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ABSTRACT
Background: A wide range in the prevalence of molar-incisor-hypomineralization (MIH) has been
reported. Population-based studies are recommended. However, such studies are expensive and
time-consuming.
Objectives: To estimate the magnitude of MIH condition among 8-year-olds based on routine oral
health examinations and to associate first permanent molar (FPM) affection with that of other perman-
ent teeth over time.
Materials and methods: This retrospective study, with cross-sectional and longitudinal components,
was based on electronic oral health records; all 8-year-olds examined between 2002 and 2016
were included.
Results: The average estimated prevalence of MIH was 8.3%; yearly range was 4.8–15.9%. The mean
number of affected teeth was 1.4; 62% had one affected tooth. One-surface defects were the most fre-
quent (66%). Asymmetric distribution of affected teeth was observed. In follow-up, 10.7%, 8.4%, and
11.2% had at least one affected permanent canine, premolar, or second permanent molar, respectively.
The proportion of children with other MIH-affected permanent teeth was higher in the group with �2
MIH-affected teeth than in group with one affected FPM at the age of 8.
Conclusions: The average prevalence of MIH was comparable to that reported elsewhere. The number
of MIH-affected teeth at early mixed dentition predicts the affection of other permanent teeth over
time, mainly that of permanent canines. Further screening of children with MIH is recommended to
improve individually tailored early preventive and restorative dental care.
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Introduction

Molar-incisor-hypomineralization (MIH) is a dental develop-
mental defect (DDD) of systemic origin of one or more first
permanent molars (FPMs). MIH is frequently associated with
a similarly affected permanent incisor(s) (PIs) [1]. To diagnose
MIH, at least one FPM is required to be affected [2] regard-
less of involvement of PIs. MIH defects have also been
observed in second primary molars, tips of permanent canine
cusps, and second permanent molars [2–4].

MIH is a multifactorial condition due to a variety of sys-
tematically acting environmental factors, including prenatal,
perinatal, and postnatal conditions [1,5–11] with a possible
underlying genetic predisposition [12]. Despite increasing
knowledge, the aetiological evidence for MIH is insufficient
to verify the proposed causative factors [13].

MIH-affected teeth present demarcated enamel opacities
(DEOs) of different colours, from white to yellowish up to
brown that occasionally undergo post-eruptive breakdowns
[14]. DEOs are the most frequently encountered enamel

defect among Swedish adolescents [15]; DEOs were 27% of
the overall DDD prevalence (33%), while the prevalence of
diffuse opacities and enamel hypoplasia were 5% and 1%,
respectively. Among Danish children of 6–8 years, nearly half
had DEOs in FPMs or PIs [16].

A wide range in the prevalence of MIH (2.8–44%) has
been reported. The estimated prevalence among different
continents is 8.3% in Africa, 12.9% in Asia, 16.2% in Europe,
24.9% in Oceania, and 30% in South America [17]. The wide
range of prevalence rates may be due to differences in the
age of the population, examination standards, chosen index,
or calibration. In two recent meta-analyses, the average glo-
bal prevalence of MIH was estimated at 13.1% [18] with sig-
nificant differences between regions and countries and
14.2% [19] with no significant difference between boys and
girls. Heavily populated countries contribute significantly to
the prevalence, while growing ones rank first with respect to
the incidence [18].

In Nordic countries, the prevalence of MIH among
Swedish cohorts of 11, 15, and 19 years was 17.1%, 11.2%
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and 8.3%, respectively [15]. The prevalence was among
Norwegian adolescents of 16 years 13.9% [3] and Finnish
rural children (mean age 10 years) 11.5% [20].

The Best Clinical Practice Guidance of the European
Association of Paediatric Dentistry [2] recommends future popu-
lation-based studies on the prevalence of MIH; the best group
for a cross-sectional study is children of 8 years. However, popu-
lation-based epidemiological studies are expensive and time-
consuming, and therefore, the aim of the present study was to
estimate for the first time the prevalence of MIH among chil-
dren of 8 years that attended public oral health services in
Helsinki based on 15-year cross-sectional practice-based data. In
addition, MIH affection of other permanent teeth (other than
FPM and PI) based on longitudinal follow-up of selected chil-
dren was assessed over time.

Material and methods

This study was based on the large database of electronic
health records of the Oral Health Care (OHC) of the City of
Helsinki from 2002 to 2016. In Finland, as in other Nordic
countries, oral health care is characterized by a large public
sector that is subsidized by taxation and administered by
municipalities. Thus, the OHC in Helsinki organizes the public
oral health services for all inhabitants residing in the Helsinki
area. All children and adolescents under 18 years are entitled
to services without charge, including oral health examina-
tions and treatments.

