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ABSTRACT 
 
 
 Text message reminders have been shown to be effective at increasing 

oral hygiene compliance, and it has also been shown that increasing the 

frequency of reminders improves compliance.  The purpose of the present study 

was to determine if automated text messages sent daily to adolescent 

orthodontic patients were more effective at improving oral hygiene than those 

receiving weekly reminders.  

 A double blind, prospective, randomized clinical trial was performed to 

evaluate the effects of automated messages on oral hygiene.  Subjects were 

recruited from patients undergoing orthodontic treatment at the Texas A&M 

University College of Dentistry Department of Orthodontics.  They were being 

treated with a variety of fixed full appliances in both arches.  Subjects were 

randomly assigned to either a once a week text message group or a daily text 

message group.  There were 52 females and 27 males who participated in the 

study.  The daily group had significantly greater increases in oral hygiene 

compliance.  

The daily score increases were 52%, 19%, and 21% for the BI, PI, and 

GI.  The weekly score increases were 30%,13% and 14% for the BI, PI, and GI.  

Adolescents who completed our survey preferred more frequent messages and 

found that decreasing treatment time was the most effective type of text 

message received.  Daily text messages were more effective at improving oral 

hygiene than weekly text messages.  
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CHAPTER I 

INTRODUCTION AND 

LITERATURE REVIEW 

 
 
 An ideal treatment outcome depends on the orthodontists’ ability to 

maintain an optimum level of compliance.7-9 It is particularly important for 

patients to be compliant with respect to oral hygiene.  Oral hygiene almost 

always declines in patients with full fixed appliances due to difficulty with 

brushing and flossing.10 Adhesively bonded, fixed orthodontic appliances often 

makes brushing and maintaining good oral hygiene difficult.11 This leads to 

increased gingivitis, poor oral hygiene and increases the risk of developing white 

spot lesions.11 Studies have shown that there is a rapid decline in oral hygiene 

after fixed appliances are placed, with some showing improvement in the 5th 

month and others showing oral hygiene at its lowest point after orthodontic 

treatment.10,12 Compliance is particularly important for the teenagers, who are 

the patients most commonly treated in orthodontics.10 Teenagers have hobbies, 

extracurricular activities, busy social schedules, and various family and 

interpersonal stresses that can make compliance with treatment difficult.  

Younger patients have been shown to have higher non- attendance rate at 

clinical services and thus the use of text message reminders maybe more 

beneficial in this group.13 Studies on automated messaging systems have shown 

that these services increase patient compliance.14 Triggering patients is an 



 2 

important aspect of the human behavior model used to produce a desired 

response.   To our knowledge, the dental literature has not investigated 

automated messages as it relates to frequency.  

 The medical literature has many systematic reviews and meta-analyses 

on the effectiveness of automated messaging.1-3It has also shown that 

increasing the frequency of automated message increases compliance.1,4-6 

Sending multiple text messages has been shown to improve attendance and 

reduce no shows across a healthcare setting.5 A recent systematic review and 

meta-analysis showed that patients receiving multiple text messages over a 

given period of time had a 25% improvement in appointment attendance, while 

those who were sent just one reminder over the same time period improved only 

6%.5 A recent randomized control trial found that sending multiple text reminders 

can improve adherence in pediatric cataract treatment.6 Weight loss is another 

aspect of health care for which increasing the frequency of reminders has been 

shown to be effective.  A randomized control trial by Dinger et al sent automated 

prompts to patients to increase daily walking for one-week and three-week 

intervals.  Participants who were prompted weekly walked significantly more 

often than the patients receiving reminders every three weeks.4   

Another study examined patients receiving reminders during a weight loss 

program and were prompted in weekly and monthly intervals and found no 

statistically significant differences between groups.15   
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 Text messaging has been shown to be an effective way to influence 

orthodontic patients.16 Bowen et al who followed patients for 8 weeks showed 

that automated weekly text reminders were effective in improving oral hygiene. 

16  

  Another randomized controlled trial showed that the bleeding index, 

gingival index, and plaque index all improved in the group that received weekly 

text messages for 5.44 months.17 There have been no studies evaluating how 

the frequency of the automated messages affects patient compliance in 

orthodontics. Will there be a difference in compliance between patients who 

receive automated messages once per week versus daily?  The medical 

literature has shown that increasing frequency can have a positive effect on 

influencing patient behavior.5,6,18  

 The goal of the present study is to analyze how the frequency of 

reminders affects patient behavior.  The primary outcome measure of 

compliance will be oral hygiene.  The potential results of this study are important 

for clinical orthodontists wanting to maintain excellent treatment outcomes 

related to oral hygiene in their practice.  

 

Overview 

The purpose of this study is to evaluate how text messaging affects 

compliance by acting as triggers. First, a review of compliance in the orthodontic 

setting summarizes what important factors have been documented to affect 
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patient response to treatment.  Next, methods for measuring compliance in 

orthodontics will be evaluated.  Oral hygiene has been shown to be an accurate 

measure of compliance in the orthodontic literature and the rationale for the 

periodontal tests used in the study are discussed.  Accordingly, a review of 

behavior modification literature gives insight as to how medical professionals 

have used different methods to initiate behavior change and how text messages 

are effective modifiers.  Finally, studies on automated messages are analyzed 

and shown how they are effective for measuring compliance and changing 

patient behavior. 

 

Compliance in Orthodontics 

 One of the most important factors in reaching an ideal treatment outcome 

is the orthodontists’ ability to maintain an optimum level of compliance.19 

Compliance is a vital aspect of success.  Although some appliances and 

treatment modalities are thought by many to be “non-compliant “, such as the 

Herbst appliance or utilizing miniscrews for additional anchorage, they are in fact 

not compliance free. The patient must always maintain good oral hygiene, keep 

the appliances clean and functioning properly, as well as show up for scheduled 

appointments.  Thus, it is impossible for any procedure related to orthodontics to 

be deemed totally non-compliant.  

 Studies have shown that there are two key environments that influence 

patient compliance.20  The ‘macro environment’ that is shaped by the norms that 



 5 

exist in the patients’ social environment, can influence behavior.  Behavior 

changes that are outside the macro environment will not be successful.   

