Dental, Oral and Craniofacial Research Oa t

open access text

Research Article ISSN: 2058-5314

Molar incisor hypomineralization in the permanent
dentition of patients with unilateral or bilateral cleft lip and
palate versus controls

Eman Allam'?, Ahmed Ghoneima'3, George Eckert?, Sunil Tholpady®, Carrie Klene® and Katherine Kula™

'Department of Orthodontics and Oral Facial Genetics, School of Dentistry, Indiana University, Indianapolis, IN, USA
?Oral and Dental Research Division, National Research Centre, Cairo, Egypt

SFaculty of Dental Medicine, Al-Azhar University, Cairo, Egypt

‘Department of Biostatistics, School of Medicine, Indiana University, Indianapolis, IN, USA

*Division of Plastic Surgery, Department of Surgery, Indiana University, Indianapolis, IN, USA

‘Department of Oral Surgery and Hospital Dentistry, School of Dentistry, Indiana University, Indianapolis, IN, USA

Abstract

Purpose: Molar Incisor Hypomineralization (MIH) is a congenital defect of unknown etiology that has been recently identified and is currently considered an
increasing concern to dental clinicians. The defect involves enamel mineralization of one to four permanent first molars usually associated with similarly affected
permanent incisors. The purpose of this retrospective study was to investigate the prevalence, severity, and location of MIH in the permanent molars and incisors of
patients with unilateral and bilateral cleft lip and palate (CLP) as compared with controls.

Methods: The sample consisted of intra-oral photographs of 71 CLP patients which were divided into two groups (unilateral versus bilateral cleft) and a modified
Weerheijm ranking of enamel defects was compared to a control sample of 60 children without CLP who were age matched. Pearson chi-square tests were used to
compare the groups for differences in the presence of hypomineralization, and Mantel-Haenszel chi-square tests were used to compare the groups for differences
in MIH scores. Cochran-Mantel-Haenszel chi-square tests for stratified categorical data were used to compare the cleft and non-cleft sides for differences in the
prevalence of hypomineralization and MIH scores within the CLP unilateral subjects. Significance was defined as p<0.05.

Results: MIH scores were significantly lower for controls than for CLP bilateral and CLP unilateral groups (p<.0001). CLP bilateral had significantly higher MIH
scores than CLP unilateral (p < 0.01). The MIH scores were not significantly different between the cleft and non-cleft sides in the CLP unilateral subjects. However,
two of the individual teeth — the maxillary-lateral (p=0.03) and maxillary central incisors (p < 0.01) - did show significantly higher scores for the cleft side as compared
with the non-cleft side.

Conclusions: Cleft patients are at higher risk of MIH than controls and children with bilateral clefts present with the most severe hypomineralization.

Introduction breakdown, hypoplasia occurs. Some observations suggest an
association between CLP and enamel defects [6-9]. The etiology of the
enamel defects is unknown; however, due to the close chronologic
o e ) - correlation between development of the face and the tooth germs, it
abnormalities in number, size, shape, structure, and eruption pattern ;o o0 thar systemic aspects may affect either event or that both
are more frequent than in the general population [1]. Children with  eyents are related [7]. Recently, a particular pattern of structural

clefts may present with hypodontia, supernumerary teeth, peg-shaped  enamel defects has been defined in the literature termed ‘molar-incisor
teeth, crown and root malformations, dental asymmetry, and delay in hypomineralization’ (MIH) [10-12].

tooth development [2,3]. Both deciduous and permanent dentitions
are affected. The lateral incisor in the region of the alveolar cleft is the

Cleft lip and palate (CLP) is one of the most common craniofacial
congenital malformations. In children affected with clefts, dental

Etiological factors, for instance: low birth weight, calcium/

most sensitive to developmental disorders although other teeth are phosphate metabolic disturbances, and frequent childhood diseases

frequently affected [2,3].

Dental enamel, an ectodermally derived, calcified tissue, forms

the visible part of the tooth. Once formed, metabolic activity ceases, Correspondence to: Katherine Kula, Department of Orthodontics and Oral
Facial Genetics, Indiana University School of Dentistry, 1121 W. Michigan St.,

and developmental disorders manifest as permanent defects in the
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enamel. Disruption in the calcification or maturation processes
produces structurally defective enamel (hypomineralization) [4,5]. Keywords: Cleft lip and palate, hypoplasia, molar incisor hypomineralization
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with high fever are associated with MIH [11,12]. CLP as well as the
surgical treatment are also reported to be associated with MIH [10,12-
15]. Since hypomineralization of teeth can influence esthetics and
caries experience, the dental status of children with cleft lip and palate
(CLP) should be examined to better plan future expenditures for dental
treatment. The purpose of this retrospective study was to investigate
the prevalence, severity, and location of MIH in the permanent molars
and incisors of patients with unilateral and bilateral cleft lip and palate
(CLP) as compared with controls.

