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Objectives: To quantify the prevalence of Molar Incisor Hypomineralization (MIH) in the canton of Geneva, 
Switzerland. Study design: Thirty-eight dentists of the state school dental services were trained to detect 
and classify MIH cases. All children (32,142) from age 4 to 12 were examined during the annual dental 
screening offered by the state. Cases were scored as mild, moderate or severe. Results: The prevalence of 
hypomineralizations was found to be 7.45% when all hypomineralized teeth were taken into consideration. 
MIH cases were found to be at 6.6%. Out of the MIH cases, 51% scored as mild, 36% as moderate and 
13% as severe. Conclusion: The mean prevalence of MIH in Geneva school children was found to be 6.6%. 
This seems to be lower than the European and the global average. However, with almost half cases being 
moderate or severe, asserting a proper management protocol is necessary.
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INTRODUCTION

A recent publication showed that molar-incisor hypomin-
eralization (MIH) appears to be highly prevalent globally 
13.1% (11.8–14.5%), affecting 878 million people, with 

17.5 million new cases each year1. Regions with limited access to 
dental care, show the majority of new cases of MIH 1.

In 1987, Koch et al described for the first time an idiopathic 
enamel defect affecting mostly Permanent molars and incisors. In 
the late seventies, an increasing number of children showing exten-
sive and severe idiopathic hypomineralization of the enamel of 
incisors and permanent first molars were reported within the Public 
Dental Services in Sweden. An epidemiologic study analyzed the 
prevalence, extension, and severity of the problem in Swedish chil-
dren and the prevalence was found to be 15.4% of the children born 
in 1970 2. Thereafter, the nomenclature has been repeatedly changed 
as well as the way of clinical entity differentiation, but consistently 
it was referred to as non-fluoride hypomineralization or cheese 
molars3-5. Finally, in 2001, the term molar-incisor hypomineraliza-
tion (MIH) was adopted6,7.

The enamel of MIH affected teeth is less mineralized than the 
one of sound teeth but it has a normal thickness. The drop of miner-
alization, up to 70%, goes hand in hand with an increased protein 
and carbonated mineral content, which has a negative impact on 
mechanical properties. Consequently, the enamel of MIH teeth 
is more fragile and prone to mechanical breakdown and to caries 
development8,9.

More recently, hypomineralized second primary molars (HSPM) 
have been described, also known as deciduous molar hypomineral-
ization (DMH). They may affect one to four second primary molars 
and just like MIH, the degree of the defect is variable and ranges 
from change in opacity to severe hypomineralization which may 
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lead to rapid enamel breakdown after eruption. HSPM affected chil-
dren may or may not present MIH, however some authors consid-
ered HSPM as a predictive factor of MIH 10,11.

MIH is still an active research issue. There is still more to 
uncover about its worldwide prevalence, exact etiology, best method 
of classification and optimal treatment options.

Epidemiological data from studies conducted in European coun-
tries reported the prevalence of MIH varying from 3.6 to 25% 12,13. 
A systematic review revealed a wide variation in the prevalence of 
MIH (2.4–40.2 %) and specified that the cross comparison of the 
results between the various studies was difficult because studies 
used different indices, diagnosis criteria, examination procedures, 
methods of recording and different age groups14.

At the moment, no information is available about the prevalence 
of MIH and HSPM in Geneva, and more specifically in the canton 
of Geneva. This is why this study aimed to determine the prevalence 
in all children of 4 to12 years of age in Geneva.

MaTeRIalS aND MeTHOD
The Geneva public school dental services provides a compul-

sory dental screening of all students in Geneva schools between the 
age of 4 and 12. Around 32,000 students are screened every year. In 
2016 the screening process became digitalized and the possibility to 
extract anonymized information became feasible.

The 38 examiners performing the dental screening were trained 
prior to the start of the screening to detect and score MIH cases 
during a 4h workshop supervised by the authors. Images of MIH 
cases from the university and authors library were used. A collective 
exercise at the end of the session helped evaluate the participants 
understanding of the index.

