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Purpose: Patient compliance during orthodontic treatment has a significant effect on the aims, outcome, and duration of the treatment.
The aim of this study is to evaluate the influence of reminders on enhancing orthodontic patient compliance.

Patients and Methods: Twenty-six subjects undergoing orthodontic treatment with fixed appliances were randomly assigned into two
groups: control (Ct) and intervention (In) groups. The oral hygiene parameters of plaque index (PI), bleeding index (BI), and white spot
lesion (WSL) with appointment adherence and bracket fracture were recorded at base line (T0), 2 months (T1), 4 months (T2), and 6 months
(T3). In group participants received weekly reminders and subjects’ compliances were classified into poor, fair, and excellent compliance.
Results: Statistically significant differences were found in PI level at T2 between Ct and In groups (p-value = 0.006), whereas a non-
significant difference was found for BI (p-value>0. 05). There was a statistically significant increase in WSL for the Ct group across
the study time points (p-value = 0.03), while no significant change in WSL was detected for the In group (p-value>0.05). The
compliance levels of In and Ct groups were excellent and fair, respectively.

Conclusion: The study suggests that weekly reminders can enhance the oral hygiene status in patients with orthodontic appliances
(POA) and elevate the level of compliance to excellent.

Registration number: ClinicalTrials.gov NCT05331820.
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Introduction

The effectiveness of orthodontic treatment is reliant on four main components: the orthodontist’s therapeutic and
diagnostic skills, the patient’s desirable biological features (bone turnover, craniofacial anatomy, growth stage, etc.),
patient compliance, and the use of efficient and appropriate orthodontic appliances. Patient compliance has been reported
to have a major impact on the treatment’s goals, outcomes, and duration. However, patient compliance remains the
weakest link in the chain because it is the least predictable aspect of orthodontic treatment planning.' Patient compliance
is defined as patients’ cooperation with the orthodontist to enhance the quality of treatment, including adherence to
appointment attendance, following instructions provided by the orthodontist, complying with oral hygiene measures as
recommended, and caring about the orthodontic appliance.”

The level of dental plaque in patients with orthodontic appliances (POA) is two to three times higher than in those
who do not wear appliances.’ In addition to making routine oral hygiene measures more challenging, fixed orthodontic
appliances lead to an increase in the number of plaque retention sites on tooth surfaces that are typically less vulnerable
to caries formation.® Therefore, the most common consequences of dental biofilm development amongst POA are enamel
demineralization and gingivitis in 50-70% of POA.” A few POA may experience extensive or severe demineralization,
however, the majority of them will experience at least one mild white spot lesion (WSL).®

Attendance at orthodontic appointments impacts the results of orthodontic treatment, length of treatment, and
associated side effects and is also considered as an indicator of compliance. Bracket fracture, which is a frequent
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occurrence during orthodontic treatment, is a setback. It not only increases the treatment duration but destroys the enamel
due to repeated acid etching, interrupts the treatment, causes discomfort, and adds extra cost for the patients.”

Several studies constructed classifications to describe levels of patient compliance.'®'* Each one of these studies uses
a different method of classification. In the current research, a method of classification was established (Index of
Orthodontic Patient Compliance [IOPC]) to classify the participants and the group.

Life in the 21st century is symbolized by the slide and swipe culture. Digital platforms have been integrated into the
dentistry world and used by dentists and orthodontists to improve patient experience, satisfaction, safety, and clinical
decision-making. Behavioral management by positive reinforcement via reminders and motivating instructions might be
a practical approach to managing and achieving optimal compliance in patients undergoing orthodontic treatment. To the
best of our knowledge, this approach has not previously been examined. Therefore, this study aimed to assess the
influence of weekly reminders via social applications on compliance of POA.

Patients and Methods

Study Design

This controlled clinical trial was a double center, randomized, two parallel group, 6 months follow up study. Prior to the
start of the study, the Ethics Committee of the College of Dentistry, University of Sulaimani approved the research
protocol and consent form (modified from the World Health Organization WHO template) with approval number: 54/21.
This study corresponds to the ethical standards governing medical research with human subjects as stated in the World
Medical Association’s Helsinki Declaration. The study was registered at ClinicalTrials.gov with the identifier
NCTO05331820. The trial was carried out and reported in conformity with the guidelines of the Consolidated Standards
of Reporting Trials (CONSORT).

