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Abstract

Background: The orthodontic patients with inadequate oral hygiene have susceptibility to dental caries.
Increased dental biofilm accumulation has been found in orthodontic patients. However, assessment of
dental biofilm cariogenicity in these patients has not been reported. This open-label, two-arm parallel trial
evaluated the effects of toothbrushing and dietary advice on dental biofilm maturity and dietary habit in
patients with stainless steel (SSL) and elastomeric (EL) ligatures.

Methods: At TO, diet habits, socio-demographic, medical problems, orthodontic treatment, and dental
health behavior data were collected from 70 patients. The patients were randomized (1:1 ratio) to the SSL
or EL group by simple randomization at T1. Dental biofilm cariogenicity was evaluated using a three-
color-disclosing dye. The patients in both groups were instructed to brush their teeth using a combined
Horizontal-Charters-modified Bass technique and dietary advice. The data were reassessed at the 4-week
follow-up (T2).

Results: At T1, new dental biofilm (median 50%; Q1, 32.66%; Q3, 71.13%) was highest followed by mature
dental biofilm (median 26%; Q1, 20.42%; Q3, 47.93%), and cariogenic dental biofilm (median 8%; Q1, 4%;
Q3,22.92%) (p< 0.05), in SSL group. In the EL group, cariogenic dental biofilm (median 54.16%; QT,
44.44%; Q3, 69.56%) was highly observed, while the median for mature and new dental biofilm was 25.0%
(Q1,18.18%; Q3, 36.18%) and 13.63% (Q1, 7.55%; Q3, 26.96%), respectively (p < 0.05). At T2, cariogenic
dental biofilm in EL group demonstrated significantly greater reduction (47.04%) compared with the SSL
group (8%) (p < 0.05). Cariogenic food consumption was low in two groups. However, dietary habits did
not change in either group at T2.

Conclusions: Combined toothbrushing effectively reduced cariogenic dental biofilm in orthodontic
patients.

Trial registration Thai clinical trials registry (TCTR20220221003)

Background

Dental biofilm is a community of microorganisms embedded in a host- and bacteria-derived polymer
matrix found on the tooth surface as a biofilm. It is the primary etiologic factor contributing to dental
caries [1]. The recently developed Ecological Plagque Hypothesis states that the differences seen in the
microbiota from sound and carious sites are due to a change in oral environmental conditions. An
increased frequency of fermentable sugar consumption selects for cariogenic bacteria at the expense of
health-associated bacteria that prefer an approximately neutral pH environment [2]. The growth of
bacteria associated with sound tooth surfaces is reduced, which over time results in an increase in the
proportions and activity of cariogenic species at specific sites and a heightened risk of caries [3].

Previous publications revealed moderate evidence that the presence of fixed appliances influences the
quantity and quality of the oral microbiota. This change might be transitional depending on oral hygiene
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practices [4]. The stainless (SSL) and elastomeric ligation (EL) are commonly used in orthodontic
treatments. There was a 12% difference in the plaque index between the SSL and EL [5]. In addition, there
were increased numbers of microorganisms around EL compared with SSL, however, this was not
reflected in a shift to more cariogenic species [6].

There have been other non-randomized studies comparing EL and SSL, and some of these contradict
previous studies. A split-mouth study found no significant differences in microbial growth between the EL
and SSL groups [7]. Studies that quantified the presence of dental biofilm using spectrophotometry and
morphologic observations by scanning electron microscopy also found no significant differences
between the EL and SSL groups [8, 9.

Early carious lesions in the enamel are observed clinically as white spot lesions (WSLs) [10]. WSL
development is caused by prolonged dental biofilm accumulation [11]. Orthodontic treatment
significantly increases the risk of WSLs in patients with inadequate oral hygiene [12]. However, Eltayeb,
MK et al. [13] reported a nonsignificant relationship between WSLs and oral hygiene measures. Another
study reported that a higher frequency of daily tooth brushing was accompanied by a lower prevalence of
WSLs [14]. Therefore, it is possible that oral hygiene and tooth brushing are not the only factors that
affect WSL development.

Although numerous studies have evaluated the effect of fixed orthodontic appliances on dental biofilm
accumulation, no study has reported their effects on the ecological changes in plaque. Previous reports
demonstrated a significant increase in cariogenic bacteria, including Streptococcus mutans and
Lactobacilli, in subjects treated with fixed appliances [15]. However, S. mutans is no longer considered a
necessary dominant pathogen in dental caries [16]. The Ecological Plaque Hypothesis posits that the low
pH environment generated from carbohydrate metabolism is a major factor responsible for the shifts
observed in dental plaque bacteria in patients eating a high carbohydrate diet [1, 3]. Therefore, dental
biofilm assessment should be based on acid production by fermentation using a sucrose challenge.

A three-color disclosing dye (GC TriPlaque ID Gel ™, GC Corporation, Tokyo, Japan) has been developed to
determine the cariogenicity of dental biofilm. Pink indicates newly formed dental biofilm less than 1-day-
old and older plaque is stained blue/purple because the blue dye is trapped in the three-dimensional
substructure of the dental biofilm. Light blue staining reveals areas of cariogenic dental biofilm due to the
fermentation that occurs because of the sucrose present in the gel [17]. A study demonstrated that the
areas with light blue staining have high levels of S. mutans, which represent dysbiosis in the dental caries
and greater caries risk [18].

