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A Prognostic Assessment of First Permanent Molars Showing Molar-Incisor
Hypomineralization Based on Restorative Materials and Defect Class
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— Abstract

class I, I, and III defects, respectively.

The objectives of this study were to classify the first permanent molars showing molar-incisor hypomineralization (MIH)
on the basis of defect size and to assess differences in the prognoses of restorations performed with different materials.

The first permanent molars with MIH and posteruptive breakdown were categorized into MIH class 1, II, and IIL. After
performing restorations, retreatment frequencies were examined according to the defect class and initial restorative
material used. Sealants, composite resins, and stainless steel crowns showed the highest survival rates in cases of MIH
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I. Introduction

Molar-incisor hypomineralization (MIH) is a clinical condi-
tion that was first defined in 2001. MIH is a defect with a
systemic etiology that affects one or more first permanent
molars or one-third of the occlusal surface or incisal edge of
incisors, and is defined on the basis of the clinical appearance
or presence of morphological defects[1]. MIH clinically pres-
ents as soft and porous tooth enamel with clearly demarcated
opacities. Furthermore, tooth brushing or masticatory forces
could induce structural defects, which can occur posteruptive
breakdown and can increase the sensitivity of teeth to external
stimuli[2,3].

It is thought that MIH is not caused by a single specific
condition. The medical complications including respiratory dis-
orders and fever may increase the risk of MIH occurence[4-7].

Although the causative factor of MIH has not been clearly
identified, genetic factors and correlation with hypomineraliza-
tion of the second primary molar have been recently impli-
cated[8,9].

The prevalence of MIH has been reported to range from 2.4%
to 40.2%[10-12]. This variation of MIH prevalence may be at-
tributed to differences in subject inclusion criteria, diagnostic
categories for the disease, and methodologies.

Depending on the patient's age, cooperation, eruption sta-
tus and severity of structural defect, the treatment of MIH can
range from preventive treatment to restoration and extrac-
tion[6]. However, the treatment of MIH is characteristically
associated with several clinical difficulties, including the hy-
persensitivity caused by MIH, rapid caries progression due to
tooth structure breakdown and poor cooperation from young
pediatric patients. Furthermore, achieving adequate anesthesia
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is a challenge, and tooth fracture repeatedly recurs even after
restoration[13].

The range and severity of MIH may influence the choice
of restorative material and prognosis of treatment. Thus, the
classification of MIH to mild, moderate, and severe stages of
severity was suggested by Mathu-Muju and Wright[14]. In this
classification, previous studies suggested that for mild MIH,
preventive treatment should be performed or composite resins
(CRs) should be used to restore the defects. For moderate/
severe MIH, restorations should be performed with glass iono-
mer cement (GIC) for partially erupted teeth and CRs for teeth
with three or fewer affected surfaces. Restorations with a stain-
less steel crown (SSCr) or extraction should be performed for
more severe defects[15-19]. It was showed that the treatment
of MIH-affected first molars could involve various restorative
materials depending on the severity and range of the defect,
patient cooperation and eruption stages of the teeth. There-
fore, restorative materials should be differentially chosen ac-
cording to the extension and severity of the defects. However,
only few studies have been reported and for this reason, there
are limited prognostic information regarding degrees of MIH
defect with restorative materials.

Therefore, this present study attempted to classify the range
of defects of MIH-affected first molars and examines the prog-
noses of restorative treatment with different restorative materi-
als in order to provide clinically useful information for treating
MIH-affected first molar.

I. Subjects and Methods
1. Subjects

Pediatric patients who had been diagnosed as having MIH
via clinical examination and radiography, received treatment
for MIH between 2007 and 2015 at Department of Pediatric
Dentistry, Kyungpook National University Dental Hospital, and
were followed-up for a minimum of 12 months were recruited
for this study. Among these patients, 53 who met the inclusion
criteria (Table 1) were finally selected for this study. The mean
age of the patients was 6.6 years. Assessments of the severity
of structural defects, treatment methods, and prognosis of the
restorations over time were performed for 158 MIH-affected
first molars by analyzing the patients’ electronic dental records,
radiographs, and clinical photographs.
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Table 1. Patients diagnosed with MIH by age and sex

Age (yr) Male Female Total
5 3 1 4
6 8 11 19
7 12 6 18
8 6 2 8
9 1 1 2
10 1 1 2
Total 31 22 53
2. Methods

1) Classification of tooth structural defects

The MIH-affected first molars were assessed using radio-
graphs and clinical photographs, and were classified according
to the severity and location of the defect (Fig. 1). The defects
were classified into one of the following 3 classes, with refer-
ence to the method suggested by Mathu-Muju and Wright[14]:
(1) MIH class I (mild MIH), opacities with clearly demarcated
non-stress-bearing areas and no cavities or enamel defects; (2)
MIH class I (moderate MIH), disintegration of hypomineralized
enamel or cavity limited to 1 or 2 tooth surfaces excluding
the cusps; (3) MIH class III (severe MIH), posteruptive enamel
breakdown occurring simultaneously with tooth eruption and
an extensive cavity or crown fracture involving the pulp.

