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Orthodontic treatment of the adolescent patient presents many unique
opportunities that may not be possible for adults. Orthodontics in the mixed
dentition may have two putative advantages over treatment of an adult who
has permanent dentition: (1) with primary teeth present, leeway space and
E-space (primary second molar space), could be used; and (2) growth could
ostensibly be modified or redirected. Several recent developments in ortho-
dontics are not age dependent: removable invisible aligners, self-ligating
brackets, maxillary molar intra-arch distalization, and implant-assisted or-
thodontics. Currents trends in orthognathic jaw surgery include rigid inter-
nal fixation (RIF) and distraction osteogenesis (DO).

Dental arch development

Because a child is growing in stature, parents and dental practitioners of-
ten assume that dental arches will also grow or increase; however, this may
not be the case. As early as 1959, Moorrees [1] demonstrated that arch
length decreases over time from mixed dentition through the transitional
dentition and into early adulthood. It is unfortunate that the arches tend
to constrict in the anteroposterior and the transverse dimensions, with
added crowding if the dental arch is already inadequate [2]. Therefore,
a short arch length only becomes smaller over time. This trend was true
for treated and untreated normal subjects [3].

Some orthodontists advocate expansion of the maxillary arch with a rapid
palatal expander in the absence of a posterior crossbite. The belief is that the
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mandibular intercanine width reciprocally expands as the maxillary arch is
actively expanded. If this does not happen, then active expansion of the
mandibular width, possibly with a Schwarz appliance, is recommended.
Gianelly [4] pointed out, however, that any expansion of the mandibular in-
tercanine width is not stable.

Expansion, E-space preservation, and arch length discrepancies

Although virtually all orthodontists use palatal expansion in the presence
of a posterior crossbite, there are some who use rapid palatal expansion
(RPE) in the absence of a posterior crossbite. Advocates [5,6] of this type
of treatment believe that this type of expansion provokes spontaneous ex-
pansion of the mandibular arch, particularly the intercanine width, resulting
in spontaneous correction of Class II malocclusions. In addition, they pro-
posed that Class II patients who have overjets treated with RPE are inclined
to posture the mandible forward and that subsequent mandibular growth
will make this initial postural change permanent.

Contrary to this hypothesis are data and evidence provided by
Dr. Anthony Gianelly who questioned why anyone would use RPE in
the absence of a posterior crossbite [7]. In a recently published article, Gia-
nelly [8] codified the logic, rationale, and literature supporting the principle
that RPE in the absence of a posterior crossbite is contraindicated. Simi-
larly, Bowman [5] argued that expansion in the absence of a 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.

A more conservative, nonextraction, approach for resolution of crowding
is arch length preservation by the use of leeway space, or E-space [9]. Lee-
way space is the space available due to the differences in widths of the pri-
mary 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 mm of space/arch length in up-
per and lower arches may be gained. The preservation of leeway space is the
best way to manage tooth-size-arch-length discrepancies.

Therefore, with proper management of leeway space in the late mixed den-
tition, approximately 75% of Class I and II malocclusions with good facial
balance can be resolvedwithout any extractions [5]. Bowman [9] further point-
ed out that to avoid premolar extractions with 5 mm of crowding in each
quadrant, it would require 12 mm of stable expansion. This amount of stable
expansion has not been demonstrated in the known orthodontic literature.

Timing of treatment

According to the American Association of Orthodontists, an orthodon-
tist should examine a child by age 7 years. There are three major approaches
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to timing of orthodontic treatment. One approach is early phase I treatment,
sometimes referred to as growth modification. For difficult cases with skel-
etal and facial discrepancies, early phase I treatment may reduce the extent
of future comprehensive phase II treatment. This treatment may possibly
begin at age 7, 8, or 9 years during active growth. Turpin [10], the editor
of the American Journal of Orthodontics and Dentofacial Orthopedics,
said that 70% of McNamara’s mixed dentition patients receive early phase
I treatment consisting of maxillary expansion and concomitant mandibular
arch expansion for Class II correction. When there is a Class III facial or
dental pattern (prominent chin, midface deficiency, or anterior/posterior
crossbite), treatment at an age younger than 7 years may be indicated.
This protocol is based on better treatment outcomes for which growth aug-
ments the orthodontic treatment.

