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SUMMARY
Introduction/Objective The aim of this study was to investigate the prevalence and conditions of teeth 
with molar incisor hypomineralization (MIH) in the early adult population.
Methods A cross-sectional study was conducted involving 298 students from the School of Dental Medi-
cine, University of Belgrade, from the third to the fifth year of study. The presence of MIH was registered 
on the basis of European Academy of Paediatric Dentistry diagnostic criteria, and oral health and caries 
risk were assessed by standard dental examination and determination of DMF index values. The MIH 
sample was divided into two groups: untreated teeth (the estimation of the degree of hypomineraliza-
tion was based on the color, location, and size of the hypomineralized part of the enamel) and treated 
teeth (where types of preventive and various restorative treatments were registered). Statistical analysis 
was performed using the χ² test (p < 0.05).
Results MIH was observed in 90 subjects (30.2%). The results of the oral health examination showed that 
the average DMF index was medium risk (7.66) for the MIH sample. MIH-untreated teeth showed a mild 
or moderate degree of hypomineralization. The presence of extensive carious lesions, secondary caries, 
as well as the loss of the first permanent molars was statistically significantly higher (p < 0.05) compared 
to the sample without MIH changes.
Conclusion The study results confirmed the problem in recognizing and adequately treating MIH-altered 
teeth.
Keywords: molar incisor hypomineralization; MIH; student population; cross-sectional study
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INTRODUCTION

Hypomineralization of molars and incisors 
(MIH) is a developmental enamel disorder 
that affects first permanent molars and often 
permanent incisors [1]. The clinical picture 
of MIH depends on its severity and can range 
from opaque white, cream-colored markings 
or yellow-brown color, superficial enamel de-
fects to atypical caries located on at least one 
permanent molar [2].

MIH is a qualitative enamel defect caused by 
reduced mineralization, which, according to re-
search by Crombie et al. [3], can be up to 58.8%. 
The mineralization disorder occurs at the level 
of the enamel-dentine junction and spreads to-
wards the surface of the tooth. Pathogenetically, 
MIH results from dysfunctional ameloblast re-
sorption and inhibition of proteolytic enzymes, 
which results in retention of enamel proteins, 
disruption of hydroxyapatite crystal growth and 
enamel maturation [4]. The enamel of hypo-
mineralized teeth is structurally compromised 

due to higher protein and water content, altered 
color, increased porosity and irregularly orga-
nized hydroxyapatite crystals [5]. Mechanical 
property tests (hardness and modulus of elas-
ticity) of enamel affected by MIH reveal signifi-
cantly lower values compared to healthy enamel 
[3]. The consequences of this enamel structure 
are increased tooth sensitivity (especially in the 
early eruptive phase), increased accumulation 
of dental plaque and, consequently, a tenden-
cy to rapid caries development [6]. Therefore, 
MIH represents a public health concern that 
negatively affects the oral health of patients, as 
well as a significant therapeutic challenge for 
clinicians [7, 8].

Although MIH can be diagnosed in child-
hood at the time of eruption of permanent first 
molars and central incisors (6–8 years), clini-
cians are often faced with the consequences 
of unrecognized MIH lesions that have not 
been adequately treated [4]. MIH is often mis-
diagnosed or diagnosed too late, so the ther-
apy of hypomineralized teeth is delayed and 
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inappropriate [9]. Due to extreme sensitivity and difficulty 
in maintaining oral hygiene, patients with hypomineraliza-
tion avoid regular dental check-ups, which, combined with 
difficulties in achieving proper anesthesia, consequently 
deepen dental anxiety [9, 10]. Hypomineralized teeth are 
sensitive and painful, and their therapy is therefore com-
plex and specific [10]. The porous structure of enamel 
with weakly bonded crystals and irregular arrangement 
of enamel prisms makes adhesion difficult, compromising 
the success of restorative treatments, which often results in 
the occurrence of subacute pulpitis [11]. Therefore, MIH 
patients require significantly more dental interventions 
compared to patients without MIH [12].

Therapeutic approaches for hypomineralized teeth can 
be implemented in three directions: prevention, restorative 
procedures (with or without endodontic therapy), and ex-
tractions. Preventive measures are implemented through 
adequate risk assessment, early diagnosis, remineralization, 
desensitization, fissure filling, education on maintaining 
proper oral hygiene, and the benefits of anticariogenic nu-
trition. Materials used in restorative procedures are most 
often glass ionomer cements (GIC), resin-modified GIC, 
compomers, composite materials, metal crowns, and on-
lays [13–16].

