article in press

unAUUSAY

wuINeNsUTEliuAUEEsian1siRauy wag N15AANTS
Guideline on Caries Risk Assessment and Management

Viuaunneauauuiauszmalng Tuwssususiygudud
The Dental Association of Thailand

ey ¢ O B = = a1 a ¥ 2 a & v a3 Y Yo ¢ S
AIINY UATYY ", ANIIN A8MNIAU°, WAN g18LLNI°, UNTNT LE]@’JQJOJSI‘UGI&I'] , NUYITIAU ABIUY
939311 89I31NA°, Fowding ¥eYn13A’, gYYn AAINT, Yigyrun agsey’

Siriruk Nakornchai', Pattarawadee Leelataweewud', Pipop Saikaew’, Nipaporn Urwannachotima’®,
Kanyarat Korwanich®, Onauma Angwaravong®, Oitip Chankanka®, Supitcha Talungchit’,
Kwanchanok Youcharoen®

'MAdrviuansIuin Angviunumemans iminendeuding njunmaviuas Ussnelne

'Department of Pediatric Dentistry, Faculty of Dentistry, Mahidol University, Bangkok, Thailand
Zmadvviunnssuinansuazinendulaneus auziuauemans uninerdeuding njsmnanuas Ussmelne

*Department of Operative Dentistry and Endodontics, Faculty of Dentistry, Mahidol University, Bangkok, Thailand
*AAIYTIUANTTUYNYY ALETIURUNVIEAERS JHIAINTHIMNINGIR nTunnuuAs Useinelng

*Department of Community Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand
‘aAIrTuANTINATEUATILGY YUY ANETUALNEAERT avTinende@udnl 2.9edlva Ussinalne

“Department of Family and Community Dentistry, Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand
v wiusnssutesiu wusiviunnssudmsuin augiunuwverans Lninedovounniu 3. veulniy Usendlne

*Division of Pediatric Dentistry, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand

SauIvTUANTINUINY AUSTIUALNMEANERT NNNINEISUEITaIUATUNS 2439081 Ussimdlny

‘Department of Preventive Dentistry, Faculty of Dentistry Prince of Songkla University, Songkhla, Thailand
"AuiniuansINeRsnY AusTiunuIEAERS unInendeaaiuasums 2.ama Ysemelng

'Department of Conservative Dentistry, Faculty of Dentistry, Prince of Songkla University, Songkhla, Thailand
‘medyiunnssudmiusnuaziunnssu oty aaziunuwmemans uningdeaiuaiunsilsn njanmumuns Ussmelng

®*Department of Pedodontics and Preventive Dentistry, Faculty of Dentistry, Srinakharinwirot University, Bangkok, Thailand

UNANED

LmeamsﬂigLﬁummL?imsian’mﬁmﬁuqLLﬂamsﬂisLﬁummmmq Ao ini139,39-<67,6- 12V way > 127
TnensUssidiufinnsanainanmegunin Mansatenn uadadedug Aifedoatuniafiaitug inussuunslihmdnasuuy
ImaﬁmumﬁmﬁﬂﬂzLLuummmmﬁuﬁuﬁ‘ﬁUﬁummLLﬁasﬂa%’a Tudnenglaiifiu 12 U uiseiuanuidiositusgdy Gowh Goags
wazidesgann duiiiflonguinnd 12 9 uwisssfuanudssitundudesih desuiunans uas desge Msdaniseades
somainitun Tuegiusedumnudss Bmsdanisaseunquis 1) msquagunintesiniitau 1w 333nguaind

.

mM3muANATIUALYIE wagn1slingeslsadmiulindu 2) msguaguandesunlaeviunyaains laun msuduuaeutadeides
nslivgeslsdlagiiunuaains nsindeunguiesiiu n1sdanisgiluy uagn1snduINTIIgUAMYRIUIN

AdATY: NSUSEEIUANMILEDS, N13IAN1SANAEES, Uadeldes, luk, seaumnudes

232 J DENT ASSOC THAI'VOL.73 NO.4 OCTOBER - DECEMBER 2023



Abstract

Guideline on caries risk assessment is organized by age group; < 3, 3-< 6, 6 - 12 and > 12 years. The risk
assessment is considered from health status, oral examination and factors that related to dental caries by weighted
scoring system. The weighted scores of the factors are set according to the strength of association with caries. For children
aged < 12 years old, the risk levels are classified as low, high and very high, whereas risk levels for > 12 years old are
low, moderate and high. The management of caries risk is based on the risk level and age groups. The caries risk

management includes 1) home care; healthy life style, plaque control and home use of fluoride. 2) professional care;

risk factor modification, professionally applied fluoride, sealant, cavity management and recall.
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Table 1 Caries risk assessment for children < 3 years old (for Health care provider)
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Table 2 Caries risk assessment for 3 - < 6 years old (for Dental provider)
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Table 3 Caries risk assessment for 6 - 12 years old (for Dental provider)
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Table 4 Caries risk assessment for > 12 years old (for Dental provider)
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Abstract

