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ABSTRACT

The purpose of this prospective study was to determine whether dental intrusion
is effective in treating growing retrognathic hyperdivergent patients without negatively
affecting the roots and periodontal structures. The sample consisted of 17 (7 males and
10 females) consecutively treated patients who were 13.2 £1.1 years old at the start of
treatment (T1) and treated for 25.3 + 9.3 months (T2). The maxillary posterior teeth
(premolars and molars) were all intruded using a rigid segmental appliance. Two
maxillary and two mandibular MSls (immediately loaded with 150gr coil springs) were
used for the intrusion mechanics and vertical control. A matched control group was used
to evaluate the skeletal changes that occurred during treatment. CBCT records, taken at
T1 and at the end of the orthopedic phase (T2) were used to evaluate the treatment
effects. The results showed significant (p<.05) intrusion (2.5 + 1.7 mm) of the maxillary
dentition in the treated group. The mandibular plane angle closed 2° £1.7° and the SNB
angle increased 1.5° £1.5°. True forward rotation of the treated sample was significantly
(p<.05) greater (1.8°) than in the controls. The treated group showed greater superior and
less posterior condylar growth than the controls, but the difference was not statistically
significant. All of the maxillary roots showed statistically significant amounts of external
apical root resorption (EARR), ranging from 0.67 mm to 1.21 mm. Pointed roots showed
the greatest amounts of resorption, followed by bent roots, normal shaped roots, and
roots with open apices, which showed the least EARR. Alveolar crest heights between

first molar and second premolar decreased significantly (0.38 + 0.6 mm) over time, and



the distance between the bone and the CEJ increased significantly (0.52 £ 0.9 mm) only
on the distal aspect of the maxillary second premolar. The overall MSI failure rate was
4.6%. It can be concluded that segmental intrusion of the posterior teeth with light forces
and skeletal anchorage is effective for treating growing retrognathic hyperdivergent
patients. The mechanics produced a significant true forward mandibular rotation, with
minimal loss of crestal bone height and clinically acceptable EARR of the teeth that

were intruded.
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CHAPTER |

INTRODUCTION AND LITERATURE REVIEW

Large numbers of orthodontic patients would benefit greatly if the development
of the vertical dimensions could be predictably controlled. Reportedly, only 48% of the
US population has an ideal overbite relationship (0-2 mm), and approximately 3.3% of
the population has a moderate to severe open-bite malocclusion.! As reported by
McNamara,? excessive development of the vertical dimension (commonly found in open
bite patients), especially the anterior facial height, is commonly found in Class 11
malocclusions. While the prevalence of the problem has not been precisely quantified,
many of the subjects with open-bite malocclusions might be expected to be
hyperdivergent and retrognathic.

Retrognathic hyperdivergent patients are among the most difficult for
orthodontists to treat due to the complexity of their malocclusion. Retrognathic
hyperdivergent patients were initially categorized as having vertical dysplasia® and have
since been called by a variety of names. Most investigators have referred to them as
skeletal open bites.* ® Schudy® was the first to characterize them as hyperdivergent,
which more accurately reflects their skeletal phenotype.

Hyperdivergent subjects exhibit both esthetic and functional problems.
Orthodontists and lay people perceive excessive mandibular height (measured from
lower lip to menton) as being unattractive.” Excessively convex profiles are considered

to be less esthetically pleasing than straight profiles.2? It has also been well established



that hyperdivergent subjects present with functional and masticatory muscle
deficiencies, as well as important respiratory impairments.**™ Importantly, research has
shown that these types of patients have smaller masticatory muscles and weaker bite

forces than normal and hypodivergent subjects.” % *°

Morphologic Characteristics

Retrognathic hyperdivergent patients have complex three-dimensional skeletal,
soft-tissue and dentoalveolar compensations that make them difficult to diagnose and
treat. They show consistent differences when compared to normal Class I's.*’ Full
understanding of the morphological compensations of these subjects is necessary in
order to appreciate the magnitude of the problem. To better describe and understand
these characteristics, the maxilla and the mandible are usually described separately. The
specific maxillary characteristics of untreated retrognathic hyperdivergent subjects show
that the primary maxillary problems of these subjects are dentoalveolar rather than
skeletal,*® and hyperdivergence does not appear to affect the palatal plane angle.'*! In
addition, most studies that evaluated anterior maxillary height have reported no
statistically significant differences between hyperdivergent subjects and normal controls,
although a few have found deficits.”** Posterior maxillary height also does not appear
to be affected.”® Maxillary length and the SNA (sella-nasion-Apoint) angle tend to be
smaller - indicating a more posterior position - in hyperdivergent subjects classified

based on open-bite, but not when the classification is skeletally based.?* ' %> % Studies

consistently show increased anterior and posterior dentoalveolar heights among



hyperdivergent subjects.'® % % 22 Thys, the primary maxillary problems of
hyperdivergent subjects are dentoalveolar rather than skeletal.

More pronounced and a greater number of differences between untreated
hyperdivergent and control subjects are seen in the mandible than in the maxilla. Most
studies have reported retrognathic mandibles and steeper mandibular plane angles
among hyperdivergent subjects.'®?% 2> 2 |nterestingly, while posterior facial height
shows no consistent group differences, ramus height has most commonly been reported
as being smaller among hyperdivergent subjects, and anterior face height is greater.”® %
29:30 1 addition, the gonial angle is consistently larger than normal among
hyperdivergent subjects.'® 2023 2.3

Studies of retrognathic hyperdivergent patients have also reported narrower
transverse dimensions.?* ® Starting in the primary dentition, molar widths for both upper
and lower dental arches tend to be narrower in Class Il division 1 subjects than normal
subjects.®*?" Vertical growth patterns are closely related to the transverse growth of the
maxilla and the mandible.*

With respect to bone structure, untreated hyperdivergent subject show smaller
alveolar ridges, thinner cortical bone (maxilla and mandible), higher and thinner
mandibular symphysis, and thinner anterior maxillary bone than normal and

hypodivergent subjects.®*

Identifying the problems early
Differences in the vertical dimensions of hyper- and hypodivergent subjects are

well established by 6 years of age, making them easy to distinguish early. It is important
3



for orthodontists to understand that the growth patterns of most hyperdivergent patients
are established early, around four years of age.** Individuals who had higher mandibular
plane angles between 6-15 years of age will have higher mandibular plane angles at 15
years of age.*® Bishara and Jakobsen** showed that 82% of the five year olds classified
as having long faces had long faces at 25 years of age. Approximately 64% of the
hyperdivergent 6 year olds are still hyperdivergent at 15 years, with 25% worsening over
time.*® Approximately 75% of 10 year olds classified as hyperdivergent, within normal
limits, or hypodivergent maintain their classifications through 15 years of age.*
Retrognathic features are not as evident as hyperdivergent characteristics during
the early developmental stages. Adolescents classified as retrognathic at 14-16 years of
age show only limited morphological differences at 6-7 years, whereas those classified
as hyperdivergent shows numerous differences, especially in the mandible.*®
Hyperdivergent subjects also demonstrate less improvement of their skeletal
relationships over time; their mandibular plane angles decrease only 0.3° between 6-15
years of age, compared with 2.5° and 4.0° decreases for average and hypodivergent
subjects, respectively. The SNB (sella-nasion-basion) angle of hyperdivergent subjects
increases only 0.2°, compared with 1.2° and 1.4° for average and hypodivergent

subjects.

Etiology of the Retrognathic Hyperdivergent Phenotype
Craniofacial growth is not exclusively dependent on genetic factors. Most

craniofacial, dentoalveolar, and occlusal traits show a quantitative, often normal,



distribution of phenotypes. Genetic, epigenetic, and environmental influences can
incorporate variation in craniofacial growth. The relative contribution of genes to
phenotypic expression varies greatly, depending on the environments in which they are
expressed. Traits showing greater phenotypic variation are either under less direct
genetic control and/or mature (i.e. grow relatively) less rapidly than traits showing less
phenotypic variation.

Habits, interferences with normal breathing and decreases in masticatory muscle
strength are the three broad environmental factors that have been proposed to explain
changes in malocclusion over time.*” However, only the latter two factors appear to
explain the development of the retrognathic hyperdivergent phenotype. Because the
morphological changes represent adaptive growth responses, it can be presumed that

growth responses would be possible with treatment.

Effects of habits

The literature does not support habits as a direct explanatory factor for the
hyperdivergent phenotype. Thumbsucking, fingersucking, nail biting, tongue sucking
and tongue thrusting have been shown to be the most prevalent habits of young
children.*® While the prevalence of digit-sucking is population specific, it decreases as
the prevalence of dummy (pacifier) sucking increases.*

Studies show that finger habits help to explain the Class Il maxillary problems,
but not the retrognathic hyperdivergent phenotypes, whose malocclusions are primarily
due to mandibular dysmorphology. An early study performed on 7-16 year old children

with persistent thumbsucking habits showed greater tendencies for open-bite
5



malocclusions, a propensity toward Class Il molar and canine relationships, proclined
upper incisors, and a longer maxilla, but no effects on the mandibular or palatal plane
angles.®® During the primary dentition, there is a high prevalence of cross-bites among
children in the primary dentition who suck their fingers or pacifiers as a result of
maxillary constriction.>*™* However, most cross-bites self-correct if the habit is stopped
before the transition to the early mixed dentition, and most children with finger habits

after the transitional dentition do not exhibit cross-bites after 9 years of age.>* >

Effects of interference with normal breathing

There is a substantial amount of evidence to suggest that interference with
normal breathing must be considered as a primary environmental factor explaining the
development of retrognathic hyperdivergent dysmorphology. The morphological
similarities that have been reported for subjects with enlarged tonsils, allergic rhinitis,
and enlarged adenoids lead to the conclusion that chronic airway interference produce
similar phenotypes.

Harvold and colleagues (1981) were able to establish a causal relationship
between mode of breathing and changes in craniofacial morphology in their classic
primate experiments.”® Compared to control monkeys, those with blocked nasal airways
developed steeper mandibular planes and larger gonial angles. The changes were most
pronounced in the animals that maintained a low postural position of the mandible.
Interestingly, when the blockages were removed, growth reverted back toward their

normal, more horizontal, pattern.



Clinically, the relationship between airway and growth disturbances has been
perhaps best established for patients with enlarged adenoids. Linder-Aronson®’ was
among the first to report systematic differences between children with enlarged adenoids
and nose breathing controls. They reported that children with enlarged adenoids have
increased lower anterior facial heights, larger gonial angles, narrow maxillary arches,
retroclined incisors, and larger mandibular plane angles. Other studies in children with
enlarged adenoids have confirmed increased vertical mandibular growth tendencies,
along with retroclinced mandibular incisors, smaller SNB angles, larger mandibular
plane angle, and larger lower face heights.>*®

Linder-Aronson (1974)®* studied children one year after adenoidectomies. The
report showed that the majority (=75%) of children changed to nasal breathing. When
compared to controls, they showed improvements in the mandibular plane angle,
maxillary arch widths and changes on incisor inclination. The mandible also showed
growth adaptations after adenoidectomy, by assuming an even more horizontal direction
than in controls.®® ® Kerr et al.,>® who followed 26 children five years after
adenoidectomies, showed changes in their mode of breathing and a normalization of
growth, with a more anterior direction of mandibular growth and forward true rotation of
the mandible. Interestingly, it appears that the timing of the adenoidectomies is an
important factor in determining the growth response that occurs.®

Although less well studied, chronically enlarged tonsils produce the same
phenotype as enlarged adenoids. Behlfelt and colleagues,® who evaluated 73 ten year

old children with enlarged tonsils, showed that they were more retrognathic, had longer
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anterior facial height, and larger mandibular plane angles than children who do not have
enlarged tonsils. Furthermore, the skeletal features were directly related to the children’s
open mouth and lowered tongue postures.

Adults with other breathing disturbances such as sleep apnea produce similar
morphological characteristics. Lowe and collaborators® showed that adult males with
severe obstructive sleep apnea exhibited steep occlusal and mandibular plane angles,
overerupted maxillary and mandibular teeth, larger gonial angles and anterior open bites.
Andersson and Brattstrdm® reported similar morphological patterns among 51 heavily
snoring patients with and without apnea. More recently, it was shown that children with
obstructive sleep apnea also have steeper mandibular plane angles, greater lower anterior
face heights, and more retroclined incisors; five years after
adenoidectomies/tonsillectomies none of the differences between apnea patients and
controls were statistically significant.®’

There are similar associations between allergic rhinitis and craniofacial
development. Children 6-16 years of age with chronic perennial allergic rhinitis display
more vertical and divergent facial growth patterns than controls, with the degree of
hyperdivergence being directly related to the severity of the allergic rhinitis.®® This is
important because the prevalence of allergic rhinitis ranges between 10-20%; most

1. showed that mouth

patients with allergic rhinitis also have asthma.®® Bresolin et a
breathers have significantly longer anterior facial heights, larger mandibular plane
angles, relatively greater mandibular than maxillary retrusion, larger gonial angles,

higher palates, greater overjet, and narrower maxillas than nose breathers. Mouth



breathers with perennial allergic rhinitis display deeper palates, retroclined lower
incisors, smaller SNB and SNPg angles, increased overjet, increased lower face heights,
larger gonial angles and larger mandibular plane angles than their siblings.”* Harari et
al.,” who compared 55 children with signs and symptoms of nasal obstruction to 61
normal nasal breathers, showed that the mouth breathers had larger mandibular plane
angles, greater overjets, retrognathic mandibles, larger Y-axes, and narrower intermolar

widths.

Effects of muscle weakening

Historically, reduced masticatory muscle forces provide the best explanation for
the prevalence of hyperdivergent retrognathic phenotypes. Anthropological studies have
consistently shown that the prevalence of malocclusion is much lower for subjects living
under primitive conditions than for their counterpart eating processed foods."® Since
individuals living under more primitive conditions eat harder foods that require greater
muscular effort for communition,” they might be expected to have larger masticatory
muscles and greater force output. Importantly, this association is not limited to dental
malocclusion; maladaptive changes to technological advances have also been associated
with larger inter-maxillary (i.e. mandibular plane) angles, larger gonial angles and
narrower jaws. Comparisons of the present day Finns to Finnish samples from the 16th
and 17th centuries showed that posterior, but not anterior, facial heights were
significantly smaller in present day Finns; hyperdivergence was attributed to the softer
foods in the present day diet, supporting the notion that craniofacial growth is regulated

with masticatory stress.”



There are also numerous experimental studies showing differences in muscle
strength, muscle morphology, and craniofacial growth between animals fed soft and hard
diets. Various species of growing animals fed on soft diets show structural differences in
their masticatory muscles, lower bite forces, alterations in condylar growth, narrower
maxilla and differences in bony remodeling.”®® Remodeling of the gonial process has
been directly related to the sizes of the masseter and medial pterygoid muscles;®*
resection of the masseter and pterygoid muscles results in alterations in condylar growth,
mandibular length, and ramus height.*

Humans with weak jaw muscles have been directly linked with hyperdivergent
growth tendencies. Similarly, adults with larger mandibular plane angles and children
with vertical growth patterns exhibit low bite forces.** * 8 |n addition, a decreased
masticatory muscle function has been shown to be associated with increased
dentoalveolar height.2* ® Skeletal hyperdivergence has also been directly related to
reduced muscle size, low EMG activity, and reduced muscle efficiency.?*%

To clearly demonstrate the relationship between muscle function and
hyperdivergence, one can observe the reports on patients with muscular dystrophy and
spinal muscular atrophy. Kreiborg and colleagues® showed the effects that muscular
dystrophy had on the craniofacial growth of a 12.5 year old girl. Subsequent research has

9.91 35 well as

shown that subjects with Duchenne and myotonic muscular atrophy,
spinal muscular atrophy,®” % have significantly weaker masticatory muscles, and show

the same constellation of features presented by retrognathic hyperdivergent subjects,

10



including narrow and deep palates, increased anterior facial heights, larger gonial angles,
and steeper mandibular planes.

Importantly, strengthening of the masticatory muscles produces morphological
changes opposite of those produced by weakened muscles. Hyperdivergent patients who
underwent chewing exercises show greater true forward mandibular rotation than
untreated hyperdivergent subjects, and even greater rotation than subjects treated with
vertical-pull chincups.” Ingervall and Bitsanis® also showed that masticatory muscle
training produces significant increases in bite forces and greater than expected forward

rotation of the mandible.

Mandibular posture and facial morphology

It is important to consider mandibular posture when trying to explain why airway
blockages and weakened muscles produce the same retrognathic hyperdivergent
phenotype. There is substantial indirect evidence supporting the concept that muscle
strength relates to posture. Kuo and Zajac provided a biomechanical analysis proving
that muscle strength is a limiting factor in standing posture.*® In addition, muscle
strength has been related to posture in patients with chronic lumbar pain and is one of
the main causes for postural instability in Parkinson's disease.”® *” Most importantly,
muscle exercises (strengthening) are also commonly used to correct postural
deviations.®® * One study provides direct experimental support for the relationship
between posterior mandibular rotation and reduced muscle function.®®

By definition, mouth breathers must move their mandibles in order to breathe,

and it is more efficient to lower than protrude or laterotrude the mandible. For this
11



reason, it is much easier to understand why the mandible is typically lowered in
individuals with airway obstruction. Experimental obstruction of the upper airway
results in lowered resting posture of the mandible, and a 5 degree increase in the cranio-
cervical extension.'®

It can be summarized from the evidence presented that if the lower mandibular
posture is maintained (i.e., if it is habitual), and especially if the subject has growth
potential, then the dentition, dentoalveolar complex, and mandible might be expected to
adapt to the new position. Lower mandibular posture immediately produces a
mandibular plane angle increase, as well as a decrease in the posterior to anterior lower
facial height ratio. Over time, lowered posture causes an increase in anterior face height
and supraeruption of the dentition. Whether or not the anterior teeth overerupt depends,
at least in part, on whether the tongue is postured between the teeth (or not), in which
case an open bite would be produced. The incisors, especially of the mandible, adapt to
this mandibular position by retroclination. Retroclination and overeruption cause
changes in symphyseal morphology and increased crowding. Lowered mandibular and
tongue posture lead to a narrow maxillary arch with possible cross-bites. A lowered
posture leads to changes in the mandible's remodeling pattern and a more posteriorly
directed condylar growth, which, in turn, lead to shorter ramus height and increases in

the gonial angle.
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Treatment Elements and Influencing Factors

Due to the complex dental and skeletal compensations that retrognathic
hyperdivergent cases present with, there has been a variety of treatment approaches that
have been implemented to try to correct such malocclusions. It has been well established
that vertical control is difficult and problematic especially for retrognathic
hyperdivergent patients; treatment of such patients remains a challenging task for
orthodontists.*™ % A lack of vertical control during orthodontic treatment exacerbates
the negative effects of these characteristics. In fact, there is evidence supporting the
notion that traditional orthodontic treatments cause an increase in the mandibular plane
angle.’%31% Since orthodontic treatment can worsen the problem by rotating the
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mandible backwards,™" vertical control may be the single most important factor when

treating hyperdivergent patients.* *%***

Treatment mechanics

Common treatment mechanics for patients with excessive vertical growth
tendencies include high-pull headgear, acrylic splints with high-pull headgear, active
vertical correctors, posterior bite-blocks with and without magnets and vertical pull chin-
cups. Although most of these treatment alternatives are effective in correcting the dental
malocclusion, most do not have a positive impact on chin projection and soft-tissue
profiles.***™° Importantly, all of these approaches are highly dependent on patient
compliance to be effective, and compliance has been shown to be variable and difficult

to measure during orthodontic treatment. "
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Established treatment mechanics thus appear to be impeding the improvement of
the profile in cases requiring chin projection and forward rotation of the mandible.
Unfortunately for these patients, increases in vertical dimensions can be attributed to

118 A recent report by Phan et al,'*

growth as well as a result of orthodontic treatment.
showed that treated subjects with Class Il Division 1 malocclusions had greater inferior

displacement of pogonion, increased occlusal movement of the mandibular molars and a
significant increase in the mandibular plane angle. Such results emphasize the difficulty
of controlling the vertical displacement of the mandible during orthodontic treatment.

