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Dedication 

This book is dedicated to our families, teachers, mentors, students, and in particular to our patients. More importantly, this book is dedicated to you, the reader, the present and future of orthodontics.





In Memoriam 
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Dr Tiziano Baccetti (1966—2011) 




Chapter 9 of this book, “The Effectiveness of Treatment Procedures for Displaced and Impacted Maxillary Canines,” was written by Dr Tiziano Baccetti. This may well have been his last scholarly work; he completed this chapter just a few weeks before his untimely and tragic death on November 25, 2011, at the young age of 45. While posing for a photograph on a historic bridge in Prague, Czech Republic (he was the Keynote Speaker at the 9th International Orthodontic Symposium held November 24 to 26, 2011), he slipped on old stonework at the base of one of the saintly statues that decorate the bridge and fell 8 meters to the rocks below. It was the Charles Bridge—Ponte Carlo in Italian, the same name as Tizanio’s beloved father, who knows that bridge well and for whom the picture was intended.

Tiziano authored over 240 scientific articles on diverse orthodontic topics. He has been described by those who knew him best as a “superman.” This is supported by what he had accomplished in his short life. In 2011, Tiziano gave the Salzmann Lecture at the 111th Annual American Association of Orthodontists Session on “Dentofacial Orthopedics in Five Dimensions.” In concluding his presentation, he explained how his grandfather in Italy had told him as a young boy that one day he would “find his America” and fulfill his dreams. Tiziano said at the end of his lecture, “I have found my America, fulfilled my dreams.” Few, even with a long life, can say that they have fulfilled their dreams, their ambitions. We can be comforted that Tiziano did.

We feel fortunate that we can share Tiziano’s excellent chapter with our readers.





Foreword 

This text can serve as a reference guide for research and studies in many difficult clinical areas where there is a lack of evidence-based information. The distinguished editors are all involved in education, research, and practice, and they have invited other well-known experts and authorities to critically evaluate the literature and topics such as early treatment, extraction and nonextraction, Class III treatment, asymmetries, temporary skeletal anchorage devices (miniscrews), impacted canines, root resorption, temporomandibular disorders, retention, stability, and accelerated orthodontic tooth movement. These are all critical areas in the full scope of clinical orthodontic practice. I am sure that every orthodontist will learn from the enormous contributions provided so clearly in this text. The first chapter introduces and defines evidence-based clinical practice. Every other chapter provides evidence for and against each controversy and concludes with a summary and points to remember.

The topics are covered in detail with extensive illustrations, cases, diagrams, and references. All discussions are based on current research findings, and when evidence is not available, it is clearly stated as such. As the editors point out, the purpose of this book is to provide the orthodontist with an evidence-based perspective on selected important orthodontic topics and to stimulate practicing orthodontists to reflect on their current treatment protocols from an evidence-based view. In the future, clinical decisions should be based ideally on evidence rather than personal opinion, and treatment strategies should be proven to be both efficacious and safe.

I am very honored and privileged to have been asked to present this foreword because this text should be the evidence-based text for EVERY orthodontist and student.



Robert L. Vanarsdall, Jr, DDS
 Assistant Dean for Advancement of Dental Specialties
 Professor, Department of Orthodontics
 University of Pennsylvania 





Preface 

The specialty of orthodontics has evolved from an apprenticeship to a learned profession requiring academic training. Nevertheless, many in our profession still cling to biased beliefs and opinions rather than embracing evidence-based practice. When evidence conflicts with what experience has taught, it becomes even more difficult for such practitioners to change their views. Hence, there is complacency and resistance within the profession to adopt evidence-based treatments.

Most orthodontists experience at least enough treatment success to support a practice. Yet treatment success does not necessarily equate with treatment efficacy or even verification of an appropriate diagnosis. This success can be the biggest obstacle to change. Clinical success may be associated with a multitude of appliances, strong belief in a particular philosophy, financial motivations (even unethical ones such as inappropriate phase I treatments), the difficulties involved in switching from an experience-based practice to an evidence-based practice, and a simple lack of understanding of evidence-based clinical practice (described in chapter 1). In our profession, therefore, treatment efficacy is currently evaluated broadly in relation to benefits, costs, risks, burden, and predictability of success with various treatment options.

No longer can the role of evidence-based decision making be shunned and ignored in favor of clinical experience alone. From both ethical and legal perspectives, sound clinical judgment must be based on the best evidence available. Today a paternalistic view, whereby the doctor knows what is best for the patient without soliciting patient input, is unacceptable. Patients have a right to autonomy and input into their treatment provided that it does no harm.

The 2001 Institute of Medicine report estimated that it takes an average of 17 years for new, effective medical research findings to become standard medical practice.1 For example, there was a reemergence of the use of self-ligating brackets in the mid-1990s amid claims not only of faster ligation but also of quicker and more comfortable treatment. Several prospective clinical trials began to be published in 2005 and then two systematic reviews in 2010 concluded that in fact there was no difference in discomfort or treatment time when self-ligating brackets were used compared with conventional brackets. Yet despite the weight of evidence, these claims of faster treatment times and less discomfort are still made and supported by many orthodontists. As Dr Lysle Johnston, Jr, pointed out, our specialty tends to have a pessimistic attitude toward evidence and a minimal capacity to judge its quality. But what effect does this pessimism have on our patients? Can we as an orthodontic profession really wait 17 years to incorporate emerging quality evidence into our clinical practices?