This study investigates the association between the underlying determinants for obtaining fake braces among
adolescents in Bangkok. The study design was case-controlled. Participants included 45 cases of adolescents who
obtained fake braces and 336 controls who obtained professional braces. They were sampled from 12- to 18-year-old
students who had experiences of orthodontic braces or fake braces. Independent variables like socioeconomic status,
information support, subjective norm, knowledge, and attitude were assessed by a self-administered questionnaire.
The univariate analyses were performed using chi-square tests and Kolmogorov-Smirnov tests to compare differences
between groups then logistic regression was used to identify the influential factors. We found that the fake braces group
was mostly of younger adolescents (93.3%). Information from friends, the influence of friends and famous persons,
lack of knowledge, and lower socioeconomic status had statistically significant associations with fake braces obtaining
(P < 0.05). As opposed to the professional braces group, most of the adolescents who obtained fake braces did not
expect good tooth alignment results (P < 0.001). Their attitudes about the social class symbol of braces also were
discordant with the professional braces group (P = 0.002). The logistic regression model showed the fake braces group
tended to be younger (OR = 0.17; 95% Cl: 0.002-0.112). They also tended to get braces information from friends
(OR = 14.83;95% Cl: 3.44-63.91), ignore tooth alignment results (OR = 0.13; 95% Cl: 0.05-0.31), accept braces as a social
class symbol (OR = 2.20; 95% Cl: 1.04-4.64), and have a lower knowledge score (OR = 0.70; 95% Cl: 0.50-0.98). In
conclusion, this study proved that peer influence, the expectation of esthetic results, social ladder, and knowledge
among younger adolescents had strong associations with the type of braces obtained. The measures to alleviate

the fake braces situation should be determined to include these significant factors.
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Introduction

Fake braces (FBs), or fashion braces, refer to
apparatuses that imitate the appearance of orthodontic
appliances, but they do not treat malocclusion.! The
appearances of FBs are offered in a variety of forms but
all of them will present the colorful elastomeric ring or
bracket on the anterior teeth. FBs can be beads wired
on anterior teeth, brackets attached on teeth like real
fixed orthodontic appliances, removable plates with
brackets on a labial wire, or brackets ligated on a wire
with retentive arms on posterior teeth. Unlike orthodontic
appliances, FBs are sold over the counter or online without
certificated dental care, and they can be fitted by a non-
dentist provider using unapproved material or by the
wearer themselves without a plan of removal.

In recent years, the orthodontic perceived need
has increased among adolescents while the sources of
orthodontic services are limited. These result in excess
unmet demands for braces which somehow are satisfied
by FBs. FBs have become popular among adolescents in
Southeast Asian countries e.g. Thailand, Indonesia, and
Malaysia.” Many adolescents wear braces as a fashion
statement. In Thailand, adolescents seek orthodontic
treatment not only to correct malocclusion, but they also
want to wear braces like others and for fashion reasons.’
FBs with multicolored rubber bands are worn like an
ornament matching the costume.” The cost of FBs also
is only $45 - $100 which is about 35 times cheaper than
the orthodontic treatment course.”® Hence, the affordability
of FBs makes them more advantageous than real braces.
In addition, braces can be used as a social class symbol
because of the connotation of high social class. The high
cost and inadequate accessibility of orthodontic braces
give braces a luxury value, and some adolescents may
wear braces or FBs to feel that value.'

Although FBs are prevalent in adolescents, the
safety of their material and fitting procedures are still
questionable. Authorities claim that FBs material may

contaminate with hazardous heavy metals, and they can

compromise a health status such as malocclusion, dental
caries, gingival inflammation, soft tissue ulceration, and
life-threatening infection.”® In Thailand, there have been
many attempts to solve the FBs situation. For example,
the Consumer Protection Board has issued a prohibition
on the sales of FBs materials as well as punishments for
violations. The Food and Drug Administration (FDA) has
alsoissued a regulation to control the import, production,
and sale of braces materials. In the same way, the risk of
wearing FBs has been campaigned by many health sectors.
Nevertheless, these measures are still questionable
regarding their success and require adequate evidence
for greater impact.

To understand the mechanism of causes and
health outcomes of FBs obtained, the social determinants
of oral health model were applied to our conceptual
framework.” The model highlighted the effect on health of the
social conditions and environments in which people are
born, raised, live, work and age. The social, political, economic
and environmental factors, the causes of the causes, as
the key etiological factors bring about socioeconomic
position. These structural determinants consequently
patterned the more proximal factors on health through
intermediary determinants. The intermediary determinants
were mainly categorized to material circumstances (e.g.
housing, neighborhood quality), psychosocial circumstances
(e.g. social support) and behavioral/biological factors
(e.g. health compromising behavior, FBs use). Finally, the
intermediary determinants shaped health outcomes and
in turn they could “feed back” to affect the functioning
of social, economic and political mechanisms.

Recently, several studies in Thailand have
attempted to describe the causes of FBs wearing among
adolescents. Determinants such as fashion and high social
class statements, feelings of self-confidence and attrac-
tiveness, affordability, more available access, peer pressure
and lack of knowledge of the danger of FBs were reported

to be contributing factors of FBs obtaining.”® These deter-
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minants could affect adolescent to use FBs or professional
orthodontic services. However, most of them were inter-
mediary determinants which could be patterned by broader
proximal factors, such as socioeconomic status, gender
and education. Therefore, our study included broader
proximal factors to reveal association to FBs obtaining.