A total of 26 participants seeking orthodontic treatment were recruited in two centers: University of Sulaimani Dental
Clinic and Suli-orthodontics Center between November 2021 and September 2022. The participants or their parents (in
the case of being aged under 18) first signed the consent form and filled out a prepared questionnaire before the
placement of the fixed appliance, and patient characteristics, starting date, clinical examination of oral hygiene of Plaque
Index (PI), Bleeding Index (BI), and WSL were then recorded.

Using a simple randomization technique, the study subjects were divided between two groups: control (Ct) and Intervention
(In), with 13 subjects in Ct and 13 subjects in In group. The participants assigned to the In group received weekly reminders
through Viber or WhatsApp, whichever was available, and individual messages were sent to protect their privacy. The reminders
related to oral hygiene measures, appliance care, and importance of adherence to scheduled appointments in the form of text,
photo, video. Text message related to importance of adherence to appointments and types of food that causes fracture of
appliance. Photos were showing consequences of poor oral hygiene and instructional videos to improve oral hygiene. This
motivation and instructional reminders continued for 6 months. The measures that were recorded at baseline (T0) were repeated
at 2 months after first record (T1), 4 months after first record (T2), and six months after first record (T3) in the record form, as well
as any information on appliance fracture or scheduled appointments that were missed or canceled. The TO records was taken
before placement of orthodontic appliance and the same records of PI, BI, and WSL were repeated at T1, T2, T3.

Study Population

The targeted population was patients seeking orthodontic treatment. The inclusion criteria were patients that were starting
fixed orthodontic appliance treatment for both jaws and for the first time, both genders, aged 15-30 years old, with good
gingival health, and having access to smartphone and Internet connection. The included malocclusion levels of the
patients undergoing treatment, according to the Index of Orthodontic Treatment Need (IOTN), were grades 1, 2 and 3,
without severe crowding. Different operators bonded the fixed appliance in direct method. Patients with a removable
appliance, cleft lip and palate, severe hypo mineralization visible on anterior teeth, susceptibility to periodontal disease,
diabetes, disabled patients, and those with severe malocclusion above IOTN grade 3, and ceramic brackets were

excluded.
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Randomization and Intervention
The study subjects were randomly divided between two groups: In and Ct, by simple randomization using an online
computer generator program with allocation ratio of 1:1. At the beginning of the study, every participant, regardless of
type of study group received detailed audiovisual instructions on how to brush their teeth, floss, and take care of the
appliance to prevent fracture. Orthodontic models were used to show the brushing techniques with flossing. Oral hygiene
instruction and motivation lasted 10—15 minutes, including a demonstration on dental models of how to clean teeth with
braces by brushing after each meal, use of floss and interdental brush. Every participant received a standard orthodontic
brush kit which contained tooth brush, travel tooth brush, interdental brush, floss, dental mirror, Hourglass timer, dental
floss threaders, orthodontic wax, orthodontic mouth wash and toothpaste (Kin laboratories, Orthokin, Barcelona, Spain).
In addition, instruction on how to avoid fracture of the bracket, which type of food to avoid, and importance of avoiding
direct bite on food.

The importance of attending scheduled appointments was provided. Attendance at scheduled appointments was listed
as a factor in the success of the expected duration of orthodontic treatment. Weekly reminders were sent to In group
participants that contained written instructions, photos and video about oral hygiene, and information on appliance care,

and appointment adherence. The participants in the Ct group did not receive the reminders.

Reliability
To ensure the reliability of the clinical measurements, the clinical examiner received appropriate training. Every patient at
every record time was examined by the same clinical examiner to ensure there was no difference in examination

procedure and scoring of indexes.

Sample Size Calculation

The sample size was based on previous studies of BI change difference between two groups by using G power version
3.1.9.6 (Franz Faul University, Kiel, Germany) to achieve 80% power and considering an alpha error of 0.05. This
resulted in a sample size of 13 participants per group.'’

