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SUMMARY
Introduction/Objective Molar incisor hypomineralization (MIH) is an important clinical problem, but 
its exact etiology is unknown. 
The aim of this study was to evaluate MIH in children with systemic diseases diagnosed before the age 
of four and assess whether systemic diseases are a risk factor for the development of MIH.
Methods A total of 394 children aged eight and older, who had been diagnosed with a systemic disease 
under the age of four were included in the study group. A total of 18 different systemic diseases were 
assessed. An additional 394 children with no systemic disease were included in the control group. All 
the children were evaluated for the presence of MIH. 
Results The frequency of MIH in the study group and control group was found to be 28.93% and 23.60%, 
respectively (p < 0.05). Of all the systemic diseases evaluated in this study [nephrotic syndrome (OR = 1), 
congenital hypothyroid (OR = 0.96; 95% CI: 0.22–4.10), and Wilms’ tumor (OR = 0.57; 95% CI: 0.07–4.64)] 
were determined to be risk factors for the development of MIH. 
Conclusion Wilms’ tumor, congenital hypothyroid, and nephrotic syndrome may be considered to be 
risk factors for MIH. 
Keywords: child; molar incisor hypomineralization; systemic disease

INTRODUCTION

Systemic diseases occur in approximately 10% 
to 20% of children across the globe. More than 
85% of these children can live until the age of 
20 by means of emerging technologies and cur-
rent therapeutic approaches [1]. Depending on 
the length of a patient’s lifetime, systemic dis-
eases can also increase the prevalence of ad-
verse effects on oral tissue [1, 2]. Because signs 
of systemic diseases can initially be manifested 
in the oral cavity, oral diseases may develop de-
pending on the outcome of the systemic disease 
or the type of drugs administered to treat it [1, 
3]. Oral and dental health in the children with 
systemic diseases is very important due to both 
the systemic disease effect on a child’s growth 
and development and the risk of developing 
an infection [1]. 

Molar incisor hypomineralization (MIH) 
is an acquired developmental enamel defect 
resulting in hypomineralized teeth. Its precise 
etiology is unknown and its general distribu-
tion has not yet been observed. MIH is also 
described as a hypomineralization of systemic 
origin affecting one or more of the four-first 
permanent molars that are often associated 
with the incisors [4]. Its incidence varies from 
2.8% to 44% [5, 6, 7]. Systemic diseases and 
environmental factors that affect the natal and 
early period of childhood development are 
among the factors thought to lead to MIH. To 
date, studies have reported that various factors, 

such as birth complications, preterm labor and 
low birth weight, celiac disease, respiratory 
tract infections, high fever, nephropathies, and 
the use of antibiotics, can lead to developmental 
enamel defects. Nevertheless, studies that focus 
on a child’s retrospective medical and dental 
history are insufficient for understanding the 
exact reasons that these factors result in MIH 

[8, 9]. Moreover, multiple medical conditions 
that arise in a child’s early life make it difficult 
to determine the etiology of MIH when it first 
occurs, up until its eruption phase [9].

Since the etiological factors that cause MIH 
cannot be fully understood at the present, this 
study aims to assess whether systemic diseases 
are a risk factor for the development of MIH by 
evaluating children with systemic diseases who 
have been certifiably diagnosed, not diagnosed 
using memory-based information. The null hy-
pothesis tested was that systemic diseases have 
no effect on the development of MIH.

METHODS

This research study was conducted at the On-
dokuz Mayis University (OMU), Faculty of 
Dentistry, Department of Pediatric Dentistry 
and Faculty of Medicine. It was approved by 
the OMU Medical Research Ethics Committee 
(number 2010/168). Informed consent forms 
were obtained from the parents before clinical 
examination of their children. 
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This study was performed as a retrospective cohort 
study. The study group comprised of children aged 8 and 
older, who had been diagnosed with a systemic disease 
when they were under the age of four at the Department 
of Pediatrics at the Faculty of Medicine, OMU, were evalu-
ated. Patients assessed to be included in the study group 
were referred to the OMU Faculty of Medicine, Depart-
ment of Pediatrics. On the day of their appointment, they 
were referred to the OMU Faculty of Dentistry for a con-
sultation with a relevant physician, and an evaluation at 
the Pedodontics Department.

