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Function of Attitudes to Dental Health During COVID-19 Lockdown

Function of the Family Unit, Oral Hygiene Rules and Attitudes
to Dental Health in Children During First-Wave 2020 COVID-19

Lockdown

Sigalit Blumer*/ Nurit Dagon **/Benjamin Peretz***/ Tal Ratson ****/ Johnny Kharouba *****

Obijective: To examine whether general and dental health and habits of families were affected by the first-
wave lockdown due to COVID-19, and whether these habits were related to family functioning, resilience
and stress. Study design: A cross-sectional study using an online survey disseminated among families with
kindergarten and primary school-aged children during the lockdown of March and April 2020. Results: A
total of 361 respondents completed the survey. Most respondents adapted well to the changes imposed by
lockdown and reported that they and their children had low anxiety levels and high mental resilience. Family
functioning and behavior were positively correlated with nutrition habits and hygiene. General hygiene was
positively correlated with oral hygiene. Respondents who reported requiring dental care had difficulties
gaining access to it. Most respondents perceived that it is important to improve patients’ digital access
to pediatricians and dentists during crises. Conclusion: The study showed that better family functioning
was associated with better family hygiene and nutrition, parental resilience and lower mental stress among

children.
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INTRODUCTION

n 31 December 2019, an outbreak of a new corona virus in
OWuhan (Hubei Province) in China was first reported. The

World Health Organization (WHO) declared the outbreak
a public health emergency of international concern on 30 January
2020. The disease caused by the virus was named COVID-19 on
11 February 2020, and was declared a pandemic by the WHO on 11
March, 2020.! The massive spread of the disease around the globe
required citizen of many countries to change their behavior and
normal daily functioning, practice social distancing and isolate to
curb viral spread.

COVID-19 spreads mainly through droplets and fomites; there-
fore, dental professionals are at high risk for COVID-19 infection
due to the nature of dental interventions, which include proximity of
the dentist to the patient’s oropharyngeal region and aerosol gener-
ation. Moreover, patients may be exposed to cross contamination if
appropriate precautions are not taken.? In the wake of the pandemic,
following guidance by professional dental associations, many coun-
tries saw the cancellation of routine dental care followed by urgent
care, so that only emergency dental care was provided. The American
Dental Association (ADA) suggested on March 16, 2020 that dentists
defer all elective dental care for 3 weeks. The United States Centers
for Disease Control and Prevention recommended in March 2020 that
dental settings should prioritize urgent and emergency visits and delay
elective visits and procedures to protect staff and preserve personal
protective equipment and patient care supplies, as well as expand
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available hospital capacity.® In New Zealand, all non-essential and
elective dental treatment was stopped on March 23 and on the same
date all routine face-to-face dentistry was halted in Scotland, Wales
and Northern Ireland.*® During the same month, the Israeli Ministry
of Health instructed the public to postpone non-essential dental
treatments and dental offices were instructed to treat only emergency
cases while maintaining strict preventive measures.® Guidelines were
also published by various other dental organizations.”°

Maintaining oral health in children is based on periodical
check-ups and on provision of information on oral hygiene to the
parents. Following the cessation of routine regular dental care
during the pandemic, it was essential to focus on prevention and
maintenance of oral health in the home. A diet rich in fruit and
vegetables helps to protect against the onset of gum diseases and
caries. Moreover, it is important to limit sugar sweetened beverage
consumption . Stressful life events, such as separation, unemploy-
ment, chronic illness or depression, may affect the functioning of
families. Self-isolation measures and the lockdowns imposed by
many countries meant that many families had to adjust and adapt
to living together without going outside. Such changes could cause
mental pressure, loneliness, and existential anxiety regarding
family, friends and the changing world due to the many unknowns
related to the new disease, including mortality and infection rates,
symptoms, infectiousness, the economic situation and not knowing
how long this situation would last. Studies on previous public health
emergencies showed that they triggered stress emotional responses
comprising higher anxiety levels and other negative emotions.? A
study that evaluated the impacts of the declaration of a public health
emergency in China due to COVID-19 on people’s mental health,
reported an increase in negative emotions (anxiety, depression, and
indignation) and sensitivity to social risks, as well as a decrease in
positive emotions and life satisfaction. The study also showed that
people were more concerned about their health and families, and
less concerned about friends and leisure.*®

The unique situation imposed on families during lockdown has
led us to investigate if dental health and habits were affected during
lockdown and if these habits are related to family functioning, resil-
ience and stress.

MATERIALS AND METHOD

Setting and participants

This was a cross-sectional study conducted during March and
April 2020 among families with kindergarten and school-aged
children in Israel. The study was approved by Tel Aviv University’s
ethics committee (research number 0001233-2). All participants
provided their consent for study participation.

Questionnaire and data collection

The study questionnaire (Figure 1) was constructed by the
researchers. The questionnaire was validated for clarity and reli-
ability on a sample of 10 respondents. Due to the lockdown, the
questionnaire was disseminated to the study population electroni-
cally via the authors’ email list and Facebook contacts. To access
the questionnaire, the participants clicked a link and completed and
submitted the questionnaire online through Google Forms. As such,
the data were collected anonymously and automatically transferred
to an Excel sheet on the researchers’ server.

2 doi 10.17796/1053-4625-45.1.1

The questionnaire comprised 8 core variables, each consisting
of several questions: 1) Family unit functioning and behavior (16
questions); 2) Nutrition habits (6 questions); 3) Family oral and
hand hygiene (5 questions); 4) Access to medical treatments (12
questions); 5) Children’s mental stress; 6) Parental functioning and
mental resilience, 7) Coronavirus self-isolation and 8) Participant
demographics.

Statistical analysis

The data were analyzed using SPSS software version 25. Cate-
gorical variables were summarized as number and percent and
continuous variables were summarized as mean and standard devi-
ation. Then, the components of the core variables were summarized
by mean and standard deviation, and associations were assessed
using Spearman tests. The associations between the core variables,
and the demographic characteristics were assessed using Mann-
Whitney tests. To examine the relationships between socio-demo-
graphic variables, parental resilience, mental stress of children and
nutrition habits, a hierarchical multiple linear regression analysis
was conducted.

To assess the correlation between the general and oral hygiene,
Spearman correlation tests were conducted between the general
hygiene questions to the oral hygiene questions.

RESULTS

Participant demographics

A total of 361 individuals completed the questionnaires.
Respondent demographics are shown in Table 1. The respondent’s
average age was 42.0+6.2 (SD) years. Most were female (87.0 %),
born in Israel (92.2%), were married (87.3 %) and had an academic
education (97.0 %).

None of the respondents were diagnosed with COVID-19. Four
respondents (1.1%) reported that a member of their family was
diagnosed with the disease. Twenty-six respondents (7.2%) reported
being instructed to self-isolate and 63 respondents (17.5%) reported
that a member of their family had to self-isolate.

Family behavior and functioning during lockdown

Over half of the respondents (54.0%) perceived that their lives
were moderately at risk due to COVID-19, while 39.6% did not
perceive any risk. Conversely, 54.0% did not perceive any risk to
their children’s lives, while 40.2% perceived a moderate risk to their
children’s lives.

Almost half of the respondents (48.2%) reported that their chil-
dren were moderately concerned due to the COVID-19 outbreak
while 44.9% reported that their children were not concerned at all.
According to the respondents, most children (82.3%) were only
moderately concerned or not at all concerned about their parents’
health, but 83.9% were moderately to very much concerned about
their grandparents” health.

Over two-thirds of respondents replied that their children
were adapting well or extremely well to the changes in schedule
brought about by lockdown and to this situation (68.1 and 65.1%,
respectively).

Most respondents reported managing to create a schooling
schedule and perceived that are managing with their children’s
online learning (82.0% and 92%, respectively); 44.9% of
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Figure 1: Study questionnaire

Family and children’s behavior

For each statement below describing the behavior of the family and
children during the corona crisis. please mark the number that describes
your conduct since the beginning of the crisis (lockdown): (1) Not at all (2)
Somewhat (3) To a great extent (4) To a very great extent.

1. To what extent do you feel your life is at risk due to the corona virus?
2. To what extent are you afraid that your children are at risk of dying?
3. How much are your children afraid of the situation?

4. How much do your children fear for their parents’ health?

5. How much do your children fear for their grandparents’ health?

6. To what extent do you buy food products for fear of a shortage?

7. To what extent have your children managed to adapt to the changes in
the daily routine?

8. To what extent have you succeeded in getting your children to adapt an
online studying routine?

9. Do you feel that the children have adapted to the situation?

10. To what extent does your child cope with online learning?

11. To what extent do you, as a parent, cope with operating the computer
and online learning?

12. To what extent do you feel that learning in this way would help your
child complete the required study material?

13. To what extent do you feel that under the current situation you are able
to focus and think clearly in order to convey your messages to your
children?

14. To what extent do you feel that the relationship among the siblings is
good in the current situation?

15. To what extent do you feel that your children can deal with unpleasant
feelings?

16. To what extent do you currently feel under pressure to focus and think
clearly in order to convey your messages to your child?

Nutrition habits

For each statement below describing nutrition during this period,
please mark the number the represents the most appropriate answer: (1)
Not true at all (2) Sometimes true (3) Often true (4) True almost all the
time.

1. I manage to get my kids to have an eating schedule.

2. | feel I control the quality of the food the children eat.

3. | feel I control the amount of food the children eat.

4. We talk more about eating and the types of food being eaten.

5. Consumption of salty and sweet snacks has increased considerably.

6. | forbid my children to consume large amounts of snacks because of
dental health fears.

Hygiene habits
For each statement below describing hygiene during this period,
please mark the number the represents the most appropriate answer: (1)
Not at all (2) Somewhat (3) To a great extent.
1. Are the rules of hygiene observed at home according to the guidelines?

2. Tooth brushing habits are maintained in a similar way to those before
the crisis.

3. | put more emphasis on brushing teeth with the children.

4. The children are compliant and obey the new rules of hygiene (hand
washing).

5. The children are compliant and obey the rules of hygiene relating to
brushing teeth more than usual.

Access to medical treatments
For each question below about accessibility to medical treatments
please indicate (1) Yes (2) No.
1. During this period of staying at home, did your child need medical
care (not teeth)?

The children’s feelings

tered during this period. Please read each section and mark the appropriate
answer: (1) Not at all (2) Slightly (3) Somewhat (4) To a large extent.

Parent’s emotional state

(lockdown) in the following situations: (1) Extremely bad (2) Not good (3)
Quite good (4) Very good.

Demographics

If the answer is “Yes”,

2. Was treatment immediately accessible?

3. Were you please with the accessibility of the pediatrician?

4. Did your child have a toothache or discomfort during this period?
If the answer is “Yes”,

5. Have you had a problem accessing dental care in the medical setting
to which you belong?

6. Do you think it is necessary to intentionally improve medical accessi-
bility to pediatricians in times of crisis?

7. Would provision of access to dentists in order to ask questions help
you in times of crisis?

8. Are you afraid to take your child to the dental clinic for emergency care
because you fear getting infected by the corona virus?

9. Are you refraining from going to the dental clinic these days due to the
financial situation?

10. Did your child receive dental care during this period?

If the answer is “Yes”,

11. Was treatment provided by the public healthcare services?
12. Was treatment provided by private services?

Below is a list of feelings and problems that children may have encoun-

1. Nervousness.

2. Loneliness.

3. Upset.

4. Disinterest.

5. Anger.

6. Fear.

7. Anxiety of going to public places.

Please indicate your feeling mood as a parent during the Corona crisis

1. Work.
. Health.
. Free time.

. Family relationships.
. Daily functioning.
7. Giving confidence to your child.

2
3
4. Social connections.
5
6

Age

Marital status: 1. Married 2. Divorced. 3. Widow. 4. In a relationship. 5.
Single parent. 6. Other.

Education: 1. Elementary school. 2. High school. 3. Academic.

Were you born in Israel? 1. Yes. 2. No.

Were you instructed to self-isolate? 1. Yes. 2. No.

Has anyone in your family been instructed to self-isolate? 1. Yes. 2. No.

Were you instructed to self-isolate due to proximity to a patient with
verified COVID-19 infection? 1. Yes. 2. No.

Has anyone in your family been instructed to self-isolate due to proximity
to a patient with verified COVID-19 infection? 1. Yes. 2. No.

Have you been diagnosed with COVID-19? 1. Yes. 2. No.

Has anyone in your family been diagnosed with COVID-19? 1. Yes. 2.
No

The Journal of Clinical Pediatric Dentistry ~ Volume 45, Number 1/2021
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respondents reported that their children adapted well to extremely
well to online school lessons and 38.5% reported that their chil-
dren adapted moderately to online lessons. About two-thirds of
respondents (67.3%) felt that online school lessons would help their
children to catch up with school material that was not taught due to
closure of schools.

Most respondents (75.6%) reported that they remain focused
and think clearly despite the situation. Most (74.2%) reported good
relationships among siblings in the household and 61.2% perceived
that their children could cope with bad feelings.

Nutrition habits

Most respondents (69.0%) reported that there is a regular eating
schedule at home almost all the time or very often, 76.2% and 64.3%
perceived that they are in control-almost all the time or very often—
of the quality and quantity of food, respectively, that their children
eat. Over half of the respondents (55.4%) felt that food and eating
are being discussed more often at this time, and 60.9% reported that
consumption of snacks and sweets has increased in their household.
Over half of respondents (52.5%) reported that their children are
usually or very often not allowed to consume large quantities of
snacks in order to maintain dental/oral health.

Hygiene habits

Most respondents (78.9%) reported maintaining high levels of
hygiene according to the guidelines in the household and 75.6%
reported that their children comply with the new guidelines of
washing their hands more often. A similar percentage (78.1%)
reported that tooth brushing habits are the same as before lock-
down, 33.2% reported that they attribute greater importance to tooth
brushing than before, but only 22.7%.reported that their children
comply with brushing their teeth more often.

Table 1. Participant demographics

Study population

N=361
Parameter Mean

Age, mean + SD 42.0+6.2
Gender, n (%)

Male 47 (13.0)

Female 314 (87.0)
Marital status, n (%)

Married 315 (87.3)

Divorced 22 (6.1)

Widow 4(1.1)

In relationship 11 (3.0)

Single parent 7(1.9)

Other 2(0.6)
Education, n (%)

Academic (>12 years) 350 (97.0)

High school (212 years) 11 (3.0)
Country of birth, n (%)

Israel 333(92.2)

Abroad 28 (7.8)

n= number, SD=standard deviation

4 doi 10.17796/1053-4625-45.1.1

Access to urgent medical and dental care

Most respondents (83.4%) reported that their children did not
require medical treatments during lockdown. The vast majority of those
who did require medical treatments (59 of 60 respondents, 99.3%) did
not have any problems in receiving it. Regarding dental treatments,
12.5% of respondents reported that their children had a toothache or
some other related oral discomfort. Of these respondents, 60% (27 of
45) reported receiving dental care as well as difficulties in accessing it.

Most respondents responded that in times of crisis it is important
to improve digital access to pediatricians and dentists (87.3% and
85.2%, respectively).

Two third of respondents reported being apprehensive in seeking
out dental treatment for their children because of fear of COVID-19
infection.

Children’s mental stress during lockdown

When asked about their children’s feelings during this period,
most respondents reported that their children were not at all or only
slightly anxious (74.5%), lonely (73.1%), moody (80.3%), disinter-
ested (80.6%), or afraid (88.9%). Over two-thirds of respondents
(67.9%) reported that their children were not fearful at all or only
slightly fearful of going to public places.

Parental functioning and mental resilience during
lockdown

When asked about their own feelings during the COVID-19
crisis, the majority of respondents perceived their health, daily func-
tioning and family relations (96.1, 93.1 and 88.9%, respectively) as
quite good to very good, and over two-thirds (67.6%) reported that
they felt quite good to very good about their work. About half of the
respondents (52.1%) felt the quantity of their free time was quite
good to very good and 56.8% reported their social relationships
were quite good to very good.

Association between family functioning and
behavior, hygiene, nutrition, parental mental resil-
ience, children’s mental stress and studying routine

Table 2 shows the means and standard deviations of core vari-
ables in the study and Table 3 shows the means and standard devia-
tions of the items relating to nutrition and hygiene habits.

Analysis of the association between the core variables in the
study, using Spearman correlation (Table 4), showed that family
functioning and behavior are positively correlated with nutrition
habits (r=0.20, p<0.01), hygiene habits )r=0.21, p<0.01) and parental
mental resilience (r=0.39, p<0.01), and negatively correlated with
their children’s mental stress (r=-0.15, p<0.01).

Nutrition habits are positively correlated with hygiene habits
(r=0.23, p<0.01), and with parental mental resilience (r=0.17,
p<0.01), and with lower mental stress of children (r=-0.18, p<0.01).
Parental mental resilience was positively correlated with nutrition
(r=0.17, p<0.01) and hygiene habits (r=0.14, p<0.01). Married
parents reported marginally better nutrition habits in comparison
with non-married parents (p=0.07 by Mann-Whitney test) but no
association was found between marital status and hygiene habits.

A negative correlation was found between children’s mental
stress and nutrition habits (r=-0.18, p<0.01), but no correlation
was found between the children’s mental stress and oral hygiene
(r=-0.06, p=0.27).

The Journal of Clinical Pediatric Dentistry ~ Volume 45, Number 1/2021
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Table 2: Means, standard deviations and ranges for the core variables

Mean 0 ion Range
Family behavior 2.34 0.32 1 (not at all)-4 (to a very great extent)
Nutrition habits 2.85 0.53 1 (not true at all)-4 (true almost all the time)
Hygiene habits 2.43 0.39 1 (not at all) — 3 (to a great extent)
Access to urgent medical care 3.59 1.66 0 (none of the answers were positive) — 10 (all answers were positive)*
Mental stress of children 1.91 0.59 1 (not at all) — 4 (to a great extent)
Parental mental functioning and resilience ~ 3.02 0.45 1(extremely bad) — 4 (very good)
Coronavirus social isolation 0.38 0.84 1 (none of the answers were positive) — 4 (all answers were positive)*

*Excluding two duplicate questions

Table 3: Means, standard deviations, and ranges for the nutrition and hygiene questions

Mean Standard deviation Range*
Nutrition

| manage to get my kids to have an eating schedule. 2.92 0.89 1-4
| feel | control the quality of the food the children eat. 3.07 0.83 1-4
| feel I control the amount of food the children eat. 2.78 0.88 1-4
We talk more about eating and the types of food being eaten. 2.58 0.93 1-4
Consumption of salty and sweet snacks has increased considerably. 3.15 0.82 1-4
| forbid my children to consume large amounts of snacks due to risk for oral health. 2.61 0.94 1-4
Hygiene

Are the rules of hygiene observed at home according to the guidelines? 2.78 0.43 1-3
Tooth brushing habits are maintained in a similar way to those before the crisis. 2.76 0.48 1-3
| put more emphasis on brushing teeth with the children. 2.02 0.80 1-3
The children are compliant and obey the new rules of hygiene (hand washing). 2.74 0.47 1-3
The children are compliant and obey the rules of hygiene relating to brushing teeth more than usual.  1.86 0.76 1-3

*Range for questions on nutrition habits: (1) Not true at all (2) Sometimes true (3) Often true (4) True almost all the time; Range for questions on hygiene

habits: (1) Not at all (2) Somewhat (3) To a great extent.

Table 4: Associations between the core variables.

1 2 3 4 5 6
Family behavior
Nutrition habits 0.20**
Hygiene habits 0.21** 0.23**
Accessibility to medical treatments 0.03 -0.07 0.03
Mental stress of children -0.15**  -0.18** -0.11* 0.20**
Parental mental resilience 0.39** 0.17** 0.14** -0.14* -0.31**
Coronavirus social isolation 0.01 0.04 -0.05 0.02 -0.03 -0.02

*p <0.05, **p <0.01

Oral hygiene was assessed using the questions ““Tooth brushing
habits are maintained in a similar way to those before the crisis”,
“l put greater emphasis on brushing teeth with the children” and
“The children are compliant and obey the rules of hygiene relating
to brushing teeth more than usual”. The average score was 2.21
(SD=0.52, range=1-3). General hygiene was assessed using the
questions “Are the rules of hygiene observed at home according
to the guidelines?” and “The children are compliant and obey the
new rules of hygiene (hand washing)”. The average score was 2.76
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(SD=0.38, range=1-3). General hygiene was positively correlated
with oral hygiene (r=0.35, p<0.01 by Mann Whitney test).

Greater access to urgent medical care was positively correlated
with higher parental mental resilience (r=0.20, p<0.01), and nega-
tively correlated with children’s mental stress (r=-0.14, p<0.01).
Married parents reported less access to urgent medical care
(Mean=3.53, SD=1.64) than non-married parents (Mean=4.00,
SD=1.70), but this difference was only marginally significant
(p=0.06).
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No correlation was found between Coronavirus self-isolation
and the other variables. Difference between participants who were
in self-isolation and participants who were not in self-isolation, were
assessed using Mann-Whitney tests. The results showed a marginal
difference between self-isolation and hygiene habits (p=0.053). That
is, parents who had been in self-isolation (Mean=2.58, SD=0.33)
reported better hygiene habits in comparison parents who had not
been in self-isolation (Mean=2.42, SD=0.39). No difference in
hygiene or nutrition habits were found between those who had a
family member in self-isolation and those who did not. There were
no differences in nutrition and oral habits between respondents who
had a family member with COVID-19 and those who did not.

To assess the correlation between the children’s learning routine
and nutrition and hygiene habits at home, the questions “To what
extent have your children managed to adapt to the changes in the
daily routine™, “To what extent have you succeeded in getting your
children to adapt an online studying routine”, ““Do you feel that
the children have adapted to the situation?”, ““To what extent does
your child cope with online learning?”’, ““To what extent do you, as
a parent, cope with operating the computer and online learning?”
and “To what extent do you currently feel under pressure to focus
and think clearly in order to convey your messages to your child?”
were averaged for one variable. The average score was 2.55
(SD=0.53, range=1.14-4.00). The children’s studying routine was
positively correlated with nutrition (r=0.27, p<0.01) and hygiene
habits (r=0.21, p<0.01).

Multivariate analysis for predicting nutrition habits
during lockdown

To examine the relationships between socio-demographic
variables, parental resilience, children’s mental stress and nutri-
tion habits, a hierarchical multiple linear regression analysis was
conducted. The variables in the model accounted for approximately
16.20% of the total variance in nutrition habits (Fqo, 346=6.73,
p<0.01).

Results showed a negative correlation between respondents’
age and nutrition habits (f=-0.20, p<0.01), meaning that younger
parents maintain better nutrition habits in comparison with older
parents. Family functioning and behavior ($=0.18, p<0.01) and
hygiene habits ($=0.14, p<0.01), positively predicted nutrition
habits, while mental stress of children (=-0.14, p=0.01) negatively
predicted nutrition habits. (Table 5).

Multivariate analysis for predicting hygiene habits during
lockdown

To examine the relationships between socio-demographic vari-
ables, parental attitudes, children’s feelings and nutrition habits, a
hierarchical multiple linear regression analysis was conducted. The
variables in the model accounted for approximately 11.70% of the
total variance in hygiene habits (Fo, 319=4.60, p<0.01).

Results showed a negative correlation between age and hygiene
habits ($=-0.13, p<0.05), meaning younger parents keep better
hygiene habits in comparison with older parents. Family behavior
(B=0.22, p<0.01) and nutrition habits ($=0.15, p<0.01), positively
predicted hygiene habits (Table 6).
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Table 5: Standardized coefficients () to predict nutrition habits
during lockdown

Nutrition habits

1 Age -0.15**  -0.20**
Gender (male) 0.00 0.02
Marital status (married) 0.05 0.01
Country of birth (Israel) -0.05 -0.05

2 Family behavior 0.18**
Hygiene habits 0.14**
Accessibility to medical treatments -0.03
Mental stress of children -0.14*
Parental resilience 0.09
Coronavirus insulation and adhesion 0.06
R? 0.03* 0.16**
R? change 0.03* 0.13*

*p<0.05, *p<0.01

Table 6: Standardized coefficients (B) to predict hygiene habits
during Coronavirus social isolation

Hygiene habits

1 Age -0.08 -0.13*
Gender (male) -0.03 -0.02
Marital status (married) -0.02 -0.06
Country of birth (Israel) -0.06 -0.05

2 Family behavior 0.22**
Nutrition habits 0.15**
Accessibility to medical treatments 0.04
Mental stress of children -0.03
Parental resilience 0.07
Coronavirus insulation and adhesion -0.02
R? 0.01 0.12**
R? change 0.01 0.11**

*p < .05, *p < .01

DISCUSSION

Our findings show that lockdown due to the COVID-19 pandemic
did not greatly affect most of our study population: According to the
respondents they adapted well to the changes imposed by lockdown
and reported low anxiety levels and high mental resilience — both
for themselves and their children. Our findings also show that better
family functioning and behavior and better nutrition habits are
correlated with improved hygiene, and that better general hygiene is
correlated with better dental hygiene.

Parents’ oral health-related attitudes and their dental behaviors,
such as locus of control and self-efficacy impact their children’s
dental health,***® In addition, parental psychosocial factors, such
as low sense of coherence, maternal depression, parental stress and
indulgent parenting, have shown to negatively affect their children’s
oral health.1%2

Renzaho and de Silva-Sanigorski investigated the relationships
between child dental health family structure, parental distress, and
family functioning. They reported that poor family functioning,
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parental mental illness and child mental health or conduct problems
were all associated with poor oral health in children. These findings
were independent of parental education, household income, language
spoken at home, country of birth, child gender and parent’s age.?
Similarly, Duijster et al reported that lower family functioning was
associated with an increased likelihood of engaging in less favorable
oral hygiene behaviors.? Family functioning did not significantly
differ between single parents and those who raised their child with
a partner. In the current study married parents reported marginally
better nutrition habits in comparison with non-married parents but
no association was found between marital status and hygiene habits.

The vast majority of those who required medical care did not
have any problems receiving it. In contrast, those who reported
requiring dental care had difficulties gaining access to such treat-
ments because dentists feared being infected with corona virus, or
due to travel restrictions. Importantly, most respondents perceived
that it is important to improve digital access to pediatricians and
dentists during times of crises. Indeed, the pandemic may have
hastened the process of using telehealth in dentistry to screen
patients for dental problems.

Our study is limited by the cross-sectional nature of the data,
which limit our ability to infer casual relationships. In addition,
the data are self-reported, which introduces risks of recall biases
and social desirability. Moreover, some of the measures should
be considered as the parental perception of their children’s mental
state rather than the child’s mental state. Sociodemographic vari-
ables, including the number of children in the family and their ages
were also not assessed; however, questionnaires were sent to fami-
lies with children who attend kindergartens and primary schools.
Family structure was previously found to be associated with chil-
dren’s dental health: children from larger households, single-parent
families, and those with higher birth order showed higher levels
of caries.?* The study participants were obtained through a conve-
nience sample because, due to the lockdown, the only possibility
to reach the target population was electronically by email or social
media (Facebook); therefore, the sampled population behavior may
not be generalizable to the general population in Israel. The vast
majority of respondents were women with an academic education,
indicating a higher socioeconomic position.?® Data on family func-
tioning relied on the point of view of one individual family member,
which may have resulted in a biased view of the family functioning.

CONCLUSIONS

The current study showed that better family functioning during
lockdown due to the COVID-19 epidemic was associated with
better family hygiene and nutrition, parental resilience and lower
mental stress among children, as reported by their parents.

Funding:

This research received no external funding.

Conflicts of Interest:
The authors declare no conflict of interest

The Journal of Clinical Pediatric Dentistry ~ Volume 45, Number 1/2021

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

Rolling updates on coronavirus disease (COVID-19). World Health Organization,
2020. (Accessed 25 June 2020, at https://ww.who.int/emergencies/diseases/
novel-coronavirus-2019/events-as-they-happen.)

Ather A, Patel B, Ruparel NB, Diogenes A, Hargreaves KM. Coronavirus Disease
19 (COVID-19): Implications for Clinical Dental Care. J Endod; 46(5): 584-595.
2020.