Primary and Secondary Outcomes: Clinical Assessment and Method

First, the clinical parameters of PI'® and BI'” of buccal surfaces of all teeth were recorded. Visual clinical
examination was carried out to check for WSL after drying the tooth surface for 5 seconds and taking a picture
with a Canon EOS 850D (Rebel T8i) DSLR Camera fitted with a Canon EF 100 mm /2.8 L Macro IS USM Lens.
The upper and lower anterior teeth were examined and divided into four parts (upper mesial, upper distal, lower
mesial, and lower distal).

The second component of the record form was appliance care. The number of bracket fractures and cause of the
fracture were recorded between the time points TO and T3. The third component was adherence to scheduled appoint-
ments, and the number of appointments missed was recorded as one mark if the patient had been informed of the
schedule within the past month. The numbers of brackets that had debonded and appointments missed were recorded as
a cumulative record from the initial time point until the end of the trial.

Classification of Compliance

For a clear and understandable classification of patient compliance, we developed an index named Index of Orthodontic
Patient Compliance (IOPC), shown in Table 1, which includes all aspects of patient compliance (oral hygiene, appoint-
ment adherence, appliance care) and grades patients as poor, fair, or excellent. These grades depend on scores that are
given to patients based on the compliance table and ranging from 5 to 15. Scores below 7 are regarded as poor, from 7-11

as fair compliance and above 11 as excellent compliances.
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Table | Index of Orthodontic Patient Compliance (IOPC)

Components of Compliance I Score 2 Score 3 Score
Plaque index >0.5 0-0.5 0
Bleeding index >0.5 0-0.5 0

White spot lesion >2 0-2 0
Bracket & appliance fracture >3 2-3 0-1
Missed appointment >| | 0

Statistics

The collected data were analyzed using the Statistical Package for Social Sciences version 23 (SPSS Inc., Chicago, IL,
USA). Shapiro—Wilk test was used for testing the normality of the data. The effects of patient characteristics including
age, gender, occupation, treatment center, and motivation to start treatment on their level of compliance (PI, BI, WSL,
bracket fracture, and appointment adherence) were analyzed using the Spearman correlation test. P-value was obtained
for the continuous variable using nonparametric test 2-Independent Samples Test (Mann—Whitney U, Friedman test) and
Kruskal-Wallis H was used for comparing the median and interquartile range. The Wilcoxon signed-rank test was used to
evaluate whether the median difference between the paired variables was statistically significant. For categorical
variables the odds ratio was used with a 95% confidence interval to determine significant associations between

categorical dependent and independent variables, with P-value considered significant if it was less than 0.05.

Result

A total of 25 patients successfully completed the study. A CONSORT diagram showing the flow of participants through
the study is presented in Figure 1. Frequency and distribution of participants in each group and in total are shown in
Table 2. Matching samples from the two groups showed significant difference in age p-value = 0.04, and education level
p-value = 0.01. Results of comparing the In and Ct groups for PI and BI across the study time points are shown in
Table 3. As seen in Figure 2, both the In and Ct groups experienced changes in their PI over time. Examining BI changes
in the two groups revealed that BI in the In group decreased from 0.075 to 0.05, while in Ct group it increased from 0.32
to 0.35 (Figure 3).

The results of 2-tailed 7T-test revealed that the linear correlation of BI in Ct group between T1 and T2 and in In
group between TO and T2 was statistically significant (p-value = 0.039) (p-value = 0.002). Results from Wilcoxon
signed-rank test for investigation in between follow ups in the groups is shown in Table 4. There was a significant
increase in WSL of Ct group from the beginning of the trial to the last follow up (p-value = 0.03), whereas no
significant change in the In group was observed (p-value>0.05). Furthermore, there were no significant differences
between the Ct and In group in terms of the times of missed appointments, times of cancelled appointments, and
bracket fractures (p-value>0.05).

The results of the current study regarding relationships between personal characteristics and the other research
variables indicated that only the following significantly related:

Education level and mean PI at T1 (p-value = 0.042),
Education level and mean BI at T1 and T2 (p-value = 0.001),
Occupation with PI at TO (p-value = 0.005),

e Age group with mean PI at TO (p-value = 0.008),

Residency with bracket fracture (p-value = 0.042).