After adequate preventive and restorative procedures 
have been carried out, it is necessary to constantly con-
trol the marginal integrity of restorations (due to frequent 
enamel fractures) and to ensure that the patient is adhering 
to an adequate hygienic–dietary regime [15, 16, 17].

Studies on the prevalence and degree of hypomineral-
ization, as well as applied therapeutic procedures of MIH, 
were conducted in children and their results indicate a 
different prevalence of MIH (2.8–40.2%) [18]. Limited 
data exist on monitoring the success of applied preven-
tive and therapeutic measures, as well as the follow-up of 
MIH-affected teeth in early adulthood. It is necessary to 
analyze the success of implemented preventive measures, 
methods of therapy, as well as the stability and adequacy 
of restorations using certain dental materials in the treat-
ment of MIH.

The aim of this study is to examine the prevalence and 
condition of hypomineralized first permanent molars and 
incisors in the population of young adult patients (students 
of the School of Dental Medicine, University of Belgrade).

METHODS

Data source

The present study was designed as an observational cross-
sectional study and carried out during the summer se-
mester (March 14th – May 13th) of the academic year 
2021/2022. The study protocol was approved by the Ethics 
Committee of the School of Dental Medicine, University of 
Belgrade, Belgrade, Serbia (No 36/31) in accordance with 
the Declaration of Helsinki.

Participants

Participants in this study were 298 students (223 female 
and 75 male) in the sixth, eighth, and tenth semester at-
tending the School of Dental Medicine, University of 
Belgrade, Belgrade, Serbia, who voluntarily gave and 
signed their written consent (available in the Appendix) 
to participate in the research. Students born between 1993 
and 2001 participated in the study, with the majority of 
participants born between 1998 and 2000, resulting in 157 
students (more than 50%).

All students were divided into two groups: a sample 
without MIH and a sample in which MIH was diagnosed. 
Eligibility criteria were as follows: all students who showed 
at least one tooth affected by molar-incisor hypominer-
alization were referred for inclusion in the study and cat-
egorized in the MIH group. Exclusion criteria were the 
following: patients undergoing orthodontic treatment 
with a fixed appliance, which did not allow an adequate 
clinical examination. Students with other developmen-
tal defects of teeth (fluorosis, amelogenesis imperfecta, 
and dentinogenesis imperfecta), or syndromes associated 
with enamel formation defects were classified in the group 
without MIH.

Recording procedure

The clinical examination was performed in a dental clinic 
setting, using a standard dental mirror and probe by one 
examiner, assisted by two students. Data on the status of 
all teeth were recorded, classified, and entered into a modi-
fied WHO epidemiological survey record from 2013 [19]. 
After a clinical dental examination of the dental status of 
all participants, an MIH sample was selected, consisting of 
subjects in whom the diagnosis of hypomineralized molars 
and incisors was confirmed. The presence of MIH was 
registered on the basis of European Academy of Paediatric 
Dentistry diagnostic criteria:

• Demarcated opacities,
• Enamel disintegration – posteruptive enamel break-

down,
• Atypical restorations,
• Extraction due to MIH,
• Retention or non-eruption of molars and incisors,
• Larger and atypical carious lesions with blurring along 

the edges of the cavity [20].
Lesions smaller than 1 mm were not verified as MIH, 

nor were changes in the form of opacity observed only on 
the incisors, without molar involvement [20].

The condition of all teeth, including first permanent 
molars and upper central incisors, was recorded in the 
questionnaires for both groups (with or without MIH) 
(questionnaires available in the Appendix). The occurrence 
and size of carious lesions (primary and secondary) were 
noted, as well as the presence of preventive treatments (seal-
ants), restoration of examined teeth (occurrence and size 
of the fillings, prosthodontic treatment), endodontic treat-
ments, and the number of extracted teeth. Oral health and 
caries risk were assessed by standard dental examination 
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and determination of DMF-T (Decayed, Missing, 
Filled Teeth) index values [21].

The sample with MIH was divided into two 
groups: untreated teeth and teeth that had under-
gone preventive and restorative treatment. In un-
treated hypomineralized teeth, information about 
color (white, yellow, or brown), localization (ves-
tibular or oral surfaces and/or occlusal or incisal) 
and size of the lesion (< 30% of the tooth surface 
(mild defects), 31–49% of the tooth surface (mod-
erate defects), > 50% of the tooth surface (severe 
defects)) were recorded and, based on them, the 
degree of hypomineralization was assessed [17].

Statistical analyses

Statistical analysis of the obtained data was performed us-
ing the χ2 test for independent samples at a confidence level 
of 5% (α = 0.05).