With the exponential growth of information in today’s world, how does the busy orthodontist evaluate evidence that will affect his or her practice? This book was conceived out of a need for evidence regarding relevant clinical topics and ongoing controversies in orthodontics such as early treatment, bonding protocols, treatment of Class II and Class III malocclusions, asymmetries, impacted canines, root resorption, retention, and accelerated tooth movement. We have done our best to incorporate the best evidence available regarding these topics, and hopefully this book will show you not only how to judge quality evidence but also why it is so important to implement it.
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Introduction: Evidence-Based Clinical Practice 


A quandary for the busy orthodontist in clinical practice is, “What knowledge and information should I be using in clinical decision making?” Some clinicians base their clinical decisions on their own unique observations and experiences, or perhaps even those of an “expert” currently on the lecture circuit, while other orthodontists base their clinical judgments on the available scientific evidence rather than anecdotal reports. Clinicians may also rotate back and forth between an experience-based and an evidence-based view. In recent years, it has been recognized that the ideal approach to decision making in health care should be based on scientific evidence rather than personal opinions.1


What is evidence-based dentistry? A recent JADA article by Ismail and Bader2 defined evidence-based dentistry as “an unbiased approach to oral health care that follows a process of systematically collecting and analyzing scientific evidence with the objective of gaining useful decision-making information with minimal bias.” So-called evidence scientists have prioritized each type of evidence according to the importance and weight it is accorded during decision making. At the low end of the hierarchy lies expert opinion, and at the high end lie high-quality meta-analyses and systematic reviews and randomized controlled trials (RCTs) with a very low risk of bias3 (Table 1-1). Being ranked as low-level does not necessarily mean that evidence is false but rather that the priority given to decision making is low because the potential cost versus benefit might be highly unfavorable for large numbers of patients.4 In fact, critical discoveries such as penicillin and DNA have emerged from lower levels of evidence. It should also be noted that although RCTs are considered the gold standard for assessing the effectiveness of treatment interventions, implementing them is not always feasible or ethical. For example, it would be unethical to randomize participants to smoking and nonsmoking groups with the objective to evaluate the effect of smoking on lung cancer; in such circumstances, high-quality observational studies must be used to determine causality. Finally, predictive models (prognostic and diagnostic) are best developed using high-quality prospective cohort studies because they are most likely to simulate real-life scenarios.


The orthodontist’s focus for clinical decision making should be on treatment protocols and strategies that are proven to be both efficacious and safe. To facilitate evidence-based decision making, a plethora of guidelines have been developed that aim at improving research methodology, reporting, appraisal, synthesis, and translation of scientific evidence into clinical practice. The EQUATOR Network website is an excellent source for accessing reporting guidelines.5 Among the guidelines pertinent to orthodontics are the CONSORT (Consolidated Standards of Reporting Trials),6 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses),7 STROBE (Strength ening the Reporting of Observational Studies in Epidemiology),8 MOOSE (Meta-analyses of Observational Studies in Epide-miology),9 STARD (Standards for Reporting of Diagnostic Accuracy),10 AMSTAR (Assessment of Multiple Systematic Reviews),11 SORT (Strength of Recommendation Taxonomy),12 and the Cochrane risk of bias tools.13 These guidelines were developed and are continuously updated by evidence-based expert teams.

At the core of the Cochrane collaboration (www.cochrane.org) is a database that prepares, maintains, updates, and promotes systematic reviews. Since its inception in 1993, over 15,000 contributors from over 100 countries have been involved with the Cochrane collaboration, making it the largest organization related to this type of work.13

In the past, narrative reviews were the only form in which multiple studies on a particular topic were reported in peer-reviewed journals. Narrative reviews are associated with a high risk of bias because they offer no systematic, transparent method for searching for studies, including studies, appraising the studies that are included, or conducting data abstraction and qualitative or quantitative (Fig 1-1). (meta-analysis) synthesis Recognition of these shortcomings opened the way to systematic reviews, which, if properly conducted, are more useful for resolving controversies and provide more accurate intervention effect estimates, thus powering the cycle of knowledge (Fig 1-2). As previously mentioned, systematic reviews require transparent and carefully controlled methodology in order for their results to be valid because combining mismatched data may justify the well-known GIGO (garbage in, garbage out) label.14 The main biases encountered with systematic reviews are selection bias (selective study inclusion), publication bias (studies with significant results are more likely to be published than studies with nonsignificant results), and heterogeneity of quality of included studies. The inclusion in systematic reviews of only a portion of the available studies, which are not sufficiently homogenous in quality, number of participants, interventions, and outcomes, impedes the generation of valid results. 13











	Table 1-1 
	Revised grading system for recommendations in evidence-based guidelines*



	Level of evidence 
	Description



	1++ 
	High-quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias




	1+ 

	Well-conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of bias




	1– 

	Meta-analyses, systematic reviews of RCTs, or RCTs with a high risk of bias




	2++ 

	High-quality systematic reviews of case-control or cohort studies or high-quality case-control or cohort studies with a very low risk of confounding, bias, or chance and a high probability that the relationship is causal




	2+ 

	Well-conducted case-control or cohort studies with a low risk of confounding, bias, or chance and a moderate probability that the relationship is causal




	2– 

	Case-control or cohort studies with a high risk of confounding, bias, or chance and a significant risk that the relationship is not causal




	3 

	Non-analytic studies (eg, case reports, case series)




	4 

	Expert opinion




	*Adapted from Harbour and Miller.3
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Fig 1-1 Types of reviews.
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Fig 1-2 The cycle of knowledge.