Recent prospective randomized clinical trials at the University of Florida
[11], University of Pennsylvania [12], and University of North Carolina [13],
and in multicenters in England [14] have failed to demonstrate the advan-
tages of two-phase orthodontic treatments. These prospective studies evalu-
ated correction of Class II malocclusions with headgear and functional
appliances such as Frankel, Bionator, and Twin-Block appliances. These
studies, however, did not evaluate the use of fixed appliances in phase I
treatment such as a maxillary ‘‘2 � 4’’ (molar bands and incisor brackets
with various arch wires) and RPE, among other modalities.

A second approach, advocated by Gianelly [15], is preservation of arch
length, leeway space, andE-space in the latemixed dentition at approximately
age 10.5 years. This age is variable, however, and the patient should be evalu-
ated before age 10.5 years, probably around age 7 years. At that time, the or-
thodontist can decide whether nonextraction or extraction is preferred. The
treatment can be completed in one phase within a reasonable time frame. Cur-
rently, this protocol probably has the most evidence to support its use [2,15a].

According to Gianelly [15], approximately 10% of orthodontic cases are
truly phase I. Serial extractions and lingual arches are passive treatments
and, therefore, are not active mechanotherapy. For that reason, they are
not included in the following phase I treatments:

� Incisor crossbites or crossbites complicated by 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

Antithetical to the first approach that involves two-phase treatments,
a third approach is to delay treatment until the primary teeth are exfoliated
(even later than Gianelly proposed), and to do one treatment. There is evi-
dence that patients who had two-phase treatments were indistinguishable
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from those who had only one treatment, except that it cost more for two-
phase treatments and the treatment time was longer [16,17]. Nonetheless,
there is still much controversy in the literature regarding timing of treatment.

Turpin [18] stated that evidence regarding many questions relevant to the
correction of Class II malocclusions is lacking. Therefore, the Council of
Scientific Affairs of the American Association of Orthodontists is searching
for systematic reviews to answer the following questions:

1. Is there evidence that functional appliances result in greater mandibular
growth than would normally occur?

2. Is there evidence that two-phase treatment has better outcomes than
one-phase treatment for Class II patients?

3. Is there evidence that increased overjet is associatedwith increased trauma
to the incisors?

4. Is there evidence that functional appliances result in alterations to the
temporomandibular joint?

5. Is there evidence that maxillary molars can be distalized in a stable
position?

6. Is there evidence that a particular method of Class II correction is more
effective, efficient, or stable?

Extractions

Currently, some orthodontists attempt to treat all orthodontic patients
without extractions. In a growing child with good facial balance and E-space
preservation, it has been reported that under the best conditions, approxi-
mately 75% of orthodontic cases can be resolved by nonextraction [9,15].
Motivation for this nonextraction approach is high because orthodontic prac-
titioners, parents, and patients like to avoid extractions and view this treat-
ment as conservative. In addition, some orthodontists are not evidence-
based in their thinking. The trends in orthodontics that employ alternatives
to extractions of premolars lack scientific support. Case scenarios and anec-
dotal reports in non–peer-reviewed journals have incorrectly projected a belief
that extractions cause unesthetic results such as ‘‘dished-in’’ faces and ‘‘dark
spaces’’ at the corners of the mouth called the buccal corridor [8]. Proffit
and Fields [19] presented the following guidelines for extractions in Class I
crowded patients with good facial balance and no significant protrusion:

� Arch length discrepancy less than 4 mm: should be nonextraction
� Arch length discrepancy between 5 and 9 mm: some clinicians would ex-
tract and some would not

� Arch length discrepancy greater than 10 mm: extractions are almost al-
ways required

As another guide for extraction patterns, Gianelly [8] advocated mandib-
ular arch-based diagnosis and treatment planning in patients who have
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Class I and II malocclusions. With this strategy, if extractions are required
in the mandibular arch, then extractions are also needed in the maxillary
arch. Regarding maxillary arch-based diagnosis, however, the converse
would not necessarily be true.