Furthermore, there has been no analytical study
to confirm the strong association between determinants
and FBs obtaining. Profound implications of the association
were needed to alleviate the FBs situation. This study
aimed to describe underlying determinants reported from
previous anecdotal evidence to have the association with
FBs obtained among adolescents in Bangkok.
Participants and methods

This study was a case-control design. The cases
were participants who had obtained fake braces, whereas
the controls were those who had obtained professional
braces (PBs). The participants were classified into case
and control by the manner of appliances and data from
questionnaires. The sample size calculation was based on
formula testing difference in proportions for a case-control
study which the following parameters were used: Odd
ratio for FBs considered to be 0.13 (based on our pilot studly);
sensitivity 95% (L level = 0.05) and power 80%. The
sample size was estimated to be 36 for each group. With
10% topped up, 39 participants per group were required.

Public secondary schools around well-known
areas of FBs providers in Bangkok i.e. Bangkapi (Tawanna
flea market), Talingchan (Southern Bus Terminal flea market),
Don Mueang, and Huai Kwang were surveyed to participate
in this study and facilitate sampling of the cases. Six schools
agreed to participate in this study. The informed consent
forms were obtained from the principals of the schools who
represented the guardians of the students for participation.
Thai students aged 12 — 18 years old were recruited and
identified for their type of braces or history of braces
obtaining. Only students who were wearing PBs/FBs or
had removed them for not more than 12 months were
included in the study. The study protocol was approved
by the Human Research Ethics Committee of the Faculty
of Dentistry, Chulalongkorn University (HREC-DCU 2018-003).

The outcome of this study was the different types
of braces obtained by adolescents. The independent
variables were the following social determinants:

1. Socioeconomic status (SES): The SESs of each
household were determined by the household question-
naires considering selected household assets (floors, roofs,
or walls; flush or pour-flush toilets; transportation, including
bicycles, motorcycles, cars, or trucks; and electrical equipment,
including radios, televisions, line or mobile telephones,
refrigerators, and computers) were combined using principal
component analysis to form an asset index."” The SESs
were divided into five groups by being ranked according
to the asset index using quintile as the cut point level.

2. Information support: questions about the person
from whom adolescents received information before obtaining
PBs or FBs were used to assess the association between
information support and the type of braces obtained.

3. Subjective norm and attitude: the questions from
the original study'" in adolescents using FBs were used to
assess the subjective norms and attitudes associated with
the type of braces obtained by 5- pointed Likert scales.
There were three questions for subjective norms and four
questions for attitudes (questions were listed under Table 2)

4. Knowledge: the knowledge of the consequences
of FBs wearing was assessed by yes-no questions. The
mean knowledge scores of all questions were calculated
for the FBs and PBs groups.

All variables were collected by self-administered
online questionnaires in Thai via Google Forms. The question-
naires were anonymously and individually completed by
students. Aresearcher was available for queries in completing
the questionnaires addressed by the students.

Data were extracted from Google Forms as Microsoft
Excel files. Data analyses were performed with SPSS Statistic
version 22 (IBM Company, Chicago, Illinois, USA). Descriptive
analysis was carried out to determine the characteristics
of participants in both groups. Univariate analyses of
braces types using the chi-square test and Kolmogorov-
Smirnov tests were carried out to evaluate differences
between cases and controls for independent variables.

For multivariate analysis, a logistic regression model was
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applied by enter technique to identify the adjusted odds
ratios (OR) and 95% confidence interval (95% Cl) of the
fake braces obtaining. Covariates with the P-value < 0.25
in the univariate analyses were included in the model.
The goodness of fit of the models was tested with the
Hosmer-Lemeshow test. A P-value of < 0.05 was deemed

to be statistically significant.

Atotal of 381 students completed the question-
naires. Participants included 76 boys (19.9 %) and 305 girls

(80.1 %), with a mean age of 15.54 + 1.52 years (13.84 + 1.04
years in the FBs group and 15.76 + 1.43 years in the PBs
group). The average age of students studying in grade 7
was 12.90 years, grade 8 was 13.78 years, grade 9 was
14.60 years, grade 10 was 15.46 years, grade 11 was 16.66
years, and grade 12 was 17.76 years. Age and educational
level had significant associations with the type of braces
obtained whereas gender did not. Younger adolescents
studying in grade 7 to 9 more often obtained FBs than
PBs (P < 0.001). The data is shown in Table 1.

Table 1 Characteristics of sample and associations between factors and type of braces obtaining

Total FBs PBs
Variables N =381 N =45 N = 336 P-value
n (%) n (%) n (%)
Age <0.001°
< 15 years 222 (58.3) 42 (93.3) 180 (53.6)
> 15 years 159 (41.7) 3 (6.7) 156 (46.4)
Gender 0.432°
Male 76 (19.9) 7 (15.6) 69 (20.5)
Female 305 (80.1) 38 (84.4) 267 (79.5)
Educational level <0.001°
Grade 7 to 9 198 (52.0) 42 (93.3) 156 (46.4)
Grade 10 to 12 183 (48.0) 3 (6.7) 180 (53.6)
Socioeconomic group <0.001°
Very high 39 (10.2 4 (8.9) 35 (10.4)
High 101 (26.5 3 (6.7) 98 (29.2)
Middle 88 (23.1 4 (8.9 84 (25.0)
Low 77 (20.2 11 (24.9) 66 (19.6)
Very low 76 (19.9 23 (51.1) 53 (15.8)
Information support (Answer Yes)
Family/relatives 187 (49.0) 7 (15.6) 180 (53.6) <0.001*
Advertisement/social media 66 (17.3) 5 (11.1) 61 (18.2) 0.241°
Friend 102 (26.8) 36 (80.0) 66 (19.6) <0.001°
Knowledge (Correct answer)
Dental caries 197 (51.7 11 (24.9) 186 (55.4) <0.001*
Tooth malalignment 246 (64.6 22 (48.9) 224 (66.7) 0.019°
Oral ulceration 220 (57.7 18 (40.0) 202 (60.1) 0.01°
Infection 250 (65.6 13 (28.9) 237 (70.5) <0.001°
Deadly infection 140 (36.7 4 (8.9) 136 (40.5) <0.001°
Knowledge score (Mean * SD) 1.5+ 1.6 29+ 19 <0.001°