The groups’ total PI, BI, WSL, number of bracket fractures, and number of appointments missed were calculated and
scored based on the IOPC table as shown in Table 5.
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Enrollment
[ ] Assessed for eligibility (n=60)

Excluded (n= 34)

[0 Not meeting inclusion criteria (n=
32)

[0 Declined to participate (n=2)

A 4

Randomized (n=26)

\ 4 [ Allocation } v

Allocated to intervention (n=13) Allocated to control group (n=13)
0 Received allocated intervention (n= 13 )

v [ Follow-Up ] v
AN J
Lost to follow-up (continued treatment in Lost to follow-up (n= 0)
another clinic) (n= 1)
Discontinued intervention (n= 0)
v [ Analyzes ] v
- J
Analyzed (n=12) Analyzed (n=13 )
+ Excluded from analyzes (n=0) + Excluded from analyzes (n=0)

Figure | CONSORT flow diagram.

Discussion

In the current study, all elements of patient compliance were considered to assess the effect of reminders on orthodontic
patient compliance. According to the findings based on the Index of orthodontic patient compliance IOPC (Table 5), the
In group had excellent compliance compared to the Ct group (fair compliance). This enhancement can be attributed to the
role of reminders regarding the components of compliance that were investigated, since the participants in the In group
gained excellent scores in more than half of the components of compliance. For a patient with excellent compliance, the
treatment can be performed exactly as planned, with no difficulties arising due to poor oral hygiene, appliance breakage,
or missed appointments.

The inclusion criteria for this study were designed from the start to avoid any cofounding factors that could influence
the results. Patients with upper and lower fixed appliances were included because fixed appliance attachments create the
most difficulties in oral hygiene maintenance.® In contrast, removable appliances have a shorter treatment duration and
greater simplicity of maintaining dental hygiene. Regardless of this fact, surprisingly, some studies did not specifically
include removable appliance treatment as an exclusion criterion,'® which may have affected their results.

The current study differed from earlier studies showing positive benefits of text messaging in that the reminders were
delivered to the patients rather than the parents. The participants of this study were above 15 years old, had mobile
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Table 2 Distribution of Participants in the Study

Characteristic Control Intervention Total
Group 13 (52%) 12 (48%) 25 (100%)
Gender

Male 4 (30.8%) 3 (25%) 7 (28%)
Female 9 (69.2%) 9 (75%) 18 (72%)
Age category

Young <20 9 (69.2%) 3(25%) 12 (48%)
Young adult >20 4 (30.8%) 9(75%) 13(52%)
Treatment center

Private clinic 3 (23.1%) 5 (41.7%) 8 (32%)
University public clinic 10 (76.9%) 7 (58.3%) 17(68%)

Table 3 Median and Interquartile Range of Pl and Bl in Both Groups

Intervention N (12) Control N (13) P-value

Median (Interquartile Range) Median (Interquartile Range)
Plaque index T0 0.29 (0.14-0.37) 0.14 (0.12-0.29) 0.204
Plaque index T1I 0.55 (0.28-1.24) 0.92 (0.34-1.53) 0.209
Plaque index T2 0.14 (0.87-0.52) 0.64 (0.31-1.11) 0.006%
Plaque index T3 0.07 (0.007-0.27) 0.20 (0.06—1.14) 0.138
Bleeding index TO 0.07 (0.00-0.29) 0.32 (0.15-0.53) 0.082
Bleeding index T1 0.18 (0.08-0.54) 0.50 (0.24-0.84) 0.100
Bleeding index T2 0.10 (0.00-0.24) 0.28 (0.07-0.60) 0.081
Bleeding index T3 0.05 (0.00-0.41) 0.35 (0.12-0.41) 0.137

Notes: *Significant difference within the rows using Mann—Whitney U-test, significant level set at P-value = 0.05.

devices with Internet connection, on which they were able to receive direct reminders. When their children are already in
treatment, parents are frequently more motivated than their children,'” so sending a reminder through parents has an
indirect influence.

In the research by Cozzani et al* and the present research, patients were included from the beginning and before the
placement of the fixed appliance in order to prevent participants having varying experience with the fixing of the

2122 included patients who were already receiving treatment, which may have influenced the

appliance. A few studies
results. Also this is the main reason type of wires are not part of inclusion criteria for the research as participants were in
progress of wire beginning from niti and some of them have reached stainless steel wire.