US Centers for Disease Control and Prevention. CDC guidance for providing
dental care during COVID-19. Published April 20, 2020. . (Accessed 25 June 2020,
at https://iwww.cdc.gov/oralhealth/infectioncontrol/statement-COVID.html.)
Scottish Dental: Accessible information about Dentistry. COVID-19 Summary
Page. NHS Scotland, 2020. (Accessed 25 June 2020, at https:/Aww.scottishdental.
org/professionals/covid-19-summary-page/.)

COVID-19 Dental Services Evidence Review (CoDER) Working Group. Recom-
mendations for the re-opening of dental services: a rapid review of international
sources. Version 1.3 — 16th May 2020 includes 16 countries (5 new added).2020.
Guidelines to Dental Clinics regarding preparations to contend with the corona-
virus: Division of Oral Health, Israeli Ministry of Health; 17 March 2020.

Meng L, Hua F, Bian Z. Coronavirus Disease 2019 (COVID-19): Emerging and
Future Challenges for Dental and Oral Medicine. Journal of Dental Research;
99(5): 481-487. 2020.

Briggs L. Dental practice during a pandemic. BDJ Team; 7(4): 20-21. 2020.
Alharbi A, Alharbi S, Algaidi S. Guidelines for dental care provision during the
COVID-19 pandemic. The Saudi Dental Journal; 32(4): 181-186. 2020.

FDI Council Statement on Dentistry and Oral Health during the COVID-19
Pandemic. FDI World Dental Federation, 2020. at https://www.fdiworlddental.org/
news/20200602/fdi-offers-guidance-to-members-health-authorities-and-dental-
teams-in-response-to.)

Luzzi V, lerardo G, Bosst M, Polimeni A. COVID-19: Pediatric Oral Health
During and After the Pandemics2020.

Tam CW, Pang EP, Lam LC, Chiu HF. Severe acute respiratory syndrome (SARS)
in Hong Kong in 2003: stress and psychological impact among frontline healthcare
workers. Psychol Med; 34(7): 1197-1204. 2004.

Li S, Wang Y, Xue J, Zhao N, Zhu T. The Impact of COVID-19 Epidemic Declara-
tion on Psychological Consequences: A Study on Active Weibo Users. IntJ Environ
Res Public Health; 17(6). 2020.

Skeie MS, Riordan PJ, Klock KS, Espelid I. Parental risk attitudes and caries-re-
lated behaviours among immigrant and western native children in Oslo. Commu-
nity Dent Oral Epidemiol; 34(2): 103-113. 2006.

Finlayson TL, Siefert K, Ismail Al, Sohn W. Maternal self-efficacy and 1-5-year-old
children’s brushing habits. Community Dent Oral Epidemiol; 35(4): 272-281.
2007.

Lencova E, Pikhart H, Broukal Z, Tsakos G. Relationship between parental locus
of control and caries experience in preschool children—cross-sectional survey. BMC
Public Health; 8: 208. 2008.

Adair PM, Pine CM, Burnside G, et al. Familial and cultural perceptions and beliefs
of oral hygiene and dietary practices among ethnically and socio-economicall
diverse groups. Community Dent Health; 21(1 Suppl): 102-111. 2004.

Reisine S, Douglass JM. Psychosocial and behavioral issues in early childhood
caries. Community Dent Oral Epidemiol; 26(1 Suppl): 32-44. 1998.

LaValle PS, Glaros A, Bohaty B, McCunniff M. The Effect of Parental Stress on the
Oral Health of Children. Journal of Clinical Psychology in Medical Settings; 7(4):
197-201. 2000.

Bonanato K, Paiva SM, Pordeus 1A, Ramos-Jorge ML, Barbabela D, Allison PJ.
Relationship between Mothers’ Sense of Coherence and Oral Health Status of
Preschool Children. Caries Research; 43(2): 103-109. 2009.

Al-Jewair TS, Leake JL. The prevalence and risks of early childhood caries (ECC)
in Toronto, Canada. J Contemp Dent Pract; 11(5): 001-008. 2010.

Renzaho AM, de Silva-Sanigorski A. The importance of family functioning, mental
health and social and emotional well-being on child oral health. Child Care Health
Dev; 40(4): 543-552. 2014.

Duijster D, Verrips GH, van Loveren C. The role of family functioning in childhood
dental caries. Community Dent Oral Epidemiol; 42(3): 193-205. 2014.

Hooley M, Skouteris H, Boganin C, Satur J, Kilpatrick N. Parental influence and
the development of dental caries in children aged 0-6 years: a systematic review of
the literature. J Dent; 40(11): 873-885. 2012.

Verrips GH, Kalsbeek H, Eijkman MA. Ethnicity and maternal education as risk
indicators for dental caries, and the role of dental behavior. Community Dent Oral
Epidemiol; 21(4): 209-214. 1993.

doi 10.17796/1053-4625-45.1.1 7



Prefabricated Zirconia Crowns — A Solution to Treat Hypomineralized Permanent Molars: Report of a Case

Prefabricated Zirconia Crowns — A Solution to Treat
Hypomineralized Permanent Molars: Report of a Case

Jorge Casian-Adem*/ Lizette Cobos ** / William F Waggoner ***/ Anna B Fuks ****

The presence of carious lesions in children associated with developmental defects of enamel is frequently
observed. Restoring these affected teeth can be a challenge for the clinician. Teeth with enamel defects
may have poor or limited resin adhesion and some may require repeated restoration. Prefabricated zirconia
permanent molar crowns were recently introduced as an option for restoring severely decayed and broken
down young permanent molars. These new restorations offer an efficient, esthetic, and economic option
to restore severely broken down carious permanent molars that may be associated with enamel defects in
partially or fully erupted molars.

A clinical case of a 13-year-old female patient is presented. She had a mandibular second permanent molar
that demonstrated significant caries and loss of much of the clinical crown, which was treated with a vital
pulpotomy and restored with a prefabricated zirconia crown.
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INTRODUCTION

olar Incisor Hypomineralization (MIH) is the term used to
M describe a clinical condition that is reported as increasing

in frequency and whose prevalence ranges between 2.8
and 40.2% of the population?. It is estimated that this condition
affects, on average, one in six children worldwide!. The term Molar
Incisor Hypomineralization was first introduced by Weerheijm in
2001%4, These authors defined this entity as hypomineralization of
systemic origin, presenting with defects in tooth enamel, in at least
one and in up to four permanent first molars and is frequently asso-
ciated with similarly affected incisors*®.

Clinically, MIH is considered an opacity in the enamel, whose
color could range from shades of white to cream to brown*S, It is
usually found in at least one of the first permanent molars, although
MIH can also be detected in both primary and permanent second
molars*>”. It is noteworthy that the presence of hypomineral-
ized second primary molars increases the possibility of MIH in
the permanent dentition; however, the absence of hypomineral-
ized second primary molars does not eliminate the possibility of
presenting MIH"8, In MIH, the permanent molars may show rapid
caries progression starting shortly after the eruption of the tooth.

Patients presenting with visible enamel defects may report
dental sensitivity to heat, cold, certain foods and, sometimes also
to toothpastes and tooth brushing. The breakdown and roughness of
the hypomineralized enamel can favor the accumulation of biofilm
and the consequent development of tooth decay.?°.
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Presented here is a report of a 13-year-old female patient with
enamel defects in the maxillary central incisors and significant
defects and breakdown of a mandibular second permanent molar.
She reported frequent episodes of dental sensitivity. The permanent
molar was restored with a prefabricated zirconia crown. Prior to
placement of the crown, a vital pulpotomy was performed by the
placement of Mineral Trioxide Aggregate (MTA), a bioactive mate-
rial. After 40 months the tooth demonstrated very good clinical and
radiographic results.

Case Report

A 13-year-old female patient presented to the office of the prin-
cipal author(JC) with the chief complaint of an extremely sensitive
mandibular right second permanent molar (Figure 1). The patient
reported pain caused by temperature changes, particularly cold,
which prevented her from chewing any food on the right side of her
mouth. Toothbrushing with toothpaste also caused some discomfort;
thus, the patient avoided toothbrushing.

The tooth had previously been restored using composite resin
restorations, but those restorations had failed and been lost. Clini-
cally, the affected molar exhibited a large, extensive carious lesion
and had lost much of the clinical crown.

Due to the extensive carious lesion associated with the MIH and
the lack of sound enamel capable of being etched and bonded, a resin
restoration was contraindicated. It was decided that full coverage
restoration was needed. Historically, preformed metal crowns have
been used to restore young, badly broken down permanent molars,
but in this instance there was a desire for a more esthetic restoration.
It was decided to restore the tooth with a prefabricated zirconia
crown (NuSmile ZR Permanent Molar Crown; NuSmile, Ltd.,
Houston, TX, USA).

The child was anesthetized with the administration of a single
1.8-ml cartridge of Articaine 4% with epinephrine 1/200,000
(Medicaine 1/200,000; Septodont, Saint-Maur-des-Fossés Cedex,
France). A rubber dam was placed, isolating the affected tooth. With

Figure 1. Initial image of a hypomineralized and carious
right mandibular second permanent molar with
a very extensive occlusal lesion associated with
developmental defects of the enamel.
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a low-speed #6 carbide round bur, the carious tooth structure was
carefully excavated. This, however, lead to a carious exposure of the
pulp, which was found to be vital. As this was a young, permanent
molar it was decided to treat the pulp with an MTA vital pulpotomy.
(Figure 2).

The coronal pulp was removed and a wet cotton pellet moistened
with a 1.25% solution of sodium hypochlorite was placed on the
pulp stumps for approximately 1 min. The pulp chamber was then
rinsed with sterile saline solution. A portion of Mineral Trioxide
Aggregate cement (NeoMTA; NuSmile, Ltd, Houston, TX. USA)
was mixed following the manufacturer’s instructions to a putty-like
consistency. The MTA was placed into the pulp chamber with an
amalgam carrier and was gently condensed with a wet cotton pellet.
The MTA was then covered with a 2-3mm layer of resin-modified
glass ionomer cement (BioCem; NuSmile, Ltd, Houston,TX. USA)
to protect the MTA during the subsequent process of tooth prepara-
tion and crown placement.

Preparation for the zirconia crown was done as conservatively
as possible. This consisted of occlusal reduction of approximately
1.5 mm; and circumferential reduction of 1-1.5mm, removing all
surface convexity, with a gingival feather-edge margin extending
approximately 1.5 mm subgingivally. (Figure 3) As this was a molar
in an active process of eruption it was desired to place the gingival
margin at a depth that would remain subgingival at the completion
of eruption.

Figure 2. Occlusal view of the pulpotomy.

Figure 3. Preparation performed on the mandibular second
molar.
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After fitting the crown to a passive fit, the occlusion was
checked, and the crown was deemed ready to cement. Adhesion
of resin modified glass ionomer cements to zirconia contaminated
by saliva has been shown to be poorer than to non-contaminated
zirconia, so prior to cementation the crown was thoroughly rinsed
and its inner surface was cleaned with a cleaning solution containing
zirconium oxide particles (Ivoclean; Ivoclar Vivadent, Schaan,
Liechtenstein) to remove traces of phosphates contained in the
saliva that contaminated the crown during try-in. (It should noted
that the NuSmile Permanent Crown kits now come equipped with
pink “try-in” crowns which can be used to trial fit the prefabricated
zirconia crowns, avoiding the contamination of the zirconia crowns
to be cemented.) The crown was then cemented with resin-modified
glass ionomer cement (BioCem; NuSmile, Ltd, Houston, TX. USA)
following the manufacturer’s instructions. A post-operative radio-
graph was taken to evaluate the final fit and cementation. Excess
retained cement was noted on the radiograph and removed. The fit
of the crown and evaluation of the pulpal treatment was found to be
very satisfactory. (Figure 4).

One week later the tooth was reassessed. Tooth sensitivity had
completely disappeared, the gum around the crown was healthy,
and the patient was very pleased with the treatment, reporting that
she was able to eat, chew, and brush her teeth in a normal manner
(Figure 5).

Figure 4. X-ray of the cemented crown. Some excess of cement
can be noted on the mesial of the crown.

10 doi 10.17796/1053-4625-45.1.2

Fourteen months later, the patient initiated orthodontic treatment
in the same dental office, allowing for continued follow-up of the
tooth. At 40 months post-operatively the crown had retained its
esthetics and function and the tooth had remained vital and asymp-
tomatic. (Figures 6 and 7)

Figure 5. Photograph of the crown 1 week after cementation.
The crown appears clean, the gingival tissue is
healthy, and tooth sensitivity has disappeared.

Figure 6. Follow-up at 40 months after crown placement. The
tooth is asymptomatic and the gingival tissue appears
healthy.

Figure 7. Periapical control x-ray 40 months post-op.
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DISCUSSION

MIH has been classified into three severity levels. Mild MIH
shows demarcated opacities located at non-stress bearing area,
with no caries associated with the affected enamel. Moderate
MIH demonstrates demarcated opacities present on molars and
incisors, with post-eruptive enamel breakdown limited to one or 2
surfaces without cuspal involvement. Severe MIH (as seen in the
present case) demonstrates post-eruptive enamel breakdown, crown
destruction, caries associated with affected enamel, and a history of
dental sensitivity™°.

Hypomineralized molars often present a restorative challenge
for the dentist, particularly due to the difficulty of restoring them
with adhesive systems such as composite resins. This is due to the
poor or inadequate etching of the defective enamel obtained after the
application of phosphoric acid'**. This inadequate etching a result
of higher than normal organic/protein content of the affected enamel
and significantly lower mineralization than is found in sound, unaf-
fected enamel. Another common problem lies in the difficulty in
determining where affected enamel ends, and normal, strong enamel
begins. This is important for creating an adequate finish line for the
restoration, especially in partially erupted molars. Occasionally
glass ionomers, or resin modified glass ionomers may be used to
restore MIH teeth, but these are usually considered intermediate
restorations. Preformed metal crowns have been used to restore
severely damaged MIH teeth with high long-term survival rates 2%,
While durable and economical, these crowns lack esthetic appeal.
Full coronal custom coverage with laboratory fabricated crowns can
also be done, particularly in older children, but is time-consuming,
technique-sensitive and expensive.

In the present case, there had been previous attempts to restore
the tooth with resin, but failure of those restorations left the patient’s
parents seeking another restorative option; one that would solve dental
sensitivity and that was esthetically pleasing, as well as durable.

The pulp exposure of an immature permanent molar during
caries excavation required the decision of either performing a full
root canal treatment or a pulpotomy. While the root apices were
nearly closed, it was decided that a vital pulpotomy would be the
best treatment to maintain vitality and allow for completion of root
end closure’s’,

Yet another treatment option to pulpal therapy and placement of a
crown was the removal of the affected molar and allowing the perma-
nent third molar to erupt as a replacement a few years later. After
discussing the pros and cons of both treatment alternatives with the
patient’s parents, it was decided to restore the affected second molar.

Due to the age of the patient, the second molar was still in active
eruption. The crown margin was placed approximately 1.5 mm
subgingivally in order to compensate for the subsequent eruption of
the tooth, yet still maintain a subgingival margin

Forty months after restoration the molar was asymptomatic; and
clinically and radiographically sound with an esthetic appearance.
Both clinical and radiographic monitoring is ongoing to evaluate
the continued vitality and clinical function of the crown. Zirconia is
extremely durable and biocompatible, and the post-operative radio-
graphs show good marginal adaptation of the crown. Replacement
of this pre-fabricated crown with a custom crown may be necessary
in the future, but that decision will be dictated only if failure of the
present treatment occurs.
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CONCLUSION

Use of a prefabricated zirconia crown to restore a severely
destroyed permanent second molar was shown to have excellent
results in this case. Advantages of this treatment include the ability
to provide an esthetic, durable restoration at a low cost that can be
placed in a single appointment with no impressions or laboratory
costs. In partially erupted molars, it is possible to place this type
of crown since a precise finish line is not required as is necessary
with a laboratory processed crown. Additionally, It is not necessary
to refer the patient to another specialist because the crowns can be
placed by a pediatric dentist.

Prefabricated zirconia crowns hold promise as a clinically
and economically viable alternative for restoring permanent
molars affected by enamel defects, tooth decay, and molar incisor
hypomineralization.
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Stainless steel crown (SSC) placement is a common pediatric restorative treatment, generally completed
with minimal complications. Discussed in this case series are two patients who presented to the emergency
department (ED) with moderate oral bleeding persisting more than 12 hours after oral rehabilitation under
general anesthesia. Bleeding incidence after pediatric oral rehabilitation has been found to range from
20% to 40%, with most being considered mild and significantly associated with extractions. There is limited
documentation regarding moderate, persistent postoperative bleeding associated with placement of preformed
metal crowns. The objective of this paper is to raise awareness of postoperative bleeding following SSC
placement, discuss probable causes to minimize complications in the future, and discuss the local measures

that were used to obtain hemostasis.
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INTRODUCTION

or almost 70 years, stainless steel crowns (SSC) have been
Fused in the treatment of dental decay because of their dura-

bility, inexpensiveness, efficiency, and efficacy.! It is esti-
mated that 20% of children two to five years of age have dental
caries,2 with many likely receiving restorative therapies such as
SSCs. Indications for SSC placement include extensive caries,
cervical decalcification, and developmental defects. The dura-
bility and predictability of SSCs make them particularly useful in
management of high-risk children undergoing oral rehabilitation
under general anesthesia.* The technique involved usually gener-
ates a minimal amount of self-limiting bleeding. Continuous oral
bleeding is an unusual event in a patient without an underlying
medical disorder.* More unusual is persistent moderate postoper-
ative bleeding following SSC placement.>® This case series is the
first of our knowledge to formally discuss persistent postoperative
bleeding associated with SSC placement.

Case 1

A three-year-old female with a history of asthma, obstructive
sleep apnea, and four-month post-surgical history of uncompli-
cated tonsillectomy and adenoidectomy (T&A) presented to the
Nemours/Alfred 1. duPont Hospital for Children’s (AIDHC) emer-
gency department (ED) 12 hours after oral rehabilitation because
of persistent gingival bleeding around a lower right SSC. The treat-
ment was completed in an outpatient ambulatory surgical center
(ASC), and the patient presented with bilateral first mandibular
molar SSCs, two anterior crowns, and composite restorations. The
history as reported by the patient’s mother included oral bleeding
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that was present upon discharge and continuation after application
of gauze pressure at home. There were no known familial bleeding
disorders; however, the father’s medical history was unknown.

The patient presented with pallor, nausea, and some body
bruising, but vital signs and capillary refill remained within
normal limits. Upon examination, moderate bleeding was associ-
ated with the mandibular right first molar prepared with an SSC.
The remaining oral cavity exhibited no bleeding. A liver clot was
removed three separate times by the ED team prior to the dentist’s
ED arrival. The initial treatment was compression with gauze using
digital pressure in five-minute increments, but bleeding continued,
causing gauze saturation. It did, however, allow for visualization
of subgingival cement in the distal buccal sulcus of the tooth. The
cement was debrided, revealing a deep periodontal pocket. The
area was then irrigated, and digital compression was repeated, with
no resolution. A dental radiograph (Fig. 1) was taken, showing no
abnormal findings. Absorbable sterile mesh was compressed into
the distal buccal sulcus, followed by syringing of 15.5% ferric
sulfate around the remaining circumference of the SSC. Hemo-
stasis was achieved, and the patient was monitored for 90 minutes
to confirm resolution before discharge. Coagulation abnormalities,
malnutrition, and pulpal involvement were unlikely but unable to be
fully ruled out. Post-discharge, the patient’s mother consulted with
hematology; no clotting abnormalities were identified.

Figure 1. Periapical radiograph associated with Case 1. The
presence of SSC and normal trabecular pattern of
bone is observed.

Case 2

A three-year-old female with a seven-month post-surgical
history of uncomplicated T&A presented to the Nemours/AIDHC
ED because of persistent gingival bleeding following a maxillary
right lateral incisor crown procedure during oral rehabilitation under
general anesthesia. The treatment had been completed at an ASC
and included extractions, a white-veneered SSC, and restorations.
Her dental history was significant for trauma three weeks previ-
ously, which the mother reported involved her maxillary anterior
teeth, leading to the central incisors requiring extractions and the
right lateral incisor a crown. Her family history was not significant
for inherited bleeding disorders.
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The patient presented hemodynamically stable and well
appearing. Intraoral examination revealed bleeding to be local-
ized to the maxillary anterior ridge. Gauze pressure was used to
achieve temporary hemostasis to determine the precise area of
bleeding. Upper right and left maxillary central incisor extraction
sites contained what appeared to be absorbable gelatin sponge. The
upper right maxillary lateral incisor, which had been restored with
a white-veneered SSC, had persistent bleeding from the sulcus and
from a 3-mm laceration on palatal tissue, adjacent to the crown. The
tooth had class | mobility, and there were no signs of swelling or
infection. Gauze pressure alone was not adequate to achieve hemo-
stasis. A 15.5% ferric sulfate solution was then applied to the area
using sterile gauze, along with digital pressure. This medicament
only provided for 20-minute increments of hemostasis, after which
very small amounts of breakthrough bleeding occurred from the
gingival sulcus.

A radiograph was taken (Fig. 2) revealing a periapical radiolu-
cency and a widened periodontal ligament, suggestive of necrosis
secondary to the reported previous trauma. There was no sign of
non-vital pulp therapy. The clinical impression was one of iatrogenic
trauma involvement during tooth preparation, and, with the radio-
graphic findings, this was likely exacerbated by a luxation injury.
It was determined that extraction and placement of an absorbable
gelatin sponge would be the best course of action. The upper right
maxillary lateral incisor was extracted under moderate sedation and
local anesthesia. Absorbable sponge was placed in the extraction
socket, and hemostasis was achieved almost immediately. No direct
pressure or suture was needed. The patient was monitored for an
additional 50 minutes postoperatively with continued hemostasis.
The dental follow-up the next day revealed a clotted extraction
site with continued hemostasis. Mother reported that there was no
further bleeding after ED discharge.

Figure 2. Periapical radiograph associated with Case 2. The
presence of periapical radiolucency and widened
periodontal ligament space associated with the right
lateral incisor and recent extractions of the central
incisors are observed.
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DISCUSSION

In restorative dental procedures, some level of iatrogenic damage
is inherently associated even with careful surgical technique.” An
SSC preparation is likely to result in soft tissue trauma to the imme-
diately adjacent gingivae, even with utmost care. This is generally
minimal, resulting in negligible amounts of self-limited bleeding. If,
however, bleeding persists, systemic hematological bleeding disor-
ders should be considered. In these cases, bleeding disorders were
unlikely because of the lack of bleeding complications after T&A
for both patients, the lack of known familial clotting disorders, and
the fact that bleeding was limited to one area of the mouth, even
though similar procedures occurred throughout the mouth.

In the first case, it appears iatrogenic trauma to the gingivae
and alveolus likely occurred but was exacerbated by the presence
of dental cement. Dental cement, like other foreign body matter,
can cause delayed and continual reorganization of blood coagulum,
resulting in liver clots.® Liver clots are typically removed easily with
suction, curette, or gauze,as was the case here. Because of bruising
presentation, the oral bleeding, and lack of paternal history, outpa-
tient coagulation studies were completed; however, no hematolog-
ical abnormalities were found. The probable diagnosis is delayed
post-surgical bleeding due to residual subgingival cement and iatro-
genic soft tissue trauma during preparation.

In the second case, the etiology of bleeding was also likely
multifactorial. It appeared to be caused by the palatal laceration
of the periodontium; however, the tooth was also necrotic, likely
secondary to previous luxation. It is plausible that treatment caused
an acute exacerbation of a preexisting inflammatory process within
the periodontal space of the tooth. Worth noting also was that no
pulpal therapy was appreciated. This suggests that preoperative
radiographs were likely not taken the day of surgery, or, if taken, the
apical region was not captured or evaluated. An important consid-
eration for traumatized teeth is that it can take up to three weeks for
pulp necrosis and inflammatory root resorption to become radio-
graphically evident.® Preoperative films on the day of treatment
should be considered when planning restorative therapy for recently
injured teeth. In this case, non-vital pulp therapy or extraction would
have been indicated.

Hemostasis was achieved locally in the first case by way of
debridement, absorbable mesh, and ferric sulfate. Removal of debris
decreases inflammation and promotes clot formation. The absorb-
able mesh, a sterile regenerated cellulose sheet, can be applied
directly to the area of bleeding,' in this case, the sulcus. Once in
place, it swells into a brownish/black gelatinous mass promoting
clot formation.’® The low pH of the mesh lends to wide-range
bactericidal properties!® but may also cause delayed healing.* It is
normally absorbed within two weeks.* Lastly, ferric sulfate reacts
with blood causing agglutination of blood proteins, therefore
occluding capillary orifices.t
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In the second case, hemostasis was achieved by tooth extraction
and placement of a hydrocolloid absorbable gelatin sponge. This
gelatin sponge is composed of porcine-derived collagen that is
whipped into foam and then dried.*® Absorption of blood causes it
to expand, lending to its hemostatic properties. Although it was
not needed in our case, it is commonly used in conjunction with
a figure-of-eight suture and application of pressure for several
minutes.* The gelatin sponge has a neutral pH, which allows it to be
used as an adjunct with topical thrombin, and, lastly, it is absorbed
in four to six weeks.*1

There are additional topical hemostasis agents that can be
considered in these cases, including topical thrombin, epinephrine,
and transexamic acid. Although these cases were treated satisfac-
torily with local measures, differential diagnosis should include
systemic considerations. These clinical scenarios are a reminder
of the importance of careful diagnosis, procedure precision, and
postoperative management to minimize postoperative bleeding
complications.
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Efficacy of a Modified Audio-Tactile Performance Technique with
Braille (ATPDb) on the Oral Hygiene Status of Visually-Impaired

Children
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Obijective: We assessed the effectiveness of a modified audio-tactile performance (ATP) technique with braille
(ATPb) on the oral health statuses of visually-impaired children. Study design: Ninety visually-impaired
institutionalized children received oral hygiene instructions using audio (AM), ATP or ATPb techniques.
Plaque scores were assessed at baseline and after reinforcement and non-reinforcement periods. Results:
In the totally visually-impaired, mean reductions in plaque scores in the ATPb, ATP and AM groups during
the reinforcement period were 1.119 + 0.260, 0.654 + 0.239 and 0.237 + 0.255, respectively (p <0.001),
worsening to 0.107 + 0.160, 0.083 + 0.193 and -0.208 + 0.267 during the non-reinforcement period (p
<0.001), before culminating at 6 months at 1.227 + 0.261, 0.737 £ 0.317 and 0.029 + 0.108 (p <0.001). In
partially visually-impaired children, reductions during the reinforcement period were 0.934 + 0.279, 0.762 £
0.270 and 0.118 + 0.237, respectively, dropping to 0.176 + 0.166, 0.083 £+ 0.169 and -0.128 + 0.114 without
reinforcement and culminating at 1.109 + 0.258, 0.845 + 0.292 and -0.010 + 0.226 (p <0.001). There were
significant inter-group differences during the three periods (p <0.001), except in the ATP and ATPb groups
during the non-reinforcement period for totally impaired (p = 0.157) and during reinforcement (p = 0.155)
and non-reinforcement (p = 0.051) periods for partially impaired children. Conclusions: All three techniques
were successful when reinforced periodically. However, only ATP and ATPb were successful during periods
without reinforcement. The modified audio-tactile performance technique with braille (ATPb) was most

effective, allowing visually-impaired children to retain oral hygiene information without intervention.
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INTRODUCTION

eople with disabilities constitute a large percentage of the
P population and the number of individuals with disabilities is

increasing due to significant medical developments in recent
years which have enhanced survival.! During the early years of life,
a child learns to understand and construe their environment with the
help of their primary senses, of which vision is the most important.
Thus, when sight is impaired or absent in childhood, it can have
detrimental effects on their physical, neurological, cognitive and
emotional development.