As a result of conducting interviews with the Depart-
ment of Pediatrics, the following were diseases evaluated 
within the scope of this study:

•  Asthma and asthma + allergic rhinitis (Department 
of Pediatric Allergy-Immunology);

•  Diabetes and congenital hypothyroidism (Department 
of Pediatric Endocrinology);

•  Celiac disease (Department of Pediatric Gastroenter-
ology);

•  Acute lymphoblastic leukemia, hemophilia A, Wilms’ 
tumor, medulloblastoma, neuroblastoma, and Hodg-
kin’s lymphoma (Department of Pediatric Hematol-
ogy/Oncology);

•  Nephrotic syndrome, chronic renal failure, and fa-
milial Mediterranean fever (Department of Pediatric 
Nephrology);

•  Epilepsy, epilepsy + mental retardation and cerebral 
palsy (Department of Pediatric Neurology); 

•  Ventricular septal defects (Department of Pediatric 
Cardiology).

Inclusion criteria

The following inclusion criteria were used to select partici-
pants for the study group and the control group:

1.  Children aged 8 and older who had been diagnosed 
with one of the diseases listed above before the age 
of four, and whose first permanent molars and inci-
sors had erupted, were selected for the study group,.

2.  Children aged 8 and older who did not have any 
systemic disease, but whose first permanent molars 
and incisors had erupted, were chosen for the control 
group.

Exclusion criteria

The following criteria were used to exclude children from 
participating in the study:

1.  Children who had a systemic disease, but who had 
been diagnosed with systemic diseases after the age 
of four.

2.  Children who left their first permanent molars and 
incisors out of the assessment due to the congenital 
lack of permanent teeth.

A total of 907 children with systemic diseases were 
included in the preliminary assessment within the scope 
of this study. Of those, 394 were included in the study 
group. An additional 394 children who did not suffer from 

any type of systemic disease, were included in the control 
group. The participants in the control group (healthy) and 
the study group (with a systemic disease) were age- and 
sex-matched. 

The presence of MIH was detected with the aid of a 
mirror and a probe by using a reflector halogen lamp in 
the dental unit based on the criteria determined by Weer-
heijm. These criteria include the presence or absence of 
limited opacity, enamel destruction after tooth eruption, 
and atypical restorations and tooth extractions due to MIH 
[4]. To determine an MIH diagnosis, at least one first per-
manent molar had to have been affected. If the incisors 
were affected only, the diagnosis was not considered to be 
MIH due to the possibility that the defects in these teeth 
could occur as a result of local factors, such as trauma and 
tooth decay. This assessment also evaluated whether lim-
ited opacity existed in other teeth of patients who did not 
have relevant teeth in their mouth due to tooth extraction. 
If there was limited opacity in other teeth, the patient was 
considered to be affected by MIH [6]. Disorders assessed 
in differential diagnosis include amelogenesis imperfecta, 
dentinogenesis imperfecta, hypoplasia, diffuse opacities, 
white spot lesions, discoloration and dental fluorosis 
caused by tetracycline. In line with these criteria, teeth 
numbered 11, 12, 21, 22, 31, 32, 41, 42, 16, 26, 36, and 46 
(according to FDI World Dental Federation notation) were 
evaluated and recorded. To assess the reproducibility of 
these clinical observations, 10% of the children who par-
ticipated in the study group were re-evaluated two weeks 
after the first examination and a high degree of agreement 
was found (kappa: 0.98).

Statistical Analysis Software (SAS 2009) was used to 
analyze the data (SAS Campus Drive, Cary, NC, USA). 
Basically, the frequency distributions and descriptive sta-
tistics of all data were calculated. Chi-square analysis was 
employed for discrete data. Odds ratio (OR) values were 
used to compare the differences between the control and 
the study group in terms of statistical significance. Non-
parametric logistic regression analysis and probability 
tests were used. Logistic regression analysis was used to 
investigate the effects of systemic diseases on MIH and 
to compare intra-group and inter-group similarities and 
differences. OR values were also examined for sub-groups 
and used as a reference for pairwise comparisons.