2) Restorative materials and prognosis

The ages of the subjects who were followed up for at least
12 months and the restorative materials used for first molar
restorations were surveyed. In addition, the number of retreat-
ments after the initial restoration and the prognosis was inves-
tigated to examine the differences in prognoses according to
the restorative materials used.

3) Statistical analysis

Restorative material-specific survival rates depending on the
classification of tooth defects were assessed by using the log-
rank test. The Kaplan-Meier test was performed to assess the
24-month survival rate of restorations prepared with each re-
storative material. All statistical analyses were performed using
SPSS for Windows Version 12.0 (SPSS Inc,, Chicago, 1L, USA),
and the results were assessed at a significance level of p < 0.05.
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Fig. 1. Classification of teeth affected
with MIH. (A, B) Periapical and clinical
views representing MIH class I de-
fects, showing opacities with clearly
demarcated non-stress-bearing areas
and no cavities or enamel defects.
(C, D) MIH class II defects, showing
the disintegration of hypomineralized
enamel or cavity limited to 1 or 2
tooth surfaces excluding the cusps. (E,
F G, H) MIH class II defects, show-
ing posteruptive enamel breakdown
occurring simultaneously with tooth
eruption and an extensive cavity or
crown fracture involving the pulp.

. Results Table 2. Class distribution of the MIH-affected first permanent
molar
1. MIH class distribution MIH Class
I n o Total
The MIH-affected first molars were classified as the MIH n (%)
classification method. Of the 158 MIH-affected teeth, 24 . Right 11 9 18 38 (24.1)
(15.2%) were classified as MIH class I, 54 (34.2%), MIH class Maxilla Left 7 13 18 38 (24.1)
I; and 80 (50.6%), MIH class III (Table 2). No significant differ- _— Right 3 15 24 42 (2656)
i andible
encgs wer.e found in the prevalence ‘of MIH betwefzn the !eft Left 3 17 20 40 25.2)
or right sides, or between the maxillary or mandibular first
Total, n (%) 24 (15.2) 54 (34.2) 80 (50.6) 158 (100)

molars.
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2. MIH class-specific distribution of restorative materials

1) Initial restorative materials

The restorative materials chosen for the initial restoration of
MIH-affected teeth were investigated according to MIH class.
Among the 24 teeth with MIH class [ defects, 14 (58.3%) re-
ceived preventive treatment with sealants, while 2 (8.3%) were
followed-up with fluoride application. In addition, 2 (8.3%) and
6 (25.0%) teeth were restored with CR and GIC, respectively,
after the removal of weak tooth structures. Among the 54
teeth with MIH class II defects, 19 (35.2%) were restored with
CR, while 33 (61.1%) were restored with GIC. Sealants were ap-
plied in 1 (1.8%) case, and defects were restored with SSCr in
another (1.8%). Among the 80 teeth with MIH class III defects,
restoration was performed with CR, GIC, and SSCr in 19 (23.8%),
56 (70.0%), and 5 (6.5%) teeth, respectively (Table 3).

2) MIH class-specific retreatment assessment

The retreatments performed after the initial restorative
treatment of the MIH-affected teeth were examined, and the
following features were assessed: MIH class, number of teeth
subjected to retreatment, material-specific 24-month survival
rate, material used for retreatment, average period until re-
treatment, presence of pulp morbidity, and length of follow-up
(Table 4).