An important consideration is the translation of scientific evidence into clinical practice. Several tools have been developed to help clinicians make sense of and apply the published scientific evidence. One of the most recent initiatives aimed at bridging the gap between evidence and clinical practice is GRADE (Grading of Recommendations, Assessment, Development, and Evaluation),15 which also has been incorporated into the Cochrane systematic reviews. The GRADE approach postulates that clinical practice guidelines should consider not only the quality of the available evidence but also the values and preferences of patients, its safety, and its cost16 (Fig 1-3). This approach has only two recommendation levels: strong and weak. GRADE recognizes all outcomes and classifies them as either critical, important but not critical, or not important. The evidence is then graded for all outcomes and is assigned one of four ratings, as shown in Table 1-2. After deliberation, a recommendation—either strong or weak—is given, depending on the previous information and whether there is one approach accepted across the board (strong recommendation) or alternative options for the patient are available that he or she is likely to accept and follow. In other words, according to GRADE, based on the available evidence, if we are certain that the benefits clearly outweigh the risks and other burdens, then we are likely to make a strong recommendation regarding the intervention of interest. For example, when deciding between full orthodontic bonding and full banding from molar to molar, a strong recommendation for bonding may be given because the benefits of bonding compared with banding clearly outweigh the risks and other burdens. A myopic approach would be to consider only the fact that bands might have lower failure rates compared with brackets. A more appropriate approach would be to consider other associated outcomes, such as time required to band, patient discomfort, periodontal problems, decay under failing bands, patient esthetics, extra space required and increased probability for extractions, and cost.
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Fig 1-3 Determinants of the strength of recommendation according to GRADE.16













	Table 1-2 
	Categories of quality of evidence according to GRADE16



	Rank 

	Description




	High 

	Further research is very unlikely to change our confidence in the estimate of effect.




	Moderate 

	Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

	



	Low 

	Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

	



	Very low 

	Any estimate of effect is very uncertain.










However, if benefits and risks are balanced or if there is uncertainty about the benefits and risks, then a weak recommendation is likely. For example, when deciding between one-stage and two-stage orthodontic treatments in the absence of clear evidence favoring either approach, fully informed patients are likely to make different choices depending on their values and preferences. While a patient with a large overjet who is concerned about esthetics and potential damage of the maxillary front teeth might opt for early treatment, a more cost-conscious patient may choose the one-stage treatment approach.

Forrest and Miller17 defined evidence-based clinical practice (EBCP) as “the integration of the best research evidence with clinical expertise and patient values.” It integrates scientific or evidence-based orthodontics with patient preferences and patient autonomy, clinical or patient circumstances, and clinical experience and judgment. Pertinent to this paradigm is the dictum made by Dr Lawrence Jerrold18: “Never treat a stranger.” Knowing the patient’s chief complaint and obtaining a complete patient history (medical, dental, and social) are essential. According to Principle 1 of the American Association of Orthodontists’ Principles of Ethics and Code of Professional Conduct,19 “Members shall be dedicated to providing the highest quality orthodontic care to their patients within the bounds of the clinical aspects of the patient’s conditions, and with due consideration being given to the needs and desires of the patient.”

In the past, orthodontics, like medicine, was to an extent paternalistic (ie, the doctor knows what is best, and the patient should not question his or her recommendations). Currently, however, orthodontics is practiced with the requirement of obtaining informed consent from patients who are autonomous and have a right to govern their health care as long as it “does no harm.” This, coupled with a multitude of information and misinformation that is easily accessible by patients, challenges orthodontists to effectively communicate with their patients.

Clinical practice requires clinical experience and judgment in formulating treatment decisions. Because there are no universally accepted protocols in orthodontic practice, orthodontists may default to what they know best or what works in their hands. At the same time, they may be required to make a choice in using a particular treatment technique without having had appropriate training, such as the use of orthodontic temporary skeletal anchorage devices. Orthodontic manufacturers are often in a position to provide this training, but their primary motivation may be to sell product and not to provide clinicians with objective education. Perhaps the lack of science may be not only a result of the lack of orthodontist demand for it but also related to the knowledge that errors in orthodontic treatment usually do not affect patients’ lives to the same extent as potential harm from drugs or major surgery. How else might we account for the lack of universally accepted treatment modalities and yet a vast array of opinions and beliefs by orthodontists?

O’Brien and Sandler20 argue that clinical decisions are largely governed by anecdotal evidence and the training and experience of the clinician. This may lead clinicians to remember their “good cases” that are often several standard deviations from the mean. The results of orthodontic trials are often refuted by the clinician because they may challenge long-held beliefs (cognitive biases). As pointed out by Hicks and Kluemper,21 our brains generally use two modes of reasoning: heuristic or so-called right-brain (intuitive, automatic, implicit processing) and analytic or left-brain (deliberate, rule-based, explicit processing) reasoning. Cognitive biases and errors in clinical orthodontics arise under conditions of uncertainty, leading to greater reliance on heuristic thinking and possibly predictable errors in judgment.

Given the overwhelming volume of orthodontic literature published each year, how does the busy clinician have the time to read and make sense of the available evidence and then apply it to daily practice? The recent emphasis on systematic reviews and meta-analyses may allow the practicing orthodontist better access to the totality of evidence during clinical practice. On the other hand, because systematic reviews are relatively new in the field of orthodontics and there is a lack of high-quality studies, the results are often inconclusive and necessitate further high-quality research. However, the introduction of systematic reviews in conjunction with the refinement of clinical trial methodology and the standardization of publication guidelines is likely to increase the quality of orthodontic evidence in the long term. Already the American Dental Association (ADA) has developed an evidence-based website22 with the objective of publishing critical summaries of systematic reviews from dental research that would present the available evidence, conclusions, and clinical recommendations to the practicing dentist.