RESULTS 

In the population of 298 students in the third, fourth, 
and fifth year of basic integrated studies at the School of 
Dental Medicine, University of Belgrade, Belgrade, Serbia, 
MIH was observed in 90 subjects, representing 30.2% (75 
female, 15 male). In the group with MIH (90 students), 
nine subjects had no caries, fillings, or non-orthodontic 
extractions.

The color distribution, localization, and size of enamel 
defects are shown in Table 1. Among MIH-diagnosed teeth 
without any preventive and therapeutic procedures, a mild 
(92%) or moderate degree of hypomineralization (8%) was 
observed, with mostly white spots (87%) that affected the 
vestibular/oral (46%), that is, occlusal/incisal (54%) sur-
faces of the teeth relatively equally.

The results of the oral health examination showed that 
the DMF for the sample with MIH (D – 37, M – 55, F – 
589) / 90 = 7.66. The results of the analysis of teeth affected 
by MIH in which different therapeutic procedures were 
applied, revealed the presence of extensive caries lesions, 
secondary caries, as well as the loss of teeth affected by 
MIH that was statistically significantly higher (p < 0.05) 

compared to the sample without MIH changes (Tables 2 
and 3).

A statistically significant difference was observed in the 
number of surfaces affected by fillings of the first perma-
nent molars in the sample with MIH compared to molars 
not affected by hypomineralization (Table 4 and Figure 1).

DISCUSSION

The prevalence of MIH in our study was 30.2%. The de-
gree of representation is somewhat higher compared to the 
results of epidemiological studies, which reported a rate 
of 3.6–25% in European countries [22, 23]. However, the 
results of the Jälevik [24] systematic review show a wider 
variation in the prevalence of MIH (2.4–40.2%). There are 
no official data on the prevalence of MIH for Serbia, al-
though it is estimated to be around 19.5% [25]. The reasons 
for the higher degree of MIH in this population can be 
found in the turbulent time in which the subjects were born 
(time of NATO bombing and exposure to various stressful 
and toxic factors) [1–4]. This increase in MIH is in agree-
ment with the results of an epidemiological pilot study by 
Elzein et al. [26], who observed a positive correlation in 
the prevalence of MIH in the bombed areas of Lebanon.

The sex of the students was not significant in the find-
ing of MIH, although a greater number of women showed 
MIH changes (75 female and 15 male), which reflected the 
structure of the sample (223 female and 75 male).

It is fully expected that teeth in which MIH has been 
observed, where preventive and therapeutic procedures 
have not been carried out, show mostly isolated mild 

Table 1. Distribution of color, localization and size of lesions of molar incisor 
hypomineralization (MIH)-affected teeth that were not treated

Teeth with MIH 16 11 21 26 36 46 Total N (%)

Color
White 24 35 36 18 14 22 149 (87)
Yellow 2 1 1 2 3 7 16 (9)
Brown 1 1 2 3 7 (4)

Localization
Vestibular/oral 14 12 14 11 11 18 80 (46)
Occlusal/incisal 13 24 23 10 8 14 92 (54)

Size
< 30% 24 35 37 18 17 28 172 (92)
31–49% 3 1 3 2 4 13 (8)
> 50%

Table 2. Distribution of preventive and therapeutic procedures in a sample with and without molar incisor hypomineralization (MIH) on per-
manent first molars

Procedure
Tested teeth

16 26 36 46
Preventive and therapeutic 
method

without MIH
(208)

with MIH
(90)

without MIH
(208)

with MIH
(90)

without MIH
(208)

with MIH
(90)

without MIH
(208)

with MIH
(90)

Fissure sealing 52 (25%) 13 (14.4%) 10 (9%) 52 (25%) 10 (9%) 60 (28.8%) 13 (14.4%)
Temporary fill 1 (1.1%)
DMG Icon
Endodontic therapy 2 (1%) 2 (1%) 1 (0.5%) 2 (1%) 1 (0.5%)

Crowns inlay onlay veneers 1 (0.5%)

Non-orthodontic extractions 4 (1.9%) 5 (5.6%) 2 (1%) 3 (3.3%) 3 (1.4%) 6 (2.9%) 3 (1.4%) 13 (14.4%)

Caries 3 (3.3%) 2 (1%) 4 (4.4%)
Secondary caries 2 (1%) 4 (4.4%) 2 (1%) 4 (4.4%) 1 (0.5%) 2 (1%) 1 (0.5%) 4 (4.4%)

Jovanović-Medojević M. et al.
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or moderate degree of hypomineralization, with mostly 
white spots. This population includes 10% of BO students 
(without caries, fillings, and extractions due to caries). 
Therefore, it is extremely important to recognize the de-
gree of these hypomineralizing changes, in order to apply 
adequate preventive and therapeutic measures. A mild or 
moderate degree of hypomineralization with adequate 
maintenance of oral hygiene enables a healthy set of teeth.