2022.23 gince it is a significant measure

Comparable studies have also utilized the PI for assessing patient compliance,
for evaluating a patient’s motivation and level of self-care while undergoing treatment, in addition to oral hygiene.**
Also, due to its excellent sensitivity and specificity in assessing periodontal health, the BI is a reliable predictor of oral
hygiene compliance.”

1,'% it was reported that an initial decline in oral

Similar to the results of the current study, in a study by Eppright et a
hygiene following the placement of fixed appliances was followed by an improvement in oral hygiene compliance at the
fifth month of treatment. But the results in this study differ in that the enhancement was recorded at the second follow up,
which was 4 months after bracket placement. A short decline after initial bonding was seen clearly in the current study
because the records began at the start of placement and the decline in oral hygiene was obvious at the first follow up.

Both groups’ participants had increased plaque at T1, although the In group had a lower level of plaque than the Ct
group, but at T2, both groups recorded a significant drop in PI values. With the exception of the intervention during the

follow-up check, oral hygiene reinforcement was carried out irrespective of the participants’ group. The fact that patients
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Figure 2 Plaque Index change over time. Median (interquartile range).
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Figure 3 Bleeding Index changes over time. Median (interquartile range).

were aware they were a part of a study may have contributed to this trend of change by encouraging better oral hygiene
practices among patients in the Ct group. Patients in the Ct group also received oral hygiene instruction and encourage-
ment during follow-up visits, and the records helped them recall that they were participating in research. Results may
have been affected as a result of oral hygiene instructions being given to both groups at the start of the trial and repeated
at each appointment. Effective oral hygiene requires a combination of frequency and proper technique. Previous studies
showed that repeated oral hygiene instruction and motivation with a hygienist significantly improved plaque scores in

orthodontic patients.*®
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Table 4 Significant Differences Within Follow-Up Time Points

Plaque Index Bleeding Index

Intervention Control Intervention Control
TI-TO 0.03* 0.00* 0.21 0.11
T2-TO 1.00 0.017 0.59 0.62
T3-TO 0.15 0.23 1.00 0.47
T2-TI 0.06 0.16 0.19 0.21
T3-TI 0.00? 0.10 0.14 0.04*
T3-T2 0.41 0.17 0.98 0.39

Notes: “Significant difference using Wilcoxon signed-rank test, significant level set at P-value = 0.05.

Table 5 Total Group Scores Based on the IOPC Table

Group Total Score Result
Control 1092 < || Fair
Intervention 12.25 > |1 Excellent

Based on the data achieved from the present study, the BI was increased in the Ct group and decreased in the In
group. The changes in BI were not significant among the groups. In contrast with the results of our study, Hadzic et al*’
and Soheilifar et al*® reported that an increment in the mean value of the BI was observed at each check-up after the
placement of a fixed orthodontic appliance. Evaluation of BI measurements among research groups using Pearson
correlation coefficient, Spearman Rank Correlation and 2-tailed 7-test revealed different results. So, providing reminder
programs could be effective in improving BI in patients with fixed orthodontic appliance treatment. Meanwhile, in those
patients who were not involved in reminding programs, the BI values did not show a clear trend.

In a similar studies, Baherimoghadam et al*’

evaluated the effect of reminders on oral hygiene of POA and reported
significant improvement in BI, PI, and gingival index in the reminder group with improvement in the group without
message reminder. Moreover, Yashwant et al*° stated that the patients in the reminder group demonstrated statistically
significant results over the Ct group. According to the findings of their study, a text message reminder increases the
amount of plaque removed at a particular period of time. Another study, by Abdaljawwad et al,*! reported that the
reduction in compliance of the patients in the Ct group may be attributed to the fact that they did not receive reminders.

Bowen et al*? also obtained similar results. Salil et al*>

concluded that sending a once weekly text message is a useful
way to improve oral hygiene compliance over a period of 4 months. They finally stated that reminders can efficiently
promote oral hygiene in patients undergoing removable orthodontic treatment.

