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statistically significant differences between the groups for all 
parameters for all groups (p > 0.05) with the exception of 
DMFT values at 10 years of age (p < 0.05). In a comparison of 
the total scores without taking age into account, the children 
with MIH showed a significantly higher DMFT value than the 
children without MIH (p < 0.05), but there were no significant 
differences between the dmft, GI and PI values of the study 
groups (p > 0.05).  Conclusion:  The children in the MIH group 
had higher DMFT than those without MIH. Hence, the pres-
ence of MIH could have a detrimental effect on oral health 
parameters, especially on DMFT values. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 In 2001, the term molar incisor hypomineralization 
(MIH) was coined to describe a specific clinical condi-
tion caused by a disturbance in the early phase of enam-
el maturation in one or more permanent first molars, 
with or without the involvement of permanent incisors 
 [1] . The prevalence of MIH is reported to vary between 
2.4 and 40.2% in normal child populations  [2] , and it was 
reported that the prevalence in Turkish children was 
7.7%, which is within the above range  [3] . While the eti-
ology of MIH is not fully understood, MIH has been 
linked to environmental changes, including pre- and 
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 Abstract 

  Objective:  To compare oral health parameters: decayed 
missing filled teeth (dmft, DMFT), gingival index and plaque 
index in high-caries-risk children and children with molar in-
cisor hypomineralization (MIH).  Subjects and Methods:  A 
study group of 81 children affected by MIH (49 girls, 32 boys) 
aged 8–11 years (mean 9.4 ± 1.1) was race-, age- and sex-
matched with 81 high-caries-risk children not affected by 
MIH (controls). The MIH and control groups were divided 
into four subgroups according to age. The oral health param-
eters of both groups were recorded under clinical condi-
tions. Mann-Whitney U and Kruskal-Wallis tests were used to 
compare the differences in the number of MIH-affected 
teeth between the groups. Other traits were evaluated with 
the ANOVA test, and Duncan’s multiple comparison tests 
were used for comparing means. Linear and ordinal regres-
sion analyses were used to model the variables.  Results:  The 
mean age of the participants was 9.4 ± 1.1 years, and the 
mean number of affected teeth was 7.7 (range 3–12) in the 
MIH group. The number of affected teeth and severity of MIH 
did not change significantly with age and sex (p > 0.05). A 
comparison of the oral health parameters of MIH-affected 
and control children according to groups did not show any 
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perinatal problems, prolonged breastfeeding, respiratory 
disease, diseases characterized by high fever (such as 
chicken pox) and the frequent use of antibiotics in early 
childhood  [3–6] . However, no single etiological factor 
has yet been linked conclusively to the development of 
this disease.

  Clinically, the most common problems for patients 
with MIH are attrition, exposed dentin, atypical cavities 
or complete coronal distortion and high sensitivity to 
temperature variation and toothbrushing  [7] . The MIH 
enamel defects vary in color from white to yellow/brown-
ish, but a sharp demarcation is always observed between 
the affected enamel and sound enamel  [1, 8] . Tooth sur-
face enamel initially develops to a normal thickness, but 
it is easily fractured under masticatory forces, predispos-
ing it to the unexpected development of fast caries  [9] . For 
this reason, MIH defects are considered a caries risk fac-
tor in populations with a low prevalence of caries  [10] . 
Moreover, hypomineralization influences a child’s tooth-
brushing ability, causing pain and discomfort for the 
child and resulting in a high level of plaque accumulation 
and dental caries  [7] . Toothbrushing is the primary con-
tributor to good oral hygiene and is crucial for the main-
tenance of gingival and periodontal health  [11, 12] . Gin-
gival health and caries should both be carefully consid-
ered when assessing the dental health of children and 
young adolescents. Therefore, this study aimed to inves-
tigate dental health in a group of children in northern 
Turkey with MIH and to compare this to a matched con-
trol group of children with high caries risk.