In 2012, the World Health Organization (WHO) estimated that
approximately 285 million people were visually impaired, of which
39 million were blind and 246 million had low vision.? In India,
about 280,000-320,000 children are visually-impaired.® As visual-
ly-impaired individuals may be able to differentiate images, light
and colours or even read large print, the term does not necessarily
indicate a complete lack of sight.* Nevertheless, the visually-im-
paired tend to depend on their other senses to adapt themselves to
their surroundings, such as sound, speech, and touch.®
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Oral health is fundamental to the overall health of an individual.
However, visually-impaired children often have poorer oral hygiene
compared to their sighted counterparts and usually experience diffi-
culty in maintaining their oral health as they cannot detect and recog-
nise early signs of dental disease.*5” The absence of visual-motor
coordination, insufficient parental supervision and the child’s lack
of concern for their appearance are other contributory factors.® Visu-
ally-impaired children deserve the same opportunities for treatment
as those who are otherwise healthy. Unfortunately, factors asso-
ciated with unmet dental care needs among children with special
healthcare needs include living in low-income households or rural
areas, a failure to receive adequate medical care, increased special
needs severity and lower degree of functioning, poor psychological
adjustment and caregiver-related factors such as depression and low
levels of functioning.®

Oral health education is key in the prevention of oral diseases.
However, conventional methods of health education may not be
effective to motivate visually-impaired children.?® Various studies
have investigated the use of verbal and tactile aids, braille and
music-based education programs to educate and train such chil-
dren on oral hygiene maintenance. Verbal health talks are the most
convenient means of delivering such oral health education.

Braille is a tactile writing system introduced by Louis Braille
and is traditionally written on embossed paper. It consists of small
rectangular blocks called cells that contain tiny raised dots corre-
sponding to letters of the alphabet. Audio-tactile performance
(ATP) is an oral health education technique for the blind that was
introduced by Hebbal et al in 2011. In this method, children are
taught techniques for brushing their teeth using both audio and
tactile aids.* The aim of the current study was to modify the ATP
technique by incorporating braille and to compare its effectiveness
with conventional audio methods (AM) and ATP techniques.

MATERIAL AND METHOD

Ninety institutionalized children between 6-15 years old with
either total or partial visual impairment were selected from three
schools in two adjoining southern states in India. Ethical clearance
from our institution’s ethics board and permission from the school
authorities was obtained prior to the study. As these children were
institutionalised, informed consent for their inclusion in the study
was obtained from their parents by the school authorities. The
ability to read braille was deemed an essential criterion for inclu-
sion. Subjects were excluded from the study if they had any under-
lying systemic illnesses or other handicapping conditions, were on
any long-term medications or had rampant caries. They were also
not included if the child was uncooperative or if they had attended
camps or received oral health education in the preceding six months
prior to the study.

A randomly selection of 30 children from each school were
allocated to one of three groups, with each group receiving a
different form of dental health education. The first group received
AM, the second received ATP and the third received a modified ATP
technique with braille (ATPb). The study comprised four phases,
consisting of interaction and collection of baseline data (phase 1),
oral health education (phase 1), a reinforcement period (phase 11)
and a non-reinforcement period (phase 1V). The efficacy of the
education techniques was assessed separately among children with
total and partial impairment.
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Phase I: Interaction and Collection of Baseline Data

An interactive session was carried out with the visually-impaired
children to build a good rapport and to assess their level of cooper-
ation. These sessions also aimed to assess the children’s baseline
knowledge and attitudes towards maintaining adequate oral hygiene
and their capacity for self-maintenance. As this was their first time
interacting with the dentist for most children, a relaxed and friendly
environment was maintained.

The personal details (name, age and gender), degree of visual
impairment (total or partial) and existing oral hygiene maintenance
habits (material, frequency and method of tooth brushing) of each
child were recorded in a specially-designed data sheet. All questions
were asked individually to each child and confidentiality was main-
tained. Subsequently, a clinical examination was performed within
school premises in natural daylight with a sterile mouth mirror and
an explorer while the child sat on a simple chair. Mouth masks and
gloves were not utilized as the children were noted to be generally
apprehensive towards these accoutrements during the preliminary
sessions. In order to ensure familiarity and cooperation, each instru-
ment and its function was explained to the child and they were
allowed to handle the instruments prior to the start of the examina-
tion. Baseline plaque scores were subsequently recorded using the
simplified Silness-L&e Plaque Index. 12

Phase I1: Oral Health Education
Three different techniques for oral health education were utilized
for children in each school.

Group I: Audio Method (AM)

Thirty children from a school in Kerala State were included in
the first group and received oral health education and instructions
on brushing techniques via audio means alone. A health talk was
delivered explaining the importance of teeth and the need to main-
tain adequate oral hygiene. Various methods of oral hygiene main-
tenance such as brushing and flossing of the teeth were explained
to the children. The modified Bass technique was described and the
children were made to repeat it verbally until they were deemed to
have comprehended the method well.

Group Il: Audio-Tactile Performance (ATP) Technique

Thirty children from another school in the same state were
included in the second group and received oral health education viaa
conventional ATP technique. The children were first verbally taught
the importance of oral hygiene and brushing techniques, before later
being made to feel large models of a tooth set using their fingers.
Brushing techniques were demonstrated using these models. A zinc
oxide eugenol cement was used to simulate calculi in the cervical
areas of the posterior teeth and the lingual areas of the anterior teeth.
This was done with the intention of helping the children identify
such areas in their own mouths. The modified Bass technique was
taught by guiding the child’s hands over the models and performing
the necessary strokes with accompanying verbal explanations. The
children were then requested to try the technique themselves. They
then repeated the brushing technique several times without a time
frame until they had mastered it.
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Group HI: Modified Audio-Tactile Performance Technique
with Braille (ATPb)

Thirty children from a school in the adjoining state of Karnataka
were included in the third group and received oral health education
using a modified ATP technique which incorporated instructions in
braille. The conventional ATP technique as taught in Group Il was
followed; however, the children also received a braille pamphlet
detailing a custom-designed story explaining the need for oral
hygiene maintenance along with instructions for the modified Bass
brushing technique. The story starts with an entry into “Tooth city”
where they meet familiar cartoon characters. They then take them
around showing the plaque accumulations, cavities, gingival status
and explain in common terms about oral hygiene. The conversation
between these characters dwells further into the bad and good tooth
brushing techniques. The story was first explained to the children
verbally and was then read aloud, from braille pamphlet, first by
each child individually and then later in a group setting. The chil-
dren were also instructed to read the pamphlet at least once a week
during class.

Phase I11: Reinforcement Period

Following the initial education sessions, the children underwent
a three-month reinforcement period, during which monthly visits
were made to each school and the brushing technique was rein-
forced using the respective oral health education methods described
above. This was done with the intention of further acquainting the
children with the brushing technique so that they could put it into
practice in daily life. The teachers were also educated and trained
during this time, so that they could supervise the children during
the brushing process. Plaque scores using the simplified Silness-Loe
Plaque Index were re-assessed at the end of this period.

Phase 1V: Non-Reinforcement Period

The children then underwent a non-reinforcement period over
the final three months of the study period. During this time, no oral
health education was given. This period was intended to assess
which of the three oral health education methods was most effec-
tive for good oral hygiene maintenance and was most likely to be
retained without intervention. Plaque scores using the simplified
Silness-Loe Plaque Index were once again re-assessed after three
months of non-reinforcement.

Statistical Analysis

Collected data were summarised using descriptive statistics such
as frequencies, percentages, means and standard deviations. In order
to compare outcome measures between the totally and partially
visually-impaired children, an independent sample t-test was used.
In addition, pairwise comparisons of consecutive measurements
within groups were analysed using a paired t-test. Kruskal-Wallis
and Man-Whitney U tests were performed for data which did not
follow a normal distribution. Data management and analysis was
performed using Microsoft Excel and SPSS Version 20.0 (IBM Inc.,
Chicago, IL, USA).
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RESULTS

A total of ninety visually-impaired children received oral
hygiene instructions using three different oral health education tech-
niques. Each group included 30 children from one of three schools.
The mean age was 10.23 + 2.41 years and there were 48% males and
52% females. Overall, 40 children (44.4%) had total visual impair-
ment, while 50 (55.6%) had partial visual impairment. Thirteen
(43.3%) of the children in Group I receiving AM oral health educa-
tion, 13 (43.3%) in Group Il receiving ATP oral health education
and 14 (46.7%) in Group IlI receiving modified ATPb oral health
education had total blindness (Table 1).

The oral hygiene status of the children was poor, with a mean
baseline plaque score of 2.031 + 0.411. Although the mean plaque
scores of the totally visually-impaired children (2.104 + 0.390) was
greater than that of the partially visually-impaired children (1.972
+ 0.422), this difference was not statistically significant (p = 0.13).
The demographic characteristics and baseline plaque scores of
the different groups are shown in Table 1. In Groups | and I, the
partially visually-impaired children had better oral hygiene statuses;
in contrast, in Group I, the totally visually-impaired fared better.
However, there were no statistically significant differences in mean
plaque scores based on degree of blindness within any of the three
groups (Figure 1).

The effectiveness of each oral health education technique was
compared separately among the totally and partially visually-im-
paired children to assess the most effective means of delivering oral
hygiene instructions to such children.

Children with Total Visual Impairment

Among the totally visually-impaired children, the maximum
reduction in plaque scores during the reinforcement period was
seen in Group Il1 receiving ATPb education, with a mean difference
of 1.119 + 0.260, followed by Groups Il and | receiving ATP and
AM education, with mean differences of 0.654 + 0.239 and 0.237
+ 0.255, respectively (Fig. 2). There were significant differences in
effectiveness during this period within each group (p <0.001) (Table
2). When effectiveness between groups was compared, we found
significant differences between Groups | and I, Groups | and 111 and
Groups Il and 111 (p <0.001) (Table 3).

During the three-month period where there were no attempts at
reinforcement, the maximum reduction in scores was seen in Group
11, followed by Group I, with mean differences of 0.107 + 0.160
and 0.083 + 0.193, respectively. However, in Group |, scores wors-
ened over time, with a mean difference of -0.208 + 0.267 (Figure
2). There was significant difference in effectiveness within groups
during this period (p <0.001) (Table 2). In terms of effectiveness
between individual groups, significant differences were noted only
between Groups | and Il and Groups | and 111 (p <0.001), with no
difference in effectiveness between Groups Il and Il (p = 0.157)
(Table 3).

At the end of the six-month study period (i.e. after both periods
of reinforcement and non-reinforcement), the maximum reduction
in scores was seen in Group Il1, followed by Groups Il and 1. Mean
differences during this time were 1.227 + 0.261, 0.737 + 0.317 and
0.029 £ 0.108, respectively (Figure 2). There were significant differ-
ences in effectiveness within the groups (p <0.001) (Table 2). We
also noted significant differences in effectiveness between Groups |
and 11, Groups I and 111 and Groups Il and 111 (Table 3).
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Table 1. Table showing the demographics and characteristics of the study group

Number of children 30 30 30
Blindness Total n (%) 13 (43.3) 13 (43.3) 14 (46.7)
Partial n (%) 17 (56.7) 17 (56.7) 16 (53.3)
Male n (%) Total 7 (53.8) 3(23.1) 10 (71.45)
Gender Partial 6 (35.3) 8 (47.1) 9 (56.3)
Female n (%) Total 6 (46.2) 10 (76.9) 4 (28.6)
Partial 11 (64.7) 9 (52.9) 7(43.7)
Age Total Mean + SD 9.69+2.63 12.08+2.50 9.57+2.31
Partial Mean + SD 10.53+2.21 9.47+2.10 10.25+2.27
Plaque score Total Mean + SD 1.839+0.226 2.092+0.272 2.362+0.195
Partial Mean + SD 1.541+0.348 2.120+0.259 2.260+0.225
Group | Group Il Group Il
AM ATP ATPb

Table 2. Table showing the effectiveness of the three techniques on the oral hygiene status of the totally and partially visually
impaired children during the study period.

Baseline—Reinforced Reinforced — Non-reinforced Baseline- Non- reinforced
) 0-3 months 3-6 months 0-6 months
Blindness Groups
Mean value Mean value Mean difference value
difference P difference P P
Group | (AM) 0.237+0.255 <0.001 -0.208+0.267 <0.001 0.029+0.108 <0.001
Total Group Il (ATP) 0.654+0.239 0.083+0.193 0.737+0.317
ota
Group Il (ATPb) 1.119+0.260 0.107+0.160 1.227+0.261
Group | (AM) 0.118+0.237 <0.001 -0.128+0.114 <0.001 -0.010+0.226 <0.001
Partial Group Il (ATP) 0.762+0.270 0.083+0.169 0.845+0.292
i
Group lll (ATPb) 0.934+0.279 0.176+0.166 1.109+0.258

Table 3: Table showing the group wise comparison of effectiveness of the three techniques based on the degree of blindness

Baseline—Reinforced Reinforced — Non-reinforced Baseline- Non- reinforced
) 0-3 months 3-6 months 0-6 months
Blindness Groups
Mean value Mean value Mean value
difference P difference P difference P
Group land Il 0.417 <0.001 0.291 0.000 0.708 <0.001
(AM and ATP)
Total  Group 1and Il 0.882 <0.001 0.315 0.001 1.198 <0.001
(AM and ATPDb)
Group Il and Il 0.466 <0.001 0.023 0.157 0.489 <0.001
(ATP and ATPb)
Group land Il 0.644 <0.001 0.21 <0.001 0.855 <0.001
(AM and ATP)
Partial - 60 | and Il 0.816 <0.001 0.303 <0.001 1.119 <0.001
(AM and ATPDb)
Group Il and I 0.172 0.155 0.092 0.051 0.264 0.015
(ATP and ATPb)
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Figure 1. Comparison of the mean baseline plaque scores of
the totally and partially visually impaired children
within the groups.
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Figure 2. Comparison of the effectiveness of the three oral
health education techniques on the oral health status
of totally visually impaired children.

Figure 3. Comparison of the effectiveness of the three oral
health education techniques on the oral hygiene
status of the partially visually impaired children.
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Children with Partial Visual Impairment

During the reinforcement period, the partially visually-impaired
children in Group 111 showed the greatest reduction in scores, with
a mean difference of 0.934 + 0.279. This was followed by Groups
Il and I, with mean differences of 0.762 + 0.270 and 0.118 + 0.237,
respectively (Figure 3). There were significant differences in effec-
tiveness within groups during this period (p <0.001) (Table 2). When
effectiveness between groups was compared, there were significant
differences between Groups | and Il and Groups I and 111 (p <0.001),
but not between Groups Il and I11 (p = 0.155) (Table 3).

During the subsequent three-month non-reinforcement period
during which no intervention was performed, the greatest reduction
in scores was seen in Group Ill, followed by Group I, with mean
differences of 0.176 + 0.166 and 0.083 + 0.169, respectively. In
Group |, an increase in plaque scores was seen during this period,
with a mean difference of -0.128 + 0.114 (Fig. 3). There were
significant differences in effectiveness within groups during this
period (p <0.001) (Table 2). In terms of between-group differences,
significant differences were noted only between Groups | and Il
and Groups | and 111 (p <0.001), with no difference in effectiveness
between Groups Il and Il (p = 0.051) (Table 3).

After six months, the greatest reduction in scores was seen in
Group 11, with a mean difference of 1.109 + 0.258, followed by
Group 11, with 0.845 + 0.292. However, partially visually-impaired
children in Group | showed an overall worsening of scores, with
a mean difference of -0.010 + 0.226 (Fig. 3). There was signifi-
cant difference in effectiveness within groups (p <0.001) (Table 2).
Overall, there were significant differences in effectiveness between
Groups I and 11, Groups I and I11 and Groups I and 111 by the end of
the six-month study period (Table 3).

DISCUSSION

The lack of one of the primary senses—in this case, vision—
which orients an otherwise healthy individual to their surround-
ings may be the main reason for poor oral hygiene in the visually
impaired. An effective preventive program that focuses on educating
and training the child to perform adequate oral hygiene mainte-
nance technique is necessary as such individuals cannot visualise
signs of dental disease. ** We found that adding braille instructions
to conventional audio-tactile methods not only resulted in a mean-
ingful reduction in plaque scores, but also continued to improve the
scores significantly, even without any additional intervention.

Institutionalised children were chosen in order to avoid any
bias in outcome, as all children had similar dietary and oral hygiene
practices. Only children aged 6-15 years old were included, as such
children would have sufficient manual dexterity to brush their teeth
independently and understand instructions clearly.**** Moreover,
schools are considered the best environment to teach preventive oral
health practices as schoolchildren are already in a learning envi-
ronment and are easily accessible.’* The modified Bass technique
is superior to the horizontal scrub technique as the former cleanses
the proximal areas as well as the gingival third and sulcular regions
of the oral cavity.'’*® However, several studies have reported no
significant difference in efficacy between these methods. **% The
modified Bass technique, even though time-consuming, was chosen
for the current study as it has a wider cleansing zone.

Overall, the oral health status of the visually-impaired children
was poor, with a mean baseline plaque score of 2.031 + 0.411.
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Previous research has confirmed that visually-impaired often have
poor oral hygiene.2:-?> However, Prashanth et al. reported that only
8% of the blind children in their study population had poor oral
hygiene.?® Reasons for poor oral hygiene among visually-impaired
children could be the lack of development of necessary self-mainte-
nance skills, inability to see and remove plaque, lack of supervision
while brushing, limited intellectual capacity in some children, lack
of knowledge regarding oral hygiene and effective tooth brushing
and the reduced amount of time spent brushing their teeth.2”?
Local factors like malocclusion and dental crowding may also lead
to the accumulation of plaque, contributing to reduced oral health.
However, Mitsea et al. observed better oral hygiene among visual-
ly-impaired children in comparison to children with cerebral palsy
and mental retardation.* Institutionalised blind children may have
poorer oral hygiene compared to those who are non-institution-
alised, possibly due to a lack of caregiver assistance while brushing
and during other oral hygiene practices.®* Lack of supervision and
help from parents may affect factors like brushing technique and
motor skills.?® However, this may not always be true and depends to
a large extent on the infrastructure of the institution in question and
the enforcement of routine hygiene practices.*

There was no significant difference in oral hygiene status of
the totally and partially visually-impaired children as a whole and
within groups at baseline. In contrast, Bennadi et al. reported an
increase in plaque levels among those who were totally blind.® This
difference in findings in the present study is probably due to the
fact that many were classified medically with partial impairment
because of an enhanced sensitivity to light rather than an actual
improvement in vision.

Conventional methods of oral health education are directed
towards visualising and identifying early signs of dental disease.
Naturally, this is near impossible for visually-impaired individuals.?
Hence, customised methods of education and motivation to correct
oral hygiene practices are essential to maintain good oral hygiene.
The visually-impaired depend on various other sensations such
as sound, speech and touch along with kinaesthetic and olfactory
sensations to adapt themselves to their immediate surroundings. %

In the present study, three different approaches of providing oral
hygiene instructions were assessed. In each group, the respective
method was reinforced for a period of three months, following which
there was no intervention for another three months (the non-reinforce-
ment period). Among the children who received oral health education
via a verbal health talk, a reduction in plaque scores was seen during
the reinforcement period. However, by the end of the study period,
the final scores had worsened in comparison to baseline scores. This
suggests that even though this technique was capable of marginally
improving oral hygiene status, the children could neither improve nor
maintain their oral hygiene without intervention.

In contrast, children who took part in the ATP intervention had
significantly reduced plaque scores compared to those receiving
AM. Although there was only a marginal improvement seen during
the non-reinforcement period, there was a significant improvement
in mean plaque scores from baseline by the end of the study. This
clearly shows that this technique was very effective if reinforced.
In the absence of the intervention, the children could maintain their
oral hygiene, but could not improve further. Earlier studies have
similarly shown significant improvement in oral hygiene using
ATP techniques.*** However, reinforcement in these studies was
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primarily given by teachers or caregivers and there was no well-de-
marcated period of reinforcement and non-reinforcement.

Finally, the modified ATP technique with braille resulted in a
significant reduction in plaque scores by the end of the reinforce-
ment period. Furthermore, a meaningful improvement in plaque
scores was observed even without intervention during the non-rein-
forcement period. This improvement was greater than that observed
in the ATP group during this time, although the difference was
not statistically significant. By the end of the study, a significant
drop in plaque scores was seen in comparison to baseline scores;
moreover, this improvement was greater than that seen during the
reinforcement period. Thus, the newly developed technique was
very effective in improving and maintaining plaque scores, both
with and without reinforcement. The children were able to retain the
instructions and incorporate them into their daily practice, thereby
considerably improving their oral hygiene.

When the effectiveness of the three techniques was compared, it
was observed that the ATPb technique resulted in the greatest reduc-
tion in plaque scores during both the reinforcement and non-rein-
forcement periods. This was probably due to the fact that it was the
most customised technique of the three. In addition, the inclusion
of braille may have helped to convert the tactile sensations into
learned information. Moreover, as the braille pamphlet included a
story, it may have been more appealing to the children and therefore
better remembered. Possibly, the efficacy of the next best technique,
ATP, can be further improved with repeated instructions over longer
periods of reinforcement.

Chowdary et al showed that combining verbal, braille and tactile
oral hygiene instructions most effectively reduced plaque scores
compared to verbal and braille or verbal and tactile means.® Surpris-
ingly, a study from Hyderabad of four different oral health education
techniques found the highest improvement in scores in the audio
group, with the least reduction in those who received instructions
via braille alone. In this study, the braille group did not receive indi-
vidualised attention, which may explain their poor performance.®®
Another study found that tactile and auditory means were equally
effective in educating and motivating visually-impaired children
and that these methods can be made interesting by utilising braille,
plastic models, an audio story or the computer software Job Access
With Speech (JAWS).%

In the current study, the improvement in plaque scores with the
modified ATPb intervention was similar in both totally and partially
visually-impaired children. However, in a study done by Joybell et
al., it was observed that partially blind children mastered brushing
techniques better than totally impaired children following oral
health education using the ATP technique.* Another study found a
greater decrease in plaque control record values among partially
visually-impaired children following oral health education, with a
definite advantage over completely blind children.®*

In general, the present study clearly indicates that the oral
health practices of visually-impaired children can be improved by
deviating from traditional approaches of oral health education. We
developed a modified ATP technique including braille in order to
ensure that visually-impaired children can be taught to perform
basic oral hygiene practices independently. Nevertheless, as the
study population comprised children from three institutions in
three different cities, their dietary and oral hygiene practices could
only be standardised to a certain extent; this could be considered a
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limitation of our study. We recommend that techniques to educate
and train visually-impaired children be customised on an individual
basis in accordance with their needs. Though most of the techniques
follow the principles of ‘tell-feel-do’, no standard technique has
been adopted so far. ATPb is a step in that direction to formulate
a technique that can be used by everyone with ease to create posi-
tive impacts on behavioural outcomes. More studies exploring this
approach will definitely reveal more interventions, simple and
feasible. Newer technologies should be combined with conventional
methods for maximum benefit.

CONCLUSION

The present study aimed to develop a new oral health educa-
tion program for visually-impaired children to ensure adequate oral
hygiene maintenance. While all three methods of oral health educa-
tion—AM, conventional ATP and modified ATPb techniques—were
successful in improving oral hygiene status with reinforcement,
only the last two improved oral hygiene even during periods of
non-reinforcement. However, the newly developed modified tech-
nique using braille, ATPh, was the most effective method with the
advantage of encouraging retention of the learned information even
without intervention.

ACKNOWLEDGEMENTS

We would like to thank the Principals, staff and students of the
Calicut Higher Secondary School for the Handicapped, Calicut,
Kerala; the Government Blind School, Kasargod, Kerala; and the
Roman and Catherine School for the Blind, Mangalore, Karnataka,
for their cooperation in this study.

REFERENCES
1. Klingberg G. Children with disabilities. In Wright GZ, Kupietzky A.
Behavior management in dentistry for children, Second edition. Ed. John
Wiley & Sons Inc, Ames, A ;93-105, 2014.
2. Pascolini D, Mariotti SP. Global estimates of visual impairment: 2010. Br J
Ophthalmol 96:614-8, 2012.

. Titiyal JS, Pal N, Murthy GV, Gupta SK, Tandon R, Vajpayee RB, Gilbert
CE. Causes and temporal trends of blindness and severe visual impair-
ment in children in schools for the blind in North India. Br J Ophthalmol
87:941-5, 2003.

. Joybell C, Krishnan R, V SK. Comparison of two brushing methods- Fone’s
vs Modified Bass method in visually impaired children using the Audio
Tactile Performance (ATP) Technique. J Clin Diagn Res 9:2C19-22. 2015

5. Bhandary S, Shetty V, Hedge AM, Rai K. Knowledge of care providers
regarding the oral health of visually impaired children. J Clin Pediatr Dent
36:411-5. 2012

6. Mohan R, Raju R, Gubbihal R, Kousalya PS. Comprehensive dental care for
the visually impaired: A review. Int J Oral Health Med Res 3:97-101. 2016.

7. Hennequin M, Faulks D, Roux D. Accuracy of estimation of dental treatment
need in special care patients. J Dent 28:131-6. 2000.

8. Shetty V, Hegde AM, Bhandary S, Rai K. Oral health status of the visually
impaired children—a South Indian study. J Clin Pediatr Dent 34:213-6. 2010

9. Chi DL. Oral Health for US children with special health care needs. Pediatr
Clin North Am 65:981-93. 2018.

10. Nair DJ, Shetty AA, Hegde AM. Comprehensive dental management of
visually impaired children: A brief review. IJMSIR 3:235-43. 2018.

11. Hebbal M, Ankola AV. Development of a new technique (ATP) for training
visually impaired children in oral hygiene maintenance. Eur Arch Paediatr
Dent 13:244-7. 2012.

12. Silness J, Loe H. Periodontal Disease in Pregnancy. Il. Correlation between
oral hygiene and periodontal condtion. Acta Odontol Scand 22:121-35.1964

13. Weddell JA, Sanders BJ, Jones JE. Dental problems of children with special
health care needs, In McDonald RE , Avery DR, Dean JA. McDonald and
Avery’s dentistry for the child and adolescent. 9th ed. Ed. Mosby/Elsevier.
St. Louis, Mo: 460-86, 2011.

w

~

The Journal of Clinical Pediatric Dentistry ~ Volume 45, Number 1/2021

14. Unkel JH, Fenton SJ, Hobbs G, Jr., Frere CL. Toothbrushing ability is
related to age in children. ASDC J Dent Child 62:346-8.1995.

15. Choo A, Delac DM, Messer LB. Oral hygiene measures and promotion:
review and considerations. Aust Dent J 46:166-73. 2001.

16. Flanders RA. Effectiveness of dental health educational programs in
schools. J Am Dent Assoc 114:239-42. 1987

17. Gibson JA, Wade AB. Plague removal by the Bass and Roll brushing tech-
niques. J Periodontol 48:456-9. 1977

18. Poyato-Ferrera M, Segura-Egea JJ, Bullon-Fernandez P. Comparison of
modified Bass technique with normal toothbrushing practices for efficacy
in supragingival plaque removal. Int J Dent Hyg 1:110-4. 2003

19. Robinson E. A comparative evaluation of the Scrub and Bass Methods of
toothbrushing with flossing as an adjunct (in fifth and sixth graders). Am J
Public Health 66:1078-81. 1976

20. Smutkeeree A, Rojlakkanawong N, Yimcharoen V. A 6-month comparison
of toothbrushing efficacy between the horizontal Scrub and modified Bass
methods in visually impaired students. Int J Paediatr Dent 21:278-83. 2011.

21. Reddy K, Sharma A. Prevalence of oral health status in visually impaired
children. J Indian Soc Pedod Prev Dent 29:25-7. 2011

22. Solanki J, Gupta S, Arora G, Bhateja S. Prevalence of dental caries and oral
hygiene status among blind school children and normal children, Jodhpur
city: A comparative study. J. Adv. Oral Res 4:1-5. 2013.

23. Ahmad MS lJindal MK, Khan S, Hashmi SH. Oral health knowledge,
practice, oral hygiene status and dental caries prevalence among visually
impaired students in residential institute of Aligarh. J Dent Oral Hygiene
1:22-6. 2009.

24, Bimstein E, Jerrell RG, Weaver JP, Dailey L. Oral characteristics of children
with visual or auditory impairments. Pediatr Dent 36:336-41. 2014.

25. Reddy VK, Chaurasia K, Bhambal A, Moon N, Reddy EK. A comparison
of oral hygiene status and dental caries experience among institutionalized
visually impaired and hearing impaired children of age between 7 and 17
years in central India. J Indian Soc Pedod Prev Dent 31:141-5. 2013

26. Prashanth ST, Bhatnagar S, Das UM, Gopu H. Oral health knowledge,
practice, oral hygiene status, and dental caries prevalence among visually
impaired children in Bangalore. J Indian Soc Pedod Prev Dent 29:102-5.
2011.