In response to the contention that extractions result in narrower dental
arches compared with nonextraction therapy, Gianelly [20] recently demon-
strated that this is not the case, and therefore, extractions do not produce
dark spaces as some orthodontists claim.

In summary, the following is a quotation from Bowman [9] regarding ex-
traction therapy:

A review of the refereed literature provides little support for the view that

premolar extraction has a routinely negative impact on facial esthetics and
the functional health of the muscles and joints..If one believes that the
elimination of extraction treatment is a goal more important than that of

addressing the patient’s chief complaints concerning protrusion, and if
one is unconcerned with the possibility of pushing roots through cortical
plates or of poor long-term stability, one can elect to treat all patients with-

out using extraction. However, those who believe in avoiding extraction at
all costs should give thought to the possibility that their only ethical option
in many patients with crowding and protrusion would be either to refer or
to render no treatment at all.

Serial extractions

From a 30-year retrospective time frame, Boley [21] discussed the indica-
tions and advantages of serial extractions in the mixed dentition followed by
multibanded/bonded treatment in the permanent dentition. Some of the
comments in that article were that premolar extractions do not produce
poor facial balance, that Tweed believed that serial extraction would allow
the mandibular incisors to tip lingually into a position of functional balance,
and that shorter appliance treatment times in the orthodontic phase II treat-
ment typically last 15 months [21].

Little and colleagues [2,22,23], however, concluded that first premolar se-
rial extractions that were followed by orthodontic treatment had no value
over conventional premolar extractions in the permanent dentition because
both treatments produced similar results.

Class III orthodontic treatment

A Class III malocclusion is one with a strong, protruding chin; a deficient,
small, upper jaw; or combinations or permutations of these conditions. Typ-
ically, the treatment protocol in addition to RPE is the use of a chincap or
facemask. Recently, Ngan and colleagues [24,25] described treatment out-
comes of Class III patients who had maxillary deficiency treated with face-
mask therapy in conjunction with maxillary expansion. The effects included
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positive overjet-forward movement of the maxilla, backward and downward
movement of the mandible, proclination of the maxillary incisors, and retro-
clination of the mandibular incisors.

Mitani [26] responded to two questions regarding orthopedic changes
from chincap therapy. When asked whether it was possible to inhibit or re-
tard growth of the mandible with chincap force, he replied, ‘‘Presumably,
chincap force can retard the mandibular form and condylar growth; these
changes occur mainly during the first 2 years of chincap use.’’ When asked
whether chincap therapy could permanently correct a prognathic skeletal
pattern, he stated, ‘‘Mandibular chin position will be greatly improved ante-
roposteriorly during the initial stage (approximately 2 years) of chincap
therapy, the changes do not take place continuously after that, and the ini-
tial changes will not be maintained if chincap use is discontinued before fa-
cial growth is complete. Some vertical development of the maxilla might be
inhibited.’’

In conclusion, Turpin [27] cautioned that in the long-run, total success
should not be expected in a high percentage of patients. When Class III is
severe, orthodontic treatment should be delayed until pubertal growth has
terminated and the patient can be re-evaluated for orthognathic surgery.

Open bites

Although many treatment modalities are used in an attempt to correct an
open bite (particularly an anterior open bite), the success rate of achieving
correction with proper overlap of the incisors has been reported to be
80% [27]. In other words, 20% of patients do not attain correction of their
open bite. The orthodontic treatments for open bite, used singly or in com-
bination, include oblique headgear, clenching exercises, vertical elastics, pos-
terior bite blocks, and orthognathic surgery [27].