Among the teeth with MIH class I defects, 2 were followed
up with fluoride application only, and both were restored with
CR or GIC within 21 months. Sealants were applied in 14 teeth,
of which 12 (85.7%) were maintained during the study period,
while 2 (14.3%) required restorative treatment. CR and GIC
were used for the initial restoration in 2 and 6 teeth, respec-

Table 3. Association between MIH classes and the initial restorative
material

Initial Restorative Material, n (%)

Follow-up
with Sealant CR GIC SSCr
Fluoride
Class 1 2(83) 14(583) 2(83) 6(25.0) 0
Class I 0 1(18) 19(352) 33(611) 1(18)
Class III 0 0 19 (23.8) 56 (70.0) 5 (6.5)
Total 2(13) 1595 40((253) 95(060.1) 6(3.8

Sealant = resin sealant; CR = composite resin; GIC = resin-reinforced glass
jonomer cement; SSCr = stainless steel crown.
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tively. Retreatment was performed in both the teeth initially re-
stored with CR and in 4 of the 6 (66.6%) teeth initially restored
with GIC. The Kaplan-Meier test revealed that the 24-month
survival rate was 74.3% for sealants, 50% for CR, and 40% for
GIC. The log-rank test verified statistically significant differ-
ences in survival rate for the restorative materials chosen for
the teeth with MIH class I defects (p = 0.046).

Among the 18 teeth with MIH class II defects, 5 (27.8%) of
those restored with CR were retreated at an average of 19.2
months. The 4 of these retreated teeth were restored with CR,
while one of them was restored with SSCr. The 19 (57.6%) of
the 33 teeth initially restored with GIC were retreated at an
average of 11.8 months, and all of them except 1 tooth were
restored with GIC again. One tooth was initially restored with
SSCr and was not retreated. The 24-month survival rates for
CR and GIC were 76.6% and 47.8%, respectively, and the dif-
ference was statistically significant (o = 0.036). One tooth that
was initially treated with sealants was restored with GIC within
8 months.

Among the teeth with MIH class Il defects initially restored
with CR, GIC, and SSCr, retreatment was performed in 12 or 19
(63.2%), 37 of 56 (66.1%), and 1 of 5 (20%), respectively, within
an average of 16.2 months, 12.4 months, and 1 month, respec-
tively. Retreatment was performed for the tooth restored with
SSCr because the patient had bite discomfort. The 24-month
survival rate was 54.1% for CR, 40.2% for GIC, and 75.0% for
SSCr, but the differences were not statistically significant (o
= 0.2). In terms of the materials chosen for retreatment, the
trend was towards choosing the same material used for the
initial restoration.

The 6 teeth with MIH class III defects were subjected to root
canal treatment for pulp morbidity that occurred after restor-
ative treatment for MIH-affected first molars. Of these teeth, 5
were initially restored with GIC.

3) Restorative material-specific retreatment assessment

The retreatment rate, average retreatment frequency of
each retreatment case, mean and median survival rates, and
24-month survival rate were assessed for each restorative ma-
terial. All the restorative materials initially required retreatment.
Restoration was performed in the 2 teeth that were followed-
up with fluoride application. The 3 of the 15 teeth that were
treated with sealants were also retreated, showing a 24-month
survival rate of 86.7%. The most frequently chosen materials
for the initial restoration were CR and GIC, and their mean
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Table 4. Frequency of retreatment in each MIH class after restoration

Retreatment Required

Retreatment L ——
MIH Initial Restorative not t 24-Month Root Canal Duration to  Time, Frequenc
Classes Materials, n Required To'ial Survival ¥ p value Retreatment n Uiz First Average ?SD) Y
n (%) n (%) Rate Material Involved, Retreatment  Month
‘ CR 1
Fluoride 2 0 2(100) 0 0 21
GIC 1
CR 1
Sealant 14 12 (85.7) 2 (143) 743 0 16
cl I 0.046 el ! 371 067
ass .046* .
CR 1 (0.87)
CR 2 0 2 (100) 50 0 9.5
GIC 1
CR 1
GIC 6 2(33.3) 4 (66.6) 40 0 135
GIC 3
Sealant 1 0 1 (100) 0 GIC 1 0 8
CR 4
CR 18 13 (72.2) 5(27.8) 76.6 0 192
Class IT 0.036 o5 ! 33.6 072
ass .036* X
CR 1 (1.05)
GIC 33 14 (424) 19 (57.6) 47.8 0 118
GIC 18
SSCr 1 1 (100) 0 100 0
CR 6
CR 19 7 (36.8) 12 (63.2) 541 GIC 2 1 16.2
SSCr 2
122
Class I 0.2 CR 7 316 (135)
GIC 56 19 (339) 37 (66.1) 40.2 GIC 26 5 124
SSCr 3
SSCr 5 4 (80.0) 1 (20) 75.0 SSCr 1 0 1
t Kaplan-Meier test; # Log-rank test (* : p < 0.05).
Sealant = resin sealant; CR = composite resin; GIC = resin-reinforced glass ionomer cement; SSCr = stainless steel crown; SD = standard deviation.
Table 5. Pattern of retreatment with each restorative material
Restorative Retreatment, Retreatment Mean Survival Time Median Survival Time t 24-month .
Material e n (%) Frequenc ; ; Survival Rate prls
ate ° q Y Estimate Standard Error Estimate Standard Error
Fluoride 2 2 (100) 2 21.00 9.00 12.00 . 50.0
Sealant 15 3 (20.0) 0.27 50.35 6.92 . . 86.7
CR 40 19 (47.5) 0.75 3872 501 34.00 6.25 571 0.02*
GIC 95 60 (63.2) 1.20 36.12 490 18.00 414 46.6
SSCr 6 1(16.7) 0.17 37.67 6.69 . . 833
Total 158 85 0.97 43.07 453 26.00 3.38
t Kaplan-Meier test; # Log-rank test (* : p < 0.05).
Sealant = resin sealant; CR = composite resin; GIC = resin-reinforced glass ionomer cement; SSCr = stainless steel crown.
retreatment frequencies were 0.75 and 1.20, respectively. The were highest with 86.7% for sealants and 83.3% for SSCr, fol-
median 24-month survival rates with CR and GIC were 34.0 lowed by 57.1% for CR and 46.6% for GIC, all of which were