Mair and Hunter'®

also reported that Class I, Division 1 individuals have more vertical
mandibular displacement during treatment than matched controls. The backward rotation
of the mandible commonly caused by treatment mechanics makes profile correction

difficult and prevents the improvement of chin projection, a fact especially important in

retrognathic hyperdivergent patients whose profiles need to be improved.

Extraoral appliances

All extraoral appliances are dependent on patient compliance, making them
unpredictable and highly variable in their results. Dental relationships can be
successfully improved using appliances such as the high-pull headgear, one of the most
common appliances used to control the vertical dimension.*? Importantly, the deficiency
of this appliance comes when measuring the skeletal changes created in retrognathic
hyperdivergent patients. Reports have shown that changes in the mandibular plane are
not favorable when treating patients with high pull headgear, because it negates any

possibility of positive mandibular autorotation.®® *2* The inability to control
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dentoalveolar compensations, especially of the lower molars, following the intrusion of
the upper molars makes it difficult to obtain the desired effect on chin projection and
mandibular autorotation.*** 1> Other major disadvantages of headgears relate to the
direction of force application onto the arch; headgears are unable to intrude a complete
segment of the dentition, which in the majority of these cases is desired to achieve a
forward rotation of the mandible.

To minimize the vertical development of the maxillary dentition, a maxillary
splint has been typically used with the high pull headgear. Splints help to intrude the
maxillary molars more effectively than head gears without a splint, but they do not
prevent the mandibular molars from compensating by over erupting.**> However,
mandibular molar eruption can be maintained by other appliances discussed in the
following section, which also depend on patient compliance.

Of the common extraoral treatment approaches, the most effective for controlling
dentoalveolar heights and increasing chin projection has been the vertical pull chin-
cup.?* 13! Sankey et al.'?’ treated growing patients with high-pull chin cup and a bite
block and compared these patients to untreated controls. They reported significant
effects in the treated group. They showed important effects in the mandible, such as
gonial angle decrease, the chin advancing forward twice as much than controls and a true

mandibular rotation. Iscan and colaborators,*?°

also reported that chin cup patients had a
significant decrease in mandibular plane and gonial angle and improved jaw

relationships. Interestingly, a later prospective randomized study by Torres et al.,** did
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not find any significant effects on skeletal changes between treated and untreated

controls.

Orthodontic mechanics and intraoral appliances

A clear understanding of reciprocal forces and their clinical application is
imperative in order to move teeth in the desired direction. The multiloop edgewise
archwire technique (MEAW) is an approach recommended to intrude posterior teeth and
close the anterior open bite."** *** Treatment with this approach requires 100% patient
compliance and depends on full time anterior vertical elastics used to intrude the

posterior teeth.'*?

With these types of mechanics, the occlusal planes move toward each
other by extrusion of anterior teeth.*** The correction is thus due to anterior and posterior
dentoalveolar compensations, making it difficult to obtain clinically significant amounts
of mandibular plane closure and forward chin projection.

Intraoral appliances are commonly used to control for excessive vertical dental
development. Common intraoral appliances such as bite blocks, magnets and active
vertical correctors (AVC) are primarily used for the intrusion of upper and lower
posterior teeth,® 118 134142 The 403 of all these appliances is to apply an intrusive force
to the posterior segments in order to produce a forward rotation of the mandible.
Magnetic appliances and AVC have been shown to produce significant intrusion of
posterior teeth.*** 3”14 Importantly, the shearing forces produced by the magnets have
also produced negative side effects in the transverse dimension, such as crossbites.*** **’

In animal models, the use of bite blocks, with or without magnets, to apply intrusive

forces to teeth has produced root resorption and ankylosis.™** In addition, bite blocks
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rotate the mandible posteriorly, which could possibly produce adverse growth and
remodeling changes, such as a tendency to increase the gonial angle.*® *** 1% Sych
treatment could be detrimental to existing hyperdivergent skeletal dysmorphology.
Another major disadvantage with these types of treatment approaches (bite blocks,
magnets, and AVC) is patient compliance, due primarily to the design of the appliances.

As shown, a treatment approach that could intrude posterior teeth without
extruding the anterior teeth will create a forward rotation of the mandible, a better chin
projection and potential improvement of the patient’s profile. Many hyperdivergent and
mandibular retrognathic patients could benefit from this type of approach. As previously
shown, none of the common treatment approaches can predictably control the vertical
dimension of patients. While some of these treatment approaches have shown intrusion
of posterior teeth, the skeletal and profile changes produced usually do not meet the
objectives desired by the patient or the orthodontist.

Based on this review, it has been almost impossible to improve the soft-tissue
and hard tissue profiles of hyperdivergent phenotype patients with orthodontic treatment
alone. These types of cases often present with a combination of skeletal problems and
supraerupted posterior teeth that most likely will require maxillofacial surgery.****4
Surgery, which could include complex multi-jaw and multi-piece procedures presents an
enormous challenge to the surgeon, the orthodontist and the patient. One of the main
limitations for this treatment approach is the patient’s skeletal maturity. Growth of
vertical craniofacial dimension is completed after transverse and sagittal growth. To

prevent post-surgical growth changes and maximize post-treatment stability, surgery to
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correct vertical discrepancies has to be postponed until the patient is skeletally mature
and growth in this dimension has been completed. Finally, the economic implications for
the patient sometimes make surgery an unreachable goal.

More novel and less invasive treatment approaches include the use of skeletal
anchorage provided primarily by titanium mini-plates and miniscrew implants (MSI) as
anchorage for intruding teeth.'**>> From the different methods for skeletal anchorage,
MSiIs are the most commonly used by orthodontists and provide excellent anchorage for
controlling the vertical positions of the teeth. Overall, MSIs are well accepted by
orthodontists and have been shown to remain clinically stable throughout orthodontic
treatment.”****° Multiple case reports and limited clinical studies of MSIs have shown
them to be successfully used for the intrusion of the dentition and resulting mandibular
rotation in adults.****%

Importantly, achieving molar intrusion and mandibular rotation in adults are not
the same as in growing children. Non-growing individuals require active dental intrusion
to produce mandibular autorotation, with the rotation axis being close to the condyle. In
contrast, growing patients require only relative intrusion (holding the vertical
development of the maxillary and mandibular dentition) to produce true mandibular
rotation (orthopedic change of the mandible), with the axis of rotation located more
anteriorly, somewhere between the incisors and premolars. In addition, the intrusive
mechanics must be applied directly to the posterior teeth as a segment, rather than to the
entire arch connecting anterior and posterior teeth, which has been the most common

method previously used. To date, there has been only one retrospective study reporting
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the effects of intrusion miniscrew mechanics on growing individuals, but the lower
dentition were not well controlled for, so treatment effects were less than expected.'®®
There have been no prospective clinical investigation regarding the effects these

mechanics have on growing individuals using miniscrew implants as anchorage for

vertical control of the maxillary and mandibular dentition.

Hyperdivergence, Retrognathism and Mandibular Rotation

Schudy® *"® was among the first to emphasize the importance of vertical growth
for understanding AP chin position. More recently, moderate relationships have been
reported between the anteroposterior and vertical mandibular changes that occur during
growth, suggesting that most individuals who become more hyperdivergent over time
also become more retrognathic.™

It has been well established that most of the mandible’s surface changes during
growth. The condyle grows and the cortical bone remodels. These are adaptions to
changing functional relationships as the mandible alters its position and increases its
size.'®® 12 The ramus grows and remodels primarily in a superior and posterior
direction; it undergoes greater changes than the corpus of the mandible.}”**"® The
condyle exhibits greater growth than most other aspects of the mandible.*’**"* While
bone is being resorbed along the lower border between gonion and the molars, it is
typically being added below the symphyseal region. The superior aspect of the
symphysis drifts superiorly and posteriorly. These growth and modeling changes have

been related to the type of true mandibular rotation that occurs.
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Traditionally, orthodontists have evaluated the rotation of the lower mandibular
border relative to either the Frankfort horizontal or the anterior cranial base (sella-
nasion). Rotation of the mandibular plane is not the actual rotation that occurs, but the
rotation that appears to be occurring. Importantly, what appears to be occurring is
actually not occurring because the lower border of the mandible remodels. In order to
understand rotation, it is necessary to distinguish between the rotation of the mandibular
plane and the actual rotation of the mandible that occurs. The modeling camouflages or
covers up the true rotation that actually occurs. For example, Spady et al.'”” showed that
almost 5 deg of true forward rotation occurred between 6-15 years of age, but there was
less than 1 deg of change of the mandibular plane angle.

Hyperdivergent patients undergo significantly less (23-43%) forward true
rotation than hypodivergent patients.'”® Untreated patients normally undergo forward or
counterclockwise (as viewed by the observer when the patient is facing to the right)
rotation. Average true rotation ranges between approximately 0.4-1.3°/yr,}® 277182 wyith
greater rates reported during childhood than adolescence.’" 181 82 gybstantially greater
amounts of true rotation occur during the transition between the primary and early mixed

182
d,®

dentition, than between the early mixed and early adulthoo implying that the

dentition plays a fundamental role.

It is known that the tip of the chin undergoes little or no modeling.'%® 17317177

True mandibular rotation has repeatedly been shown to be the most important

d175

determinant of the anteroposterior position of the chin in untreated™"> and treated

subjects.'® 18 There are only three possible ways to explain the forward or backward
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movements of the chin in untreated growing subjects. These are condylar growth
changes, glenoid fossa changes, and true mandibular rotation. True mandibular rotation

has repeatedly been shown to be the most important determinant of the anteroposterior

175 183, 184
d

position of the chin in untreated™"> and treated subjects.

True mandibular rotation is important because it is directly related to chin
position, and indirectly related to various other growth and remodeling changes that
occur. Strong associations have been reported between true mandibular rotation, the
amount of condylar growth and the condylar growth direction.*”***"® *® Forward rotators
show more condylar growth, oriented in a more anterior direction than backward
rotators. The lower mandibular border of forward rotators tends to show bony apposition
anteriorly and resorption posteriorly, which is not the remodeling pattern exhibited by
backward rotators.*” *® True mandibular rotation also produces compensatory changes
in the eruptive paths of teeth, with the molars erupting more than the incisors in forward
rotators and the incisors erupting more among backward rotators.”® The mandibular
incisors and molars tend to retrocline and tip distally in backward rotators; they procline
and tip mesially in forward rotators.*%® "3

Mandibular growth and modeling adapt to treatment-imposed changes in
mandibular position, following similar patterns exhibited by untreated individuals.
Growing individuals who received maxillary impaction surgery and autorotation of the
mandible (no mandibular surgery) showed more superiorly directed condylar growth

than matched untreated controls,* showing the same remodeling changes associated

with forward rotators during growth.
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If the mandible adapts similarly to true rotation in both untreated and treated
individuals, then, theoretically, treatment modalities should be focusing on methods to
alter mandibular position so that the skeletal problems that retrognathic hyperdivergent
individuals present with could be addressed by true forward rotation of the mandible.

It has been well documented that significant amounts of true mandibular rotation
occur during childhood and adolescence.'® 17" The greatest rate of true rotation
occurs between the primary and early mixed dentition stages. Ueno and collaborators*®®
recently showed why so much true mandibular rotation occurs during the transition of
the late primary to early mixed dentition. This study demonstrated that the vertical
positions of the anterior teeth were fundamentally important for rotation to occur. They
showed that true forward rotation was significantly more closely related to anterior
dentoalveolar changes than to any other growth parameter. The most important anterior
dentoalveolar change that occurred during this stage was the loss of the primary incisors
and the emergence of the permanent incisors into the oral cavity. Due to the amount of
space created and the duration of time it takes for the space to fill in with teeth, the
mandible is able to rotate forward without any interference from the anterior dentition.
As previously shown, the most predictable method to enhance chin projection is
mandibular rotation. As such, treatment goals should be directed towards this concept,
which theoretically makes it possible to address the patients’ dental, skeletal and soft-
tissue problems. A representation of the optimal treatment goals for these individuals is
shown in Figure 1A-E. For example, if a case presents with a backward chin position

and excessive vertical development (Figure 1-A), the ideal treatment should be directed
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to initially control the vertical development of the maxillary and mandibular dentition
(Figure 1-B). With this, the teeth can be maintained apart (Figure 1-C), making it
possible for the mandible to change its position relative to the cranial base. The mandible
rotates forward enhancing chin projection and reducing the vertical dimension (Figure 1-
D). As aresult of this positional change, the mandible has the potential to adapt through
growth and remodeling to the new functional environment, where the condyle and
mandibular body should respond with favorable growth adaptations (Figure 1-E).

The purpose of this project was to determine if vertical control of maxillary and
mandibular posterior teeth is sufficient for rotating the mandible and producing a more
forward and prominent chin.

The primary objective of this project was to determine whether dental intrusion is
effective in treating growing retrognathic hyperdivergent patients. To this end, a number
of hypotheses were tested:

1) There is no significant difference in chin position between treated patients and
untreated controls as a result of posterior intrusion.

2) There is no significant change in root length or alveolar crest height after the
segmental intrusion of posterior teeth.

3) There is no significant difference in mandibular growth between treated and
untreated controls after segmental intrusion of posterior teeth.

The secondary objectives of this project were to evaluate miniscrew implant

stability and the patients’ perceptions of the appliances used during treatment.
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Figure 1. Diagram representing the optimal treatment changes for the growing
retrognathic hyperdivergent patient, before (T1) and after (T2) intrusion
mechanics; (A) representation of initial malocclusion; (B) intrusion and vertical
control of the upper and lower dentition; (C) interdental space created between
teeth to allow mandibular rotation; (D) mandibular rotation changes expected after
intrusion of maxillary and mandibular dentition; and (E) expected maxillary and
mandibular adaptations to mechanics.
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CHAPTER II
ORTHOPEDIC CORRECTION OF GROWING RETROGNATHIC

HYPERDIVERGENT PATIENTS USING MINISCREW IMPLANTS

Synopsis

The purpose of this study was to determine whether dental intrusion is effective
in producing chin projection while controlling the vertical dimension of growing
retrognathic hyperdivergent patients. Miniscrew implant (MSI) stability and the patients’
perceptions of the appliances used during treatment were also evaluated.

The sample consisted of 17 (7 males and 10 females) consecutively treated
patients who were 13.2 +1.1 years old at the start of treatment (T1). The maxillary
posterior teeth (premolars and molars) were treated using a segmental intrusion
appliance. Two maxillary and two mandibular MSIs (immediately loaded with 150gr
coil springs) were used for the intrusion mechanics. A matched control group was used
to evaluate the skeletal changes that occurred during treatment. CBCT records were
performed before (T1) and when the orthopedic phase (T2) had ended (25.3 + 9.3
months). MSI stability was evaluated during treatment. Pain and discomfort related to
the appliances used were evaluated with surveys completed before (T1) and after
treatment (T2).

Significant intrusion of the maxillary posterior dentition was obtained for the
treated group (2.5 £ 1.7 mm). The mandibular plane angle closed 2° £1.7° and SNB

angle increased 1.5° £1.5°. Lower anterior facial height did not increase significantly
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during treatment. The overall MSI failure rate was 4.6%. While the patients initially
(T1) thought that the MSIs would be painful and uncomfortable, they actually were not
perceived to be.

Segmental intrusion and vertical control of posterior teeth using MSIs in the
maxilla and mandible is an effective mechanism for treating growing retrognathic
hyperdivergent patients. Patient’s growth potential is a determining factor for the

differences in treatment response.

Introduction

Retrognathic hyperdivergent patients have excessive vertical dimensions and
deficient chins, resulting in convex profiles.** 2% 18 Convex profiles are generally
perceived as less favorable esthetically than profiles with a more pronounced chin
projection.® 1% ¥ In addition to the esthetic considerations, these patients also present
with functional, masticatory and muscular deficiencies, as well as important respiratory
impairments.***°

These patients have complex three-dimensional skeletal, soft-tissue and
dentoalveolar compensations that make them difficult to treat. Retrognathic
hyperdivergent patients have excessive dentoalveolar heights (anterior and posterior),
especially in the maxilla.*® Skeletally, they have retrognathic mandibles and lack chin
projection, due to excessive anterior vertical growth. Controlling the vertical dimension
during treatment shows to be a determining factor for chin projection.® ** Since

orthodontic treatment can worsen the problem by rotating the mandible backwards,*®’
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vertical control may be the single most important factor when treating hyperdivergent

patients.® " Importantly, the skeletal problems are primarily in the mandible;> " th

e
ramus is short, the condyle grows in a more posterior direction, the mandibular plane is
steep, the gonial angle is excessive and the symphysis is long and narrow.*

Common treatments for patients with vertical growth tendencies include high-
pull headgear, acrylic splints with high-pull headgear, active vertical correctors,
posterior bite-blocks with and without magnets and vertical pull chin-cups. Although
most of these treatment alternatives are effective in correcting the dental malocclusion,
in general they usually don’t have a positive impact on chin projection and soft-
tissues.**#*? Of these treatment approaches, the most effective for controlling
dentoalveolar heights and increasing chin projection has been the vertical pull chin-
cup.?* 3! Importantly, all of these approaches depend on patient compliance, which has
been shown to be variable and difficult to measure during orthodontic treatment, but
plays an important role in how these approaches affect the treatment results.'?°*%

In order to correct the skeletal dysmorphologies that characterize growing
hyperdivergent patients, true forward mandibular rotation must be incorporated into their
treatment. True mandibular rotation is the primary determinant of the AP position of the
chin in both treated and untreated subjects.'®* Rotation could also address a number of
the other problems that characterize hyperdivergent patients. In untreated subjects, true
forward mandibular rotation has been associated with a greater chin projection,

reductions in gonial angle, redirection of condylar growth and control of vertical

eruption of the dentition.*” ¥ ¥ Recently, it was suggested that in untreated
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individuals the vertical changes in dental position that occur during the transition from
the primary to early mixed dentition are important determinants of true mandibular
rotation during growth.'®

Miniscrew implants provide an excellent means of controlling the vertical
positions of the teeth. Multiple case reports and limited clinical studies of MSlIs as well
as other fixed anchorage devices have shown them to be successfully used for the
intrusion of the dentition and mandibular rotation, 4 1°0: 154 155, 161-163, 165, 167-169, 191-198
Overall, MSls are well accepted by orthodontists and have shown acceptable clinical
stability during orthodontic treatment.****® Importantly, intrusion and mandibular
rotation in adults are not the same as in growing children. Non-growing individuals
require active dental intrusion to produce mandibular autorotation, with the rotation axis
being close to the condyle. In contrast, growing patients require only relative intrusion
(holding the vertical development of the dentition) to produce true mandibular rotation
(orthopedic change of the mandible), with the axis of rotation located more anteriorly,
which is more effective for chin projection.