“Chi-square test
®Kolmogorov-Smirnov test

Knowledge: Which is(are) the consequence(s) of fake braces wearing? a.Tooth decay; b. Poorly aligned teeth; c. Mouth sores; d. Infection; e.

Death from infection.
FBs, fake braces; PBs, professional braces
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In Table 1, the chi-square test indicated a
statistically significant association between the type of
braces obtained and independent variables (SES, information
support, and knowledge). Regarding SES, 39 (10.2%)
participants had a very high status, 101 (26.5 %) participants
had a high status, 88 (23.1 %) participants had a medium
status, 77 (20.2 %) participants had a low status, and 76
(19.9 %) participants had a very low status. 75.6 % of the
students with FBs were low or very low SES whereas
64.6 % of the students with PBs were moderate to very
high SES (P < 0.001).

Students with FBs sought braces information from
their friends more than the students with PBs (P < 0.001).
Conversely, the PBs received information from family
members more than the FBs (P < 0.001). Information from
advertisements and social media did not significantly affect
the type of braces obtained (P = 0.241). Concerning know-
ledge, the FBs had knowledge scores lower than the PBs
(1.51 + 1.60 and 2.93 + 1.88 respectively) (P < 0.001).
Similarly, considering each aspect of knowledge, the FBs
had lower knowledge than the PBs (P < 0.05).

Table 2 shows statistically significant associations
between the type of braces obtained and the following
variables (subjective norm and attitude). As regards subjective
norm, nearly half of the FBs agreed or strongly agreed that
friends influenced their braces obtaining while the PBs

tended to disagree (P < 0.001). Moreover, the degree of

disagreeing with the influence of famous persons was
different, the PBs indicated more strongly disagree than
the FBs (P = 0.013).

Concerning their attitude towards braces, the
students with PBs agreed that they expected esthetic
results from their braces more than the students with FBs
(P < 0.001). The PBs also tended to disagree that their
braces were wasting time whereas the FBs tended to
be neutral and agree (P < 0.001). In addition, although
adolescents in both groups tended to disagree that their
braces made them look like a high social class person,
the percentage who strongly disagree was more in the
PBs group than in the FBs group (P = 0.002).

Table 3 reports disscussion results from the final
logistic regression model which considered the effect of other
confounding variables. It appeared that younger adolescents
were more likely to obtain FBs (OR = 0.17; 95% Cl: 0.002-
0.112). Adolescents who wore FBs tended to receive
information support from friends (OR = 14.83; 95% Cl: 3.44-
63.91) and to use FBs as a social class symbol (OR = 2.20; 95%
Cl: 1.04-4.64). They also tended to have lower knowledge
scores (OR = 0.70; 95% Cl: 0.50-0.98). Conversely, adolescents
who wore PBs were more likely to expect good results in
tooth alignment (OR = 0.13; 95% Cl: 0.05-0.31). However,
the logistic regression model did not show the statistically
significant effect of SES and subjective norms on the type

of braces obtained.
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Table 3 Univariate and multivariate analysis of fake braces obtaining considering Gender, Age, Information support, Subjective norm,
Attitude, Knowledge score and SES.

Outcome Variables P- Adjusted 95% ClI Unadjusted 95% ClI
value OR OR
Type of braces Gender 0.428
0 =PBs Male 1.798 0.422-7.669 0713 0.305-1.665
L=FBs Female 1 1
Age <0.001
< 15 years 1 1
> 15 years 0.170 0.002-0.112 0.062 0.019-0.204

Information support

Friend <0.001
Yes 14.829 3.441-63.912 16.364 7.513-35.641
No 1 1

Relatives 0.233
Yes 0.416 0.098-1.762 0.160 0.069-0.368
No 1 1

Social 0.596
Yes 1.599 0.282-9.081 0.564 0.214-1.487
No 1 1

Subjective norm

Friend 0.248 1.456 0.769-2.756 1.831 1.388-2.416

Famous person 0.974 0.991 0.578-1.700 1.341 1.046-1.720
Attitude

Esthetic result <0.001 0.126 0.052-0.308 0.177 0.107-0.291

Social class 0.039 2.197 1.041-4.636 1.625 1.208-2.187

Waste of time 0.181 1.613 0.800-3.249 3.036 2.183-4.224
Knowledge score 0.040 0.701 0.499-0.984 0.660 0.550-0.793
SES 0.133 0.687 0.421-1.121 0.506 0.379-0.674

P at Hosmer and Lemeshow test = 0.186

Subjective norm: range from 1 to 5 (strongly disagree to strongly agree)
Attitude: range from 1 to 5 (strongly disagree to strongly agree)

SES: range from 1 to 5 (very low to very high)

OR, Odd ratio

SES, socioeconomic status

Discussion

The logistic regression analyses of the factor indicated younger adolescents who sought braces
associated with FBs obtaining including the SES, source information from friends and wore braces as a social class
of information, attitude, subjective norm, and knowledge symbol tended to wear FBs while senior adolescents
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who expect better tooth alignment tended to wear PBs.
However, the results indicated no significant effect of
SES and subjective norms associated with FBs obtaining.

