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Abstract
Objectives This study was aimed to compare the impact of caries and molar incisor hypomineralization (MIH) on oral health-
related quality of life (OHRQoL) in children.
Material and methods A total of 528 German children aged 7 to 10 years were recruited, half affected by caries and the other half
affected by MIH. Both groups were matched according to age, sex, and social status and divided into 3 categories according to
severity. The German version of the Child Perceptions Questionnaire for 8- to 10 years old (CPQ-G8-10) was used to analyze the
impact on OHRQoL by applying ANOVA models.
Results Patients with MIH showed a mean CPQ score of 10.7 (± 9.3). This was significantly higher compared to the caries group
with 8.1 (± 9.8). The score increased linearly from the low severity category to the high severity category in both groups (caries,
4.1 to 13.8; MIH, 5.2 to 17.7, respectively).
Conclusion With increasing severity, both clinical conditions showed a greater negative impact on OHRQoL. MIH was associ-
ated with more impairments.
Clinical relevance Currently, the focus in pediatric dentistry is placed on the prevention and treatment of caries. Both diseases
may have a negative influence on OHRQoL. Since children perceive the impairments by MIH as worse and the prevalence is
equal to that of caries, which focus might be shifted in the future.
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Introduction

Over the past few decades, there has been a major decrease in
the prevalence of caries in children and teenagers in Western

industrial nations. From 1989 to 2014, the average “decayed,
missing, and filled teeth” index of 12 years old in Germany
dropped from 4.1 to 0.5 [1]. Only 12.4% of those children had
caries-free dentition in 1989 [2]. Due to intensive individual
and group prophylaxis, the morbidity of this disease has been
reduced substantially. Currently, 81.3% of 12 years old in
Germany are caries-free [1]. However, this disease remains a
worldwide problem and a public health challenge, and social
inequalities in oral conditions continue to exist [3, 4].

Hypomineralized teeth, which clinically resemble teeth af-
fected by molar incisor hypomineralization (MIH), were first
described in 1987 [5]. During the 2003 European Academy of
Pediatric Dentistry (EAPD) meeting, “molar incisor
hypomineralization” was proposed as its own clinical entity
for the first time, replacing the term “idiopathic enamel
hypomineralization” [6, 7]. According to the 2016 Fifth
German Oral Health Study, the prevalence of MIH among
12 years old peaked at around 30%, which was higher than
the prevalence of caries seen in children of the same age group
[1]. Regardless of which disease is more common, both can
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have a major influence on children’s oral health-related qual-
ity of life (OHRQoL) [8–10]. If either reaches a certain sever-
ity, both caries and MIH can cause symptoms such as hyper-
sensitivity or pain, leading to impaired chewing and food in-
take [11–13]. The resulting psychosocial burden is also a side
effect that should not be neglected. Chronic pain can cause
difficulties in concentration and, therefore, could negatively
impact children’s capabilities in school [14]. In addition, both
diseases can cause esthetic issues, which might influence the
emotional state of the child. In the past, research has mainly
focused on collecting objective diagnostic parameters.
Recently, researchers have paid more attention to sub-
jective evaluations, for which standardized question-
naires have proven to be very helpful. For children,
the Child Perceptions Questionnaire (CPQ8-10,
CPQ11-14) is frequently used [15, 16].

To date, only a few studies have investigated the influence
of both caries and MIH on the oral health of children in this
age group. In 2016, Mota-Velosa et al. [12] analyzed how
untreated caries impacted the quality of life of children. The
participants showed a significant decrease in OHRQoL as
tooth decay increased [13]. Other authors have focused on
the effect of MIH on the quality of life of children in this
age group. Both Velandia et al. [17] and Gutiérrez et al. [18]
showed that MIH significantly deteriorates the OHRQoL of
the probands. However, to date, no research has examined and
compared the influence of caries and MIH on children’s
OHRQoL matched by the degree of severity. This study was
aimed to determine which condition has a greater impact on
the OHRQoL of affected children.

Materials and methods

Key elements of study design

In this matched pairs study, the impact of caries and MIH on
OHRQoL in 7- to 10-year-old children was investigated. To
evaluate the influence of both diseases, their clinical severity
was additionally considered. By categorizing a consecutive
sample of children according to various criteria, it was possi-
ble to compare the clinical conditions.

Setting

Patients were recruited from a pediatric dental clinic in
Bergisch Gladbach, North Rhine-Westphalia, Germany, be-
tween January and November 2019. All employees of the
dental clinic, which included dentists, dental hygienists, and
dental assistants, were briefed about the details of the study
and asked to recruit patients. One leading calibrated examiner
(LM) performed the clinical examinations. The children were
diagnosed based on clinical and radiological examinations

and their teeth were evaluated under artificial light using an
air/water syringe, a dental mirror, and a standardized probe.