However, it is possible to change oral health behaviors over a certain period of 

time.  Accordingly, the “micro environment” is inside the orthodontic office and 

behavior must be managed with patient education.  Far too often communication 

in practices is haphazard, unplanned, and sub-par to garnish a high level of 

compliance.20  

 Korabik et al (1977) found that one of the main reasons that patients 

actively seek orthodontic treatment is the expected increase in social and 

occupational opportunities.  Based on these studies, it is apparent that the 

greater the patient’s desire or perception of need for orthodontic treatment, the 

higher the level of compliance will be.  Accordingly, patients who have low self 

esteem and think poorly of themselves generally show a poor level of 

compliance.21 Adherent patients are generally high academic achievers, 

sociable, involved in social activities, think highly of themselves, take pride in 

their accomplishments, and are optimistic about their future.  Also, cooperative 

patients are enthusiastic, outgoing, energetic, wholesome, self-controlled, 

responsible, trusting, determined to do well, hardworking, forthright, and 

obliging.22 

 How does the term compliance relate to orthodontics?   The orthodontist 

generally treats patients during their adolescent years.  During these formative 

years the clinician is able to utilize growth to his or her advantage.  The 
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limitations of orthodontics tend to increase as patients increase in age due to an 

eventual slowing down of growth. Long treatment times and the need for 

compliance can be demanding for an adolescent patient. There are many 

stresses during the adolescent stage that make compliance with orthodontics 

more difficult.23 Many teenagers have hobbies, extracurricular activities, busy 

social schedules and various family and social stresses that can potentially 

make compliance with treatment difficult.  Patient compliance is needed to 

correct malocclusions since orthodontic appliances are limited in what they can 

accomplish on their own.  Patient cooperation includes caring for orthodontic 

appliances, maintaining excellent oral hygiene, and keeping scheduled 

appointments.  Not meeting treatment expectations may result in compromised 

treatment and increased treatment time.24    

 Nanda et al conducted a perspective study on patient cooperation using 

100 adolescent patients.9 They used patient, parent, and orthodontist 

questionnaires to assess behavior at three stages of orthodontic treatment. The 

first was administered at the initiation of treatment and the other two were 

administered at 6-month intervals. Psychosocial measures from investigators 

reported in orthodontic patient cooperation included attitudes toward treatment, 

social desirability, need for approval, and need for achievement. They concluded 

that the orthodontist's perception of the orthodontist-patient relationship had the 

strongest association with patient compliance, however none of the variables 

adequately predicted cooperation during orthodontic treatment.9 
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 Compliance rates in orthodontic treatment have been shown to be as low 

as 50%.10 There have been many studies showing demographic, psychological, 

and behavioral factors can be used to predict compliance.  Demographic factors 

include gender, age, and socioeconomic status.  Psychosocial and 

psychological factors include the personality traits; relationships with parents, 

peers, and doctor; performance in school; and locus of control.  The initial 

orthodontic visit has also been shown to be a positive predictor of compliance.10   

 The difficulty of encouraging patients occurs on a day-to-day basis.   Most 

orthodontists have only limited knowledge concerning the behavioral 

considerations of compliance.  Simple ways of assessing cooperation range 

from measuring the amount of tooth movement that has occurred, to questioning 

the parents/child about appliance wear, or even using a timing device inserted 

onto the appliance.  There have been many techniques developed for improving 

compliance, such as educating the patient, verbal praising of good behavior, 

establishing a good rapport, using signed contracts, and using immediate 

rewards.24 A clinician needs to be adept at predicting compliance at the initial 

appointment, so that the proper behavior modification strategies can be applied 

and treatment can progress efficiently and effectively.   

   The major predictors of patient compliance are patient demographics, 

interpersonal relationships, perceptions and interests of the patients and the 

parent, patient’s education, maintenance of oral health and appliances, and 

appointment punctuality.25 Previous studies have shown that parents have the 
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biggest influence on children at the initial visit.  The child mostly determines 

compliance and motivation for treatment thereafter.  If the child has very high 

dependency needs, the parental pressure will strongly influence the child.  

However, if the child has a low dependence on the parent, compliance levels are 

minimally affected by parental influences.24 Kreit et al found that children that 

predominately had orthodontic treatment due to parents wishes were generally 

adherent, although their own personal perceptions were also found to be 

important.23 They also found that most non-adherent patients had poor 

relationships with their parents.  Characteristics of the patient and their family 

background, such as parental support and supervision are reliable indicators of 

compliance.26 

 Dorsey and Korabik assessed oral hygiene and attitude toward 

orthodontic treatment as possible predictors of patient compliance.27 The 

positive correlation between hygiene and attitude that was found may have 

direct bearing on how patients comply with orthodontic treatment.  Based on 

these studies, it is apparent that the greater the patient desire or perception of 

need for orthodontic treatment, the higher the level of compliance will be.27   

 Gershater et al found that orthodontists can obtain significant cues about 

conflicts and the family’s attitudes toward the child and whether the parents are 

willing to help the orthodontist motivate the child.28 Treatment is likely to be 

compromised if the parents appear to be helpless, frustrated, nagged, tense, 

hysterical, demanding, or insecure in coping with the child.  Maternal influences 
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have a strong bearing on orthodontic treatment.  Albino et al found that 

increased levels of compliance were related to parental support and belief in the 

value and effectiveness of orthodontists.29,30 As with other studies, parental 

influence decreases as treatment time progresses.  Patients’ cognitive 

development has a greater influence in altering compliance later in treatment.  

Parental beliefs can be important in orthodontic compliance.  Hence, assessing 

the relationships between patient and parent allows the orthodontist to predict 

future compliance.31 The initial visit is critical for establishing rapport with the 

patient and understanding the social dynamic between the child and parent. 

 Studies show that the interaction between orthodontist and patient is an 

important factor in establishing compliance.  Treating the patient with respect 

can facilitate an increase in patient compliance.31 

 Appointment punctuality is another major predictor of compliance.  Since 

the parents or guardians usually bring adolescent patients, this aspect of 

compliance often falls with the parents and not the patient.  Delinquency of 

appointments and punctuality are both parental factors directly influencing 

compliance.  Accordingly, if parental interest is low, the child will be less 

motivated for appointments and less likely to maintain a high level of compliance 

throughout treatment. 