Results revealed that girls wore FBs more than
boys. This gender effect was also found in a previous FBs
study'' and many other PBs studies. *'*~'" The studies
suggested that girls had more esthetic concerns than boys,
and they tended to have greater orthodontic treatment
needs. Our results further revealed age and educational
level effects associated with FBs wearing. The younger
students who were grade 7 to 9 wore FBs more than
older student who were grade 10 to 12, respectively. In
Thailand, the age of students and educational level were
closely related which was controlled by the compulsory
educational system. Therefore, age and educational level
followed the same trend. From these results, it could
implied that the FBs problem is prevalent among junior
adolescents on whom intervention should be focused.

The observed influence of SES assessed by asset
index on PBs obtaining was consistent with other studies.'***"
The increased proportion of FBs obtaining in the lower SES
group was attributed to vulnerability to health-compromising
conditions such as financial constraints.”” Moreover, the
availability of free orthodontic treatment affected the
demand for treatment.? In Thailand, orthodontic treatment
is not included in public health insurance (except for a
cleft lip or a cleft palate) and the expense of orthodontic
treatment was relatively high. Therefore adolescents with
lower SES might be hindered from PBs, and they had no
other choices than FBs. However, logistic regression did
not show the significant effect of SES assessed by the asset
index. This implied the effects of other factors over SES on
FBs obtaining.

Information support was a type of social support.
Social supports provide information that can affect health
and healthcare utilization. Our study found that adolescents
get information from parents before obtaining PBs. They
needed permission from their parents to support the
braces expenses so information from the parents or relatives

was significant. On the other hand, friends were an important

source of information for adolescents who obtained FBs.
They could find reviews and FBs providing stores from
friends without permission from the parents. They certainly
do not want their parents to know because fittings of FBs
were illegal. In addition, our study found adolescents in
both groups rarely searched braces information from social
media. Henzell et al.”* indicated that most patients tend
to find orthodontic treatment information directly from
orthodontists rather than from social media. It can be
implied that social media was only an alternative way for
adolescents to find information about braces. They rather
accept information from orthodontists, parents, or friends.

Knowledge about the importance of oral health
plays a part in dental attendance patterns.”” Low oral
health literacy impeded recognition of the risk for oral
diseases as well as the need for oral health care.” Regarding
FBs obtaining, knowledge of the danger of FBs would be
needed to protect adolescents from the hazards of wearing
FBs. It was found that adolescents in the FBs group had
lower knowledge in all topics, and logistic regression
showed they tended to have lower mean scores. These
findings emphasized the importance of oral health
education against FBs.

Subjective norms are perceived as social pressure
to perform or not to perform the behavior.”” According to
Atisook and Chuacharoen®, social norms had an association
with the demand for orthodontic treatment in adolescents.
The influence of peer groups and famous persons on the
increase of braces need were observed in our study as
well as many FBs studies.'"” It was reasonable to think
that adolescents wear FBs, instead of unaffordable PBs,
because of peer pressure or just imitating celebrities.
However, logistic regression did not confirm the significant
effect of the subjective norms.

Regarding attitude, compared to previous
evidence'*, our data observed that both FBs and PBs
made adolescents feel more attractive but there was no
difference between groups. Multivariate analysis showed
that adolescents were more likely to think about the

esthetic result before wearing PBs while adolescents
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thinking about social class were more likely to wear FBs.
This finding indicates that the FBs were not aware of
malocclusion improvement, but they only try to move
up their social class and feel more confident. Actual SES
seems to be less significant than the expectation to be
higher social class. In addition, we noticed that the attitudes
of adolescents in both groups were the same trend except
for the wasting time aspect. More than one-third of the FBs
thought that FBs was time-wasting, but they still wore FBs.

This study was an analytical evidence-based
research that investigated fake braces in Bangkok, Thailand.
The effects of peer influence, social ladder, and knowledge
on obtaining fake braces reported by several anecdotal
evidences were emphasized. Nevertheless, the result
should be interpreted carefully because this study had a
limitation as data was collected in Bangkok and the size
of sample is not quite large enough to show all relationships.
Another error in this study can occur while participants
wearing FBs were completing the questionnaires. They
might be reluctant to tell the truth because of fear of
punishment. Further research is suggested with a large
sample size and well-controlled bias would clarify more

relationships between FBs and the factors.