Participants

Children aged between 7 and 10 years who had at least one
tooth affected by caries or MIH were included. However,
patients who presented with both diseases were excluded.

For the initial detection of caries, laser-induced-
fluorescence with a Kavo-DIAGNOdent pen was used, to-
gether with visual-tactile examination. Once a tooth was pos-
sibly affected by caries, a radiograph was taken and the pres-
ence and extent of the lesion was evaluated using the judg-
ment criteria provided by the World Health Organization
(WHO) and American Dental Association (ADA) [19, 20].
The WHO categorizes teeth as having either a sound tooth
structure or a decayed crown. A crown is considered sound
if there is no evidence of treated or untreated dental caries.
Teeth in a stage of caries that precedes cavitation and those
with other conditions similar to the early stages of caries are
considered sound, because they cannot reliably be clinically
diagnosed. Caries is considered present when a lesion in a pit,
fissure, or on a smooth tooth surface has an unmistakable
cavity, undermined enamel, or a detectably softened floor or
wall. If a tooth with caries is detected, it is further evaluated
using the ADA criteria [19]. This classification ranks teeth
from a sound tooth structure to a lesion with advanced caries.
Teeth are considered sound if they show normal translucency
and glossiness and do not have a clinically detectable lesion or
if they have an intact restoration/sealant. Radiographically, no
translucency can be observed. A tooth is considered to have an
initial carious lesion if it is limited to the enamel/cementum or
the outermost layer of dentin. Clinically, a white-to-brown
change in color is seen, but there is no dark shadow indicating
major dentin involvement. Radiographically, an initial lesion
must only extend to the dentin-enamel junction or the outer
one-third of the dentin. A moderate lesion is detected if the
enamel is visibly lost or if shadowing or translucency is pres-
ent and the surface shows some cavitation. Advanced lesions
have a full enamel cavitation, clinically exposing the dentin.
Radiographically, these lesions extend to the inner third of the
dentin, reaching the circumpulpal area.

To establish a calibrated diagnosis for teeth with MIH, the
authors used the EAPD criteria [6, 7], which requires the teeth
to have a clearly definable white/yellow-to-brown discolored
opacity of at least 1 mm in diameter on the smooth surface.
With increasing severity, there is a higher tendency for post-
eruptive hypersensitivity, especially in the affected molars.
Teeth with atypical restorations and permanent teeth that were
inexplicably extracted were diagnosed with MIH.
Subsequently, all hypomineralized teeth were divided into 3
categories according to severity based on the classification
developed by Mathu-Muju and Wright in 2006 [21]. In order
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to determine the OHRQoL, childrenwere only included in this
study if they could complete the CPQ-G8-10 without their
caregiver’s assistance. Moreover, all children who had any
type of illness in the previous 4 weeks that could influence
the oral findings, such as sinusitis or otitis media, were ex-
cluded. Children who received orthodontic treatment and
those with orthodontic anomalies, such as crowding,
crossbite, open bite, or any type of malocclusion in general,
were also excluded, since these could influence their
OHRQoL. Children with other dental anomalies, including
bruxism, secondary caries, enamel hypoplasia, and den-
tal or gingival trauma, were also excluded. The study
was approved by the ethics committee of the University
of Leipzig (AZ: 152/19-ek).

Sample Size

A total of 528 children (266 boys and 262 girls) were
included in this matched pairs study. A G*power analysis
(www.gpower.hhu.de) resulted in a total of 88 patients for
each of the three severity categories, meaning 264 children
in the caries and the MIH group, equaling a total of 528
patients.

Variables

The following variables were investigated: age (in years), sex
(male/female), and social status according to Winkler and
Stolzenberg (low, middle, and high) [22]. The caries were
divided into initial, moderate, and advanced lesions according
to the ADA classification [19]. EAPD criteria were used to
define the severity of MIH, divided into mild, moderate, and
severe [6]. The first quantitative outcome variable was the
OHRQoL, which was measured using the German version
of the CPQ8-10 [23]. The CPQ-G8-10 contains 25 questions
focusing on the respondent’s oral health and well-being
over the prior 4 weeks. Each question is rated on a
scale from 0 to 4, with 0 indicating no impact on
OHRQoL and 4 indicating the most negative impact.
The control variables were gender, social status, and
age group. The caries/MIH groups served as predictors.