 Mehra et al ranked personality traits that predict behavior highest to 

lowest: High-self esteem, obedient, accommodating, self-confident, thankful, 

secure, polite, high academic achiever, self-conscious, and cheerful.24 
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Accordingly, patients who had a low self esteem and thought poorly of 

themselves generally showed a poor level of compliance.21 Adherent patients 

were generally high academic achievers, sociable, involved in social activities, 

thought highly of themselves, took pride in their accomplishments, and were 

optimistic about their future.  Also, cooperative patients were enthusiastic, 

outgoing, energetic, wholesome, self-controlled, responsible, trusting, 

determined to do well, hardworking, forthright, and obliging.32 Once the clinician 

understands how to analyze compliance, it is equally important to use successful 

behavioral methods to improve adherence to orthodontic treatment. 

 Common methods used by orthodontists to improve patient compliance 

include verbally praising the patient, educating the patient about the 

consequence of poor compliance, discussing treatment goals with the patient, 

educating the patient about proper use of elastics, discussing the results of poor 

cooperation with the patient, and educating the patient about proper use of 

headgear.  Communication about the need for good compliance during 

orthodontic treatment is the most important variable.24 Mehra reported that 

educating the patient might have a greater impact on compliance than educating 

the parent.  Fields reported that patient compliance could be improved by 

involving the patients in their own treatment.  Educating the patient increases 

their autonomy, which decreases anxiety and increases compliant behavior.33 

Accordingly, allowing the patient to be a more active participant in treatment 
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gives the youth a feeling of teamwork, where the doctor and patient are working 

together to create a great result.34   

 There have been several methods to measure compliance in adolescent 

patients.  However, oral hygiene has been shown in numerous studies to be an 

accurate and reliable indicator of compliance in orthodontics.35-37 The bleeding 

point index, gingival index, and plaque index are reliable tests for compliance.16 

 

Oral Hygiene/Periodontal Tests  

 The plaque-retentive nature of orthodontic appliances increases plaque 

accumulation at the gingival margin and contributes to the incidence and 

severity of gingival inflammation.38-40 Today more attention is directed to the 

marginal periodontal damage from neglected or improper oral hygiene that not 

only manifests itself during orthodontic treatment but also continues after 

appliance removal.41,42 The appliances usually contribute to periodontal disease 

in that they collect microorganisms.35-37 

 Patient education in oral hygiene is vital for an orthodontist to be 

successful.43 Caries Risk Assessment forms are used to identify patient 

characteristics that might predispose them to a higher risk of developing white 

spot lesions (WSL) during treatment.  Being in active orthodontic appliances 

increases the risk for caries for that particular patient.44 Providing education in 

oral hygiene should be one of the primary goals of a clinician.  Patients often fail 

to meet the expectations of the clinician, due to lack of motivation provided by 



 12 

doctor and staff.   It is important to discuss tooth brushing and optimal oral 

health in order for patients to maintain dental health.45 In Clark’s study on oral 

hygiene programs, he summarizes the benefits of motivation and the impact that 

it can create.  The orthodontist has a responsibility to be concerned about oral 

health and ensure the patient is educated.35 The orthodontist must have an 

internal locus of concern for the patient and Clark goes on to describe the 

importance of motivation and communication.  Dental professionals need to 

communicate well with their patients and document this at each visit.  Specific 

measures should be created to ensure patients are maintaining a set standard.  

Orthodontists should offer feedback and show concern for the patient’s overall 

oral health.35 Having a positive oral health program is an excellent way to 

enhance compliance in an orthodontic practice.   

 The behavioral and social sciences have played a role in current methods 

of increasing compliance in medicine.  In Gluch-Scrantons studies, they noted 

how the technological advances in dentistry and the Internet allow patients to 

attain higher levels of oral hygiene.  Disease prevention and oral health remain 

the most important considerations in dentistry.32 Using behavioral and social 

sciences, have allowed clinicians to provide a positive preventive health 

method.45 These health methods include nutritional counseling and oral hygiene 

instructions.  

  Ramfjord originally (1959) reported the use of selected teeth (maxillary 

right first molar, maxillary left central incisor, maxillary left first premolar, 
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mandibular left first molar, mandibular right central incisor, and mandibular right 

first premolar) for the evaluation of GI, probing depth, and attachment loss.  The 

use of Ramjford teeth has controversial validity regarding its current use in the 

periodontal literature.  Several studies have indicated that the use of Ramjford 

teeth underestimates periodontal disease presence and severity and thus the 

Center for Disease Control (CDC) has recently determined that it will use full 

mouth periodontal examinations in current and future NHANES studies.46 

Accordingly, Peres et al 2012 found the use of Ramjford teeth caused worse 

inaccuracy of BOP compared to full mouth evaluation.47 Conversely, there have 

been many studies that have supported the use of Ramjford teeth as a reliable 

indicator to evaluate periodontal health.18,48-51 For the purpose of this study, like 

other studies on automated messages17, oral hygiene is being used as an 

outcome measure and should be an efficient and reliable way to compare OH 

among orthodontic patients.52,53 

 Oral hygiene almost always declines when patients are in full fixed 

appliances due to difficulty with brushing and flossing.10 Adhesively bonded, 

fixed orthodontic treatment logically makes brushing and maintaining good oral 

hygiene difficult.11 Because this leads to increased gingivitis, patients need to be 

closely monitored for oral care.  Various oral hygiene indices have been used to 

evaluate the oral health status during orthodontic treatment.11 

 The plaque index has been used in many studies to measure compliance 

in orthodontic patients. The plaque index, bleeding point index, and gingival 
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index are good indicators for gingivitis levels for patients in general, and 

measurements for compliance in oral hygiene.17 The plaque index is performed 

by scoring the amount of plaque accumulation on the teeth.54 Factors like age, 

gender, socio-economic status, brushing practices, meal habits, type of 

brackets, types of ligations, and use of mouthwash have all been associated 

with different levels of plaque accumulation.  Patients who brushed their teeth 

twice or more per day showed significantly less plaque accumulation.  Also, 

subjects with shorter intervals between appointments had less plaque 

accumulation.55   

 The absence of bleeding on probing is another important periodontal test 

that has been used to measure compliance.   Gingival bleeding tendency has 

been shown to be an important part of a comprehensive oral examination.56 The 

BOP was found to be accurate in assessing periodontal health and a strong 

indicator of oral hygiene compliance.57 Gingival bleeding is an objective, easily 

assessed sign of inflammation.56 The positive predictive value was only 6 %; 

however the negative predictive value was 98% showing that the continuous 

absence of BOP is a reliable predictor of oral health status.58  

 The orthodontist has an important responsibility to help patients become 

concerned about oral health.35,59,60 Hypertrophied gingiva is a very common oral 

health concern found in orthodontic patients during treatment.  Zanatta et al 

concluded that anterior gingival bleeding and excess resin around brackets are 

associated with higher levels of anterior gingival enlargement for patients in 
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orthodontic treatment.61 The gingival index is a common tool used by dentists to 

measure the inflammation of the gums and assess oral hygiene status.54,61 

Studies have shown that gingival index and bleeding on probing work in tandem 

when assessing periodontal health and produce similar results when used 

together in clinical trials.62 

 The literature has shown that compliance is vital to obtain a great 

orthodontic outcome and oral hygiene is a common tool to measure cooperation 

during treatment. Accordingly, it is important to understand what has been 

shown to modify adolescent behavior in order to understand how sending patient 

reminders can create behavior change and improve oral hygiene.       