With EBCP, there is more potential to be critical and questioning of new technologies, biased views, and unsubstantiated claims. For instance, in the past, even though the straight-wire or pre-adjusted edgewise appliances achieved universal acceptance, few had scrutinized whether they had any clinical advantages or disadvantages like we have done and currently do for self-ligating brackets. Do they shorten treatment time, reduce chair time, or lessen discomfort? Are they more hygienic, and do they achieve superior treatment results? Harradine pointed out that “no study ever demonstrated that pre-adjusted edgewise appliances were superior to plain edgewise, but the former are overwhelmingly preferred for reasons that are regarded by clinicians as being self-evident and in no need of the highest order of scientific proof.”23 For example, in a retrospective study comparing the treatment results of the Roth (straight-wire) appliance and standard edgewise appliance using two occlusal indices, no significant differences were found between the two appliances.24 In fact, despite using the Roth appliance, experienced orthodontists still found it difficult to obtain all of Andrews’s Six Keys to Normal Occlusion.25

In summary, orthodontics has been described as an art and a science, but the art in the practice of orthodontics seems to have eclipsed the science. This chapter presented the rationale for incorporating an EBCP model into clinical practice. Also, a cursory review of the current guidelines and standards for developing and reporting RCTs, systematic reviews, and meta-analyses were described. The purpose of this book is to provide the orthodontist with an evidence-based perspective on a variety of important orthodontic topics and to challenge the practicing orthodontist to reflect on his or her current treatment protocols from an evidence-based perspective. Dr Lysle Johnston, Jr, has questioned the value our profession has for academia and science, stating that “In effect, the specialty will have to decide if academia is anything more than a front for a calling that seems to have decided that science is irrelevant . . . and to survive, more is needed than fantastic hands and great results. Easier, quicker, better: in 2011, any two will do.”26 Perhaps this book will give the practitioner more appreciation of what academics and researchers do and how evidence impacts clinical orthodontic decision making and practice.
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Early Intervention: The Evidence For and Against 


In this chapter, various aspects of early intervention are evaluated, and some of the controversies surrounding early intervention are examined. Topics covered include the advantages and disadvantages of early treatment, early expansion, E-space preservation, and the efficacy of the mandibular lingual arch.

Class II Early Treatment 

Because of the controversy regarding early treatment and particularly early treatment of Class II malocclusion, the arguments against and for early treatment are presented separately.

The evidence against early treatment 

The early randomized controlled trial (RCT) studies showing no efficacy are primarily those regarding treatment of Class II malocclusions with functional appliances such as the bionator, Fränkel, twin block, headgear, or bite plate.1–4 These studies show a temporary effect of functional appliances in early phase I or stage 1 treatment, but the effects are lost during the second phase, so there is no net effect. Dr Lysle Johnston calls this process a “mortgage on growth,”5 meaning that you borrow a little growth prematurely during phase I treatment, but you pay it back later. Therefore, the overall effect of the second phase of treatment is the same as that obtained in patients who received late treatment only. In other words, you cannot grow mandibles, and there is limited advantage to two-stage treatment. 

However, these RCTs are best for establishing causality, and because they are generally highly controlled with a narrow perspective, they might not be suitable for generalizations. Other limitations of RCTs, particularly in regard to efficacy of Class II treatment outcomes, include the following: They are expensive and time-consuming; clinical trials with orthodontic appliances are difficult because the appliance is one of several factors affecting the outcome; blinding is rarely possible; compliance is mostly self-reported; dropouts may be the ones not responding to treatment; and results show the average effect of treatment and disregard the many phenotypes of Class II, allowing the possibility that a more refined, stratified sample would produce different results.

The Cochrane Review has provided systematic reviews of literature based on primary research6 with very low levels of bias with regard to early intervention with functional appliances for treatment of Class II malocclusions. For Class II, division 1 malocclusions, the evidence suggests that there is no advantage to providing two-stage orthodontic treatment for children with prominent maxillary anterior teeth over one-stage treatment during early adolescence.7 Early orthodontic treatment seems to have no real effect on the overall outcome of treatment during adolescence. There appear to be minor improvements to the skeletal pattern when functional appliances are used in early adolescence, but these changes do not appear to be clinically significant.7

An RCT was designed to evaluate the efficacy of early orthodontic treatment of Class II malocclusion on the incidence of incisor trauma in the initial phase of treatment in headgear or bite plane, bionator, and observation (no treatment) groups followed by a second phase with fixed appliances.8 In this investigation, early treatment was shown not to affect the incidence of incisor injury, and the majority of injuries that occurred before or during treatment were minor. Thus, the cost-benefit ratio of orthodontic treatment primarily to prevent incisor injury may not be justified. In this study, it was reported that a significant number of the children already had some incisor trauma before early orthodontic treatment commenced, and early orthodontic treatment would need to start at the time the permanent maxillary incisors erupted in order to evaluate the effectiveness of preventing dental injuries. Therefore, further research is needed to support the claim that certain Class II malocclusions with maxillary protrusion have accident-prone profiles and warrant early orthodontic treatment from a cost-benefit perspective.

Von Bremen and Pancherz9 showed that for Class II, division 1 malocclusion, treatment in the permanent dentition was more efficient for both duration and outcome than treatment in early or late mixed dentition. In addition, treatment with fixed appliances such as the Herbst was more efficient than treatment with functional appliances with or without preceding expansion with maxillary plates or treatment with a combination of functional and fixed appliances.

In a systematic review, Millet et al10 concluded that “there is no evidence to recommend or discourage any type of orthodontic treatment” for children with deep bite and retroclined maxillary anterior teeth (Class II, division 2 malocclusion),10 although this information would be useful to the orthodontist. They propose two possible treatment options: a removable (functional) appliance that fits the maxillary and mandibular teeth followed by fixed braces, or extraction (usually two maxillary teeth) followed by fixed braces. However, they point out that currently “there is no evidence to show whether orthodontic treatment without taking out teeth in children with deep bite and retroclined upper front teeth is better or worse than orthodontic treatment involving taking out teeth or no orthodontic treatment.”10

The evidence for early treatment 

In a prospective RCT, Wheeler et al11 demonstrated that both headgear and the bionator are effective in achieving phase I treatment goals, but the headgear group experienced more relapse between the end of treatment and the end of phase I. However, some would argue that the headgear should not have been completely stopped and a maintenance protocol should have been used.

Dugoni12 compiled a list of limitations of the early-treatment studies:



1. These studies did not provide an individualized treatment protocol for subjects. Would an individualized comprehensive approach to phase I treatment have made a difference in their findings?