Data sources and measurements

The dental assistants instructed all the children on the
format of the study. After obtaining official consent from
the children’s legal guardians, the questionnaires were
distributed, followed by clinical investigation. When a
patient proved to be a possible candidate for this study,
the child and caregiver were asked about any prior ill-
nesses in the previous 4 weeks that could possibly influ-
ence OHRQoL. If any were detected, the patient was ex-
cluded from the study. Finally, the questionnaire was

examined for completeness, and if answers were missing
or incorrect, the child was consulted for correction. If the
clinical investigation and anamnestic data demonstrated
that the child was a possible participant, LM digitally
collected the data concerning the aforementioned vari-
ables. To ensure the patient’s anonymity, every partici-
pant’s name was replaced with a randomly assigned
number.

Due to the varying clinical severity of caries and
MIH, patients were divided into different categories ac-
cording to severity. First, the participants were identified
as either caries or MIH probands. To divide the MIH
patients, a recently developed scheme was applied [12].
For the caries patients, a modified classification based on
the ADA judgment criteria was used [18] and the scheme
by Ebel et al [12]. The aim was to assign risk points to
any individual tooth that reflected the clinically detected
severity. By adding all the risk points, the calculated
individual severity score placed the children in the ap-
propriate severity category. Patients with a severity score
of 0 were included in the low-severity category (LSC),
patients with a severity score of 2–4 in the medium-
severity category (MSC), and patients with a severity
score > 4 in the high-severity category (HSC), depending
on the clinical findings. Unaffected or mildly-affected
MIH teeth were assigned 0 risk points because they do
not cause hypersensitivity [12]. The same accounted for
teeth affected by caries only located in the enamel.
Moderately affected MIH teeth as well as teeth that
showed caries in the outer to the middle third of the
dentin were assigned 2 risk points. Severely affected
MIH teeth and teeth with profound caries that had
reached the inner third of the dentin were assigned 3 risk
points. The children were then matched according to age,
gender, and social status.

Bias

The children’s emotional state could have been affected by the
presence or absence of caregivers while completing the ques-
tionnaire.While the caregivers were asked not to help with the
answers, the questionnaires were completed in the waiting
room so this could not be controlled. Moreover, general dis-
eases could also unknowingly have impacted the child’s emo-
tional and social state and consequently could have increased
the overall CPQ score.

Statistical methods

The CPQ-G8-10 score was used to set up our analyses, and the
subsequent dimensions (oral symptoms, functional limita-
tions, emotional well-being, and social well-being) were used
as additive indices within the analysis of variance (ANOVA)
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procedure as dependent quantitative variables. The authors
conducted several analyses to test for significant mean differ-
ences between group A (patients with caries) and group B
(patients with MIH) by using the matched pairs approach,
where similar patients were compared (according to age,
sex, and social status). These tests were controlled according
to 3 severity groups (low, medium, and high). Then, 95%
confidence intervals (CI) and p-values were computed and
considered mean difference tests significant if the confidence
intervals between the two groups did not overlap or if the p-
values were less than 0.05. The same criteria for significance
were also applied to all mean difference tests for the control
variables of gender, age, and social status.

Results

Participants

In total, 528 children aged 7 to 10 years participated in the
present study (Table 1). The mean age was 8.4 years (± 1.1
years), and 49% (N = 262) of the participants were female. Of
all the children included in the study, 423 (80%) were
Caucasian. Almost half (49%) of the participants were from
the middle class, while 28% were from the lower social class,
and 23% were from the higher social class, according to
Winkler and Stolzenberg’s [22] classification.

Main results

A total of 12,217 teeth were included, 6,103 of which
belonged to the caries group and 6,114 to the MIH group. In
the caries group, 3,027 teeth were permanent and 3,076 were
deciduous, whereas in the MIH group, 3,085 were permanent
and 3,029 were deciduous teeth (Appendix Table 8).

We differentiated all caries- and MIH-affected teeth ac-
cording to the type of dentition and the degree of clinical
severity, as shown in Table 2. Of all examined teeth, 1,159
had carious lesions and 958 were affected by MIH. Most of
the carious teeth were deciduous (n = 1,036; 89.4%), while
only 123 (10.6%) were permanent. In contrast, most of the
MIH-affected teeth were permanent (n = 827; 86.3%), and
only 131 (13.7%) were deciduous.

According to the ADA’s [19] classification of caries-
affected teeth, 624 teeth (53.8%) had initial carious lesions
(Group I), 308 teeth (26.6%) had moderate lesions (Group
II) that reached the middle third of the dentin, and 227
(19.6%) had advanced lesions (Group III), which reached
the circumpulpal dentin (Fig. 1). Due to the selection criteria,
none of the children in these groups had structurally compro-
mised teeth in the form of MIH/deciduous molar
hypomineralization (DMH).