There are many possible explanations for the instability of open bite cor-
rections; however, the most critical is the nonadaptability of the tongue [28].
Most open bites are associated with a tongue-thrusting or reverse-swallow-
ing pattern. Therefore, even after initial removal of orthodontic appliances
with the open bite being corrected, the open bite may relapse due to the
tongue-thrusting pattern.

Orthodontics and temporomandibular disorders

In the early 1970s, gnathologists believed that because orthodontists trea-
ted patients’ occlusions to merely optimal static occlusion (morphologic)
goals, possibly ignoring functional occlusion, they were producing iatrogenic
‘‘functional occlusions’’ predisposing to temporomandibular disorder
(TMD) [29,30]. Sample studies [31], TMD national conferences [32–34],
and systematic reviews [35,36] on this topic, however, overwhelmingly sup-
port the view that conventional orthodontic treatment and appliances do
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not cause TMD. Furthermore, orthodontic treatment does not generally
cure or mitigate TMD [37]. Hence, orthodontic treatment is generally con-
sidered TMD ‘‘neutral’’ [31–37]. In addition, malocclusion per se does not
predispose one to TMD [38]. The recommendation of orthodontic treat-
ment for adolescents who have varying types of malocclusion for the
sole purpose of mitigating future TMD is not evidence based [31–38].

Current trends

Invisible aligners

Removable orthodontic appliances (versus fixed appliances) have been
used for tooth movement for more than a century. Notably, minor tooth
movement has successfully been accomplished with such removable appli-
ances as Hawley appliances, modified Hawley appliances, spring aligners,
and positioners. A recent trend is the use of invisible removable aligners
for minor tooth movement, with the most popular being Invisalign (Align
Technology, Inc., Santa Clara, California) [39]. Although marketed for
adults, there is no reason why adolescent orthodontic patients could not
benefit from this technology. For the Invisalign technique, the dentist merely
takes an impression and sends it to Align Technology, which fabricates mul-
tiple esthetic, transparent aligners. The patient is instructed to wear each
aligner for approximately 22 hours per day for 2 weeks and to switch to
a new aligner. Tooth movement is minimal (perhaps 0.25 mm per aligner)
and is progressive from one aligner to the next. Several dozen aligners or
more are needed for each case.

After an impression is received at Align Technology, a three-dimensional
rendering of a dental model is made. From this original model, the Invisa-
lign virtual orthodontic technician uses software to ‘‘cut’’ the virtual model
and separate the teeth, allowing them to be electronically moved. The com-
puter images are then converted to physical models using a process called
stereolithography. Next, the physical models are used to fabricate aligners
using a Biostar machine (Great Lakes Orthodontics, Ltd., Tonawanda,
New York) [39]. As envisioned by Ackerman and Proffit [40], in the future,
this technology could incorporate laser-scanned images of the mouth so that
no impression is needed. These three-dimensional images of the teeth could
be seamlessly integrated with three-dimensional photographs and radio-
graphs and transmitted by way of the Internet.

The Invisalign technology was derived from work using Essix-type invis-
ible aligners made in-house by orthodontists [41–45]. For the Essix aligners
(Raintree Essix, New Orleans, Louisiana), an impression and dental cast are
made first. Next, the model is altered to align to the teeth or to be reposi-
tioned. Repositioning the dental model for the desired orthodontic correc-
tion can be achieved in one of two ways. One is to make a wax setup in
which the dental model teeth are cut and ideally repositioned. Another
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way to modify the dental model is to artistically ‘‘shave’’ (modify) the side of
the tooth model that needs the force application and then block out (void)
the opposite side where the tooth is to be moved. Documented in the liter-
ature [41,42] are a number of ways to accomplish these methods. Lastly, an
Essix aligner is made over the model (Fig. 1). If the malocclusion is severe,
then multiple impressions are needed to fabricate models and setups to pro-
gressively ‘‘move’’ teeth. One company has developed a system for fabricat-
ing noncomputerized, laboratory-made, Essix-like aligners. The dentist is
sent approximately three aligners per impression/dental cast. If the correc-
tion is not achieved with the initial three aligners, then the dentist sends
new models for additional aligners.