RESULTS

The power of the study was found to be 0.80 at alpha 0.05. 
Because 394 children (188 girls and 206 boys) diagnosed 
with a systemic disease were evaluated in the study group, 
394 age- and sex-matched healthy children were assessed 
in the control group. MIH was observed in 114 of the chil-
dren in the study group, but it was only detected in 93 of 
the children in the control group. 

The mean age of cases evaluated in the study and con-
trol groups was found to be 10.59 ± 0.09 and 10.57 ± 0.09, 
respectively. The mean age of children with MIH in the 
study group was 10.67 ± 0.16; it was 10.55 ± 0.11 for  
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children in the study group without MIH. The mean age of 
children with MIH in the control group was 10.83 ± 0.18; it 
was 10.50 ± 0.10 for children in the control group without 
MIH. There was no statistically significant difference be-
tween the mean age of cases with and without MIH in both 
groups (respectively, p = 0.56 and p = 0.12). Similarly, no 
statistically significant difference was found between the 
mean age of the children with MIH in the study group and 
the children with MIH in the control group (p = 0.533). 
No statistically significant difference was observed between 
the mean age of the children without MIH in both groups 
(p = 0.718).

Analysis of MIH prevalence in the study and control 
groups

The prevalence of MIH was 28.93% in the study group 
and 23.60% in the control group. There was a statistically 
significant difference between the groups (χ2

v = 1 = 2.8895, 
p = 0.0037) (Figure 1).

Assessment of systemic diseases as risk factors

In the study, 18 different systemic diseases were assessed to 
determine if they were risk factors for MIH. Wilms’ tumor, 
congenital hypothyroidism, and nephrotic syndrome were 
found to be a risk factor for MIH. Analysis to determine 
the effects of systemic diseases on the development of MIH 
revealed that children with nephrotic syndrome had the 
highest risk factor for MIH, and this disease was taken 
as a reference for the other studied diseases. Hemophilia 
A was found to be the type of systemic disease with the 
lowest risk factor for MIH. Patients with nephrotic syn-
drome were found to have a higher risk of developing MIH 
(OR = 15.42) than patients with hemophilia A (p = 0.006).  
Patients with nephrotic syndrome were found to have a 
5.14-times greater risk of MIH than patients with celiac 
disease (p = 0.020). While patients with nephrotic syn-
drome were found to be at a higher risk for developing 
MIH than patients with others systemic diseases. For 
these children the risk was insignificant in comparison to 
children with Wilms’ tumor (OR = 0.57) and congenital 
hypothyroidism (OR = 0.96). Patients with familial Medi-
terranean fever, acute lymphoblastic leukemia, asthma, 
an association of asthma and allergic rhinitis, diabetes, 
epilepsy, a combination of epilepsy and mental retardation, 
Hodgkin’s lymphoma, chronic renal failure, medulloblas-
toma, neuroblastoma, cerebral palsy, and ventricular septal 
defects were found to not be at risk for MIH (Table 1) in 
comparison to those with nephrotic syndrome.

DISCUSSION

MIH is a developmental enamel defect that occurs in the 
first permanent molars and incisors. Although many stud-
ies have examined the subject, the etiology of MIH still 
remains unexplained [10]. The data in previous studies that 
evaluated the etiology of MIH were obtained through sur-

veys based on parents’ memory or personal interviews. In 
these previous studies, parents provided researchers with 
information based on their recollection of the problems 
their children experienced in the first three years of their 
life [8]. Moreover, when data are collected in this way, 

Figure 1. Analysis of molar incisor hypomineralization prevalence in 
the study group and the control group

Table 1. Assessment of systemic diseases as risk factors in the develop-
ment of Molar incisor hypomineralization

Diagnosis No MIH
n (%)

MIH
n (%)

ODDS RATIO
(95% confidence 

interval)
p 

Familial 
Mediterranean fever

7  
(1.78)

16  
(4.06)

1.95  
(0.48–7.99) 0.3524

Acute lymphoblastic 
leukemia

5  
(1.27)

21  
(5.33)

3.60  
(0.83–15.54) 0.082

Asthma 10  
(2.54)

22  
(5.58)

1.88  
(0.50–7.07) 0.349

Asthma + allergic 
rhinitis

17  
(4.31)

22  
(5.58)

1.10  
(0.31–3.91) 0.686

Celiac disease 5  
(1.27)

30  
(7.61)