and 18.0 months, respectively. The 24-month survival rates statistically significant (Table 5).
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IV. Discussion

The present study classified the MIH-affected first perma-
nent molars into different classes of severity and assessed the
prognoses of restorations.

The selection and long-term stability of restorative material
is a subject of controversy for MIH-affected first molars. Some
previous studies have been reported that CR shows satisfactory
treatment results[17-19], but showed limitation of not assesses
the prognoses in accordance with the severity of defects.

The severity of MIH has been classified in a previous
study[20]. However, because the severity index was only di-
vided into 2 classes, the effectiveness of assessing retreatment
and the correlation between the severity of the defect and
the choice of restorative material have been limited. In con-
trast, Mathu-Muju and Wright[14] classified MIH into the mild,
moderate, and severe classes depending on the severity of
the defect, and recommended treatment modalities for each
MIH class. However, the prognoses of the suggested treatment
modalities were not assessed. Therefore, the present study as-
sessed the prognoses of restorations in accordance with the
severity of MIH-affected first molars into class I, II, or III, and
investigated the survival rates of restorations as well as the re-
treatment frequency (Table 2, Fig. 1).

Results of the present study is consistent with those of the
previous study which CR restorations had a significantly high
survival rate and low risk of retreatment when used for MIH
class I and II defects. However, CR restorations were associated
with an increased risk of retreatment when used for MIH class
1T defects, but it was not statistically significant.

The 24 teeth were classified into MIH class I, for which the
initial treatment included fluoride application, sealants, CR
and GIC restoration as shown in Table 4. Sealants were chosen
most with class I defects, and 85.7% of the restorations sur-
vived during the study period. Furthermore, sealants showed
the highest statistically significant survival rate with MIH class
I defects, indicating that sealant resulted in a good progno-
sis for MIH class I defects. However, some MIH class [ teeth
required restorative treatment because of the breakdown of
hypomineralized areas, and retreatment was performed with
alternative material. Therefore, the teeth classified into the MIH
class I required continuous follow-up, as it is necessary with
other classes of defects.

The majority of MIH class II defects were treated by using
CR, GIC, and SSCr. The CR had a significantly lower risk of re-
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treatment and a higher 24-month survival rates. Furthermore,
the average periods until first retreatment were 19.2 and 11.8
months for CR and GIC, respectively. Overall results showed
that CR restoration had the best prognosis for MIH class II.

In MIH class III defects, the retreatment ratio for CR resto-
rations increased to 63.2%, and the 24-month survival rate
decreased to 54.1%. In contrast, the retreatment ratio and
24-month survival rate for GIC restorations did not differ sig-
nificantly from those of the MIH class II. These results imply
that the range of the defect is a greater impact factor on the
prognosis of the restoration than does the choice of restor-
ative material for MIH class III defects. Although restorations
with SSCr were performed on a relatively fewer number of
teeth, it showed the best prognosis, with a 24-month survival
rate of 75% in MIH class III. Furthermore, 5 teeth were retreat-
ed with SSCr, and these required no additional retreatments.
This finding supported the recommendations to use SSCr for
defects that affect 3 or more tooth surfaces[15,16].

