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Abstract
Discoloration poses a significant esthetic issue, and parents’ opinions and emotional
states may vary regarding different types of discoloration, such as molar incisor
hypomineralization, caries or chromogenic bacteria. This study aimed to assess parent’s
emotional state and attitudes towards discoloration in primary and permanent teeth.
A two-part questionnaire was designed, consisting of questions about demographic
data and simulated visuals of different primary and permanent teeth discoloration
conditions. The Visual Analog Scale (VAS) was used to determine the emotional
state, while parents’ attitudes towards dental consultation for each simulated visual
were determined using statements such as “Absolutely yes”; “Yes”; “I don’t have an
idea”; “No”; “Absolutely no”. The simulated visuals included cases of “caries with
cavitation”, “yellow-brown hypomineralized area”, “white hypomineralized area” and
“chromogenic bacteria”. The questionnaire was distributed to 300 parents through online
communication channels. Categorical variables were analyzed using Pearson chi-square,
with statistical significance set as p < 0.05. A total of 230 parents completed the
questionnaire. The highest VAS scores and the highest percentage of “Absolutely yes”
responses were observed for “caries with cavitation” in both primary (77.8%, 81.7%)
and permanent (60.4%, 94.3%) teeth. Additionally, statistically significant differences
were found in the VAS scores for chromogenic bacteria (p = 0.04), caries with cavitation
(p = 0.005), white hypomineralized area (p = 0.01) and yellow-brown hypomineralized
area (p = 0.02). Comparatively, parental preferences showed statistically significant
differences for chromogenic bacteria (p = 0.01), caries with cavitation (p = 0.01),
yellow-brown hypomineralized area (p = 0.01) and white hypomineralized area (p =
0.004). Parents displayed stronger emotional responses towards “caries with cavitation”
compared to hypomineralization and chromogenic bacteria discolorations and expressed
a positive attitude towards seeking dental consultation.
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1. Introduction

Discoloration is one of the most common reasons for seeking
dental consultation, primarily due to the esthetic concerns.
This issue is frequently observed in adults and is caused by
staining or discoloration on the enamel surface resulting from
the consumption of colored beverages such as coffee, tea,
fruit juices, wine and cola, as well as artificial food col-
orants [1–3]. Comparatively, children and adolescents can
also experience discoloration in their primary and permanent
teeth, but unlike adults, internal factors rather than external
factors are primarily responsible for such discoloration [4, 5].
Internal factors include structural disorders and discoloration
from pharmaceutical use during pregnancy or early infancy

[6, 7], while external factors contributing to discoloration
include chromogenic bacteria, traumatic dental injuries, poor
oral hygiene, caries and pulp necrosis [4, 5, 8–11].

The appearance of the colored area varies depending on
the influencing factors [4]. For instance, Molar Incisor Hy-
pomineralization (MIH), which is associated with structural-
developmental disorders in permanent teeth, presents as a well-
defined stain in opaque, yellow or brown colors, appearing
anywhere on the crown [11, 12]. On the other hand, discol-
oration caused by chromogenic bacteria exhibits an indistinct
dark brown appearance, often characterized by an incomplete
line of dark dots primarily in the gingival region of the affected
teeth, which in some cases can be observed throughout the
lingual/palatal or buccal surfaces [8, 9].
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Based on the evaluation of 70 epidemiological studies, the
global prevalence of MIH is estimated to be approximately
14.2% [13]. MIH is a developmental disorder that presents
with various significant clinical problems, including pain,
post-eruptive breakdown, chewing and eating problems,
esthetic concerns, treatment challenges and heightened
sensitivity to heat and cold immediately after eruption [11–
13]. Jawdekar et al. [14] conducted a systematic review and
meta-analysis on the assessment of oral health-related quality
of life (OHRQoL) in children with MIH and reported that
the impact of MIH on OHRQoL was conflicting. However,
further analysis revealed that five studies involving 2112
subjects and three studies involving 811 subjects reported a
statistically significant impact of MIH on OHRQoL. Thus,
based on their quantitative analyses, they concluded that
children with MIH could be approximately 17–25 times more
likely to experience an impact on their OHRQoL compared to
children without MIH.
In a study conducted by Ghanim et al. [15], the time and