  Materials and Methods 

 Study Population 
 The research protocol was approved by the Human Subjects 

Ethics Committee, and informed written consent was obtained 
from the parents of all the study participants. The study was car-
ried out at the Department of Pediatric Dentistry of the Ondokuz 
Mayis University Faculty of Dentistry in Samsun, Turkey. The 
study population included 81 children (49 girls, 32 boys) aged 8–11 
years who presented between 2010 and 2012 with hypomineralized 
teeth at the first visit and who were diagnosed as having MIH and 
a high risk of caries based on the caries-risk assessment tool  [13] , 
as well as 81 sex- and age-matched high-caries-active patients not 
manifesting hypomineralization being treated at the department 
during the same period (control group). Chronological ages for 
each subject were calculated by subtracting the date of clinical ob-
servation from the date of birth after converting both the decimal 
ages, and the children were then classified according to age group. 
To choose the control group, caries risk assessment was done using 
the caries-risk assessment tool  [13] . Inclusion criteria were as fol-
lows: (1) children with all first permanent molars and permanent 

incisors fully erupted and (2) children born and living in Samsun, 
Turkey, where the fluoride level of tap water is below 0.1 ppm. Ex-
clusion criteria were the following: (1) children with developmen-
tal enamel defects caused by amelogenesis imperfecta, dental fluo-
rosis, local trauma or major general health disturbances and (2) 
children currently under orthodontic treatment.

  Dental Examinations 
 Examinations were performed by an experienced pediatric 

dentist (A.T.U.) under standard dental lighting using plain mouth 
mirrors and a ball-ended periodontal probe. The teeth were light-
ly dried before inspection. 

  MIH was diagnosed using the criteria proposed by the Euro-
pean Academy of Pediatric Dentistry  [14] . Hypomineralized le-
sions with a diameter of <1 mm were not recorded. Teeth with 
demarcated opacities that did not need treatment were considered 
to have ‘mild’ lesions, teeth with rough and broken enamel were 
considered to have ‘moderate’ lesions, and those with hypominer-
alized lesions associated with the loss of both the enamel and den-
tin structure, atypical restorations replacing affected hard tissue or 
extracted due to severe hypomineralization were considered to 
have ‘severe’ lesions. Each child was graded for hypomineraliza-
tion according to the most severe defect seen in his/her permanent 
first molars or permanent incisors, so that patients with mild le-
sions but no evidence of moderate or severe lesions were classified 
as ‘mild’, those with any moderate lesions but no severe lesions 
were classified as ‘moderate’, and those with any severe lesions 
were classified as ‘severe’  [15] .

  Clinical examinations included an assessment of teeth and gin-
gival tissue for decay and oral hygiene. All erupted teeth were as-
sessed using indices of decayed/missing/filled teeth (dmft, DMFT; 
lowercase letters for primary teeth, uppercase letters for perma-
nent teeth). Oral hygiene examinations were conducted using 
Community Periodontal Index for Treatment Needs (CPITN) CPI 
probes, and assessments were made using 2 standard epidemio-
logical indices, the gingival index (GI)  [16]  and the plaque index 
(PI)  [17] . Erupting permanent teeth and exfoliating primary teeth 
were excluded from gingival evaluations. The GI was scored as fol-
lows: no inflammation – 0; mild inflammation, slight change in 
color, slight edema, no bleeding on probing – 1; moderate inflam-
mation, moderate glazing, redness, bleeding on probing – 2; severe 
inflammation, marked redness and hypertrophy, ulceration, ten-
dency to spontaneous bleeding – 3. The PI was scored as follows: 
no plaque – 0; a film of plaque adhering to the free gingival margin 
and adjacent area of the tooth, which cannot be seen with the na-
ked eye but only by using disclosing solution or probe – 1; moder-
ate accumulation of deposits within the gingival pocket, on the 
gingival margin and/or adjacent tooth surface, which can be seen 
with the naked eye – 2; abundance of soft matter within the gingi-
val pocket and/or on the tooth and gingival margin – 3.

  Statistical Analysis 
 Data were analyzed using SPSS version 16.0 (SPSS Inc., Chi-

cago, Ill., USA). The Kolmogorov-Smirnov one-sample test was 
applied to evaluate the distribution of variables and the Levene test 
was used to evaluate the homoscedasticity. Data for the number of 
affected teeth were found to be nonnormally distributed; Mann-
Whitney U and Kruskal-Wallis tests which are nonparametric 
tests on independent samples were used to compare the differ-
ences between the groups because of unrepeated data. Other traits 
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were evaluated with the ANOVA test, and Duncan’s multiple com-
parison test was used for comparing means. Linear regression 
analysis was used to model the variables dmft, DMFT, GI and PI 
by age and sex effects. In addition, ordinal logistic regression was 
used to determine the risk factors (age and sex) on odds ratios.