A new treatment approach has been proposed focusing on controlling the vertical
dimension of both maxillary and mandibular dentition with MSlIs in growing
individuals.'” By using MSls to control the vertical dimension, patient compliance can be
minimized during treatment, adding more predictability to the results. The primary
objective of this project was to determine whether dental intrusion is effective in

producing chin projection and controlling vertical growth in growing hyperdivergent

patients. The null hypothesis was that there would be no difference in the vertical and
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AP chin position between treated individuals and untreated controls. The secondary
objectives were to evaluate MSI stability and the patients’ perceptions of the mechanics

used during treatment.

Materials and Methods
The sample consisted of 17 (7 males and 10 females) consecutively treated
patients, who were 13.2 +1.1 years old at the start of treatment. They were recruited
during screenings held at the Graduate Orthodontic Clinic of Texas A&M University
Baylor College of Dentistry (TAMBCD). The research protocol was approved by the
TAMBCD IRB. Informed consents were obtained from all patients and parents prior to
starting treatment.
Only patients who met the following criteria were included in the study:
e Premolars fully erupted
e Lower anterior facial height (ANS-ME) greater than age and sex specific mean
values (based on Riolo et al.,1974'%),
e The S-N-B angle 1 standard deviation or more below age and sex specific values
(based on Riolo et al., 1974'%)

e End-on or greater bilateral Class 11 molar or canine relationships.

Subjects were excluded if they presented with poor oral hygiene prior to
treatment or if their second molars were fully erupted into occlusion (the mesial
marginal ridges of all second molars were required to be at least 2 mm apical to the
distal marginal ridges of the first molars).
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Maxillary arch treatment

All individuals followed the same treatment timeline and protocol (Figure 2).
The treatment was started with a rapid palatal expander or RPE (Variety SP, Dentaurum,
Germany), which was initially used to expand the maxillary posterior teeth and later as a
rigid segmental unit to hold the premolars and molars vertically during intrusion.. The
RPE was initially used to expand the maxillary posterior teeth and later as a rigid
segmental unit to hold the premolars and molars vertically during intrusion. The RPE
was fabricated so that the screw and arms were initially at least 3 mm away from the
palatal tissues and with occlusal stops to the second maxillary molars (Figure 3A). The
RPE was activated twice per day until the palatal cusps of the maxillary molars were in
contact with the buccal cusps of the mandibular molars, which was usually achieved
during the initial 2 months of treatment. This procedure was performed in all patients,

regardless of whether or not they had posterior crossbites.

Figure 2. Timeline of treatment times for the maxillary and mandibular arches.

2 End of
Deliver RPE Insert MSI
Orthopedic Phase
(1.5+ 0.9 mo) (8.2 £ 5.6 mo) (25.3 + 9.3 mo)
Seal RPE Bond 3-3
{26 +14 mo) (15.0+ 7.7 mo)
Maxill
Leveling &
MSI Site Preparation
Bond 7-7 Insert MSls

(15.4 £ 8.9 mo)
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Figure 3. (A) RPE used for intrusion, including occlusal stops for the second
maxillary molars and fixed appliances on the buccal surface of the maxillary
posterior teeth. (B) mandibular arch with MSls in place holding the archwire with
0.010 in stainless ligature

Approximately 8 weeks after the RPE was sealed (i.e. when the activation was

stopped), two maxillary MSI’s, 1.8 mm in diameter and 8 mm long (IMTEC 3M
UNITEK), were placed in the parasagittal region of the palate, mesial to the first molars.
Prior to MSI placement, the patients rinsed with chlorhexidine (Peridex, Zila
Pharmaceuticals, Inc, Fort Collins, CO) for 30 seconds (rinsing was continued 2-3 times
per day for the next 3-5 days). The technique used for MSI placement has been
previously described.?*® The MSIs were placed where the palatal roof and lingual walls
meet (Figure 4A). Each patient was anesthetized using topical anesthesia, followed by
local infiltration of lidocaine with epinephrine (Xylocaine; Dentsply Pharmaceutical;
USA) at the insertion site. A periodontal probe was used to puncture the palatal tissues;
it was moved side-to-side to remove the tissue tension at the insertion sites. Using a
manual contra-angle (LT-Driver; 3M UNITEK, USA), each MSI was inserted

perpendicular to the cortical bone following the palate’s anatomy. They were all inserted
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without pilot hole or tissue punch. The intrusion force was applied immediately after
MSI placement using Sentalloy® coil springs (GAC international, Bohemia, NY). Each
spring was calibrated using a gram force gage (Correx, Haag-Streit, Switzerland) to
deliver a constant force of 150 g. The springs extended from the MSI to the RPE frame,

and were ligated between the first molars and second premolars, following the protocol

201
d.?°

previously describe After MSI insertion, all patients were given postoperative care

instructions and had a dental hygiene check appointment one week after insertion.

Figure 4. Placement locations for (A) maxillary MSIs showing position and
insertion angle used without pilot drill. . (B) Mandibular MSIs being placed
following the Two-Step insertion technique, making one initial notch perpendicular
to the buccal bone (B-1), then completely removing the MSI and repositioning it at
the desired angulation (B-2) until fully inserted.

A B

During the intrusion phase, all the cases were treated with segmental mechanics
in the upper arch. The upper anterior teeth (canine to canine) were not bonded with fixed
appliances to prevent their extrusion during the leveling phase. They served as a visual

clinical assessment guide to observe the leveling of the maxillary anterior and posterior
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occlusal planes. The maxillary anterior teeth were bonded with fixed appliances (0.018
Slot, SPEED Industries, Canada) after they attained the same level as the posterior
segments, or earlier if they were impeding the forward rotation of the mandible (i.e. if
there was an anterior tooth contacting the lower dentition). After the upper arch was
leveled and posterior intrusion was stopped, the RPE was removed and a transpalatal
arch (TPA) was used to control torque, as well as the transverse and vertical dimensions
of the maxillary first molars. Fixed orthodontic appliances were bonded on all of the
maxillary posterior teeth. The MSIs were tied to the TPA using a 0.010” ligature wire for

the duration of treatment, or until vertical control was not necessary.

Mandibular arch treatment

For the mandibular dentition, bands were placed on the lower first molars and
fixed appliances (0.018 Slot, SPEED Industries, Canada) were placed on the remaining
dentition (LR7 to LL7). The lower MSIs were not inserted until the patient had a lower
0.016%0.022 inch stainless steel wire in place (Figure 3B). To widen the site for MSI
insertion in the mandible, brackets were bonded to diverge the roots between the first
molars and second premolars. Periapical radiographs were taken to evaluate the
interradicular spaces created. The MSIs were placed only after the interradicular space
between the second premolar and first molar was >4 mm.

The mandibular MSIs were placed with the hand driver using a two-step
insertion technique (Figure 4B) without pilot holes or tissue punches. The MSI were
inserted at an angle with the head of the screw at the level of the mucogingival junction,

as previously described.?® The lower MSls were loaded immediately using calibrated
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150g coils, following the same protocol as in the maxilla. Lower lingual arches (LLA)
were placed in 2 of the patients because their mandibular teeth were actively intruded
and needed posterior torque control.

The orthopedic (i.e. intrusion) phase was terminated once the desired amount of
posterior intrusion had been achieved (2.1 £ 0.8 years). This was determined by clinical
assessment of the patients’ profiles and dental relationships (i.e. AP and vertical
relationships of the molars and anterior teeth). At the end of this phase, the RPE was
removed and fixed appliances were placed on the remaining dentition. The maxillary and
mandibular MSI’s remained in place until full treatment was completed. The posterior
teeth were held vertically using a 0.010 inch stainless steel ligature tied from the palatal
MSiIs to the palatal sheath in the maxillary first molar bands and from the mandibular
MSIs to the archwire mesial to the first molar band in the mandible.

Except for one participant, all of the treated patients had MSIs in the upper and
lower arches. This patient did not have lower MSIs because they would have impeded

the mesial movement of the posterior teeth, which was necessary to close spaces.

Control sample

The treatment group was matched to 17 untreated individuals whose records
were collected by the Human Growth and Research Center, University of Montreal,
Montreal, Canada. The controls were matched on a case-by-case basis to the treated
sample based on age, gender, Angle molar classification and pre-treatment mandibular

plane angle.
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Cephalometric tracing and analysis

By using Dolphin Imaging (Patterson Technology, Chatsworth, CA) the
treatment group’s lateral cephalograms were constructed from the CBCTs taken before
treatment started (T1) and after the orthopedic phase was finished (T2). The three-
dimensional skulls were oriented using the right and left external auditory meatus. A
lateral cephalometric radiograph was produced by segmenting the entire right half of the
skull, along with a portion of the left extending to the medial border of the left orbit.
Landmark identification for the treatment group was performed by the same individual.

For the control group, tracings of lateral cephalograms were obtained, scanned
into the software, and adjusted for mangification. For both groups, the landmarks were
digitized using Viewbox Software V4.0 (DHAL, Athens, Greece). Seventeen

cephalometric landmarks, as defined according to Riolo et al.(1974)'%°

, were digitized
(Figure 5). Nine dimensions were calculated from these landmarks, seven pertaining to
AP skeletal relationships, eight pertaining to vertical dimension and four pertaining to
the dentition. Replicate analysis of individuals showed no significant systematic

differences or method errors. (Table 1)
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Table 1. Variables and landmarks used, along with their reliabilities.

Variable Landmarks Used
AP
S-N-A Sella, Nasion, A-Point
S-N-ANS Sella, Nasion, ANS
S-N-B Sella, Nasion, B-Point
S-N-PG Sella, Nasion, Pogonion
N-A-PG Nasion, A-point, Pogonion
GB’-A’-PG’ ST Glabella, ST A-Point, ST Pogonion
A-N-B A-point, Nasion, B-Point
VERTICAL
S-N/GO-ME Sella, Nasion, Gonion, Menton
CO-GO-ME Condillion, Gonion, Menton
S-N/GO-GN Sella, Nasion, Gonion, Gnathion
S-N/OP Sella, Nasion, Functional Occlusal Plane
S-N/PP Sella, Nasion, ANS, PNS
PFH Sella, Gonion
LFH ANS, Menton
AFH Nasion, Menton
DENTAL
U1-PP U1 tip, ANS, PNS
U6-PP U6 mesial cusp, ANS, PNS
L1-MP L1 tip, Gonion, Menton
L6-MP L6 mesial cusp, Gonion, Menton
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Figure 5. Landmarks used in this study.

Survey of pain and discomfort

All participants completed an initial survey to assess how much pain and
discomfort they expected to be associated with the appliances and procedures. They
completed the initial survey after having been shown a typodont with the appliances that
were going to be used during treatment. The follow-up survey was completed by the
patients the day the RPE was removed and the orthopedic phase was terminated. The

surveys asked the following questions:
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1. How uncomfortable do you expect the appliances (MSI, expander and braces) to
be? Same question asked by the follow-up survey (both questions were answered
using a Likert scale).

2. How painful do you expect the appliances (MSI, expander and braces) to be?
Same question asked by the follow-up survey (answered using a Likert scale).

3. How much would you recommend this treatment to friends and family? Only

asked by the follow-up survey (answered using a Likert scale).

Statistical analysis

The calculated measurements were transferred to SPSS Software (version 19.0;
SPSS, Chicago, IL) for evaluation. Analysis of skewness and kurtosis showed that the
variables were normally distributed. Paired and independent sample t-tests were used to
evaluate within group changes and between group differences, respectively. The
questions were evaluated using descriptive statistics and compared using a Wilcoxon
Signed Ranks Test. A probability level of 0.05 was used to determine statistical

significance.

Results

Throughout treatment, periodontal health was closely monitored and the need to
maintain proper hygiene was emphasized. The clinical crowns were temporarily
shortened during intrusion. There also was palatal tissue bulging during the intrusion
phase of treatment. The overgrowth disappeared in all cases after intrusion was
completed and the teeth had been held in place for 2—-3 months.
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For this study, MSI failure was defined as removal of the MSI or any MSI that
became mobile when applying an intrusion force with a coil spring or when attaching the
stainless steel ligature. The MSIs had an overall failure rate of 4.6%. Of the 66 MSIs that
were placed, only 3 failed (one patient had no MSls placed on the lower arch due to
interferences with the mesial movement of a lower molar). There were 34 MSlIs placed
in the maxilla (2 of which failed) and 32 placed in the mandible (1 of which failed). This
resulted in a slightly higher failure rate in the maxilla (5.9%) than in the mandible
(3.1%), but the difference was not statistically significant.

When asked how much they would recommend this treatment to friends and
family, 58.8% answered “very” or “extremely”, almost 30% answered “moderately” and
nobody answered “slightly" or "not at all” (Figure 6). Approximately 29% of the
patients initially thought that the MSIs would be either “very” or “extremely”
uncomfortable. (Figure 7) This was significantly different (p<0.05) than when they were
asked the same question after the intrusion phase, at which time 53% said that the MSlIs
were “not at all” uncomfortable, 35.3% said they were “somewhat” uncomfortable, and
11.8% said they were “moderately” uncomfortable. No one indicated that the MSIs as
being “very” or “extremely” uncomfortable. Initially, only 11.8 % said that they did not
expect any pain with the MSls. (Figure 8) Almost 30% thought that they would be
"very" or "extremely" painful. The post-intrusion survey showed significant (p<0.001)
changes in patient perception, with 100% of the patients responding that the MSI were

“not at all” painful.
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Figure 6. Responses to the question “How much would they recommend this
treatment to friends and family?”
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Figure 8. (A) How painful did the patients expect the appliances to be and (B) how
painful they actually were.
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Cephalometric comparisons

The only pre-treatment measurement that showed statistically significant
(p<0.05) group differences were S-N/PP, PFH, LFH and L6-MP. The treatment group
was consistently larger than the controls, while the controls had larger palatal plane
angles (Table 2).

The S-N-A and S-N-ANS angles showed no statistically significant group
differences during treatment (Table 3). In contrast, all measures of AP mandibular

position showed significant group differences. The S-N-B and S-N-PG angles increased
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approximately 1.5 degrees more in the treated than the control group. Hard-tissue
convexity (N-A-PG) decreased 3.4° more in the treated group (3.6°+ 2.9). Soft-tissue
convexity (GB’-A’-PG’) decreased 2.0° more in the treated than the control group. The
A-N-B angle decreased 1.5° in the treated group and did not change significantly in the

controls.

Table 2. Pre-treatment cephalometric comparisons of the treatment group and
matched controls.

X

Variable Units  Group Control Group Differences
Mean SD Mean SD Mean Prob
AP
S-N-A Deg 79.2 4.4 78.9 2.4 0.25 0.841
S-N-ANS Deg 85.5 42 855 2.8 -0.03 0.977
S-N-B Deg 74.1 3.8 746 2.5 -0.50 0.653
S-N-PG Deg 74.8 35 752 2.4 -0.46 0.653
N-A-PG Deg 8.8 4.6 75 4.2 1.30 0.399
gg: —AT- Deg 169 44 173 44 046 0767
A-N-B Deg 51 1.9 4.4 2.2 0.74 0.304
VERTICAL
S-N/GO-ME Deg 43.8 3.1 433 2.7 0.53 0.602
CO-GO-ME Deg 130.1 42 1305 3.6 -0.38 0.777
S-N/GO-GN Deg 41.2 32 412 2.5 0.06 0.952
S-N/OP Deg 20.2 3.7 193 3.6 0.90 0.474
S-N/PP Deg 7.2 29 101 3.9 -2.91 0.018
PFH mm 69.4 4.7 65.5 6.2 -3.85 0.048
LFH mm 69.7 40 65.0 5.8 -4.74 0.009
AFH mm 116.1 46 1119 7.7 -4.17 0.065
DENTAL

U1-PP mm 29.3 24  28.0 3.0 -1.34 0.164
U6-PP mm 22.9 26 221 2.4 -0.74 0.396
L1-MP mm 39.7 23  39.1 3.2 0.57 0.549
L6-MP mm 30.7 24 282 35 2.5 0.021
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Statistically significant vertical skeletal changes associated with treatment were
observed in the mandible. The mandibular plane angles (S-N/GO-ME and S-N/GO-GN)
decreased 2.0°+1.7 and 2.0°£1.9, respectively, in the treated group, and did not change
in the control group. The treatment showed no significant increases in lower face height
(LFH), while the control group increased 3.0 £ 2.9 mm. No group differences were

observed in posterior facial height changes.

Table 3. Treatment changes of cephalometric variables compares to untreated
control changes.

Variable Units TX Group Control Group Differences
Mean SD Mean SD Mean Prob
AP
S-N-A Deg 0.1 15 0.1 1.4 -0.19 0.703
S-N-ANS Deg 0.8 1.6 0.6 1.6 0.12 0.823
S-N-B Deg 15 15 0.04 1.0 1.42 0.002
S-N-PG Deg 1.8 15 0.2 1.0 1.56 0.001
N-A-PG Deg -3.6 2.9 -0.2 2.4 -3.41 0.001
GB’-A’-PG’ Deg 2.2 2.2 0.2 2.2 -2.03 0.016
A-N-B Deg -15 1.3 0.03 1.0 -1.58 0.001
VERTICAL
S-N/GO-ME Deg 2.0 1.7 0.1 1.2 -1.85 0.001
CO-GO-ME Deg 0.8 2.1 -0.7 1.7 -0.12 0.859
S-N/GO-GN Deg 2.0 1.9 0.2 1.5 -1.80 0.005
S-N/OP Deg 3.9 2.3 0.9 1.5 476 0.000
S-N/PP Deg -0.6 1.4 0.1 1.2 -0.71 -0.127
PFH mm 2.9 31 35 3.6 0.60 0.609
LFH mm 0.3 3.0 2.9 2.8 2.60 0.013
AFH mm 1.7 3.9 4.4 41 2.71 0.061
DENTAL
U1-PP mm 0.8 1.2 0.7 1.0 -0.09 0.823
U6-PP mm 25 1.7 1.5 1.4 3.93 <.001
L1-MP mm 0.7 15 1.4 1.3 -0.75 0.139
L6-MP mm 2.0 1.6 -1.6 1.7 0.44 0.444
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The occlusal plane (S-N/OP) increased 3.9°+2.3 in the treatment group and
decreased in the control group, resulting in a difference of almost 5°. The maxillary first
molars (U6-PP) were intruded significantly (2.5 mmz 1.7) during treatment, while they
erupted in the control group, producing a difference of approximately 4 mm. None of the

other dental measurements showed statistically significant group differences.

Discussion

For this novel treatment alternative to be successful, it had to be well accepted by
the patients. The results showed that the treatment was well accepted by the participants,
with 58.8% indicating that they were very or extremely likely to recommend it to their
friends and family. This high rate of acceptance was probably due to the lack of pain and
discomfort that they experienced, as well as the favorable functional, facial and dental
changes that occurred during treatment.

The patients' initial perceptions of how uncomfortable and painful the MSls
would be changed considerably during the course of treatment. Initially, many of them
expected the MSIs to be “very or “extremely” uncomfortable, and even more thought
they would be “very or “extremely” painful. At the end of treatment, most of the
patients reported that the MSIs were 'not at all’ uncomfortable, and all of them thought
they were "not at all" painful. This indicates that the MSIs were well accepted by the
patients, confirming previous reports.?*22%

MSI stability at the chosen implant sites was excellent and better than expected.