5.14  
(1.21–21.79) 0.0209*

Diabetes 8  
(2.03)

21  
(5.33)

2.25  
(0.57–8.77) 0.243

Epilepsy 11  
(2.79)

25  
(6.35)

1.94  
(0.53–7.15) 0.316

Epilepsy + mental 
retardation

6  
(1.52)

10  
(1.54)

1.42  
(0.32-4.32) 0.643

Hemophilia A 1  
(0.25)

18 
(4.57)

15.42  
(1.56–52.34) 0.006*

Hodgkin’s lymphoma 5  
(1.27)

10  
(2.54)

1.71  
(0.37–7.91) 0.496

Congenital 
hypothyroidism

8  
(2.03)

9  
(2.28)

0.96  
(0.22–4.10) 0.961

Chronic renal failure 6  
(1.52)

17  
(4.31)

2.42  
(0.57–10.18) 0.226

Medulloblastoma 1  
(0.25)

6 ( 
1.52)

5.14  
(0.47–55.64) 0.164

Neuroblastoma 1  
(0.25)

4  
(1.02)

3.42  
(0.29–36.63) 0.3218

Cerebral palsy 5  
(1.27)

8  
(2.03)

1.37  
(0.28–6.53) 0.697

Ventricular septal 
defects

9  
(2.28)

32  
(8.12)

3.04  
(0.81–11.38) 0.092

Wilms’ tumor 3  
(0.76)

2  
(0.51)

0.57  
(0.07–4.64) 0.352

Nephrotic syndrome 6  
(1.52)

7  
(1.78) 1

Molar incisor hypomineralization in children with systemic diseases
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they cannot fully reflect the period between birth and the 
age of four due to retrospective information [10]. Because 
no study exists to evaluate children who establish a final 
diagnosis before the age of four, there is no data clearly 
demonstrating the effects of systemic diseases on MIH [6]. 
Thus, using a definitive MIH diagnosis our study evalu-
ated children with systemic diseases referred to us by their 
doctors who continued their treatment. For data collec-
tion, medical records were considered, not information 
recollected by a patient’s family. Consequently, the pres-
ent study compared the prevalence of MIH between the 
study group and the control group, suggesting that MIH 
developed more often in children with systemic diseases. 
Thus, the null hypothesis that systemic diseases have no 
effect on the development of MIH was rejected.

When systemic diseases were considered alone, in our 
study children with Wilms’ tumor were found to have the 
highest risk for developing MIH. In their dental and ra-
diographic study, the long-term impact that chemother-
apy had on the dental tissue of 27 Wilms’ tumor patients, 
Marec-Berard et al. [11] reported that the development of 
microdontia, hypodontia, enamel hypoplasia, and short 
root occurred in 7%, 18%, 22%, and 44% of patients with 
3.6 being the average age of diagnosis, respectively. This 
indicates that these abnormalities could be due to com-
plications from the chemotherapy treatment. In order 
to evaluate oral health after solid tumor and lymphoma 
treatment, Hutton et al. [12] examined a total of 120 can-
cer patients, 24.2%, 8.3%, 11.7%, 8.3%, 17.5%, and 30% of 
whom had Wilms’ tumor, rhabdomyosarcoma, Hodgkin’s 
lymphoma, non-Hodgkin’s lymphoma, neuroblastoma, and 
other solid tumors, respectively. They reported that enamel 
opacities were present in 62.5% of the patients, and 15% 
of these opacities consisted of limited opacities. Avşar et 
al. [13] compared 96 patients who had undergone cancer 
treatment, including 18 diagnosed with Wilms’ tumor, with 
healthy individuals of the same age group; they reported 
that 69.8% of the study group and 19.8% of the control 
group suffered from enamel defects. In contrast to these 
studies, Çubukçu et al. [2] analyzed dental development 
disorders in a total of 37 patients diagnosed with a solid 
tumor and lymphoma, including 8 cases diagnosed with 
Wilms’ tumor before the age of 10. They stated that 16.2%, 
86.4%, and 13.5% of these patients suffered from tooth 
agenesis, root development disorder, and microdontia, 
respectively. However, they did not observe any mineral-
ization disorder. Studies investigating the effect of cancer 
treatment on tooth development have highlighted that 
chemotherapy could affect the functions of ameloblasts 
during the formation of enamel, thereby leading to the 
development of enamel defects [11, 12]. The effect that the 
treatment administered to patients with Wilms’ tumor had 
on MIH was not evaluated in our study due to the limited 
number of patients diagnosed with this systemic disease.