Conclusion

Although many determinants were associated
with braces obtaining, our study revealed that peer
influence, knowledge, the expectation of good tooth
alignment, and the expectation of looking like they are
from a higher social class among the younger adolescents
were proven to associate more strongly with the type of
braces obtained. Therefore, to deal with the FBs situation,
the provision of a health promotion program about FBs
should focus on younger students (age less than 15 years old)
to provide information and emphasize positive attitudes
toward the esthetic result of orthodontic treatment. The
attitudes toward the social class symbol of FBs should
be changed. Health education about the lack of safety of
FBs wearing is still needed. In addition, for an upstream

approach, lower cost or even free-of-charge orthodontic

treatment for more types of malocclusion patients might
be included in public health insurance to increase the

affordability for the lower SES patients.
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Accuracy Assessment of 3D Tooth Reconstruction with Novel Segmentation
Technique
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Abstract

Nowadays, in modern medicine, three-dimensional (3D) reconstruction uses innovative new applications by
building cost-effective patient-specific surgical models and prostheses. Concurrently, 3D reconstruction is useful in
dental and maxillofacial disciplines for pre-operative planning and surgical simulation. During the 3D reconstruction
process, one of the significant procedures is segmentation, which involves extracting interesting structures from
undesirable surroundings. In this case, if the digital segmentation is inaccurate, the physical model generated by
the virtual model will not properly represent the anatomy of the structure, resulting in a discordance between the
treatment plan and the outcome. The study aims to assess the segmental accuracy of the new threshold-based
semi-automatic segmentation method for establishing 3D tooth reconstruction from cone-beam computed tomography
(CBCT). Ten extracted teeth and corresponding pre-existing CBCT images were collected for this experimental studly.
The physical data of each extracted tooth was gathered as tooth length and volume, which were measured by
an electronic digital caliper and a densitometer for solids, respectively. The new threshold-based semi-automatic
segmentation method was performed by InVesalius software to establish 3D tooth reconstruction from corresponding
pre-existing CBCT images. The outcomes were measured through linear (deviation of the tooth length) and volumetric
(percentage of volume alteration) measurements between the 3D model and extracted tooth, using measurement
tools in the Meshmixer software. The Wilcoxon signed rank test was used to investigate all parameters. The results
revealed no significant difference in size between the 3D reconstruction and physical teeth in both linear and volumetric
measurements. Moreover, the accuracy of the segmental procedure in the linear and volumetric assessments is
97.44% and 94.95%. In conclusion, the new segmental technique from this study exhibits good accuracy. However,
further investigation in clinical application of the printing models established from this new method is recommended

to confirm its efficacy.
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Introduction

Advances in craniofacial imaging and image
acquisition techniques, such as CBCT images, had improved
our understanding of anatomical structures and probable
anatomical differences. 3D reconstruction images from
CBCT had been the best option for evaluating and treating
surgical problems in dental and craniofacial surgery, as
well as a variety of other specialties." Some examples
assisted in the development of a root analog implant
designed for immediate implantation®, creating a surgical
guide for implant surgery’, or simulating and navigating
oral and maxillofacial surgery.*”

During the 3D reconstruction process, one of the
significant procedures was segmentation, which involved
extracting the structures that would be created in the
3D model from undesirable surrounding structures.®’
Segmentation can be classified into three approaches:
manual, automatic, and semi-automatic segmentation.
First, the manual approach was user-dependent and done
layer by layer with software that groups all the layers
together to rebuild the 3D volume, which was a time-
consuming procedure and required the skill of an operator.”
Second, automatic method, in which the software auto-
matically selected the interested region and excluded
other nearby structures after setting the threshold interval.
Because it was time-saving and less operator-reliant, this
technique had the benefit of processing lots of data.”"
However, the lack of spatial resolution and contrast in the
image was the key challenge in this type of segmentation.”"*
And the last one, semi-automatic segmentation was a
computerized (hybrid) approach. In this case, the process
typically began with two user-driven interactive stages,
including the placement of initial seed areas in all three
directions and selecting a threshold interval (Hounsfield units)
to provide texture and background data for the program.®

By the way, grayscale intensities would be
displayed by the selection. When the range was not properly
defined, the anatomical structure of interest might be

distorted, causing undesirable dimensional changes.” In

the case of inaccurate digital segmentation, the physical
model generated by the 3D virtual model would not
properly represent the anatomy of the structure, resulting
in a discordance between the treatment plan and the
outcome.*

The accuracy of the segmentation technique,
particularly the threshold selection procedure, was the
critical element that could possibly affect the quality of
measurements in the 3D reconstructions. Whereas 3D
reconstruction has innovative new applications by building
cost-effective patient-specific surgical models and
prostheses in modern medicine as well as in dental and
maxillofacial disciplines for pre-operative planning and
surgical simulation."”* There are several commercial
and open-source software packages with various tools
available on the market. InVesalius, one of the free open-
source 3D reconstruction software applications', as well
as Meshmixer, one of the free open-source 3D model
graphical information processing software®, have been
utilized by many research projects.

Furthermore, the indicated mask over the
examined image, in the threshold-based segmentation
technique of the InVesalius software program, was obtained
from a medical CT. While the range of grayscale values
obtained from dental CT images, which are more practically
used in dentistry, were not similar. Thus, it was necessary
to use manual control to adjust the threshold values
together, focusing on the entire anatomical outline in all
slices, as the new segmental method.

Therefore, the aim of this study was to assess the
segmentation accuracy of the new threshold-based semi-
automatic tooth segmentation technique for establishing
3D tooth reconstruction from CBCT imaging. The null
hypothesis was that the size of the 3D reconstruction model
did not differ from the size of the physically extracted
tooth. The expected benefits of this study could include
aid in the diagnosis, treatment plan, and enable the creation

of patient-specific models or surgical guides, which could
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be assisted in preoperative planning and intraoperative
navigation. These tools could improve surgical outcomes,

aswellas reduce operation time, and the risk of complications.