Fig. 1. Anterior crossbite of maxillary left central incisor corrected with the use of several Essix

aligners. Treatment time was approximately 6 weeks.
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There has been some criticism of invisible aligners [46]. The following are
several of the antithetical arguments against their use:

� They are a very inefficient and costly way to move teeth. The invisible
‘‘trays’’ (aligners) are too rigid and not flexible enough for a ‘‘spring-
type’’ force. This is one reason so many aligners are needed to treat cases
with minimal tooth irregularities.

� Limited types of cases can be treated.
� The cases treated with them are the most difficult type to treat from the
standpoint of patient satisfaction. That is, when the case does not ap-
pear to look that ‘‘bad’’ to start with, the expectation of the patient
for a total correction and complete stability is much greater than for
a case perceived from the beginning to be more difficult and ‘‘handicap-
ping.’’ Furthermore, if the patient is paying a significant amount of
money for only minor orthodontic treatment, then he or she may be
more particular about the result and its stability.

� They have some liabilities regarding patient comfort, particularly when
they must be worn 22 to 24 hours per day.

� The corrections attained with these appliances are the most difficult to
retain, and patients must wear retainers for perhaps a lifetime. Dentists
treating cases with invisible aligners may therefore have to manage these
patients for many years, possibly a lifetime.

Furthermore, traditional types of removable appliances such as modified
Hawley retainers and spring aligners may be better and more economically
suited for many of the cases now being treated with invisible aligners. In ad-
dition, the best outcome of treatment may involve any combination of invis-
ible aligner, ‘‘clear’’ ceramic fixed appliances, and possibly a spring aligner.
Turpin [47] added a caveat for the general dentist using invisible aligners:
‘‘The education and breadth of experience of an orthodontist are needed
to successfully manage this unique approach to correcting malocclusions.’’
He further stated that when his patients had a choice of treatment options
(fixed appliances versus Invisalign), they assumed that the result would be
the same [47].

Maxillary molar distalizing appliances

It is estimated that Class II malocclusions account for one third of all or-
thodontic treatments [48,49]. Headgears (night brace) and functional appli-
ances alone or in combination with full fixed appliances (braces) have been
the most popular appliances for class II treatment in children. The headgear
can distalize maxillary first molars that are in a Class II relationship, result-
ing in a correction to Class I. In addition, the headgear may have an ortho-
pedic effect in which it may affect maxillary-to-mandiblular growth
relationships in adolescent patients. The net effect might be a retardation
of maxillary growth with a relative increase in mandibular growth. It should
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be made clear that Angle’s Class II malocclusions can be associated with
various skeletal components such as retruded mandible, protruded maxilla,
or a combination of each. Therefore, the appropriate choice of appliance for
Class II corrections must include a consideration of the patient’s skeletal
pattern and dental classification.

Some contemporary thinking in orthodontics suggests that modern-day
American children are less motivated and compliant regarding the wear of
extraoral appliances (and any appliances in general). Hence, some ortho-
dontists believe that headgear and functional appliances are no longer viable
and realistic options for the children of the new millennium. In this regard,
the search continues for nonextraction, noncompliant orthodontic appli-
ances and techniques to treat Class II patients without the need of headgear
or functional appliances. As a result, maxillary intra-arch molar distalizing
appliances are currently popular and new types are appearing [50].

The basic idea for most maxillary intra-arch molar distalizing appliances
is to secure anchorage intraorally without much (if any) involvement of the
dentition. The most popular anchorage source is from the palate and
the most popular appliance makes use of a fixed Nance button arch [50].
The Nance arch includes an acrylic button (approximately 1 cm in diameter)
that lies against the palate and has incorporated wires that extend to both
halves of the upper arch by way of a soldered connection to banded maxil-
lary first bicuspids, or perhaps the second bicuspids. A force mechanism is
then used against this anchorage system to distalize the first maxillary mo-
lars. Most systems rely on nickel titanium springs for their action. (The Pen-
dulum appliance is an exception.) Typically, a nickel titanium open coil is
compressed and then trapped between the bicuspids and first molars [50].
After the maxillary first molars are distalized, they are held in place with
a ‘‘stopped’’ arch wire. The bicuspids drift naturally or they are orthodon-
tically moved distally. Finally, the anterior teeth are retracted into the space
gained through the use of the distalizer.