The concept of an ecological catastrophe, first proposed by Marsh in 1995, forms the basis of the
modern understanding of the disease process [19]. Contributing factors to dental caries that affect the
cariogenicity of the dental biofilm include the frequency of performing oral hygiene, the types of oral
hygiene products used, eating patterns (in terms of fermentable carbohydrates and acid challenges), and
the level of fluoride exposure [20]. An excessive frequency of sugar and soft drink consumption is a major

caries risk factor [21]. Many methods, including dietary history, 24-h recall, dietary record, and food
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frequency questionnaires, are recommended to assess dietary habits. However, a 3—7 d diet chart might
provide a more complete picture of the types of food/drink a person is consuming on a regular basis [22].

Specific Objectives Or Hypotheses

The objective of this study was to evaluate the effects of a combined Horizontal-Charters-modified Bass
brushing technique and diet counseling on dental biofilm cariogenicity and diet habits in patients treated
with fixed orthodontic appliances (SSL or EL).

Methods
Trial design and any changes after trial commencement

This study was a single-center, open-label, two-arm parallel-group, randomized clinical trial with an
allocation rate of 1:1 conducted in Thailand. The experimental procedures were in accordance with the
applicable ethical standards on human experimentation and with the Helsinki Declaration of 1975, as
revised in 2013 [23]. The Institutional Review Board at Walailak University approved the study on 13
August 2020 (protocol number: WUEC 20-227-01/2) prior to selecting the patients with fixed orthodontic
appliances. Written informed consents were received from all patients. No changes to the methodology
occurred after trial commencement. The trial is registered at the Thai clinical trials registry
(TCTR20220221003). The presentation of this report is according to the Consolidated Standards of
Reporting Trials (CONSORT) guidelines for reporting trials [24]. All methods were performed in
accordance with the approved guidelines and regulations.

Participants and eligibility criteria

This study was performed at a private orthodontic clinic in Samutprakarn province, Thailand. Patients
were screened for eligibility at their regular scheduled orthodontic appointments. The eligibility criteria for
the patients comprised: (1) physically healthy with no medical problems, (2) > 12 years old at the
commencement of treatment, (3) treatment with the same type of conventional preadjusted brackets
(Roth type, Tomy International, Tokyo, Japan), (4) ability to maintain adequate oral hygiene, and (5)
availability to follow-up during the 3-month period of the study. The exclusion criteria were (1)
hyposalivation and (2) antibiotic therapy within 3 months prior to the trial.

Interventions

Patients were screened for eligibility at their regular scheduled orthodontic appointment. Eligible patients
were informed about the study by an orthodontist. The duration of this study was approximately 5-6
months for each patient. In the beginning of the study (T0), the eligible participants were asked to
complete self-administered questionnaires relating to their socio-demographic, medical problems,
orthodontic treatment, and dental health behavior. The patients underwent WSL and dietary habit
evaluations before tying the SSL or EL. Each patient was randomly divided into two groups at T1. In

Page 4/29



group 1 (SSL group), the patients were ligated with stainless steel ligatures (0.01 inch stainless steel wire
ligature ties, Highland Metals™, IL, USA). For group 2 (EL group), the patients were ligated with
elastomeric rings (Dyna stick, elastomeric ties, DynaFlex company, St. Louis, MO, USA).

Dental biofilm cariogenicity was measured in both experimental groups at T1. Oral hygiene instructions
and dietary counseling were given to the SSL and EL group patients at this visit. The patients received a
session of professional mechanical plaque removal guided by the application of a plaque disclosing
agent. They were instructed to use a combined Horizontal-Charters-modified Bass technique to clean their
teeth with manual toothbrushes (124 GUM orthodontic toothbrush, Sunstar Corporation, IL, USA) [25]. The
areas around the brackets and archwires on the facial surface were cleaned using the Horizontal
technique. Next, the Charters technique was used to clean the undercut below and above the wing of the
brackets, occlusal, and palatal surfaces, followed by a modified Bass technique to clean the intrasulcular
areas. The patients were also instructed to clean all interdental areas using dental floss and an
interdental brush. After receiving the oral hygiene instructions, the patients brushed their teeth based on
the protocols. To monitor the patients’ tooth brushing performance, dental biofilm staining was
performed using GC Tri Plaque ID Gel™. Satisfactory tooth brushing was defined as when all stained
biofilms were removed.

At T1, the patients in both experimental groups received dietary advice focusing on the role of diet in
dental caries development, especially the effect of sugar and acid drinks on increasing their caries risk.
The diet counseling aimed to change the patients’ dietary behaviors so that they chose diets with low or
noncariogenic snacks, and limited sweet foods to mealtimes only. The patients were also instructed to
abstain from sugar 1 h before bedtime due to the reduced overnight salivary flow rate and buffering
capacity [26-28]. They were informed of the types of acidic food and drinks (soft drinks, sport drinks,
energy drinks, and fruit drinks) to avoid. The patients were also advised to restrict having acidic drinks to
mealtimes, if possible, and avoid them close to bedtime and to finish the beverage at one time instead of
sipping the beverage over a long period. If possible, the acidic drinks should also be low in sugar to
minimize dental caries. Rinsing with water after drinking these products was also recommended. The
patients were requested to drink only milk or water [27, 29, 30]. The researcher used the information
derived from the diet analysis to guide the conversation with the patients about their dietary habits and
caries risk status.

During the follow-up period, the patients were directed to regularly brush their teeth using the assigned
tooth brushing technique with fluoride toothpaste for at least 2 min after every meal. A Proxabrush
(Sunstar Americas, Inc., Schaumburg, IL, USA) was used to clean the small spaces under the wires and
around the bands and brackets. The patients were instructed to floss with the help of a floss threader
after every meal.