reasons for dental visits in case of MIH were examined. The
results of the study revealed that children affected by MIH
reported a significantly higher frequency of seeking dental
care compared to non-affected children, primarily due to tooth
sensitivity and pain. Previous studies [9, 10, 16] have in-
dicated that untreated caries or traumatic injuries leading to
discoloration can be considered as primary factors that prompt
parents or children to seek dental care, influenced by their
emotional state. However, there is currently a lack of literature
addressing parents’ emotional status and attitudes regarding
counseling for dental treatment specifically related to various
discolorations caused by MIH, compared to tooth caries and
chromogenic bacteria.
The aim of this study was to investigate parental attitudes

and emotional states towards counseling for dental treatment
in cases of common discoloration, including caries with cavita-
tion, yellow-brown hypomineralized area, white hypomineral-
ized area and discoloration caused by chromogenic bacteria in
both primary and permanent teeth. The study’s null hypothesis
posited that all types of discoloration would yield similar
results in terms of emotional states and attitudes towards dental
counseling.

2. Materials and methods

2.1 Priori power analysis
The power analysis conducted for this research determined
that a sample size of 216 participants was required to detect
a significant difference, with a power of 90%, an effect size of
0.4, and a two-sided type I error at 0.05.

2.2 Study instrument development and
validation
In this study, intraoral photographs were taken from two dif-
ferent children to simulate various discoloration cases. One
child was 5 years old and had no tooth caries on primary
anterior teeth, while the other child was 14 years old and
had no tooth caries on the permanent anterior teeth. The
intraoral photographs of both primary and permanent teeth

were standardized to a size of 5184 × 3456 pixels. The
simulations of four different discoloration cases were applied
to these intraoral photographs of primary and permanent teeth
at Başkent University, Department of Biomedical Engineering,
using photo editing software (Photoshop CC 2015, Adobe, San
Jose, CA, USA).
Four different discoloration conditions were applied to these

intraoral photographs, namely caries with cavitation, yellow-
brown hypomineralized area, white hypomineralized area and
chromogenic bacteria. For each discoloration condition, one
visual representation was prepared for both primary and per-
manent dentition, which were included in the questionnaire.
The images of these discoloration conditions were cropped
to display the area between the right and left canine teeth
with a size of 2600 × 700 pixels using Matlab (2021b, The
Mathworks, Natick, MA, USA) to standardize the visuals and
reduce bias. All discoloration conditions were applied to the
maxillary left primary central tooth and the maxillary left
permanent central tooth. The location of the discoloration on
the tooth surface was determined based on the most commonly
observed regions. For example, chromogenic bacteria discol-
oration was applied as an indistinct dark brown appearance
with an incomplete line of dark dots at the gingival region,
while caries with cavitationwas represented as a brown in color
at the gingival region. However, hypomineralization cases
with yellow-brown and white areas were applied to incisal
region of both the primary and permanent maxillary left central
tooth.
The questionnaire used in this study into two sections: (1)

Questions regarding demographic information of the volun-
tarily participating parents, and (2) Questions regarding the
images of different discoloration cases of both primary and
permanent teeth. The first part included details such as the
gender and age of the parents and their children, as well as
information about the parents’ socio-economic status, occupa-
tion and education level. The second section of the question-
naire contained two closed-ended questions aimed at evaluat-
ing the parents’ attitudes and emotional states regarding their
preference for counseling on dental treatment for discoloration
cases in both primary and permanent teeth. The Visual Analog
Scale (VAS) was used to assess the parents’ emotional states.
The question asked was, “How would you feel if your child’s
tooth looked like the one in the picture? Please indicate your
feelings by scoring the face from 0 to 10, with different faces
representing different emotions.”. VAS was shown as different
faces depicting various emotions, allowing parents to indicate
their emotional status on a scale from very happy to sad, with
scores ranging from 0–10 (Fig. 1). The second question in this
section asked parents whether they would prefer to take their
child to the dentist immediately if their child’s teeth resembled
the images shown. Parents could choose one of the following
statements to indicate their preference for counseling on dental
treatment: “Absolutely yes; Yes; I don’t have an idea; No;
Absolutely no”.
Therefore, within the scope of this study, the first part of

the questionnaire collected demographic information, while
the second part consisted of two questions addressing the
emotional status and parental preferences for counseling in the
case of four different discoloration conditions for primary and
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FIGURE 1. VAS for evaluating emotional status.

permanent teeth. The questionnaire demonstrated sufficient
validity and reliability, with a reliability coefficient of 0.78
determined through a pilot study involving 30 parents.