The overall success rate was 95.4%, which was higher than previously reported for other
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MSlIs, which report a range from 70%-93%."% 2%¢212 (S|

stability obtained compares
well with that reported in a recent systematic review for short dental implants, which
ranges from 92.2% to 100%.%*

The high stability found in the present study is particularly important because it
has been suggested that patients with higher mandibular plane angles tend to have lower
success rates.2%% 203 207.: 209 one nossible factor that could explain the higher MSI success
rates in the present study is the length of the MSIs (8 mm) used. Since trabecular bone

adapts around MSls and enhances their stability,**

a longer screw allows more surface
areas for the bone to make contact with the MSI. The fact that the MSIs were placed in
younger patients, whose cortical bone is not as dense as adult cortical bone, may also
have played a role, because the insertion stress to the cortical bone would not have been
as high. Also, and perhaps most importantly, the careful preparation of the implant site
prior to insertion, especially in the mandible, where they were placed into interradicular
bone, could have contributed to the success rates observed.

Although the results of this study show that the mandibular MSIs were more
stable (96.9%) than the palatal maxillary MSls (94.1%), the difference was not
statistically significant. Whether MSI success rates are greater in one jaw than the other
remains controversial, with some studies showing no significant differences between

159,211,215 and others showing differences, % 128 160. 194. 207. 210 A o\ver success rate

jaws
(90%) has been reported for MSls placed in similar palatal sites.* Moon et al (2010)*%°
who place similar sized mandibular MSls (1.6 diameter and 8mm length) in the same

site as the present study showed 73.3% success rate. However, they loaded the MSlIs
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with 150-200 grams of force 2-3 weeks post implant placement, while those in the
present study were immediately loaded with 150gr. Moreover, the technique used for the
placement of mandibular MSIs in the present study makes it possible to angle the MSI
heads. As such, the threads of the MSlIs go deeper into trabecular bone rather than the
alveolar crest.

The vertical dimension was significantly reduced during treatment. The
mandibular plane angle decreased substantially more than in the controls. The reduction
in the mandibular plane angle (2.0°+1.9) compares well with the available literature that
has used MSIs as anchorage (Table 4). Xun et al (2007),° who used MSI anchorage in
both upper and lower jaws of young adults, reported MPA decreases of 2.3°+ 0.8° as a
result of treatment. Buschang et al (2012),**® reported a 0.9° reduction of the MPA in
patients aged 12.3 + 1.8 years, but less than 30% of their patients had MSIs holding the
vertical dimension of the teeth in both jaws. Studies that have used titanium mini-plates
for anchorage during intrusion have reported reductions in the MPA ranging from 1.3°
with plates in only one arch,'*® to 3.3° with plates in the maxilla and the mandible.!*?
The fact that anterior lower face height did not change in the treated group, whereas it

increased almost 3 mm in the untreated controls, demonstrates good vertical control of

anterior growth in the present study.
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Table 4. Literature comparison of the most relevant literature on the treatment of
hyperdivergent patients with different treatment approaches.

Age Sample SNB/ Treatment
Reference (years) size SN.Pog* MPA Approach
SKELETAL ANCHORAGE
Sugawara et al (2002)° 13 t0 29 9 0.4 -1.3 Plates (MD only)
Sherwood et al (2002)*% Adults 4 1.9 -2.6 Plates (MX only)
Erverdi et al (2004)'%® 17 t0 23 10 1.8 -1.7 Plates (MX only)
Kuroda et al (2007)*%2 16 to 46 10 15 -33  Plates (MX & MD)
Akay et al (2009)'%’ 15t0 25 10 1.6 -3.0 Plates (MX only)
Seres and Kocsis (2009)*% 1510 29 7 NA 31 Plates (MX only)
Xun et al (2007)%° 14 to 27 12 16 2.3 MSIs (MX & MD)
MSIs (72% MX
Buschang et al (2012)°® 12.3+1.8 18 13 0.9 only; 28% MX &
MD)
Present Study 132411 17 1.5 20  MSIs (MX & MD)
ORTHOPEDIC
Pearson (1978)'%5 91013 20 NA 3.9 Chin cup and
premolar extractions
127 ) Chin cup and
Sankey et al (2000) 83+1.38 38 0.3 0.3 posterior bite-block
Basciftci et al (2002)% 12.6 17 0.0 0.3 RPE and chin cup
Iscan et al (2002)'%° 7-10 18 NA -1.4 Chin cup
Torres et al (2006)% 7-10 30 0.3 .06  Removable palatal
crib and chin cup
Cassis et al (2012)*%" 8.1+07 30 -0.0 00  Bondedspursand
chin cup
Haralabakis and Sifakakis -
(2004)° 104£1.3 31 0.7 0.2 CPHG
LaHaye et al (2006)*# 9-14 23 0.2 0.3 NE HG
LaHaye et al (2006)*# 9-14 25 0.2 0.2 EXT HG
SURGERY
Washburn et al (1982)%' 10-16 12 NA -3.3  Surgery (only MX)
Mojdehi et al (2001)*? 11-15 15 2.0 -3.4  Surgery (only MX)
Kuroda et al (2007)*%2 16 to 46 13 0.0 -0.3 S“rgeaé';"x &

When compared to other treatment approaches used in growing individuals

(Table 4), the mandibular plane changes observed in this study were greater than

127-131

previously reported for vertical-pull chin-cup and headgears.*® ** The exception is

125

one study by Pearson (1978), > who reported a mean decrease of 3.9° when using
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vertical pull chin-cup and extraction treatment in patients 9-13 years of age. Surgery
studies of maxillary impaction on growing individuals show greater improvements of the
vertical dimension, with decreases in the mandibular plane from 3.3° to 3.4°.% %

Hyperdivergent patients have important dentoalveolar compensations, primarily
due to the fact that the maxillary posterior teeth have over erupted. In order to enhance
chin projection and control the vertical dimension in a growing hyperdivergent
individual during treatment, it was necessary to control both the upper and lower
dentition. The upper molars in this study were intruded 2.5+1.7 mm during treatment,
whereas they erupted 1.4+3.93 mm in the untreated controls. The lower molar erupted
only slightly, but not significantly, more than the controls, demonstrating that the lower
molars did not completely compensate for the upper molar intrusion. This is a positive
treatment effect that, at least partially, accounts for the improvements of the vertical
dimensions observed.

The improved AP relationships of the treated group were due to mandibular
changes because the maxilla was not affected by treatment. Vertical control during
treatment allowed the mandible to rotate forward, which is an important determinant of
chin position.*® All AP changes of the mandible were significant in the treated group,
whereas they were not in the controls. As B-point and pogonion advanced 1.5°£1.5 mm
and 1.8°+1.5 mm, respectively, the chin moved forward. The changes in chin projection
compare well to previous studies that used fixed anchorage devices for vertical
control, 249 152155, 169.197 gy djes that used skeletal anchorage to intrude both the upper

and lower dentition have reported SNB changes ranging from 1.3° to 1.6°. °-:%28 aAp
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treatment changes in the present study are only slightly less than those produced with

maxillary impaction surgery; Mojdehi et al.*?

reported a 2° change of SNB after
maxillary impaction surgery in growing individuals.

Although all patients followed the same treatment protocol, there were

differences in how they responded. The patients fell into one of three categories:

1. Patients with growth and a good chin projection: all of these patients had
acceptable treatment results. They grew the most during treatment and the
biomechanics were able to successfully intrude/control the upper and the
lower dentition throughout the orthopedic phase of treatment. These patients
required only limited amounts of intrusion, and good control of both upper
and lower dentition (Figure 9). All patients with growth had good chin
projection, which is why there is no category of patients with growth with
poor or limited chin projection.

2. Patients with limited growth and a good chin projection: these patients
also had acceptable treatment results. Importantly, since they only grew
limited amounts during treatment, their results were highly dependent on the
intrusion/control of the dentition (Figure 10).

3. Patients with limited growth and a limited chin projection: these patients
exhibited little or no growth and the vertical control/intrusion was less than it
could have been during treatment. Although the dental relationships were

finished as acceptable, better skeletal changes could have been produced if

the dentition had been better controlled during treatment (Figure 11).
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Figure 9. Case representing patients with growth and a good chin projection. (A)
Initial photos, (B) superimposition of start of treatment and the end of orthopedic
(intrusion) phase tracings, and (C) photos at the end of the orthopedic (intrusion)

phase.
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Figure 10. Case representing patients with limited growth and a good chin

projection. (A) Initial photos, (B) superimposition of start of treatment and the end
of orthopedic (intrusion) phase tracings, and (C) photos at the time of appliance

removal at the end of treatment.
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Figure 11. Case representing patients with limited growth and a limited chin
projection. (A) Initial photos, (B) superimposition of start of treatment and the end
of orthopedic (intrusion) phase tracings, and (C) photos at the end orthopedic
(intrusion) phase.

The case in Figure 9 (patient with growth and a good chin projection) finished

her orthopedic phase with a slight posterior open-bite. With growing patients such as
this, who develop posterior open-bites during the initial phase of treatment, there is no
need to intrude for extended periods of time. The mechanics are designed to hold the
dentition, resulting in “relative intrusion” as the patient grows. Also, the upper anterior
teeth (U3-3) were bonded and kept in a segmental wire until the posterior teeth reached
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their vertical level. The only thing limiting her mandibular rotation was contact of the
anterior dentition. Once an anterior contact is noted, the orthodontist needs to decide if
more rotation is needed. If so, the anterior teeth (maxillary or mandibular) will have to
be intruded so that the mandible can continue to rotate forward. The decision on which
anterior teeth to intrude (upper or lower) usually depends upon esthetic considerations
(i.e., maxillary incisor display on smile). If no more rotation is needed, then the
orthopedic (intrusion) phase is terminated and regular orthodontic mechanics can be
used to finish the case, always maintaining the vertical control as long as possible during
the finishing stages of treatment.

The patient in Figure 10 illustrates a patient with limited growth who had an
acceptable amount of chin projection. This case shows significant maxillary intrusion,
small amounts of intrusion of the lower posterior dentition and good vertical control of
the anterior teeth of both arches. It is important to point out that this case was treated
with extractions of upper and lower premolars, making it especially important to control
the extrusion of the dentition as the space-closure mechanics took place. For patients
with limited growth potential such as this, it is always necessary to plan for posterior
intrusion of both upper and lower arches.

The patient in Figure 11 was also a patient with limited growth, whose vertical
dimension was not well controlled. This was the only patient who did not have lower
implants inserted. Even though the dental needs were met (upper arch was leveled and
the open bite was resolved), the skeletal correction was somewhat less than desired. Chin

projection was limited due to the fact that the lower molars compensated for the
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intrusion of the upper molars and prevented maximum mandibular rotation and chin
projection. The patient finished with a clinically acceptable profile, but had the smallest
orthopedic changes of the entire treatment group. A way to prevent other patients from
having similar results is to have control of the lower dentition (as previously shown) and
be able to maximize mandibular rotation.

Figure 12 illustrates the proposed treatment model. The differences in chin
projection were dependent on how much the patients grew and how well the vertical
dimension of the dentition was controlled during treatment. There was an inverse
relationship between growth potential and vertical dental control during treatment. The
need for dental intrusion was less for the patients with greater growth (i.e. those that
exhibited more condylar growth) than for the patients with limited growth potential. For
the patients with greater growth during active treatment, it was sometimes simply
necessary to hold the dentition in place and allow growth rotation to occur.

Understanding the relationship and being able to apply it clinically can greatly
assist the orthodontist when monitoring cases during treatment. For this sample, how the
patients grew during treatment, and how well the dentition was controlled, were related

to the amount of chin projection that the patients finished with.
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Figure 12. Vertical control treatment model. Represents the inverse relationship
between the patient’s growth during treatment and the vertical control needed to
have the best chances of improving chin projection.

Vertical Control
Growth > Hold
Growth > Dental
Potential > Control
Limited Growth > Intrude
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CHAPTER 11
MANDIBULAR GROWTH, MODELING AND ROTATION OF TREATED

GROWING RETROGNATHIC HYPERDIVERGENT PATIENTS

Synopsis

The purpose of this study was to determine how intrusion of the posterior teeth of
growing hyperdivergent patients affects mandibular growth and modeling.

The sample consisted of 17 consecutively treated patients who were 13.2 +1.1
years old at the start of treatment. The maxillary posterior teeth (premolars and first
molars) were intruded as a segment using a rigid RPE appliance. Four miniscrew
implants (MSlIs-two palatal and two mandibular) were used as anchorage for the
intrusion mechanics. The changes that occurred during treatment were compared to
untreated controls, matched based on age, sex, occlusion and mandibular plane angles.
Analyses were based on cephalograms obtained from CBCT records taken at the
beginning (T1) and end (T2) of the orthopedic (intrusion) phase, which lasted 25.3 £ 9.3
months. Cranial base superimpositions were used to evaluate true mandibular rotation;
mandibular superimpositions were used to assess condylar growth and mandibular
modeling changes. Non-parametric statistics were used to compare and describe group
differences and relationships.

True forward rotation of the treated sample was significantly (p<.05) different
(1.8° greater) than in the controls. All landmarks showed significant growth and

modeling changes in both groups. In the treated group, condylion showed the greatest
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overall change. The treated group tended to show greater superior and less posterior
growth of the condyle than the controls, but the differences were not statistically
significant. Only the lower incisor showed statistically significant group differences; its
vertical position did not change in the treated group while it erupted 1.5 mm in the
controls. While true rotation was correlated with the growth and modeling changes in the
control group, there were no relationships in the treated group.

Intrusion of the posterior teeth in growing patients produced a significant true
forward mandibular rotation. There were no group differences in condylar growth and

mandibular remodeling.

Introduction

It has been well established that most of the mandible’s surface changes during
growth. The condyle grows and the cortical bone remodels. These are adaptions to
changing functional relationships as the mandible alters its position and increases its
size.®® 12 The ramus grows and remodels primarily in a superior and posterior
direction; it undergoes greater changes than the corpus of the mandible.}”**"® The
condyle exhibits greater growth than most other aspects of the mandible.*’%*"* While
bone is being resorbed along the lower border between gonion and the molars, it is
typically being added below the symphyseal region. The superior aspect of the
symphysis drifts superiorly and posteriorly.

These growth and modeling changes have been related to the type of true

mandibular rotation that occurs. Individuals who undergo forward rotation show
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distinctly different growth patterns than do backward rotators. Compared to backward
rotators, forward rotators exhibit greater and more superiorly directed condylar growth,
greater decreases of the gonial angle, more and distinctive modeling of the lower border,
more limited increases in lower face height, proclination of the lower incisors, and more
chin projection. & 73 189

Mandibular growth and modeling also adapt to treatment imposed changes in
mandibular position, following similar patterns exhibited by untreated individuals.
Growing individuals who received maxillary impaction surgery and autorotation of the
mandible showed more superiorly directed condylar growth than matched untreated
controls.*? Similarly, mixed dentition patients treated with vertical-pull chin cups
showed more superiorly directed condylar growth and greater chin projection than
untreated controls.*®’ In general, functional appliances show condylar adaptations to
altered mandibular positions.?!” The bionator, which rotates the mandible posteriorly,
has been shown to modify condylar growth in a more posterior direction.?*® Other
functional appliances, such as the Herbst, generally produce a more posterior growth
direction of the condyle, especially in hyperdivergent patients.?* 22

If the mandible adapts similarly to true rotation in both untreated and treated
individuals, then, theoretically, the skeletal problems that retrognathic hyperdivergent
individuals present with could be addressed by true forward rotation of the mandible.
Hyperdivergent subject have excessive anterior facial height, supraeruption of the teeth,
large gonial angles, reduced ramus height, and retrognathic chins.*® ** The majority of

these individuals maintain or worsen their vertical growth patterns over time.** *°
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The primary purpose of this study was to determine whether the growth and
modeling of the mandible adapts to the true rotation produced by intrusion of the

posterior teeth using miniscrew implants (MSIs) in growing hyperdivergent patients.

Materials and Methods

The treated group consisted of 17 (7 males and 10 females) consecutively treated
patients. The mean age at the start of treatment was 13.2 +1.1 years. They were recruited
during screenings held at the Graduate Orthodontic Clinic of Texas A&M University
Baylor College of Dentistry (TAMBCD). The research protocol was approved by the
TAMBCD IRB. Informed consent was obtained from all patients and parents prior to
starting treatment.

Only patients who met the following criteria were included in the study:
premolars had to be fully erupted, lower anterior facial height (ANS-ME) had to be
greater than age and sex specific mean values (based on Riolo et al., 1974'%), the S-N-B
angle had to be at least one standard deviation below age and sex specific mean values
(based on Riolo et al., 1974'%), and the subjects had to have end-on or greater bilateral
Class Il molar or canine relationships. Subjects were excluded if they presented with
poor oral hygiene prior to treatment or if their second molars were fully erupted into
occlusion.

The treatment of the maxillary arch for all individuals started with a rapid palatal
expander or RPE (Variety SP, Dentaurum, Germany). The RPE was used to expand the

maxillary posterior teeth and later as a rigid segmental unit to hold the premolars and
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molars vertically during intrusion. The RPE was activated in all of the patients twice per
day until the palatal cusps of the maxillary molars were in contact with the buccal cusps
of the mandibular molars.

The RPE was sealed approximately 8 weeks after the end of activation and two
maxillary MSI’s, 1.8 mm in diameter and 8 mm long (IMTEC 3M UNITEK), were
placed in the parasagittal region of the palate, mesial to the first molars. Using a manual
contraangle (LT-Driver; 3M UNITEK, USA), the MSls were placed where the palatal
roof and lingual walls met. Each MSI was inserted without the use of a pilot hole or
tissue punch perpendicular to the palate’s cortical bone anatomy, as previously
described.?® The intrusive force was immediately applied after MSI placement using
Sentalloy® coil springs (GAC international, Bohemia, NY). Each MSI had one spring
attached extending to the RPE frame and calibrated to deliver a constant force of 150 g,
as verified using a gram force gage (Correx, Haag-Streit, Switzerland).

During the posterior intrusion phase, the upper anterior teeth (canine to canine)
were not bonded with fixed appliances. This was done to prevent their initial extrusion
during the leveling phase. Additionally, the anterior teeth served as a visual clinical
assessment guide to assess the height of the posterior maxillary occlusal plane during
intrusion. The maxillary anterior teeth were bonded with fixed appliances (0.018 Slot,
SPEED Industries, Canada) after they attained the same level as the posterior segments.
In some cases, the upper anterior teeth had to be bonded earlier because they were
impeded the forward rotation of the mandible (i.e. if there was an upper anterior tooth

contacting the lower dentition). After the upper arch was leveled and posterior intrusion
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was stopped, the RPE was removed and a transpalatal arch (TPA) was inserted and used
to control torque, as well as the transverse and vertical dimensions of the maxillary first
molars. Fixed orthodontic appliances were bonded on all of the maxillary posterior teeth.
The MSIs were tied to the TPA using a 0.010” ligature wire for the duration of
treatment, or until vertical control was not needed.