The patients’ compliance with oral hygiene measures was monitored via a social media (Line)
application. Both experimental groups provided their self-monitoring data over the entire intervention
period. Smart phone videos of the patients brushing their teeth were self-recorded at their homes and sent
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to an investigator weekly. The patients also used the chat room to share information and pictures
regarding their oral hygiene measures. The chat room was moderated by an investigator. The investigator
gave feedback concerning their oral hygiene measures after visually evaluating the patients’ video and
level of participation in the chat room.

To assess the participants’ adherence to the dietary recommendations, the investigator called the
participants once a week during the follow-up period. Semi-structured interviews were performed between
the patients and the investigator. The interviews focused on how well the patients followed the diet
recommendations for caries prevention. Dietary advice must be realistic and always based on the
patient’s current dietary behavior.

The changes in dental biofilm maturity and diet behavior in each group after the inventions were
assessed after ~ 4 weeks (T2). Furthermore, to assess tooth brushing performance, the subjects in both
groups were directed to brush their teeth for an additional 2 min after whole mouth biofilm staining at the
T2 visit. Individual focus care parameters were designated where the examiner could monitor the patient’s
tooth brushing performance. The Focus Care Areas comprised the following parameters: (1) tooth
contact time, (2) tooth contact on the facial, occlusal, palatal, and bracket surfaces, and (3) the sequence
of brushing movement as either horizontal, Charters, modified Bass techniques, and no brushing
movement at all. The focus care parameters were observed in the sequence defined above, starting with
the tooth contact time and ending with the brushing movements. WSL detection, dental biofilm staining,
oral hygiene instructions and diet counseling were performed in an orthodontic clinic by a single
calibrated operator (T.S.).

Outcomes (primary and secondary)

The primary study outcome was dental biofilm cariogenicity and the secondary outcome was sugary and
acidic food consumption between meals. These outcomes were collected through clinical examination
(dental biofilm staining) and a questionnaire (dietary habits). Each participant was examined before the
interventions (T1). The same evaluation process was used after 4 weeks (T2).

Sample size calculation

The minimum number of participants required was determined using the G*Power version 3.1.9.4
package. The sample size was estimated based on a medium effect size (Cohen d = 0.5) expectation for
the changes in the percentage plaque maturing staining (% PMS) between T1 and T2 in each group [31].
We used the Wilcoxon signed-rank test for dependent 2 groups with a power of .80 and an error a=0.05,
which determined that a minimum of 28 participants in each group was needed. Considering a dropout
rate of 10%, the final sample size required in each group was at least 31 participants.

Interim analyzed and stopping guidelines

Not applicable
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Randomization (random number generation, allocation
concealment, implementation)

Randomization to the two intervention groups was performed by another staff from the orthodontic
clinic. The patients were randomly selected from the eligible patients with a 1:1 allocation rate. The
eligible patients were divided into two groups [Group 1 (SSL) and Group 2 (EL)]. Simple randomization
was performed using the chit box method to ensure an equal number in each group [32]. We prepared 35
chits by writing No.1 (for Group1) on 35 chits and No. 2 (for Group 2) on 35 chits. After folding the chits
and putting them in a box and mixing well, the first patient drew a chit, and noted the number written on
it. The chit was not placed back in the box. The next patient drew the second chit first, noted it, discarded
it, and the randomization proceeded similarly until the last chit was drawn.

Blinding

Blinding of the clinical investigators and participants to the intervention in each group was not possible in
this trial.

Examiner training

An experienced investigator (S.K.) trained an examiner (T.S.) in the dental plaque staining and WSL
examination procedures. The examiner was trained for 1 month before the start of the study. The
examiner made an audiovisual presentation of 8—10 cases. Plaque staining and WSL evaluation was
discussed in detail, step by step, along with a clinical photograph of each variable that can affect the
evaluation. This was followed by explanation about how to calculate the WSL grades. The examiner and
the investigator compared each other's grades and any discrepancies were resolved by discussion. During
the practice sessions, the experienced investigator regularly reviewed the examination data and provided
instructive feedback to the examiner explained where the examiner deviated from the grading guidelines.

Measured parameters
Questionnaire and diet analysis

Self-reported questionnaires were used to obtain the patient’s socio-demographic data, medical history,
dental history, and oral care practices. The socio-demographic variables were age, sex, and level of
education. The medical history comprised systemic diseases and medications. The questionnaire
contained dental history questions regarding dry mouth symptoms, i.e., dry feeling in the mouth, difficulty
swallowing and/or eating, and feeling thirsty. Oral care practices were assessed through questions on
tooth-brushing frequency, when they brushed each day and method, tooth-brushing duration, fluoride
exposure, and other cleaning materials used.

It is suggested that dietary assessments should feature several additional approaches, including
conducting 24-hour recall interviews and asking patients to complete three-, five- or seven-day diet diaries,
especially if the dentist cannot identify dietary etiologic factors of caries development during the
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interview process [21, 22]. In the present study, dietary analysis was performed as described by Ngo et al.
[28]. The patients were required to keep a record of their food and beverage consumption for 5 d (three
weekdays and over a weekend). Dietary analysis comprises the most subjective information, because it
involves patients' attitude, motivation, cooperation, and honesty. Therefore, in this study, the patients were
educated and motivated to enter everything that he/she consumed from morning until bedtime in the
chart. They were also requested to include any medications, chewing gum, and cough lozenges. The
chart was analyzed at the T2 visit by the dentist-patient duo for the frequency of acid foods including
frank or occult sugar intake between meals. The average number of exposures to sugar and acid between
meals over the 5 d was calculated for each patient.