2.3 Participants and data collection
The questionnaire was administered online using Google
Forms (Google Inc., California, USA). It was distributed
to a total of 300 parents who had previously visited the
pediatric dentistry clinic and volunteered to participate in
the research. Communication methods such as e-mail and
WhatsApp (Meta Platforms Inc, California, USA) were
used to send the questionnaire to the participants. Before
distributing the questionnaire, an introduction explaining the
purpose and significance of the study was provided, along
with an assurance of confidentiality and the participants’
right to withdraw at any time. They were required to indicate
their consent by marking a checkbox before proceeding
with the questionnaire. During the questionnaire filling
process, parents were asked to provide an email address, and
duplication was prevented by configuring the questionnaire
to allow responses only once with “can be answered once”
option. The inclusion criteria for these voluntary parents
were having a child or children aged between 0–12 years
old without any systemic disease, physical or psychological
disorders. The exclusion criteria were having a child with a
systemic disease or being over 12 years of age. Parents who
agreed to receive the questionnaire, regardless of their own
or their child’s gender or place of residence, were eligible to
participate in the study. After a waiting period of 1-month,
the questionnaire was closed for responses.

2.4 Statistical analysis
The data were analyzed using the Statistical Package for the
Social Sciences (SPSS) Statistics Version 22 (IBM Corpora-
tion, Armonk, NY, USA) software package. Descriptive statis-
tics, including measures such as average, mean and standard
deviation, were used to summarize the data. Data analysis and
comparison of the relationships between categorical variables
were assessed using the Pearson chi-square test. Statistical
significance was set p < 0.05.

3. Results

Two hundred thirty out of 300 parents completed the ques-
tionnaire without any withdrawals or dropouts. The demo-
graphic information of these 230 participating parents and

their children is presented in Table 1. The emotional states
of the parents, represented by the distribution of VAS scores
for different discoloration problems in primary and permanent
teeth, are shown in Table 2. According to the analysis of the
data in Table 2, it was found that a VAS score of 10 was the
most commonly selected by parents for all types of discol-
oration in permanent teeth, and the corresponding percentages
were white hypomineralized area (40.0%), chromogenic bacte-
ria (50.9%), yellow-brown hypomineralized area (67.0%) and
caries with cavitation (77.8%), respectively.
In terms of primary tooth discolorations, the highest emo-

tional status was observed with a VAS score of 6 for teeth af-
fected by chromogenic bacteria (34.3%) and white hypominer-
alized area (28.7%). AVAS score of 8 was reported for yellow-
brown hypomineralized area (31.3%), and a VAS score of 10
was recorded for teeth with caries with cavitation (60.4%).
Statistical analysis revealed a significant difference between
the VAS scores for discolorations caused by chromogenic
bacteria (p = 0.04), caries with cavitation (p = 0.005), white
hypomineralized area (p = 0.01) and yellow-brown hypomin-
eralized area (p = 0.02) in terms of both primary and permanent
teeth discolorations.
The attitudes of parents towards counseling for treatment