2. There were limited treatment goals for phase I treatment.

3. All subjects with overjets equal to or greater than 7 mm were included.

4. However, Class II subjects with < 7 mm of overjet were not included.

5. All treated subjects had 15 months of treatment.

6. All subjects were treated with phase II comprehensive treatment.

7. Evaluation of phase II records showed that many phase I subjects did not have resolution of tooth alignment, overbite, overjet, and crossbites.



According to Dugoni’s protocol, after phase I, patients should have a supervised retention period until all permanent teeth have erupted (except third molars). A maxillary removable retainer and a mandibular lingual arch are continued if indicated. Also, headgear is sometimes continued to correct a Class II molar or to prevent relapse back toward the original Class II relationship.13 One could argue that if headgear is continued during this retention phase, then it could be considered ongoing treatment and therefore less cost-effective. The clinical trials in the United Kingdom and at the University of North Carolina clearly indicated that early Class II correction had no long-term benefit, so it would then come down to being able to identify those cases that possibly could avoid a second phase of treatment. For example, patients with mesofacial and brachyfacial Class II relationships with a reasonable alignment once the overjet is corrected (assuming it is corrected in the first phase) may be happy to accept the resulting alignment and occlusion. However, this is conjecture and ideally would be the subject of future research. Figure 2-1 shows a patient who underwent a twin block for overjet correction and improvement of the deep bite followed by a Hawley retainer with a bite plane to allow posterior settling. The patient and family decided that the alignment, which had been improved by selective trimming and adjustment of the plates, was acceptable, and no further treatment was undertaken.

The efficacy of a comprehensive early treatment (CET) protocol was evaluated in a retrospective study of 305 Class I, Class II, and a small number of Class III patients who presented between the ages of 7½ and 9½ years randomly selected from the clinical practices of three experienced orthodontists who routinely employ this treatment philosophy (Oh HS and Dugoni SA, personal communication, 2012). The main treatment employed in 191 of the subjects was fixed mechanotherapy (maxillary 2 × 4 appliance) supplemented by extraoral forces (headgear) to restrain forward growth of the maxilla combined with treatment directed at preservation of E-space. The conclusion of the study was that CET is an effective modality for fully correcting certain kinds of malocclusions for many patients and making second phase treatment more reliable for other patients. However, because there was no control group, the authors of this study acknowledged some confounders in that growth and chance are not accounted for. Instead, this study compared its treatment outcomes with RCTs at the University of North Carolina and the University of Florida that evaluated the effectiveness of early treatment with functional appliances. This study is also prone to the common limitations of retrospective research such as incomplete or missing records for 31% of the sample, which can potentially bias the result. Phase I CET was an average of 21.5 months followed by active supervision over 2.9 years, which involved continued headgear wear, a maxillary retainer adjusted for guidance of eruption, and a mandibular lingual arch. The authors found that 46% of the CET cohort did not undergo a fully bonded second phase of treatment. The remaining 54% had full fixed appliances with or without extractions. This second phase of treatment was an average of 1.9 years (± 0.7 years). When the sample was evaluated, the average overjet was 5.5 mm at the beginning of phase I CET, which is smaller than that of the patients included in the trials in the United Kingdom and at the University of North Carolina (overjet ≥ 7 mm). However, the goal was also different because it was aimed not only at correction of the overjet/Class II malocclusion but also at improving the alignment to limit or prevent a second phase of treatment. The overjet was reduced by 2.7 mm from an average of 5.5 mm, so at the end of CET it was 2.8 mm.
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Fig 2-1 (a to o) This patient underwent a twin block for correction of the overjet and improvement of the deep bite followed by a Hawley retainer with a bite plane to allow posterior settling. The patient and family then chose to accept the alignment, which had been improved by selective trimming and adjustment of the plates.






To apply this information to clinical practice, we need to consider the time and cost involved in an early phase of CET and the possible outcome of avoiding a second phase of treatment. A second phase was avoided in almost one-half of the subjects, most likely because they were happy with the outcome and did not wish to pursue further treatment. However, it is also possible that some subjects could not afford another phase of treatment or were worn out by the initial treatment and accepted the current condition.14 Further studies of this type will hopefully help to identify subjects most likely to respond successfully to an early CET and those more successfully deferred to one-phase treatment. Another sample of this same study included deferred treatment, and the authors stated that this will be evaluated in the future. Based on these results, and until further studies are available to support or refute them, it would seem that almost one-half of mild Class II subjects who cooperate well with headgear and have mild to moderate crowding (5 mm maximum) that can be addressed with a maxillary 2 × 4 and a mandibular lingual arch but no other occlusal or eruption problems may seem suitable for such an approach. The success rate would also likely be lower than 46% because retrospective research tends to overestimate the response when compared with prospective clinical trials.

In another study evaluating early orthodontic treatment in the public health system in a Finnish population, 52% of the cohort received treatment between the ages of 8 and 15 years.15 Subjects assessed to require treatment at age 8 years included patients with anterior or lateral crossbites, increased overjet (> 6 mm), deep overbite with palatal contact, and severe crowding. The early-treatment protocol (ages 8 to 12 years) included a quad-helix appliance for posterior crossbite, usually headgear if sagittal correction was required, and the use of palatal and lingual arches for space maintenance. During this time, the cases with a definite need for treatment as assessed by the Dental Health Component (DHC = 4 or 5) of the Index of Orthodontic Treatment Need decreased by about 20%, while those not indicated for treatment (DHC of 1 to 2) increased by about 20%. However, because there was no control group, it is unknown how many cases may have improved with no intervention. Conversely, 32% changed from the “no treatment need” category at age 8 years to the moderate or definite treatment need group by age 15 years.