For the mandibular arch, bands were placed on the lower first molars and fixed
appliances (0.018 Slot, SPEED Industries, Canada) were placed on the remaining
dentition (LR7 to LL7). The lower MSIs were not inserted until the patient had a lower
0.016%0.022 inch stainless steel wire in place and the interradicular space at the MSI site
between the second premolar and first molar was approximately 4 mm. The mandibular
MSIs were inserted using the hand driver as previously described.”® The lower MSls
were loaded immediately using calibrated 1509 coils, following the same protocol as in
the maxilla. Lower lingual arches (LLA) were installed in two of the patients because
their mandibular teeth were actively intruded and needed posterior torque control.

The orthopedic phase (i.e. posterior intrusion) was terminated once the desired
amount of posterior intrusion had been achieved (2.1 + 0.8 years). Clinical assessment of
the patients’ profiles and dental relationships were the key factors for terminating the
orthopedic phase (i.e. AP and vertical relationships of the molars and anterior teeth). At
the end of this phase, the RPE was removed and fixed appliances were placed on the

remaining dentition.

61



Except for one participant, all of the treated patients had MSIs in the upper and
lower arches. This patient did not have lower MSIs because they would have impeded

the mesial movement of the posterior teeth, which was necessary to close spaces.

Control sample

The control group was composed of 17 untreated individuals matched on a case-
by-case basis to the treated sample. They were matched based on age, gender, Angle
molar classification and pre-treatment mandibular plane angle. Records were collected
from the Human Growth and Research Center, University of Montreal, Montreal,

Canada.

Cephalometric data collection

The treatment group’s lateral cephalograms were constructed from the CBCTs
taken before treatment started (T1) and after the orthopedic phase was finished (T2)
using Dolphin Imaging (Patterson Technology, Chatsworth, CA) They were oriented
using the right and left external auditory meatus. A lateral cephalometric radiograph was
produced by segmenting the entire right half of the skull, along with a portion of the left
extending to the medial border of the left orbit. The same individual performed all
landmark identification for the treatment group.

For the control group, tracings of lateral cephalograms were obtained, scanned
into the software, and adjusted for mangification. For both groups, the landmarks were
digitized using Dolphin Imaging (Patterson Technology, Chatsworth, CA). Seventeen

199

cephalometric landmarks, as defined according to Riolo et al.(1974), were digitized
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(Figure 13). Replicate analysis of individuals showed no significant systematic

differences and method errors. (Table 5)

Table 5. Landmarks, abbreviations and definitions used for the tracing, along with
their reliabilities.

Landmark Abbrev. Definition
Sella S The center of the hypophyseal fossa (sella tursica)
Nasion N The junction of the nasal and frontal bones at the most posterior

point on the curvature of the bridge of the nose
Superior tangent on the mandibular condyle determined from a

Condylion Co .
perpendicular from the ramal tangent
Posterior Ramus PR Pomt.on the posterior contour of the condyle defined by the
superior tangent of the ramal plane
. Intersection point of the inferior cranial base surface and the
Articulare Ar - .
averaged posterior surfaces of the mandibular condyles
. Intersection pint between the posterior contour of the
Inferior Ramus IR - LR
mandibular ramus and its inferior tangent
Gonion Go Point on the contour of the mandible determined by bisecting
the angle formed by the mandibular and ramal planes
. Intersection point between the inferior contour of the mandible
Posterior Corpus PC . .
corpus and its posterior tangent
Menton Me Intersection point of the posterior symphysis contour and the

inferior contour of the corpus

Point between menton and pogonion, determined by bisecting
Gnathion Gn the angle formed by the mandibular pane and perpendicular
tangent to pogonion
Most anterior point on the contour of the chin, determined by

Pogonion Pg the perpendicular tangent to the mandibular plane
The most posterior point on the anterior surface of the

Point B B symphyseal outline, as determined by a line from Infradentale
to pogonion

Infradentale Inf The h_|ghe_st anterior point of the alveolar process of the
mandible in the midline

Lower Incisor L1 Incisal edge of the lower incisor

Lower Molar L6 Mesiobucal cusp tip of the lower first molar

Fiduciary L

Landmark 1 F1 Anterior fiduciary landmark

Fiduciary o

Landmark 2 F2 Posterior fiduciary landmark

After each lateral cephalogram was traced, two fiduciary landmarks (F1 and F2)

were marked on T1 tracing. The T2 tracing was superimposed on the T1 tracing using
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stable cranial base reference structures,'®® and F1 and F2 were transferred onto the T2
tracing. True rotation'®® was calculated as the angular changes to the lines connecting the
F1 and F2 fiduciary landmarks. The mandibles were superimposed using stable

reference structures'®®

. With the mandibular superimpositions oriented horizontally
along the SN-7° plane, the horizontal (X-axis) and vertical (Y-axis) distances between
the T1 and T2 landmarks were computed. The total change that occurred was computed
as

Total Change =V [(Xt2-X11)* +(Y12-Y11)9)].

Figure 13. Landmarks and reference planes used for digitizing all lateral
cephalograms.

F1

F2 \ * e
S. SN(-7°)
°
°
.
L1
Inf (]
B R °
e °
Pg P
Gn [
., y

64



Statistical analysis

The data was collected and evaluated using SPSS Software (version 19.0; SPSS,
Chicago, IL). The skewness and kurtosis statistics showed that the variables were not
normally distributed. The samples were described using median and interquartile ranges.
Each group's changes over time (T1 to T2) were compared using a One-Sample
Wilcoxon Signed Rank Test and the Mann-Whitney test was used to compare groups.
Spearman correlations were calculated to determine whether the variables were
significantly correlated with true mandibular rotation. The significance level was set to

p<0.05 for all of the analyses.

Results

True mandibular rotation was significantly different between the two groups
(Figure 14). In the treated group, the mandible rotated forward 1.24 deg, whereas it
rotated backward 0.53 deg in the untreated controls.

All of the 14 landmarks showed significant growth and modeling changes (Table
6). In the treated group condylion (Co) showed the greatest overall or total change,
whereas articulare (Ar) showed the greatest changes in the control group. The six ramal
landmarks showed greater changes that the other landmarks. Gnathion (Gn) and
pogonion (Pg) showed the smallest changes over time in both groups. None of the
landmarks showed statistically significant differences between the control and treated

group (Figure 15).
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Figure 14. Medians [li] and interquartiles @ (25th and 75th ) of true mandibular
rotation of treatment and control groups, along with the probability of a group
difference
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Table 6. Medians and interquartile ranges of total changes of the treatment and
control groups, along with probabilities of group differences.

Treatment Group Control Group
Variable Diff
25 50 75 25 50 75
Co 2.06 5.23 7.26 2.34 3.47 951 0.958
PR 1.68 3.57 6.68 2.2 3.11 947  0.683

Ar 1.39 3.43 6.11 1.15 3.72 8.54 0.708
IR 247 3.04 5.55 1.86 2.97 721  0.892
Go 1.08 2.35 4.10 1.45 212 417 0.786

PC 0.97 2.14 4.06 1.53 268 435 0.357
Me 0.71 1.10 1.75 0.43 1.01 112  0.306
Gn 0.37 0.76 1.07 0.38 0.72 1.06 0.973

Pg 0.25 0.71 1.42 0.48 0.78 1.15 0.658
B 1.04 1.52 2.46 0.81 1.30 207 0433
Inf 1.18 191 3.29 0.84 1.41 265 0.357
L1 1.17 1.94 3.01 0.91 1.92 277 0.708
L6 1.19 2.19 3.50 1.17 2.02 209 0711

* Bolded landmarks changed significantly (p<0.05).

With the exception of condylion in the treated group, the landmarks located on
the ramus showed significant (p<.05) posterior growth and modeling changes (Table
7).The lower molars of both groups migrated anteriorly. None of the horizontal changes
showed statistically significant group differences, although condylion approached the

significance level.
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Table 7. Medians and interquartile ranges of horizontal changes of the treatment
and control groups, along with probabilities of group differences.

Treatment Group Control Group
Variable Diff
25 50 75 25 50 75

Co -090 -020 125 -140 -0.80 -0.07 0.118
PR -140 -090 035 -1.78 -0.67 0.45 1.000
Ar -1.30 -050 025 -209 -0.98 -0.27 0.357
IR -260 -130 020 -235 035 298 0.563
Go -3.15 -080 -0.05 -253 -1.70 -0.53 0.586
PC -260 -140 060 -293 -1.60 -049 0.540
Me -0.76 -040 065 -080 -0.18 0.13 0.760
Gn -0.70 -0.20 025 -053 -0.27 0.18 0.973
Pg -0.50 -0.10 0.00 -0.44 -0.18 031 0.708
B -070 -0.30 030 -0.80 -0.18 0.22 1.000
Inf -0.40 0.60 135 -050 -0.09 050 0.218
L1 -0.95 0.80 1.70 -0.50 0.09 0.89  0.540

L6 015 110 160 018 116 2.00 0.833
* Bolded landmarks changed significantly (p<0.05).

The three superiormost landmarks on the ramus (Co, PR, Ar) showed significant
superior growth and modeling changes (Table 8). The inferior ramus (IR) landmark
showed significant superior changes in the control group, but not in the treated group,
whereas gonion (Go) showed significant superior changes only for the treated group.
Gnathion (Gn) showed significant inferior drift in both groups. Infradentale (Inf) moved
superiorly along with the lower incisor (L1). The lower molar of the treated group, but
not the control group, showed statistically significant eruption. Despite the significant
group and treatment changes that occurred, only the lower incisor (L1) showed a
statistically significant group difference. It did not move in the treated group, whereas it

erupted approximately 1.5 mm in the control group.
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Table 8. Medians and interquartile ranges of vertical changes of the treatment and
control groups, along with probabilities of group differences.

Treatment Group Control Group
Variable Diff
25 50 75 25 50 75
Co 1.05 5.20 7.05 1.06 2.93 8.40 0.817
PR 0.90 3.40 6.60 1.8 231 8.40 0.709
Ar 0.75 3.40 5.80 0.71 1.60 756  0.865

IR -1.85  2.50 370 036 231 582 0433
Go -0.30  0.90 280 -058 027 240 0.786
PC -0.50 0.50 280 -076 036 298 0.760
Me -050 -0.50 -095 -0.71 -0.18 040 0.786
Gn -050 -0.30 -0.10 -0.40 -0.18 0.00 0.394
Pg -095 -040 015 -058 0.00 058 0.245
B -0.60  0.60 235 -044 0.62 151 0.865
Inf -045 0.70 290 049 098 205 0.540
L1 -1.10  0.00 085 044 151 200 0.005

L6 0.55 1.20 275 004 062 186 0.312
* Bolded landmarks changed significantly (p<0.05).
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Figure 15. Total growth and remodeling changes of the mandibular landmarks.
Control and treated group are indicated with arrows. Mandible not to scale.
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True mandibular rotation was significantly related to the growth and modeling
changes of the landmarks in the control group, particularly for the landmarks located on
the ramus (Table 9). For example, the control group showed a significant negative

correlation (R=-0.65; p<0.006) between vertical condylar growth and true rotation,
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whereas the treated group showed no correlation (Figure 16). There were no statistically

significant correlations in the treated group.

Figure 16. Spearman correlation coefficients and probabilities of relationship
between true mandibular rotation (degrees) and Condylion (Co) vertical growth for
the treated and the control groups. Shaded areas indicate backward rotators with
limited condylar growth (Red line indicates the regression line for the control
group, also superimposed on the treatment group diagram)
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Discussion

Unexpectedly, the untreated hyperdivergent subjects exhibited backward true
rotation. While backward rotation has been previously reported for individuals, it has
not been reported for groups of untreated subjects.”® 118 Karlsen 18 who specifically
designed the study to compare individuals with high and low mandibular plane angles,
showed that subjects with high angles underwent less forward rotation than those with
low angles, but they did not rotate backwards as a group. This reflects the severe nature

of the hyperdivergent phenotypes who participated in the present study.
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Table 9. Spearman correlations between true mandibular rotation and the total horizontal and vertical changes of the
treatment and control groups.

Treatment Group Control Group
Variable Total Horizontal Vertical Total Horizontal Vertical

R Prob R Prob R  Prob R Prob R Prob R Prob
Co -0.01 0.963 0.25 0.326 0.06 0.815 -0.69 0.003 -0.42 0.106 -0.65 0.006
PR -0.21 0422 0.11 0.666 -0.03 0.918 -0.64 0.008 -0.12 0.672 -0.66 0.005
Ar -0.13 0.626 0.16 0.531 -0.06 0.811 -0.47 0.057 -0.02 0.948 -0.56 0.019
IR -0.48 0.051 0.01 0974 -0.05 0.837 -0.46 0.063 0.48 0.049 -0.55 0.021
Go -0.08 0.772 0.01 0963 0.09 0.743 -0.56 0.019 0.60 0.011 -0.72 0.001
PC -0.12 0.653 0.21 0.416 -0.09 0.747 -0.40 0.112 0.53 0.030 -0.79 <0.001
Me 0.38 0.135 -0.30 0.249 0.37 0.143 0.10 0.701 -0.20 0.441 -0.02 0.933
Gn 0.42 0.098 -0.20 0.435 -0.15 0.569 -0.15 0.554 0.11 0.673 0.15 0.562
Pg 0.15 0580 0.01 0962 0.15 0.567 -0.21 0419 -0.10 0.690 -0.10 0.718
B 0.17 0510 0.15 0573 0.13 0.615 0.02 0948 -0.59 0.013 -0.22 0.399
Inf 040 0.112 0.22 0405 0.16 0.547 -0.50 0.040 0.36 0.161 -0.55 0.022
L1 056 0.830 0.12 0.660 -0.09 0.732 -0.28 0.273 0.02 0.944 -0.39 0.117
L6 0.07 0.786 0.05 0.863 0.06 0.808 -0.55 0.125 -0.30 0.433 -0.60 0.088

* Bolded numbers indicate significance level of p<0.05.
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Intrusion and vertical control of the posterior dentition in growing retrognathic
hyperdivergent patients produced significant true forward mandibular rotation.
Treatment rotated the mandible forward approximately 1.8 degrees. This was greater
than the amount of true mandibular rotation (1.0 degree) obtained in younger (8.2 £ 1.2
years) growing individuals treated with vertical-pull chin cups.*?” In contrast,
hyperdivergent Class Il Division 1 cases treated with high-pull headgears (both non
extraction and extraction) and Herbst appliances showed no significant chin projection
due to the lack of true mandibular rotation.'®* Bionator therapy produced 2.4° less true
forward mandibular rotation than no treatment.**®

The lower incisors extruded significantly less in the treated patients than in the
controls. As part of the intended treatment mechanics, the anterior teeth were controlled
vertically to allow the mandible to rotate forward. The vertical position of the teeth had
to be controlled in order to achieve the rotation needed by these extreme hyperdivergent
patients. If there had been any anterior contact during the orthopedic phase of treatment,
the mandible could not have rotated forward. This is why the lower incisor extrusion was
controlled indirectly with the MSiIs placed in the posterior mandible.

Despite the fact that treatment rotated the mandible forward, the forward rotation
did not show the expected growth and modeling changes. Unexpectedly, true rotation
was not correlated with either the condylar growth changes or the mandibular modeling
that occurred in the treated group. There are at least two reasons for the lack of
associations. First, a number of the patients exhibited minimal growth. While the study

sought to focus on growing children, several of girls had limited growth potential. If
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there is no growth, the center of true rotation is located in the region of the condyle,*®®
and the amount of rotation will depend on dental movements produced during
treatment.(Figure 17) Individuals with limited growth potential will necessarily have
less potential to adapt to the rotational changes that occur. Future studies should evaluate

the patients’ pretreatment skeletal ages to ensure adequate growth potential.

Figure 17. Patient with limited growth potential, showing good chin projection as a
result of dental intrusion and rotation around the condyle.
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Secondly, treatment rotated the mandibles of patients with limited growth

potential, which substantially reduced the overall number of backward rotators (Figure

74



16), but the individuals with greater growth potential did not rotate forward as much as
they could have. Their anteroposterior growth of the mandible helped them achieve the
treatment effect. (Figure 18) It is important to remember that the effects of treatment
were monitored clinically based on profile changes and the anteroposterior changes in
dental relationships. As long as the patients were improving clinically, the amount of
intrusion was limited (i.e. more relative rather than absolute intrusion was performed) to
prevent the development of Class 111 malocclusions. This also limited the amount of true
rotation that occurred. If the patients were rotating less, then there were less adaptive

changes possible.

Figure 18. Patient with growth potential showing forward displacement of the
mandible with less control of the lower dentition.
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While the differences were not statistically significant, the treated group did
show less posterior and more superior condylar growth than the control group. This is
what was expected and was probably not statistically significant due to the lack of
power. Larger untreated samples of growing individuals have been shown to exhibit
approximately 1 mm of posterior condylar growth for every 8-9 mm of superior condylar
growth.}™* ™ In the present study, the condyles grew 0.2 mm posteriorly and 5.2 mm
superiorly, resulting in a ratio indicating even greater relative superior condylar growth
than in normal populations. This suggests that the treatment probably had an effect on
condylar growth in a direction that would be expected for forward rotators.*"® 179 18

Most functional appliances and treatment approaches for growing hyperdivergent
Class Il patients show condylar growth adaptations.?”! The mandibular condyle is an
active growth site of the mandible and it has the potential to adapt to different
positions.??? The Herbst appliance, which has been extensively studied, has repeatedly

been shown to produce more posteriorly directed condylar growth.?*? 2% 223225 gy

example, Pancherz and Michailidou (2004)%%°

showed that when the Herbst appliance
produced more posterior condylar growth during treatment and 5 years post-treatment in
hyperdivergent than in average or hypodivergent patients. Surgical treatments that
reposition the maxilla and rotate the mandible forward also produce adaptive changes in
the mandible after autorotation. The mandible clearly has the ability to adjust its growth
to new positions in growing individuals.*

While rotation was not related to the growth and modeling changes in the treated

group, there were numerous relationships in the control group. The lack of associations
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in the treated group were probably due to the fact, as previously discussed with respect
to Figure 16, that treatment rotated the potential backward rotators forward (i.e. shift
them to the left). The ramus of the control group consistently showed greater superior
growth and modeling of all the landmarks, and greater posterior modeling of the inferior
landmarks in the subjects who exhibited greater forward rotation. Similar patterns of
relationship have been previously reported for large samples of untreated individuals.*®
The results of this study hold several clinical implications. First, when treating
Class Il retrognathic hyperdivergent patients, it is important to understand that the more
growth potential an individual has, the more potential there is for true rotation, and the
more potential there is to control the modeling that occurs. Skeletal anchorage such as
the MSis can effectively be used for preventing vertical alveolar growth in patients, as
well to actively intrude the dentition when desired. If treatment can be directed toward
patients with growth potential, the mechanics should be directed to controlling vertical
alveolar growth rather than intruding the dentition. Here patients that are growing during
treatment can benefit from preventing the natural eruption of the dentition, thus having a
relative intrusion of the teeth rather than an active intrusion. Patients with limited growth
will require more active intrusion and do not have the mandibular modeling potential of
subjects with better growth. Since the vertical positions of the anterior teeth play an

important role in determining the amount of rotation that occurs,*®

it may be necessary
to control both the anterior and posterior dentition during treatment in order to maximize
rotation. Finally, treatments that produce more rotation make it more likely to increase

the modeling of the mandible and change the direction of condylar growth.
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CHAPTER IV
APICAL ROOT RESORPTION AND CRESTAL BONE ADAPTATION AFTER

POSTERIOR INTRUSION IN GROWING PATIENTS — A 3D EVALUATION

Synopsis

The objective was to evaluate root resorption and alveolar crestal bone adaptation
to segmental intrusive forces applied to the maxillary posterior teeth of growing
individuals using CBCT radiographs.