As the present study is a health register-based study, data
were collected retrospectively from patient records of routine
oral health examinations of children attending public health
service. Data mining approach was used to collect the data
of all children attending the city of Helsinki Public OHC ser-
vice from the electronic patient health record system
‘EFFICA’ (Tieto Oyj, Espoo, Finland). Encrypted summary data
of all the visits, extracting all the variables included in the
manuscript, was created and exported into Excel file and fur-
ther into statistical software programme file. Both practicing
dentists and dental hygienists performed the oral health
examinations and registered all clinical findings in the dental
status chart, including caries and DDDs at the surface level
of each tooth. Dental hygienists were required to consult
dentists in case of doubt. Clinical examinations were carried
out with well-equipped dental treatment unit with saliva suc-
tion and illumination, with examiners using a dental mirror
and fibre optic light, while teeth surfaces being slightly wet.
There was not any prior calibration of the examiners regard-
ing registration of DDDs. However, examiners followed
detailed guidelines to record findings of clinical oral exami-
nations in the electronic patient records,.

For the cross-sectional component of this study, all children
of 8 years undergoing oral health examinations between 2002
and 2016 were selected. Of this cohort, children with a MIH
defect recorded in at least one FPM were eligible; the selected
age was based on the recommendation of the Best Clinical
Practice Guidance of EAPD [2]. Based on these criteria, 3042
children with MIH were selected. There were no children with
12 teeth affected (all FPMs and IPs at the same time), which

thus excluded the possibility of major dental developmental
conditions related to general health. The estimated prevalence
of MIH was calculated for the present study subjects and
weighted by gender proportion of the population of 8-year-old
children residing in Helsinki (data obtained from Statistics
Finland, www.tilastokeskus.fi/index_en.html).

MIH-affected teeth were described by tooth type, jaw
location, size, and tooth surface location of the defects. The
size of the defects was expressed by the number of tooth
surfaces involved.

The inclusion criteria for the longitudinal component of
this study were MIH at the age of 8 years and MIH affection
of other permanent teeth other than FPMs and PIs in further
oral health examinations. To be able to assess other perman-
ent teeth other than FPMs and PIs, children of 8 years with
MIH during the observation years 2002–2009 (n¼ 2309) were
eligible. Of these, within the framework of our data 1530 had
another permanent tooth or other permanent teeth recorded
as MIH affected in further oral health examination records
between 2007 and 2016. Children in the follow-up group
had a theoretical age range of 13–17 years. All teeth with
MIH defects registered in examinations at the age of
13–17 years were cumulatively summed. In Finland, children
are invited for oral health examinations by dentists or dental
check-ups by dental hygienists based on age groups and car-
ies risk and caries activity. Accordingly, not all children have
an annual oral health examination. Therefore, to maximize
the number of children selected for the follow-up compo-
nent, an age range was given instead of exact age. The third
molars were excluded if such teeth were registered.

Statistical evaluation

The extracted data were compiled into the statistical soft-
ware package IBM SPSS Statistics for Windows (version 25.0,
IBM Corp., Armonk, NY, USA) for statistical analyses. For
descriptive statistics, v2 test for differences of groups, t-test,
and one-way ANOVA test for differences of means were
used. A Cochran-Armitage test of trend was performed to
assess the trend between year of examination and gender. A
statistical level of 5% was used for significance.

Ethical considerations

This study was based on encrypted summary data of elec-
tronic health records. The use of data for this study was
approved by the City of Helsinki in Finland (Research permis-
sion decision registration number HEL-2017-000945).
Individuals could not be identified, and ethical permission
was therefore not applicable.

Results

The average prevalence of MIH among children of 8 years in
Helsinki was 8.3%. The range was from 4.8% to 15.9% based
on a 15-year observation period (Table 1).

Of all children with MIH, 62% had one affected FPM, fol-
lowed by 32% with two affected teeth. Table 2 shows the
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most common MIH-affected single tooth or teeth combina-
tions among children of 8 years. Upper FPMs, namely D16
(35%) or D26 (28%), were the most frequently affected teeth
among children with a single tooth affection. Among those
with two affected teeth, the most frequent tooth combin-
ation was D16 with any other FPM (Table 2).

The mean number of MIH-affected teeth was 1.4 (SD ¼
0.6; range 1–5). The maxillary teeth were more often affected
than the mandibular. An asymmetric distribution of MIH-
affected teeth was observed; the right maxillary FPMs were
1.4 times more often affected than the left maxillary FPMs.
The right maxillary central incisors were 2.6 times more com-
monly affected than the left maxillary central incisors. MIH-
affected second primary molars were observed in 3.9% of
those with MIH condition. One-surface defects were the
most frequent (66%), followed by two-surface defects (26%).
The most common one-surface defects were located occlu-
sally (36%) or palatally (23%) on D16, occlusally (34%) and
buccally (24%) on D26, buccally (38%) and occlusally (28%)
on D36, and occlusally (29%) and buccally (28%) on D46. The
most common two-surface defects were located palato-
occlusally on D16 and D26 (10% in each) and bucco-occlu-
sally on D36 and D46 (18% and 20%, respectively).