were assessed using the statements “Absolutely yes; Yes; I
don’t have an idea; No; Absolutely no”. The distribution of
these statements for each tooth discoloration is presented in
Table 3. For both primary and permanent teeth discolorations,
the statement “Absolutely yes” was the most frequently chosen
by parents. The highest percentage for the “Absolutely yes”
statement was reported for caries with cavitation, with 81.7%
for primary teeth discolorations and 94.3% for permanent teeth
discolorations. The results for “Absolutely yes” statement
were white hypomineralized area (53.5%), chromogenic bac-
teria (56.5%), yellow-brown hypomineralized area (73.0%)
and caries with cavitation (81.7%) for primary teeth discol-
orations, respectively. The higher percentages for “Absolutely
yes” statement was reported for permanent teeth discolorations
as white hypomineralized area (74.3%), chromogenic bac-
teria (84.3%), yellow-brown hypomineralized area (87.0%)
and caries with cavitation (94.3%), respectively. Statistical
analysis revealed a significant difference in the distribution
of “Absolutely yes” statements for chromogenic bacteria (p
= 0.01), caries with cavitation (p = 0.01), yellow-brown hy-
pomineralized area (p = 0.01) and white hypomineralized area
(p = 0.004) in terms of both primary and permanent teeth
discolorations.



165

TABLE 1. Demographic data of the participating parents and their children.

Demographic data Mean ± sd
(yr) Subgroups Average value

n %
Children’s age 11.53 ± 5.01
Parent’s age 35.90 ± 6.34
Children’s gender

Female 130 56.5
Male 100 43.5

Parent’s gender
Female 189 82.2
Male 41 17.8

Education level
University 148 64.3

Master-doctorate 42 18.3
High-school 34 14.8

Elementary school 6 2.6
Socio-economic level

>2-minimum wage 66 28.7
>1-minimum wage 116 50.4
1-minimum wage 36 15.7
<1-minimum wage 12 5.2

sd: standard deviation; mean± sd used for age; n: number; %: percentage used for showing the distribution of gender, education
level, and socio-economic level.

TABLE 2. VAS scores for different discolorations amongst primary and permanent teeth.
Tooth discolorations VAS scores Primary teeth Permanent teeth p-value

n % n %
Chromogenic bacteria

0 3 1.3 0 0.0

0.04*

2 8 3.5 3 1.3
4 36 15.7 12 5.2
6 79 34.3 27 11.7
8 63 27.4 71 30.9
10 41 17.8 117 50.9

Caries with cavitation
0 1 0.4 1 0.4

0.005*

2 1 0.4 1 0.4
4 8 3.5 2 0.9
6 24 10.4 13 5.7
8 57 24.8 34 14.8
10 139 60.4 179 77.8

White hypomineralized area
0 3 1.3 1 0.4

0.01*

2 7 3.0 4 1.7
4 56 24.3 12 5.2
6 66 28.7 37 16.7
8 63 27.4 84 36.5
10 35 15.2 92 40.0

Yellow-brown hypomineralized area
0 4 1.7 1 0.4

0.02*

2 9 3.9 2 0.9
4 37 16.1 5 2.2
6 45 19.6 13 5.7
8 72 31.3 55 23.9
10 63 27.4 154 67.0

Total 230 100.0 230 100.0
VAS: Visual Analog Scale; Categorical variables were shown as number (n) and percentages (%) of chromogenic bacteria, caries
with cavitation, white and yellow-brown hypomineralized area for primary and permanent teeth and analyzed with Pearson Chi-
Square Test. *p < 0.05 indicates a statistically significant difference.
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TABLE 3. Parental preference statements for different discolorations amongst primary and permanent teeth.
Tooth discolorations Parental preference statements Primary teeth Permanent teeth p-value

n % n %
Chromogenic bacteria

Absolutely no 2 0.9 2 0.9

0.01*

No 18 7.8 0 0.0
I don’t have an idea 6 2.6 1 0.4

Yes 74 32.2 33 14.3
Absolutely yes 130 56.5 194 84.3

Caries with cavitation
Absolutely no 1 0.4 2 0.9

0.01*

No 3 1.3 0 0.0
I don’t have an idea 2 0.9 2 0.9

Yes 36 15.7 9 3.9
Absolutely yes 188 81.7 217 94.3

White hypomineralized area
Absolutely no 1 0.4 2 0.9

0.004*

No 16 7.0 1 0.4
I don’t have an idea 9 3.9 2 0.9

Yes 81 35.2 54 23.5
Absolutely yes 123 53.5 171 74.3

Yellow-brown hypomineralized area
Absolutely no 3 1.3 6 2.6

0.01*

No 15 6.5 0 0.0
I don’t have an idea 3 1.3 1 0.4

Yes 41 17.8 23 10.0
Absolutely yes 168 73.0 200 87.0

Total 230 100.0 230 100.0
Categorical variables were shown as number (n) and percentages (%) of chromogenic bacteria, caries with cavitation, white and
yellow-brown hypomineralized area for primary and permanent teeth and analyzed with Pearson Chi-Square Test. *p < 0.05
indicates a statistically significant difference.