The sample consisted of 22 patients (9 males and 13 females) with an average
age of 13.2 + 1.1 years at the start of treatment (T1), who were treated for 25.3 + 9.3
months (T2). The maxillary posterior teeth (premolars and first molar) were intruded as
a segment using 150g coils (one per side) anchored to two palatal miniscrew implants
(MSis). The intrusive forces were applied for an average of 7 months (range 3-10
months), after which the segments were held using a 0.010 in stainless steel ligature tied
to the MSls. External apical root resorption (EARR) and alveolar crest heights were
evaluated three dimensionally using CBCT radiographs taken at T1 and T2. Within
group changes and between group differences were evaluated using paired and
independent sample t-test, respectively.

All roots showed statistically significant (p<.05) EARR between T1 and T2,
ranging from 0.67 mm to 1.21 mm. There were no significant differences in EARR
between teeth. Pointed roots showed the greatest amounts of resorption, followed by

bent roots, normal shaped roots, and roots with open apices, which showed the least
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EARR. Alveolar crest heights between first molar and second premolar decreased
significantly (0.38 £ 0.6 mm) over time, and the distance between the bone and the CEJ
increased significantly (0.52 = 0.9 mm) on the distal aspect of the maxillary second
premolar.

EARR was statistically significant, but clinically acceptable, for all posterior
teeth that were intruded, with no differences between teeth. Crestal bone loss was

minimally affected by segmental intrusion mechanics.

Introduction

Changes of the vertical facial dimensions during growth have major effects on
the profile and chin projection.® Excess vertical development of the dentoalveolar
complex, especially in growing hyperdivergent patients, is a primary contributing factor
to their malocclusion.'® 222327 143,226,227 ppy [ack of vertical control during orthodontic
treatment exacerbates the negative effects of hyperdivergence.*” For such patients,
posterior dental intrusion provides a treatment alternative because it controls vertical
development of the posterior dentoalveolar processes, and makes it possible to
orthopedically improve skeletal dysmorphology by rotating the mandible.*>* *°

Miniscrew implants (MSIs) provide skeletal anchorage and make it possible to
control forces while intruding teeth, 9 151 169,197, 228-231 Tha apility to control forces is
important because the use of light forces during intrusion has been recommended to

minimize unwanted external apical root resorption (EARR).?* Clinicians consider

intrusion to be a problematic form of treatment because it concentrates the forces at the
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root apices, which is thought to increase the potential for root resorption. Interestingly,
Baumrind and coworkers,?®® who retrospectively evaluated pre- and post-treatment
periapical radiographs of adults, showed that there was no difference in the resorption
between teeth that had been intruded or extruded. The amounts of resorption reported for
patients whose teeth have been intruded are highly variable (Table 10). Reported EARR
of the incisors that have been intruded varies from 0.3 to 2.7 mm; resorption of the
posterior teeth ranges from 0.2 to 1.0 mm. Several studies have not been able to correlate
the amounts of intrusion to the amounts of EARR.?** % While the effects of intrusion on
EARR remain unclear, well designed SEM (scanning electron microscope) evaluations
of the entire premolar root surfaces indicate 2-4 times greater resorption of intruded than
control teeth, with differences depending on the amount of force applied.??* 2%

The amount of EARR that occurs depends partially on root shape and open bite
malocclusion, with abnormally shaped roots and open bite patients being at higher risk
for root resorption. Harris and Butler 2 found pre-treatment root lengths of open-bite
patients to be significantly shorter than the roots of non open-bite patients. Motokawa et
al, >*® also found a higher prevalence of abnormal root shapes among open-bite than non
open-bite cases; they also showed that the prevalence of root resorption was higher for
abnormally shaped than normally shaped roots. Other studies have also shown that

abnormally shaped roots have greater potential for EARR.?3* 239240
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Table 10. Clinical trials evaluating EARR during orthodontic intrusion sumarized by type of anchorage.

Reference Sample Teeth m-g/g;?; t M(E\éfm; nt Tret?;nrr;ent feT(;) rL:)r: oonf Afrgélér};;) f Assessment Type of device
Dental Anchorage
Dermaut and 20 pts Incisors Intrusion 3.6£1.6 Ranged 18% of the 100 PA Intrusion arch
Munck 11-37 yrs from 24 to original root
(1986)% 32 (weeks) length (2.5
mm)
McFadden et 38 pts Incisors Intrusion 0.84+2.1 28.8+7.4 13.2% (1.84 25 PA Utility arch
al (1989)* 13.1+1.4 (months) mm)
yrs
Goerigk et al 31 pts Incisors Intrusion 2.3+1.1 43 6.2+2.8% 0.5-0.7 PA Intrusion arch
(1992)%* 14-50 yrs (months) Newtons
Costopoulos 17 pts Incisors Intrusion 1.9+0.8 4.6 (mo) 0.6+0.6 15gm PA TMA intrusion
and Nanda 11.9-18.3 [tooth arch
(1996)%° yrs
Ramanathan G1-15pts Incisors Intrusion NA 6 (mo) 0.26+0.24 10 PA TMA intrusion
and Hofman G2 - 17 pts 0.46+0.32 arch
(2009)%° 9-30.1 yrs
Skeletal Anchorage
Sugawara et al 9 pts Molars Intrusion 1.7and 2.8 27.1 months 5.7% NA LAT/PAN Elastic modules
(2002)*° 19.3 yrs
Ari-Demirkaya 16 pts Molars Intrusion NA 20 months MB=1.0+0.6 NA PAN NiTi coil
et al (2005)** 19.25 yrs (R) springs
DB=0.7+0.7
(R)
MB=0.8+0.7
L
DB=0.8+0.5
L
Liou and 50 pts Incisors Intrusion and 2.7+1.8 283+73 2.7 £1.0 (right 250 PA Intrusion arch
Chang 25.445.6 retraction (intrusion) (months) lateral) (retraction) TMA and NiTi
(2010)%° yrs 3.0+2.7 2.8+ 1.0 (left 100 coil spring
(retraction) lateral) (intrusion)
2.5+ 1.4 (right en-masse
central)
2.5+ 1.5 (left
central)
Xun et al 30 pts Molars Intrusion 3.1-34 NA 0.2-0.4 mm 100-150 LAT/PAN Elastic Chain
(2013)%" 35.549
Heravi et al 10 pts Molars Intrusion 2.1+0.9 7.7 P=0.2+0.2 100 PA TMA springs
(2011)%* 25-57 yrs (months) MB=0.4+0.3
DB=0.2+0.3

* (PA) Periapical radiographs; (PAN) Panoramic radiograph; (LAT) Lateral cephalogram.
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In order to fully understand the effects of intrusion on EARR, several limitations
of previous studies need to be addressed. Clinically, the relationship between intrusion
and root resorption has been typically evaluated using lateral, panoramic or periapical
radiographs. (Table 10) While periapicals are better than other two-dimensional
radiographs for evaluating EARR, they can distort the lengths of both the roots and the
teeth. Under controlled conditions, CBCT measures reflected the actual lengths, whereas
periapicals have underestimated root lengths and overestimated tooth lengths.?* In
addition, most studies have evaluated the effects of intrusion on isolated teeth (e.g.
incisors, premolars or molars), which limits the ability to make comparisons. For
example, in order to determine whether all of the posterior teeth respond similarly to
intrusive forces, the molars and premolars must be assessed simultaneously.

In addition, periodontal and bone adaptations to intrusive mechanics need to be
better understood. There is a concern that intrusion of teeth might cause crestal bone
loss. Orthodontic treatment has been shown to produce some loss of crestal bone.?*% %3
The only study that evaluated the effects of intrusion on crestal bone height around
molars reported no significant effects, but the sample size was small and the
measurement technique could have been biased.**® Animal research that evaluated the
effects of intrusion in dogs showed that premolars that were experimentally intruded 1.7-
2.3 mm exhibited 1.1-1.5 mm of crestal bone resorption, with greater amounts of
intrusion and less bony resorption associated with teeth that had received supracrestal

fiberotomies.?** Clinical conclusions are simply not clear and a better understanding of

how the crestal bone adapts to intrusion is needed.
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Using CBCT radiographs, the primary aim of this study was to three
dimensionally evaluate root resorption of posterior maxillary teeth that were intruded
using light forces. The secondary aim was to evaluate crestal bone adaptation to

intrusive tooth movements.

Materials and Methods
The sample consisted of 22 patients (9 males and 13 females) who where 13.2 +
1.1 years at the start of treatment (T1). All patients were recruited during screenings held
at the Graduate Orthodontic Clinic of Texas A&M University Baylor College of
Dentistry (TAMBCD). The research protocol was approved by the TAMBCD IRB.
Informed consent was obtained from all patients and parents prior to starting treatment.
Only patients who met the following criteria were included in the study:
e Premolars fully erupted
e Lower anterior facial height (ANS-ME) greater than age and sex specific mean
values (based on Riolo et al.,1974)'%°

e The S-N-B angle one standard deviation or more below age and sex specific

mean values (based on Riolo et al., 1974)'%

For all patients, treatment of the maxillary arch was started with an expansion
phase using a rapid palatal expander or RPE (Variety SP, Dentaurum, Germany). It was
designed to function as a rigid segmental intrusion appliance for the posterior teeth,
including the first molars and premolars (Figure 19). Occlusal rests extended over the
second molars. The expander was activated twice per day (1/2 mm/day) until the palatal
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cusps of the maxillary teeth were in contact with the buccal cusps of the mandibular
dentition, which was usually achieved during the first month of treatment.

The appliance served as a retainer for approximately 2 months after the
expansion was completed, after which two miniscrew implants (MSIs; 8 mm long and
1.8 mm diameter; IMTEC 3M UNITEK) were placed in the parasagittal region (mesial
to the first molars) of the palate. The miniscrews were placed using techniques
previously described.?®® The MSIs served as skeletal anchors for the intrusion
mechanics. They were all inserted without pilot holes or tissue punches.

The intrusion force was applied immediately after placement using two
Sentalloy® coil springs (GAC international, Bohemia, NY), which extended from the
MSiIs to the RPE frame, between the interproximal contacts of the second premolar and
first molar. Each spring was calibrated using a gram force gage (Correx, Haag-Streit,
Switzerland) to deliver a constant force of 150 g, following a protocol previously
described.?* The anterior maxillary dentition (canine to canine) was not intruded.
Intrusion forces were only used when required, as determined on a case-by-case basis.
The average active intrusion time during this phase was 7 months (range 3-10 months). If
intrusive forces were not required, the vertical position of the RPE was held using a

0.010-inch stainless steel ligature tied from the MSiIs to the RPE frame.

84



Figure 19. Expansion/Intrusion appliance design. Rigid framework (A) connecting
posterior teeth; occlusal stops (B) on upper second molars; and buccal stainless
steel 0.016x0.022 in wire connecting buccal surfaces of premolars and first molar

(©).

For the treatment of the mandibular dentition, bands were placed on the lower
first molars and fixed appliances (0.018 Slot, SPEED Industries, Canada) were placed on
the remaining dentition (LR7 to LL7). The lower MSIs were not inserted until the patient
had a lower 0.016x0.022 inch stainless steel wire in place. The mandibular MSIs were
inserted at an angle using the hand driver, as previously described.”® The lower MSls
were loaded immediately with 1509 coils, and calibrated following the same protocol as
in the maxilla.

The orthopedic phase of treatment was terminated (T2) once the posterior
dentition had been intruded to the level of the anterior dentition. The duration of the
orthopedic phase (T1-T2) was 25.3 £ 9.3 months. The RPE and intrusion forces were

removed immediately after the orthopedic phase (posterior intrusion phase) was
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terminated. The segment’s vertical dimension was held in place with a 0.010-inch

stainless steel ligature wire extending from the MSiIs to the posterior dentition.

Root resorption assessment

Root resorption was assessed using the patients' T1 and T2 CBCT images. All of
the CBCT images were analyzed using Dolphin Imaging version 11.5 (Patterson
Technology, Chatsworth, CA). A separate CBCT orientation was performed for each
tooth. The CBCTSs were oriented using the cemento-enamel junctions, as viewed on the
coronal slice (Figure 20A). The orientation of each maxillary tooth (first molar, second
premolar, and first premolar) involved a 4-step process: 1) the coronal, sagittal, and axial
planes were adjusted to intersect in the pulp chamber of the tooth (Figure 20B); 2) using
the axial view (Figure 20C), the sagittal and coronal planes were moved to intersect in
the center of the tooth. After establishing this axis of rotation (intersection point), the
axial view was rotated so that the sagittal plane passed through the most mesial and
distal aspects of the tooth; 3) the coronal view was then rotated until the labial and
lingual cemento-enamel junctions (CEJ)) also contacted the axial plane; 4) the sagittal
plane was rotated until the mesial and distal CEJ contacted the axial plane.

After each tooth was oriented, 8, 4 and 6 landmarks were digitalized on the first
molars, second premolars, and first premolars, respectively (Figure 21, Table 11). The
mesial and distal CEJ points were digitized using the sagittal view and the cusp tips were
digitized using the coronal view. The positions of all the points were verified on all three
views and adjustments were made as needed. To better visualize the cusps, the sagittal

view was used to move the coronal slice from mesial to distal, as needed. If the location
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of a cusp tip was in doubt, the axial view was checked. The root apex was identified by
moving the axial plane apically, and was digitized on the slice just before the root

disappeared on the axial view.

Figure 20. CBCT showing the three-dimensional orientation for each individual
tooth on coronal (A), sagittal (B) and axial (C) planes of space.

The X, Y, and Z coordinates of the digitized landmarks were used to calculate

the 3-dimensional distances between two landmarks using the formula:
d= V((x2-X0) +( y2-y1) +( 22-22)%)
The calculated reference points were used to obtain the total tooth lengths (cusp

tip to root apex), root lengths (CEJ to root apex) and crown lengths (cusp tip to CEJ).
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Figure 21. Bone height evaluation. (MBnD and DBnD) Linear measurement from
most apical bone level to the CEJ on the mesial and distal aspect of each tooth.
Alveolar crest height (CBnD) obtained from a perpendicular line to the midpoint
between the CEJs of the mesial and distal tooth.

DBRA “’j BRA, BRA  [RA
DCEJ ._/ —~ |\'4 -
\ /)CEJ v1CEJ\ DCEJ

oW

Bone and crestal bone height assessments

Bone height was calculated as the linear distance from the highest bone level at
the mesial and distal contact point of the roots (MBn and DBn) and their respective
MCEJs (Figure 21). The crestal bone height was measured from the midpoint of the line

connecting the two CEJs to the most coronal point of the crest (CBn).
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Table 11. Landmarks used to compute measurements of root resorption and crestal
bone adaptation.

Abbreviation Description
Landmarks
MCEJ Mesial cemento-enamel junction
DCEJ Distal cemento-enamel junction
MBRA Mesiobuccal root apex
DBRA Distobuccal root apex
LRA Lingual root apex of premolar
BRA Buccal root apex of premolar
MB Mesiobuccal cusp tip
DB Distobuccal cusp tip
DL Distolingual cusp tip
BC Buccal cusp tip of premolar
LC Lingual cusp tip of premolar
MBn Most apical crestal bone contact with root on mesial surface
DBn Most apical crestal bone contact with root on mesial surface
CBn Most coronal point of the alveolar crest
Measurements
MBnD Distance from the MCEJ to the MBn
DBnD Distance from the DCEJ to the DBn
Bone Level  cgnp Perpendicular distance from CBn to the midpoint between
the CEJs of the mesial and distal tooth of that crest
MB Root Distance from midpoint between MCEJ and DCEJ to
MBRA
DB Root Distance from midpoint between MCEJ and DCEJ to DBRA
L Root Distance from midpoint between MCEJ and DCEJ to LRA
Molar MB tooth Distance from MB to most apical point on MBRA
DB Tooth Distance from DB to most apical point on DBRA
L Tooth Distance from LC to most apical point on LRA
B Root Distance from midpoint between MCEJ and DCEJ to BRA
L Root Distance from midpoint between MCEJ and DCEJ to LRA
Premolar B Tooth Distance from BC to the BRA
L Tooth Distance from LC to the LRA
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Root shape classification

Root shape was categorized based using the patient’s initial (T1) CBCT image.
The CBCT was oriented individually using the long axis of each tooth to evaluate the 3-
dimensional root shape on the sagittal, axial and coronal plane. Each root was
categorized as being normal, open (i.e. immature) apex, blunt, eroded, pointed,
dilacerated (bent) or bottle (pipette) shaped (Figure 22). Roots of multiradicular teeth

were categorized individually. (Modified from Mirabella and Artun 1995%*%)

Figure 22. Root shape classification diagram.(A)normal, (B)open apex, (C)blunt,
(D)erogged, (E)pointed, (F)bent and (G)bottle. Modified from Mirabella and Artun
(1995)

A B C D E F G

Statistical analysis
The calculated measurements were transferred to SPSS Software (version 19.0;
SPSS, Chicago, IL) for evaluation. The skewness and kurtosis statistics showed that the

variables were normally distributed. Paired and independent sample t-tests were used to
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evaluate within group changes and between group differences, respectively. A

probability level of 0.05 was used to determine statistical significance.

Results

The tooth and root lengths of the molars and premolars showed no statistically
significant (p>.05) left-right side differences. On that basis, the statistical comparisons
were limited to the right side. With the exception of U4PR, none of the crown lengths
showed significant changes during treatment.

Statistically significant EARR was noted for the maxillary first premolars,
second premolars and first molars (Table 12). Resorption of the maxillary first molars
ranged between 0.82 mm and 1.09 mm. There were no statistically significant
differences in the amounts of EARR between the molar roots. The second premolar root
resorbed between 0.67 mm and 0.93 mm. The first premolar roots showed the greatest
resorption, with lengths decreasing more than 1 mm in most instances. However, the
differences in the amounts of EARR between the roots of the three teeth were not
statistically significant (p>.05).

Table 12. Root resorption measured for all the maxillary teeth that were intruded
as a segment (first premolar, second premolar and first molar).

Total Length Root Length Crown Length
Mean SD Prob  Mean SD Prob Mean SD Prob
U6DR  -0.95 0.87 <001 -0.85 1.01 .002 -0.12 0.52 .323
U6MR  -0.82 1.14 .006 -0.82 1.26 011 0.12 0.75 487
U6PR  -1.09 0.83 <001 -084 0092 .001 -0.10 0.56 429

U5SR -0.93 1.24 .004  -0.67 1.25 031 -0.23 0.55 .094
U4BR -1.16 1.19 .001 -0.93 1.08 .004 -0.12 0.32 165
U4PR  -1.11 1.14 .001 -1.21 1.05 <.001 -0.23 0.34 .016

Tooth
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Due to the lack of differences in resorption between roots, the effects of root
shape were evaluated with all the teeth combined. Based on the initial assessments of
root shape, less than 5% of the roots were either blunt, eroded, or bottle shaped. The
normal, open apex, pointed, and bent roots showed statistically significant (p<.05)
amounts of EARR. Approximately 64% of the roots were normally shaped,; their total
length decreased approximately 1.02 mm (Table 13). Open apex roots (12.5%) showed
the least EARR, decreasing 0.45 mm in length. The pointed roots (10%) showed the
greatest amount of resorption, with 1.46 mm of root shortening. The bent roots (9%)
showed 1.11 £ 0.96 mm the root shortening. The normal shaped root exhibited
significantly less EARR than the pointed roots, but significantly more resorption than the
open apex roots. Open apex roots showed significantly less EARR than the pointed and
bent shaped roots.