Expansion 

The indications and justification for maxillary expansion are the following: (1) restricted maxillary arch width, (2) mandibular functional shift, (3) increase in arch length in the absence of a posterior crossbite to enhance a nonextraction protocol, and (4) to improve a Class II relationship by provoking spontaneous mandibular growth or positioning response to maxillary expansion.16 The latter two indications are advocated with a rapid palatal expander in the absence of a posterior crossbite. The belief is that the maxillary arch form governs the mandibular arch form so that if the maxillary arch form is changed, the mandibular arch form will also change, widening appropriately. The greatest gain in maxillary arch length is from proclination of the incisors followed by expansion of the intercanine width.17 Therefore, reciprocal expansion of the mandibular intercanine width might result in the largest gain in arch length. If reciprocal expansion of the mandibular arch does not occur, then active expansion of the mandibular arch, possibly with a Schwarz appliance, has been recommended. Furthermore, advocates18,19 of maxillary expansion in the absence of a crossbite believe that this may also result in correction of Class II malocclusion by “unlocking” the mandible, in the same way that having a larger shoe will free the foot to move forward. Subsequently, mandibular growth will make this initial postural change permanent.

There is no question that expansion of the arches can be achieved. However, regarding the issue of reciprocal expansion, even if it did occur in the mandibular intercanine width, stability would be a concern. Dr Hays Nance20 was one of the first to advocate preservation of the patient’s original mandibular intercanine width.21 Gianelly22 pointed out that any expansion of the mandibular intercanine width is not stable and that it should remain essentially unchanged during treatment.23 A meta-analysis by Burke et al24 of mandibular intercanine width in treatment and postretention found that mandibular intercanine width tends to expand during treatment by 0.8 to 2.0 mm and tends to constrict postretention by 1.2 to 1.9 mm, irrespective of pretreatment classification or whether treatment was extraction or nonextraction. In an evidence-based review, Gianelly25 showed that reciprocal expansion of the mandibular intercanine width is an uncommon occurrence and that when it does occur, it is less than 1 mm.

Similarly, Bowman26 argued that expansion in the absence of a posterior crossbite to resolve crowding is unscientific and predisposes patients to periodontal problems, pushes teeth out of the envelope of supporting alveolar bone, and is not stable. Furthermore, Bowman states that to avoid premolar extractions with 5 mm of crowding in each quadrant, 12 mm of stable expansion would be required. This amount of stable expansion has not been demonstrated in the known orthodontic literature.

Regarding the predictability and efficacy of maxillary expansion to correct a Class II malocclusion in the absence of a posterior crossbite, again Gianelly25 argued that this expansion is no greater than what might occur from normal growth and development. Therefore, it is difficult to justify maxillary expansion in the absence of a posterior crossbite to correct maxillary and/or mandibular crowding or to correct a Class II malocclusion. In a small retrospective study of 13 Class II subjects who underwent expansion and then observation only, 7 of the 13 subjects underwent improvement in the Class II relationship, while this relationship actually worsened in 5 of the remaining subjects.27 The authors concluded that their results do not support the “foot in the shoe” theory and that maxillary expansion does not predictably improve Class II dental relationships, although a larger sample size may increase the “power” and be more definitive/predictive.

In a systematic review of five papers on the long-term (more than 1 year) postretention stability of expansion, Schiffman and Tuncay28 demonstrated that only 2.4 mm of stable expansion remained. However, it can be argued that this amount may be no greater than what can be expected from normal growth. For example, Marshall et al29 showed that maxillary molars upright lingually 3.3 degrees and maxillary intermolar width increased by 2.8 mm between 7.5 and 26.4 years of age. Similarly, the mandibular molars upright by 5.0 degrees, and mandibular intermolar width increases by 2.2 mm. Therefore, any maxillary expansion may not be stable beyond what might be expected from growth. This is not to say that maxillary expansion is not indicated or warranted. In the presence of a posterior crossbite with a lateral shift (Fig 2-2), the benefit of treatment appears to be obvious because if left untreated, it can possibly lead to asymmetric growth and uneven remodeling of the glenoid fossa,30 although this does not appear to make the subject any more or less prone to future temporomandibular joint disorder symptoms.31 However, the timing of early expansion can still be debated. In their meta-analysis of the expansion literature, Schiffman and Tuncay28 concluded that “early correction of a developing crossbite may or may not be beneficial.” The Cochrane Library review of orthodontic treatment of posterior crossbites32 stated that early treatment of posterior crossbites by removal of premature contacts appears to prevent them from being passed on to the adult dentition. When selective grinding alone is not effective, a removable or other expansion device to widen the maxillary arch will reduce the risk of a posterior crossbite being perpetuated. However, these conclusions were based on only two small studies by Thilander et al33 and Lindner.34
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Fig 2-2 (a to j) The patient has a lateral slide shift to the right side on closing due to the crossbite. Once expanded, not only is the cross-bite corrected, but the lateral shift is removed, and the dental midlines are now coincident.








The American Association of Orthodontists Council on Scientific Affairs (COSA) undertakes an evidence-based approach, often through systematic reviews, to provide answers to the numerous questions posed to it. Several questions in regard to expansion have been addressed. First, three questions with regard to self-ligating brackets were reviewed: (1) Does lateral expansion of the dental arch by self-ligating brackets “grow” buccal alveolar bone? (2) Is lateral expansion of the dental arch by self-ligating bracket systems comparable with lateral expansion gained by rapid maxillary expansion followed by conventional edgewise treatment? (3) Is lateral expansion of the dental arch gained by self-ligating bracket systems stable in the long term? COSA for all three questions concluded that there was a lack of peer-reviewed data available and weak and low-level evidence to support these claims.35

Another question posed to COSA was the efficacy of long-term (more than 1 year) stability of maxillary transverse expansion associated with fixed or removable appliances.15 One study, a systematic review by Lagravere et al36 that met their inclusion criteria, found that after 1 year there remained 3.7 mm of expansion in adolescents and 4.8 mm in adults. However, this systematic review was associated with weak evidence, and there were limitations and confounders. So, again we may be back to our former premise that any stable expansion beyond normal growth may be suspect. Finally, an interesting hypothesis is that brachyfacial types might be amenable to greater expansion compared with dolichofacial types, who generally have weaker mandibular muscle forces.37,38