The increased degree of caries risk in the MIH sample 
(7.66, i.e., medium caries risk) indicates a high vulner-
ability of the MIH population to the occurrence of cari-
ous lesions. The presentation of different preventive and 

therapeutic procedures in the sample with 
and without MIH on the first permanent 
molars and central upper incisors indicates 
an increased number of primary and sec-
ondary carious lesions in the MIH sample 
compared to students without this hypo-
mineralization. Hypomineralized molars 
have a five- to 10-times greater need for 
dental treatment than molars without MIH 
[13]. The restoration of hypomineralized 
teeth very often presents a problem, espe-
cially in defining the edges of the cavity (hy-
pomineralized parts of the enamel cause the 
appearance of marginal permeability and 
endanger the success of the restoration). It 
is recommended to include the complete 
porous enamel in the cavity, but with the 
maximum preservation of healthy enamel 
that has changed color [26]. For this rea-
son, it is extremely important to recognize 
MIH changes and start increased prevention 
as soon as MIH teeth emerge, due to their 
propensity for posteruptive enamel deterio-
ration and higher prevalence of carious le-
sions. The frequent occurrence of secondary 
caries and tooth crown fractures requires 
more frequent dental controls with moni-
toring of the success of the implemented 
preventive and therapeutic procedures.

Defects on the incisors are usually 
milder than the changes on the molars, 
and the mild, mostly yellow-white changes 
are discolored over time by food and drink 

dyes and are less noticeable with age. Resin infiltration 
technique (DMG Icon; DMG America LLC, Ridgefield 
Park, NJ, USA) was performed on three teeth of the MIH 
population in order to improve the aesthetic properties 
of these teeth. This preparation improves optical proper-
ties by acting on translucency (the refractive index of the 
resin infiltrate (1.52) is close to the index of healthy enamel 
(1.62)) [19]. Preparation for aesthetic fillings of hypomin-
eralized incisors should be as conservative as possible, and 
the degree of treatment depends on the patient’s age, aes-
thetic concern, and interest of the patients themselves, as 
well as the severity of the lesion.

Table 3. Distribution of preventive and therapeutic procedures in a sample with and 
without molar incisor hypomineralization (MIH)on permanent upper central incisors

Procedure
Tested teeth

11 21
Preventive and therapeutic 
method

without MIH
(208)

with MIH
(90)

without MIH
(208)

with MIH
(90)

Fissure sealing
Temporary fill
DMG Icon 1 (1.1%) 2 (1%)
Endodontic therapy 1 (0.5%) 4 (4.4%) 4 (4.4%)
Crowns inlay onlay veneers 1 (0.5%) 2 (1%) 1 (0.5%) 2 (1%)
Non-orthodontic extractions
Caries 2 (1%) 1 (0.5%)
Secondary caries

Table 4. Distribution number of surfaces with fillings on teeth 16, 26, 36, 46, 11, 21 in the sample with and without molar incisor hypominer-
alization (MIH)

Tested teeth 16 26 36 46 11 21

Number of surfaces 
with fillings

without 
MIH
(208)

with
MIH
(90)

without 
MIH
(208)

with
MIH
(90)

without 
MIH
(208)

with
MIH
(90)

without 
MIH
(208)

with
MIH
(90)

without 
MIH
(208)

with
MIH
(90)

without 
MIH
(208)

With
MIH
(90)

I 2
(1%)

16 
(17.8%)

2
(1%)

21 
(23.3%)

4 
(1.9%)

21 
(23.3%)

4
(1.9%)

13
(14.4%)

2
(1%)

2
(2.2%)

4
(1.9%)

4
(4.4%)

II 2 (1%) 2 1 
(23.3%)

7
(3.7%)

20 
(22.2%)

8 
(3.8%)

17 
(18.9%)

6
(2.9%)

18
(20%)

1
(1.1%)

1
(1.1%)

III 4
(1.9%)

12 
(13.3%)

2
(1%)

13 
(14.4%)

14 
(15.5%)

4
(1.9%)

10
(11.1%)

2
(2.2%)

2
(2.2%)

IV 2
(1%)

4
(4.4%)

6 
(66.7%)

1 
(0.5%)

10 
(11.1%)

1
(0.5%)

8
(8.9%)

Figure 1. Distribution number of surfaces with fillings on the first permanent molars
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However, the incisal edge of MIH central incisors tends 
more often to have post-eruptive fractures, which represents 
a challenge in restoration; thus, significantly more endodon-
tic treatments were performed on the central incisors of the 
MIH population compared to students without MIH.