Our data revealed that in all participants, WSLs that were observed in initial records increased in their final records.
Srivastava et al** reported that demineralization is an inevitable side-effect associated with fixed orthodontic treatment,
especially when associated with poor oral hygiene. Development of WSL in POA has been reported to range from
19.44%° to 68.4%.%° In our study 64% of the participants had WSL by the end of study follow ups. Based on the
findings of the present study there was no significant change in the initial and final records of WSL in the In group over
time, while these changes in the Ct group were significant over time. Based on these findings, providing reminder
facilities to the patients improves their compliance with provided treatment and decreases their WSL. In line with the
data presented in this study, Weyland et al®’ reported that occurrence of WSLs during fixed orthodontic appliance
treatment can be prevented through reminder programs.

Common characteristics of non-compliant patients include a fractured appliance and a debonded bracket.*® The
current study participants had a mean of 1.7 bracket fractures and no significant difference was found between the
groups.
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Regular reminders would be an excellent tool for preventing patients forgetting appointments.” Furthermore, the
reminders provide the patient with the option of canceling the appointment if required. In this study, patients were
reminded of the importance of appointment adherence rather than the schedule of their appointments. As a result, there
were no significant differences between the groups in terms of numbers of missed and canceled appointments.
Consequently, providing or not providing this type of reminders may not significantly affect appointment adherence
among patients.

Several studies constructed classifications for describing levels of patient compliance.'®'* Participants in the research
by Cucalon'® were divided into three groups based on their level of compliance: good, fair, or poor. The following factors
were utilized to determine compliance: 1) oral hygiene; 2) appliance upkeep and care; 3) rubber band and/or headgear
wear; and 4) missing and/or arriving late for orthodontic appointments. A different study applied the same criteria to
determine compliance at the completion of active orthodontic treatment and the patients were split into two groups: good
compliance and poor compliance."’

Another study applied a different scoring method and variables to assess patients for total compliance, based on 10
scored variables, with scores ranging from 1 (very poor) to 5 (excellent). Performance in terms of wearing headgear,
wearing elastics, oral hygiene, keeping appointments, willingness to adhere to instructions, preventing broken appliances,
cooperating during appliance placement and adjustment, general attitude, and parental attitude were among the com-
pliance factors that were scored.'? The classification of fully, fairly, and poor compliant was employed again in a further
study, with scores ranging from 1-5, excellent to poor.'> More information about the scoring was given in a retrospective

!4 with the clinician recording incidences of poor oral hygiene, inadequate elastic wear, and unsuccessful or

study,
troublesome visits and collating these entries for classification. As a result, based on this classification, excellent
compliers significantly assisted treatment, poor compliers significantly hampered treatment, and in medium compliers
ordinary orthodontic treatment proceeded in a typical manner.

An IOPC was established in this study to score the components of patient compliance. According to the findings on
this study’s participants, the In group had excellent compliance and the Ct group had fair compliance. This variation in
compliance can be related to the effect of reminders on participants. As opposed to classifications used in earlier research,
this method brings together all the components of patient compliance to designate the participants as having excellent,
fair, or poor compliance. This classification method would have been better with larger sample size and a limitation of the
IOPC index is that it does not include elastics, headgear, removable appliances, or aligners. This can be related to the
inclusion criteria regarding participants’ age and fixed orthodontic appliance, also the fact that recording started at the
beginning of the treatment, whereas treatment with elastics usually starts later.

Conclusion

The result of this study suggests that text reminders can enhance compliance of orthodontic patients and oral hygiene
status. This article is notable for its investigation and evaluation of the all main key factors contributing to patient
compliance and also is distinguished by its creation of a unique and profound index for the classification of compliance.
Its recommended for future trials to use the index on larger sample size when comparing groups of different intervention.
Orthodontists should incorporate an active reminder system regarding the importance of oral hygiene compliance into
their standard treatment protocol and when reminders are added to protocol it should remind the patient exact date of
appointment and not a generalized reminder. Reminders may therefore provide a useful adjunct to adherence-enhancing
strategies.

Abbreviations
PI, Plaque Index; BI, Bleeding Index; WSL, white spot lesion; IOPC, Index of Orthodontic Patient Compliance; POA,
patients with orthodontic appliance.
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