?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20466597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20466597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20466597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19947132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19947132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17392294?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17392294?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17392294?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9923879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9923879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10901657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10901657?dopt=Abstract

	Abstract
	Introduction
	Materials and methods
	Participants
	Questionnaire
	Dental examination
	Statistics

	Results
	Discussion
	Acknowledgments
	Declaration of interest
	References