Table 13. Frequencies (%) of different root shapes of intruded maxillary teeth(first

premolar, second premolar and first molar) at the beginning of treatment (T1) on
both sides.

Number  Frequency . Sig p<.05
Group Shape of RoOts (%) Mean  SD Sig kéztween
roups
1 Normal 159 60.2 -1.02 113 <.001 5,2
2 XESQ 31 11.7 045 096 0038 1,56
3 Blunt 05 1.9 -061 068 NA
4 Eroded 05 1.9 -0.82 080 N/A
5 Pointed 25 9.5 -146 080 <.001 1,2
6 Bent 23 8.7 -1.11 096 <.001 2
7 Bottle 01 0.4 -118 005 N/A
Missing 15 5.7
Total 264 100
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The only statistically significant amount of crestal bone loss near the CEJs
occurred at the distal aspect of the maxillary second premolar root (U5 DBnD), where
the distance between the bone and the CEJ increased 0.52 £ 0.9mm. None of the other
distances between the CEJs and bone showed statistically significant changes. (Table 14)
The alveolar crest between the maxillary first molar and second premolar (U6/U5) lost
0.38 £ 0.6 mm, a change that was statistically significant. Crestal bone height between

the premolars did not change significantly.

Table 14. Changes (mm) in (A) bone level to CEJ and (B) to the alveolar crest from
Tland T2.

Variable Mean SD Sig
U6 MBnD 0.26 0.9 0.164
U5 DBnD 0.52 0.9 0.012
A U5 MBnD 0.21 0.6 0.127
U4 DBnD 0.24 0.6 0.061
U4 MBnD -0.04 0.8 0.867
B U6/U5 CBnD 0.38 0.6 0.010
u5/U4 CBnD 0.19 0.5 0.168

Discussion
The roots of the premolars and molars resorbed during intrusion, but the amounts
of EARR that occurred was less than generally associated with other types of

orthodontic tooth movements. Literature reviews?* 2%

suggest that root resorption is
usually less than 2-2.4 mm during orthodontic treatment, which is more than the 0.67-

1.21 mm of resorption observed in the present study. A meta-analysis evaluating EARR
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associated with various treatment modalities reported that the overall mean root
resorption from eight studies was 1.42 0.5 mm.**® However, it is important to
distinguish between the posterior and anterior teeth, where the latter have been shown to
be at greater risk of EARR.?*?2*® Based on pre- and post-treatment full-mouth x-rays
from 6 different orthodontic offices of 868 patients treated with various treatment
approaches, Sameshima and Sinclair reported that molars and premolars experienced
less resorption than the anterior dentition, averaging 0.6 mm of root resorption during

247 The amount of EARR associated with intrusion is also

full orthodontic treatment.
greater for the anterior than posterior dentition (Table 10).

The posterior EARR observed in the present study compares well with the
amounts previously reported for posterior intrusion. The few clinical studies evaluating
posterior EARR after intrusion are difficult to compare due to variability in methods
used to evaluate resorption, differences in force application, and age differences (Table
10). The study that most closely matches the present study in design, performed by Ari-
Demirkaya et al™*, sixteen treated cases with posterior segmental intrusion and skeletal
anchorage were compared to 16 matched cases that had been treated orthodontically
without intrusion mechanics. They reported 0.7-1.0 mm of EARR of the intruded first
molars, which compares well the 0.8-1.1 mm of molar resorption identified in the
present study. Importantly, they measured root length on panoramic radiographs, which
might be expected to be less accurate than measurements from CBCT.**

The EARR observed in the present study was greater than previously reported for

adult supraerupted molars that had been intruded. Approximately 0.2-0.4 mm of EARR
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has been reported after intruding supraerupted molars with 100-150 g of force.?*
Interestingly, Heravi et al. were intruding supraerupted molars of adults and applying
higher forces than those used in the present study, and still observed less EARR. This
could be a result of the methods used to apply the forces (i.e., power chain and TMA
wire loops) or to the methods used to evaluate the EARR, which are less reliable than
CBCT. Importantly, our findings show no significant differences in EARR between
posterior teeth (premolars and first molar) after being intruded as a segment with 150 g
of force. It is important to understand how the different teeth respond to the same force
applied, since orthodontist are most commonly dealing with segments of teeth during
intrusion mechanics, rather than single teeth needing intrusion.

Roots with abnormal shapes showed the greatest amount of resorption. The
pointed roots showed approximately 43% more resorption than the normally shaped
roots, while the bent or dilacerated roots showed approximately 9% more resorption.
Abnormal root shapes have been previously linked to an increased risk of root
resorption.?3* 238239, 247250 ampe et al, who evaluated different root shapes using finite
element analyses, confirmed that pipette shaped roots exhibited higher stress levels
during intrusion.?" Of the various root forms tested, clinical reports have shown that
pointed and pipette shaped roots are at greatest risk for root resorption, which supports
the findings of the present study. 24* 2%

It has been suggested that open roots exhibit less EARR than fully formed roots,
and that apical root resorption does not prevent future root growth.?*? In the present

study, the open roots showed less resorption than all of the other roots. This confirms
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previously reports showing that growing children with incomplete root formation exhibit
less root resorption.?>?*® The fact that open roots showed less EARR than normally
shaped roots indicates that the roots were still growing. However, it is possible that this
is an oversimplification, because it has been suggested the open roots will not achieve
their normal length when forces are applied to them.?*> Further studies are needed to
resolve these issues.

Crestal bone loss was minimal during posterior intrusion. Crestal bone loss of
0.2 to 0.5 mm has been previously reported during orthodontic tooth movement®** % |t
has been suggested that there is approximately 1 mm of crestal bone loss for every 3 mm

256

of root lost,”>” which corresponds to the ratios obtained in the present study. It has been

suggested that crestal bone remodels as a result of intrusion to maintain adequate sulcus
depth, and that the supra alveolar fibers are responsible for the remodeling that occurs.?*
Importantly, it is thought that crestal bone loss plays a role in EARR, due to a greater
concentration of the forces at the apex associated with the loss of bony support.?” As
such, controlling periodontal health and crestal bone loss during intrusion is of utmost
importance.

It is also possible that the RPE phase of treatment could have contributed to the
EARR observed. A systematic review showed that CBCT evaluation of root volume was
significantly less after maxillary expansion therapy.”® The posterior teeth of

experimental monkeys that underwent RPE therapy alone also exhibited significant

amounts of EARR.?% 2 While the resorption that occurs during expansion is restricted
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primarily to the middle and cervical regions on the buccal surfaces, where the roots are
in contact with the buccal cortical bone, the apical region is also affected.?®

Whether or not the lighter forces used to intrude teeth limit the amounts of
EARR observed remains controversial. Since 150 g of force was delivered to the
segments, each root in the present study would have been loaded with approximately 12-
13 g of force. As previously discussed, 100-150 g of force applied to individual teeth
resulted in less EARR than observed in the present study.?*! Reitan,**> who compared
teeth intruded with 80-90 gm to those intruded with 30 gm, showed that apical root
resorption increased with greater intrusive forces. Dellinger suggested that root
resorption was directly related to the magnitude of force, with less EARR associated
with lighter forces.?®? Faltin et al. showed that teeth intruded with less force had fewer
resorptive lacunae than those with higher forces.??® Interestingly, Carrillo and co-
workers showed no effect of force on the amount of EARR in premolars of the beagle
dog.?®® While there may be a relationship between the amount of force applied and the
amount of EARR observed, the exact nature of this relationship remains unclear.

The present study helps to clarify some previous concepts concerning root and
bony adaptations to intrusive movements. Certainly, the mechanics used produced
clinically acceptable results. The roots showed limited amounts of EARR after 7 months
of intrusion with light forces. Importantly, the forces were applied to the whole segment
by coil springs attached to palatal MSls, so that a constant and light force could be
maintained throughout the intrusion phase. Root shape should be taken into

consideration before applying these mechanics. It should be reassuring for the
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orthodontist to know that the crestal bone of growing patients adapts to the segmental
intrusion mechanics without any relevant bone loss or periodontal implications. The
clinical application of these concepts should be planned based on each individual’s

characteristics.
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CHAPTER YV

CONCLUSION

Using skeletal anchorage and light forces, the posterior teeth of 17 consecutive
patients, who were 13.2 +1.1 years old at the start of treatment and treated for 25.3 £ 9.3
months, were absolutely or relatively intruded. The intrusive mechanics used produced
true mandibular rotation and were highly effective in treating growing retrognathic
hyperdivergent patients with minimal detrimental effects. Within the limits of this study,
the following specific conclusions can be drawn:

1. Posterior intrusion is an effective way to produce chin projection while controlling
vertical dimension of growing hyperdivergent patients.

2. MSI stability was excellent, with over 95% of the miniscrew implants remaining
stable throughout treatment.

3. The treatment approach was well accepted by the patients, producing limited
discomfort and pain.

4. Intrusion of the posterior teeth in growing individuals produced significant true
forward rotation.

5. Forward rotation and treatment limited lower incisor eruption.

6. Untreated hyperdivergent subjects who rotated backward had less vertical condylar

growth than those who rotated forward.
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7. Treatment did not significantly alter the modeling pattern of the mandible, due
primarily to the limited growth potential of some of the patients and limited amount
of rotation of other patients.

8. Statistically significant, but clinically acceptable, amounts of external apical root
resorption occurred to the intruded posterior maxillary teeth with light forces.

9. Crestal bone was only minimally affected by the intrusion of posterior teeth.

10. Pointed roots, followed by bent or dilacerated roots were more prone to external
apical root resorption during intrusion than normally shaped roots.

11. Open roots are less susceptible to root resorption during intrusion than normally

shaped roots.

100



REFERENCES

Proffit WR, Fields HW, Jr., Moray LJ. Prevalence of malocclusion and
orthodontic treatment need in the United States: estimates from the NHANES il
survey. Int J Adult Orthodon Orthognath Surg 1998;13:97-106.

McNamara JA, Jr. Components of class Il malocclusion in children 8-10 years of
age. Angle Orthod 1981;51:177-202.

Wylie W, Johnson E. Rapid evaluation of facial dysplasia in the vertical plane.
Angle Orthod 1952;22:165-82.

Nahoum HI. Vertical proportions and the palatal plane in anterior open-bite. Am
J Orthod 1971;59:273-82.

Vaden J, Pearson LE. Diagnosis of the vertical dimension. Semin Orthod
2002;8:120-29.

Schudy FF. Vertical Growth Versus Anteroposterior Growth As Related To
Function And Treatment. Angle Orthod 1964;34:75-93.

Naini FB, Donaldson AN, McDonald F, Cobourne MT. Influence of chin height
on perceived attractiveness in the orthognathic patient, layperson, and clinician.
Angle Orthod 2012;82:88-95.

Czarnecki ST, Nanda RS, Currier GF. Perceptions of a balanced facial profile.
Am J Orthod Dentofacial Orthop 1993;104:180-7.

Michiels G, Sather AH. Determinants of facial attractiveness in a sample of

white women. Int J Adult Orthodon Orthognath Surg 1994;9:95-103.

101



10.

11.

12.

13.

14.

15.

16.

17.

18.

Maple JR, Vig KW, Beck FM, Larsen PE, Shanker S. A comparison of providers'
and consumers' perceptions of facial-profile attractiveness. Am J Orthod
Dentofacial Orthop 2005;128:690-6; quiz 801.

Sassouni V. A classification of skeletal facial types. Am J Orthod 1969;55:109-
23.

Proffit WR, Fields HW. Occlusal forces in normal- and long-face children. J
Dent Res 1983;62:571-4.

Ingervall B, Helkimo E. Masticatory muscle force and facial morphology in man.
Arch Oral Biol 1978;23:203-6.

Ingervall B, Minder C. Correlation between maximum bite force and facial
morphology in children. Angle Orthod 1997;67:415-22; discussion 23-4.
Flores-Mir C, Korayem M, Heo G, Witmans M, Major MP, Major PW.
Craniofacial morphological characteristics in children with obstructive sleep
apnea syndrome. A systematic review and meta-analysis. J Am Dent Assoc
2013;144:269-77.

Proffit WR, Fields HW, Nixon WL. Occlusal forces in normal- and long-face
adults. J Dent Res 1983;62:566-70.

Buschang PH, Carrillo R, Rossouw PE. Orthopedic correction of growing
hyperdivergent, retrognathic patients with miniscrew implants. J Oral Maxillofac
Surg 2011;69:754-62.

Buschang PH, Jacob HB, Carrillo R. The morphological characteristics, growth,

and etiology of the hyperdivergent phenotype. Semin Orthod 2013;19:212-26.

102



19.

20.

21.

22.

23.

24,

25.

26.

27.

Subtelny JD, Sakuda M. Open-bite: Diagnosis and treatment. Am J Orthod
1964;50:337-58.

Taibah SM, Feteih RM. Cephalometric features of anterior open bite. World J
Orthod 2007;8:145-52.

Sonnesen L, Kjaer I. Cervical column morphology in patients with skeletal open
bite. Orthod Craniofac Res 2008;11:17-23.

Isaacson JR, Isaacson RJ, Speidel TM, Worms FW. Extreme variation in vertical
facial growth and associated variation in skeletal and dental relations. Angle
Orthod 1971;41:219-29.

Fields HW, Proffit WR, Nixon WL, Phillips C, Stanek E. Facial pattern
differences in long-faced children and adults. Am J Orthod 1984,;85:217-23.
Enoki C, Telles Cde S, Matsumoto MA. Dental-skeletal dimensions in growing
individuals with variations in the lower facial height. Braz Dent J 2004;15:68-74.
Lopez-Gavito G, Wallen TR, Little RM, Joondeph DR. Anterior open-bite
malocclusion: a longitudinal 10-year postretention evaluation of orthodontically
treated patients. Am J Orthod 1985;87:175-86.

Kao CT, Chen FM, Lin TY, Peng CH, Huang TH. The morphologic structure of
the openbite in adult Taiwanese. Angle Orthod 1996;66:199-206.

Janson GR, Metaxas A, Woodside DG. Variation in maxillary and mandibular
molar and incisor vertical dimension in 12-year-old subjects with excess, normal,
and short lower anterior face height. Am J Orthod Dentofacial Orthop

1994;106:409-18.

103



28.

29.

30.

31.

32.

33.

34.

35.

Joseph AA, Elbaum J, Cisneros GJ, Eisig SB. A cephalometric comparative
study of the soft tissue airway dimensions in persons with hyperdivergent and
normodivergent facial patterns. J Oral Maxillofac Surg 1998;56:135-9;
discussion 39-40.

Ceylan I, Eroz UB. The effects of overbite on the maxillary and mandibular
morphology. Angle Orthod 2001;71:110-5.

Haralabakis NB, Sifakakis IB. The effect of cervical headgear on patients with
high or low mandibular plane angles and the "myth" of posterior mandibular
rotation. Am J Orthod Dentofacial Orthop 2004;126:310-7.

Erdinc AM, Dincer B, Sabah ME. Evaluation of the position of the hyoid bone in
relation to vertical facial development. J Clin Pediatr Dent 2003;27:347-52.
Wagner DM, Chung CH. Transverse growth of the maxilla and mandible in
untreated girls with low, average, and high MP-SN angles: a longitudinal study.
Am J Orthod Dentofacial Orthop 2005;128:716-23; quiz 801.

Frohlich FJ. Changes in untreated class 11 type malocclusions. Angle Orthod
1962;32:167-79.

Staley RN, Stuntz WR, Peterson LC. A comparison of arch widths in adults with
normal occlusion and adults with class I, division 1 malocclusion. Am J Orthod
1985;88:163-9.

Bishara SE, Bayati P, Jakobsen JR. Longitudinal comparisons of dental arch
changes in normal and untreated class 11, division 1 subjects and their clinical

implications. Am J Orthod Dentofacial Orthop 1996;110:483-9.

104



36.

37.

38.

39.

40.

41.

42.

Baccetti T, Franchi L, McNamara JA, Jr., Tollaro I. Early dentofacial features of
class Il malocclusion: a longitudinal study from the deciduous through the mixed
dentition. Am J Orthod Dentofacial Orthop 1997;111:502-9.

Alvaran N, Roldan SI, Buschang PH. Maxillary and mandibular arch widths of
Colombians. Am J Orthod Dentofacial Orthop 2009;135:649-56.

Tsunori M, Mashita M, Kasai K. Relationship between facial types and tooth and
bone characteristics of the mandible obtained by CT scanning. Angle Orthod
1998;68:557-62.

Swasty D, Lee J, Huang JC, Maki K, Gansky SA, Hatcher D, Miller AJ. Cross-
sectional human mandibular morphology as assessed in vivo by cone-beam
computed tomography in patients with different vertical facial dimensions. Am J
Orthod Dentofacial Orthop 2011;139:e377-89.

Horner KA, Behrents RG, Kim KB, Buschang PH. Cortical bone and ridge
thickness of hyperdivergent and hypodivergent adults. Am J Orthod Dentofacial
Orthop 2012;142:170-8.

Beckmann SH, Kuitert RB, Prahl-Andersen B, Segner D, The RP, Tuinzing DB.
Alveolar and skeletal dimensions associated with lower face height. Am J Orthod
Dentofacial Orthop 1998;113:498-506.

Mojdehi M, Buschang PH, English JD, Wolford LM. Postsurgical growth
changes in the mandible of adolescents with vertical maxillary excess growth

pattern. Am J Orthod Dentofacial Orthop 2001;119:106-16.

105



43.

44,

45.

46.

47.

48.

49,

50.

51.

Buschang PH, Sankey W, English JD. Early treatment of hyperdivergent open-
bite malocclusions. Semin Orthod 2002;8:130-40.

Bishara SE, Jakobsen JR. Longitudinal changes in three normal facial types. Am
J Orthod 1985;88:466-502.

Jacob HB, Buschang PH. Vertical craniofacial growth changes in French-
Canadians between 10 and 15 years of age. Am J Orthod Dentofacial Orthop
2011;139:797-805.

Rhodes JD. Cephalometric indications of developing skeletal discrepancies in
young children. Master’s Thesis, Baylor College of Dentistry, Texas A&M
Health Science Center; 1990.

Varrela J, Alanen P. Prevention and early treatment in orthodontics: a
perspective. J Dent Res 1995;74:1436-8.

Olson WC. The measurement of nervous habits in normal children. Institute of
Child Welfare, Monograph Series No. 3: University of Minnesota Press;
Minneapolis, 1929.

Larsson E. The prevalence and aetiology of prolonged dummy and finger-
sucking habits. Eur J Orthod 1985;7:172-6.

Subtelny JD, Subtelny JD. Oral habits—studies in form, function, and therapy.
Angle Orthod 1973;43:349-83.

Popovich F. The prevalence of sucking habit and its relationship to oral

malformations. Appl Ther 1966;8:689-91.