Now we can apply this information on expansion clinically. Because the mandibular arch tends to dictate the treatment protocol, and we feel we can conservatively apply a small amount of expansion and proclination to an individual case to avoid extractions, how much space can we expect to gain? (Proclining the mandibular incisors more than 95 degrees with decreased gingival thickness of less than 0.5 mm may enhance the severity and amount of recession.39) If we apply the limitations to arch development (Fig 2-3), as suggested by Profitt et al,40 of 3 mm of intermolar expansion and 2 mm of mandibular incisor proclination and keep the intercanine width stable, we can then use data on perimeter gain17 to calculate the space created (Table 2-1). Keeping the canines stable adds no space, while expanding the intermolar width adds only 0.9 mm of arch perimeter. The greatest increase to arch perimeter gain is the proclination or flaring of incisors with 2 mm of advancement, adding 2.2 mm of space. Altogether, this arch development has added 3.1 mm of arch perimeter. To improve the arch perimeter gain, we could consider adding interproximal reduction. By stripping 0.5 mm per contact from first premolar to first premolar (seven contacts), we would gain an additional 3.5 mm. However, it is unlikely that 100% of this space would be utilized because of some anchorage loss, so we will assume we would be able to use ¾ of this, leaving 2.6 mm of additional arch perimeter gain. In total then, we have now been able to treat 5.7 mm of crowding in the mandibular arch with minimal potential impact on the equilibrium of the enveloping soft tissue forces and arch stability. These numbers can be modified to some extent with more or less interproximal reduction and/or the preservation of mandibular E-space, but the principal holds as to the limits achievable.
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Fig 2-3 Arch expansion limits as suggested in Profitt et al.40















	Table 2-1
	Arch perimeter gain in the mandibular arch using various space-creation strategies for nonextraction treatment in the adult dentition*




	Space-creation strategy

	Arch perimeter gain




	Intercanine width stable 

	0.0 mm




	Intermolar width expansion of 3 mm 

	0.9 mm




	Incisor advancement of 2 mm 

	2.2 mm




	Interproximal reduction of 0.5 mm per
 contact from first premolar to first premolar 

	2.6 mm




	Total 

	5.7 mm




	* To keep within the potential boundaries of stability, only mild crowding of about 3 mm can be treated in the mandibular arch by expansion alone. The addition of interproximal reduction can add about 2.5 mm to this arch perimeter gain.









E-Space Preservation 

A more conservative nonextraction approach for resolution of crowding is arch length preservation by the use of leeway space, or E-space (primary second molars) (Fig 2-4). Leeway space is the space available due to the differences in mesiodistal widths of the primary canine, first molar, and second molar compared with the widths of the permanent successors (canine and first and second premolars). Therefore, if leeway space can be preserved, then about 4 to 5 mm of space/arch length in the maxillary and mandibular arches may be gained. The preservation of E-space is the best way to manage tooth size–arch length discrepancies. Therefore, with proper management of E-space in the late mixed dentition (at roughly 10½ years of age), approximately 76% of Class I and Class II malocclusions with good facial balance and 4 to 5 mm of crowding can be resolved without extractions. At that time, the orthodontist can decide whether nonextraction or extraction is preferred. The treatment can be completed in one phase within a reasonable time frame.41,42 Currently, this protocol probably has the most evidence to support its utility.43,44 According to Gianelly42, approximately 10% of orthodontic cases are truly phase I. Serial extractions and lingual arches are passive treatments and therefore not active mechanotherapy. For that reason, they are not included in the following phase I treatments:



• Incisor crossbites or crossbites complicated by a functional shift of the mandible 

• Class III malocclusions, particularly those involving maxillary retrognathism 

• Excessively protrusive and proclined maxillary incisors (accident-prone profile) 

• Habits such as finger sucking 
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Fig 2-4 (a to j) This patient had early loss of primary teeth and loose space maintainers, which were replaced by a mandibular lingual arch with no other intervention. After 4.5 years of natural arch growth and E-space preservation, the final alignment and occlusion were acceptable to the family, so no further treatment was pursued.






Efficacy of the Mandibular Lingual Arch 

In orthodontics, the mandibular lingual arch (also known as lower lingual arch [LLA]) has been used for various reasons such as maintenance of arch perimeter/length, prevention of mesial tipping and drifting of permanent mandibular first molars, and as a space maintainer after premature loss of primary teeth. One possible iatrogenic effect of an LLA is proclination of the mandibular incisors by the tongue. In an RCT45 evaluating the efficacy of an LLA to maintain arch length, comparisons were made among three groups: (1) control group, (2) LLA made of 0.9-mm stainless steel (SS), and (3) LLA made of 1.25-mm SS. The mandibular incisors proclined and moved forward, and there was space loss of the primary mandibular second molars in both treatment groups. Furthermore, the 0.9-mm SS group showed greater arch length preservation than the 1.25-mm SS group. On the other hand, a systematic review by Viglianisi46 found the LLA to be effective for controlling mesial movement of molars and lingual tipping of incisors. However, only two studies47,48 met the inclusion and exclusion criteria for this systematic review.

It also can be argued that E-space management may be more appropriate for brachyfacial patients than for dolichofacial patients, who may be more appropriately treated with extractions.36 For instance, Vaden49 is inclined toward extraction of premolars in most dolichofacial patients. This difference in response to an LLA in different facial types is supported by Fichera et al,50 who found that arch length was preserved in dolichofacial types but with slight mandibular incisor advancement of 0.5 mm and mesial migration of the molars of 0.5 mm compared with meso-and brachyfacial types. Based on the limited evidence, the clinical significance of this difference is dubious.