WSL detection

Clinical examination for the presence of WSLs was performed on the labial surfaces of individual teeth.
The examination and scoring were performed as previously described by Gorelick et al. [33]. The lesions
were scored as follows:

Score 0 = no white spot formation

Score 1 = slight white spot formation

Score 2 = severe white spot formation

Score 3 = white spot formation with cavitation

Based on the WSL score on the tooth surfaces, the percentage of WSLs in each score was obtained using
the formula:

% WSL of each score = (number of teeth with each WSL score /total number of teeth examined) x100.

Assessment of dental biofilm cariogenicity

Dental biofilm cariogenicity was assessed by staining all tooth surfaces, except the occlusal surfaces,
with GC Tri Plaque ID Gel™. After placing a lip and cheek retractor (OptraGate, Ivoclar, Vivadent), the gel
was applied with a microbrush on all tooth surfaces and left undisturbed for 2 min. The tooth surfaces
were then gently rinsed with water for 30 sec, and the changes in dental biofilm color were observed

(Fig. 1). The original dark blue color changed to light blue when the plaque pH was less than 5. Immature
and mature dental biofilm turned pink and purple, respectively [17]. Each color-stained dental biofilm type
was scored separately. Based on the color changes on the tooth surfaces, % PMS was obtained using the
formula:

% PMS = (number of teeth with each colored plaque/total number of teeth examined)

X 100 as previously described [34].
Statistical analysis (primary and secondary outcomes)
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Data analysis was performed using the Statistical Package of Social Sciences version 25 (IBM Corp.,
Armonk, NY, USA) and GraphPad Prism 7.0 (GraphPad Software, Inc., San Diego, CA). Due to our small
sample size, all parameters were tested for a normal distribution using the Shapiro Wilk normality test.
The skewness and kurtosis of the data were also calculated. The Shapiro Wilk test (p< 0.05) and the
skewness and kurtosis results indicated that our data were not normally distributed. Therefore, non-
parametric tests were used in this study. Descriptive statistics are presented as median, range, 25th
percentile (Q1), 75th percentile (Q3), and percentage. The Wilcoxon signed-rank test was used for
comparisons between two dependent groups. For more than two independent groups, the Kruskal Wallis
with Dunn-Bonferroni post-hoc test were performed. Statistical significance was defined as p< 0.05.

Results

The Shapiro Wilk test results indicated that our data were not normally distributed. Therefore, non-
parametric tests were used in this study.

Participant Flow

Participants were included from October 25, 2020 until April 7, 2021. Seventy patients (13—53 years old,
median 28 years old) with fixed orthodontic appliances were randomized in a 1:1 allocation in this study.
No patients dropped out due to adverse effects of the intervention. The patients were randomly divided
into two groups: the SSL (median age 28 years old, range,13-43 years old) and EL groups (median age
28 years old, range, 15-53 years old) (Fig. 2).

Baseline data

Comparable intervention arms are important at baseline and should be presented when studies are
reported. However, it is advised to look for meaningful baseline differences rather than significant
differences because the trial was not powered for this purpose [35].

Complete data was obtained from 70 patients, of whom 57 were female (81.42%). The median (range)
duration of the fixed orthodontic therapy in the selected patients was 3.65 (0.3-7.0) years (Table 1). The
median (range) age in the SSL group was 28 (13-43) years old and 28 (15-53) years old in the EL group.
There were 30 (80.71%) females in the SSL group and 27 (71.14%) females in the EL group. More than
50% of our patients (68.57%, SSL group and 74.29%, EL group) had more than a high school education
(Table 1).
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Table 1

Distribution of socio-demographic, orthodontic treatment and white spot lesion data
based on ligature type at baseline

Variable SSL EL
Socio-demography

Age (years) 28 28
Median 13-43 15-53
Min-max

Sex 5 (14.29) 8 (22.86)
Male, n (%) 30 (85.71) 27 (71.14)
Female, n (%)

Educational level, n (%) 11 (31.43) 9 (25.71)
< Diploma 24 (68.57) 26 (74.29)
= Diploma

Duration of fixed orthodontic therapy (year) 4 3

Median 0.5-5.0 0.3-7.0
Min-max

Duration of ligation before the interventions 30 30
(TO-T1, days) 25-44 21-62
Median

Min-max

Follow-up duration (T1-T2, days) 32 30
Median 21-111 21-180
Min-max

White spot lesion (%) 100 (83.33-100) 96.42 (76.16-100)
No [Median (min-max)] 0 (0-16.16) 3.58 (0-16.16)
Slight [Median (min-max)] 0 (0-4.16) 0 (0-4.16)
Severe [Median ( min-max)]

The median (range) duration of orthodontic treatment before participating in this study was 4 (0.5-5.0)
years and 3 (0.3-7.0) years in the SSL and EL groups, respectively. The duration (median and range) of
ligature placement (TO-T1) before the interventions was 30 (25-44) d) in the SSL and 30 (21-62) d in
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the EL. The median (range) follow-up duration (T1-T2) was 32 (21-111) d and 30 (21-180) days in the
SSL and EL groups, respectively.