There are a number of intra-arch maxillary molar distalizing appliances.
These include Distal Jet (American Orthodontics, Inc., Sheboygan, Wiscon-
sin) (Fig. 2), Pendulum, Jones Jig, and a combined Jones Jig and Jasper Jump-
er. Maxillary intra-arch molar distalizing appliances generate approximately
70 to 100g on the maxillary molars [50]. The Distal Jet appliance is marketed
as delivering 180 to 240g depending on whether or not the maxillary second
molars are erupted. Studies for the Pendulum appliance have found that max-
illary molars distalized approximately 5.8 mm, tipped 10�, and intruded be-
tween 0.7 and 1.7 mm and maxillary incisors flared 2.8� [49,51]. Even
though the Herbst appliance is used for Class II treatments, it is not an
intra-arch appliance but is an interarch appliance. Furthermore, the Herbst
appliance effects are more directed at mandibular dentoalveolar protrusion.

Maxillary molar distalizing appliances are contraindicated in patients
who have skeletal and dental open bites, high mandibular plane angles, ex-
cessive lower facial height, or proclined maxillary incisors [50]. Criticism of
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these appliances is that they tip the maxillary molars distally rather than
translating them through bodily movement. It is further argued that these
appliances have the tendency to flare (procline) the maxillary incisors [50].
These appliances have no orthopedic effect, which is often needed for the
successful treatment of many adolescence orthodontic patients. The data
on the beneficial effects of these appliances are equivocal.

Anchorage: implant-assisted orthodontics

With the improved survival rate for dental implants, their use has been
adapted for orthodontics anchorage support (Fig. 3). In place of traditional
dental implants, specific orthodontic implants such as onplants, miniplates,
miniscrews, and palatal implants have been developed. Miniplates have been
advocated for molar intrusion, whereas palatal implants are used for space
closure and maxillary molar distalization [52]. Most of the orthodontic im-
plants, including miniscrews, are made of titanium (medical grade 4 or 5)
and come in various sizes. Early data for implant-assisted orthodontics
(sometimes termed ‘‘skeletal anchorage’’) have been encouraging [53,54].
There are a wide variety of applications for implant assisted orthodontics,
including Class II correction (molar distalization), closure of extraction
spaces, molar intrusion, molar extrusion, leveling a canted occlusal plane,
alignment of dental midlines, extrusion of impacted canines, canine retrac-
tion, molar uprighting, and so forth [52]. The greatest advantage for using
implant-assisted orthodontics is that it avoids the need for patient compli-
ance [52]. Several other advantages of orthodontic implants are that multi-
ple teeth can be moved without loss of anchorage and can be placed in areas
where natural anchorage or conventional orthodontic appliances are im-
practical, including the edentulous spaces in the alveolus in either arch,
the palate, the zygomatic process, the retromolar regions, and the ramus.
In the maxillary arch, implants are typically placed in the midpalatal area
or in the inter-radicular space between the roots of the first and second

Fig. 2. Distal Jet appliance. (Courtesy of Dr. Eric Wu, San Francisco, CA.)
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bicuspids depending on the specific type of tooth movement [52]. Limiting
factors for the use of implants in orthodontics include (1) added cost; (2)
some inconvenience to the patient with regard to their placement and main-
tenance; (3) inflammation around the implant; (4) possible implant failure
due to fibrous encapsulation; (5) damage to anatomic structures such as
nerves, vessels, and roots; (6) a healing period of approximately 3 to 6
months before orthodontic forces can be applied; and (7) no possible ortho-
pedic use/effect (horizontal/sagittal dimension) [52–58]. The 2-year survival
rate for mandibular implants is 100%, whereas for maxillary implants, the
steadily increasing success rate is approximately 87.1% [55].