 

Behavior Modification 

 In order to create a successful dental practice, it is important for the 

dental professional to incorporate the behavioral sciences.63,64 The outcome of 

the treatment depends on the dental professional's knowledge and skills and the 

patient's skills, objectives and expectations.63,64 Schou et al argues that dentists 

need knowledge and skills in behavioral management and modification in order 

to change patient behavior and obtain the best treatment outcomes.63    

  Studies on compliance have not typically utilized behavior models in order 

to understand how desired outcomes can be reached more reliably.  The social 

psychology literature indicates that it takes 66 days to turn a behavior into an 

automatic habit.65 Before that, reminders are needed for short-term behavior 
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change.66 As such, a background in social psychology and understanding 

behavior modification are important for an orthodontist who wants compliant 

patients.  BJ Fogg, a professor at Stanford, developed a behavioral model for 

persuasive design that is simple and can be applied to orthodontics.66  

 Three things are necessary for a patient to perform a certain behavior, 

they have to be sufficiently motivated, they have to have the ability to perform 

the behavior, and they have to be triggered to perform the behavior.  Without all 

three of these basic elements, the desired behavior will not occur.   

 Ability and motivation are often a trade off.  Ability is having the mental 

power and physical aptitude to perform a task.  In orthodontics, to increase 

ability, we must make tasks simpler.  Only focusing on motivating patients will 

not obtain the desired result, excellent compliance.  Ability can be broken down 

into time, money, physical effort, brain cycles (if you have to think “hard”, it’s not 

simple), social deviance (if behavior goes against the norm, it is no longer 

simple), and non-routine (if it’s not routine, it may not be considered simple).   

The three main motivators are pleasure/pain, hope/fear, and social 

acceptance/rejection.  Studies have shown that social acceptance is usually the 

dominating factor for patients seeking orthodontic treatment.67,68 When 

motivation and ability are present, often a trigger is all that is required to initiate a 

response.  The use of triggers is often forgotten when trying to induce change; 

they are a very simple, yet important part of the behavior model.   
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Today, most of the common daily functions are performed on mobile 

devices, as such; text message triggers provide excellent ways to induce short- 

term behavior. Facilitating triggers lets people know that a desired action is easy 

to do without the use of additional resources.  Moreover, a signal as a trigger is 

simply a reminder.66   

 Culbert et al analyzed biofeedback and how health care providers can 

provide greater care for their patients by manipulating behavior.69 Biofeedback 

techniques are behavioral methods to induce physiological, emotional, and 

behavioral changes.  Manipulating body language is a common biofeedback 

technique.  Pediatric specialists especially will be aided by biofeedback 

techniques.  These techniques can change patient behavior and thoughts, 

leading to better treatment outcomes and patient satisfaction. 

 O’Neil et al examined behavior therapy and the techniques that are used 

to change behavior.70 They analyzed behavior therapy in psychiatric disorders, 

depression, and other problems. They showed that recent developments in 

behavior therapy related to medicine could have a significant effect on treatment 

outcomes.  Modifying body language and varying speech patterns are the 

commonality amongst behavior therapies.  Through various techniques, health 

professionals can use behavior therapy to increase compliance and patient 

satisfaction. 

 Ramsay et al discuss current behavior methods to achieve optimal oral 

health.45 Encouraging patients to practice appropriate oral hygiene is a major 
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goal in the preventive-oriented dental practice.  Patients are given a goal when 

asked to comply with an oral self-care regimen and their task is to regulate their 

behavior to achieve the objective, excellent oral hygiene. Different principles of 

self-regulating behavior are analyzed with patients having poor compliance.  

Tooth brushing behavior is reviewed, methods for providing patient feedback 

about their oral hygiene is discussed, and components of behavioral regulation 

of oral hygiene.  

 Gluch et al analyzed different components of motivation, and motivational 

concepts.32 They showed that behavior modification must be initiated in order to 

increase compliance.  Through the learning ladder, patients can progress from 

unawareness of a behavior to a habit.  The learning ladder is a theoretical 

progression.  The learning ladder is a natural progress of becoming aware of 

current habits and cues in order to progressively change a certain behavior.  The 

habits used in their study were brushing and flossing.  At first patients had poor 

compliance, but through the learning process the patients become more 

invested and eventually the behavior of brushing and flossing daily becomes a 

normal daily activity.32 

  With a desire to learn a new habit, goals are set to maintain motivation 

toward obtaining a desired outcome.  Franken contended that goals arise from 

three components: biological processes, learned processes, and cognitive 

processes.71 Goal theory discusses how goals create tension and that people 
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work towards these goals to alleviate the tension.  Depending on the goal, some 

or all of the components will be needed to elicit behavior change.  

 Numerous methods have been found to induce behavior change.  As 

technology continually improves, we look to new methods to increase 

compliance by changing patient behavior.  Text messages have been shown to 

be effective tools to modify behavior.72 

 

Automated Messages 

 Fjeldsoe et al synthesized the current literature pertaining to the 

effectiveness of text messages for delivering behavior change in a health care 

setting.72 The Meta analysis searched for studies published between January 

1990 and March 2008.  Studies were included in the review if they (1) evaluated 

an intervention delivered primarily via text messages, (2) assessed change in 

health behavior using pre-post assessment, and (3) were published in English in 

a peer-reviewed scientific journal.  Fourteen studies were used in the study to 

compare results.  Positive behavior changes were noted in 13 of the 14 studies 

reviewed.  The review concluded that mobile telephone short message service 

had positive outcomes for short-term behavior change. 