Materials and methods

The study was approved by the Institutional Review Board of Indiana
University Purdue University Indianapolis. The sample consisted of
71 non-syndromic CLP subjects who were further divided into either
Group 1 (unilateral CLP, n=47) or Group 2 (bilateral CLP, n=24) and a
control sample (Group 3, n=60) of children without CLP who were age
matched to the CLP subjects. The sample included both genders, aged 6
to 15 years. Measures of molar incisor hypomineralization as seen from
the photographs were compared amongst the groups and within the
unilateral CLP. Patient records were deidentified and coded.

Records were retrieved from the archives of the Department of
Orthodontics and Oral Facial Genetics, Indiana University School
of Dentistry (IUSD). The medical records were reviewed to identify
significant medical histories. For each included subject, all erupted
permanent incisors and first molars were evaluated using the frontal,
buccal, and occlusal views on the intraoral photographs. Patients were
not examined clinically. Data on cleftlocation, age, sex, and the presence
or absence of MIH lesions were tabulated. A case was considered as
having MIH when at least one molar or incisor was affected [16].

Exclusionary criteria included initial photographic records which
did not include the first permanent molars as well as records which did
not allow visual review of the incisors. Since many children with clefts
have dental agenesis or impacted/un-erupted permanent incisors, these
records were not excluded. All photographs were examined for MIH by
a single calibrated examiner and data were recorded on standardized
forms. The diagnosis of MIH was performed according to a modified
criterion suggested by Weerheijm et al. [17]. The 4 first permanent
molars and 8 permanent incisors were examined and recorded for the
presence or absence of demarcated opacities, post-eruptive enamel
breakdown, or atypical restorations [17].

The severity of lesions was recorded on a scale of (0-3) where a
score of a 0 (zero) indicates a tooth with normal enamel structure
while a score of 3 indicates severe enamel involvement or hypoplasia
(Figures 1-3). Teeth with demarcated opacities with color shades of
white, yellow, or brown which required no treatment were considered
to have mild MIH (score 1). Moderate MIH included tooth lesions with
rough and broken enamel surfaces (score 2); severe defects included
the presence of hypomineralized lesions associated with loss of dental
structure that may be affecting both enamel and dentin or an atypical
restoration replacing affected hard tissue (score 3). In the current
sample, there were no extracted first permanent molars. Due to the
uncertainty of determining age-related eruptions versus extraction due
to MIH or lack of supporting alveolar bone, missing incisors were not
scored. Each tooth was examined by one investigator for the presence
or absence of enamel defect and was given a score according to the
degree of enamel involvement. Subjects’ individual hypomineralization
scores were defined by the most severe defect seen in their permanent
first molars or incisors [18].
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Figure 1. Clinical case of right lateral and left central incisors severely affected (score 3)
by MIH in unilateral cleft patient.

Figure 2. Postoperative enamel breakdown in tooth #9 and demarcated opacity (score 3) in
teeth # 8 and 10 in a patient with bilateral CLP.

Figure 3. Severe MIH (score 3) in the form of a defective atypical restoration in tooth #3
in unilateral CLP patient.

Statistical analysis

Twenty randomly selected cases were reevaluated by one
investigator 1 week apart to ensure repeatability. Pearson chi-square
tests were used to compare the CLP bilateral, CLP unilateral, and control
groups for differences in the presence of any hypomineralization, and
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Mantel-Haenszel chi-square tests were used to compare the groups
for differences in MIH scores. Cochran-Mantel-Haenszel chi-square
tests for stratified categorical data were used to compare the cleft and
non-cleft sides for differences in the prevalence of hypomineralization
and MIH scores within the CLP unilateral subjects. Significance was
defined as p<0.05.

Results

High intra-rater reliability was reported with a kappa of 0.85 and
a weighted kappa of 0.91. Percentages of the severity of MIH in the
affected teeth are presented in Figures 4-6. Comparisons among the
groups showed that MIH scores were significantly lower for controls
than for CLP bilateral and CLP unilateral groups (p<0.01). CLP
bilateral had significantly higher MIH scores than CLP unilateral
(p=0.01) but did not have a significant difference in the presence of any
hypomineralization (p=0.17). MIH scores for individual teeth (#14, 19,
9, 10, 3, 30, 7, and 8) were significantly lower for control than for CLP
bilateral group (all p <0.03)for any hypomineralization and MIH score.
MIH scores for molars (#14, 19, 30, and 7) were significantly lower for
control than for CLP unilateral group (all p < 0.01).
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MIH scores for CLP bilateral and CLP unilateral-left side subjects
were not significantly different for the left lateral and central incisors
(teeth #9 and 10, p=0.78 and p=0.70, respectively); similarly, MIH
scores for CLP bilateral and CLP unilateral-right side subjects were not
significantly different for the right lateral and central incisors (teeth #7
and 8, p=0.08 and p=0.27, respectively). CLP bilateral had significantly
higher MIH scores for teeth # 9 and 10 than CLP unilateral-right side
subjects (p=0.01 and p=0.03, respectively) and significantly higher MIH
scores for teeth #7 and 8 than CLP unilateral-left side subjects (p=0.01
and p=0.01 respectively). MIH scores were not different among groups
for the mandibular incisors: teeth #24, 23, 26, or 25 (all p>0.10).