4. Discussion

Discoloration problems caused by chromogenic bacteria, hy-
pomineralization and tooth caries can be confusing for parents
due to their similar appearances, such as black staining in
chromogenic bacteria, dark brown color in tooth caries and
yellow-brown hypomineralization [9, 17]. However, the find-
ings of this research demonstrated a statistically significant
difference between the VAS scores and the preference for
dental counseling for both primary and permanent teeth across
all types of discoloration. Therefore, the hypothesis of this
study was rejected based on the observed statistical difference
between primary and permanent teeth concerning discoloration
cases, including chromogenic bacteria, caries with cavitation,
yellow-brown hypomineralized area and white hypomineral-
ized area. These research results align with previous studies
[16, 18, 19] that have assessed the emotional status of par-
ents or children concerning various discoloration conditions
in primary and permanent teeth. However, to the best of our

knowledge, this study represents the first investigation specif-
ically evaluating parental preferences and attitudes towards
dental treatments for different discolorations caused by yellow-
brown and white hypomineralization, as well as chromogenic
bacteria.
The primary reasons for parents seeking dental care for

their children are often related to pain and esthetic concerns
[16, 20, 21]. Undesirable or unsatisfactory smile esthetics can
lead to hesitance in speaking and smiling among children and
adolescents, potentially resulting in psychosocial development
issues. Parents who are aware of or have experienced this
situation frequently seek dental intervention to address the
impact on their children’s personal and social development
[11, 17, 21, 22]. Previous studies [10, 11] have highlighted that
discoloration caused by untreated caries or traumatic injuries
is considered one of the primary factors prompting parents
to seek dental care due to the emotional state of the child
or the parent. Additionally, Rodd et al. [23] conducted
a survey study assessing esthetic concerns before and after
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treatments for anterior teeth affected by MIH-affected us-
ing VAS. The results indicated that visible enamel defects
had negative psychosocial impacts before treatment but led
to positive self-assessment of confidence and happiness after
treatment. Furthermore, Calheiros-Lobo et al. [20] conducted
a systematic review and meta-analysis focusing esthetic per-
ception of various clinical situations related tomaxillary lateral
incisor agenesis, employing the VAS as a measurement tool.
Therefore, the VAS, functioning as a Likert scale, was used
in this study to evaluate the emotional status associated with
different discoloration conditions. Its simple structure, with
scores ranging from 0 to 10 and representing emotions through
facial expressions, made it easier for parents to understand and
answer.
Based on the results concerning primary teeth, parents

demonstrated stronger emotional responses towards caries
with cavitation compared to yellow-brown hypomineralized
area, chromogenic bacteria and white hypomineralized area.
Additionally, parents expressed an “Absolutely yes” statement
regarding counseling for dental treatments for all types of
discolorations. However, the highest preference for receiving
dental intervention was observed for caries with cavitation,
surpassing yellow-brown hypomineralized area, chromogenic
bacteria, and white hypomineralized area. These findings
may be influenced by the level of discoloration, such as the
presence of a darker color rather than a lighter one. Also,
several studies have evaluated the esthetic concerns of children
and their parents about the cases with or without tooth loss
[20, 23–25]. In addition, some studies [16, 19] that evaluated
traumatic injuries reported that injuries with more tissue loss
had more emotional effects on parents and children than
simple injuries. Similar to the present research results, the
emotional response and attitude for dental consultancy were
high for caries with cavitation more than the discolorations of
white hypomineralization, yellow-brown hypomineralization
and chromogenic bacteria.
The results of this study indicated that a VAS score of 10