No WSL score 3 (cavitation) was observed in our patients. The median and range of WSL scores 0, 1, and
2 in the SSL group were 100% (83.33-100), 0% (0-16.66), and 0 (0—4.16), respectively. The detection
rate was 96.42% (79.16-100), 3.58% (0-16.66), and 0 (0—4.16), respectively, in the EL group.

There were no systemic diseases or dry mouth-associated symptoms in our patients (Table 2). None of
the patients in the SSL and EL groups reported experiencing dry mouth. The questionnaire data regarding
oral behaviours revealed that almost all of our patients (94.28%) performed tooth brushing at least twice
a day. Tooth brushing was performed most frequently in the morning, after lunch, before bedtime, and
other times (>90%). Specific tooth brushing methods, i.e., Horizontal, vertical, and circular scrubbing were
found in both groups (11.43%, SSL group and 20%, EL group), whereas the combined brushing method
was the most common in both groups (88.57%, SSL group and 80%, EL group). Furthermore, 22.86% of
the SSL group and 14.29% of the EL group spent less than 2 min brushing their teeth. In addition to
brushing, 74.29% of the SSL group used dental floss compared with 82.86% in the EL group. We found
that 71.43% of patients with SSLs used interdental brushes, while this rate was 82.86% for the patients
with ELs. Our results indicated that 57.14% of the SSL group and 74.29% of the EL group used
mouthwash. Furthermore, 8.58% of the SSL group used other oral care products compared with 20% for
the EL group. The frequency of professional fluoride application was 11.43% and 22.86% in the SSL and
EL groups, respectively.
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Table 2

Distribution of the medical history and dental health behaviors of patients
based on ligature type at baseline

Variable SSL EL
Systemic disease, n (%) 0 (0) 0 (0)

Yes 35(100) 35 (100)
No

Medication-induced hyposalivation, n (%) 0 (0) 0 (0)

Yes 35(100)  35(100)
No

Dry mouth, n (%) 0 (0) 0 (0)

Yes 35(100) 35 (100)
No

Difficulty swallowing, n (%) 0 (0) 0 (0)

Yes 35(100)  35(100)
No

Feeling thirsty, n (%) 0 (0) 0 (0)

Yes 35(100) 35 (100)
No

Tooth brushing frequency, n (%) 2 (5.72) 2 (5.72)

< 2 times a day 33(94.28) 33(94.28)
> 2 times a day

Occasion of tooth brushing, n (%) 34(97.14) 32(91.43)
In the morning 34(97.14) 32(91.43)
After lunch 34 (97.14)  32(91.43)
Before bedtime 32(91.43) 31(88.57)
Other times

Tooth brushing technique, n (%) 4 (11.43) 7 (20)
Horizontal, vertical or circular 31(88.57) 28 (80)

Combined
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Variable SSL EL

Tooth brushing time, n (%) 8 (22.86) 5(14.29)
< 2 minutes 27 (77.14) 30 (85.71
> 2 minutes

Use of dental floss, n (%) 26 (74.29) 29 (82.86)
Yes 9(25.71)  6(17.14)
No

Use of interdental brush, n (%) 25(71.43) 33(94.29)
Yes 10 (28.57) 2(5.71)
No

Use of other oral health-care products, n (%) 3 (8.58) 7 (20)

Yes 32(91.42  28(80)
No

Use of mouthwash, n (%) 20 (57.14) 26 (74.29)
Yes 15(42.86) 9 (25.71)
No

Professional fluoride application, n (%) 4(11.43) 8 (22.86)
Yes 31(88.57) 27 (77.14)
No

Taken together, our findings demonstrated that there were no meaningful differences in baseline
characteristics that can confound the results of this trial which supported the dental trials guidelines [35].

Dental biofilm cariogenicity (primary outcome)

In the SSL group at T1, the percentage of new dental biofilm (median 50%; range 8—100%; Q1, 32.66%;
Q3, 71.13%) was the highest compared with mature dental biofilm (median 26%; range 0—-84%; Q1,
20.42%; Q3, 47.93%) and cariogenic dental biofilm (median 8%; range 0—-54.54%; Q1, 4%; Q3, 22.92%) (p<
0.05, Kruskal Wallis with Dunn-Bonferroni post-hoc test) (Fig. 3). After tooth brushing with the
recommended technique and dietary advice (T2), the percentage of new dental biofilm significantly
increased (median 79.16%; range 16.66—100%; Q1, 62.96%; Q3, 96.15%) (p< 0.05, Wilcoxon signed-rank
test). In contrast, the percentage of mature dental biofilm (median 20%; range 0-70.83%; Q1, 1.85%; Q3,
28.42%) and cariogenic dental biofilm (median 0%; range 0—-40%; Q1, 0%; Q3, 8.01%) significantly
decreased (p<0.05, Wilcoxon signed-rank test). The Kruskal Wallis with Dunn-Bonferroni post-hoc test
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indicated a significant difference in all pair-wise comparisons of dental biofilm staining at T2 in the EEL
group (p<0.05).