Patients who have congenital anomalies and developmental defects that
have anchorage limitations can greatly benefit from implant-assisted ortho-
dontics [59]. For adolescent orthodontic patients in whom growth/ortho-
pedic effects are deemed unnecessary or anchorage considerations are
maximal, the possibility exists for the use of implant-assisted orthodontics
[53,54,57,58]. This benefit has been demonstrated for Class II extraction pa-
tients in whom overjets as great as 8 mm were reduced in 9 months with no

Fig. 3. Implant-assisted orthodontics. (Courtesy of Dr. Jeff Meckfessel.)
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loss of anchorage [54]. Some investigators, however, caution against the use
of orthodontic implants for girls younger than 16 years and boys younger
than 18 years [52].

Because midpalatal implants are located away from maxillary posterior
anchor teeth, some connections must be made from the implant to these
teeth. In this regard, there are two types of connections for midpalatal im-
plants: direct and indirect. In the direct system, also called the Orthosystem,
a transmucosal fixture with a clamping cap is fixed to the implant by an oc-
clusal screw [54]. With the indirect system, the midpalatal endosseous im-
plant provides anchorage indirectly by virtue of a connection to a
transpalatal arch [57]. When orthodontic treatment using the palatal im-
plant is completed, the implant is explanted (removed) with no residual de-
fect after several weeks of healing. Bioresorbable implants made of
polylactide with a metal superstructure are available [60].

Self-ligating brackets

Recently there has been resurgence in the use of self-ligating brackets. Self-
ligating brackets incorporate a clip as a fourth wall instead of using stainless
steel ligatures or elastomeres to engage the arch wire (Fig. 4). As early as the
mid-1930s, the Russell attachment was developed to reduce ligating time
and improve operator efficiency [61]. Currently, numerous self-ligating brack-
ets have been engineered. The two main types are (1) those that have a spring
clip that can press against the archwire (In-Ovation [GAC International, Inc.,
Islandia, New York], SPEED [Strite Industries, Ontario, Canada], and Time
brackets [American Orthodontics, Inc.]) and (2) those that have a clip, like
a buccal tube, that does not press against the arch wire (Damon [Ormco/‘‘A’’
Company, Orange, California] and Activa [‘‘A’’ Company]) [61].

Compared with conventional brackets, self-ligating brackets demonstrate
exceptional performance with regard to lower frictional values, reduced
treatment times/chair time, and increased patient comfort [62]; however,
there are many factors that affect frictional forces, such as wire dimension

Fig. 4. Traditional brackets (A) compared with self-ligating brackets (B). Notice red rubber lig-

atures on traditional bracket system that are not necessary in the self-ligating system.
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(size), bracket (width, slot), wire material, angulation, ligation forces, and
interbracket distance [61]. Patients claim that self-ligating brackets are gen-
erally smoother, more comfortable, and more hygienic because elastic or
steel ligatures are not used [61].

Orthognathic surgery

Timing

Orthognathic surgery to reposition the maxilla, mandible, or chin is a vi-
able treatment option for dentofacial deformities too severe for orthodon-
tics to camouflage alone. Generally, surgeons prefer to wait to perform
orthognathic surgery until growth has ceased. According to Profitt and Phil-
lips [63], however, early surgery is indicated primarily in two instances: (1) in
extreme conditions such as in patients who have craniofacial syndromes or
facial distortions for whom quality of life is significantly affected; and (2) in
patients who have progressive deformity in which the condition steadily
worsens (eg, the affected area grows less than the adjacent normal areas
such as in mandibular ankylosis). The object of surgical treatment in these
cases is to create an environment in which subsequent growth is possible
rather than an attempt to correct the discrepancy.