We can then include this additional E-space into our calculation for resolving mandibular arch crowding (Table 2-2), but we need to consider that the LLA may have resulted in some incisor proclination already. Therefore, we will reduce the additional proclination during treatment in the adult dentition to only 1 mm, which adds only 1 mm of arch perimeter according to Germane et al.17 We can now see that we can potentially resolve up to 8.5 mm of mandibular arch crowding, when deemed appropriate, in a nonextraction and theoretically stable manner by (1) preserving E-space, (2) expanding the intermolar width by 3 mm, (3) advancing the incisors by an additional 1 mm, and (4) performing 0.5 mm of interproximal reduction from first premolar to first premolar. Ideally, this approach would be the subject of future research.










	Table 2-2
	Arch perimeter gain in the mandibular arch using various space-creation strategies for nonextraction treatment with E-space management during early treatment*



	Space-creation strategy
	Arch perimeter gain



	Preservation of E-space
	4.0 mm



	Intercanine width stable
	0.0 mm



	Intermolar width expansion of 3 mm
	0.9 mm



	Incisor advancement of 1 mm
	1.0 mm



	Interproximal reduction of 0.5 mm per contact from first premolar to first premolar
	2.6 mm



	Total perimeter gain
	8.5 mm



	*By the addition of E-space management, a significantly greater amount of crowding can be potentially treated in the mandibular arch in a nonextraction manner. It is interesting to note in this scenario that E-space maintenance is the main factor in managing crowding, while arch expansion is the least effective strategy.










Of all the space-gaining strategies discussed, the preservation of mandibular arch E-space is the most effective, but is it without risks? When the second primary molar is lost, there is some mesial drift of the mandibular permanent first molar, which potentially creates additional space for the second permanent molar to erupt. A study evaluating 200 patients treated with a nonextraction protocol including E-space maintenance with an LLA found that 8.5% of the mandibular second molars became impacted.51 Because there was no control group, the authors of the study compared their results with literature-reported rates of impaction at 0.2% to 2.3%. The authors concluded that preservation of E-space results in a significant increase in the risk of an impacted mandibular second molar occurring. Potential risk factors for mesially impacted mandibular second molars could include genetic and racial predisposition as well as a lack of space between the first molar and the ascending ramus.52 The risk of impaction must then be weighed against the potential space gain, and hopefully future research will give better guides in selecting those patients most suitable for space preservation. When impaction does occur, one retrospective study suggests that the exposure and uprighting of the second molar has a significantly higher chance of success (71%) versus extraction and allowing the third molar tooth to replace it (11%).53

Conclusion 

In this chapter, we discussed the controversy regarding early intervention for the management of Class II malocclusions, expansion and the controversy of expansion in the absence of a posterior crossbite to gain arch length and provoke mandibular advancement in Class II patients, the efficacy of a mandibular lingual arch, and the rationale of E-space preservation as a strategy to resolve crowding and protrusion in mild to moderate Class I and Class II malocclusions. 

With a sense of equipoise, balance between the arguments for and against early treatment, the early-treatment studies with regard to functional appliances are not at odds with the argument for early treatment as proposed by Dugoni and Oh et al (personal communication, 2012). Despite the arguments appearing as conflicting views, the differences are not real differences at all because they have approached the interest in early treatment from two varying frames of references. For instance, the early-treatment studies at the University of North Carolina and the University of Florida had specific treatment goals and research questions, which mainly addressed whether or not functional appliances could modify growth and whether or not their efficacy could result in shorter and more effective and efficient phase II outcomes. On the other hand, the primary goal of the University of the Pacific study by Oh et al was the evaluation of early correction of malocclusions using fixed mechanotherapy with extraoral forces to restrain forward growth of the maxilla, distalize the dentition, and if needed preserve the E-space (personal communication, 2012). Also, this protocol advocated individualized treatment and a supervised retention protocol between phases.

As clinicians, our experiences can be biased by our observations of what “works in our hands” regarding early orthodontic intervention for Class II malocclusions. High-quality evidence demonstrates that early treatment with functional appliances has little efficacy when compared with later treatment. However, fixed mechanotherapy with specific treatment goals may have merit for selected patients. The difficult part then becomes identifying those individuals that may benefit sufficiently from an initial early phase of treatment that can either eliminate or substantially simplify a second phase of treatment. As retrospective research tends to overestimate the actual efficacy of a treatment, based on the 15% avoidance of phase II treatment in the early-treatment group in the UK study,54 the 20% improvement in the Finnish study,14 and the 46% avoidance in selected cases in the University of the Pacific study,13 it may be possible that perhaps up to 10% to 20% of cases could benefit from an early phase of treatment involving a mandibular holding arch, limited alignment of the anterior dentition, and some headgear wear. These could include the mild to moderate crowded Class I and milder Class II cases, but the cost-effectiveness and predictability would need to be assessed in more detail in future research.

Summary points 

• Functional appliances may have little utility in an initial phase I treatment protocol in most cases; however, fixed appliances with an individualized treatment protocol for selected patients, followed by a supervised retention period, may be justified but requires further research.

• It may be difficult to defend the concept of maxillary expansion in the absence of a posterior crossbite to alleviate moderate to severe crowding in both the maxilla and mandible and to correct Class II malocclusions.

• It may be difficult to justify maxillary expansion as an alternative to extraction treatment to resolve moderate to severe crowding considering that the stability of this expansion 1-year posttreatment is suspect, perhaps only 2 to 3 mm of interpremolar and intermolar expansion remains stable, and the space gain is modest.

• E-space preservation to eliminate extractions in approximately 76% of Class I and Class II patients with pleasing facial profiles with mild to moderate crowding appears to have merit. However, proper diagnosis and close observation should be done to prevent impaction of the mandibular permanent second molars.

• There is still controversy surrounding and weak evidence to support the concept that an LLA is effective for controlling mesial movement of molars and lingual tipping of incisors.
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