was commonly reported for emotional status regarding primary
teeth discoloration conditions. However, despite this high
emotional response, the results showed a higher preference
for receiving dental intervention in cases of permanent teeth
discolorations compared to primary teeth, with a statistically
significant difference. This discrepancy may be attributed to
the clinical significance placed on permanent teeth, as empha-
sized in previous studies [2, 6, 10, 26]. Duruk et al. [26]
conducted a study examining parental ability to distinguish
between primary and permanent teeth, and the results indicated
that some parents tend to overlook the health of permanent
first molar teeth under the assumption that they are primary
teeth that will eventually exfoliate. Furthermore, another study
[16] assessing different traumatic dental injuries in primary
and permanent teeth reported that parental emotional states and
attitudes were higher for permanent teeth compared to primary
teeth injuries, which align with the findings of the present
study. Hence, it can be inferred that parents may tend to neglect
discolorations and traumatic dental injuries in primary teeth
more so than in permanent teeth.
Permanent teeth have a significant impact on esthetics and

have been gaining increasing importance, particularly due to

the rising prevalence of MIH has increased recently [11, 15].
Hypomineralization presenting as yellow-brown or white dis-
coloration on permanent anterior teeth can cause significant
esthetic problems, potentially affecting a child’s desire to laugh
or smile [14, 15, 17]. Silva et al. [24] conducted a study
assessing esthetic perceptions of different enamel opacities,
including white and yellow colors, with or without tooth loss,
and reported that bilateral yellow opacity, with or without loss,
had the greatest impact on enamel defects. Altogether, findings
from previous literature [20, 23, 25] were consistent with those
reported in our present study to a certain extent. In this cur-
rent study, parents stated stronger emotional response towards
yellow-brown hypomineralized anterior permanent teeth com-
pared to white hypomineralized teeth. Additionally, parents
exhibited stronger emotional response towards discoloration
caused by chromogenic bacteria than white hypomineralized
discoloration cases; thereby indicating that parents tend to
place less importance on discolorations that do not present
esthetic problems [18, 20].
According to the existing literature [7, 10, 17], discoloration

significantly affects a child’s desire to smile and laugh, thus
influencing their social interactions. The results of this study
indicate that most participating parents preferred to seek dental
consultation for discolorations caused by chromogenic bacte-
ria, hypomineralization, and tooth caries in both primary and
permanent teeth, suggesting a high level of parental awareness
and perception, which could be attributed to the fact that
most participants had a high level of education, primarily at
the university level. It is important to acknowledge that this
high level of parental awareness may have influenced the
high emotional response rates and the preference for dental
intervention. These findings reflect parents’ concern regarding
the potential increase in social anxiety and their efforts to
seek dental treatments for esthetic improvements, considering
dental esthetics as an integral part of OHRQoL [14]. Also, the
different prevalence of these discoloration conditions might be
another limitation due to a higher response for discoloration
caused by caries than hypomineralization or chromogenic bac-
teria. However, the strength of this study lies in its unique
evaluation of both emotional response and parental attitudes
towards dental counseling for treatment in the case of different
discolorations caused by hypomineralization and chromogenic
bacteria while also comparing them with tooth caries. The
results obtained from this study provide a clearer understand-
ing of the impact of discoloration on parents’ perceptions for
both primary and permanent teeth. Therefore, it is crucial
to prevent or treat these discolorations before they leave a
lasting impact on children’s lives, which could be achieved
through educational initiatives in schools to raise awareness
about early referrals to dentists and involve pediatricians in
providing guidance and consulting with pediatric dentists.

5. Conclusions

Based on the evaluation of different discoloration cases on par-
ents’ emotional states and attitudes, the following conclusions
can be drawn:
- All discolorations have a similar impact on parents’ emo-

tional states.
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- Parents exhibited stronger emotional responses for discol-
orations caused by “caries with cavitation” than those resulting
from hypomineralization and chromogenic bacteria.
- Yellow-brown hypomineralization appears to have a

greater emotional impact and elicits a more positive response
for dental consultation than white hypomineralization cases.
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