 Schedlbauer et al systematically reviewed the literature evaluating the 

efficacy of computerized drug alerts and prompts using EMBASE, CINHAL, 

MEDLINE, and PsychINFO.73 Studies on electronic alerts and prompts in 

clinicians’ behavior were selected and categorized by type.  Most alerts and 
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prompts produced improved behaviors and reduced error rates in 23 out of the 

27 articles selected.  In five papers, the alerts reported a positive impact on 

clinical and health service management outcomes.  They concluded that the 

studies reviewed showed positive and substantial affects using prompts and 

alerts.  

 In another systematic review entitled, “Overview of systematic reviews of 

the effectiveness of reminders in improving healthcare professional behavior”, 

Cheung et al combined existing systematic reviews to evaluate the effectiveness 

of text messages for changing behavior in a clinical setting.2 Relevant 

systematic reviews of reminder interventions were identified through searches in 

MEDLINE, EMBASE, DARE and the Cochrane Library in conjunction with a 

larger project examining professional behavioral change interventions.  They 

found 35 systematic reviews that met their inclusion criteria and concluded that 

reminders were effective in improving behavior change in a broad range of 

settings.  

 In 2010, Cole-Lewis et al performed a meta-analysis of 17 studies.3 Only 

studies using text messages as the primary mode of communication were used.  

Intervention length ranged from 3-12 months, message frequency was varied, 

and there were no follow-ups.  They reviewed studies utilizing text messaging as 

the only tool for behavior change and found that eight studies had shown that 

text messages were effective for changing behavior.  They concluded that text 
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messaging could be an important tool to reduce the global burden on health care 

by providing effective disease prevention and management support.   

 Holt et al performed a meta-analysis to investigate the current evidence 

on how electronically generated reminders effected patient behavior and then 

selected 42 papers to synthesize.74 They showed that individually tailored, 

computer generated reminders generally produce positive but modest effects on 

clinicians’ behavior.74 Such interventions are inexpensive, widely available, and 

offer the potential both to improve clinical care and to impact health outcomes.  

 A systematic review by Fry et al was carried out to investigate how 

periodic prompts would effect behavior change with diet, weight loss, and 

physical activity.1 They found 19 articles with a combined sample size of 15,655 

subjects meeting their inclusion criteria.  Eleven studies showed that the use of 

periodic prompts could be effective changing behavior.1 Also, several articles 

showed that if prompts were frequent and personal contact with a counselor was 

added, the result was enhanced.  Effectiveness is enhanced if prompts are 

frequent and personal contact with a counselor is included. These findings can 

be used to improve interventions that use periodic prompts and will hopefully 

result in increased effectiveness, positive behavior change, and improved 

health.  They noted that further investigation into the effectiveness of different 

time intervals between prompts would be highly valuable.  

 Missed appointments are one of the greatest problems in healthcare, 

incurring substantial costs to the healthcare system.75 Short message service 
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systems are an inexpensive and effective way for investigators to increase 

attendance at healthcare appointments.75 Car et al assessed the effects of 

phone messaging reminders on the attendance of patients at healthcare 

appointments.  A systematic review of four RCTs that included 3,547 

participants was conducted.  The authors concluded that there was moderate 

evidence that text messages are an effective way to increase healthcare 

attendance and that further studies are needed to draw more conclusions.75 

 Guy et al also investigated the use of text messages on increasing 

appointment attendance.13 Studies that compared patients receiving and not 

receiving text messages were reviewed.  A meta-analysis was performed to 

calculate the overall effect on attendance rates.  They reviewed 18 articles, 

including eight RCTs and 10 observational studies, concluding that text 

message reminders substantially increase compliance and are simple and 

efficient option for the patient who receives the reminders.13 

 Similarly, Almog et al investigated the use of text messages to help 

reduce the number of broken healthcare appointments.76 They compared an 

automated confirmation system over a 12-month period with centralized and 

decentralized manual confirmation strategies.  The overall no-show rate dropped 

from 23.42% to 19.17%.  Investigators concluded that an automated 

confirmation system is a cost effective and efficient method for handling no-

shows.  These messaging systems improve patient relations and compliance 

and increase overall efficiency.76 
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 The medical literature has shown that increasing the frequency of 

automated message increases compliance.1,4-6 Sending multiple text messages 

has been shown to improve attendance and reduce no shows across a 

healthcare setting.5 A recent systematic review and meta-analysis showed that 

patients receiving multiple text messages over a given period of time had a 25% 

improvement in appointment attendance, while those who were sent just one 

reminder over the same time period improved only 6%.5 A recent randomized 

control trial found that sending multiple text reminders improve adherence in 

pediatric cataract treatment.6 Weight loss is another aspect of health care for 

which increasing the frequency of reminders has been shown to be effective.  A 

randomized control trial by Dinger et al sent automated prompts to patients to 

increase daily walking for one-week and three-week intervals.  Participants who 

were prompted weekly walked significantly more often than the patients 

receiving reminders every three weeks.4   

 Zotti et al evaluated the influence of an app-based approach on oral 

hygiene in orthodontic patients.77  Eighty patients were randomly divided into 

either a control group or an experimental group using a mobile phone 

application.   The plaque index, gingival index, white spots, and the presence of 

caries were recorded in all patients every 3 months during the first year of 

treatment.  Study group patients were enrolled in a chat room-based competition 

and instructed to share two self-photographs showing their oral hygiene status.  

The study group had significantly lower scores in all tests compared to the 
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control group.   They found that social technologies were effective at motivating 

patients and improving compliance in oral hygiene with adolescent patients in 

orthodontic treatment.77  

 Numerous studies have found that text messaging is an effective way to 

increase the likelihood that patients will brush their teeth.16 Bowen et al 

investigated whether text message reminders had an effect on the oral hygiene 

of orthodontic patients.  The RCT used 50 orthodontic patients assigned to a text 

message group or control group.  Patients were followed through a baseline 

appointment (T0), received 12 texts up to their 4-week check up (T1), and one 

text message 8 weeks (T2) thereafter and pictures of the oral cavity were taken 

at each visit.   Plaque was measured by planimetry and the groups were 

compared.  There was a statistically significant difference between T1 and T2 in 

the text message group.  The investigators concluded that automated text 

message reminders were effective in increasing oral hygiene compliance.16 

 Eppright et al evaluated the use of text message reminders in an 

orthodontic office.17 In this prospective RCT, 42 orthodontic patients were 

assigned to either a text message group or a control group.  The text message 

group received text messages weekly.  Oral hygiene compliance was measured 

using bleeding index, modified gingival index, plaque index. Visual examinations 

for white spot lesions were also conducted.  They were evaluated at baseline 

(T0), two appointments after baseline (T1), and four appointments after baseline 

(T2).  All the periodontal test scores showed that the text message group had 
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significantly better hygiene than the control group at T2.  In conclusion, a text 

message reminder system was found to be effective for improving oral hygiene 

compliance in orthodontics.17 
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CHAPTER II 