The EL group demonstrated the highest percentage of cariogenic dental biofilm (median 54.16%; range
14.81-100%; Q1, 44.44%, Q3, 69.56%) at T1, while the median percentage was 25.0% (range 0—70.83%;
Q1, 18.18%; Q3, 36.18%) and 13.63% (range 0—-60%; Q1, 7.55%; Q3, 26.96%) for mature and new dental
biofilm, respectively (p < 0.05, Kruskal Wallis with Dunn-Bonferroni post-hoc test) (Fig. 4). A decrease in
cariogenic dental biofilm (median 7.14%; range, 0-50%; Q1, 0; Q3, 15.78%) was observed at T2, whereas
an increase in immature dental biofilm (median 64%; range 16.7-100%; Q1, 40.40%; Q3, 82.60%) was
detected (all p<0.05, Wilcoxon signed-rank test). However, there was no significant difference in mature
dental biofilm (median 29.62%; range 0-70.83%; Q1, 13.04%; Q3, 46.21%) after the interventions (p>0.05,
Wilcoxon signed-rank test). The Kruskal Wallis with Dunn-Bonferroni post-hoc test indicated a significant
difference in all pair-wise comparisons of dental biofilm staining at T2 in the EL group (p<0.05).

Diet analysis

A low frequency of sugary and acidic food consumption between meals was observed in the patients
with SSL and EL (Table 3). In the SSL group, the median (range) score of sugar exposure between meals
was 0.2 (0-2.8) times/day at T1 and 0 (0—-2.4) times/day after dietary advice (T2). The median (range)
score of acidic food consumption between meals was 0 (0-2.0) times/day and 0 (0-1.2) times/day at
T1 and T2, respectively. However, the difference in these dietary habits was not significant (p>0.05,
Wilcoxon signed rank test). Similarly, a low frequency of sugary and acidic food consumption was found
in the EL group. The patients were exposed to sugar (median, 0 times/day; range, 0-1.4 times/day) and
(median, 0 times/day; range, 0—1.6 time/day) at baseline and follow-up, respectively, which were not
significantly different (p>0.05, Wilcoxon signed rank test). The median and range of acid exposure
between meals at T1 and T2 was 0 (0—1.6) times/day and 0 (0—0.6) times/day at T1 and T2,
respectively, in the EL group, which were similar (p>0.05, Wilcoxon signed rank test).
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Table 3

Median and range of the frequency of sugary and
food acid intake between meals at baseline (T0)
and after interventions (T2) in the SSL and EL
groups

Food TO T2 p-value

(times/day) (times/day)
Sugar
SSL  0.2(0-28) 0(0-24) goa
EL 02(0-1.4) 0(0-24) (o6
Acid
SSL  0(0-20) 0(0-1.2) 0.062

EL 0(0-1.6) 0 (0-0.6) 0.432

dWilcoxon signed rank test.

Benefits and harms

The participants in this trial might benefit from the intervention by achieving better oral health. Before the
interventions and all post-treatment visits, a comprehensive assessment of the teeth and oral soft tissues
was conducted via visual examination of the oral cavity. Care as usual was provided following the
standard orthodontic protocols. No adverse events were noted or reported during the study. No serious
harm was observed.

Discussion

This parallel-design randomized clinical trial directly evaluated the effects of the assigned tooth brushing
and dietary advice on reducing cariogenic dental biofilm and cariogenic food consumption. This study
design can make causal inferences, provide evidence of an intervention’s efficacy, and minimize bias. The
strengths of our study include its relatively large sample size (> 30 patients), high retention rate, and good
intra-examiner calibration. We adopted several strategies for reducing possible bias, including
randomization, allocation concealment, and intention-to treat analysis, which are recommended in the
CONSORT guidelines for reporting on randomized clinical trials [24, 36]. Furthermore, the CONSORT
statement recommends a table demonstrating the baseline characteristics of the patients in each group,
without testing for significant differences and p values [37, 38]. Therefore, significant differences in the
baseline data between the SSL and El groups were not presented in this study. However, most baseline
data had a non-normal distribution. Therefore, we could not use an absolute standardized difference to
indicate an imbalance in randomization [39]. The quality of randomization and the imbalance of this
study were assessed as described by Chen et al. [40]. First, we described the participant characteristics in
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detail. The baseline Tables 1 and 2 allow readers, especially clinicians, to judge how relevant the results
of this trial might be to a particular patient. Next, to establish compliance with the study protocols: the
inconsistencies between our trial protocols and the final report have been documented. For example, the
CONSORT flow diagram of the participants provides the participant eligibility, trial sample size, and
missing data. Furthermore, we provided the baseline information necessary for replicating this trial and
for comparing it with other similar randomized control trials. Lastly, the baseline demographic and
clinical characteristics of the trial are useful for evaluating this trial's generalizability. Our eligibility criteria
were not very rigorous and we recruited participants from patients currently undergoing fixed orthodontic
therapy.

The baseline characteristics observed in this study were similar to those reported in previous studies.
Generally, the oral hygiene practices of the orthodontic patients in our study were good. This finding was
expected because patients are repeatedly advised to maintain good oral hygiene while receiving any
orthodontic treatment. Our results suggest that regular visits to the orthodontist is a key factor in
improving oral hygiene and gingival health [41]. Many studies reported that a high percentage (>90%) of
orthodontic patients brushed their teeth at least twice a day [42, 43]. Active orthodontic patients had a
higher likelihood of brushing their teeth for 2 min or more compared with the control group [44].
Horizontal, vertical, or circular scrubbing techniques were performed by the patients in the current study.
The combination method was the most common brushing technique in the SSL and EL groups and our
findings are in line with those of a previous report [45]. However, our brushing technique findings did not
concur with those of Atassi and Awartani [46], who revealed that the horizontal method was the most
commonly used brushing method.