In our study, we analyzed patients with Wilms’ tumor, 
medulloblastoma, Hodgkin’s lymphoma, neuroblastoma, 
and acute lymphoblastic leukemia who had received che-
motherapy and radiotherapy to determine their risk of 
developing MIH, but only Wilms’ tumor was considered 

to be important as a potential risk factor for MIH. This 
suggests that the characteristics of the disease rather than 
the efficacy of the treatment had an impact on whether 
patients with Wilms’ tumor would develop MIH. Otto-
man et al. [14] examined 49 Wilms’ tumor patients and 
reported that they observed osteopenia in 27% of them. 
They stressed that this result was not associated with the 
treatment; rather, it might have occurred as a result of a 
renal tubular defect. It is well known that mineral disorders 
resulting from systemic conditions may also affect min-
eralization in dental tissues [15, 16]. In the present study, 
we suggest that Wilms’ tumor, for which osteopenia is 
characterized by a reduction in bone mineral density, may 
also impact the development of MIH by causing mineral 
disorders in the enamel as a result of the occurrence of the 
disease during the formation of dental tissues. 

Congenital hypothyroidism patients are ranked sec-
ond as a risk group for the development of MIH. Noren 
and Alm [3] examined the enamel of deciduous teeth of 
patients with congenital hypothyroidism under polarized 
light microscopy and using microradiograph. They em-
phasized that deterioration due to increased pore volume 
occurs in both prenatal and postnatal enamel, and they re-
ported that thyroid hormones may affect the maturation of 
enamel. Hinrichs [17] observed enamel hypoplasia on the 
labial surfaces of the deciduous canine and molar teeth of a 
child with congenital hypothyroidism. Thyroid hormones 
are essential for skeletal growth and bone maturation. 
Childhood hypothyroidism results in growth retardation 
and delayed skeletal development. Delayed eruption can 
be observed in the primary and first permanent teeth of 
patients with congenital hypothyroidism [18]. In addition 
to the impact of congenital hypothyroidism on bone devel-
opment, Schwarz et al. [19] showed that levels of thyroid 
stimulating hormone (TSH) and T3 are significantly as-
sociated with levels of phosphate and calcium, respectively, 
in thyroid disorder patients. In light of all of the evidence 
reported in these studies, we suggest that congenital hypo-
thyroidism may also cause the formation of MIH during 
odontogenesis because of its effects on bone development 
and calcium balance in the body.

In the present study, patients with nephrotic syndrome 
were found to be at risk for the development of MIH. Hy-
pocalcemia, decreased intestinal absorption of calcium, 
and calcium response inappropriate for parathormone, 
osteomalacia, and/or hyperparathyroidism were observed 
in patients with nephrotic syndrome. Furthermore, the use 
of corticosteroids is important for treating nephrotic syn-
drome [20]. It is also known that corticosteroids negatively 
influence bone and mineral metabolism [21]. This suggest 
that being at risk of MIH due to nephrotic syndrome may 
arise from the characteristics of the disease; it might be due 
to the effects of high dose corticosteroids used to treat the 
condition to support bone development.

In the present study, nephrotic syndrome, Wilms’ tu-
mor, and congenital hypothyroidism were found to play 
a role in the formation of MIH because they have an im-
pact on bone mineral structure and calcium metabolism. 
Even though ameloblasts may comprise the entire enamel 
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matrix of hypomineralized teeth, the deposition of cal-
cium phosphate in the matrix can be impaired. There-
fore, calcium-phosphate deficiency is reported to result 
in the hypomineralization of teeth [22]. In their study 
on hypomineralized first permanent molars, Jalevik et 
al. [15] demonstrated that the calcium level was very low 
in hypomineralized lesions; this indicates that impaired 
calcium metabolism may cause MIH in the ameloblasts. 
In their systematic review of the structural, mechanical, 
and chemical evaluation of molar-incisor hypomineral-
ization-affected enamel, Elhennawy et al. [23] stated that 
MIH-affected enamel is significantly different from unaf-
fected enamel, and that there is a decrease in the amount of 
calcium and phosphate in the MIH-lesion in comparison  
to unaffected enamel.