27. Azrina AN, Norzuliza G, Saub R. Oral hygiene practices among the visually
impaired adolescents. Ann Dent Univ Malaya 14:1-6. 2007.

28. Martens L, Marks L, Goffin G, Gizani S, Vinckier F, Declerck D. Oral
hygiene in 12-year-old disabled children in Flanders, Belgium, related to
manual dexterity. Community Dent Oral Epidemiol 28:73-80. 2000.

29. Yalcinkaya SE, Atalay T. Improvement of oral health knowledge in a group
of visually impaired students. Oral Health Prev Dent 4:243-53. 2006.

30. Mitsea AG, Karidis AG, Donta-Bakoyianni C, Spyropoulos ND. Oral health
status in Greek children and teenagers, with disabilities. J Clin Pediatr Dent
26:111-8. 2001.

31. Tagelsir A, Khogli AE, Nurelhuda NM. Oral health of visually impaired
schoolchildren in Khartoum State, Sudan. BMC Oral Health 13:33. 2013.

32.Jain A, Gupta J, Aggarwal V, Goyal C. To evaluate the comparative status of
oral health practices, oral hygiene and periodontal status amongst visually
impaired and sighted students. Spec Care Dentist 33:78-84. 2013.

33. Bennadi D Mythri H, Bharateesh JV. Dental Negligence among visually
impaired children — a call for attention. RRIDS 1:26-8. 2013.

34. Kumar RK, Fareed N, Shanthi M. The effectiveness of oral health education
program with and without involving self-maintainable oral hygiene skills
among the visually impaired children. Int J of Scientific Study 1:51-9.
2013.

35. Chowdary PB, Uloopi KS, Vinay C, Rao VV, Rayala C. Impact of verbal,
Braille text, and tactile oral hygiene awareness instructions on oral health
status of visually impaired children. J Indian Soc Pedod Prev Dent 34:43-7.
2016.

36. Ganapathi AK, Namineni S, Vaaka PH, Das R, Devi M, Akkaloori A,
Kumbakonam A. Effectiveness of various sensory input methods in dental
health education among blind children- A comparative study. J Clin Diagn
Res 9:2C75-8. 2015

37. Sardana D, Goyal A, Gauba K, Kapur A, Manchanda S. Effect of specially
designed oral health preventive programme on oral health of visually
impaired children: use of audio and tactile aids. Int Dent J 69:98-106. 2019.

doi 10.17796/1053-4625-45.1.4 21



Success of Biodentine and Ferric Sulfate as Pulpotomy Materials in Primary Molars: A Retrospective Study

Success of Biodentine and Ferric Sulfate as Pulpotomy Materials in
Primary Molars: A Retrospective Study

Kelsey A Brar*/ Evelina Kratunova**/ David Avenetti***/ Marcio A da Fonseca****/ lan Marion*****/
Satish Alapati******

Obijective: To determine the clinical and radiographic success of Biodentine® (BD) and Ferric Sulfate
(FS) as primary molar pulpotomy materials and to compare their outcomes. Study design: Retrospective
data was obtained from the electronic health records (EHR) of a university-based pediatric dental clinic.
Participants were enrolled according to specified inclusion and exclusion criteria. Two trained and calibrated
examiners evaluated the EHR using validated criteria for clinical and radiographic outcomes. Study data
was numerically coded and analyzed. Cohen’s Kappa and Chi-square tests were used (p<0.05). Results:
Eighty-three participants (62.7% females, age range two to eight years, average age of 4.5 years) with 102
pulpotomies were enrolled. FS was used in 78% (n=79) and BD in 22% (n=23) of the cases. Follow-up periods
ranged from six to 36 months (mean of 17 months). BD showed 100% clinical and radiographic success,
while FS demonstrated 84% clinical and 70% radiographic success. The two groups were compared at one
year with no statistically significant differences. At 18 months, BD outperformed FS clinically (p=.012) and
radiographically (p=.001). Intra-rater and inter-rater agreement were k>(0.88. Conclusions: Both materials
can be recommended for clinical practice, however BD may be the preferred choice for its better outcomes
at 18 months.

Keywords: Biodentine, Ferric Sulfate, Pulpotomy, Primary Molar, Pediatric Dentistry

INTRODUCTION

rimary molar pulpotomy is a type of vital pulp therapy
indicated for treatment of teeth diagnosed with reversible

pulpitis.* The procedure entails amputation of the inflamed
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of successful pulpotomy is an asymptomatic tooth with preserved
radicular pulp, its ultimate objective is to prevent premature tooth
loss and to maintain integrity of the dental arch.2® The clinical tech-
nique and indications for the pulpotomy procedure have remained
unchanged for decades, however the utilized therapeutic materials
have been widely diverse and are continuously evolving over the
years.* The existing pulpotomy materials can be classified into three
main categories based on their effect on the remaining radicular
pulp tissue.® These include agents producing devitalization (e.g.,
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ferric sulfate, bioactive cements, calcium hydroxide, sodium hypo-
chlorite, lasers, etc.) or promoting regeneration (e.g., bone morpho-
genic proteins).>®

For many years since the 1930s, the Buckley’s solution (19%
formaldehyde and 35% cresol diluted with glycerin and distilled
water) has been the benchmark pulpotomy medicament.? Formo-
cresol (FC) has protein-binding properties and works by fixation of
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the radicular pulp tissue, making it inert.2® Its overall success has
been estimated around 87%.2 However, in 2004 the International
Agency for Research on Cancer classified formaldehyde as carcino-
genic to humans.” Such toxicity and mutagenicity concerns have led
to the discouragement of FC wider use and prompted new research
looking for viable replacement options.? Ferric Sulfate (FS) in a
15.5% solution is a hemostatic agent and has been proposed as one
such alternative. 2 Animal and human studies have reported that its
success as pulpotomy medicament (79.3%-93%) is similar to that
of FC. 589 FS forms a ferric ion-protein complex when it comes to
contact with blood which upon agglutination produces plugs that
mechanically occlude the cut blood vessels to achieve coagula-
tion and hemostasis.® This reaction causes minimal damage to the
radicular pulp tissue and helps preserve its vitality.*> While FS has
gained popularity over the past decade as the pulpotomy agent of
choice in pediatric dentistry, more recently bioceramic materials
such as Mineral Trioxide Aggregate (MTA) and Biodentine® (BD)
have come to the scientific spotlight as successful endodontic
therapy materials.?

BD is a novel calcium-silicate based cement, first introduced on
the market in 2010 by Septodont (St Maur des Faussés, France).
It has gained attention as a contemporary dentine replacement
and repair material and has been proposed for use in therapeutic
pulpotomies in primary teeth due to its excellent salability and
biocompatibility.**2 BD is a commercialized tricalcium silicate
and thus undergoes an extensive manufacturing process utilizing
active biosilicate technology, which eliminates aluminates and other
metal impurities.* Therefore, the manufacturer claims that BD has
improved mechanical properties when compared to MTA prod-
ucts including faster setting time, increased compressive strength,
increased density, decreased porosity, induction of reparative
dentine synthesis, and more manageable handling characteristics.*2
When used as a pulpotomy agent, BD creates a layer of superficial
necrosis on contact with vital pulp tissue.'2 This stimulates a healthy
inflammatory response of the radicular pulp and the formation of
reparative dentin layer that serves as a hard tissue barrier sealing
off and protecting the vital radicular pulp.’**? As a primary molar
pulpotomy agent, BD has shown promising initial clinical results
with reported 92% to 100% success rates.'?* However, the research
investigating the outcomes of BD remains limited and further trials
are needed for clinical practice recommendations.

The purpose of this study was to determine the clinical and
radiographic success of primary molar pulpotomies completed
with BD and FS at a university-based pediatric dental clinic and to
compare the outcomes of the two materials.

MATERIALS AND METHOD

The Institutional Review Board of the University of Illinois at
Chicago (UIC), Chicago, Ill., USA granted permission to conduct
this retrospective cohort study. To estimate the required sample
size, a prospective power calculation, based on reported clinical
success rates for BD and FS from previous studies, showed that 60
teeth would achieve a power of 80%. To account for inconsistent
patient attendance at recall, our study included for initial review the
first consecutive 400 pulpotomies completed since April 1, 2016.
The list was generated from the dental electronic health record
(EHR) system of the College of Dentistry, UIC and was based on
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completed insurance codes for therapeutic pulpotomy. The specific
date was chosen because at that time both materials were used in
the university-based pediatric dental clinics. FS was available as
Astringedent™ (Ultradent Products, Inc., 3935, 505 W 10200
S, South Jordan, UT 84095, USA) and BD is a product of Sept-
odont (94100 St Maur des Faussés, France). The principal investi-
gator (PI), who was a post-graduate student in Pediatric Dentistry
(PD), accessed all patient records and evaluated the information
against the inclusion and exclusion criteria of the study (Table 1).
Patients, who had teeth with completed pulpotomies that met the
inclusion criteria, were enrolled as participants. Each of these teeth
received a specific study number. All pulpotomies were completed
by post-graduate PD students. The procedures were supervised
by faculty members, specialists in PD. The EHR notes and radio-
graphs corresponding to the dates of completion of the pulpotomy
procedures of the study teeth, as well as all consecutive notes and
radiographs from the periodic oral examinations were reviewed by
the PI. Typically, patients with completed comprehensive exam and
/or dental care are recalled at the clinics every six months for regular
periodic dental examinations. Two sets of clinical and radiographic
criteria validated by previous research** were used in this study to
evaluate the information about the study teeth gathered from the
EHR (Tables 2 and 3).

The participants’ demographic information was collected, such
as age at the time of pulpotomy, sex, ethnicity and medical back-
ground. Race was not included due to lack of consistent documenta-
tion. For each study tooth, the PI searched the EHR for information
on the primary molar diagnosis (i.e., caries, trauma, developmental
defect) that provided justification for carrying out the pulpotomy
procedure. The type of behavior management modality (i.e., nitrous
oxide sedation, oral sedation or general anesthesia) used at the time
of pulpotomy procedure as well as the type of dental visit (i.e.,
routine or urgent care) were also recorded. A second examiner,
faculty member and specialist in PD, evaluated the radiographs.
This was done first independently and then the cases were discussed
between the two examiners in order to resolve any disagreements.
The PI and the second examiner were calibrated using a question-
naire with 20 randomly selected radiographs of teeth with pulpoto-
mies (for inter-rater reliability). The questionnaire was created by
an independent to the study person. The Pl completed the question-
naire on two separate occasions with two weeks apart (for intra-rater
reliability). The examiners were trained for the study purposes by
reviewing pertinent literature discussing therapeutic materials and
primary molar pulpotomies. Research data was numerically coded.
The clinical and radiographic scores were further converted into
dichotomous outcomes combining scores of 1 and 2 into category
“Success” and scores 3 and 4 into category “Failure”. The inter-
and intra-examiner reliability were assessed using Cohen’s Kappa,
and statistical analysis was completed using Statistical Product and
Service Solutions (SPSS) software (Version 25.0, IBM SPSS Statis-
tics, Armonk, N.Y., USA). A chi-square was utilized to assess for
difference in outcomes between FS and BD groups with a level of
significance of p<0.05.
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Table 1. Inclusion and Exclusion Criteria of the Study

Inclusion Criteria

Exclusion Criteria

Deciduous molar

Radiograph with clear visualization of the furcation
pre-operatively

Radiograph with clear visualization of the furcation at least
6-months post-operatively

Clinical evaluation at least 6-months post-operatively

Adequate documentation in the patient record on the date of
the procedure and at all follow-up examinations

Pulpotomy completed with Ferric Sulfate (FS) or Biodentine
(BD)

Tooth other than a deciduous molar

No pre-operative radiograph or a pre-operative radiograph without clear
visualization of the furcation

No post-operative radiograph or a post-operative radiograph without clear
visualization of the furcation

No clinical evaluation or clinical evaluation only less than 6-months
post-operatively

Poor/Improper documentation on the date of the procedure or at any recall
examinations

Pulpotomy completed with a medicament other than FS or BD or medica-
ment not documented in the chart

Table 2. Criteria for Clinical Success (adapted from Rajasekharan et al.'*)

Score Clinical Criteria

Description

1 Asymptomatic

0Oo0oooao

2 Slight discomfort

O0Oo0ooaDo

3 Minor discomfort

O o0Oooo

4 Major discomfort

O0O00Oo0Oaoao

Pathology: Absent

Normal functioning

Naturally exfoliated

Exfoliation prematurely due to ectopic eruption
Mobility (physiological) <1 mm

Pathology: Questionable

Percussion sensitivity

Chewing sensitivity, short-lasting

Gingival inflammation (due to poor oral hygiene)
Mobility (physiological) >1mm but <2mm

Pathology: initial changes present

Chewing sensitivity, long lasting

Gingival swelling (not due to poor oral hygiene)
Periodontal pocket formation (no exudate)
Mobility >2mm but <3mm

Pathology: Late changes present

Spontaneous pain

Gingival swelling (not due to poor oral hygiene)
Periodontal pocket formation (exudate)

Sinus tract present

Mobility > 3mm

Premature tooth loss, due to pathology

Table 3. Criteria for Radiographic Success (adapted from
Rajasekharan et al.')

Score Radiographic Criteria Description
1 No changes present o Internal root canal form tapering from chamber to the apex
o  Periodontal ligament (PDL)/periapical regions: normal width and
trabeculation
2 Pathological changes of questionable o  External changes are not allowed (widened PDL)
clinical significance o Abnormal inter-radicular trabeculation or variation on radiodensity
o Internal resorption acceptable (nonperforated)
o Calcific metamorphosis is acceptable and defined as: uniformly thin root
canal; shape (non-tapering); variation in radiodensity from canal to canal
(one cloudier than the other)
o Dentin bridge formation (one or more canals)
3 Pathological changes present o External changes are present, but not large
o Mildly widened PDL
o Minor inter-radicular radiolucency with trabeculation still present
o Minor external root resorption
o Internal resorption changes are acceptable, but not if external change is
also present (perforated form)
4 Pathological changes present o Frank osseous radiolucency present, endangering permanent successor
requiring an immediate extraction of
the tooth
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RESULTS

After reviewing the 400 EHR, 102 deciduous molars in 83 pedi-
atric patients satisfied the selection criteria and were included in the
study sample. The flow diagram of the study process is illustrated
in Figure 1.

Demographic Results

The study sample consisted of 62.7% (n=52) female and 37.3%
(n=31) male participants. The mean age of the participants was 4.5
years and the median was four years, while the age range was two to
eight years. The sample included 1.2% (n=1) two years old, 25.3%
(n=21) three years old, 27.7% (n=23) four years old, 21.7% (n=18)
five years old, 19.3% (n=16) six years old, 1.2% (n=1) seven years
old, and three 3.6% (n=3) eight years old participants. Ninety four
percent of the participants were within the age group of 3 to 6 years.
There was a higher prevalence of Hispanics (53%, n=44), which
mirrored the population seen in our PD clinics. Ninety-five percent
(n=78) of the participants were healthy and the remaining 4.8%
(n=4) had well-controlled asthma.

Descriptive Results of the Study Teeth

Almost 80% of the participants had a single pulpotomy (n=66),
while 22.5% (n=17) had two. With respect to the diagnostic justi-
fication for the pulpotomy procedures, all of the study teeth were
described as having deep caries approaching the pulp and with pulpal
exposure occurring during caries excavation. Seventy-eight percent
of the teeth (n=79) were treated with FS and 22% (n=23) with BD.
Specific considerations for using FS or BD by the clinicians were
not provided in the EHR notes. All study teeth were restored with
prefabricated stainless-steel crowns immediately after the pulpo-
tomy completion. Eighteen percent (n=18) of the pulpotomies were
performed on maxillary first primary molars, 16% (n=17) on maxil-
lary second primary molars, 27% (n=28) on mandibular first primary
molars, and 39% (n=39) on mandibular second primary molars.

Figure 1. Flow Chart of Study Progress

Descriptive Results on Behavior Management
Modality

With regard to patient management modality at the time of
pulpotomy completion, 41 % (n=34) of the participants (with 41.2%,
n=42 study teeth) received comprehensive care under general anes-
thesia (GA), 12% (n=10) of the participants (with 13.7%, n=14
study teeth) were managed with oral conscious sedation and 47%
(n=39) participants (with 45.1%, n=46 study teeth) had treatment
carried out under nitrous oxide inhalation sedation. Out of the 23
BD pulpotomies, 30.4% (n=7) were completed under GA while
69.6% (n=16) were done with nitrous oxide inhalation sedation.
In the FS group, 44.3% (n=35) of the pulpotomies were completed
under GA, 17.7% (n=14) under oral conscious sedation and 38%
(n=30) with nitrous oxide inhalation sedation. All pulpotomies were
completed during routine dental care and none were done as urgent
care procedures.

Descriptive Results of Follow-up Periods

The follow-up evaluation period for all study teeth ranged from
six to 36 months (mean was 17 months). The follow-up time for
the BD group ranged from 12 months to 20 months (mean was 15
months). Eleven BD pulpotomies were reviewed at around one year
(12 + 2 months) and 12 at around a year and a half (18 + 2months).
For the FS group, the follow-up periods ranged from six to 36
months (mean was 17 months). Five FS pulpotomies were reviewed
at half a year (6 + 2 months), 19 at a year (12 + 2 months), 18 at a
year and a half (18 + 2 months), 18 at two years (24 + 2 months),
16 at two and a half years (30 £ 2 months) and 7 at three years (36
+ 2months).

Descriptive Results of Clinical and Radiographic
Outcomes

Atotal of 87.3% (n=89) of all pulpotomies had no clinical signs
or symptoms of pathology (scores 1 and 2) and were categorized
as successful. The remaining 12.7% (n=13) were categorized as
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failures (combined scores 3 and 4). Minor discomfort (score 3) was
reported for 5.9% (n=6) of the study teeth, while 6.9% (n=7) had
major discomfort (score of 4). Radiographically, 23% (n=24) of
the whole tooth sample failed (combined radiographic scores of 3
and 4), of which 5.9% (n=6) had required an immediate extraction
(score 4).

The sample of BD pulpotomies included teeth that were clini-
cally asymptomatic (score 1) and radiographically successful (score
1 for n=19; score 2 for n=4). Four BD pulpotomies (17.4%) had
a radiographic score of 2 at a year and a half (18 £ 2 months) as
changes consistent with calcific metamorphosis of the intracanal
space (pulp canal obliteration) were found. The overall success rate
of BD was 100% both clinically and radiographically.

The FS group, however had both clinical and radiographic fail-
ures. Overall, 16.4% (n=13) of the teeth treated with FS displayed
signs of clinical failure (n=6 with score 3; n=7 with score 4) and
30% (n=24) displayed signs of radiographic failure (n=18 with
score 3; n=6 with score 4). Consistent with the descriptions from the
scoring system we used, the most common cause for radiographic
failure was internal root resorption (IRR) with external changes
(41.7%, n=10 out of 24). The clinical and radiographic failures for
the teeth treated with FS occurred at different time intervals over
36 months (Figures 2 and 3). The highest number of FS failures
occurred between 13 to 18 months post-operatively with 61.5%
(n=8 out of the 13) clinical and 41.7% (n=10 out of the 24) radio-
graphic failures.

Figure 2. Time Intervals of FS pulpotomies Clinical Failures

Figure 3. Time Intervals of FS pulpotomies Radiographic
Failures
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Comparative Analysis and Differences between FS
and BD Groups

Clinical and radiographic data was available for both BD and
FS at one year (12 + 2 months) and at a year and a half (18 months
+ 2 months). Eleven BD pulpotomies showed 100% clinical and
radiographic success at one year, while at a year and a half 12 BD
pulpotomies were found 100% successful. From the FS group,
at one year 89.5% (n=17/19) of the pulpotomies were clinically
successful, while 73.7% (n=14/19) were successful radiographi-
cally. At a year and a half, 55.6% (n=10/18) of the FS pulpotomies
showed clinical success and 44.4% (n=8/18) had radiographic
success. Statistical analysis was run using Chi-square test and it
was determined that there was no statistical difference between the
two groups at one-year clinical (p=0.220) as well as radiographic
(p=0.289) follow-up. At a year and a half follow up, statistically
significant differences were found with BD outperforming FS both
clinically (p=0.012) and radiographically (p=0.001).

Intra-rater and inter-rater agreement were assessed with Cohen’s
Kappa Statistic with both generating a score of 1>0.88 (good
reliability).

DISCUSSION

The ideal pulpotomy material should be bactericidal, harmless
to the pulp and its surrounding structures, promote healing and
continuous vitality of the radicular pulp, as well as allow for normal
physiological process of root resorption.>* All commercially avail-
able products have different advantages and disadvantages and the
search for the ideal one is ongoing.2*® Furthermore, there is a lack of
general consensus regarding the best therapeutic pulpotomy agent.*®
While FS has been widely used in clinical practice, BD is a rela-
tively novel material that has similar composition and indications
as MTA products.*>*s Calcium-silicate-based cements are increas-
ingly popular in regenerative endodontics as they are biocompatible
(nontoxic, noncarcinogenic), bactericidal (highly alkaline), insol-
uble in tissue fluids, and dimensionally stable.’® BD has been shown
to be capable of inducing pulp healing and dentin formation.*216

Our study contributes to the literature evaluating the perfor-
mance of FS and BD as pulpotomy materials in primary molars
in a short and medium term by reviewing retrospectively a sample
treated at a university-based PD clinic. We found that the pulpoto-
mies completed with BD were 100% successful a year and a half
post-operatively While all teeth remained clinically asymptomatic,
17.4% (n=4) of the BD group developed radiographic changes
consistent with pulp canal obliteration (PCO). We considered
these teeth successful radiographically (score 2). However, there is
controversy in the literature regarding the categorization of PCO.
Some authors deem PCO as a radiographic failure acknowledging
that it presents an aberration from normal pulp.” Others, argue that
PCO is an evidence of preserved pulp vitality because is a result of
hyperactivity of odontoblast-like cells, hence it should not be clas-
sified as a pathologic change or failure.’® Our results are consistent
with recent studies.**1*2° |n a randomized controlled trial conducted
by Rajasekharan et al.»4, BD was compared to ProRoot® White MTA
and Tempophore™ over a period of 18 months in a total sample
of 69 teeth. The authors reported 95.7% clinical and 94.4% radio-
graphic success for BD with statistically significantly more PCO
compared to the other two materials.™
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El Meligy et al.*® compared the outcomes for BD and FC in a
sample of 108 primary teeth. The authors determined 100% clinical
and radiographic success in the BD group, while FC had also similar
outcomes (100% clinical and 98.1% radiographic success).* Sirohi
et al.? conducted a randomized controlled trial and evaluated the
performance of BD versus FS in a sample of 50 primary molars (25
per group) over a period of 9 months. BD outperformed FS with
100% clinical and 92% radiographic success, versus 96% clinical
and 84% radiographic success for the FS group.?

In our study, the FS pulpotomies had an overall clinical success
rate of 84% and a radiographic success of 70%, which fell within the
range reported in the literature.>2-22 Havale et al.?* demonstrated that
in 12 months in a sample of 30 participants FS had 96.7% clinical
and 63.3% radiographic success. Odabas et al 22 examined a sample
of pulpotomies completed by dental students and reported 84.7%
clinical and 78.2% radiographic success for the FS group after one
year. Our cohort of FS pulpotomies showed signs of radiographic
and clinical failures as early as six months post-operatively and
as late as 36 months. However, the highest number of FS failures
occurred between 13 to 18 months follow-up. We also determined
that the most common cause for radiographic failure was IRR with
external changes. Such findings are consistent with other studies.
2152223 |RR is believed to be caused by a chronic inflammation
in a tooth with a vital pulp.? Osteoclasts break down dentin and
cementum, which leads to progressive loss of tooth structure.®
The process of IRR stops once the pulp becomes necrotic, and
thus no more viable osteoclasts and nutrients are available for the
destructive process to continue. FS is a known irritant, especially
at higher concentrations, which can lead to the cascade ultimately
causing IRR.15%

Our study had limitations, most of which are inherent to the
retrospective design. Our sample size was relatively small, but it
is consistent with most published studies, particularly in the BD
group, and a loss to follow up is a common issue.®?? Another
limitation was the reliance on EHR past notes of multiple providers
and existing radiographs, which were not standardized. There was a
lack of information describing specific considerations regarding the
choice of pulpotomy material, hence we can only hypothesize that
this decision was made based primarily on clinician’s preference.
The inconsistent follow-up periods of the pulpotomies was a chal-
lenge but expected in the population seen in a public health setting.

Our study also had strengths. Two trained and calibrated exam-
iners evaluated the radiographs. Prospective power analysis was
utilized to estimate the initial number of EHR for assessment, as
well as only consecutively completed procedures were reviewed
to minimize tooth selection bias. All pulpotomy procedures were
completed by post-graduate PD students with various clinical
experience. However, all critical steps of their work were overseen
by attending faculty members, specialists in PD. The pediatric
endodontics training of the post-graduate students included the
regular pulp therapy course provided by the PD department and
the standard pulpotomy technique recommended by the American
Academy of Pediatric Dentistry was followed in the clinic.? Given
that FS was traditionally the standard choice of pulpotomy agent,
it is understandable that more teeth of the study sample were
treated with this product. Furthermore, providers have had longer
experience and better expertise using FS, while utilization of BD
was a novelty.
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While our study showed promising results for using BD in
primary molar pulpotomies, perhaps of even higher practical value
to pediatric dental providers is learning more about our experience
with the failed teeth treated with FS. We found that FS pulpoto-
mies failed most frequently within 13-18 months post-operatively.
Although BD is more costly than FS, its price is not prohibitive
for wide clinical use, given its higher success rate. Since pediatric
dentists strive to provide the most optimal therapeutic solutions
for their patients, FS could be a reasonable choice for teeth with
more limited life span remaining (up to two years until exfoliation),
while BD can be the preferred material for younger children or those
treated with advanced behavior management modalities (e.g. oral
sedation, general anesthesia).

Future high-quality clinical trials with longer follow-up are
needed to enhance our knowledge of the different therapeutic
pulpotomy materials and for more definitive clinical practice
recommendations.

CONCLUSIONS
Based on the results of this study, we can conclude that:

1. FSshowed good outcomes, both clinically and radiograph-
ically, and its performance may be considered appropriate
for clinical practice.

2. The highest number of FS failures occurred between 13 to
18 months post-operatively and the most common cause
for FS radiographic failures was advanced internal root
resorption.

3. BD outperformed FS and should be the preferred choice of
primary molar pulpotomy material.

4. Pulp canal obliteration was the most common radiographic
finding in the BD group.
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Bond strength of lon-releasing Restorative Materials to Sound and

Caries-affected Dentin

Gul Keskin“/Ziibeyde Ugar Giindogar™/ Merve Yaman™/ Gun Burak Tek™”

Objective: This study evaluated the microtensile bond strength (uTBS) of ion-releasing restorative materials
to sound and caries-affected dentin (CAD). Study design: 60 teeth were randomly divided into 2 groups
(sound dentin, CAD) and 5 subgroups of 6 samples each: conventional glass ionomer cement (GIC), resin-
modified GIC (RMGIC), glass hybrid reinforced GIC (EQ), giomer (BII), and bioactive restorative material
(ACT). uTBS analyses were performed and data were analyzed statistically. Results: The ACT group bonded
to sound dentin and the BII group bonded to CAD showed the highest uTBS (p<0.05). The GIC, RMGIC, and
ACT groups, showed significantly lower uTBS when bonded to CAD compared with sound dentin (p<0.05).
However, in the BII group, there were no statistically significant differences between the samples bonded to
sound and CAD (p>0.05). All groups except EQ that bonded to sound dentin showed predominantly adhesive
failure. Conclusion: The use of the giomer can be recommended due to its more stable bond durability.