The examination was done on a dental chair with appropriate 
illumination, compressed air syringe and sterile instruments. In the 
group of 4-5 years old children some school classes were screened 
using a hand lamp and biting on cotton rolls to dry.

The scoring system was based on multiple studies that used 
simplified categories based on the severity of the defect 7,15.17.

Compared to the European Academy of Paediatric Dentistry 
(EAPD)18 and other comprehensive recommended scoring systems15, 
the chosen scoring system had the advantage of simplicity consid-
ering the number of children screened and the time available for 
each child.

The software-based scoring procedure provided the choice 
between the 3 following classes of MIH:

1st degree (Mild): Lesion was considered mild when less than 
one third of the tooth’s enamel surface area was affected. In 
general, these defects were discrete demarcated white spots, 
limited to the surface, with no or very little tooth sensitivity.

2nd degree (Moderate): The affected area was between more than 
one third but less than two thirds of the enamel surface. The 
aspect was a yellowish-brownish lesion that could already 
show post eruptive enamel breakdown according to its extent. 
Some tooth sensitivity might be present.

3rd degree (Severe): More than two thirds of the enamel surface 
were affected. At this point, the hypomineralization was 
so advanced that enamel breakdown and hypersensitivity 
were almost always present. The general aspect was a wide 

yellowish-brownish lesion with loss of enamel and possible 
dentine exposition.

Affected primary second molars and other teeth with enamel 
defects were also recorded. It was also possible for the examiner to 
specify the tooth affected in each case and score the severity.

A case was considered MIH when there was at least one perma-
nent molar showing the defect. Children under 6 years old were 
excluded. In total 32,142 children were screened.

MIH prevalence was calculated after the exclusion of all cases 
without at least one permanent molar affected and after excluding 
the 1st primary class (4 to 5 years old) and the special need classes. 
This is why the final number of children screened for MIH was 
23,320.

ReSUlTS
In 2017, the prevalence of overall enamel hypomineralization 

defects was 7.49%, while for MIH the prevalence was 6.6%. Out 
of the MIH cases, 51% scored as mild, 36% as moderate and 13% 
as severe.

Descriptive statistics per severity, per age and per tooth type are 
presented in Tables 1, 2 and 3.

DISCUSSION
In 2017, a comprehensive meta-analysis including 70 epidemi-

ological studies with 89,520 individuals in total was the first review 
summarizing the prevalence of MIH globally, with results showing 
a mean prevalence of showed a 14.2%19. In the present study, the 
prevalence of hypomineralized enamel defects was 7.49%. MIH 
prevalence was shown to be 6.6%. This value is lower than other 
areas in Europe, where prevalence rates between 6.3% and 19.3% 
were found, with an average of 14%, as recently published. The 
reason of this lower percentage is unknow for the moment.

Even though Geneva seems to be less affected than other Euro-
pean countries, this study supports the assumption that MIH is an 
important problem in Europe. Previous studies from surrounding 
countries like Germany, Finland, Sweden, and the Netherlands 
underline this2,6,20,21 . MIH prevalence was found to be 10.5%(95% 
CI: 7.4–13.6) for Germany, 16.0% (95%CI: 11.9–20.2) for 
Finland, 21.1% (95% CI:17.7–24.6) for Spain, and 17.1% for the 
Netherlands19.

The disease can affect molars only, but it is more frequent to see 
a combination of affected molars and incisors 22. MIH prevalence 
can vary between maxillary or mandibular teeth, molars or incisors, 
permanent or primary teeth; recent studies showed that mandibular 
molars are more frequently affected than the maxillary ones and 
upper and lower incisors are generally less affected than molars 23-25. 
Our results show that upper molars are the most frequently affected 
ones in the canton of Geneva, followed by lower molars and the 
upper incisors. The least affected teeth are the lower incisors. In the 
primary dentition the upper and lower molars were equally affected 
in our study (Table 3). However, in other studies the maxillary 
deciduous molars were the most commonly affected teeth26.