Additionally, 958 teeth had a positive MIH diagnosis ac-
cording to the EAPD criteria [6]. Based on the definition by
Mathu-Muju and Wright [21], 20 of the teeth (64.7%) were
mildly affected by MIH, 208 (21.7%) were moderately
hypomineralized, and 130 (13.6%) teeth were severely affect-
ed. See Appendix Table 8 for additional information on teeth
not captured by these classifications.

The relationship between the affected teeth according to
dentition (primary and permanent) and position (frontal and
posterior teeth) is presented in Table 3. In general, posterior
teeth were more often affected than anterior teeth.

In the caries group, the majority of the affected teeth were
deciduous posterior teeth (n = 961; 92%), followed by perma-
nent posterior teeth (n = 83; 8%). Similarly, more deciduous
anterior teeth and canines were affected (n = 75; 65.2%) than
permanent anterior teeth and canines (n = 40; 34.8%).

By far, the most affected teeth in the MIH group were
permanent posterior (n = 569; 84.4%) and anterior teeth (n =
258; 29.6%). When deciduous teeth were affected by MIH,
they were 4 times more likely to be posterior teeth (n = 105;
15.6%) than incisors or canines (n = 26; 9.2%).

An increase in the mean CPQ-G8-10 value was asso-
ciated with an increase in the severity category of the
children. Both diseases were portrayed individually, and
the results were presented according to the respective
CPQ8-10 subcategories (Table 4).

Regarding the total CPQ and all subcategories, the values
significantly increased according to the severity categories for
both diseases. In the caries group, the total CPQ-G8-10 scores
increased from 4.1 in the LSC to 6.3 in the MSC and 13.8 in

Table 1 Summary of Sample Data (n = 528 patients)

% (n)

Gender

Male ♂ 50.4 (266)

Female ♀ 49.6 (262)

Social status

Low 28.0 (148)

Medium 49.2 (260)

High 22.7 (120)

Ethnicity

Caucasian 80.1 (423)

Non-Caucasian 19.9 (105)

Age

Mean 8.4 years

Range 7–10 years

7 years 30.3 (160)

8 years 24.2 (128)

9 years 23.5 (124)

10 years 22.0 (116)
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the HSC groups. When comparing the CPQ-G8-10 in all sub-
categories, the disease was shown to mostly manifest as oral
symptoms, since these had the highest values. As with the
total CPQ values, there was a constant increase in accordance
with the disease severity (from 3.3 in the LSC to 6.6 in the
HSC). Children in the HSC had toothaches twice as often as
children in the LSC.

For theMIHgroup, the totalCPQ-G8-10 values increased from
5.2 in the LSC to 9.3 in the MSC and 17.7 in the HSC. Similarly,
for the CPQ subcategories, the scores tended to increase with each
severity category. The most obvious increase was in the manifes-
tation of oral symptoms (from 1.4 to 3.6 and 6.4), similar to the
caries group. In the HSC, functional limitation scores also in-
creased significantly from 0.1 to 2.5 and 4.9 (Table 4).

One very important aspect of this study was the statistical
comparison between the MIH and caries groups in terms of
the total CPQ and its subcategories (Table 5). Generally, the
children in the caries group had lower values (with an average
total CPQ value of 8.1) than the children in the MIH group
(with an average total CPQ score of 10.7). Nonetheless, the
oral symptoms category in the caries group was more strongly
affected in all severity categories than that in the MIH group.
However, the differences in the mean CPQ value in the sub-
categories were rated as minimal and not substantial.

Data analysis revealed no significant differences in the
overall CPQ values depending on age and gender
(Appendix Tables 9 and 10). However, significant differ-
ences were detected within the caries group in terms of
social class. The mean CPQ value in the lower social class
(14.1) was almost 4 times that of the higher social class and
almost twice as high as the middle social class. In the MIH
group, there were no significant differences in the mean
value of the overall CPQ score. In this group, the mean
value ranged from 10.9 in the high social class to 9.8 in
the middle and 12.2 in the lower social classes (Appendix
Table 11). In addition, the maximal total CPQ score was

divided into 7 sub-scores, ranging from 0 to over 40, as
shown in Table 6. These results demonstrated that 10% of
the children in both groups had no OHRQoL issues and the
CPQ-G8-10 rating was 0 points.

In the caries group, most of the children (n = 206; 78%) had
CPQ scores ≤ 10, with the majority in the range of 1–5 (n = 111;
42%). Only 58 children in this group (22%) had scores above 10.
However, the overall highest CPQ score in the caries group was
64, while the highest in the MIH group was 51.

In general, the participants in the MIH group had higher total
CPQ scores. The number of participants scoring > 10was almost
double that in the caries group (n = 113; 43% vs. n = 58; 22%,
respectively). Additionally, in the MIH group, 57% (n = 151)
scored ≤ 10, and most participants scored in the range of 1–20 (n
= 78; 29%). Very few children scored over 40 (n = 2; 0.8%).