Children at follow-up (n¼ 1530) had 3410 MIH-affected
teeth (including FPMs and PIs); mean was 2.2 (SD ¼ 1.4).
Figure 1 shows MIH-affected teeth of children at follow up
as registered at the age of 8 years and in further oral health
examinations.

Of all children, 10.7% had at least one permanent canine
affected, 8.4% had at least one premolar affected, and 11.2%
had at least one second permanent molar affected. The pro-
portion of children with an MIH-affected permanent canine,
premolar, or second permanent molar at follow-up was
higher among those who had two or more MIH-affected
teeth than those with only one FPM affected at the age of
8 years (Figure 2).

Discussion

This study estimated for the first time the prevalence of MIH
in the Helsinki area based on population-based electronic

health record data. The estimated average prevalence (8.4%)
of MIH among children of 8 years in Helsinki based on the
15-year period is consistent with the prevalence reported for
children of mean age of 10 years in two rural Finnish towns
[20] and Spanish schoolchildren of 6–14 years [9]. However,
the observed prevalence was lower than that reported in
other Northern European countries, such as Norway [3],
Sweden, [15] and Denmark [16]. However, the children’s age
groups in these studies differed.

The main finding of the longitudinal part of this study
was that the number of MIH-affected teeth at the age of
8 years predicted the affection of other permanent teeth
over time. This needs to be taken into consideration in tailor-
ing individual dental check-up intervals for children.

Estimation of MIH in Helsinki was far lower than reported
prevalence in regions and countries with heavily crowded
populations, such as India, China and the United States [18].
The burden of MIH in these countries might be partly
explained by socio-environmental differences, such as diet
and pollution as well as access to health care.

In the present study was found the typical asymmetric
feature of MIH affection in the dentition, which is consistent
with the feature seen among Norwegian children [3].
However, the proportion of children with a single tooth or
molar affection among MIH children was much higher in our
study (62%) than that reported among Norwegian adoles-
cents of 16 years (31.8%) [3].

No gender difference of MIH was observed in our study
population. This is consistent with the two reviews, which
included 99 [18] and 70 studies [19], respectively, though the
former one highlighted observation of higher prevalence in
girls than boys in South Asia. Similarly, prevalent cases in
girls were also reported among Norwegian adolescents of
16 years [3], and Spanish schoolchildren of 6–14 years [9].

In the present study, only few children had a MIH-affected
second primary molar. This is perhaps an underestimation of
possible affection of second primary molars, as at this age
most primary molars with developmental defects might be
restored or extracted. An optimal age of 5 years is recom-
mended for diagnosis of developmental defects in pri-
mary molars.

Table 1. Estimated prevalence of molar-incisor-hypomineralization (MIH) among children of 8 years (n¼ 3042) in Helsinki during 2002–2016.

Children of 8 years with MIH Estimated prevalence of MIH in present study population (%) Weighted estimated prevalence of MIH (%)

Year MIH (n) Boys (n) All Boys Girls Boys Girls

2002 400 203 15.9 15.7 16.0 15.9 15.9
2003 267 140 9.1 9.6 8.7 9.3 8.9
2004 155 93 6.3 7.3 5.3 7.2 5.4
2005 288 161 11.6 13.3 10.0 13.1 10.1
2006 238 132 10.8 11.7 9.9 11.7 9.9
2007 246 123 10.6 10.6 10.6 10.5 10.7
2008 189 99 6.3 6.5 6.0 6.5 6.0
2009 152 72 5.9 5.5 6.4 5.5 6.4
2010 188 100 7.3 7.5 7.1 7.4 7.2
2011 186 98 6.9 7.2 6.6 7.2 6.5
2012 125 57 4.8 4.4 5.2 4.3 5.4
2013 132 67 5.3 5.4 5.2 5.3 5.3
2014 167 92 7.5 8.1 6.8 8.1 6.9
2015 135 82 6.1 7.0 5.2 7.2 5.0
2016 174 85 12.0 11.6 12.5 11.6 12.5
All 3042 1604 8.3 8.6 8.0 8.7 8.3

ACTA ODONTOLOGICA SCANDINAVICA 537



The strength of this study is that the data were obtained
from a large population-based database of public service,
which practically all children under 18 years attend.
According to Statistics Finland, during the years 2002–2016
the yearly cohort of children of 8 years residing in Helsinki
ranged from 4820 to 6080 children, with a total cumulative
sum of 78,204 children (www.tilastokeskus.fi/index_en.html);

of these, 36,753 children were undergoing oral health exami-
nations in the public health care setting. Thus, the preva-
lence of MIH was based on 47% of the population of 8-year-
olds over the 15-year observation period. Therefore, this is a
representative estimate of the prevalence of MIH and the
magnitude of MIH-affected teeth. Our study population was
far larger than the EAPD recommendation for

Table 2. Most common MIH-affected tooth or teeth combinations among 8-year-olds (n¼ 3042).