During orthodontic treatment, ideal oral hygiene may not be achieved solely by tooth brushing. Interdental
tools and daily rinsing with fluoridated mouthwash can significantly improve dental health. The use of
dental floss, interdental brushes, and mouthwashes was commonly observed in our patients, which
agrees with previous studies [43, 47]. The possible explanation for our findings might be that the use of
mouth rinse and interdental tools was reinforced in our patients. However, some studies reported that
inappropriate oral hygiene was observed in orthodontic patients. Most of their orthodontic patients did
not use dental floss or interdental brushes [45, 46]. These disparate findings could be attributed to several
reasons, such as differences in demographic factors or oral hygiene advice protocols implemented in
different countries.

Of the 70 patients who underwent fixed orthodontic treatment for 0.3-7.0 years, 0—3.58% of the
examined teeth had WSLs. The reported proportion of patients with WSLs after fixed orthodontic
treatment varies widely from 2-96%. This variation can be attributed to differences in the standardization
of clinical examinations and the use of various detection tools with different sensitivities and specificities
in diagnosing demineralization [48]. Conversely, our results were in line with those of Gorelick et al. who
found that 3.6% of teeth had WSLs after placing fixed appliances for ~ 1 year. Similar to our findings, no
excessive white spots or cavitation were found in their patients. According to the WSL results in the SSL
and EL groups, it was assumed that the two groups had a similar caries risk status [13, 49].
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In this study, we investigated the influence of SSL and EL on dental biofilm cariogenicity. To assess caries
activity based on the ecological plaque hypothesis, we used the 3-tone disclosing gel to determine plaque
maturity. The ecological plaque hypothesis focuses on acidogenic bacterial species and the factors that
result in the environmental change of dental biofilm. Based on the determinants-confounders’ model in
dental caries, socio-demographic characteristics, dental health behaviors, diet habits, and caries risk
status are confounders of dental biofilm and caries formation [50]. Therefore, these confounding factors
should be controlled in a randomized controlled trial. Notably, in this study, no meaningful differences in
sociodemographic characteristics, dental health, behaviors, caries risk status (WSL prevalence),
frequency of sugary and acidic food exposure, or duration of orthodontic treatment were observed
between the SSL and EL groups at T1. These results indicated that in the present study, the above-
mentioned confounders were well controlled between the two study groups.

Fixed orthodontic therapy typically causes retentive site-associated dental plaque accumulation [51].
Elastomeric rings and ligature wires are the two most commonly used techniques for tying archwires.
Forsberg et al. [6] discovered higher levels of acid-producing bacteria, particularly S. mutans and
Lactobacilli, on EL compared with SSL in 12 orthodontic patients. In contrast, Tukkahraman et al. [7]
found no significant difference in the number of S. mutans and Lactobacilli from teeth ligated with either
SSL or EL. Our findings are in line with Forsberg et al. [6] because we also found a higher percentage of
cariogenic dental biofilm in the EL group compared with the SSL group. This difference might be due to
an increase in the retentive area of elastomeric rings compared with stainless steel ligatures [51]. Our
results, however, differ from the results of Rodrigues et al. [52] who reported no difference in the dental
biofilm formation between the surfaces tied with either SSL or EL when using a plaque staining method
that evaluated dental biofilm accumulation, but not its cariogenicity.

In addition to the difference in retentive areas for dental biofilm accumulation, elastomeric rings are an
organic material that might be more favorable for bacterial colonization compared with stainless steel,
which is an inorganic material with an inert material surface [53, 54]. Furthermore, fixed orthodontic
appliances can induce oral ecologic changes, such as a low pH environment, which may lead to
increased dental biofilm cariogenicity. It was found that early in orthodontic treatment, EL significantly
reduced salivary pH compared with SSL, lowering it below the critical pH level [55]. Our findings confirm
those of previous studies that ligature type affects dental biofilm accumulation. The results of the
present study suggest that ligature type has a significant effect on the ecological environment of the
dental plaque deposited on orthodontic appliances. The increased retentive areas and organic nature of
elastomeric rings play important roles in increasing dental biofilm cariogenicity.

Due to the increase in dental biofilm accumulation and its ecological changes, excellent oral hygiene
practice during fixed orthodontic treatment must be performed. Preventive programs must be emphasized
to all orthodontic patients [56]. Mechanical plaque control is a meaningful challenge for orthodontic
patients, because they face multiple difficulties, including which brushing technique to use, how to access
posterior areas of the dentition, the correct frequency and duration of tooth brushing, and the best
method of achieving plaque control in the interdental regions [44, 45, 57]. Fixed appliances, including
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brackets and archwires, impede access to the tooth surface and increase the complexity of the
mechanical cleaning that the patient must perform [58].

Currently, there is a lack of sufficient scientific evidence to support any recommendations on tooth
brushing techniques for patients receiving orthodontic treatment with fixed appliances [25]. A few studies
compared tooth brushing techniques for orthodontic patients. For patients with fixed appliances, the Bass
technique was found to be more effective than the Horizontal technique, followed by the Modified
Stillman technique in improving gingival health. However, for removing dental biofilm, the Horizontal
technique was found to be the most effective, while the Bass technique was the least effective. This
might be because the Bass technique targets biofilm on the gingival margin and in the sulcus, but is
unable to clean the areas around fixed appliances [59]. In contrast, Hussein et al. [60] reported that the roll
technique had a superior cleansing effect compared with the Horizontal method. The authors suggested
that although orthodontic patients practiced the Horizontal brushing technique, which is the most used
technique, patients practiced it with some technical errors, especially with sulcular brushing or gingival
cleansing. Moreover, patient discomfort from Horizontal scrubbing was alleviated when brushing with the
roll technique, resulting in them preferring the roll technique rather than the Horizontal technique.
However, a study on the effect of tooth brushing on S. mutans and Candida albicans counts suggests
that the modified Bass technique is an important tool in maintaining good oral hygiene [61]. Based on the
results of the present study, we recommend the Horizontal technique combined with the Charter’'s and
modified Bass techniques to ensure the complete removal of dental biofilm around the bracket and
archwire areas, the undercut below and above the wing of brackets, occlusal and palatal surfaces, and
intrasulcular areas. The intended effect of the combined brushing protocol was observed; the cariogenic
dental biofilm in the SSL and El groups was significantly reduced at the follow-up appointment. However,
the combined tooth brushing reduced the percentage of mature dental biofilm in the SSL, but not the EL
group. This discrepancy in these results might be due to the differences in new retentive areas and
physical properties of the two ligatures [51, 53, 54].