HSPM appears to be the result of the disruption of the miner-
alization of enamel in the second primary molar during its devel-
opment 13, 27. Clinically, HSPM is similar to MIH lesions. With a 
prevalence ranging from 4.6% to 6.6%, HSPM could be a signif-
icant risk factor for early loss of second primary molars 20,26,28,29. It 
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is important for dental care providers to realize that often children 
who have HSPM also have MIH. So, detecting HSPM should alert 
the dentist to anticipate MIH on the definitive molars and to inform 
parents about the risks10.

The prevalence of mild hypomineralization cases was 56%, 
while moderate cases were at 33% compared to severe cases that 
represented 11% of the screened cases. It is important to notice that 
moderate and severe cases thus represented 44% of the total MIH 
cases. These cases are more prone to post eruptive enamel break-
down (PEB) which increases the risk of further tissue loss due to 
mechanical breakdown, caries or aggressive restorations.

While most studies consider scoring MIH only when one or more 
first permanent molar meet the diagnostic criteria, others 30 indi-
cated that in the absence of first permanent molars, MIH diagnosis 
should be based on anterior teeth. Balmer et al 31 introduced other 
terms for these hypomineralization enamel defects, such as Incisor 
Hypomineralization (IH) and Molar Hypomineralization (MH). 
This paper indicated that the definition of all three conditions (MIH, 
IH and MH) are mutually exclusive and that demarcated opacities 
named as IH, MH, and deciduous molar incisor hypomineralization 
(DMH) should all be considered parts of a spectrum that includes 
MIH, given the fact that these defects share common characteristics 
and risk factors which overlap with MIH and are expected to have 
the same etiology.

Like our study, in some studies scoring demarcated opacities 
was not limited to the permanent first molar and incisors. Similar 
lesions may also be observed on second primary molars, permanent 
canines, second permanent molars and premolars 16, 30.

Some authors 32 even described the terminology MIH as 
“misleading” and claimed that this greatly contributes to an 
under-estimation of the defects. This can be observed in our results 
from 2017, when comparing the total hypomineralization results to 
the MIH only cases. These authors also suggested that mineraliza-
tion defects on all teeth should be recorded in order to reflect the 
extent of involvement and if sufficient evidence will become avail-
able that MIH is not predominantly restricted to molars and incisors, 
revising the name should be considered 32.

The advantage of our study is that it comprised the entire cohort 
of Geneva and not a simple cross-sectional representative sample. 
Even though the simplified criteria we used was based on multiple 
studies Is not considered validated, the reason it was chosen was 
restricted time availability. The screening of each class was done 
within a limited slot of time. By using the EAPD or the DDE criteria 
would have increased the time needed, making the realization of this 
study financially impossible.

The authors recognize that using simplified criteria and not 
calculating the intra- and inter examiner agreement before the 
study may have compromised the results. To overcome the short-
comings of this study, we are planning a second study where we 
will 1) reduce the number of schools included, 2) focus more on the 
training and calibration to obtain an inter and intra observer agree-
ment, and 3) use the approved scoring MIH criteria proposed in the 
recent literature.

In this study we did not differentiate between the gender, while 
calculating the prevalence. In terms of the MIH prevalence in 
different genders, studies by Preusser 33, and Garcia–Margarit34 indi-
cated a slightly higher prevalence in male children, while Zawaideh 35  

Table 1: The count and prevalence of hypomineralization in each year.

Hypomin. defect Count 2017 (%) Prevalence 2017 Count 2016 (%) Prevalence 2016
Mild 1335(56%) 4.2% 1375(57%) 4.3%

Moderate 782 (32.8%) 2.4% 760 (31.5%) 2.4%

Severe 265 (11.2%) 0.8% 275(11.4%) 0.9%

Total MIH 2382 7.4% 2410 7.5%

Table 2: The number of children screened per age and MIH classes (mild, moderate, severe) in 2017.