Furthermore, the ratings for the introductory questions of
the CPQ8-10 concerning the participants’ overall well-being
and oral health were examined (Table 7). Most of the children
in the caries group rated their overall well-being as “very
good” (51.1%; n = 135) or “good” (26.9%; n = 71). The
questions on their oral health generated a similar response.

Of the children with hypomineralized teeth, 87.9% (n =
232) described their overall well-being as “excellent” or “very
good,” which was much higher than the same rating in the
caries group (n = 166; 62.8%). No participant rated their over-
all well-being as “poor.”

Most children in the MIH group rated their oral health as
“moderate” (n = 109; 41.3%), while 30.3% (n = 80) rated their
oral health as “excellent” or “very good,” which was less than
that in the caries group (n = 95; 36%).

Discussion

Caries and MIH are the most common diseases of the
orofacial system for children in the age group analyzed [1].

Table 2 Summary of data on 2,117 teeth with caries (n = 1159) andMIH (n = 958) according to the American Dental Association Caries Classification
by Young et al. [19] and the MIH Classification by Mathu-Muju and Wright [21]

2,117 teeth

% (n)

MIH Caries

45.3 (958) 54.7 (1,159)

I II III I II III

Deciduous teeth 13.7 (131) 14.2 (88) 19.7 (41) 1.5 (2) Deciduous teeth 89.4 (1,036) 83.7 (522) 94.2 (290) 98.7 (224)

Permanent teeth 86.3 (827) 85.8 (532) 80.3 (167) 98.5 (128) Permanent teeth 10.6 (123) 16.3 (102) 5.8 (18) 1.3 (3)

Total 100.0 (958) 64.7 (620) 21.7 (208) 13.6 (130) Total 100.0 (1,159) 53.8 (624) 26.6 (308) 19.6 (227)

MIH molar incisor hypomineralization
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The CPQ-G8-10 by Bekes et al. [23], which is based on the
questionnaire developed by the Canadian author Jokovic [16],
was used to examine which of these conditions had a greater
impact on the OHRQoL of children. The overall results showed
that for both diseases, as clinical severity increased, subjectively

perceived OHRQoL significantly worsened. Furthermore, the
oral health of children in the MIH group was more affected than
that of children with caries within the same severity category.

For both groups, the classification was based on the as-
sumption that as more teeth were affected (per participant),

Fig. 1 Schematic presentation of the severity score of teeth with caries or molar incisor hypomineralization (MIH)
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and as the severity of each condition increased, the influence
on the OHRQoL would be greater. Even though this as-
sumption seems to be reasonable, currently, only two studies
have analyzed OHRQoL using certain risk points for MIH
patients [11, 12]. To date, no sufficient data are available for
proband’s caries, which is why a scheme with certain risk
points based on the ADA classification was developed for
caries-affected teeth in this study. The existing data have
only compared children with approximately equal clinical
severity.

Moreover, in this study, additive effects were ruled out by
ensuring that the children were either affected by caries or
MIH but never both. Children with other diseases of the
orofacial system were excluded so that only the impact of

the investigated diseases on the OHRQoL was recorded.
There were no significant differences in the answers and re-
sults of the CPQ-G8-10 according to gender or age.

However, the social status of the patients had a signifi-
cant effect on the CPQ score in the caries group. Children
classified as having a low social status according to
Winkler and Stolzenberg [22] had a higher CPQ score than
the children in the middle or high social class. The funda-
mental cause of this finding could be that caries is increas-
ingly found in socioeconomically compromised families
for reasons such as poor oral health education. Thus, the
observations in this study overall were similar to prelimi-
nary findings [13, 14, 24, 25]. For future studies on this
topic, matching participants according to age and sex may
not be important, whereas the social status of the partici-
pants should still be considered.

Analysis of the tooth-related data revealed that there
were clear differences between the caries group and the
MIH group. Whereas mostly permanent teeth were affected
in the MIH group (86%), deciduous teeth were most affect-
ed in the caries group (89%). This discrepancy could be
explained by the age of the probands. The development
of caries is a progredient process that mainly depends
on diet and oral hygiene and only becomes apparent
after some time. Since the deciduous molars in this
age group are exposed to those contributing factors
much longer, the probability of developing caries is
higher than in those with recently erupted permanent
teeth. In contrast, MIH is, by definition, the most com-
mon in the permanent first molars and permanent cen-
tral incisors [26, 27]. This fact explains why mostly
permanent teeth were affected in this group.