Also, the size of the restorations, that is, the number of 
tooth surfaces included in the restoration is significantly 
higher in the population of students with MIH. The large 
area of hypomineralized first permanent molars is prob-
ably a consequence of higher enamel porosity and lower 
mechanical resistance, especially in severe MIH lesions. 
First permanent molars as occlusion carrier teeth must 
be adequately restored prosthetically in order to prevent 
pathological fractures of these teeth.

Endodontic treatment of first permanent molars with 
MIH does not show a higher degree of frequency compared 
to students without MIH. The reason is probably in the age 
of the patients. Based on the anamnestic data obtained from 
the subjects, it was found that the MIH-affected molars 
were the cause of their dental problems from the moment 
they erupted. They were restored with fillings that did not 
persist long in the cavity, with frequent occurrence of sec-
ondary caries and crown fractures. Complex and long-term 
endodontic therapies were carried out on such teeth, but 
they usually had to be extracted. A systematic review by 
Taylor et al. [27] showed that partial and coronal pulpoto-
mies have both short- and long-term high success rates, 
while conventional pulpectomy or regenerative techniques 
have limited success in MIH molars. Thus, partial or coro-
nal pulpotomies can be considered as a potential endodon-
tic treatment option for molars affected by MIH.

The presentation of different therapeutic procedures in 
the sample with and without MIH on the first permanent 
molars indicates an increased number of non-orthodontic 
extractions in the MIH sample compared to students with-
out this hypomineralization. Extracted first permanent 
molars have a significant impact on adequate occlusion, 
and expensive implant-prosthetic solutions are necessary. 
Extraction of first permanent molars with severe hypomin-
eralization changes and a poor prognosis must be considered 
at an early age based on a comprehensive dental evaluation. 

A multidisciplinary approach that includes the opinion of 
both the pediatric dentist and the orthodontist is necessary 
to enable balance and compensation of the bite [28].

To the best of our knowledge, this is the first study that 
investigated the prevalence and conditions of teeth with 
molar and incisor hypomineralization in the student (young 
adult) population in Serbia. This study enabled the evalu-
ation of changes in the oral health of patients with MIH 
over time and the possible formation of priorities and ways 
of directing existing resources for prevention and therapy.

CONCLUSION

The results of this study confirmed the problem in recog-
nizing teeth affected by molar incisor hypomineralization 
and their adequate therapy. During the treatment of MIH 
teeth, the degree of hypomineralized changes and their 
long-term prognosis must be taken into account, as well 
as specific characteristics in the form of increased pain 
sensitivity of such teeth. Early diagnosis, adequate therapy 
in the post-eruptive phase, active application of preventive 
measures and regular check-ups of young adult patients are 
extremely important for the preservation of teeth affected 
by hypomineralization.
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САЖЕТАК
Увод/Циљ Циљ овог истраживања био је да се испитају 
учесталост и стање хипоминерализованих првих сталних 
молара (molar incisor hypomineralization – MIH) у студентској 
популацији.
Методе Епидемиолошка студија пресека спроведена je 
након добијања писане сагласности 298 испитаника – сту-
дената Стоматолошког факултета Универзитета у Београду 
од III до V године студија. Присуство MIH-а регистровано 
је на основу критеријума Европске академије за дечју сто-
матологију, а стандардним стоматолошким прегледом и 
одређивањем вредности индекса КЕП процењен је ризик 
за орално здравље и каријес. Узорак са MIH-ом подељен 
је у две групе: нелечени зуби (на којима је на основу боје, 
локализације и величине хипоминерализованог дела глеђи 

процењен степен хипоминерализације) и лечени зуби (на 
којима су регистровани превентивни и различити реста-
уративни третмани). Подаци су статистички анализирани 
тестом χ2 (α = 0,05).
Резултати MIH је уочен код 90 испитаника (30,2%). Резултати 
оралног здравственог прегледа показали су да је КЕП индекс 
за узорак са MIH-ом 7,66. Нетретирани MIH зуби показали су 
благи или умерени степен хипоминерализације. Присуство 
екстензивних каријесних лезија, секундарног каријеса и 
екстракција првих сталних молара било је статистички зна-
чајно веће (p < 0,05) у поређењу са зубима без промена MIH.
Закључак Резултати студије су потврдили проблем у пре-
познавању и адекватном лечењу зуба измењених MIH-ом. 
Кључне речи: хипоминерализација првих молара и секути-
ћа; MIH; студентска популација; студија пресека
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