6/7YO 7/8YO 8/9YO 9/10YO 10/11YO 11/12YO Total % MIH per degree
Screened 4121 4010 3882 3714 3600 3993 23320

Mild 146 132 144 112 138 109 781 3.3%

Moderate 100 104 102 85 92 75 558 2.4%

Severe 26 36 35 39 34 30 200 0.9%

Tot. MIH 272 272 281 236 264 214 1539
% MIH per age 6.6% 6.8% 7.2% 6.4% 7.3% 5.4% 6.6%

Table 3: The distribution of cases affected by MIH per type of tooth in 2017.

Affected teeth Total Mild % Moderate % Severe %
Upper molars (16 or 26) 1217 605 50% 435 36% 177 15%

Lower molars (36 or 46) 704 341 48% 251 36% 112 16%

Upper centrals (12 or 21) 503 345 69% 134 27% 24 5%

Lower centrals (31 or 41) 184 112 61% 61 33% 9 5%

Primary UM (55 or 65) 212 91 43% 97 46% 24 11%

Primary LM (75 or 85) 198 98 49% 86 43% 23 12%
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and Chawla36 found the prevalence of MIH being higher in female 
children. However, by synthesizing all existing evidence, the 
above-mentioned meta-analysis result confirmed that no sex predi-
lection has been detected.

Another factor that was not investigated in this study was 
the origin of the child. Geneva is a very international city with a 
high percentage of expats and immigrants, which may affect the 
presented results. It would be therefore interesting to compare the 
prevalence in the canton of Geneva to the prevalence of MIH in 
other Swiss cities and in rural areas of Geneva.

With 6.6% of children affected in Geneva, it is important to 
sensibilize and educate the dentists properly on the management 
of this kind of enamel defect, especially in the field of moderate 
and sever cases. A minimally invasive management protocol using 
remineralisation and maintainable long term temporary restoration 
has been developed few years ago based on evidence based studies 37.  
This protocol is part of the pre-graduate education and is what is 
currently practiced by the dentists working in the public-school 
dental services in Geneva.

CONClUSIONS
This study is the first to provide the information on prevalence 

of hypomineralization enamel defects and MIH in canton of Geneva 
schoolchildren. With an average of 6.6%, the prevalence of MIH is 
lower than the European and global average. However, with almost 
half cases being moderate or severe, asserting a proper management 
protocol is necessary.

Compliance with ethical Standards
ethical approval: Using irreversibly anonymous epidemiological 

data provided by the public health department, the study is 
not included in the swiss ethical comity review requirements 
according to the article 2 of the LRH, which applies only to 
personal health related data. If necessary, a non-objection 
decision can be requested.

Consent: Not requested, the information is collected during the 
annual dental screening with the knowledge of the parents 
and is part of the public library.

Conflicts of interest: The authors declare no conflict of interest.

Funding: This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-profit 
sectors.

acknowledgments: Our gratitude to the dentists, dental assistants 
and patients who participated in the study. We also would like 
to thank Alan Berard for helping with the literature review in 
the initial stages of this project.

Data: Data can be provided if requested but will not be made public, 
further analysis are in progress on this dataset for a subse-
quent publication.

 

ReFeReNCeS
1. Schwendicke F, Elhennawy K, Reda S, Bekes K, Manton DJ, Krois J. 

Global burden of molar incisor hypomineralization. J Dent. 2018;68:10-8.
2. Koch G, Hallonsten AL, Ludvigsson N, Hansson BO, Holst A, Ullbro 

C. Epidemiologic study of idiopathic enamel hypomineralization in 
permanent teeth of Swedish children. Community Dent Oral Epidemiol. 
1987;15(5):279-85.

3. Leppaniemi A, Lukinmaa PL, Alaluusua S. Nonfluoride hypomineraliza-
tions in the permanent first molars and their impact on the treatment need. 
Caries Res. 2001;35(1):36-40.

4. Soviero V, Haubek D, Trindade C, Da Matta T, Poulsen S. Prevalence and 
distribution of demarcated opacities and their sequelae in permanent 1st 
molars and incisors in 7 to 13-year-old Brazilian children. Acta Odontol 
Scand. 2009;67(3):170-5.

5. van Amerongen WE, Kreulen CM. Cheese molars: a pilot study of the 
etiology of hypocalcifications in first permanent molars. ASDC J Dent 
Child. 1995;62(4):266-9.