Table 3 Affected teeth in the MIH and caries groups

All 2,117 affected teeth

MIH Caries
% (n)

45.3 (958) 54.7 (1,159)

Anterior teeth and canines, 18.8 (399)

Deciduous 25.3 (101) 9.2 (26) 65.2 (75)

Permanent 74.7 (298) 90.8 (258) 34.8 (40)

Total 29.6 (284) 9.9 (115)

Posterior teeth (deciduous molars, premolars, molars), 81.2 (1,718)

Deciduous 62.0 (1,066) 15.6 (105) 92.0 (961)

Permanent 38.0 (652) 84.4 (569) 8.0 (83)

Total 70.4 (674) 90.1 (1,044)

MIH molar incisor hypomineralization

Table 4 Means and confidence intervals for CPQ Domain Scores according to caries and MIH severity categories

LSC MSC HSC Global DIFF

Group CPQ Domain Mean CPQ 95% CI Mean CPQ 95% CI Mean CPQ 95% CI Test

Lower Upper Lower Upper Lower Upper p-value

Caries Oral symptoms 3.3 2.6 4.0 4.6 3.9 5.3 6.6 5.9 7.3 0.000

Functional limitations 0.2 -0.3 0.7 0.8 0.3 1.3 2.9 2.4 3.4 0.000

Emotional well-being 0.6 0.0 1.1 1.0 0.5 1.5 2.8 2.3 3.3 0.000

Social well-being 0.0 0.0 0.1 0.0 0.0 0.1 1.4 0.7 2.1 0.011

Total CPQ 4.1 2.2 6.0 6.3 4.5 8.2 13.8 11.9 15.7 0.000

MIH Oral symptoms 1.4 0.9 2.0 3.6 3.1 4.1 6.4 5.9 7.0 0.000

Functional limitations 0.1 -0.4 0.6 2.5 2.0 3.0 4.9 4.4 5.4 0.000

Emotional well-being 2.9 2.1 3.6 2.7 2.0 3.4 5.0 4.3 5.8 0.000

Social well-being 0.8 0.4 1.1 0.5 0.2 0.9 1.3 0.9 1.7 0.000

Total CPQ 5.2 3.5 6.8 9.3 7.6 10.9 17.7 16.0 19.3 0.000

Considered significant if p < 0.05. LSC low-severity category, MSC medium-severity category, HSC high-severity category, CPQ Child Perceptions
Questionnaire, MIH molar incisor hypomineralization, CI confidence interval
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Consequently, affected deciduous (caries group) and
permanent teeth (MIH group) were compared in terms
of their influence on the OHRQoL of the probands. Up
to this point, no sufficient data has differentiated pain
perception and vulnerability between the two dentitions.
Hence, further research comparing deciduous and per-
manent teeth on this issue is necessary.

Furthermore, the children in the MIH group had three
times as many frontal teeth affected as those in the
caries group. Again, this finding can be explained by
the age of the probands because the change of dentition
already had occurred in the anterior region. Due to the
relatively short time since the permanent incisors had
erupted in the oral cavity by that age, they are rarely
affected by caries, even in caries-prone children. Thus,
emotional and social compromises in quality of life
linked to discolored frontal teeth were more likely in
the MIH group than in the caries group, which explains
why emotional well-being was significantly worse in the
HSC MIH group than in the HSC caries group.

Another important aspect is that the present study is
the first to use the German version of the CPQ8-10

created by Jokovic [16]. For both diseases, we noticed
an almost linear increase in the total CPQ value as the
severity category increased. Between the LSC and HSC,
the values tripled for both the caries and MIH groups.
These results suggest that the scheme used in this study
was sound since these differences cannot be explained
by mere probability. The mean values were significantly
different between the caries and MIH probands in nearly
all subcategories, where MIH probands scores were gen-
erally higher than those in the caries group.

In both groups, LSC had only a minor influence on
OHRQoL. By definition, carious lesions in this group
only extend to the outer third of the dentin, which in
most cases does not result in pain or other oral symp-
toms [13, 28, 29]. The same applies to children with
MIH teeth in the same severity category. These mildly
affected teeth do not tend to show signs of hypersensi-
tivity or changes in form and, consequently, there are
usually no severe oral symptoms [10–12, 17].