The frequency of retreatment was assessed with each mate-
rial (Table 5). The proportion of cases requiring retreatment
was 47.5% for CR, 63% for GIC, and 16.7% for SSCr. In ad-
dition, the frequency of retreatment was greatest in restora-
tions with GIC, with an average of 1.20 retreatments in each
tooth. The median survival time was 34 months for CR and 18
months for GIC, showing that CR were retained longer than
GIC. CR had a significantly high the median survival time and
83.3% of SSCr survived for 24-months. These results supported
the findings of previous studies that consistently suggested
better prognosis with CR and SSCr.

Interestingly, root canal treatment was performed for post-
restoration pulpal complications in 6 teeth with class Il defects
(Table 4). However, no correlation was found between retreat-
ment frequency and pulpal involvement (data not shown).
Thus, it could be speculated that the proximity of the defect to
the pulp has a greater impact than retreatment frequency, but
additional studies would be needed to substantiate this.

A distinct finding of this study was the numerous choices of
GIC for MIH-affected first permanent molars, influenced by the
personal preferences of dental clinicians. The preference of GIC
could be affected by several factors, including partial eruption,
low patient cooperation, uncertain adhesiveness of CR, short
treatment time, and tooth sensitivity, treatment cost and etc.
Notwithstanding the high choice of GIC, CR showed a greater
survival rate in all classes of defects. These findings once
again showed the similarity to the validity of Mathu-Muju and
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[ Structural defect or cavity present]

Yei‘/

Defects limited to fewer than
two tooth surfaces

-7\~

e

[ Firm hypomineralized enamel ]

CR Partially erupted

first permanent molar

]

Yes

\N\o

Sealant Restore with CR after removing
the soft hypomineralized area

~

Pain control difficult because patient

shows low cooperation and teeth are
hypersensitive

Possible to remove the entire
hypomineralized enamel area and

ensure isolation for moisture control

No

Yes /

\No

GIC SSCr or CR

CR

SSCr

Within 12 months

SSCr or CR,
or GIC maintenance

if the patient selects it

Fig. 2. Treatment protocol for MIH-affected teeth. Sealant = resin sealant; CR = composite resin; GIC = resin-reinforced glass

ionomer cement; SSCr = stainless steel crown.

Wright's[14] recommendation of the use of CR for the treat-
ment of MIH-affected first permanent molars.

In conclusion, Fig. 2 illustrates a treatment protocol that
takes into account the range of defects, symptoms and patient
cooperation during the treatment of the first permanent mo-
lars affected by MIH. First, the MIH-affected first permanent
are identified. For firm hypomineralized enamel without enam-
el defects, sealants are applied, while for soft hypomineralized
enamel, restoration after the removal of the hypomineralized
area is recommended. CR restoration is performed for defects
limited to less than 2 tooth surfaces; this restoration is also
recommended if the defects are observed on more than 2
tooth surfaces, provided the eruption of the first permanent
molar is complete, and the removal of the entire hypomineral-
ized enamel area is possible. However, if the removal of the
entire hypomineralized enamel is not possible because of ex-
tensive structural defects, SSCr is recommended as the initial
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restoration. If defects are present on more than 2 tooth surfac-
es and the tooth is partially erupted, GIC restoration, which is
later replaced with SSCr or CR restoration, may be considered
depending on the pediatric patient’s ability to cooperate. For
cooperative pediatric patients, SSCr or CR is recommended for
the initial restoration. Higher treatment success rates may be
achieved by following this protocol.

Although many previous studies have recommended SSCr
for restoring class III defects, only limited data on the long-
term prognoses of SSCr restorations are available, thus the
need for further long-term studies essential on this subject.
Furthermore, limitations of this study includes that the range
of defects classified as MIH class IIl is broad in a measure.
Though future studies, further clinical implications of various
restorative materials could be revealed by assessing the prog-
nosis of restorations in accordance with subdivided the MIH
class IIL
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V. Conclusion

This study classified the MIH-affected first permanent
molars into classes [, I, and III, and assessed the prognoses
of restorations performed in each group. Sealants showed
the highest survival rate for teeth with MIH class I defects,
CR restorations for teeth with MIH class II defects, and SSCr
restorations for teeth with MIH class III defects. However,
as SSCr restorations cannot be performed immediately for
partially erupted teeth even when indicated, provisional GIC
restorations should be performed first and replaced with SSCr
restorations.
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