The MIH scores were not significantly different between the cleft
and non-cleft sides in the CLP unilateral subjects. However, two of the
individual teeth did show significantly higher scores for the cleft side -
the maxillary lateral (p=0.033) and maxillary central incisors (p=0.01)
(Table 1).

Discussion

The results of our study on hypomineralization of permanent molars
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Figure 4. Percentage of severity of MIH in permanent first molars and incisors in unilateral CLP subjects.
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Figure 5. Percentage of severity of MIH in permanent first molars and incisors in bilateral CLP subjects.
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Figure 6. Percentage of severity of MIH in permanent first molars and incisors in control subjects.

Table 1. Comparison of MIH scores between the cleft and non-cleft sides in the CLP unilateral subjects with blank areas indicating no teeth with that score. MIH scores: 0 = normal enamel
structure; 1 = mild - demarcated opacities with color shades of white, yellow, or brown requiring no treatment; 2 = moderate - rough and broken enamel surfaces; 3 = Severe - loss of dental

structure affecting both enamel and dentin possibly or an atypical restoration replacing affected hard tissue.

MIH Score MIH Score
Cleft No Cleft
0 1 2 3 P-value
Half mouth 0 9 (19%) 3 (6%) 0 (0%) 1(2%) 0.16
1 4 (9%) 13 (28%) 2 (4%) 1(2%)
2 4 (9%) 3 (6%) 4 (9%) 0 (0%)
3 0 (0%) 2 (4%) 1(2%) 0 (0%)
Total 17 (36%) 21 (45%) 7 (15%) 2 (4%)
Maxillary first molar 0 26 (59%) 3 (7%) 0 (0%) 0.48
1 4 (9%) 9 (20%) 0 (0%)
2 0 (0%) 1 (2%) 1 (2%)
Total 30 (68%) 13 (30%) 1(2%)
Mandibular first molar 0 26 (58%) 4 (9%) 0 (0%) 0 (0%) 0.17
1 2 (4%) 8 (18%) 2 (4%) 1(2%)
2 0 (0%) 1(2%) 1(2%) 0 (0%)
Total 28 (62%) 13 (29%) 3 (7%) 1(2%)
Maxillary lateral incisor 0 6 (43%) 0 (0%) 0 (0%) 0.03*
1 2 (14%) 1 (7%) 0 (0%)
2 3 (21%) 0 (0%) 2 (14%)
Total 11 (79%) 1 (7%) 2 (14%)
Maxillary central incisor 0 17 (41%) 0 (0%) 1(2%) 0 (0%) 0.00*
1 8 (20%) 4 (10%) 0 (0%) 0 (0%)
2 4 (10%) 2 (5%) 2 (5%) 0 (0%)
3 1(2%) 2 (5%) 0 (0%) 0 (0%)
Total 30 (73%) 8 (20%) 3 (7%) 0 (0%)
Mandibular lateral incisor 0 42 (93%) 1 (2%) 0.56
1 2 (4%) 0 (0%)
Total 44 (98%) 1(2%)
Mandibular central incisor 0 46 (98%) 0.32
1 1(2%)
Total 47 (100%)

*Significant at the .05 level, Cochran-Mantel-Haenszel chi-square test for stratified categorical data

and incisors in children with CLP confirm other reports concerning
dental anomalies, such as variations and defects in teeth structure are
frequently reported among children with unilateral and bilateral CLP.
These defects exist in both teeth located in the vicinity of the cleft as well
as away from the cleft area [19-21]. The permanent maxillary lateral

Dent Oral Cranigfac Res, 2015 doi: 10.15761/DOCR.1000122

incisor has been reported to be the most affected tooth suggesting that
its location close to the cleft is a causative factor [19]. However, it is
difficult to determine the amount of influence of the multi-factorial
process of the clefting, the surgical treatment, or the inflammatory
process of cleft lip repair on the malformation of the maxillary incisors.
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The congenital absence of the cleft-side lateral incisor is the most
common finding in children with cleft followed by the presence of
a supernumerary tooth in the cleft side and alterations in shape and
structure [19,21]. Literature has also described an association between
CLP and enamel defects [6-9]. A recently designated form of enamel
defect named MIH has been identified by the European Academy of
Pediatric Dentistry as the developmentally derived dental defect that
involves hypomineralization of 1 to 4 permanent first molars that is
frequently associated with similarly affected permanent incisors [10-
12,22]. The aim of the current study was to determine, in a specific
population of CLP, the prevalence and the severity of MIH defects in
the permanent dentition of patients with unilateral and bilateral CLP,
as well as to study the relation with the cleft side.