MIH probands in this severity category showed signifi-
cantly higher values in the emotional and social well-being
subcategories. This can be explained by affected frontal

Table 5 Means and confidence intervals for CPQ Subscale Scores according to caries and MIH severity categories

Severity Category CPQ Subscale MIH Caries Caries vs. MIH

Mean CPQ 95% CI Mean CPQ 95% CI DIFF Test

Lower bound Upper bound Lower Bound Upper Bound p-value

LSC (n = 176) Oral symptoms 1.4 0.9 2.0 3.3 2.6 4.0 0.000

Functional limitations 0.1 -0.4 0.6 0.2 -0.3 0.7 0.128

Emotional well-being 2.9 2.1 3.6 0.6 0.0 1.1 0.000

Social well-being 0.8 0.4 1.1 0.0 0.0 0.1 0.025

Total CPQ 5.2 3.5 6.8 4.1 2.2 6.0 0.000

MSC (n = 176) Oral symptoms 3.6 3.1 4.1 4.6 3.9 5.3 0.014

Functional limitations 2.5 2.0 3.0 0.8 0.3 1.3 0.000

Emotional well-being 2.7 2.0 3.4 1.0 0.5 1.5 0.000

Social well-being 0.5 0.2 0.9 0.0 0.0 0.1 0.000

Total CPQ 9.3 7.6 10.9 6.3 4.5 8.2 0.001

HSC (n = 176) Oral symptoms 6.4 5.9 7.0 6.6 5.9 7.3 0.813

Functional limitations 4.9 4.4 5.4 2.9 2.4 3.4 0.000

Emotional well-being 5.0 4.3 5.8 2.8 2.3 3.3 0.001

Social well-being 1.3 0.9 1.7 1.4 0.7 2.1 0.786

Total CPQ 17.7 16.0 19.3 13.8 11.9 15.7 0.050

Total (n = 528) Oral symptoms 3.8 3.4 4.2 4.8 4.4 5.3 0.000

Functional limitations 2.2 2.1 2.9 1.3 1.0 1.6 0.000

Emotional well-being 3.5 3.1 4.0 1.5 1.1 1.8 0.000

Social well-being 0.9 0.7 1.1 0.5 0.3 0.7 0.025

Total CPQ 10.7 9.6 11.8 8.1 6.9 9.3 0.000

Considered significant if p < 0.05. LSC low-severity category, MSC medium-severity category, HSC high-severity category, CPQ Child Perceptions
Questionnaire, MIH molar incisor hypomineralization, CI confidence interval
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teeth and the fact that discoloration in facial surfaces can
lead to insecurities, especially if they are pointed out by
other people.

In the MSC, clear differences between the caries- and
MIH-affected children could be observed. The mean total
CPQ value was 1.5 times higher for the MIH probands. In
particular, increasing severity caused oral health to wors-
en in the MIH group. Cold-sensitive molars in the higher
severity categories, according to Mathu-Muju and Wright,
clearly increase “oral symptoms” and “functional limita-
tions” [9, 11, 12, 17–19, 21, 30]. The children in the MIH
group had significantly more issues with food intake com-
pared to those in the caries group since caries that reach
only the middle third of the dentin (D2) do not cause
major symptoms [19]. Additionally, in the MSC category,
the MIH children had higher values in the emotional and
social subcategories compared to the caries-affected chil-
dren, which could again be explained by the larger num-
ber of affected frontal teeth. The results in this severity
category seem to support the conclusion that the medium
clinical severity had a greater negative impact on the MIH
group than the caries group.

In the HSC, a major increase was noticed in the
overall CPQ values in both groups that was double or
triple that of the other severity categories. Therefore, a
significant increase in values could also be seen in their
respective subcategories. Highly affected teeth caused
severe oral symptoms and functional limitations. In the
oral symptom subcategory, no significant differences be-
tween the two groups were noted. The increased number
of damaged molars caused more problems with food
intake, especially in the MIH group. This finding may
be related to the fact that the development of caries is a
progredient process to which a child has time to adapt.
Strategies can be developed to avoid pain by, for exam-
ple, changing chewing habits, whereas the sometimes
heavily damaged MIH teeth erupt rather quickly and
cause immediate pain, resulting in a shorter period of
adaptation. Therefore, it was expected that MIH-affected
children would have a higher CPQ score than caries-
affected children.

For 88% of the MIH and 70% of the caries pro-
bands, their overall health status was rated as “excel-
lent” or “very good,” respectively. In contrast, the
MIH group members described their oral health as
slightly worse than those of the caries group, with
30% of the MIH- and 36% of the caries-affected partic-
ipants rating it as “excellent” or “very good.” The re-
sults show that children that age are indeed able to
differentiate between their general and oral health. The
large discrepancy between these ratings proves how ex-
tensively both diseases influence children’s oral health.
It also confirms that for children that age, MIH overall
has a more negative impact on OHRQoL than caries.