Keywords: Bond strength, giomer, bioactive material, caries-affected dentin, therapeutic ions.
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INTRODUCTION

ental caries is defined as a localized, multifactor patholog-
D ical process that softens hard tooth tissues and causes cavi-

tation, and it is a common disease worldwide. In recent
years, a partial caries removal technique, which is a minimally inva-
sive approach to protect sound and potentially remineralized tooth
tissue, has been recommended, instead of removing the carious
tissue completely.?2 Complete removal of caries increases pulp expo-
sure risk and postoperative pulpal symptoms, especially in acute and
deep caries lesions. Furthermore, the partial caries removal method
is a less invasive alternative, making this technique more advanta-
geous.®* In this technique, the contaminated dentin (caries-infected
layer), which indicates the degradation of collagen fibril signifi-
cantly, is removed. Caries-affected dentin (CAD), consisting of a
collagen matrix with less bacterial infection than the contaminated
dentin and a regular crossband infrastructure, can be remineralized.®
It is crucial for a restorative material to have strong adhesion to the
tooth to create a suitable microenvironment for dentin remineraliza-
tion.® The formation of a compact and integrated structure between
collagen fibrils and restorative material components, preventing
permeability against oral and dentin fluids, provides a strong adhe-
sion between adhesive materials and the dental substrate.” However,
studies have reported that the bonding strength of restorative mate-
rials to CAD is generally 20-50% lower than to sound dentin.8®
Lower mineral content and cross-link, increased porosity of inter-
tubular dentin, and the lower final tensile strength of carious dentin
have been shown to cause lower bond strength for CAD.?** The
CAD layer consists of approximately 14-53% water. It has been

doi 10.17796/1053-4625-45.1.6 29



Bond strength of lon-releasing Restorative Materials to Sound and Caries-affected Dentin

argued that, replacing the water with minerals will increase mechan-
ical properties and bond strength.*? Previous studies have focused
on the use of remineralizing agents to achieve this outcome.’*15
However, only a limited number of studies evaluating the effect of
ion-releasing restorative materials have examined the remineraliza-
tion potential to increase the bond strength to dental tissues.”¢"
Moreover these studies were focused only on the effectiveness of
glass ionomer cement (GIC).

Restorative materials with the ability to release “therapeutic”
ions (e.g., fluoride, phosphates, calcium, and other minerals)
include GIC and resin composites. These materials might reduce
the risk of secondary caries by reducing biofilm penetration into
the marginal gap of dental restorations and by promoting remineral-
ization throughout the tooth-restoration interface.® These materials
could reduce the activity of metalloproteinase and proteases such
as cathepsins involved in collagen degradation which is considered
one of the leading causes of reduced bonding longevity.*

This study aimed to evaluate the microtensile bond strength
(LTBS) of ion-releasing restorative materials including conventional
GIC, its reinforced modifications, surface pre-reacted glass-ionomer
(S-PRQG) fillers, and bioactive materials to sound and CAD tissue.
The hypothesis is that no difference will be found between sound
and CAD groups.

MATERIALS AND METHOD

Sample preparation

Sixty freshly extracted human third molar teeth were used for
this study. Teeth were collected with patients’ informed consent,
as approved by the Gaziantep University Clinical Research Ethics
Committee (process no0:2020/79). The teeth were stored in 0.5%
chloramine solution at +4 °C for no longer than 1 month until used.
The roots of teeth were embedded in acrylic resin (Imicryl SC;
Imicryl Dental Materials, Inc, Konya, Turkey), 1.0 mm below the
cementoenamel junction, using a Teflon mold. The occlusal enamels
were abraded perpendicularly to the long axis of the teeth to obtain
flat midcoronal dentin surfaces under water cooling and constant
pressure, using 600-grit abrasive discs with a polishing machine
(Ecomet 3, Bueller, IL, USA). Thus, uniform and standardized
smear layers were obtained at the dentin surface. Specimens were
examined for any signs of pulp exposure and absence of enamel
islets under a stereomicroscope (Leica M125, Leica Microsystems;
Heerbrugg, Switzerland) at 30x magnification, and then randomly
divided into 2 groups: sound dentin and CAD (n = 30). Specimens
in the sound dentin group were stored in distilled water until the
restorative procedure was performed. The pH cycle was performed
for 14 days to form artificial caries lesions for the specimens in the
CAD group.

Avrtificial caries induction

All samples of the CAD group were immersed in demineral-
ization solution (2.2 mM NaHzPO,, 2.2 mM CaCl,, 0.05 M acetic
acid, pH=4.5) for 8 hours and in remineralization solution (0.9 mM
NaH:PO., 1.5 mM CaCl,, 0.15 mM KCL, pH=7.0) for 16 hours.?
The solutions were refreshed daily, and the pH was periodically
checked using a pH meter. When the samples were removed from
one solution, they were washed with distilled water and dried before
immersion in the other.
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Image analysis was performed using a scanning electron micro-
scope (SEM; Zeiss Gemini 300 FEG-SEM, Carl Zeiss, Oberkochen,
Germany) to evaluate the superficial differences that could affect
the bonding to sound and CAD samples.

Restorative procedure

The specimens were divided into 5 subgroups of 6 samples
each: conventional GIC (GIC; Fuji IX extra, GC, Tokyo, Japan),
resin-modified GIC (RMGIC; Fuji Il LC, GC, Tokyo, Japan), glass
hybrid reinforced high-viscosity GIC (EQ; Equia Forte, GC, Tokyo,
Japan), giomer (BII; Beautifill 11 LS Shofu Inc., Kyoto, Japan) and
bioactive restorative material (ACT; ACTIVA BioACTIVE Restor-
ative, Pulpdent, Watertown, MA, USA). One calibrated operator
performed all restorative protocols according to the manufacturer’s
instructions (Table 1). The materials were built up to 4-5 mm in
height using a Teflon mold. Chemically cured restorative materials
were protected for 2.5 min to avoid moisture contamination or
drying out, and the light-cured materials were polymerized using an
LED light source with 1000 mW/cm? standard power (Valo Cord-
less, Ultradent, South Jordan, UT, USA). All samples were stored in
distilled water at 37 °C for 24 hours.

Thermocycling procedure and pTBS

After storage, to obtain beams of approximately 1x1 mm?, each
bonded sample was sectioned longitudinally in 2 directions perpen-
dicular to each other across the bound interface for the pTBS test
using a diamond disc and a low-speed cutting machine (Isomet,
Buehler Ltd, Lake Bluff, IL, USA) under water cooling. The beams’
cross-sectional areas were measured with a digital caliper (Insize
1108-200, Jiangsu Province, China). Thermocycling (THE-1100,
SD Mechatronik GmbH, Germany) was applied for 10,000 cycles*
at 5 °C and 55 °C in distilled water baths with a waiting time of
60 sec and a transfer time of 5 sec. The specimens were inspected
under a stereomicroscope at 400x magnification to check for cracks
or gaps at the tooth-restoration interface after aging. Samples with
gaps were excluded from the study. Only 2 beams per tooth were
used for the test. Thus, 12 beams in each group were evaluated. All
specimens were fixed with cyanoacrylate adhesive system (Pattex,
Turk Henkel AS, Turkey) to 2 surfaces on a microtensile testing
device (MicroTensile Tester, BISCO, Schaumburg, IL, USA). The
beams were stressed to failure. The uTBS was expressed in MPa, as
determined by dividing the imposed force (N) at the time of fracture
by the bonding area (mm?). Data were statistically analyzed.

Failure mode

All debonded specimens were evaluated under a stereomicro-
scope at 400x magnification to determine failure mode. Failure was
classified as adhesive, cohesive (in material or dentin), and mixed.

Statistical analysis

Data were analyzed using SPSS v22.0. The normality of numer-
ical data was tested by the Shapiro- Wilk test. One-way ANOVA and
post-hoc Tukey comparison tests were used to compare the groups
in normally distributed numerical data. The descriptive statistics are
given as mean * std. A p<0.05 was considered significant.
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Table 1: Composition of the restorative materials used in the study, and their application procedures

Material Manifacturers Composition Application
Fuji IX extra GC, Tokyo, Polycarboxylic acid, water, polybasic -Apply cavity conditioner
(Shade A2) Japan carboxylic acid. Fluoroaluminosilicate -Rinse and dry by gently blowing with an air syringe
glass, particle size of 0.3—-200 mm (8% -Apply the restorative material to the dentin surfaces
m/m)
Fuji Il LC GC, Tokyo, 2-hydroxyethyl methacrylate, Polyacrylic ~ -Apply cavity conditioner
(Shade A2) Japan acid and water. 58 wt% Fluoro-aluminum- -Rinse and dry by gently blowing with an air syringe
silicate glass -Apply the restorative material to the dentin surfaces
-Light-cure for 20 sec. at 1000 mW/cm2 standart power.
Equia Forte GC, Tokyo, Carboxylic acid, polyacrylic acid, water. -Apply cavity conditioner
(Shade A2) Japan Fluoro-aluminumsilicate glass surface -Rinse and dry by gently blowing with an air syringe
treated glass (wt% not applicable) -Apply the restorative material to the dentin surfaces
Beautifill Il LS Shofu Inc., Bis-GMA, UDMA, Bis-MPEPP, TEGDMA. -Etch for 10-15 sec., rinse for 5 sec. and dry.
(Shade A2) Kyoto, Japan 83.3 wt% Fluoro-silicate glass -Apply G-Premio Bond, light-cure for 10 sec. at 1000 mW/
cm2 standart power.
-Apply the restorative material to the dentin surfaces.
-Light-cure for 20 sec. at 1000 mW/cm2 standart power.
ACTIVA Pulpdent, Water-  Blend of diurethane and other methacry-  -Etch for 10-15 sec., rinse for 5 sec. and dry.
BioACTIVE town, MA, USA lates with modified polyacrylic acid. 55.4  -Apply G-Premio Bond, light-cure for 10 sec. at 1000 mW/
Restorative, wit% Bioactive glass and sodium fluoride ~ cm2 standart power.
(Shade A2) -Apply the restorative material to the dentin surfaces.
-Light-cure for 20 sec. at 1000 mW/cm2 standart power.
Total etch Ivoclar, Vivadent %37 phosphoric acid gel -Apply the cavity for 10-15 sec.
AG, Schaan, -Rinse and dry
Liechtenstein
Cavity GC, Tokyo, 20% polyacrylic acid solution -Apply the cavity for 10-15 sec.
Conditioner Japan -Rinse and dry
G-Premio GC, Tokyo, 4-MET, 10-MDP, MDTP, phosphoric acid  -Apply the adhesive on the dentin surface for 10 sec.
Bond Japan ester monomer, -Dry with air gently for 5 sec.

-Light-cure for 10 sec. at 1000 mW/cm2 standart power.

UDMA, urethane dimethacrylate; BisGMA, bisphenol-A glycol dimethacrylate; Bis-MPEPP, Bisphenol A polyethoxy; TEGDMA, triethylene glycol
dimethacrylate; 4-MET, 4-[2-(methacryloyloxy)ethoxycarbonyl] phthalic acid; MDTP, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine; 10-MDP,

10-methacryloyloxydecyl dihydrogen phosphate.

RESULTS

SEM image analysis

SEM images obtained from sound and CAD surfaces are shown
in Figure 1. Dentinal tubules are clearly visible on the sound dentin
surface. Conversely, most of the dentinal tubules on the CAD
surface are occluded by mineral crystals. This occlusion is probably
due to continuous mineral deposition that occurs within the tubule
lumen and thicker smear layer with enriched organic components.

pTBS results

Means of uTBS (MPa) in sound and CAD are presented in
Table 2. ANOVA results showed statistically significant differences
between the dentin substrates and the restorative materials (p<0.05).
The ACT group bonded to sound dentin showed the highest n'TBS
values, and this was statistically significant (p<0.05). The next-
highest values were obtained from the BIl and RMGIC groups
bonded to sound dentin. The difference between these 2 groups
was not statistically significant (p>0.05). The GIC and EQ groups
bonded to sound dentin showed the lowest pyTBS values, and there
was no statistically significant difference between these 2 groups
(p>0.05).

The BII group bonded to CAD showed the highest uTBS
values, and this was statistically significant (p<0.05). After the BII
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group, the highest values were obtained from the RMGIC and ACT
groups bonded to CAD. The difference between these 2 groups
was not statistically significant (p>0.05). Furthermore, there was
no statistically significant difference between the ACT and EQ
groups (p>0.05). The EQ and GIC groups bonded to CAD showed
the lowest uTBS values, and there were no statistically significant
differences between the groups (p>0.05).

The GIC, RMGIC, and ACT groups bonded to CAD showed
significantly lower pTBS values compared with the same materials
bonded to sound dentin (p<0.05). However, in the EQ and BII
groups, there were no statistically significant differences between
the bonds to sound and CAD samples (p>0.05).

Failure mode analysis

Evaluating the failure modes, Figure 2 shows the percentages of
the fracture patterns. All groups showed predominantly “adhesive”
failure, except EQ bonded to sound dentin. This group predomi-
nantly showed cohesive failure in the material. The fracture pattern
of “cohesive failure in dentin” was seen only in the sample of ACT
bonded to sound dentin. Mixed fracture patterns were not observed
in any group.
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Table 2: Microtensile bond strength values (MPa) in sound and caries-affected dentin

Sound dentin

Caries-affected dentin

Groups Mean (std.) Min / Max Mean (std.) Min / Max
GIC 14,72 (4,135)°* 10,51/ 22,60 7,06 (2,25362)° 2.80/10.10
RMGIC 26,17 (7,050)°* 14.20 / 40.40 14,68 (3,85200)° 9.70/21.40
EQ 15,15 (4,559)¢ 6.90/23.00 9,78 (3,86590)° 4.00/17.90
BII 26,75 (5,592)° 16.80 / 34.40 26,11 (7,56473) 10.10/ 40.40
ACT 39,06 (8,282)** 25.10/49.30 11,84 (2,66679)> 8.10/19.00
All groups 24,37 (10,811)* 6.90 / 49.30 13,89 (7,92342) 2.80/40.40

Superscript different letters in the same column mean statistically significant differences (p<0.05), * means statis-
tically significant difference when compared to the sound and caries-affected dentin (p<0.05).

Figure 1. SEM image analysis. a; Sound dentin, b; Caries-affected dentin (4.00 kx magnification).

Figure 2. The percentages of fracture patterns according to the groups.

DISCUSSION

In the present study, all groups except Bll and EQ showed lower
bonding values to CAD when compared with sound dentin. Thus,
the hypothesis that there would be no differences between materials’
bond strength values to sound and CAD samples was rejected. These
findings are compatible with those of previous studies in which
reduced uTBS values were observed in the CAD group compared
with sound dentin, regardless of adhesive systems or strategies.?>?®
This finding has been associated with the formation of a deeper
demineralized zone with acid etching in CAD.? The high amount of
water in this zone competes with the penetration of adhesive resin
monomers. Therefore, it becomes difficult for the resin monomer
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to penetrate the base of the exposed collagen matrix. Furthermore,
caries-affected surfaces might contain substances that interfere with
the formation or spread of free radicals and lead to poor polymer-
ization of adhesive monomers.?® Thus, weaker and unstable bonding
is obtained in resin restorations that are bound to the tooth through
an adhesive system.

The situation is slightly different in GIC materials. These mate-
rials are bound to the tooth by chemical adhesion, provided by
ionic and polar interactions between polycarboxylate radicals and
hydroxyapatite. This interaction is also thought to be beneficial in
reducing hydrolytic degradation, thereby increasing the restoration
longevity.” However, CAD contains more residuals and b-tricalcium
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phosphate18 minerals (whitlockite) in the dentinal tubules, which
are less soluble than hydroxyapatite compared with sound dentin and
could negatively affect this ionic interaction.?? Potentially unstable
adhesive interfaces can degrade slowly and continuously through
water absorption. In this case, dentin biomodification is crucial to
strengthen the bonding stability.?® lon-releasing restorative mate-
rials were used to provide the dentin biomodification in this study.

In the present study, the hypothesized results were obtained only
from the BII group. The similar binding to sound and CAD samples
could mean this material eliminates the negative factors that affect
bonding to CAD. Giomers (glass ionomer+polymer) are resin-
based, fluoride-releasing, PRG (pre-reacted glass-ionomer) fillers
containing restorative materials. In the presence of water, PRG fillers
are prepared through an acid-base reaction between fluoroalumino-
silicate glass and polyalkenoic acid.?” Unlike GICs, the acid-base
reaction in the giomer occurs in S-PRG fillers during the production
phase. This reaction forms a modified layer on the material’s surface,
which protects against the harmful effects of moisture.?® The S-PRG
fillers can release the ligand in the pre-reacted hydrogel, increasing
the rapid release of fluoride, and the fillers can also release Al,
Na, B, Si, and Sr ions. In this way, fluoride and silicate encourage
remineralization of the dentin matrix, and hydroxyapatite crystals
are converted to fluorapatite and strontium apatite by fluoride and
strontium, thereby increasing the tooth resistance to acid.?® In this
study, giomer might have caused the substrate to be more hydrophilic
and a suitable substrate for bonding, with the formation of feasible
and regular reconstruction in demineralized dentin. The restructured
mineralized surface, which forms through an organized crystal forma-
tion guided by a collagen matrix scaffold, could experience a high
level of wettability and high surface energy by resin monomers.*
In addition, there is a functional 10-methacryloxidesyl dihydrogen-
phosphate (10-MDP) monomer in the content of the universal bond
(G-Premio Bond) used in our study. Pinna et al * argued that there
might be a possible chemical interaction between 10-MDP and CaF,
which occurs on the demineralized surface after fluoride application.
Similar bonding values to sound and CAD dentin were associated
with this situation in their study. The protective effect of the calcium
salts of the formed 10-MDP and the resin-coated collagen, as well as
the formation of more homogeneous hybrid layers, could explain the
superior bond stability, as in the present study.®

Another striking result of this study was that the best bonding
stability to sound dentin was found in the ACT group. This material
is a new concept that combines the ion-release capacity of GICs with
the optimal mechanical and aesthetic properties of resin materials.®
ACT has a fluoroaluminosilicate glass structure similar to GIC.
This structure can dissolve in acidic conditions, and the material
gains the ion-releasing ability.* This restorative material includes a
triple setting mechanism, according to the manufacturer: The acid-
base neutralization reaction of GICs, light-cure, and self-cure of the
matrix. Furthermore, it is recommended that ACT be applied as a
self-adhesive or with a universal adhesive. Latta et al.* reported
higher bonding strength values to enamel and dentin when using a
universal adhesive with this material compared with a self-adhesive
application. The universal adhesive could be the reason for the supe-
rior bond stability to sound dentin in the ACT group of the present
study. However, it is interesting that the material had a lower bond
strength to CAD than to the sound dentin. The presence of dena-
tured collagen fibrils, lack of crossbanding, and inadequate resin
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infiltration might occur in the interfiber collagen spaces, which
could compromise bond strength. In addition, irregular deposition
and precipitation of mineral on dentin could mechanically destroy
tubules and reduce the material’s bonding performance.®

In our study, the lowest uTBS values were obtained from the GIC
and EQ groups bonded to both sound and CAD samples. In these 2
groups, adhesion to dentin is occurs through both chemical bonding
and micro-mechanical locking. RMGIC contains a resin monomer
2-hydroxyethyl methacrylate (HEMA) to provide better adhesion than
conventional GIC.®” The RMGIC group in this study also showed
bonding stability superior to that of the GIC and EQ groups. However,
its bonding to CAD was lower compared with its bonding to sound
dentin. These results are compatible with the literature.!'” In a study
evaluating conditioning effects, the root dentin bond strength of
RMGIC was found to be lower when bonded to CAD than to sound
dentin, regardless of conditioner application.’® Contrary to these results,
only one previous study showed that the bond strength of RMGIC
in primary teeth was similar to that of sound and CAD samples.
Researchers have claimed that this finding might be due to the use of
cured primers on the dentin surface before RMGIC application.”

Adhesive failure affected most of the specimens in this study. The
percentage of cohesive failure was predominant only in the EQ group,
bonded to sound dentin. Aligning the specimen along the long axis of
the test device, micro-cracks of the sample produced by slicing and the
fragility of the material were reported as causes of cohesive failure.
It is recommended to discard cohesive failure samples and to select
only adhesive failure or a small portion of mixed failure (<10%) spec-
imens for more reliable bond strength estimation. However, none of
the studies excluded cohesive failure samples from the bond strength
analyses.*” In the present study, cohesive failure was not excluded
because it involved a small percentage of the samples.

The current concept suggests a less invasive approach to
the treatment of carious lesions. The main principle is to remove
only the contaminated dentin and create a biological seal for the
remaining tissue. In this case, the restorative materials’ bonding
ability to the CAD is crucial. In this study, restorative materials with
different contents and bonding ability were tested. Although the
obtained data offer an idea for clinical practice, they do not exactly
mimic in vivo conditions. In addition, it is recommended to compare
the bonding according to different adhesive systems and strategies
as those differences could cause differences in bonding stability.

CONCLUSION

Within the limitations of this study, the use of the giomer can be
recommended, especially for the partial caries removal technique,
because it showed more stable bond strength than other materials
did in both sound and CAD samples. Moreover, bioactive restor-
ative materials showed superior bond stability to sound dentin.
lon-releasing restorative materials have remineralization potential
on the carious dentin. In addition, the hypothesis of increasing bond
strength to CAD is essential for biomimetic and preventive dentistry
that supports the minimal loss of dental tissues and aims to recon-
struct the remaining structure. Further clinical and in vitro studies
are needed to realize this idea.
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Evaluation of Serum 25(OH)D Levels in Obese and Normal-Weight
Children with Carious and Hypomineralized Teeth

Giilgin Dogusal*/ Isil Sonmez **/ Tolga Uniivar ***

Aim: The aim of this study was to assess the association between dental caries, molar incisor hypomineralisation
(MIH) and obesity in relationship with different vitamin D levels in children. Study design: This retrospective
case-controlled study enrolled 455 children aged 6-18 years, who attended to both pediatric endocrinology
and pediatric dentistry clinics at the Aydin Adnan Menderes University Hospital, Turkey. Vitamin D status
was measured with serum (25(OH)D) concentrations. Body mass index (BMI) were used to determine
adiposity. Caries status was assessed using the decayed-missing-filled teeth (dft) and (DMFT) index for
primary and permanent dentitions using WHO standard methodology. MIH were diagnosed according to the
EAPD criteria. Results: DMFT did not show any significant difference between obese and normal weight
children in both age groups. However, in 6-11 age group, obese children had lower dft and the difference
was statistically significant (p<0.001). Median caries index values and MIH prevelance among the obese
and normal weight children found similar with deficient, insufficient and sufficient levels of serum 25(0OH)
D in both age groups. Conclusion: Our analyses provide no evidence to suggest that obese children are at
increased risk for dental caries. Serum 25(OH)D concentrations would not seem to have a significant effect
on dental caries and MIH in children.
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INTRODUCTION
ental caries is the most common childhood chronic disease,
with a prevalence of more than 50% in many countries.?
Untreated dental caries can lead to serious problems, such
as caries-related pulpitis, pain, tooth loss, and other co-morbidi-
ties, which can affect nutritional status, growth, development, and
quality of life in children.?

There is currently an increasing interest in the association
between oral health and adiposity status of children as well as adults.
Dietary habits, poor oral health behaviors, genetic, and environ-
mental risk factors were assumed to be common contributors to both
obesity and dental caries.and 282 of them completed all 3 phases
of data collection. Body mass index, waist circumference, waist-
to-hip (WHR Systematic reviews have examined the cross-sectional
relationship between anthropometric values and dental caries, and a
vast of majority of these studies have inconclusive associations.*
A longitudinal study of the association between obesity and dental
caries showed that there was no relationship between the two
chronic diseases in children and adolescents.”

Another important topic addressed by researchers is vitamin D,
which has been identified as one of the key nutrients that contributes
to the development and maintenance of optimum bone mass, tooth
formation, and metabolic reactions.® Theodoratou et al ¢ in their
umbrella assessment using a systematic review and meta-analyses
showed that dental caries in children is one of the health outcomes
associated with vitamin D deficiency. Due to vitamin D’s key role
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in hard tissue formation, vitamin D deficiency was also suspected to
be one of the causative factors of molar-incisor hypomineralization
(MIH)®%, of which the precise etiology is uncertain. MIH is a type of
enamel defect affecting, as the name suggests, the first molars and
incisors in the permanent dentition.'° Teeth affected with MIH are at
an increased risk of acquiring dental caries and breakdown.*

It is well known that even in sunny countries, vitamin D defi-
ciency is observed in different regions and have become a common
problem in the world not only for adults, but also for the pediatric
population.?> Measurement of total 25(OH)D levels is the best test
to assess body stores of vitamin D; however, there are still different
opinions about the threshold value of 25(OH)D for deficiency.®®
Earlier studies from Turkey have noted an extended diversity of
vitamin D deficiency in children depending on the population size
and threshold used.**

Since the studies regarding serum 25(0OH)D levels in children
with dental caries and its connection to body mass index (BMI) are
questionable, we designed a retrospective case-controlled study
aiming to 1) examine serum 25(OH)D levels in children living in
the Aegean region of Turkey, 2) determine the association between
obesity and caries status, and 3) investigate the relationship between
25(0OH)D, MIH, and caries status.

MATERIALS AND METHOD

Data were collected from patients who attended to both the pedi-
atric endocrinology and pediatric dentistry clinics at the University
of Adnan Menderes between December 2016 and June 2017. The
medical files of all children were reviewed. Non-syndromic obese
children were compared with an age- and sex-matched control
group of normal-weight counterparts. The subjects comprised 455
children aged 6—18 years old living in the city of Aydin (Aegean
region, Turkey) who participated in blood tests and oral examina-
tions. The Ethics Committee of the University of Adnan Menderes,
Faculty of Medicine (Protocol Number: 2016/934) approved the
study, which was performed according to the Helsinki Declaration.

Our sample was purposely divided into two main groups and
two subgroups depending on BMI and dentition status, respectively.
For BMI, the study population was classed into two groups based on
whether the children were normal weight or obese using the inter-
national BMI cutoff points described by Cole et al** Moreover, the
BMI percentile specific to age and gender of Neyzi et al, ¢ a national
standard of growth and body composition, was used to classify chil-
dren as obese (BMI percentile >95™), overweight (>85" to <95')
and normal weight (>16" to <85").

All children in the study had the criteria of their first perma-
nent molars and incisors being fully erupted. The caries assessment
was determined as a tooth- and surface- related DMF index for the
primary dentition (dft) and permanent dentition (DMFT) using the
WHO standard methodology.!” The caries status stated in the study
was caries prevalence (at least one decayed tooth in any of the denti-
tions) and caries experience (the total count of decayed and filled
teeth in both dentitions). Caries-free children are defined as children
with no prior caries experience.

The MIH assessment was determined as follows: demarcated
opacities, post-eruptive breakdown (PEB) of the hypomineralized
enamel and atypical restorations (ARs) were diagnosed as enamel
hypomineralization (EH), according to the EAPD criteria,"t on
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all permanent teeth and surfaces. Hypomineralized lesions with a
diameter <1 mm were not recorded. EH-associated defects were not
scored in the DMF index.

Laboratory results were extracted from the patient records.
Children with chronic conditions and those using medication
or supplements were excluded from the study. To classify serum
25(0OH)D concentrations in our population, the cutoffs reported in
the consensus created by Saggese et al *® were used. Vitamin D-de-
ficient concentrations were considered as those <12 ng/ml; a level
of 12—20 ng/ml was considered to indicate vitamin D insufficiency,
and a level of 20 ng/ml or greater was considered sufficient.

Statistical analyses were performed using IBM SPSS Statis-
tics 17.0 (IBM Corporation, Armonk, NY, USA) Mean and stan-
dard deviation or median (minimum-maximum) values are given
for continuous variables. Categorical variables are expressed as
frequencies and related percentage values. They were compared
using the chi-square test or Fisher’s exact test. Nonparametric tests
(Mann-Whitney U, Kruskal-Wallis) were used for data without
normal distribution. The DMFT/dft of both groups was divided into
caries experience (total number of DMFT and dft separately) and
caries prevalence (DMFT>0; dft>0) subgroups. Correlation analysis
was carried out to determine the effects of demographic factors on
these subgroups of obese and normal-weight children. The effects of
oral index scores greater than 0 and all possible factors thought to be
effective in predicting the presence of MIH were investigated using
a multivariate logistic regression analysis. The adjusted risk ratios
were calculated with 95% confidence interval. A p value <.05 was
considered to be statistically significant.