The published evidence regarding dental anomalies associated with
clefts is based mostly on studies that analyze a heterogeneous population
of children with clefts. Such a sample may limit the ability to associate
a cleft type with a particular dental anomaly. In our current study,
patients were stratified into either unilateral or bilateral CLP in order
to be able to better determine the pattern of association and showed
that the more severe bilateral CLP had more severe hypomineralization
than the unilateral CLP.

The criteria for the diagnosis of MIH was developed by Weerheijm
et al. [17] and was based on the clinical identification of demarcated
opacities, post-eruption breakdown, atypical restorations, and
extracted permanent first molars (PFMs) due to MIH. Dentitions with
generalized opacities present on all teeth (such as in several forms of
amelogenesis imperfecta), rather than limited to the permanent molars
and incisors, were not considered to have MIH. Demarcated opacities
with distinct boundaries were described as defects of altered enamel
translucency where the defective enamel is usually white-cream or
yellow-brown in color and of normal thickness with a smooth surface.
In most MIH cases, the opacities are generally limited to the incisal or
cuspal one third of the crown [16,17,23].

Currently, only limited data are available on the prevalence of
MIH as comparable and representative prevalence studies are lacking.
According to the existing information, the prevalence of MIH varies
between 2.9 and 25% depending on the country and the age of the
studied sample [16,18,22,23]. In a retrospective population study of
nine-year-old Dutch children, 14.3% of the children had at least one
affected tooth with a hypomineralization defect with 55.6% of those
children presenting with only mild MIH or demarcated opacities [16].
In a group of Greek children aged 5 to 12 years old, the prevalence was
reported to be 10.2% [22]. In Brazilian children, MIH was detected in
19.8% of the sample selected from children living in both rural and
urban areas across the country. The majority of the defects present
were also mild, with only demarcated opacities without post-eruptive
structural loss [18]. In our current study, 83.1% of the children with
CLP had some form of enamel hypomineralization compared to 23.3%
in the control group. This indicates that cleft patients are at higher
risk of MIH than the controls. These data are consistent with those of
Dabhllof et al. [24] who demonstrated that children with clefts exhibited
a significantly increased number of decayed and filled carious surfaces
compared with children without clefts [24].

Among the CLP sample, 75% of the bilateral and 39% of the
unilateral cleft subjects had moderate to severe enamel defects. MIH
scores were significantly higher in patients with bilateral than unilateral
CLP suggesting that children with bilateral clefts may present with
more severe involvement. Comparisons between the cleft and non-
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cleft sides in unilateral CLP showed non-significant differences in MIH
scores except for the maxillary lateral and central incisors. This could
be explained by the fact that the maxillary lateral and central incisors,
being the closest to the cleft, are the teeth most commonly affected in
CLP [25].

MIH scores in bilateral cleft subjects were non-significantly
different from the cleft side and significantly higher than the non-cleft
side in unilateral cleft subjects. This observation was in agreement
with other reports showing that dental anomalies in general are more
frequent on the cleft side in unilateral CLP patients [25-27]. This
also indicates that the location of the tooth in relation to the cleft is
a factor that significantly contributes to the degree of involvement of
developmental defect in enamel.

In enamel hypomineralization, the enamel is characterized by
higher porosity and lower mechanical resistance than unaffected
teeth rendering the affected tooth more susceptible to decay. In
addition, MIH predisposes patients to other dental problems, such as
hypersensitivity, pain, caries, erosion, and poor oral health in addition
to the esthetic concerns. These subjects thus require excessive dental
care and prevention programs should be directed at these vulnerable
populations [28-30].

The limitation of this study is that intraoral photographs, not
clinical examinations, were used to evaluate hypomineralization.
However, it was difficult to identify a large group of subjects with CLP
to examine prospectively and to maintain investigator reliability over a
long time. Thus, intraoral photographs required to be high quality for
purposes of orthodontic records were used retrospectively.

This study demonstrated a high prevalence of MIH among patients
with CLP and confirms that those subjects are at potentially higher risk
for caries and tooth decay. Clinicians thus involved in the treatment
and rehabilitation process for these patients should take this into
consideration and should support caries prevention protocols. In
addition, the authors stress the necessity of reevaluating the criteria
of diagnosing and scoring MIH subjects. The MIH scoring system
currently used does not indicate the extent of hypomineralization since
this cannot be based solely on the most severely affected tooth. A well-
established set of criteria that can truly describe the degree of enamel
involvement is necessary for clinicians to be able to clearly distinguish
and differentiate lesion type and severity in cleft patients.
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