For various reasons, the results of this study are dif-
ficult to compare with those of other studies. One rea-
son is that the German version of the CPQ8-10 had not
yet been published. Consequently, no similar data in
German-speaking countries could be found. However,
even when other countries and cultures were considered,

Table 7 Questions concerning
overall well-being† and oral
health‡ (n = 528 patients)

MIH (n = 264) Caries (n = 264)

Overall well-being Oral health Overall well-being Oral health
% (n) % (n)

Excellent 10.2 (27) 1.5 (4) 11.7 (31) 3.8 (10)

Very good 77.7 (205) 28.8 (76) 51.1 (135) 32.2 (85)

Good 10.6 (28) 23.9 (63) 26.9 (71) 35.6 (94)

Moderate 1.5 (4) 41.3 (109) 9.5 (25) 20.8 (55)

Poor 0.0 (0) 4.5 (12) 0.8 (2) 7.6 (20)

†How would you rate your overall well-being?
‡How would you rate your oral health?

MIH molar incisor hypomineralization

Table 6 Range of total
CPQ scores (n = 528
patients)

CPQ scores MIH Caries
n = 264 n = 264
% (n)

0 10.6 (28) 9.1 (24)

1-5 25.4 (67) 42.0 (111)

6-10 21.2 (56) 26.9 (71)

11-20 29.5 (78) 14.0 (37)

21-30 9.1 (24) 3.8 (10)

31-40 3.4 (9) 1.9 (5)

> 40 0.8 (2) 2.3 (6)

max 51 64

CPQ Child Perceptions Questionnaire,
MIH molar incisor hypomineralization
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there were few surveys on the effects of caries and MIH
on the quality of life of children using the CPQ8-10.
These few studies drastically vary in their designs, mak-
ing a comparison of the results barely possible [9, 13,
17, 18, 28]. On the other hand, none of these existing
studies compare the OHRQoL of both diseases simulta-
neously, which emphasizes the importance of these
results.

The validity and relevance of the published classification of
severity categories for caries is emphasized by the evidence
obtained in this study. For the reasons stated above, this study
should be evaluated as a pilot study; therefore, further research
should be conducted to evaluate and verify the present results.

Conclusion

This study shows that both diseases, caries, and MIH
have a severe influence on the OHRQoL of children in
this age group. The symptoms and discomfort increased
significantly with increases in the respective severity
category. Moreover, the MIH group showed higher
CPQ scores in total as well as in almost all domains.
Based on these results, however, it cannot be concluded
that MIH is a more severe disease than caries.
Undeniably, MIH tends to cause more impairments
when severity is equal in this age group; nevertheless,
these results are only a small insight into all currently
existing cases.

Caries can lead to severe effects on the oral health and
general well-being of patients when oral hygiene and dietary
habits do not change, whereas MIH tends to not progress to
the same extent as caries. For both diseases, it is highly rec-
ommended to take appropriate therapeutic measures to ensure
these children have a good OHRQoL.
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Appendix 4

Table 9 Significant differences
between the means of total CPQ
scores in the caries and MIH
groups by age

95% CI p-value

Group Age (years) n Mean CPQ Lower Upper 7 vs. 8 8 vs. 9 9 vs. 10 Age

Caries 7 80 9.2 7.1 11.3 .282 .447
8 64 7.4 5.1 9.8 .300
9 62 6.7 4.3 9.1 .542
10 58 8.7 6.2 11.1

MIH 7 80 9.1 7.0 11.2 .140 .244
8 64 11.4 9.1 13.8 .762
9 62 10.7 6.2 11.1 .201
10 58 12.2 9.7 14.6

Considered significant if p < 0.05

CPQ Child Perceptions Questionnaire, MIH molar incisor hypomineralization, CI confidence interval

Table 10 Significant differences
between means of total CPQ
scores in the caries and MIH
groups by gender

Group Gender n Mean CPQ 95% CI p-value

Lower Upper Gender Gender group

Caries ♀ 131 7.7 6.0 9.4 .575 .277
♂ 133 8.4 6.8 10.0

MIH ♀ 131 11.2 9.6 12.9 .323
♂ 133 10.1 8.5 11.8

Considered significant if p < 0.05

CPQ Child Perceptions Questionnaire, MIH molar incisor hypomineralization

Table 11 Significant differences between means of total CPQ scores in the caries and MIH groups by social status

Group Social status n Mean CPQ 95% CI p-value

Lower Upper Low vs. medium Medium vs. high Social status Social status* group

Caries Low 74 14.1 11.9 16.1 .000 .000

Medium 130 6.7 5.1 8.3 .000

High 60 3.7 1.4 6.0

MIH Low 74 12.2 10.1 14.4 .068 .187 .000

Medium 130 9.8 8.1 11.4 .915

High 60 10.9 8.5 13.2

Considered significant if p < 0.05

CPQ Child Perceptions Questionnaire, MIH molar incisor hypomineralization, CI confidence interval
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