        BACKGROUND 

 

 

 Text messaging has become the primary mode of communication for 

adolescents and the rates have been increasing substantially.78 There have 

been recent studies in the orthodontic literature validating the effectiveness of 

text messaging.16,17,77        

 Compliance is an important factor in orthodontics that determines the 

success of treatment.  Orthodontists need to improve patient compliance in 

order to have the best treatment outcomes.  Without a certain level of 

compliance, effective orthodontic treatment is not feasible. There have been 

numerous studies showing how important, and yet difficult it is for orthodontic 

patients to maintain good hygiene.  

 Studies on automated messaging systems have shown that these 

services increase patient compliance.  However, there have been no studies 

discussing how frequency plays a role in the effectiveness of the automated 

messages in regards to patient compliance during orthodontic treatment.  The 

medical literature has found that increasing frequency will increase patient 

compliance in a health care setting. Triggering patients is an important aspect of 

using the human behavior model to produce a desired response.  The 

application of the results of this study goes beyond hygiene and will show the 

most effective way to trigger individuals to increase compliance in orthodontics 
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CHAPTER III 

          MATERIALS AND METHODS 

 

 

Subjects 

A double blind, prospective, randomized clinical trial was performed to 

evaluate the effects of automated messages on oral hygiene.  Patients were 

recruited from patients undergoing orthodontic treatment at the Texas A&M 

University Dental School orthodontic department.  They were being treated with 

a variety of fixed full appliances in both arches.  The study was approved by 

TAMU IRB (approval # 2105-0532-COD-Ext).  Parents/patients signed informed 

consent forms to enroll their child in the study and approved the use of direct 

messages sent to the child. 

Power analyses were performed to determine sample size requirements 

based on reported estimates of variation.16,77 Based on an alpha error of 5%, a 

beta error of 5%, and an effect size of 0.5, it was estimated that 27 patients were 

needed per group (Figure 1). Due to potential non-participation and dropouts, a 

total of 80 patients were recruited.  To be eligible for the study, patients had to 

be between the ages of 12 and 17, must have had no significant medical history, 

had to have been in upper and lower braces for at least 4 weeks, and they must 

have been able to operate a cellular device with text messaging services.  

Patients were excluded if they could not speak/read English fluently, had to 
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spend more than an hour driving to TAMUDS, and were going to complete their 

treatment within 6 months.   

 

Protocol  

 One examiner randomized the patients using the simple allocation 

method provided by Microsoft Excel©. Subjects were randomly assigned to 

either a once a week text message group or a daily text message group.  One 

subject dropped out.  There were 52 females and 27 males who participated in 

the study. Automated messages were sent using Orthodontext© automated 

messaging software.  The actual texts varied by message content and consisted 

of three different message types: texts about oral hygiene, shorter treatment 

time, and motivational texts.  Texts reminding about oral hygiene:  1.” Don’t 

forget to brush your teeth twice a day!”  2. “Make sure to brush your teeth for at 

least two minutes!”  3. “Floss your teeth before you go to sleep and remember to 

hug the teeth with the floss!”  4. “Remember to use mouth rinses when you 

brush and floss to help the teeth stay extra clean!”    Texts about reducing 

treatment time with good compliance: 5. “If you want your braces off faster…be 

sure to keep your mouth super clean!” 6. “Your time in braces will be shorter if 

you keep your mouth very clean!”  Texts sent to motivate:  7. “Research shows 

that a better smile leads to better paying jobs.” 8. “Keep taking good care of your 

teeth and you’re going to have a great smile!”  Text messages were always sent 

at the same time, depending on when they best fit into the parents/patients 
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schedules.  That same time was used throughout treatment.  At the start of 

treatment, all subjects received oral hygiene instructions from a standardized 

video (Bracesquestions.com) on brushing and flossing, and also received an 

oral hygiene kit.  

 

Follow-Up   

  Patients were followed for 8.6 weeks on average.  Three periodontal 

indices (Table 1) of oral hygiene were evaluated on two occasions, T1 (baseline) 

and T2 (final).  Ramfjord teeth (maxillary right first molar, maxillary left central 

incisor, maxillary left first premolar, mandibular left first molar, mandibular right 

central incisor, and mandibular right first premolar) were used for the periodontal 

tests.17 One blinded examiner performed all standardized oral hygiene 

instructions and periodontal measurements at (T1) baseline and 8-12 weeks 

later (T2). These time periods were chosen because previous studies 

consistently used weekly time intervals.16,17,77 Only the examiner sending the 

automated messages knew which group subjects had been allocated to.  The 

examiners working with the patients, collecting data and evaluating the data 

were blinded until the completion of the study. A survey was conducted at the 

end of the study for qualitative analysis of compliance.   
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 Statistical Analyses  

The skewness and kurtosis statistics were used to evaluate the 

distributions.  Since the data were normally distributed, means and standard 

deviations were used to describe the samples.  Due to a initial group difference, 

analyses of covariance were used to compare between group differences.  The 

Cohen’s D effect size used to standardize the difference between two means in 

order to determine clinical significance. 
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CHAPTER IV 

RESULTS 

Initial and Final Values 

At T1, there were statistical significant differences in the measures of oral 

hygiene (Table 2).  The plaque index had a statistically significant difference, 

and no differences for the bleeding index and gingival index.  The weekly group 

had higher scores in all three periodontal tests at the beginning of treatment. 

The bleeding index, gingival index, and plaque index had a possible total score 

of 108, 24, and 36 sites.    The daily group had 16%, 40%, and 50% of possible 

sites scored for the BI, GI, and PI.  The weekly group had 18%, 43%, and 54% 

of possible sites scored for the BI, GI, and PI.  Overall, the two groups had a 

statistical significance for the PI, but were generally similar in their percentage 

scores.  There were no statistically significant differences between the maxillary 

and mandibular teeth on all periodontal tests for both groups.  Accordingly, there 

was no difference in duration between the weekly and daily group. 