RESULTS

A total of 455 children were included into the study. The mean
age of the children was 12.3 years (standard deviation: 3.0). The
distribution of boys and girls between normal weight and obese chil-
dren was homogeneous in both 6-11 and 12-18 age group (p=0.442
and p=0.725).

The corresponding median values and standard deviation for the
recorded caries index parameters are documented in Table 1 and 2,
according to the BMI and 25(OH)D levels. The caries prevalence
was found as (DMFT > 0) %67; (dft > 0) %54.1. Caries indexes
according to the age groups in the study population found as
follows: 6-11 age: DMFT: 1.77+£1,99 , dft: 2.71+3.24. 12-18 age:
DMFT: 3.54+2.91.

DMFT did not show any significant difference between the
obese and normal weight children in both age groups (p>0.05).
On the other hand, in 6-11 age group, obese children had lower dft
and the difference between obese and normal weight children was
statistically significant (p<0.001). Caries prevalence and experience
between the obese and normal weight children were similar in 12-18
age group (p>0.05); but the same result was not valid for the 6-11
age group.

Given the whole of the study population, MIH prevalence was
%7.3 and ratios of having MIH were statistically similar in both
obese and normal weight children with no gender predilection.
(p=0.995)

Table-2 shows the multivariate analysis of the association
between 25(0OH)D levels, caries and MIH prevalence or experience.
There were no statistically significant differences in the median caries
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indexes among the groups with deficient, insufficient and sufficient
levels of 25(OH)D in the both 6-11 and 12-18 age groups (p>0.05).

Table-3 shows the median 25-(OH)D levels comparing the
caries and MIH prevalence in age groups. As an interesting result,
in 6-11 age group, median 25(OH)D level was significantly higher
in children had dft than whom with caries free (p=0.013). When
controlling the MIH and 25(OH)D levels, there was no statistically
significant association between the two variable in both 6-11 and
12-18 age groups (p>0.05).

Among the whole study population, the proportion of children
who had sufficient serum 25(OH)D levels in the 6-11 age group was
statistically higher than the 12-18 age group; while the ratio of chil-
dren who had deficient serum 25(0OH)D levels were statistically lower
when comparing the 12-18 age group (p=0.021). Boys had signifi-
cantly higher 25(OH)D levels than in girls (p <0.001). Furthermore,
there was a statistically significant and inverse correlation between
age and serum 25(OH)D levels (r=-0.154 and p<0.001).

Table-1: Caries prevalence and experience and MIH status of the children according to body mass index in age groups.

6-11 age 12-18 age
Demographics
Girls 128 (%57.7) 132 (%56.7)
Boys 94 (%42.3) 101 (%43.3)
Normal Obese Total Normal Obese Total
weight(n=74)  (n=148) p-value (n=222)  weight(n=71)  (n=162)  PVAU®  (h=233)
DMFT 1.85+1.87 1.72+2.05 0.39871 1.77+1.99 3.51+3.12 3.56+2.83 0.7931 3.54+2.91
DMFT >0 46 (%62.2) 77 (%52.0) 0.152% 123 (%55.4) 52 (%73.2) 130 (%80.2) 0.3081 182 (%78.1)
dft 4.22+3.79 1.95+2.64 <0.001ft 2.71+3.24 - - - -
dft>0 51 (%68.9) 69 (%46.6)  0.002% 120(%54.1) - - - -
MIH
Teeth (n) 0.34+1.14 0.25+0,99 0.595t 0.28+1.04 0.13+0.61 0.17+0.67 0.392F 0.16+0.65
Children (n) 7 (%9,5) 11 (%7.4) 0.7949 18 (%8.1) 3 (%4.2) 12 (%7.4) 0.563% 15 (%6.4)
T Mann Whitney U test, + Pearson’s chi square test, 1 Continuity-corrected chi-square test, $ Fisher’s exact test.
Table-2: Caries prevalence and experience and MIH status of the children according to 25-(OH) D levels in age groups.
6-11 age 12-18 age
Serum Deficiency Insufficiency Sufficiency Deficiency Insufficiency  Sufficiency
25-(OH)D (€12 ng/ml) (12-20 ng/ml) (20 ng/ml) p-value (12 ng/ml) (12-20 ng/ (20 ng/ml) p-value
(n=41) (n=118) (n=63) (n=68) ml) (n=114) (n=51)
DMFT 2.24+2.46 1.74+1.92 1.51+1.74 0.383f 3.99+2.94 3.36%2.92 3.37+2.86 0.2581
DMFT >0 23 (%56.1) 68 (%57.6) 32 (%50.8) 0.675% 56 (%82.4) 86 (%75.4) 40 (%78.4) 0.550%
dft 2.12+3.26 2.87+3.41 2.78+2.90 0.213f - - - -
dft>0 16 (%39.0) 65 (%55.1) 39 (%61.9) 0.069% - - - -
MIH
Teeth (n) 0.07+0.47 0.25+1.03 0.46+1.28 0.161f 0.01+0.12 0.23+0.82 0.20+0.63 0.123%
Children (n) 1 (%2.4) 9 (%7.6) 8 (%12.7) 0.166% 1 (%1.5) 9 (%7.9) 5 (%9.8) 0.0751
T Kruskal Wallis test, + Pearson’s chi square test, T Likelihood-Ratio test.
Table-3: Median 25-(OH)D levels comparing the caries and MIH prevalence in age groups.
6-11 age 12-18 age
n Median 25(OH)D (ng/ml) p-value n Median 25(0OH)D (ng/ml) p-value t
DMFT 0.672 0.562
DMFT =0 99 17.62+6.82 51 17.24+10.40
DMFT>0 123 17.39+7.09 182 15.53+6.87
dft 0.013 -
dft=0 102 16.52+6.76 - -
dft> 120 18.31+7.05 - -
MIH 0.061 0.069
- 204 17.26+6.95 218 15.73+7.81
+ 18 20.11+6.66 15 18.50+7.22

T Mann Whitney U test.
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DISCUSSION

The purpose of our study was to examine a possible association
between dental caries and obesity and investigate the potential role
of vitamin D on this association in children 6-18 years of age using
data collected from the records. Our analyses provide no evidence
to suggest that obese children are at increased risk for dental caries.
Indeed, while not entirely consistent, the data suggest that adiposity
might be associated with a slightly reduced risk for caries in 6-11
age in primary dentition. No significant association was found in
caries status and BMI in permanent dentition both in 6-11 and 12-18
age groups.

The previous studies that examined the relationship between
BMI and caries have been sparse and inconclusive. Studies linking
obesity and caries in children have including positive associa-
tions'®290 elementary school children (648 boys, 642 girls, no asso-
ciations®, and inverse associations.?*?? Chen et al®, in their recent
systematic review and meta-analysis, declared that no consistent
association between dental caries and any weight group in children
both primary and permanent dentition.

Similarly, to the above, there have been contradictory findings
from studies in Turkey. The cross-sectional study by Koksal et al 2
showed that overweight children had lower prevalence (66.1%) of
dental caries than the underweight ones (89.7% ) whose age ranged
from 5 to 9 years. Bulut et al %, in their case-control study, suggested
that obesity seems to be not a potential risk factor for dental caries
in primary dentition, but there was a statistically significant associ-
ation in permanent dentition.

In our study, 6-11 age group, caries prevalence and experience
was lower in obese children than in normal weight children. Similar
observation was made in several studies on primary dentition.?6-2
A recent review®, which evaluated the correlation between obesity
and dental caries in children, found that dental caries were more
common in obese children than in normal weight children in perma-
nent dentition; but the same study did not find any correlation in
primary dentition. As an interesting result, we found not only a
lack of association but a reverse correlation between dental caries
and body weight for the primary dentition; confirming the results
of previous studies.?s?30 We might explain this finding possibly
that carious primary teeth may have exfoliated and caries in the
permanent dentition may not have had sufficient time to develop.
Accelerated linear growth and sexual maturation is associated with
adiposity and primary teeth exfoliate earlier in overweight and
obese children.®® This could lead to false positive assessment of
caries status.

Our findings that obesity is not linked to dental caries is
in contrast with numerous clinical studies. According to many
researchers, obese children have significantly more caries in their
primary and permanent teeth than lean children. However, they
stated that obesity is not the only etiological factor for the caries
formation. These disparity may be caused by variations in study
design, area and the age of the participants.®? Furthermore, caries
indexes and BMI cut-off values differed across the studies. Several
authors also hypothesized that BMI may not be the most suitable
tool for assessing a child’s weight status when investigating the
association between obesity and caries. Possibly we could say that
the evidence is inadequate to explain the link between obesity and
dental caries solely based on cariogenic food consumption.

38 doi 10.17796/1053-4625-45.1.7

To the best of our knowledge, there is no study in the literature
that investigated the link between dental caries and obesity and
the possible effects of vitamin D on these two chronic conditions.
Although there are studies asserting a decrease in serum 25(0OH)
D levels in the presence of obesity; in our study, serum 25(0OH)D
levels did not show any difference between the obese and normal
weight groups. In order to give an idea about this topic, children also
need to be evaluated in more detailed which included serum glucose
and lipid metabolism biomarkers.

Many studies in the literature have claimed that vitamin D can
prevent inception and development of dental caries. Mellanby et
al * showed an association between vitamin D supplementation
and reduced caries risk in their results. Vitamin D in the first few
years of life may be prophylactic for dental caries, as also studied
by Hujoel et al 3* On the other hand, Gyll et al *, in their follow-up
study, showed that vitamin D status at 6 years of age was unrelated
to enamel defects; but associated with saliva LL37, an innate immu-
nity peptide attacking cariogenic bacteria, for which expression has
been linked to vitamin D status. In studies using national represen-
tative data from researchers, Schroth et al * suggested that there is
an association between caries and lower serum 25(OH)D levels in
Canadian children. Inversely, Herzog et al ¥ concluded that they did
not find a significant association between serum 25(OH)D levels
and caries experience in US children.

Our findings showed that the prevalence of MIH was similar in
the population; deficient, insufficient and sufficient 25(OH)D levels
at any age group. MIH prevalence was %7.3 and the ratios of chil-
dren with MIH were statistically similar in both obese and normal
weight children. (p=0.995)

Kihnisch and colleagues®the precise etiology of molar-incisor
hypomineralization (MIH, investigated the relationship between
MIH and 25(OH)D for the first time in the literature. MIH was
diagnosed in %13.6 of their study population and mean concentra-
tion of 25(OH)D was 75.8 nmol/l (standard deviation 22.0 nmol/l).
Furthermore, they found that higher 25(OH)D values was signifi-
cantly associated with a lower OR of having hypomineralized
teeth, and a reduced incidence of caries. Ghanim et al®®there has
been increasing interest worldwide in investigation of the prev-
alence of demarcated opacities in tooth enamel substance, known
as molar—incisor hypomineralisation (MIH, examined 810 children
and (%20.2) presented MIH lesions at least one index teeth and they
found interestingly that obesity was negatively correlated to chil-
dren having MIH.

Median serum 25(OH)D level was measured as 16.67 (ng/ml)
in our study. Unfortunately seen from this result, children with
vitamin D deficiency (24.0%) and insufficiency (51.0%) were in the
majority. Although our data being represented the different seasons
to avoid the radiation effects in vitamin D, the high frequency of
lower vitamin D levels in the population conferred a very narrow
range of serum 25(OH)D concentrations, so making comparisons
could be limited. Nevertheless, these results are in concordance with
the studies performed in our country. Gultekin et al.*® determined a
vitamin D deficiency of 10.45% in children aged 6—17 years age.
Another study in Turkey found subclinical vitamin D insufficiency
in 40% of healthy female adolescents.”* These data emphasize the
problematic situation even in the sunny climate of Turkey.

Our findings must be evaluated within the confirmed limitations.
First, it was a retrospective study; therefore, there is no inference
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in terms of causes and effects. Long-term follow-up studies would
give us more detailed information about these complex interactions.
Second, we had no data about socioeconomic status of children;
but we know that the university have a comprehensive hospital
in the Aydin city where patients from many different social back-
grounds apply. Third, dietary data was not available and we could
not obtain data about oral hygiene habits due to the most of the
children in the study did not know if they were using fluoridated
paste. Moreover, those patients hadn’t informed about correct
tooth-brushing techniques or proper eating habits before the study.
So, it could be difficult to speculate between the groups in terms
of info and awareness background. For these reasons, although the
sample size does not represent the whole population, it could be
demonstrated that the number of patients are superior compared
to other studies and represents a population with as homogeneous
distribution as possible. Another issue to consider, caries indexes
and obesity indices differed across the studies. Different methods
complicate standardization and makes difficult to compare with
studies in the literature.

Our research would allow considerations for the association of
serum 25(0OH)D concentrations during hard tissue mineralization
and the clinical status after tooth eruption. Additionally, pubertal
status of children has not been questioned in our research. Sexual
maturation is associated with adiposity and growing age may alter
vitamin D; biomarkers (eg: calcium, phosphate and PTH) having
direct effects on final 25(OH)D concentrations. So, these important
headings could lead another study subject.

CONCLUSIONS

Our study provides no evidence to suggest that obese children
are at increased risk for dental caries. Furthermore, serum 25(OH)D
concentrations would not seem to have a significant effect on dental
caries and MIH lesions. Given the lack of consensus regarding
the association between vitamin D and dental caries, highlighting
the issue by further studies is important to guide future prevention
and treatment efforts. It is worthwhile to emphasize that pediatric
dentists are reminded they still have an important role in influencing
eating habits and food choices.
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INTRODUCTION

nherited epidermolysis bullosa (CIM-10 Q81.0, Q81.1, Q81.2,

Q81.8, Q81.9; ORPHA:7936) is a group of rare genoderma-

toses. Four main subtypes are described: Epidermolysis Bullosa
Simplex, Dystrophic Epidermolysis Bullosa, Junctional Epider-
molysis Bullosa, and Kindler Syndrome (KS). In all these condi-
tions, proteins involved in the junction between the epidermis and
the dermis are abnormal, due to genetic mutation with consequences
ranging from moderate discomfort to disorders that cause serious
impairment according to the severity of the forms. Extreme fragility
of the skin reduces resistance to shearing and frictional injury. A
cleavage occurs between these two skin layers in the event of colli-
sion, friction or trauma and blisters can appear®?2.

Kindler poikiloderma is an autosomal recessive pathology,
characterized by blisters arising in multiple levels of cleavage
within the epidermis and mucosae, and by specific clinical
phenotypic features, such as photosensitivity. Its prevalence is
unknown. Persons of any race can be affected and there is no gender
predilection. Symptoms begin at birth, or during infancy. Manage-
ment of these patients requires a multidisciplinary team, in which
a dentist is essential, because the hard and soft tissues of the oral
cavity, and particularly the periodontium are very often involved in
the clinical manifestations (Table 1). We introduce two brothers E.,
born in 2006 and S., born in 2002, treated in the Competence Center
for Rare Odontological Diseases at Timone University Hospital
(Assistance Publique-Hopitaux de Marseille) since 2009 which
specialises in KS.
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Table 1: Case reports describing the main oral manifestations and management of patients with Kindler Syndrome

published between 1997 and 2019.

: review of literature

Number of

Authors of Articles cases Gender/Age Oral manifestations Oral care described
24 86 38 F/2-54y Oral mucosa: Hyperkeratosis, Instructions for tooth-
48 M/4-49y Painful ulcers on soft palate, brushing and use of ch-
>  Anwar et al. lips, floor of the mouth, labial lorhexidine mouthwash
>  Barbosa et al. commissure, hard palate Dietary advice
Gingivitis: Chronic, desqua- Symptomatic treatments
> Burchetal mative for oral dryness
> DeAlmeida etal Periodontitis: mild to severe Supragingival scaling
>  Fischer et al. with rapid progression Gingivectomy
» Ghosh et al. Tooth mobility, premature loss Tooth extraction
»  Gkaitatzi et al. Krishna et al. Ankyloglossia Implant treatment
>  Kustner et al. Mansur et al. o Difficulty in swallowing e Restorative dental treat-
Mendes et al. . ment
e Xerostomia
» Nofal et al. . .
e  Microstomia
»  Penagos et al. Ricketts et al. «  Synechiae between the lips
Sharma et al.
and the gums
> Sugaetal. e Poor hygiene
»  Suman et al. Torkzaban et al. . .
e Carious lesions
Wada et al.
»  Wiebe et al. (1) Wiebe et al. (2)
»  Yazdanfar et al.
» Yildirim et al.
»  Zhouetal.

Case report

Two brothers (S. seven years old and E. three years old)
diagnosed with a moderate form of KS, were treated in 2009 for
dental care needs. The genetic analysis revealed a homozygous
FERMT1 gene mutation g.80929_89169del. Their mother presented
with the same mutation but was heterozygous for this gene. The
father was not affected. With regard to general health status, S and E
had urethral stenosis. S. also suffered from a hydrocele of moderate
size on the right and a tendency to develop ingrown toenails due
partly to poor nail trimming. He suffered from hyperhidrosis. E.
was undergoing treatment with an angiotensin-converting enzyme
inhibitor (enapril maleate) because of his proteinuria. They had no
other health problems, in particular no anemia, no bone abnormali-
ties, no gastrointestinal tract lesions and no eye impairments except
moderate photosensitivity. No allergies were present, and no growth
failure was noted. Mental development was not impaired.

With regard to their oral habits, food was served three times
a day, with a varied diet and little snacking. Tooth sensitivity
was exacerbated by cold. S. brushed his teeth every morning and
evening, E. brushed only in the morning. Difficulties were reported
in the anterior part of the mouth, caused by severe pain and bleeding
gums, complicated by lesions on the skin of the hands (figure 1A)
where there were severe erosive lesions with the presence of blisters
and scars left by blisters. Despite the advice given by the medical
dermatologist, no photoprotection or emollients were used.

The perioral examinations of the two brothers showed erosive
lesions, blisters, and scars were detected on the neck, around the
mouth, on the bridge of the nose, and at the labial commissures.

42 doi 10.17796/1053-4625-45.1.8

There was noticeable pigmentation of the lips as well as erythema-
tous zones around the corners of the mouth with angular cheilitis
(Figure 1).

The key points of the dental, periodontal and mucosal approaches
are summarized in Table 2.

Case one: Since the age of seven, S. has been seen regularly for
dental management. Difficulties in maintaining good oral hygiene
were observed in relation to the difficulty of using a toothbrush and
oral pain due to blisters on the mucosae.

He presented with carious lesions on the primary molars. His
lack of cooperation with dental care proved very difficult in the
first appointment and we decided to avulse the primary teeth with
local anesthesia in several sessions. We performed anesthesia with
a topical xylocaine 2% gel followed by a prolonged, deep injection
into the tissue to avoid blister formation using a periapical infiltra-
tion technique. Hemostasis was obtained by moderate compression
with wet compresses. Post-operative advice emphasized the risk
posed by biting the lips. No space-saving appliance was accepted.

At ten years old, S. started orthodontic treatment for
Dento-Maxillary Disharmony. Clinical examinations showed a
short, U-shaped arch, a small space for the two permanent maxil-
lary canines (14mm), mesial positioning of teeth in the maxillary
area, a lack of space for the development of the two left mandibular
premolars and the first right mandibular premolar, and crowding
of 14mm. The radiological examination (Figure 2) confirmed that
the maxillary canines were impacted, that the eruption of three
mandibular premolars was blocked and that four wisdom teeth
germs were present.

The Journal of Clinical Pediatric Dentistry ~ Volume 45, Number 1/2021
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Table 2: Key points in the dental, periodontal, and mucosal approaches for Kindler syndrome

Management Dental Approach Periodontal Approach Mucosal Approach
BEFORE v" Vaseline on lips and all
COMMENCING instruments
ANESTHESIA v' Topical anesthetic gel + v Post-operative advice to reduce
local anesthesia risk of self-inflicted lip trauma
v" Prolonged injection with
deep placement
RESTORATIVE v' All conventional restorative
SESSION materials
v' Restoration perfectly adapt-
ed and polished
v" Avoid use of
v’ air-water syringe
v A Photopolymerization:
Specific protective glasses
v" Fluoride varnish
PERIODONTAL Monthly monitoring
MANAGEMENT Scaling polishing ok with abundant
irrigation
Prophylactic cleaning with polishing
brushes and chlorhexidine mouthwash
AVULSION v' Moderate compression with wet
compresses for hemostasis
ORTHODONTIC v" As simple and short as
TREATMENT possible
v' Orthodontic wax on brack-
ets
Pansoral gel ®
END OF SESSION No material residues in the v Blisters drained with a sterile
sublingual region and the anesthesia needle
vestibule
GENERAL v' Cheek retractors rather than mirrors
ADVICE v' Avoid lateral traction
v" No strong suction
v' Aspiration cannulas applied against a cotton roller
INSTRUCTIONS v' Parents help with brushing
REGARDING : :
v
ORAL HEALTH Toothbrush with small head/soft and short bristles
v' Soak toothbrush in hot water before brushing

Figure 1: localization of lesions: the skin of the hand (A) perioral (B)

A
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The orthodontic treatment consisted in avulsing the first four
premolars and applying braces to straighten the teeth and to preserve
space for the canines. Pain management required orthodontic wax
and the prescription of an oral gel (cetalkonium chloride 0.01 %,
choline salicylate 8.7 %). It was reported that many brackets had
come loose. This could be explained by enamel dysplasia.

Three years later, the clinical examination carried out at the
end of orthodontic treatment showed enamel hypoplasia of all teeth
with partial lack of occlusal enamel on the first permanent molars
(Figure 3C). We also noted intra-oral blisters on the attached gingiva
of the maxillary central incisors, and on the mucous membrane of
the palate which also white lesions. The gums were erythematous
and edematous. Periodontal sounding was associated with gingival
bleeding. There was an extensive band of dental plaque around the
cervical zone of the teeth, but there was no calculus (Score of 2 on
the Silness-L6e plaque index). It was difficult to perform a radio-
logical survey because mouth opening was limited to 37mm due
to microstomia. We were unable to finish despite the use of small
X-ray sensors, and Vaseline (petroleum jelly). The pain induced was
too great. An orthopantomogram was performed to complete the
X-ray examination (Figure 3A).

We advised S. of exercises to try to reduce his microstomia
by gentle stretching of the mouth, repeated opening / closing
movements, to beperformed every day and half an hour before his
appointment with the dentist.

At 13 years old, S. underwent an operation to dilate the urethra.
A regular dental follow-up was medically indicated. Due to the
moderate nature of the oral effects, no modification of the treatment
plan was considered, only precautionary measures were imple-
mented. Follow-up is provided by a pediatric dentist.

Before each session we took care to lubricate the lips and all
instruments with Vaseline to reduce adhesion. The aspiration
cannulas were pressed against a cotton roll to keep them away from
soft tissue. No strong suction was used. We avoided lateral traction
as much as possible, preferring light pressure by compressive force.
When it was necessary to pull on the mouth, we used cheek retrac-
tors rather than a mirror. After each session, we checked for blisters.

This always involved cautious prophylactic cleaning using
polishing brushes and alcohol-free 0.12% chlorhexidine gluconate
mouthwashes and the application of a fluoride varnish to reduce
sensitivity during meals. Immediate relief was reported by the
patient. Indication for partial or total covering of the teeth concerned
will be re-assessed when the patient is fully grown. At the moment,
areas of exposed dentin could not be covered without creating a
permanent vertical over-bite of the molars.

Figure 2: Radiographic examination of S. at ten years

44 doi 10.17796/1053-4625-45.1.8

During monthly checks, we noted a regression of the gingivitis.
Plague removal was performed efficiently by the patient. The gums
retained a slightly edematous, red appearance. Fifteen small blisters
were present on the palate. At the age of 14, we noticed a break of six
months in follow-up. When the patient returned, his gums were very
inflamed and edematous. We noted spontaneous bleeding during the
clinical examination and brushing (score of 3 on the Lde-Silness
Gingival Index). There was gingival recession (Miller’s Class Ill
Classification) at the lower right central incisor, with plaque accu-
mulation (Figure 4A) and a significant presence of calculus around
the mandibular incisors. No sensitivity was reported. \We were also
able to notice mild bone loss here, and an X-ray revealed subgingival
calculus (Figure 4B). We performed scaling and polishing under abun-
dant gentle rinsing, and applied fluoride varnish with great caution.
Despite our precautions a blister developed on the lip, which we

Figure 3: Clinical and radiographic (A) examination of S. at ten
years: Enamel hypoplasia of the maxillary incisors (B)
on the first permanent molar (C).
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drained with a sterile anesthesia needle. We repeated our advice
concerning oral hygiene, in particular regarding the need for regular
periodontal monitoring in order to achieve good periodontal health.
We prescribed a plaque disclosing solution, a very flexible surgical
toothbrush (7 / 100th), and chlorhexidine gel (Elugel®) for gentle
application to the area of recession at the lower right central incisor,
for seven days.

One month later, oral hygiene had improved, and the plaque
level and the gingival index were normalized. We suggested that the
gingival recession be treated. The patient did not follow up and did
not show up for his check-up appointments.

Case two: E.’s dental health has also been monitored since
the age of three. Like his brother, due to the moderate nature
of the oral effects, no modification of the treatment plan was
considered, only precautionary measures were implemented.
Follow-up is provided by a pediatric dentist. Before each session
we took care to lubricate the lips and all instruments with Vase-
line. The aspiration cannulas were pressed against a cotton roll to
keep them away from soft tissue, no strong suction was used. We
extracted his first lower right primary molar because of an overly
deep carious lesion.

At the age of nine, he presented with hypomineralization and
punctiform hypoplasia of the central maxillary incisors (Figure
5) and blisters on the attached gingivae of the left central and

Figure 4: A. Gingival recession at tooth 41 B. Retroalveolar
X-ray anterior region of the mandible
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lateral maxillary incisors. We could see a blister on the lower
lip. There was severe gingivitis (Score of 2 on the Lde-Silness
Gingival Index) (Figure 5) around the anterior maxillary teeth, and
moderate gingivitis (Score of 1 on the Lde-Silness gingival index)
in other areas. Passage of the probe caused gingival bleeding. We
noted a significant amount of dental plaque but no calculus.

Oral hygiene motivational sessions were repeated, but six
months later we noticed the presence of cervical demineraliza-
tion and an occlusal carious lesion of the enamel on the perma-
nent maxillary molars. We treated this lesion by debridement
after application of a topical xylocaine 2% anesthetic gel and
periapical anesthesia (epinephrine 1:200,000 anesthetic carpule)
and restoration with resin-modified glass-ionomer cement. The
patient reported discomfort during photopolymerization of the
restorative material, due to photosensitivity. We offered to reduce
his discomfort by providing him with specific protective glasses.
Particular attention was paid to polishing the restoration and we
checked for the absence of material residues in the sublingual
region and in the vestibule. There was profuse gingival bleeding.
We performed prophylactic cleaning with an alcohol-free 0.12%
chlorhexidine gluconate mouthwash and a toothbrush, descaling
the maxillary and mandibular incisors and performing topical
application of fluoride varnish. We repeated the encouragement
to maintain oral hygiene.

At the age of ten, there was a break of 6 months in follow-up.
On his return, E. had severe gingivitis related to dental plaque
(Score of 2 on the Loe-Silness Gingival Index). His teeth
were unbrushed, especially in the maxillary incisal block. We
performed prophylactic cleaning with a brush and polishing
paste, and a fluoride varnish (Fluor protector® 7100 ppm) was
applied to all the teeth. We repeated the instructions regarding
oral hygiene. Explanations were given to the patient regar-
ding the need for regular periodontal monitoring in order to
achieve good periodontal health. His mother must help him with
toothbrushing.

Figure 5: E., nine years old: Intraoral view of the maxillary
incisors with enamel hypoplasia and stage two
gingivitis (score of 2 on the Gingival Index)
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DISCUSSION

The prevalence of Kindler syndrome is unknown. This rare skin
disease affects all populations with no racial or sexual differences.
The known features of this disease are grounded in case reports
published in the literature. Since 1997, 24 case report articles have
appeared in the PubMed database, reporting on a total of 86 cases.
The oral manifestations found most frequently are gingivitis, peri-
odontitis, and oral ulcerations, and xerostomia and microstomia
have sometimes been described. Kindler Syndrome is characterized
by weakness of the periodontium?. The two brothers affected by
KS presented with all the oral disorders described in the literature:
lesions on the perioral tissues, the oral mucosa, the periodontium
and carious lesions. They also presented with enamel defects.