  Results 

 The distribution of MIH patients according to age and 
sex can be seen in  table 1 . Mean age at the time of the 
clinical examination was 9.4 ± 1.1 years for both the MIH 
and control groups. Of the 81 MIH-affected children, 72 
(90%) had four affected molars and at least one incisor, 4 
(5%) had only four affected molars, 2 (2.5%) had only 
three affected molars, and 3 (2.5%) had only two affected 
molars.

  The mean number of MIH teeth affected was 7.7 ± 0.57 
(range 3–12) per individual child. Although the number 
of affected teeth increased with age, this increase was not 
statistically significant (p = 0.808;  table 1 ). In addition, 
ordinal logistic regression analysis results revealed that 
there was no effect of age on the number of affected teeth.

  The score of severity was observed most when the MIH 
cases were the most prevalent type at each age ( fig. 1 ), and 
based on ordinal logistic regression analysis age had no 
significant effect on the severity of MIH. 

  Oral health information on dental caries, dental plaque 
and gingivitis is given in  table 2 . A comparison of the oth-
er oral health parameters of MIH of the affected children 
and the controls, based on age groups, did not show any 
statistically significant differences between the subgroups 
for all parameters for all age groups (p > 0.05) with the 
exception of DMFT values of children at 10 years of age 
(4.1 ± 0.61 for MIH group and 2.5 ± 0.44 for control 
group; p < 0.05). In a comparison of the total scores with-
out taking age into account, the children with MIH 
showed a significantly higher DMFT value than the chil-

 Table 1.  Distribution of MIH according to sex and age and the 
number of teeth affected by MIH (n = 81)

Age,
years

Boys,
n (%)

Girls,
n (%)

Mean ± SD Median 
(range)

8.0 – 8.9 6 (30) 14 (70) 7.3 ± 0.51 7 (4 – 12)
9.0 – 9.9 10 (47.6) 11 (52.4) 7.6 ± 0.49 7 (4 – 12)

10.0 – 10.9 8 (42.1) 11 (57.9) 7.8 ± 0.53 8 (3 – 12)
11.0 – 11.9 8 (38.1) 13 (61.9) 8.0 ± 0.61 8 (3 – 12)

Total 32 (39.5) 49 (61.5) 7.7 ± 0.57 8 (3 – 12)

 Kruskal-Wallis test result: p = 0.808.

 Table 2.  MIH correlation with dmft, DMFT, GI and PI, by age

Dental 
parameter

Age, years MIH cases Controls p value
(mean ± SD) (mean ± SD)

dmft 8.0 – 8.9 5.3 ± 0.52 4.4 ± 0.48 0.24
9.0 – 9.9 3.3 ± 0.53 4.4 ± 0.52 0.13

10.0 – 10.9 4 ± 0.62 2.8 ± 0.53 0.15
11.0 – 11.0 1.9 ± 0.61 1.4 ± 0.47 0.50

Total 3.1 ± 0.28 3.8 ± 0.31 0.09

DMFT 8.0 – 8.9 3 ± 0.3 2.1 ± 0.39 0.08
9.0 – 9.9 3.1 ± 0.28 2.3 ± 0.36 0.15

10.0 – 10.9 4.1 ± 0.61 2.5 ± 0.44 0.05*
11.0 – 11.0 3.7 ± 0.52 3.6 ± 0.38 0.87

Total 3.4 ± 0.23 2.6 ± 0.20 0.008*
GI 8.0 – 8.9 0.35 ± 0.09 0.32 ± 0.1 0.84

9.0 – 9.9 0.33 ± 0.11 0.23 ± 0.07 0.35
10.0 – 10.9 0.47 ± 0.11 0.43 ± 0.1 0.84
11.0 – 11.0 0.4 ± 0.11 0.32 ± 0.1 0.57