A specific 3-tone plaque disclosing dye can help orthodontists quickly identify where patients are
struggling with mechanical cleaning. Being able to see the metabolic activity of the dental biofilm at
individual sites empowers orthodontists and motivates orthodontic patients, because both can discuss
the issue with real-time assessment of bacterial acid production. Furthermore, orthodontists can
demonstrate appropriate dental biofilm removal methods. In addition, applying 3-tone plaque staining is
useful for monitoring diet compliance of the patients. A suitable recall period can be set to allow timely
monitoring of the patients [17, 62].

This study also explored whether receiving dietary counseling from an orthodontist could improve the
patient’s dietary habits for preventing caries. A high frequency of sugar (> 1 time/day) and acidic food (>
2 times/day) between meals is considered a high caries risk behavior [28]. Most of our patients were
exposed to sugary and acidic food between meals at a frequency of less than 1 time/day and thus were
not caries risk subjects. Furthermore, there was no decrease in the frequency of sugar and acid intake
after dietary counseling in the SSL and EL groups. This implies that although tooth brushing and dietary

Page 18/29



counseling were provided to our patients, dietary advice did not have a meaningful impact on oral
hygiene maintenance and improvement [63, 64]. However, it is possible that the baseline exposure level of
cariogenic foods in this study was too low to allow for detecting the effect of diet advice.

This study has some limitations. First, blinding of the investigator and participants was not feasible.
Second, short-term follow-up was not conducted at the same period for all patients because the follow-up
appointment depended on the patient’s availability. The average follow-up duration was 4 weeks and our
findings might be affected by habits established during their orthodontic treatment before enrolling in the
study. Third, our patients were not a homogenous group with a wide age range (13-53 years old). This
may affect the tooth brushing ability of the subjects. However, several adolescents participated in the
study. Two patients (13 and 18 years old) and two patients (15 and 18 years old) were enrolled in the SSL
and EL groups, respectively. The patients were instructed to use the tooth brushing methods that were
previously recommended to fixed orthodontic appliance patients [25]. Furthermore, the tooth brushing
performance between the adolescent and adult subjects in our study was similar. Finally, dental biofilm
maturity was not measured at TO. This evaluation should be performed in future studies to determine the
effect of ligature type on dental biofilm maturity.

Conclusions

The main objective of this study was to evaluate the effects of the assigned tooth brushing method on
dental biofilm maturity after ligature tying with SSL or EL, not the effect of ligature type on dental biofilm
maturity per se. Dental biofilm cariogenicity was measured before (T1) and after the intervention (T2). In
this study, the amount of time for the ligature-associated dental biofilm accumulation before the
interventions was approximately the same for both groups. The potential confounders were controlled in
this study therefore, the tooth brushing intervention played an important role in reducing acidogenic
dental biofilm at T2.
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Figure 1

Common dental biofilm-related issues in an orthodontic patient. Acidogenic dental biofilm that is stained
light blue is seen on 11 and 12. Mature dental biofilm is stained dark purple-blue and immature dental
biofilm is stained pink
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Figure 3

Frequency distribution of dental biofilm maturity in the SSL group over the course of the study. Dental
biofilm staining was performed after SSL ligature tying for 30 (25-44) days (T1) and 32 (21-11) days
follow-up (T2). The interventions consisted of tooth brushing with the combined Horizontal -Charters-
modified Bass technique and dietary advice. The boxes represent the interquartile range and the
horizontal bars within the boxes represent the median. The lower and upper ends of the vertical lines
represent the 10" and 90t percentiles, respectively. The asterisks denote a significant difference in %
PMS between T1 and T2 (the Wilcoxon signed-rank test, p < 0.05). For each time point, different

Page 27/29



superscript letters indicate significant differences (the Kruskal Wallis with Dunn-Bonferroni post-hoc test,
p<0.05)
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Figure 4

Frequency distribution of dental biofilm maturity in the EL group over the course of the study. Dental
biofilm staining was performed after EL ligature tying for 30 (21-62) days (T1) and 30 (21-180) days
follow-up (T2). The interventions consisted of tooth brushing with the combined Horizontal -Charters-
modified Bass technique and dietary advice. The boxes represent the interquartile range and the
horizontal bars within the boxes represent the median. The lower and upper ends of the vertical lines
represent the 10" and 90" percentiles, respectively. The asterisks denote a significant difference in %
PMS between T1 and T2 (the Wilcoxon signed-rank test, p < 0.05). For each time point, different
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superscript letters indicate significant differences (the Kruskal Wallis with Dunn-Bonferroni post-hoc test,
p<0.05)
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