Materials and methods

This experimental study was conducted from
October 2022 to February 2023 at the Department of Oral
and Maxillofacial Surgery, Faculty of Dentistry, Chulalongkorn
University. The workflow of this study was presented in
Figure 1.

The sample size of n = 4 was calculated by
G*Power 3.1, referring to the previous study (Park et al.,
2020). The samples were collected and categorized

into two groups: maxillary and mandibular teeth. Thus,

the total sample size required was five for each group,
including approximately 10 % compensation for errors.

The protocol was approved by the Human
Research Ethics Committee of the Faculty of Dentistry,
Chulalongkorn University (HREC-DCU 2022-077).
Sample selection

Patients who were referred for tooth removal
with pre-existing radiographic data (CBCT imaging) were
included in the study. Patients whose teeth had fractions
were excluded. A total of ten extracted teeth from five
patients were included, comprising five maxillary and five
mandibular teeth. All participants were informed about

the research details and provided written consent.

Study case selection

Physically
extracted tooth

Tooth Length Tooth Volume

by Digital caliper

by Densitometer

3D reconstruction from CBCT using
new segmentation technique

by InVesalius

Tooth Length Tooth Volume

by Meshmixer by Meshmixer

Evaluation of accuracy of new segmentation technique |

Linear
measurement

Volumetric
measurement

| Statistical analysis |

Figure 1 Study workflow

Study methods

The physical data of all extracted teeth were
collected as a tooth length and volume, which were
measured by an electronic digital caliper (in millimeters) and
a densitometer for solids (in cubic millimeters), respectively.
Al corresponding pre-existing CBCT images were segmented
by the InVesalius software program using a new threshold-
based semi-automatic segmentation technique. The
procedure was carried out by importing the radiographic

data with 1:2 slices re-arrangement, followed by creating

a selection mask using the enamel’s predefined threshold
value range (Fig. 2A) together with manual adjustment for
the desired threshold using the “Brush” and “Brush threshold
range” tools (Fig. 2B). The selection mask was focused on
the entire anatomical outline of the tooth layer by layer,
as the new segmentation technique. Finally, the 3D virtual
model was isolated in the visualization window using the
“Splitting disconnected surfaces: select the largest surface

option” tool and exported into STL format.
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Figure 2 New threshold-based semi-automatic segmentation technique by InVesalius software

A: First step of selection mask creation by enamel’s predefined threshold value range in mask property tab

B: Second step of selection mask creation by manual adjustment using “Brush” and “Brush threshold range” tools in

manual edition tab

Assessments

Two parameters were used for the measurement
of segmental procedure accuracy: linear deviation and
volumetric deviation. The linear deviation was defined

as the difference in the length (along the cusp tip or incisal

edge to the root apex) between each couple of the 3D
reconstruction model and the corresponding physically
extracted tooth. The volumetric deviation was assessed
by the volume change between the 3D reconstruction

model and the corresponding physically extracted tooth.
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All parameters were measured in the Meshmixer The procedures were performed three times by a
software program. In linear measurement, the length was single examiner, to minimize errors that can arise with different
scaled against two planes that contact the most superior investigators. Whereas, volumetric measurement was auto-
and inferior surfaces of the model (the differences in the matically determined by “Analysis” and “Stability” tools (Fig. 4).

Y-axis positions), using “Edit” and “Transform” tools (Fig. 3).

[ R L e

i

D6 s e &

@

Figure 3 Linear measurement by Meshmixer software
A: The plane that contacted to the most superior aspect of model (root apex)
B: The plane that contacted to the most inferior aspect of model (cusp tip) Tooth length was scaled by the difference in

the Y-axis position of these two planes

Figure 4 Volumetric measurement by Meshmixer software

264 J DENT ASSOC THAI'VOL.73 NO.4 OCTOBER - DECEMBER 2023



Statistical analysis

All ten samples were assessed, and statistical
analysis was executed using the statistical package for the
social sciences (SPSS version 28) software program. All
data were analyzed and compared using a Wilcoxon signed
rank test. The intra-observer agreement was performed
to qualify the results (ICC = 0.986), three samples were
selected and analyzed twice by the main observer with

a two-week interval.

Results and discussions

Results
The accuracy of segmental procedures in linear
measurement was shown in Table 1. The linear deviation

between the 3D-reconstructed model and the physically

Table 1 Accuracy of segmental procedures in linear measurement

extracted tooth in tooth length in terms of percentage
was examined.

While Table 2 showed the accuracy of segmental
procedures in volumetric measurement. The volumetric
deviation between the 3D-reconstructed model and the
physically extracted tooth in terms of percentage was executed.

The results revealed that no statistically significant
difference was found when both the linear and volumetric
measurements were considered (P = 0.799 and P = 0.878,
respectively). The correlation was also discovered when
the linear and volumetric deviations were taken into account
(Pearson correlation coefficients: r = 0.995 and r = 0.988,
respectively). As well, the accuracy of the segmental
procedures was 97.44 % in linear measurement and 94.95 %

in volumetric measurement (Table 3).