Perioral sites around the mouth, on the labial commissures, on
the lips, have been described in the literature. It is likely that the
microstomia was caused by a constant process of blister formation
and scarring. The modification of oral epithelium architecture
induces scarring at the labial commissure and loss of vestibular
space. Access to the oral cavity is complicated and this contributes
to the difficulty in maintaining good oral hygiene, increases the risk
of carious lesions and affects comfort during dental treatment. No
study has demonstrated an optimal solution while techniques have
been proposed to improve mouth opening: the occasional use of
resin pads, daily exercises with wooden spatulas, combined with
gentle stretching of the mouth, by repeated opening-closing move-
ments and the intermittent use of resin pads 1.

The oral mucosa is one of the areas that is most frequently
affected in children with KS3. All its surfaces can develop lesions
such as blisters and erosions, ulcerations, erythema and atrophy1.
All these forms were found in our patients. The palatal mucosa is
the second most common site of lesion formation.

KS is particularly characterized by a greater predisposition to
periodontal disease, which occurs early and progresses faster than in
the general population2. The two brothers presented with the initial
symptoms of periodontal disease: edematous and erythematous
gums, with bleeding and dental plaque. Dental management needs
to focus primarily on periodontal monitoringl. Initial periodontal
therapy is essential, and it must be continued to be applied regu-
larly. Indeed, we managed to stabilize a relatively good level of
periodontal health during regular follow-up sessions. We observed
a rapid, significant worsening of the periodontitis after a 6-month
break in follow-up, with recession of the gingiva of the lower right
central incisor for S. This deterioration complicates the management
and maintenance of S’s periodontal health. Gingival recession is
caused by the lack of keratinized gingiva and is aggravated by the
difficulties in maintaining oral hygiene. In these patients, complete
and extensive destruction of the keratinized tissues can occur in a
relatively short period of time, due to the constant cycle of mucosal
lesion formation, with the development of blisters, then scars. There-
fore, we think that it is essential to organize a monthly follow-up to
maintain periodontal health in patients with Kindler Syndrome with
the use of prophylactic cleaning and polishing techniques. Tradi-
tional non-surgical periodontal treatment has beneficial effects.
Ultrasound should be used with care to avoid bleeding and blister
formation. If blisters appear, they will need to be drained to avoid
expansion of the lesionl. Extensive irrigation is necessary to avoid
the heating of tissues, requiring the use of a suction cannula, which
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can increase the risk of mucosal trauma. However, it is difficult for
patients to maintain sufficient motivation to carry out the diligent
care procedures which are essential for their periodontal health. This
demotivation is immediately penalised by a deterioration in the peri-
odontal condition and complication of management. No treatment of
choice for gingival recession using a surgical approach is indicated
in the literature. One case report describes periodontal surgery in a
patient with inherited epidermolysis bullosa, which was not Kindler
Syndrome4. Therefore, there is no consensus in the literature. We
think, however, that periodontal surgery techniques pose a real risk
of causing blister formation in these patients. The periodontal type
limits choice of technique. The risk of blistering during preparation
of the operating site seems high to us. This should be done using
a pad rather than by rubbing with a compress. There is also a risk
when using aspiration cannulas which can cause desquamation of
the mucosae, during suturing and even throughout surgery when
the tissues are held under lateral traction. The palate is also at high
risk of blister formation and is the second most common site in this
respect. Moreover, Budunelli indicates in his case that it is better to
choose a single surgical site, to avoid causing blister formation in
two areas4.

The prevalence of caries is significantly higher in patients with
inherited epidermolysis bullosa than in the general population. The
etiology is multifactorial, but the difficulty experienced by Kindler
Syndrome patients in achieving good oral hygiene is particularly
noted; it is difficult for their hands to hold the toothbrush properly,
which leads to difficulty in brushing effectively, in the mechanical
control of plaque, whilst blisters make brushing the teeth painfull.
All conventional restorative materials can be used for restorative
dental treatment. The choice is made according to the possibility
of isolation, risk of caries, and socio-economic factors specific
to each patient. Most of the recommended treatments use glass
ionomer cement and preformed pedodontic caps, that are tried and
tested methods of tooth restoration5. The restorations were perfectly
adapted to the teeth and polished to prevent injuries, blisters and
ulcerations 1. Photosensitivity is a specific feature of Kindler
Syndrome. Treatment was performed under local anesthesia, which
is the best technique for moderate forms of inherited epidermolysis
bullosal. Topical anesthetic gel was used. To prevent blister forma-
tion, the anesthetic solution was injected slowly into the tissues with
deep placement. Postoperative advice was given to prevent biting or
trauma to the lips that may occur under local anesthesial.

The goal of therapy is the prevention of caries and mucosal
damage. Maintaining a functional dentition reduces the risk of
injury by more effective chewingl. Despite the pain, toothbrushing
must be performed, using a toothbrush with a small head and soft,
short bristles3, softened by soaking in hot waterl. Mouthwashes can
be administered for one minute, once a day, for a month. Chlorhex-
idine 0.12% does little to prevent decay, when there is insufficient
brushing, its antiseptic action could be helpful. It could be used as
mouthwash, as well as in the form of gels or swabs1.

Both brothers presented with minor enamel defects, which are
reported in all subtypes of inherited epidermolysis bullosa 2, but
E. presented with a rare form of enamel hypoplasia. These enamel
defects take the form of a pit or groove on the crown and cause
the retention of food fragments which leads to the development
of caries. The prevalence of enamel defects in Kindler Syndrome
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is similar to that in the general population (27%)3. The enamel
hypoplasia present was therefore possibly independent of Kindler
Syndrome. As recommended, topical fluoride was applied at each
appointment in order to decrease tooth sensitivity.

S. received orthodontic treatment between the ages of 10 and
13 years. In these patients, the combined effects of malnutrition and
mucocutaneous scarring leads to the inhibition of facial growth,
and possibly dentoalveolar disharmony and dental malposition®®.
Because of possible gingival weaknesses, orthodontic treatment
plans must be simplified and be of as short a duration as possible,
with increased periodontal maintenance®. The difficulties encoun-
tered during orthodontic care are related to the use of orthodontic
brackets and wires, which can cause ulceration of the mucous
membranes. To avoid these injuries, orthodontic wax can be applied
to the brackets*®.

Selective extractions of the first premolars can be programmed.
These are not contraindicated but a benefit-risk analysis must be
carried out. These procedures should ideally be performed under
local anesthesia. Blood tests for anemia should be performed if
possible. An atraumatic technique should be used, and mucosal inci-
sions should be clean to prevent the formation of blisters. Hemos-
tasis should be performed using moderate compression with wet
compresses to avoid tissue adhesion®. Stitches may be inserted, but
they must be placed so as not to irritate the mucous membranes®.

CONCLUSION

Thus, the follow-up of these two children diagnosed with a
moderate form of KS shows that, in their case, dental care is tricky
and requires monthly monitoring. Periodontal maintenance therapy
is essential, so the absence of surveillance leads quickly to the
recurrence of gingivitis. This demotivation is immediately penal-
ized by deterioration in the periodontal condition and complication
of management. Therefore, it is essential for the dentist to be part
of the care team. However, all restorative, endodontic, surgical,
periodontal and orthodontic treatments should be performed with
appropriate precautions for hemostasis and should aim to avoid as
much mucosal damage as possible.
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Technology has transformed almost every aspect of our lives. Smartphones enable patients to request,
receive, and transmit information irrespective of the time and place. The global pandemic has forced
healthcare providers to employ technology to aid in ‘flattening the curve. The Novel Coronavirus, which is
responsible for COVID-19, is transmitted primarily through person-to-person contact but may also be spread
through aerosol generating procedures, so many clinics have severely limited interpersonal interactions.
The purpose of this article is to provide helpful information for those orthodontists considering some form
of remote practice. Various HIPAA-compliant telecommunication or teledentistry systems that can be used
for orthodontic treatment are introduced and discussed. Detailed information about each platform that can
potentially be used for orthodontics is provided in Figure 1. The authors do not endorse any of the products
listed and the included software is not all inclusive but instead is a glimpse into the options available.
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INTRODUCTION

eledentistry, a subset of telehealth, is the transmission of a

patient’s dental health information via telecommunication

platforms either asynchronistically or synchronistically
to diagnose and provide advice about treatment over a distance.?
Asynchronistic software uses archived health information including
radiographs, photographs, video and digital impressions which are
analyzed by a doctor at some future time.® Synchronous telecommu-
nication employs a live video chat in which the patient is directly
examined.?

In orthodontics, advancement in technology and the need
for social distancing due to COVID-19 has aided in transitioning
in-person consultations and monitoring to virtual patient encoun-
ters where the patient is not physically in the office.* In addition,
some patients prefer orthodontic treatment with less frequent
in-office visits.*® It has been postulated that the adoption of virtual
check-ups to supplement chairside appointments could have a posi-
tive economic impact on orthodontic offices by decreasing chair
time.?5 Teledentistry can be particularly useful when monitoring,
leveling and aligning; evaluating maxillary expanders; checking
patient cooperation with elastics; and guiding parents with minor
emergencies that can be handled at home.®

Currently, three main forms of virtual communication tech-
nology are used in orthodontics: virtual consultation or live chats,
treatment progress photo uploads by patients for orthodontic
review at a later time, and artificial intelligence (Al) assisted treat-
ment monitoring with photos or videos taken by patients. Various
HIPAA-compliant telecommunication or teledentistry platforms are
available for orthodontic use (Fig. 1).
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Telecommunication Tools for Orthodontics

All communication about a patient’s medical information
must be Health Insurance Portability and Accountability Act
(HIPAA) compliant. For a telehealth service to be considered
HIPAA compliant, it must have all the necessary controls to ensure
that Personal Health Information (PHI) is sent securely, and must
include access controls, audit controls, and full end-to-end encryp-
tion.> Some readily available web conferencing software such as
Zoom, Google Meet, GoToMeeting, Skype, BlueJeans, Microsoft
Teams, and ReadyTalk offer HIPAA compliant versions for health-
care professionals. Since most of these programs were not originally
designed for medical or dental use, their functions are generally
limited to live virtual consultation, a chat feature, and document
transfer without additional features commonly found in systems
built especially for medical or dental purposes. Other popular plat-
forms such as Apple FaceTime, Facebook Messenger video chat,
and WhatsApp lack HIPAA compliance.® All healthcare providers
working with an outside vendor that handles PHI (this includes tele-
communication platforms) are required to have a Business Asso-
ciate Agreement (BAA) in place to ensure that these third-parties
will only use PHI in a secure and established manner.”

Figure. 1. Various teledentistry platforms for orthodontics.
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While the standard version of Zoom is not HIPAA compliant,
Zoom for Healthcare is HIPAA compliant, uses bank-grade 256-bit
Advanced Encryption Standard (AES) encryption, and provides a
signed BAA for a starting cost of $200 per month with a 12-month
commitment for 10 hosts.®® Zoom for Healthcare also provides
encrypted chats, dual screen-share, document transfer, live video
recording, and screenshot functions.

Google Meet offers HIPAA compliant teleconsultation services
through paid “G Suite” accounts starting at $6 per month for each
Gmail account the company uses.!® The BAA (G Suite/Cloud Iden-
tity HIPAA Business Associate Amendment) can be reviewed and
accepted through the Google Admin console page (Fig. 2).1° This
BAA also covers many other widely used Google services including
Gmail, Google Calendar, Google Drive (including Daocs, Sheets,
Slides, and Forms), Google Hangouts (chat messaging feature
only), Google Chat and many more.* For orthodontists and offices
already familiar with Google services, the software can be utilized
in numerous useful ways. Google uses 128-bit or stronger AES to
protect data in transit and in its data centers.*?

When using these universal telecommunication platforms for
orthodontic purposes, care should be taken by the providers and
their staff to adhere to the HIPAA Minimum Necessary Standard
by properly configuring the settings and following compliant use

of the platform.®®* Many companies provide detailed
guidelines for their customers to follow in order to
ensure that the platform is used compliantly.

Teleconsultation for New Patient
Encounters

There has been an increase in the development
of telecommunication tools designed specifically
for dentistry.

Currently, a number of companies such as
Dentulu and Toothpic provide software for limited
dental conferencing. These programs allow a
prospective new patient to seek out a provider virtu-
ally for a diagnosis or recommendation based on the
photos they provide. The doctor sets his/her avail-
ability and allows patients to request an appointment
similar to how UBER lets its employees set their
own work schedules according to their availability.
With this software, patients pay for the provider’s
time and advice with the platform receiving a
portion of the revenue generated.***> The provider
is not required to give definitive treatment but can
invite patients to their office if desired.*® While the
American Association of Orthodontists believe that
treatment should not begin prior to an in-person
evaluation, these platforms allow orthodontists
to initiate a discussion with patients about their
treatment and to provide education regarding the
orthodontic process.'® While this type of teleden-
tistry software is geared towards generating an
extra revenue stream rather than as an alternative
to in-office visits for regular patients, orthodontists
can still use it to allow their patients to talk directly
to them for a fee.
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Other platforms are available for virtual treatment consultations.
Smile Virtual, Review Tool and Smile Snap are three of the teleden-
tistry companies that allow dentists to asynchronistically prescreen
and recruit new patients virtually. These platforms generate leads with
customizable landing pages that are integrated directly into the office
website.'** The patient uploads a few requested photos to the platform
via the dentist’s website and shares concerns and desires regarding their
teeth. The orthodontist reviews the information and records a personal-
ized video consultation. After the patient views the virtual consultation,
they can schedule a follow-up appointment.t-%°

Smile Virtual is a tool for boosting new patient traffic and conver-
sion rate for cosmetic dental procedures and orthodontic treatment,
claiming an 87% treatment conversion. It has the additional feature of
providing treatment outcomes of individuals with similar conditions.”
Smile Virtual requests two patient-provided photos that are minimally
diagnostic. The photos are best for brief treatment proposals but are
not ideal for long-term patient monitoring. Review Tool requires
five standard photos for initial orthodontic records*”*® and provides
synchronous consults through third-party platforms Zoom, FaceTime,
Skype, iMessage and Gmail. With the built-in live video consult
features, Smile Snap offers asynchronous and synchronous options
for patients and is intended to be a communication tool both for new
recruits and treatment monitoring. All three applications provide
analytic tools to monitor conversion rate.*’1°

Rhinogram is similar but comes with some very distinct
features.? It allows for HIPAA compliant patient-to-practice texting
for both new and existing patients. When a patient is interested in
treatment, they send a standard text to the practice which responds in
turn with a completely customizable reply through the app. It could
be to schedule an appointment, request photos or offer a virtual
appointment. No software download is required by the patient, as
all communication including the virtual call and sending of secure
legal documents is conducted via text or Facebook Messenger on
the patient’s smartphone. With Rhinopay, it is possible to help
collect balances.

Teledentistry for Patient Management

A limiting factor of the previously mentioned teledentistry soft-
ware is the inability to remotely manage the practice and patient
data out of office.

TeleDent was created by MouthWatch and provides a secure
means of synchronistic or asynchronistic remote consult with
established patients and is currently used in many public health and
dental school settings. It was designed for both solo and multi-prac-
tice use and is fairly user friendly.?%? The patient can easily send
and receive pictures following the company-provided instructions
that are individually sent out by the office. While it has the ability to
be used on a mobile device, its best use is on desktop computers. It
does not sync with any of the major orthodontic management soft-
ware, so patients need to be manually entered into the software and
pictures must be downloaded and reuploaded. There is no limit on
the number of patients and each license covers ten providers.

Teledentix is a virtual practice management software built for
teledentistry. Patients can use it to complete and sign forms, make
payments, and receive health education. Patient restoration chart-
ings, images, periodontal chartings, treatment plans, treatment
progress and progress notes can be uploaded to the dashboard. In
addition, there is a tab for medical records, prescriptions, patient
education materials, and appointment history. With Teledentix,
available hours can be set by the practice, thus enabling patients to
book their own appointments. The provider can send, track and store
referrals with a network of providers.? Teledentix can potentially be
a one-stop shop for managing a practice remotely.

Carestack is primarily a virtual practice management software
with some telecommunication capabilities. Carestack provides
access to an odontogram for basic dental charting, note taking
capability, individual treatment plans for patient review, and portals
for signing legal documents.?*?* Compared to other dental manage-
ment software, providers can also conduct virtual sessions with
patients in which patients can schedule a live consultation. Asyn-
chronous options are limited on Carestack. Dentists can customize

Figure. 2. Step-by-step guide for accepting BAA with Google for paid G suite business account owners.
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text messages to patients with a link that lets them view and pay
their invoices. Additionally, Carestack plans to automate software
to collect outstanding balances through pay-by-text and intelligent
payment reminders.?*

Al-assisted Intelligent Oral Monitoring for
Orthodontics

In an effort to reduce both the orthodontist’s workload and the
patient’s chair time, Dental Minds has combined Al and teleortho-
dontics technology to provide a unique intelligent oral monitoring
system called Dental Monitoring.?>% It uses Al to allow orthodon-
tists to monitor orthodontic tooth movements and their patients’
dental conditions remotely. The system works in three intercon-
nected platforms: a smartphone application for patients, a patented
tooth movement tracking algorithm, and an online doctor dashboard
on which orthodontists can view patient treatment progress and
posttreatment changes (Fig. 3). Dental Monitoring uses photo-
graphs or video scans taken and uploaded by patients with their
smartphones with the assistance of its proprietary scan box, cheek
retractor, and smartphone application. Dental Monitoring’s patented
Al system then remotely verifies and tracks the movement of each
tooth with both fixed appliances and clear aligners. In addition, it
can alert providers of common orthodontic conditions including
distorted or broken brackets, worn-down or missing attachments,
the condition and position of separators or bands, archwire engage-
ment, and unseating of aligners. Dental Minds claims that it can
monitor almost 180 dental conditions.?® An automated communica-
tion system sends either an automated communication with instruc-
tions to the patient or a report to the orthodontic team for further
analysis. Orthodontists can customize what information they see for
each visit and under what conditions they are alerted.

In addition, its Smile Mate app uses self-uploaded pictures
of patients’ teeth, allowing the Al to detect and report notable
dental and orthodontic conditions to the orthodontist. It does not
have data storage functions but helps with synchronous new and
existing patient consultations and integrates with a third-party app,
Calendly, for scheduling activities. Dental Monitoring’s Vision
software uses Al for a more realistic orthodontic treatment projec-
tion to assist patients with treatment decisions. Its most novel
technology enables reconstruction of three-dimensional (3D)
digital models from these intraoral images by stitching them with
the pretreatment CBCT and intraoral scan files for more accurate
Al monitoring and 3D evaluation of tooth movements (including
root movements). While the diagnostic accuracy of its Al-assisted
dental monitoring and image reconstruction process still needs to
be verified, Dental Monitoring is the only platform reviewed that
has the capability of full Al-assisted monitoring.

DISCUSSION

When selecting a teledentistry platform for an orthodontic
practice, it is important to match the practice needs with the
intended purpose and required functions of the software. Telecom-
munication platforms are great for general synchronous virtual
communication but lack asynchronous communication options
and are not designed specifically for dental practices. Telecon-
sultation platforms built for virtual consultations are not ideal
for long-term patient care, but instead are designed to increase
patient leads. Teledentistry software for patient management are
well designed for long-term patient management and multiprac-
tice patient management. These platforms are comprehensive in
that they provide some level of practice management and virtual
patient interaction, but they do not sync with other orthodontic

Figure. 3. Automation of communication with intelligent oral monitoring by Dental Monitoring.
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practice management software. If an orthodontic office simply
needs to incorporate virtual consultations with a photo-uploading
feature, Smile Virtual, Review Tool, Smile Snap or Rhinogram
are good options. Intelligent oral monitoring for orthodontics is
completely unique in that artificial intelligence is used to help
detect orthodontic treatment complications and tracking.

Ease of use for providers and patients is also a very important
factor. If the platform is unfamiliar or difficult to use, there will natu-
rally be less motivation to use it. Most telecommunication software
is user-friendly since many of the applications are already widely
used in various other applications. Teledentistry platforms built for
virtual consultations are also very user-friendly on the patient end,
but less so on the provider end due to the new functions that the staff
must be introduced to. In general, teledentistry software for virtual
dental management and intelligent oral monitoring require lengthy
instructions for use and more troubleshooting should be expected
due to the multiplicity of their functions.

Obtaining a BAA is an essential part of HIPAA compliance.
Orthodontists should perform proper due diligence to identify
technology vendors that offer “HIPAA compliant” telecommu-
nication. In addition to privacy issues, orthodontic clinicians
should consider that inaccurate or insufficient data will lead to
misdiagnosis or under-diagnosis, resulting in compromised treat-
ment. Another practical concern is how to efficiently manage the
doctor’s and staff’s daily schedules between in-person patient
visits and remote teledentistry sessions.

Due to the continual advancement of technology, it is likely
that some aspects of this article will become outdated. Technology
is always advancing, as are these platforms, so a thorough eval-
uation of each option should be considered prior to selection.
Unfortunately, some information is vague or poorly described by
the companies.
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CONCLUSIONS

«  Advances in technology, increasing patient demands, and
the current public health crisis have driven orthodontists to
consider virtual appointments.

«  Numerous platforms are available, but each offers different
services. A thorough evaluation of intended use of the soft-
ware should precede any commitment to a service.

1. Zoom, Google, Skype, etc. have HIPAA compliant
versions, but orthodontists must ensure all settings
are properly configured.

2. Dentulu and Toothpic are not suitable platforms for
orthodontic patient monitoring or consultations as
they are only intended for limited initial evaluations.

3. Smile Virtual, Review Tools, Smile Snap and
Rhinogram are great resources for increasing an
orthodontist’s virtual presence while obtaining new
leads. The software is not intended for managing
patients but can offer a HIPAA compliant means of
communication.

4. Carestack, TeleDent Teledentix are intended for
remote management of patients of record. They
include many features that aid in comprehensive
virtual monitoring.

5. Dental Monitoring is a unique teledentistry tech-
nology developed for orthodontic use. Artificial
intelligence is employed to track progress and alert
providers of potential treatment complications.

«  HIPAA compliance of the system and a BAA provision
of the teledentistry platform must be checked to protect
personal health information.
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Accuracy of Model Estimation versus Tanaka and Johnston Arch

Length Analysis

Lauren M White*/ Nathan E Kirk**/ Jeffrey A Dean***

Obijectives: This study examines how accurate pediatric dentists are at estimating dental arch lengths by
comparing their model estimations (guesstimating the arch length without measuring) to the Tanaka and
Johnston mixed dentition arch length analysis. Study Design: This study consisted of two parts, a survey
of practitioners and a model estimating and measuring component. The survey was designed and given to
44 pediatric dentists to determine how many were practicing orthodontics and using arch length analyses
routinely. Then 18 pediatric dentists and 13 pediatric dental residents examined 20 sets of mixed dentition
models and estimated how much space was available. These estimations were compared to the calculated
gold standard, the Tanaka and Johnston arch length analysis of the same models. Results and Conclusions:
More than half of the dentists surveyed that practice comprehensive orthodontics use arch length estimates.
Pediatric dentists and pediatric dental residents are just as good as each other at estimating arch length.
Pediatric dentists and pediatric dental residents underestimated arch length by —3.6 and —3.1 mm, respectively.
More research needs to be done to determine if model estimation is a clinically acceptable way to judge arch
length.
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INTRODUCTION

any practitioners are practicing orthodontic treatment
M in the mixed dentition phase.* There are several advan-

tages of early orthodontic treatment such as a decrease
in overall cost and prevention of further orthodontic treatment.?
However, with early orthodontic interception comes the importance
of mixed dentition arch analysis. While somewhat time consuming,
a mixed dentition arch analysis can help predict the mesial-distal
width of the permanent canine and premolars which can reveal
tooth-size arch length discrepancies.® Overprediction of the perma-
nent dentition arch length may result in undesirable extraction
therapy, which can significantly compromise the final orthodontic
treatment and facial esthetics.

Many different mixed dentition analyses have been discussed in
the literature. These analyses usually fall into one of three categories:
measurements from radiographs, measurements from study models,
or a combination of both.® While not as accurate for more diverse
populations, some of the most popular methods are the Moyers and
the Tanaka and Johnston which both use study models.®* Studies
have suggested that the various mixed dentition analyses have high
validity and reliability.> The Tanaka and Johnston method is one of
the most commonly used in the literature for comparison of new
methods as it is universally accepted and relatively simple.®>¢ The
Tanaka and Johnston method uses the mesio-distal widths of the
mandibular permanent incisors from study models to predict the
mesio-distal width of permanent canine and premolars accurate at
the 75" percentile.”
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While there is an abundance of literature on the validity of
various mixed dentition analyses, little research has been conducted
on the number of practitioners that routinely utilize them. Further-
more, little has been published comparing the different accepted
mixed dentition analyses versus model estimation via guesstimating
without measurement. The aims of this paper are as follows:

»  to determine the number of practitioners actively utilizing
mixed dentition analyses

»  to compare practitioner model estimations to the results
from the Tanaka and Johnston mixed dentition analyses for
accuracy.

»  to determine if model estimations by more experienced
pediatric dentists were more accurate than that of pediatric
dental residents to evaluate the implications that this may
have on treatment planning

MATERIALS AND METHOD

A survey was given to forty-four pediatric dentists associated
with the University of Tennessee Pediatric Alumni and the Indiana
University Dental School Faculty to determine the percentage
of pediatric dentists who perform arch length analysis and what
method of analysis they use. The survey was given after an ortho-
dontic seminar for pediatric dentists. The results of the survey were
compiled and analyzed.

To compare the difference between practitioner model estima-
tions and the Tanaka and Johnston method, twenty mixed dentition
study models from the orthodontic dental clinic at the Indiana
University Dental School were used for the analysis. Eighteen pedi-
atric dentists and thirteen pediatric dental residents evaluated the
same twenty study models. Each participant evaluated all twenty
study models using a best guesstimate, or estimation method,
without knowing the results of the Tanaka and Johnston analysis.
Examiner A measured the mesial-distal width of the maxillary and
mandibular incisors using a digital Boley gauge and performed the
calculations described by Tanaka and Johnston’. Examiner A was
blinded from the results of the participants. Examiner B performed
the same measurements to show repeatability and accuracy. The
Tanaka and Johnston analysis calculated by Examiner A were used
as the control analysis.

Statistical analysis

All analyses were conducted for the whole mouth, i.e., data for
maxillary and mandible jaws combined, and for each jaw separately.

The repeatability of each examiners measurements was veri-
fied by having Examiner A repeat measurements for all 20 models
and then Examiner B repeat calculations for 10 randomly selected
models. The measurements were analyzed statistically via mean
differences and paired t-tests to test the hypotheses of zero mean
difference in measurements. The differences between the dentists’
and residents’ measurements and the gold standard (Examiner A’s
measurements) were then calculated for each model and categorized
as being a clinically acceptable difference, absolute value of the
difference was less than two mm. Differences were categorized as
clinically acceptable if they were less than two mm as space excess
or deficiencies above two mm typically require more extensive treat-
ment planning and early intervention. 8 The frequency of a clinically
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acceptable arch length was tabulated, and the mean difference was
tested for statistical significance using a paired t-test.

The intra class correlation coefficient (icc) was also estimated
using a mixed model with random terms for model and examiner. The
icc is the amount of between model variability relative to the total
variability. An icc value close to one shows that variability coming
from repeated measurements on a model (within model variability)
is small relative to the total variability. Total variability is comprised
of variability from measurements of different models, from different
examiners, and from repeated measurements on the same model.

The differences between the dentists’ and residents’ measure-
ments versus the gold standard (Tanaka and Johnston measurements)
were calculated for each model and categorized as being a clinically
acceptable difference, absolute value of the difference was less than
two mm. Using this dichotomized response, frequencies were tabu-
lated for each professional type (dentist and resident) for each model.
A Cochran Mantel Haenszel statistic (stratified by model) tested the
hypothesis of no association between the clinically acceptable differ-
ence category and professional type (dentist versus resident).