Daily and Weekly Changes 

There were significant differences in the changes between the daily and 

weekly text message groups (Table 3). The daily group had a significantly 

greater decrease compared to the weekly group.  For both groups, the bleeding 

index had the greatest decreases from baseline to final.  The PI and GI had 
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similar decreases in both groups.  The daily score decreases were 52%, 19%, 

and 21% for the BI, PI, and GI.  The weekly score decreases were 30%,13% 

and 14% for the BI, PI, and GI.  The Cohen’s D statistic for the changes of the 

BI, PI, and GI were .59, .36, and .42.   

   

Preference for Reminders 

 56 patients chose nightly reminders and 24 chose morning reminders.  

75% of the subjects that chose morning reminders wanted a text reminder 

between 7:00-8:00 AM.  70% of the patients who chose to be reminded at night 

elected to receive a text message between 7:00PM – 9:00PM.  

 

Sex Differences 

 There were no significant sex differences for the decreases in the scores 

of the BI, PI, and GI in both the weekly and daily group (Table 4).  The bleeding 

index had the greatest decrease in both males and females and the GI and PI 

had similar decreases.  The males had a 37%, 16%, and 16% decrease in the 

BI, PI, and GI.  The females had a 38%, 15%, and 18% decrease in the BI, PI, 

and GI.  Similar to group differences for both genders, the bleeding index had 

the most substantial change among genders.  
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Periodontal Correlations 

 All periodontal tests had a moderate correlation between 41-50% 

between initial and final measurements (Table 5).  The correlation was 

significantly less between the three different periodontal tests ranging from 11-

29%.  All correlations were significant at the p<.001 level.  

 

Absence of BOP 

 Only 11% of the sites that had no BOP were statistically significant 

between the daily and weekly group (Table 6).  The maxillary anterior teeth had 

the greatest absence of BOP and the mandibular anterior teeth had the least 

absence of bleeding on probing. 

 

Survey Results 

 A survey was conducted using Surveymonkey.com© at the completion of 

the study.  The survey had a 42% response rate from the seventy-nine 

participants that participated in the randomized control trial.  All of the 

respondents said they read the text messages that were sent.  44% said they 

always read the messages, the remaining participants said they sometimes or 

often read the messages.  75% of the respondents said that they would like to 

change the number of times they were texted.  37% of the participants wanted 

text reminders twice a day, 20% once a day, 20% 3-4 times a week, and 17% 

said they preferred weekly text messages.  Only one third of the respondents 
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thought that some text messages were better than others.  97% of patients 

thought that the text messages had a positive effect on reminding them to brush 

their teeth.  75% of respondents said there was a time they forgot to brush until 

the text reminders were received.  The most effective text category was the 

decrease in treatment time; 70% of respondents thought this was the most 

effective type of text message sent.  The motivational text messages were the 

second most effective and the messages purely about oral hygiene were the 

least effective.  The text messages about decreases in treatment time made the 

participants want to brush their teeth 75% of the time.  The vast majority (97%) 

of patients found that text reminders helped them understand the importance of 

brushing.  The majority (86%) of participants thought that a prize for good 

compliance could be motivating for future participants. 
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CHAPTER V 

DISCUSSION 

Text Usage 

Text messaging has become the primary mode of communication for 

adolescents and the rates have been increasing substantially.78 Teens are 

connected with media at any location and at all times with their mobile devices.78 

88% of teens have access to cell phones and of those 91% use text messages 

on a daily basis.79 The average adolescent sends 100 texts per day, which has 

grown substantially from the 2009 average of 60 texts per day.79,80 The usage of 

cell phones by adolescents is astounding and has become an integral 

component of basic communication.79 Kormendi et al studied 263 youths in 

primary and secondary education and found an average smart phone usage of 

4.65 hours per day.81,82 Communication between adolescents is growing 

increasingly immediate and brief.83,84 Adolescents are heavily influenced through 

smart phones and the immediacy of communication.83,84 The impact of cell 

phone usage and changing communication trends in adolescents make text 

message reminders an effective way to influence behavior.  There have been 

recent studies in the orthodontic literature validating the effectiveness of text 

messaging.16,17,77      
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Text Messages Improving Hygiene 

 Text message reminders improve oral hygiene during orthodontic 

treatment.  Patients’ oral hygiene in the present study had statistically significant 

decrease in all oral hygiene tests.  The BI, PI, GI decreased 30%, 13%, and 

14% in the weekly text message group.  Other studies have also shown 

statistically significant differences in the same indices between patients using 

text message reminders.16,17 Eppright et al. showed score decreases of 34%, 

56%, and 31% for BI, PI, and GI, respectively Bowen et al showed a 31% 

reduction in the PI using planimetry.  Differences between these studies and the 

present study may be due to longer durations of the previous studies. Having 

longer study duration allows for additional motivation of study participants and 

can potentially increase compliance utilizing the Hawthorne effect.7 These 

studies also differ from the present study by sending the text reminders to the 

parent rather than the patient.  This could play a role because parents are often 

more motivated than their children to have orthodontic treatment, especially 

when they were already in treatment.85 Almost all (97%) of patients in the 

present study thought that text messages had a positive effect on reminding 

them to brush their teeth.  
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Oral Hygiene in Orthodontics 

 The improvements in oral hygiene with text message is important 

because once orthodontic appliances are placed, it is difficult for patients to 

maintain optimal oral hygiene.40,55,86 This is why oral hygiene almost always 

declines when patients are in full fixed appliances, due to difficulty with brushing 

and flossing.10,11,23,40 One study shows a rapid decline in oral hygiene after fixed 

appliances were placed, with some showing improvement after the 5th month10; 

other studies show that decreases throughout treatment.12,23,38  Because poor 

oral hygiene increases gingivitis, patients need to be closely monitored for oral 

care.  Text messages offer an efficient way to make patients more aware of 

caring for their teeth.  

 

Frequency of Texts 

  The more frequent that the patients received text messages, the greater 

the improvement in oral hygiene.  Patients receiving automated messages daily 

had greater improvement in oral hygiene. In the present study, the daily group 

had significantly greater decreases than the weekly group.  The decreases in BI, 

PI, and GI were 22%, 6%, and 7% greater than the weekly group.  No other 

current orthodontic studies have compared weekly and daily text messages.  