Total 0.35 ± 0.05 0.36 ± 0.05 0.93

PI 8.0 – 8.9 0.51 ± 0.09 0.46 ± 0.09 0.71 
9.0 – 9.9 0.55 ± 0.11 0.4 ± 0.09 0.3

10.0 – 10.9 0.76 ± 0.12 0.56 ± 0.1 0.22
11.0 – 11.0 0.58 ± 0.15 0.56 ± 0.12 0.91

To tal 0.5 ± 0.05 0.60 ± 0.05 0.21 * Shows statistically significant result.
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  Fig. 1.  Percentages of MIH cases rated severe (3), mild (2) and 
moderate (1) according to clinical data, by age.   
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dren without MIH (p < 0.05), but there were no signifi-
cant differences between dmft, GI and PI values of the 
study groups (p > 0.05). Linear regression analysis re-
vealed that sex and age did not significantly affect oral 
health parameters in the MIH group. 

  Discussion 

 The main finding of this study was that MIH had a 
detrimental effect on DMFT compared to the controls.

  Optimal dental health can be obtained when appropri-
ate oral hygiene practices and other dental behavior are 
maintained in conjunction with a low cariogenic diet in 
the presence of adequate saliva. Individual oral health 
care mainly involves daily oral hygiene practices, includ-
ing toothbrushing and flossing, combined with regular 
cleaning and care at a dental clinic  [11, 12] . A tooth with 
a defect is often difficult to clean, and poor daily oral care 
can not only worsen the clinical status of a defective tooth 
but can also have a negative impact on the remaining 
sound tooth structure, thereby increasing the need for 
treatment  [18] . MIH is known to predispose an affected 
tooth surface to plaque accumulation and sensitivity and 
may possibly contribute to the development of dental car-
ies  [7, 15] . Earlier MIH studies have examined this issue 
without stratifying the caries risk assessment of the con-
trol groups. Only a few studies comprised low- and me-
dium-caries-risk children as a control group  [15, 19–23] . 
However, given that enamel defects represent one of the 
major risk indicators for caries  [13] , this study was con-
ducted with a control group comprised of high-caries-
risk children.

  In this study the mean number of MIH-affected teeth 
(7.7 ± 0.5) was higher than those of previous studies (2.6–
5.6)  [8, 20–22, 24] . The differences in findings may be due 
to the differences in examination conditions. The major-
ity of MIH studies  [8, 19–22, 24, 25]  were comprised of 
school children for whom it was not possible to obtain 
detailed examinations, but in our study the patients were 
from the Pediatric Dental Clinic, and intraoral examina-
tions were done under well-controlled clinical condi-
tions. 

  According to the results the nonsignificant increase in 
the number of MIH-affected teeth with age might be ex-
plained by the slight increase in the number of eruptions 
of affected teeth. Nearly 80% of MIH cases in this study 
were classified as severe. The nonsignificant increase in 
the number of severe cases may be explained by the na-
ture of hypomineralized lesions: as children grow older, 

predisposing conditions tend not to reverse themselves, 
and latent defects become visible or worsen in the oral 
environment  [26] . Therefore, if any hypomineralized 
tooth worsened with time, MIH severity was recorded ac-
cording to this tooth.

  Studies have long been conducted to try to determine 
the relationship between MIH and caries  [15, 19–27] . Al-
though many studies reported increasing rates of caries 
and treatment requirements in teeth affected by MIH  [15, 
19–22] , a more recent study by Heitmüller et al.  [27]  did 
not find a significant relationship between MIH and caries 
in 10-year-old children. Similar to former studies, the pres-
ent study showed that children affected by MIH tended to 
have a higher number of caries than their controls. The 
present study also found that dmft values of both groups 
decreased with age, while DMFT values of both groups in-
creased with age. This finding is not surprising, given that 
the number of permanent teeth increases with age.

  The results showed that although there were no sig-
nificant differences in both PI and GI values between the 
MIH and control groups, the MIH group tended to be 
worse with regard to gingival health parameters. This can 
be attributed to the fact that defective enamel causes pa-
tient sensitivity while brushing, resulting in a high level 
of plaque accumulation  [1]  in the MIH group.

  Conclusion 

 The prevalence of MIH was high and hence could have 
a detrimental effect on oral health parameters, especially 
on DMFT values.
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