The statistical analysis results show that hemophilia A 
and celiac disease pose the least risk to developing MIH. 
Consistent with the present study, Sonbol et al. [24] found 
no difference between the hemophilia group and the 
control group in terms of developmental enamel defects. 
However, studies investigating the effects of celiac disease 
on enamel reported that enamel defects were most often 
observed in the permanent teeth in these patients, and 
that enamel defects were detected in patients suffering 
from celiac disease before the age of seven. Moreover, the 
formation mechanism of these defects has not yet been 
fully demonstrated, but immune insult is thought to be the 
main reason for the defects [25, 26]. Studies examining the 
effects of celiac disease on enamel defects used the enamel 
defect index developed by Aine [27] to evaluate the defects. 
This index classifies enamel defects, using a scale ranging 
from 0 to 4, according to discoloration, porosity, and defor-
mation, and it does not differentiate between widespread 
or limited opacity. Therefore, the enamel defects observed 
in these studies cannot be evaluated in terms of MIH, and 
any comparison cannot be made between the results re-
ported in those studies and the findings in present study. 

In the present study, children with a systemic disease di-
agnosed before the age of four were evaluated to assess the 
effect of systemic diseases on the ethiology of MIH. Avery 
and Chiego [28] and Nanci [29] reported that mineraliza-
tion of the incisors and permanent first molars continued 

until the age of four. Beentjez et al. [30] pointed out that 
it is important to take a patient’s medical history up to 
the age of four in order to evaluate the etiology of hypo-
mineralization. Additionally, it has been reported that the 
optimal age for MIH diagnosis is 8. This age is the most 
appropriate time for all teeth to be assessed because all four 
permanent first molars and eight permanent incisor teeth 
have emerged [4, 6, 8]. Therefore, children aged eight and 
older were included in the present study. 

The strength of this study is the assessment of children 
diagnosed with a systemic disease before the age of four. 
The early diagnosis of the disease and the systemic effects 
that may occur in the course of the disease progression 
are not likely to affect the results of the study. However, 
when the study limitations were evaluated, the effects of 
complex treatment protocols with different agents, such 
as oncological therapies, were assessed to determine their 
impact on the development of MIH. Treatment protocols 
for systemic diseases need to be distinguished from MIH 
etiology using extensive animal and laboratory studies.

CONCLUSION

In the present study, children with systemic diseases were 
assessed on the basis of their medical records. The fre-
quency of MIH was found to be higher in children with 
systemic diseases than in healthy children. For this reason, 
both dentists and medical doctors should have knowledge 
of the risk of developing MIH in children with systemic 
diseases. Preventive practices should be used to avoid 
widespread tooth destruction and tooth loss. Children in 
the risk group should be followed up carefully. 
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САЖЕТАК
Увод/Циљ Хипоминерализација кутњака и секутића (ХКС) 
важан је клинички проблем, али његова тачна етиологија 
није позната. 
Циљ ове студије је био да утврди ХКС код деце са дијагности-
кованим системским болестима пре четврте године и про-
цени да ли оне представљају фактор ризика за развој ХКС.
Методe У студијскoj групи учествовало је укупно 394 деце 
узраста од осам и више година са дијагностикованом сис-
темском болешћу пре четврте године. Процењено је укуп-
но 18 различитих системских болести. У контролну групу 
укључено је 394 детета без системске болести. Сва деца су 
испитана на присуство ХКС.

Резултати Утврђено је да учесталост ХКС у студијској гру-
пи и контролној групи износи 28,93% и 23,60% (р < 0,05). 
Од свих системских болести процењених у овој студији – 
нефротски синдром (OR = 1), конгенитална хипотиреоза  
(OR = 0,96; 95% CI: 0,22–4,10) и Вилмсов тумор (OR = 0,57;  
95% CI: 0,07–4,64) – утврђени су фактори ризика за развој 
ХКС.
Закључак Вилмсов тумор, конгенитални хипотиреоза и 
нефротични синдром могу се сматрати факторима ризика 
за ХКС.

Кључне речи: дете; хипоминерализација кутњака и секу-
тића; системска болест
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