6. Weerheijm KL, Groen HJ, Beentjes VE, Poorterman JH. Prevalence of 
cheese molars in eleven-year-old Dutch children. ASDC J Dent Child. 
2001;68(4):259-62, 29.

7. Garg N, Jain AK, Saha S, Singh J. Essentiality of early diagnosis of molar 
incisor hypomineralization in children and review of its clinical presenta-
tion, etiology and management. Int J Clin Pediatr Dent. 2012;5(3):190-6.

8. Farah RA, Monk BC, Swain MV, Drummond BK. Protein content of 
molar-incisor hypomineralisation enamel. J Dent. 2010;38(7):591-6.

9. Fragelli CM, Souza JF, Jeremias F, Cordeiro Rde C, Santos-Pinto L. Molar 
incisor hypomineralization (MIH): conservative treatment management to 
restore affected teeth. Braz Oral Res. 2015;29.

10. Oyedele TA, Folayan MO, Oziegbe EO. Hypomineralised second 
primary molars: prevalence, pattern and associated co morbidities in 8- to 
10-year-old children in Ile-Ife, Nigeria. BMC Oral Health. 2016;16(1):65.

11. Garot E, Denis A, Delbos Y, Manton D, Silva M, Rouas P. Are hypominer-
alised lesions on second primary molars (HSPM) a predictive sign of molar 
incisor hypomineralisation (MIH)? A systematic review and a meta-anal-
ysis. J Dent. 2018;72:8-13.

12. Weerheijm KL. Molar incisor hypomineralisation (MIH). Eur J Paediatr 
Dent. 2003;4(3):114-20.

13. Weerheijm KL, Mejare I. Molar incisor hypomineralization: a questionnaire 
inventory of its occurrence in member countries of the European Academy 
of Paediatric Dentistry (EAPD). Int J Paediatr Dent. 2003;13(6):411-6.

14. Jalevik B. Prevalence and Diagnosis of Molar-Incisor- Hypomineralisation 
(MIH): A systematic review. Eur Arch Paediatr Dent. 2010;11(2):59-64.

15. Ghanim A, Elfrink M, Weerheijm K, Marino R, Manton D. A practical 
method for use in epidemiological studies on enamel hypomineralisation. 
Eur Arch Paediatr Dent. 2015;16(3):235-46.

16. Ghanim A, Bagheri R, Golkari A, Manton D. Molar-incisor hypominerali-
sation: a prevalence study amongst primary schoolchildren of Shiraz, Iran. 
Eur Arch Paediatr Dent. 2014;15(2):75-82.

17. Oyedele TA, Folayan MO, Adekoya-Sofowora CA, Oziegbe EO. Co-mor-
bidities associated with molar-incisor hypomineralisation in 8 to 16 year 
old pupils in Ile-Ife, Nigeria. BMC Oral Health. 2015;15:37.

18. 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(3):110-3.

19. Zhao D, Dong B, Yu D, Ren Q, Sun Y. The prevalence of molar incisor 
hypomineralization: evidence from 70 studies. Int J Paediatr Dent. 
2018;28(2):170-9.

20. Elfrink ME, Schuller AA, Weerheijm KL, Veerkamp JS. Hypomineralized 
second primary molars: prevalence data in Dutch 5-year-olds. Caries Res. 
2008;42(4):282-5.

21. Weerheijm K. The European Academy of Paediatric Dentistry and Molar 
Incisor Hypomineralisation. Eur Arch Paediatr Dent. 2015;16(3):233-4.

22. Negre-Barber A, Montiel-Company JM, Boronat-Catala M, Catala-Pizarro 
M, Almerich-Silla JM. Hypomineralized Second Primary Molars as 
Predictor of Molar Incisor Hypomineralization. Sci Rep. 2016;6:31929.

23. Pitiphat W, Luangchaichaweng S, Pungchanchaikul P, Angwaravong O, 
Chansamak N. Factors associated with molar incisor hypomineralization in 
Thai children. Eur J Oral Sci. 2014;122(4):265-70.