Most common tooth or teeth combinations N % within each group

One tooth affected, n¼ 1894 (62%) D16 658 35
D26 536 28
D36 379 20
D46 321 17

Two teeth affected, n¼ 957 (32%) D16 and D26 149 16
D16 and D46 116 12
D16 and D36 90 9
D26 and D46 67 7
D26 and D36 56 6
D36 and D46 48 5
D16 and D11 42 5
D36 and D11 30 3
D26 and D11 30 3
D46 and D11 21 2
Other combinations (each combination had <21 cases) 308 32

Three teeth affected, n¼ 176 (6%) D16, D26, and D46 27 14
D16, D26, and D36 9 5
D16, D36, and D46 9 5
D16, D46, and D11 7 3
D16, D36, and D11 6 3
Other combinations (each combination had <5 cases) 118 70

Four teeth affected, n¼ 14 (<1%) No common combination (14 different combinations) 11 100
Five teeth affected, n¼ 1 (<0.1%) Combination: D22, D26, D41, D42, D46 1 100
All 3042

Figure 1. MIH-affected teeth at the age of 8 years and in other permanent teeth over time among children at follow-up (n¼ 1530).
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epidemiological studies of MIH, which should be at least 300
individuals [2]. Another strength of this study is the design.
Based on 15-year population-based data, the trend of MIH
for the entire observation period was explored. The longitu-
dinal follow-up component allowed assessment for the first
time the association of MIH-affected teeth of the early mixed
dentition period with those of permanent dentition in the
same children.

The estimated average prevalence of the present study
may be an underestimation as not all defects are necessarily
registered due to possible unawareness among dental pro-
fessionals regarding MIH in general, diagnostic dilemmas the
examiner may encounter during oral health examinations, or
both. In turn, yearly differences seen in prevalence might be
explained partly by variation of clinicians’ knowledge
and awareness.

On the other hand, the determined prevalence may be an
overestimation as other developmental defects such as dif-
fuse opacities and enamel hypoplasia might have been diag-
nosed as MIH defects, as the former may be confused with
the latter with post-eruptive breakdown or onset of caries.
However, demarcated opacities are the most common DDDs
among children and adolescents [15,16]. It is worth mention-
ing that even in clinical studies of DDDs, differentiation of
tooth tissue loss due to post-eruptive breakdown of demar-
cated opacities and enamel hypoplasia (which is a quantita-
tive defect of enamel) may be questionable [15].

The limitation of this study is that any misdiagnosis or
failure to record MIH defects was handled as they were in
patient records, as any other patient record-based study.
Therefore, health record-based studies are usually not as pre-
cise as epidemiological studies based on clinical examina-
tions. However, the expenses for data collection are far lower
and as mentioned above the power of patient-register stud-
ies is in high number of examined subjects.

It is worth mentioning also that counting MIH-affected
teeth over time was not straightforward. Some new FPMs

and especially new PIs with MIH defects were registered at
follow up, possibly because of better visibility of all tooth
surfaces at later age due to either full eruption of those
teeth or improved oral hygiene. This may partly explain the
discrepancies in number of MIH teeth at the age of 8 years
and in the follow-up.

As caries rates have declined in Western countries during
the last decades, DDDs among children are becoming more
apparent and require more complex and long-term treat-
ment options [1]. Comparing the prevalence of MIH across
countries is a challenging task as the study subjects selected
are not homogeneous in age. When assessing the prevalence
of MIH at the population level, the age groups need to be
well-defined for the purpose.

Conclusions

The average prevalence of MIH among children of 8 years in
Helsinki was comparable to that reported elsewhere. The
number of MIH-affected teeth at early mixed dentition pre-
dicts the affection of other permanent teeth over time,
mainly that of permanent canines. An irrelevant number of
children had MIH-affected second primary molars. Further
screening of children with MIH-affected teeth is recom-
mended to improve individually tailored early preventive and
restorative dental care. In this way, an early intervention will
facilitate management of further clinical dental problems of
MIH-affected teeth and improve oral health-related quality of
life of children with this condition.
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