Rigid fixation versus wire fixation

A rather recent trend in orthognathic surgery is the use of RIF versus tra-
ditional interarch dental wire fixation. Traditional wire fixation involves the
use of interarch wires as the major component of fixation, and for certain sit-
uations, it is still indicated.With wire fixation, the patient’s teeth are ‘‘locked’’
(‘‘wired’’) together for as long as 6 to 10weeks and the patient ‘‘feeds’’ through
a straw. RIF involves direct and rigid fixation of bony segments through the
use of small plates and screws at the line of surgery. With RIF, the period of
maxillomandibular fixation and jaw immobilization can be greatly reduced,
and in most cases eliminated, after surgery. The patient who is treated with
RIF is able to open themouth immediately and eat normally. The obvious ad-
vantage for patients who have rigid fixation is improved comfort and conve-
nience. There also are the added advantages of increased stability in the
immediate postoperative period and more rapid bone healing [64].

Stability

With reduced reimbursements for orthognathic surgery and concerns for
stability, one-jaw procedures are preferred over double-jaw procedures (ie,
both maxilla and mandible). In addition, rigid fixation procedures generally
are more stable than traditional wire fixation procedures. Surgical interven-
tions are best performed at completion of growth. Proffit and Phillips [63] es-
tablished a hierarchy of stability for particular surgical procedures, assuming
normal facial height for the perspective orthognathic patient:
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Category 1 (very stable)
Maxilla up
Mandible forward
Chin any direction

Category 2 (stable)
Maxilla forward
Maxilladasymmetry

Category 3 (stable, rigid fixation only)
Maxilla up plus mandible forward
Maxilla forward plus mandible back
Mandibledasymmetry

Category 4 (problematic)
Mandible back
Maxilla down
Maxilla widen

Maxillofacial distraction osteogenesis

During the 1950s, the Russian orthopedic surgeon Ilizarov [65] began ex-
perimenting with methods to increase the length of long bones (eg, femur) to
correct congenital and traumatic deformities. Ilizarov [65] discovered a num-
ber of biologic and mechanical principles and factors that play a role in the
process of new bone formation. His pioneer work gave rise to the modern
era of DO. DO is the surgical technique in which new bone formation is in-
duced by the gradual separation of osteotomized bone segments. The soft cal-
lus of bone healing in DO is stretched, delaying the creation of new bone and
causing regenerated bone. In 1992,McCarty and coworkers [66] were the first
to report (in the English language) the use of DO in a human maxillofacial
application: a congenitally hypoplastic mandible. DO is particularly applica-
ble for syndromic patients who have severe dentofacial deformities. In addi-
tion to lengthening hypoplastic mandibles (ie, mandibular distraction), DO
can be used to lengthen hypoplastic maxillas (in patients who have Crouzon
and Apert syndromes). Although DO was initially introduced as an extraoral
procedure, it can now be applied intraorally. With the promise of DO, it is
imperative that maxillofacial DO not be a technique in search of applications
[67]. Alveolar distraction involves using the DO concept and principles to
augment alveolar ridges for prosthodontics and, therefore, is not considered
an orthognathic DO procedure.

Summary

As highlighted in this article, many controversies regarding orthodontic
treatment still exist. These include the timing of treatment and expansion
in the absence of a posterior crossbite to correct Class II relationships,
among others. When additional data from evidence-based systematic re-
views become available, more predictable and standardized orthodontic
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treatments may develop. Thus, with the collective data derived from evalu-
ating all studies concerning a particular topic, the most unbiased and best-
validated knowledge should have a major impact on the future provision of
orthodontic care for adolescent patients [68].

Current trends in orthodontics include invisible tooth aligners, self-ligating
brackets, maxillary intra-arch molar distalizing appliances, and implant-as-
sisted anchorage. Orthognathic surgical procedures are best applied after
growth has ceased. Stability and patient comfort have improved with RIF
versus traditional wire fixation. DO used in medicine to increase the length
of long bones has been adapted for certain orthognathic surgical procedures.
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