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/46/1/1/3031037/i1557-5268-46-1-1.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Prevalence of Molar Incisor Hypomineralization in over 30,000 Schoolchildren in Switzerland

The Journal of Clinical Pediatric Dentistry     Volume 46, Number 1/2022 doi 10.17796/1053-4625-46.1.1   5

24. Pitiphat W, Savisit R, Chansamak N, Subarnbhesaj A. Molar incisor 
hypomineralization and dental caries in six- to seven-year-old Thai chil-
dren. Pediatr Dent. 2014;36(7):478-82.

25. Abhinav N Tadikonda, Shashidhar Acharya, Pentapati KC. Prevalence of 
Molar Incisor Hypomineralization and its Relation with Dental Caries in 
School Children of Udupi District, South India. World Journal of Dentistry, 
. 2015;6(3):143-6.

26. Ghanim A, Manton D, Marino R, Morgan M, Bailey D. Prevalence of 
demarcated hypomineralisation defects in second primary molars in Iraqi 
children. Int J Paediatr Dent. 2013;23(1):48-55.

27. Elfrink ME, ten Cate JM, Jaddoe VW, Hofman A, Moll HA, Veerkamp 
JS. Deciduous molar hypomineralization and molar incisor hypomineral-
ization. J Dent Res. 2012;91(6):551-5.

28. Temilola OD, Folayan MO, Oyedele T. The prevalence and pattern of 
deciduous molar hypomineralization and molar-incisor hypomineraliza-
tion in children from a suburban population in Nigeria. BMC Oral Health. 
2015;15:73.

29. Sidhu N, Wang Y, Barrett E, Casas M. Prevalence and presentation patterns 
of enamel hypomineralisation (MIH and HSPM) among paediatric hospital 
dental patients in Toronto, Canada: a cross-sectional study. Eur Arch 
Paediatr Dent. 2019.

30. Balmer R, Toumba J, Godson J, Duggal M. The prevalence of molar incisor 
hypomineralisation in Northern England and its relationship to socioeco-
nomic status and water fluoridation. Int J Paediatr Dent. 2012;22(4):250-7.

31. Balmer R, Toumba KJ, Munyombwe T, Godson J, Duggal MS. The 
prevalence of incisor hypomineralisation and its relationship with the 
prevalence of molar incisor hypomineralisation. Eur Arch Paediatr Dent. 
2015;16(3):265-9.

32. Lygidakis NA, Wong F, Jalevik B, Vierrou AM, Alaluusua S, Espelid I. Best 
Clinical Practice Guidance for clinicians dealing with children presenting 
with Molar-Incisor-Hypomineralisation (MIH): An EAPD Policy Docu-
ment. Eur Arch Paediatr Dent. 2010;11(2):75-81.

33. Preusser SE, Ferring V, Wleklinski C, Wetzel WE. Prevalence and severity 
of molar incisor hypomineralization in a region of Germany — a brief 
communication. J Public Health Dent. 2007;67(3):148-50.

34. Garcia-Margarit M, Catala-Pizarro M, Montiel-Company JM, Almer-
ich-Silla JM. Epidemiologic study of molar-incisor hypomineralization in 
8-year-old Spanish children. Int J Paediatr Dent. 2014;24(1):14-22.

35. Zawaideh FI, Al-Jundi SH, Al-Jaljoli MH. Molar incisor hypomineralisa-
tion: prevalence in Jordanian children and clinical characteristics. Eur Arch 
Paediatr Dent. 2011;12(1):31-6.

36. Chawla N, Messer LB, Silva M. Clinical studies on molar-incisor-hy-
pomineralisation part 1: distribution and putative associations. Eur Arch 
Paediatr Dent. 2008;9(4):180-90.

37. Mast P, Rodrigueztapia MT, Daeniker L, Krejci I. Understanding MIH: 
definition, epidemiology, differential diagnosis and new treatment guide-
lines. Eur J Paediatr Dent. 2013;14(3):204-8.

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/46/1/1/3031037/i1557-5268-46-1-1.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022