RESULTS

Profile of pediatric dentists practicing orthodontics

Forty-four dentists were surveyed for the type of orthodontia
they practice. Mean number of years practicing pediatric dentistry
was 24 with a minimum of 5 years and maximum of 38 years. Of
the 44 surveyed, 33 (75%) responded that they practice comprehen-
sive orthodontics. The mean number of years of practicing pediatric
dentistry for this subgroup was 24.3. Of these 33 pediatric dentists,
91% responded that they take study models during the mixed
dentition and permanent dentition stages. Twenty-six of these 33
(78.79%) responded that they perform arch length analysis. Of these
26, the two most used methods of arch length analysis were model
estimation and the Moyers method, used by 50% and 38.5% respec-
tively. Many pediatric dentists indicated the use of more than one
type of analysis (Table 1).

Repeatability of each examiner’s measurements:

The difference between measurements repeated by each exam-
iner was analyzed for the whole mouth and by jaw. All mean differ-
ences by both examiner A and B were less than two mm. Paired
t-tests were not significant indicating that repeated measurements
by each individual examiner were on average not different from
the original measurements thus verifying repeatability of individual
measurements (Table 2).

The intra class correlation coefficients of just under one showed
that the variability coming from within each model was negligible
when compared with the total variability (Table 3).

Because the measurements taken by Examiner A and B were
determined to be repeatable across examiners with low variability,
measurements from one examiner, Examiner A, were used in the
Tanaka and Johnston formula to calculate the predicted arch-length
discrepancy. These calculations created the gold-standard for
comparison with the estimations by pediatric dentist and residents.
The differences in measurements from the gold standard were clas-
sified as being a clinically acceptable distance of less than or equal
to two mm from the gold standard. For both pediatric dentists and
residents, the majority of the estimations were over the clinically
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acceptable distance, 78.19% and 73.85% respectively (Table 4).
Additionally, the Cochran Mantel Haenszel test showed no associa-
tion between professional type (dentist or resident) and the category
of clinically acceptable difference (Table 5).

Table 1: Profile of Pediatric Dentist that practice orthodontics

DISCUSSION

The study revealed many of the pediatric dentists surveyed are
practicing some sort of orthodontics. Of those that practice ortho-
dontics, most use an arch length analysis with the most popular
method being model estimation. Due to the wide use of estimation, it
is important to see how reliable this method is because it can greatly
influence how these dentists are planning orthodontic treatment.

The statistical analysis of the data shows that the gold standard
calculation, Tanaka and Johnston, is repeatable, reliable, and can be

mean years practicing pediatric dentistry 24.3 years
Timing of study models used to examine the clinical acceptability of the model estimations
) - made by practitioners. The results indicated that model estimations
mixed dentition 9% L . L .
by both pediatric dentists and pediatric dental residents were often
mixed dentition and permanent dentition 91% outside the clinically acceptable range. When looking at the whole
Type of Orthodontics practiced mouth (maxillary and mandibular) analysis for overall percent
comprehensive orthodontics 9.09% of clinically acceptable distance, dentists were within the clinically
early and comprehensive orthodontics 2.27% acceptable range 26.81 percent of the time and residents were in
space maintenance 6.82% the clinically acceptable range 26.15 percent of the time. In the by
space maintenance and early orthodontics 297% ng analysis, the maxillary arch percentage of cllnlcal'ly acceptaple
) ) distance was 16.94 % for dentists and 18.46% for residents, which
zﬁlzcgrtmhigigigce’ early orthodontics, comprehen- 297% is much vyorse than the whole mouth percentages. On the other hand,
] o the mandibular arch measurements were much better, with 63% of the
space maintenance, space regaining 2.21% pediatric dentists and 61% of the pediatric dental residents estimating
space maintenance, space regaining, early the arch length within the clinically acceptable standard that was set
orthodontics 13.64% . . .
_ N at + or —two mm. That is to say, the dentists were much better at esti-
Zgi;‘zsmz‘(';;e”a”ce' space regaining, early ortho- . mating the arch lengths in the mandibular arch than the maxillary arch.
' prehensive orthodontics 61.36% Additionally, the Cochran-Mantel-Haenszel test stratified by
Arch length analysis model showed there was no association between professional type
use of arch length analysis 78.79% (dentist or resident) and the category of clinically acceptable differ-
no arch length analysis 21.21% ence. Pediatric dentists were no better than pediatric dental residents
Types of Arch Length analysis used at predicting arch length which could mean that they do not improve
Model estimation 50.00% upon their arch-length analysis skills past residency.
Moyers 38.40% Be_cause the pres_ent s_tudy indicates that most _pedlatrlc (_Jle_ntlsts
are using model estimations that are often outside the clinically
Tanaka-Johnston 23.00% acceptable range to analyze space in the mixed dentition, it is
Hixon-Oldfather 15.30% imperative to determine what implications this has on treatment
Other 26.90% planning. The space requirements and conditions determined in the
mixed dentition phase will often translate to the permanent dentition
Table 2: Mean Difference for examiners A and B
N difl;/tleer::ce dS(ta(\J/ e?:gr Min Max Difference tValue DF pvalue
Examiner A whole mouth 40 -0.15 0.62 0.1 -1.52 1.52 y_A-y A2 -1.58 39 0.12213
Examiner B whole mouth 20 -0.19 0.92 0.21 -1.87 1.65 y_b-y_b2 -0.93 19 0.36167
Examiner A maxillary 20 -0.18 0.67 0.15 -1.52 152 Mx_A-Mx_A2 -1.2 19 0.24669
Examiner B maxillary 10 -0.05 1.04 0.33 -1.87 165 Mx_B-Mx_B2 -0.16 9 0.87802
Examiner A mandibular 20 -0.13 0.57 0.13 -1.17 0.89 Md_A-Md_A2 -1 19 0.3278
Examiner B mandibular 10 -0.33 0.82 0.26 -1.54 0.88 Md_B-Md_B2 -1.29 9 0.22957
Table 3: Mean difference between measurements of Examiner A and B
N c o S - § e g § § § E c §
= L 8 ¢ 5 § % g § 5 T ET :Ef £ 8
N 5 . WE ©3F £
whole mouth 40 1 -0.04 075 012 -1.38 143 yAybD -0.3 39 0.7668 17.98 0.27 0.99
maxillary 20 1 0.03 0.73 016 -1.28 143 Mx_A-Mx_B 0.18 19 0.86076 14.68 0.25 0.98
mandibular 20 1 -01 078 0.17 -1.38 127 Md_A-Md_B -057 19 057341 16.42 029 0.98
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Table 4: Mean difference and clinically acceptable distance in mm between Participant estimations and gold-standard calculations

N Mean difference Std dev ~ Std error Min Max CAD |d|<=2 |d|>2
Dentist whole mouth 720 -3.6 4.1 0.2 -20.3 7.8 26.81% 73.19%
Resident whole mouth 520 -3.1 35 0.2 -12.7 8.9 26.15% 73.85%
Dentist maxillary 360 -4.7 3.7 0.2 -17.4 7.8 16.94% 83.06%
Resident maxillary 260 -4.2 3 0.2 -12.7 7.1 18.46% 81.54%
Dentist mandibular 360 -2.6 4.3 0.2 -20.3 7 36.67% 63.33%
Resident mandibular 260 -1.9 3.6 0.2 -11.3 8.9 33.85% 66.15%
Table 5: Cochran-Mantel-Haenszel test to show association CONCLUSIONS
between profession
1. More than half of the dentists surveyed that practice
cmh df pvalue comprehensive orthodontics do model estimation arch
WHOLE MOUTH 0.075 1 0.78388 length analysis.
MAXILLARY 0.314 1 0.57522 2. Pediatric dentists and pediatric dental residents are just as
MANDIBULAR 0.632 1 0.42672 good as each other at estimating arch length.

which can allow nonideal arch lengths to be detected early. Dental
arch space excess of one-two mm is usually ideal which will often
allow the permanent teeth to erupt with little crowding and without
intervention. However, if there is too much space available (>3
mm), decisions have to be made regarding potential space closure,
and more long-term planning. Space deficiencies, on the other hand,
often require more immediate intervention. A space deficiency of
less than -3 mm might necessitates a lower lingual holding arch,
while a space deficiency of greater than -3 mm may require a space
regaining, arch expansion or extraction treatment.® The present
study indicates that pediatric dentists are often underestimating the
space available by an average of -3.6 mm, which is roughly half the
size of an average premolar.® Following the traditional space defi-
ciency measurements, they may be inclined to undesirably create
space with an appliance or extractions, when the dentition may have
been acceptable for early observation with no intervention.

There are several theoretical advantages to early treatment such
as improved control of growth, improved self-esteem of the patient,
and decreased cost and extent of treatment in the permanent denti-
tion.”* Some studies suggest that early intervention may have two
improved treatment outcomes of less relapse and treatment times.*
However, overall there seems to be insufficient evidence to support
the additional benefits of early treatment over traditional treatment
options.’>* Early treatment may add additional cost as permanent
teeth may erupt into undesirable locations even after intervention,
which would require correction with stage Il treatment.**The lack of
evidence supporting early mixed dentition therapy combined with the
results of the present study suggests that early treatment should be
restricted to conservative treatment options especially if practitioners
are not using accurate measurements of arch space.*> More irrevers-
ible methods like extraction therapy should perhaps be reserved until
the occlusion has further developed. Early intervention should only be
done if it will be truly efficient and effective as suggested by Proffit.*
If pediatric dentists are to begin treatment in the mixed dentition, the
results of this study indicate that they should use an established mixed
dentition analysis to aid in more accurate treatment planning.

Alimitation to this study was that we were not able to determine how
accurate the measurements and estimations were to the actual permanent
dentition arch length. Future studies could follow that arch length devel-
opment into the full permanent dentition to allow this consideration.

The Journal of Clinical Pediatric Dentistry ~ Volume 45, Number 1/2021

3. Pediatric dentists and pediatric dental residents underestimated
whole mouth arch lengths by —3.6 and —3.1 mm, respectively.

4.  Both pediatric dentists and pediatric dental residents are better
at estimating mandibular arch lengths than maxillary arch
lengths.
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Prevalence of Premature Eruption and Agenesis of Premolars in
Turkish Children: A Retrospective Study

Nagihan Koc*/ Elif Ballikaya**/ Zafer Cavit Cehreli***

Objective: To determine the prevalence and distribution of premature eruption and agenesis of premolars
in a sample of Turkish children. Study design: A sample of 1715 patients aged 5 to 11 years was selected.
Panoramic radiographs were used to assess premature eruption and agenesis of premolars. Developmental
stage of erupted premolars was assessed using Demirjian’s method and selecting prematurely erupted
premolars on the basis of clinical eruption with a root length less than half of their final expected root
lengths. Statistical analysis was performed using chi-square test (p <.05). Results: One hundred fifteen
(6.7%) of 1715 patients presented at least one premolar agenesis with no significant sex difference (56 boys,
59 girls). Mandibular second premolars were the most absent teeth. Multiple agenesis of premolars (3.4%)
was more common than single agenesis (3.3%). A total of 85 (5.0%) patients (51 boys, 34 girls; no significant
sex difference) had at least one prematurely erupted premolar, and maxillary first premolars were most
commonly affected. Early erupted premolars were in stage D or E based on Demirjian’s dental formation
scale. Conclusions: The prevalence of premature eruption and agenesis of premolars in Turkish children
were 5.0% and 6.7%, respectively. Both conditions are not uncommon and may highlight the need for early
diagnosis to prevent subsequent clinical problems.

Keywords: Dental Anomalies; Tooth Eruption; Panoramic Radiography; Tooth Agenesis; Premolars.

INTRODUCTION
nomalies of teeth are caused by genetic factors and their
Ainteractions with environmental influences involved in
different stages of tooth development. Their effects may
manifest as various deviations in tooth size, morphology, structure,
and number; and such anomalies may occur together as an isolated
entity or as part of a syndrome.

Among dental anomalies, tooth agenesis is the most common
developmental dental anomaly. It is estimated that prevalence of
congenitally missing teeth in permanent dentition (except for the
third molar) varies from 2.6% to 11.3%, depending on the popula-
tion studied. The most common missing teeth are mandibular second
premolars and maxillary lateral incisors?. Agenesis of permanent
teeth may occur simultaneously with several clinical situations,
such as abnormalities in tooth size or shape, delayed development,
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or ectopic eruption of permanent teeth®,

Tooth eruption is often defined as a physiologic process that
consists of movements of a tooth during odontogenesis in its
crypt through the alveolar process till its functional position in
the oral cavity*. Although numerous theories have been postulated
to explain the eruption of teeth, the underlying mechanism(s) still
remains unclear. Because the eruptive movement begins with the
initiation of root formation, root growth and elongation have been
considered in the eruptive mechanism®. However, teeth can also
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erupt after completion of root formation or when their root is
removed surgically®.

Eruption of teeth with little or no root development may rarely
occur as a result of radiotherapy’ and congenital kidney disease®.
Tooth eruption with partial or complete arrest of root formation
due to traumatic injury to overlying primary tooth has also been
reported®*°. Even a rootless mandibular second premolar has been
reported to erupt under a primary molar with no signs of decay or
infection?.

Premature loss of deciduous teeth due to periapical infection or
decay may cause its permanent successor to erupt prematurely in
the very early stage of root development*?. Abscess formation of the
overlying primary tooth causing bone destruction may also result in
very early emergence of premolars.

To date, there have been only a few reports to describe early
eruption of premolars with inadequate root formation®®. The aim
of this study was, therefore, to determine the prevalence and distri-
bution of two distinct entities in the premolar region: premature
eruption and agenesis in a sample of Turkish pediatric patients.

MATERIALS AND METHOD

This retrospective study assessed 1715 digital panoramic radio-
graphs from 1794 patient records taken at the Dental School of
Hacettepe University, in Ankara, Turkey, between 2018 and 2019.
All radiographs were obtained for routine dental examination of
children aged 5 to 11 years using the same device (Veraview IC5
device, Morita Corporation, Japan) and parameters (67 kV, 5.0 mA,
13.9 s). The panoramic images were viewed simultaneously by an
experienced radiologist and an experienced pediatric dentist. In case
of disagreement between their assessments of any image, a senior
reviewer made the final decision. The study protocol involving the
use of panoramic radiographs was approved by the Local Ethics
Committee.

Patients with disorders such as syndromes or clefts and those
with previous jaw fractures were excluded. Agenesis and prema-
ture eruption of premolars were assessed on digital panoramic
images. Only erupted premolars in full occlusion were selected
and included. Based on the description of Gron®3, a premolar was
defined as prematurely erupted when the root length of the tooth at
clinical eruption was less than half of its final expected root length.
The developmental stage of premolars was recorded according to
Demirjian’s dental maturity stages*, as defined below:

Stage D: Crown formation is completed up to the cementoenamel
junction.

Stage E: Root length is less than the crown height.
Stage F: Root length is greater than or equal to the crown height.

Stage G: Root development is completed, but apical foramen is
open.

Stage H: Root apex is completely closed.

In cases involving more than one agenesis or premature eruption
of premolar (PEP), the finding was recorded as multiple.
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Statistical analysis

Statistical analysis was performed by using SPSS for Windows
21.0 (IBM Corp. Released 2012. Armonk, NY). The number,
percentage, mean, standard deviation, median, 1st and 3rd quartiles,
minimum and maximum values were estimated for descriptive
statistics. Chi-square were used to assess the significance of the
differences between categorical variables.

The level of significance was set at p-value < 0.05.

RESULTS

The study sample consisted of 926 boys and 789 girls with
a mean age of 8.8+£1.68 years and 8.9+1.56 years, respectively.
One hundred fifteen patients (6.7%) had at least one premolar
agenesis. The distribution of missing premolars is presented in
Table 1. Mandibular left and right second premolars were the most
absent teeth. Multiple agenesis of premolars (n=59, 3.4%) was
more common than single agenesis (n=56, 3.3%). The prevalence
of premolar agenesis was 7.5% (n=59) in girls and 6.0% (n=56) in
boys, and the difference between them was not significant (Table
2, p> 0.05).

The frequency and distributions of PEP is presented in Table
3. Eighty-five (5.0%) patients had at least one PEP. The most
common PEPs were maxillary left and right first premolars,
respectively (Table 3). The prevalence of PEP was higher in boys
(51, 5.5%) than in girls (34, 4.3%), in the absence of statistical
significance (Table 4, p> 0.05). With regard to their development;
stage D (Fig.1) and stage E (Fig. 2) were observed in 51 and 47 of
the premolars respectively. In nine cases, PEP was accompanied
by premolar agenesis (Fig. 3 and 4).

Table 1. Prevalence and characteristics of premolar

agenesis
Total (1715) n %

Single 56 3.3
Multiple 59 3.4
Total 115 6.7
Tooth number

35 75 43
45 69 4.0
25 30 17
15 24 1.3

Table 2. Prevalence of premolar agenesis according to sex

Male Female Total
n % n % n % p*
Absent 870 94.0 730 925 1492 933 0.246
Present 56 6.0 59 7.5 115 6.3

Total 926 100.0 789
*Chi Square Test, p>0.05

100.0 1715 100.0
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Table 3. Prevalence and characteristics of prematurely
erupted premolars

Total (1715)

%

Single
Multiple
Total

Tooth number
24
14
44
15

62
23
85

29
28
24
13

3.6
1.3
5.0

1.7
1.6
1.4
0.8

Table 4. Prevalence of premature eruption of premolars

according to sex

Male Female Total
n % n % n % p*
Absent 875 945 755 957 1630 95.0 0.266
Present 51 55 34 4.3 85 5.0
Total 926 100.0 789 100.0 1715 100.0

*Chi Square Test, p>0.05

Figure 1. Panoramic radiograph showing a prematurely erupted
maxillary right first premolar (stage D) in a 6-year-old
boy. The tooth is in occlusion with almost initial root

development.

Figure 2. Radiographic view of a 7-year-old girl with
prematurely erupted maxillary right first premolar
(stage E). The tooth is in occlusion with the root length
less than that of the crown.

Figure 3. Radiographic view of a 10-year-old girl with
prematurely erupted mandibular first premolar (stage
E) and agenesis of mandibular second premolar.
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Figure 4. Panoramic radiograph showing a prematurely erupted maxillary right second premolar (stage D) and congenital absence
of the maxillary right first premolar in an 8-year-old boy.

DISCUSSION

The present study was designed to investigate the prevalence
and characteristics of premature eruption and agenesis of premo-
lars. This study supports evidence from previous observations
that rootless teeth or teeth with little root formation can erupt into
full occlusion, indicating that root formation is not required for
tooth eruption”®1°1 Although root development does not seem to
provide eruptive force or to be responsible for the active eruption
of a tooth, it has correlations with eruption. According to Gron®?,
the gingival emergence of a premolar usually occurs when one-half
to three-fourth of its final root length is formed. Based on the
diagnostic criteria suggested by Becker?®, if an erupted tooth has
less root development than its expected root length at eruption, is
defined as prematurely erupted. Gron’s** method estimates the root
length with reference to the adjacent roots and alveolar outlines of
adjacent teeth, and the criteria of Demirjian’s method?? rely on the
proportion of root length to crown height rather than its absolute
tooth length. Thus, the well-known distortions of developing teeth
in panoramic images were considered to have a minimal impact on
measurement accuracy.

In the present study, the developmental stages of PEP were D and
E according to Demirjian’s classification'*. This finding indicates
that once the tooth prematurely erupts, it reaches the occlusal level
in a very early stage of root development. This is also consistent
with the findings of Brin and Koyoumdijsky-Kaye', who demon-
strated that permanent successors of prematurely extracted primary
molars have a reduced root length than their usual root length at the
time of normal eruption.

The mean ages of patients with prematurely erupted maxillary
and mandibular first premolars were 8.78 = 1.11 years and 9.06
+ 1.20 years, respectively; and the mean ages of the patients with
prematurely erupted second premolars were 9.66 + 1.15 years. In a
previous study’, the mean eruption times were 10.25 + 1.44 years
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and 10.22 + 1.39 years for maxillary and mandibular first premolars;
and 11.00 + 1.10 years and 11.06 + 1.08 years, for maxillary and
mandibular second premolars, respectively. From a chronologic
perspective, the present findings confirm the premature eruption
times of premolars?.

The premature extraction of primary teeth may impact the erup-
tion time of their permanent successors by either delaying or accel-
erating their eruption. According to Posen®é, eruption is delayed if
the extraction is done at ages four and five, while early eruption
occurs if the primary tooth is lost at ages five to eight. Fanning?
reported that eruption of a premolar is accelerated in the pres-
ence of an infected deciduous tooth and extraction of a deciduous
molar before the premolar crown has formed. The premature loss
of primary tooth resulting in accelerated vertical movement of the
permanent tooth bud may cause bud to face occlusal stresses early,
which negatively affects the root formation?®*°. Maxillary deciduous
molars, particularly the first molars, are one of the most frequently
early extracted teeth due to extensive decay and periapical infec-
tion?®?!, This may explain the higher prevalence of maxillary
first premolars among the prematurely erupted teeth in our study.
Further, the number of prematurely erupted premolars were higher
in boys than in girls in the present study, probably because boys had
more extracted deciduous molars compared to girls.

The prevalence and distribution of developmental dental
anomalies have been widely studied among various populations,
ethnic groups and races??*. The premolar teeth, especially second
premolars may present a wide variety of developmental anomalies,
with tooth agenesis, supernumerary teeth, dens evaginatus, rotation,
and root dilacerations being the most common?*%. The concurrent
occurrence of these anomalies is not uncommon which may suggest
a possible role of shared genetic mechanisms.

The reported prevalence rates for premolar agenesis vary
from 0.1% to 11.3% in different populations 2%. In this study, the
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overall prevalence of premolar agenesis (6.7%) was higher than
those reported by Altug-Atac and Erdem?? (0.46%), Uslu et al ®
(3.5%), and Kazanci et al ¥ (1.58%). In line with previous reports®-
2 mandibular second premolars were the most frequent missing
premolar teeth in our study. Here, a minor, insignificant difference
was observed between males and females as well as between single
and bilateral agenesis. Agenesis of premolars is often associated
with other dental anomalies such as distoangulation, delayed
development of mandibular second premolars, and infraocclusion
of primary molars®?%. However, the present study did not aim to
investigate such concurrent conditions.

The premature loss of primary molars may cause succedaneous
premolars to erupt early with a reduced root development than their
expected root length at normal eruption time. The fate of PEP is
unstudied, but it can be speculated that undeveloped root status
makes them unstable to occlusal forces. Another complication of
early loss of primary molars is the loss in arch length and subse-
quent malocclusion, which coincides with the effects of tooth agen-
esis on the permanent dentition. Long-term follow-up observations
are necessary to manage complications in a timely fashion.

CONCLUSIONS

The prevalence of premature eruption and agenesis of premolars
in Turkish children were 5.0% and 6.7%, respectively, indicating
that those conditions are not uncommon among Turkish children.
Mandibular second premolars were the most frequently missing
teeth, and the maxillary first premolars were most commonly
affected by premature eruption. Neither the frequency of premature
eruption nor that of the agenesis of premolars were significantly
affected by sex. Both conditions may highlight the need for early
diagnosis to prevent subsequent clinical problems.
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Delayed tooth development (DTD) is the development progress of a tooth germ that takes place later due to
local or general causes. This case report reviews a 16-year-old Asian adolescent whose bilateral upper second
premolar germs were at Nolla’s 6 stage as shown on a panoramic radiograph. It is unusual that tooth germs
of the maxillary second premolar are developed after 11 years of age. To reduce the chance of misdiagnosis,
clinicians should consider the possibility of DTD if a tooth germ does not present in radiographs.
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INTRODUCTION

elayed tooth development (DTD) is the development
D progress of a tooth germ that takes place later from local

or general causes. Generally, tooth development occurs
at particular age. For instance, the hard tissue of maxillary second
premolars forms at 2-2.5 year old, and the enamel completed at 6-7
years old; Normally, They will erupt at 10-12 years old.? It is rare
if the development of a tooth germ is delayed. This case exhibits
delayed tooth development (DTD) in a male adolescent whose
maxillary second premolars did not exist at the first visit when he
was 11 years old, but the tooth germs could be seen on another
panoramic radiograph when he was 16 years old. To reduce the
chance of misdiagnosis, clinicians should consider the possibility of
DTD if a tooth germ does not present in radiographs.

Case report

A Han nationality male, born in Oct 2002, aged 11 years old
was referred to the Peking University School and Hospital of
Stomatology in November 2013 for a routine examination. The
patient had no systemic disease or abnormal medication history.
The intraoral examination revealed early permanent dentition with
completely erupted lower premolars (34, 35, 44, 45), present and
partially erupted upper premolars (14, 24), and clinically absent
upper second premolars (15, 25). A panoramic radiograph revealed
initial tooth bud formation of the upper right second premolar (25);
however, there was no indication of the upper left second premolar
(15), and the presence of all third molars was apparent (Figure 1).
In July 2018, the patient underwent another panoramic radiograph;
the upper left second premolar (Nolla’s stage 6) was present, and the
upper right second premolar was also at Nolla’s stage 6 (Figure 2).
The patient’s father lost his upper central incisors (11, 21) because
of trauma; his upper left first and second molars, upper left second
premolar, and lower right second molar (25, 26, 27, 47) were
missing because of periodontal disease; and his upper right second
premolars were congenitally absent (Figure 3). His mother does not
have missing teeth.
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Figure 1. Panoramic radiograph showing missing upper right premolar bud (November 2013)

Figure 2. Panoramic radiograph showing upper second premolars were in Nolla’s stage 6 (July 2018)

Figure 3. Cone-beam computed tomography section showing missing teeth in his father (March 2017)
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DISCUSSION

This case presents delayed development of bilateral maxillary
second premolars in a 16-year-old male. The panoramic radiograph
taken when he was 11 years old revealed initial tooth bud forma-
tion of the upper left second premolar. Another panoramic radio-
graph taken five years later presented the delayed development of
the bilateral maxillary second premolars. The growth rate was not
significantly different from the general interval of approximately
5 years from the onset of hard tissue formation until the crown
completes for second bicuspid teeth.t?

Tooth development involves a complex signaling network
between endothelial mesenchymal tissue formed by the neural crest
and dentinal epithelium. Delayed tooth development refers to the
development of a tooth with Nolla’s stage 2 or later than that of the
same tooth in the same age group'®. Park et al,* conducted a survey
in 2017 amongst 4611 children aged 6-12.9 years in South Korea,
and the prevalence rate of delayed tooth development was 3.4%, of
which the second premolar of the upper jaw was the most commonly
delayed tooth development, with 1.02%. The proportion of those
with delayed development of the second maxillary second molar and
second mandibular premolar was 0.88% and 0.74%, respectively.

Causes of this phenomenon may be related to premature birth,
malnutrition, hormone secretion disorder and heredity.® Hitherto,
more than 200 genes have been identified related to tooth devel-
opment. Studies have shown that PAX9, MSX1 and WNT10A are
associated with both congenital tooth loss and delayed tooth devel-
opment. &7 Dhamo et al, ® found a trend of lower stages of tooth
development in patients with WNT10A variants. In this case, the
presence of bilateral maxillary second premolar loss in the father
of the child and delayed tooth development in the child suggested
that delayed tooth development may be a genetic developmental
abnormality.

In reviewing previous literature, Memmott et al °reported a black
female with delayed development of the upper left premolar and
congenital loss of the upper right incisor. When she was 17 years and
1 month old, the tooth germ of the upper left premolar with Nolla’s
stage 6 was found. That is the latest age at which delayed tooth
development has been reported. The male in this case is the latest
age found in an Asian population. Because the incidence of delayed
tooth development is low, compared with other tooth development
obstacles, this phenomenon has not received sufficient attention.
This case suggests that if tooth germs of maxillary premolars are
absent in clinical or imaging examinations, it is necessary to read
the film carefully to observe whether there is evidence of the early
tooth germ. Treatment plans should be made after a comprehensive
analysis. Clinicians should consider the possibility of delayed tooth
development so that we can reduce the incidence of misdiagnosis of
congenital missing teeth.

CONCLUSION

The presence of delayed tooth development and the wrong diag-
nosis of congenital tooth loss due to the neglect of this condition will
affect the choice of the orthodontic program and the correct time
of intervention. To reduce the chance of misdiagnosis, clinicians
should consider the possibility of DTD if a tooth germ does not
present in radiographs in particular chronological age, and proper
radiographs should be periodically examined.
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