Linear measurement (mm)

o118

b

Parameters
3D model Physical tooth Linear deviation (%)

Tooth #1 10.66 9.70 9.89
Tooth #2 11.24 11.57 2.76
Tooth #3 20.89 20.76 0.62
Tooth #4 20.61 20.79 0.81
Tooth #5 22.36 21.48 4.09
Tooth #6 18.09 18.66 3.00
Tooth #7 20.72 20.85 0.57
Tooth #8 20.84 20.56 1.36
Tooth #9 23.99 24.35 1.47
Tooth #10 24.32 24.68 1.41

Table 2 Accuracy of segmental procedures in volumetric measurement

Volumetric measurement (mm?)

Parameters
3D model Physical tooth Volumetric deviation (%)

Tooth #1 103.71 106.2 2.33
Tooth #2 256.64 246.0 4.32
Tooth #3 651.71 693.2 5.98
Tooth #4 672.70 700.1 391
Tooth #5 700.76 652.6 7.37
Tooth #6 976.22 933.5 4.57
Tooth #7 635.61 621.1 2.33
Tooth #8 629.52 607.4 3.64
Tooth #9 527.79 560.8 5.88
Tooth #10 525.88 579.6 9.26
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Table 3 Statistical analysis of novel segmentation technique accuracy

Parameters Mean Minimum Maximum P value Pearson correlation Accuracy (%)
Linear 3D model 19.37 10.66 24.32 0.799 0.995 97.44
Physical tooth 19.34 9.70 24.68
Volumetric 3D model 568.05 103.71 976.22 0.878 0.988 94.95
Physical tooth 570.05 106.20 933.50

Discussions

There are a lot of software programs available
on the market for analyzing digital imaging and communica-
tions in medicine (DICOM). However, creating CBCT-based
segmentation reconstruction is still not a typical process
in dental practice. According to the manufacturer, the software
is difficult to use, requires higher computer specification,
and is licensed by the company, resulting in higher financial
expenditures. Other free, open-source DICOM viewers are
also available online. Because the majority of them involve
particular sesmentation procedures and are developed in
academic settings or by a small research group, physicians
may not be aware of these free, open-source altematives."
The InVesalius software program is one of the free open-
source medical software that generates the 3D reconstruction
models corresponding to the anatomical components
through automated thresholding, image segmentation,
mesh creation, volume rendering, and enabling 3D printing.'°
Meanwhile, the Meshmixer software program is also a free
open-source medical software that performs the inspection,
analysis, modification, and pre-processing of virtual models
before printing.”” These programs are compatible with
low-cost machines and various operating systems.

The segmentation technique is defined as the
virtual separation of an anatomical region with the
elimination of any non-interesting features to improve
visibility and analysis."” Tooth segmentation from CBCT
images is challenging according to the following factors:
1) When a CBCT is obtained under natural occlusion, it is
difficult to distinguish a lower tooth from the opposing
upper tooth along its occlusal surface due to the lack of
grayscale changes.'" 2) Similarly, due to their extremely

comparable densities, it is difficult to distinguish a tooth

from its surrounding alveolar bone. 3) And adjacent teeth
with similar shapes tend to confuse attempts to distinguish
distinct tooth instances. Therefore, it is difficult to achieve
successful tooth segmentation by relying on variations
in the intensity of CBCT images alone.”® In this way,
corresponding grayscale intensities (e.g., bone tissue
attenuation) should be displayed by the selection. In
the case where the range is not adequately defined, the
structures of interest might be thicker or thinner, causing
undesirable dimensional changes.’

The previous experimental study found that the
linear measurements made on mandibular 3D models
obtained using standard preset thresholds were reliable
and accurate.” This study also examines the segmentation
accuracy of the new threshold-based semi-automatic
method for establishing 3D tooth reconstruction from
CBCT imaging through the assessment of the linear and
volumetric measurements.

The outcome of this study showed no difference in
size between the new segmental technique 3D recon-
struction model and the physically extracted tooth, which
is consistent with a prior study, which indicated that the
accuracy of 3D reconstruction was higher in the case that a
high enough number of teeth remained and the set gray
value reconstructed the shape of the teeth properly.”

To comment on the difference in size, according
to the means of 3D models and physical teeth on linear
assessment, it is likely larger, and conversely, on volumetric
assessment, it is likely smaller. Consequently, both
parameters’ measurements presented no significant
differences, so the 3D models generated by the new

segmentation method could be helpful in preoperative
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planning or intraoperative navigation to improve surgical
outcomes, reduce operation time, and decrease the risk
of complications.

However, the limitation of this study is that it is
an in vitro study performed only in the software program
without printing out physical models, which may provide
valuable information about the success or limitations
associated with use in a clinical setting. Future research
may consider more confounding factors that might affect
the segmentation procedure, such as the location of the
region of interest (maxilla or mandible) or anatomical
variation (single root or multiple root). As well as the
clinical application of the printing models to determine

the full potential of this new segmentation method.

Conclusions

The new threshold-based semi-automatic
segmentation method was a promising approach for
establishing 3D tooth reconstruction from CBCT images.
The study indicated that this method demonstrated
good accuracy and had no significant difference in size
between the 3D tooth reconstruction and physical teeth,
which suggested that it could be a cost-effective and
efficient approach for pre-operative planning and surgical
simulation in dental and maxillofacial disciplines. However,
the study also recommended further investigation with a
larger sample size to confirm the efficacy of the method and

ensure that it could be effectively applied in a clinical setting.
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