The increased perceived communication of the daily group with more frequent 

texts might have increased their compliance. Daily text message reminders have 

been found to increase compliance in the health care setting.87 In the medical 
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literature, daily messages make up 36% of all automated messaging frequencies 

based on systematic review.87 Communication between adolescents is growing 

increasingly immediate and brief, showing a preferential trend for more frequent 

communication.83,84 Texting has been shown to be a good form of maintaining 

communication with adolescents, by showing them that the doctor is still 

involved and care about their treatment during long intervals.88 Daily text 

messaging is a constant reminder that the doctor is involved in the treatment.  

Increases in communication help strengthen the doctor-patient relationship, 

which is shown to increase compliance.24 Increasing the frequency of text 

messages, improves doctor-patient relationships and compliance with oral 

hygiene by increasing communication.9,88,89   

 

Adolescent Communication Preferences  

 The present study and current literature found that adolescents prefer 

more frequent communication. The patients in the present study were motivated 

by shorter treatment times and preferred more frequent text messages.  The 

overall trend in this study is that patients would rather be reminded more often 

than less.  Adolescents need additional motivation in order to be complaint with 

treatment and constant text message reminders are one method to improve 

compliance.16 In the present study, adolescents thought that increasing 

frequency would have a positive effect on their oral hygiene. 
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Medical Literature on Text Messages 

 The medical literature has many systematic reviews and meta-analyses 

on the effectiveness of automated messaging.1-3It has also shown that 

increasing the frequency of automated message increases compliance.1,4-6 

Sending multiple text messages has been shown to improve attendance and 

reduce no shows across a healthcare setting.5 A recent systematic review and 

meta-analysis showed that patients receiving multiple text messages over a 

given period of time had a 25% improvement in appointment attendance, while 

those who were sent just one reminder over the same time period improved only 

6%.5 A recent randomized control trial found that sending multiple text reminders 

can improve adherence in pediatric cataract treatment.6 Weight loss is another 

aspect of health care for which increasing the frequency of reminders has been 

shown to be effective.  A randomized control trial by Dinger et al sent automated 

prompts to patients to increase daily walking for one-week and three-week 

intervals.  Participants who were prompted weekly walked significantly more 

often than the patients receiving reminders every three weeks.4   

Another study examined patients receiving reminders during a weight loss 

program and were prompted in weekly and monthly intervals and found no 

statistically significant differences between groups.15   

   

 

 



 40 

Sex Differences 

 There were no significant sex differences in oral hygiene.  While males 

had higher scores initially, differences in the present study were inconsistent and 

less than 2%.  Other studies using oral hygiene indices with patients in fixed 

orthodontic appliances, like the present study, found no differences between 

genders at baseline.16,17,77 Fixed orthodontic appliances seem to normalize oral 

hygiene between gender. Female adolescents not in orthodontic appliances 

have been shown to have better oral hygiene habits than males, show more 

interest in oral health, and perceive their own oral health to be good to a higher 

degree than males.90-93 Hoshang et al showed that female patients brushed 

twice and sometimes thrice as often as their male counterparts and had more 

oral hygiene awareness.  The current literature concludes that female 

adolescents are more compliant than males with regard to oral hygiene.90-93 In 

the present study, there were almost twice as many females than males.  A 

larger female population could potentially have made the study more effective 

because female adolescents are more active on their cell phones and send 

more text messages daily than males.79,81,82   

 

Periodontal Indices 

 Patients receiving automated reminders had a decrease in bleeding 

index, gingival index, and plaque index during orthodontic treatment.  The 

plaque index scores for the daily group and weekly group were significantly 



 41 

different at the beginning of the study; the gingival index and bleeding index 

were not statistically significant.  The bleeding index had a greater decrease in 

both groups compared to the gingival index and plaque index.  The bleeding 

index having the greatest decrease in this particular study is more than likely by 

chance alone.  Direct comparisons to other studies are difficult because 

methods in the present study were considerably different.  Establishing clinical 

significance based on periodontal indices is subjective.  However, the Cohen’s D 

statistic has been shown to correlate effect size and clinical significance.  The 

Cohen’s D statistic for BOP and GI showed a moderate effect, and the PI 

showed a small effect.  There have been systematic reviews evaluating multiple 

RCTs using the indices used in this study in the Cochrane library and they 

conclude that clinical significance is unknown and unclear.94,95   

 

Ramfjord Teeth 

 Ramfjord originally (1959) reported the use of selected teeth (maxillary 

right first molar, maxillary left central incisor, maxillary left first premolar, 

mandibular left first molar, mandibular right central incisor, and mandibular right 

first premolar) for the evaluation of GI, probing depth, and attachment loss.  The 

use of Ramjford teeth has controversial validity regarding its current use in the 

periodontal literature.  Several studies have indicated that the use of Ramjford 

teeth underestimates periodontal disease presence and severity and thus the 

Center for Disease Control (CDC) has recently determined that it will use full 
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mouth periodontal examinations in current and future NHANES studies.46 

Accordingly, Peres et al 2012 found the use of Ramjford teeth caused worse 

inaccuracy of BOP compared to full mouth evaluation.47 Conversely, there have 

been many studies that have supported the use of Ramjford teeth as a reliable 

indicator to evaluate periodontal health.18,48-51 For the purpose of this study, like 

other studies on automated messages17, oral hygiene is being used as an 

outcome measure and should be an efficient and reliable way to compare OH 

among orthodontic patients.52,53 

 

Decreased Treatment Time 

 Adolescents who completed our survey found that decreasing treatment 

time was the most effect type of text message received.  The most effective text 

category was the decrease in treatment time; 70% of respondents thought this 

was the most effective type of text message sent.   Our present study is in 

agreement with current literature that a shorter treatment time is one of the most 

important motivators for patients in braces (Richter, Kreit, Albino).23,29-31 This is 

important because it verifies that a patient's chief concern during orthodontic 

treatment is treatment time and not necessarily maintaining excellent hygiene.  

Future studies need to analyze how the content of text messages affect patient 

behavior. 
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CHAPTER VI 

CONCLUSIONS 

 

1. Text messaging is an effective and simple way to improve oral hygiene in 

the adolescent patient while in fixed orthodontic appliances. 

2. Daily text messages were more effective at improving oral hygiene than 

weekly text messages. 

3. In our survey, adolescent patients preferred higher frequency text 

messages and are motivated by a decrease in treatment time in fixed 

appliances. 

4. Future studies analyzing the content of text messages and different 

frequencies of messages would be beneficial to the clinical orthodontist to 

learn the best way to influence behavior. 
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