106



52.

53.

54.

55.

56.

S7.

58.

59.

Day AJ, Foster TD. An investigation into the prevalence of molar crossbite and
some associated aetiological conditions. Dent Pract Dent Rec 1971;21:402-10.
Larsson E. Dummy- and finger-sucking habits with special attention to their
significance for facial growth and occlusion. Sven Tandlak Tidskr 1975;68:55-9.
Larsson E. Dummy- and finger-sucking habits with special attention to their
significance for facial growth and occlusion. 7. The effect of earlier dummy- and
finger-sucking habit in 16-year-old children compared with children without
earlier sucking habit. Swed Dent J 1978;2:23-33.

Larsson E. Prevalence of crossbite among children with prolonged dummy- and
finger-sucking habit. Swed Dent J 1983;7:115-9.

Harvold EP, Tomer BS, Vargervik K, Chierici G. Primate experiments on oral
respiration. Am J Orthod 1981;79:359-72.

Linder-Aronson S. Adenoids. Their effect on mode of breathing and nasal
airflow and their relationship to characteristics of the facial skeleton and the
denition. A biometric, rhino-manometric and cephalometro-radiographic study
on children with and without adenoids. Acta Otolaryngol Suppl 1970;265:1-132.
Tarvonen PL, Koski K. Craniofacial skeleton of 7-year-old children with
enlarged adenoids. Am J Orthod Dentofacial Orthop 1987;91:300-4.

Kerr WJ, McWilliam JS, Linder-Aronson S. Mandibular form and position
related to changed mode of breathing—a five-year longitudinal study. Angle

Orthod 1989;59:91-6.

107



60.

61.

62.

63.

64.

65.

66.

67.

68.

Arun T, Isik F, Sayinsu K. Vertical growth changes after adenoidectomy. Angle
Orthod 2003;73:146-50.

Linder-Aronson S. Effects of adenoidectomy on dentition and nasopharynx. Am
J Orthod 1974;65:1-15.

Linder-Aronson S, Woodside DG, Lundstrom A. Mandibular growth direction
following adenoidectomy. Am J Orthod 1986;89:273-84.

Woodside DG, Linder-Aronson S, Lundstrom A, McWilliam J. Mandibular and
maxillary growth after changed mode of breathing. Am J Orthod Dentofacial
Orthop 1991;100:1-18.

Behlfelt K, Linder-Aronson S, McWilliam J, Neander P, Laage-Hellman J.
Cranio-facial morphology in children with and without enlarged tonsils. Eur J
Orthod 1990;12:233-43.

Lowe AA, Santamaria JD, Fleetham JA, Price C. Facial morphology and
obstructive sleep apnea. Am J Orthod Dentofacial Orthop 1986;90:484-91.
Andersson L, Brattstrom V. Cephalometric analysis of permanently snoring
patients with and without obstructive sleep apnea syndrome. Int J Oral
Maxillofac Surg 1991;20:159-62.

Zettergren-Wijk L, Forsberg CM, Linder-Aronson S. Changes in dentofacial
morphology after adeno-/tonsillectomy in young children with obstructive sleep
apnoea—a 5-year follow-up study. Eur J Orthod 2006;28:319-26.

Stein E, Flax SJ. A cephalometric study of children with chronic perennial

allergic rhinitis. J Dent Assoc S Afr 1996;51:794-801.

108



69.

70.

71.

72.

73.

74.

75.

76.

Ozdoganoglu T, Songu M. The burden of allergic rhinitis and asthma. Ther Adv
Respir Dis 2012;6:11-23.

Bresolin D, Shapiro PA, Shapiro GG, Chapko MK, Dassel S. Mouth breathing in
allergic children: its relationship to dentofacial development. Am J Orthod
1983;83:334-40.

Trask GM, Shapiro GG, Shapiro PA. The effects of perennial allergic rhinitis on
dental and skeletal development: a comparison of sibling pairs. Am J Orthod
Dentofacial Orthop 1987;92:286-93.

Harari D, Redlich M, Miri S, Hamud T, Gross M. The effect of mouth breathing
versus nasal breathing on dentofacial and craniofacial development in
orthodontic patients. Laryngoscope 2010;120:2089-93.

Corruccini RS. An epidemiologic transition in dental occlusion in world
populations. Am J Orthod 1984;86:419-26.

Gardner DE, Luschei ES, Joondeph DR. Alterations in the facial skeleton of the
guinea pig following a lesion of the trigeminal motor nucleus. Am J Orthod
1980;78:66-80.

Varrela J. Dimensional variation of craniofacial structures in relation to changing
masticatory-functional demands. Eur J Orthod 1992;14:31-6.

Bouvier M, Hylander WL. The effect of dietary consistency on gross and
histologic morphology in the craniofacial region of young rats. Am J Anat

1984;170:117-26.

109



77,

78.

79.

80.

81.

82.

83.

84.

Kiliaridis S, Engstrom C, Thilander B. Histochemical analysis of masticatory
muscle in the growing rat after prolonged alteration in the consistency of the diet.
Arch Oral Biol 1988;33:187-93.

Kiliaridis S, Shyu BC. Isometric muscle tension generated by masseter
stimulation after prolonged alteration of the consistency of the diet fed to
growing rats. Arch Oral Biol 1988;33:467-72.

Yamada K, Kimmel DB. The effect of dietary consistency on bone mass and
turnover in the growing rat mandible. Arch Oral Biol 1991;36:129-38.
Tuominen M, Kantomaa T, Pirttiniemi P. Effect of food consistency on the shape
of the articular eminence and the mandible. An experimental study on the rabbit.
Acta Odontol Scand 1993;51:65-72.

Avis V. The relation of the temporal muscle to the form of the coronoid process.
Am J Phys Anthropol 1959;17:99-104.

Goret-Nicaise M, Awn M, Dhem A. The morphological effects on the rat
mandibular condyle of section of the lateral pterygoid muscle. Eur J Orthod
1983;5:315-21.

Garcia-Morales P, Buschang PH, Throckmorton GS, English JD. Maximum bite
force, muscle efficiency and mechanical advantage in children with vertical
growth patterns. Eur J Orthod 2003;25:265-72.

Watt DG, Williams CH. The effects of the physical consistency of food on the
growth and development of the mandible and the maxilla of the rat. Am J Orthod

1951;37:895-928.

110



85.

86.

87.

88.

89.

90.

91.

Navarro M, Delgado E, Monje F. Changes in mandibular rotation after muscular
resection. Experimental study in rats. Am J Orthod Dentofacial Orthop
1995;108:367-79.

Ueda HM, Ishizuka Y, Miyamoto K, Morimoto N, Tanne K. Relationship
between masticatory muscle activity and vertical craniofacial morphology. Angle
Orthod 1998;68:233-8.

Granger MW, Buschang PH, Throckmorton GS, lannaccone ST. Masticatory
muscle function in patients with spinal muscular atrophy. Am J Orthod
Dentofacial Orthop 1999;115:697-702.

Throckmorton GS, Ellis E, 3rd, Buschang PH. Morphologic and biomechanical
correlates with maximum bite forces in orthognathic surgery patients. J Oral
Maxillofac Surg 2000;58:515-24.

Kreiborg S, Jensen BL, Moller E, Bjork A. Craniofacial growth in a case of
congenital muscular dystrophy. Am J Orthod 1978;74:207-15.

Hamada T, Kobayashi M, Kawazoe Y. Electromyographic activity of
masticatory muscles in patients with progressive muscular dystrophy (Duchenne
type): relation between integrated electromyographic activity and biting force.
Spec Care Dentist 1981;1:37-8.

Kiliaridis S, Mejersjo C, Thilander B. Muscle function and craniofacial
morphology: a clinical study in patients with myotonic dystrophy. Eur J Orthod

1989;11:131-8.

111



92.

93.

94.

95.

96.

97.

98.

99.

100.

Houston K, Buschang PH, lannaccone ST, Seale NS. Craniofacial morphology of
spinal muscular atrophy. Pediatr Res 1994;36:265-9.

Spyropoulos MN. An early approach for the interception of skeletal open bite: a
preliminary report. J Pedod 1985;9:200-9.

Ingervall B, Bitsanis E. A pilot study of the effect of masticatory muscle training
on facial growth in long-face children. Eur J Orthod 1987;9:15-23.

Kuo AD, Zajac FE. A biomechanical analysis of muscle strength as a limiting
factor in standing posture. J Biomech 1993;26 Suppl 1:137-50.

Nallegowda M, Singh U, Handa G, Khanna M, Wadhwa S, Yadav SL, Kumar G,
Behari M. Role of sensory input and muscle strength in maintenance of balance,
gait, and posture in Parkinson's disease: a pilot study. Am J Phys Med Rehabil
2004;83:898-908.

Yahia A, Jribi S, Ghroubi S, Elleuch M, Baklouti S, Habib Elleuch M.
Evaluation of the posture and muscular strength of the trunk and inferior
members of patients with chronic lumbar pain. Joint Bone Spine 2011;78:291-7.
Wells K. Posture Exercise Handbook: A Progressive Sequence Approach. New
York, NY: Ronald Press Company; 1963.

Zatsiorsky VM. Science and Practice of Strength Training. Champaign, IL:
Human Kinetics; 1995.

Linder-Aronson S. Respiratory function in relation to facial morphology and the

dentition. Br J Orthod 1979;6:59-71.

112



101.

102.

103.

104.

105.

106.

107.

108.

109.

Cangialosi TJ. Skeletal morphologic features of anterior open bite. Am J Orthod
1984;85:28-36.

Greenlee GM, Huang GJ, Chen SS, Chen J, Koepsell T, Hujoel P. Stability of
treatment for anterior open-bite malocclusion: a meta-analysis. Am J Orthod
Dentofacial Orthop 2011;139:154-69.

Phan XL, Schneider BJ, Sadowsky C, BeGole EA. Effects of orthodontic
treatment on mandibular rotation and displacement in angle class 11 division 1
malocclusions. Angle Orthod 2004;74:174-83.

Taner-Sarisoy L, Darendeliler N. The influence of extraction orthodontic
treatment on craniofacial structures: evaluation according to two different
factors. Am J Orthod Dentofacial Orthop 1999;115:508-14.

Mair AD, Hunter WS. Mandibular growth direction with conventional class 11
nonextraction treatment. Am J Orthod Dentofacial Orthop 1992;101:543-9.
Baumrind S, Molthen R, West EE, Miller DM. Mandibular plane changes during
maxillary retraction. Am J Orthod 1978;74:32-40.

Hultgren BW, Isaacson RJ, Erdman AG, Worms FW. Mechanics, growth, and
class Il corrections. Am J Orthod 1978;74:388-95.

Bjork A. Prediction of mandibular growth rotation. Am J Orthod 1969;55:585-
99.

Isaacson RJ, Zapfel RJ, Worms FW, Erdman AG. Effects of rotational jaw

growth on the occlusion and profile. Am J Orthod 1977;72:276-86.

113



110.

111

112.

113.

114.

115.

116.

117.

118.

Nielsen IL. Vertical malocclusions: etiology, development, diagnosis and some
aspects of treatment. Angle Orthod 1991;61:247-60.

Klontz HA. Facial balance and harmony: An attainable objective for the patient
with a high mandibular plane angle. Am J Orthod Dentofacial Orthop
1998;114:176-88.

Thurow RC. Craniomaxillary orthopedic correction with en masse dental control.
Am J Orthod 1975;68:601-24.

Firouz M, Zernik J, Nanda R. Dental and orthopedic effects of high-pull
headgear in treatment of class I, division 1 malocclusion. Am J Orthod
Dentofacial Orthop 1992;102:197-205.

Pearson LE. Vertical control through use of mandibular posterior intrusive
forces. Angle Orthod 1973;43:194-200.

Caldwell SF, Hymas TA, Timm TA. Maxillary traction splint: A cephalometric
evaluation. Am J Orthod 1984;85:376-84.

McNamara JA, Jr. An experimental study of increased vertical dimension in the
growing face. Am J Orthod 1977;71:382-95.

Williams S, Melsen B. Condylar development and mandibular rotation and
displacement during activator treatment. An implant study. Am J Orthod
1982;81:322-6.

Dellinger EL. A clinical assessment of the active vertical corrector—a
nonsurgical alternative for skeletal open bite treatment. Am J Orthod

1986;89:428-36.

114



119.

120.

121.

122.

123.

124,

125.

126.

127.

Fotis V, Melsen B, Williams S, Droschl H. Vertical control as an important
ingredient in the treatment of severe sagittal discrepancies. Am J Orthod
1984,86:224-32.

Cureton SL, Regennitter FJ, Yancey JM. Clinical versus quantitative assessment
of headgear compliance. Am J Orthod Dentofacial Orthop 1993;104:277-84.
Brand&o M, Pinho HS, Urias D. Clinical and quantitative assessment of headgear
compliance: A pilot study. Am J Orthod Dentofacial Orthop 2006;129:239-44.
Bos A, Kleverlaan CJ, Hoogstraten J, Prahl-Andersen B, Kuitert R. Comparing
subjective and objective measures of headgear compliance. Am J Orthod
Dentofacial Orthop 2007;132:801-5.

Watson WG. A computerized appraisal of the high-pull face-bow. Am J Orthod
1972;62:561-79.

Pearson LE. Vertical control in fully-banded orthodontic treatment. Angle
Orthod 1986;56:205-24.

Pearson LE. Vertical control in treatment of patients having backward-rotational
growth tendencies. Angle Orthod 1978;48:132-40.

Pearson LE. Case report KP. Treatment of a severe openbite excessive vertical
pattern with an eclectic non-surgical approach. Angle Orthod 1991;61:71-6.
Sankey WL, Buschang PH, English J, Owen AH 3rd. Early treatment of vertical
skeletal dysplasia: The hyperdivergent phenotype. Am J Orthod Dentofacial

Orthop 2000;118:317-27.

115



128.

129.

130.

131.

132.

133.

134.

Basciftci FA, Karaman Al. Effects of a modified acrylic bonded rapid maxillary
expansion appliance and vertical chin cap on dentofacial structures. Angle
Orthod 2002;72:61-71.

Iscan HN, Dincer M, Gultan A, Meral O, Taner-Sarisoy L. Effects of vertical
chincap therapy on the mandibular morphology in open-bite patients. Am J
Orthod Dentofacial Orthop 2002;122:506-11.

Torres F, Almeida RR, de Almeida MR, Almeida-Pedrin RR, Pedrin F,
Henriques JF. Anterior open bite treated with a palatal crib and high-pull chin
cup therapy. A prospective randomized study. Eur J Orthod 2006;28:610-7.
Cassis MA, de Almeida RR, Janson G, de Almeida-Pedrin RR, de Almeida MR.
Treatment effects of bonded spurs associated with high-pull chincup therapy in
the treatment of patients with anterior open bite. Am J Orthod Dentofacial
Orthop 2012;142:487-93.

Kim YH. Anterior openbite and its treatment with multiloop edgewise archwire.
Angle Orthod 1987;57:290-321.

Kim YH, Han UK, Lim DD, Serraon ML. Stability of anterior openbite
correction with multiloop edgewise archwire therapy: A cephalometric follow-up
study. Am J Orthod Dentofacial Orthop 2000;118:43-54.

Melsen B, McNamara JA, Jr., Hoenie DC. The effect of bite-blocks with and
without repelling magnets studied histomorphometrically in the rhesus monkey

(Macaca mulatta). Am J Orthod Dentofacial Orthop 1995;108:500-9.

116



135.

136.

137.

138.

139.

140.

141.

142.

143.

Iscan HN, Sarisoy L. Comparison of the effects of passive posterior bite-blocks
with different construction bites on the craniofacial and dentoalveolar structures.
Am J Orthod Dentofacial Orthop 1997;112:171-8.

Kiliaridis S, Egermark I, Thilander B. Anterior open bite treatment with magnets.
Eur J Orthod 1990;12:447-57.

Kalra V, Burstone CJ, Nanda R. Effects of a fixed magnetic appliance on the
dentofacial complex. Am J Orthod Dentofacial Orthop 1989;95:467-78.

Woods MG, Nanda RS. Intrusion of posterior teeth with magnets. An experiment
in nongrowing baboons. Am J Orthod Dentofacial Orthop 1991;100:393-400.
Woods MG, Nanda RS. Intrusion of posterior teeth with magnets. An experiment
in growing baboons. Angle Orthod 1988;58:136-50.

Hwang HS, Lee KH. Intrusion of overerupted molars by corticotomy and
magnets. Am J Orthod Dentofacial Orthop 2001;120:209-16.

Barbre RE, Sinclair PM. A cephalometric evaluation of anterior openbite
correction with the magnetic active vertical corrector. Angle Orthod 1991;61:93-
102.

Dellinger EL, Dellinger EL. Active vertical corrector treatment—Ilong-term
follow-up of anterior open bite treated by the intrusion of posterior teeth. Am J
Orthod Dentofacial Orthop 1996;110:145-54.

Bell WH, Creekmore TD, Alexander RG. Surgical correction of the long face

syndrome. Am J Orthod 1977;71:40-67.

117



144,

145.

146.

147.

148.

149.

150.

151.

Frost DE, Fonseca RJ, Turvey TA, Hall DJ. Cephalometric diagnosis and
surgical-orthodontic correction of apertognathia. Am J Orthod 1980;78:657-609.
Schendel SA, Eisenfeld JH, Bell WH, Epker BN. Superior repositioning of the
maxilla: stability and soft tissue osseous relations. Am J Orthod 1976;70:663-74.
Fish LC, Wolford LM, Epker BN. Surgical-orthodontic correction of vertical
maxillary excess. Am J Orthod 1978;73:241-57.

Wessherg GA, Washburn MC, LaBanc JP, Epker BN. Autorotation of the
mandible: effect of surgical superior repositioning of the maxilla on mandibular
resting posture. Am J Orthod 1982;81:465-72.

Southard TE, Buckley MJ, Spivey JD, Krizan KE, Casko JS. Intrusion anchorage
potential of teeth versus rigid endosseous implants: a clinical and radiographic
evaluation. Am J Orthod Dentofacial Orthop 1995;107:115-20.

Sugawara J, Baik UB, Umemori M, Takahashi I, Nagasaka H, Kawamura H,
Mitani H. Treatment and posttreatment dentoalveolar changes following
intrusion of mandibular molars with application of a skeletal anchorage system
(SAS) for open bite correction. Int J Adult Orthodon Orthognath Surg
2002;17:243-53.

Park YC, Lee SY, Kim DH, Jee SH. Intrusion of posterior teeth using mini-screw
implants. Am J Orthod Dentofacial Orthop 2003;123:690-4.

Ari-Demirkaya A, Masry MA, Erverdi N. Apical root resorption of maxillary
first molars after intrusion with zygomatic skeletal anchorage. Angle Orthod

2005;75:761-7.

118



152.

153.

154.

155.

156.

157.

158.

Kuroda S, Sakai Y, Tamamura N, Deguchi T, Takano-Yamamoto T. Treatment
of severe anterior open bite with skeletal anchorage in adults: comparison with
orthognathic surgery outcomes. Am J Orthod Dentofacial Orthop 2007;132:599-
605.

De Clerck HJ, Timmerman HM, Cornelis MA. Biomechanics of skeletal
anchorage. Part 3. Intrusion. J Clin Orthod 2008;42:270-8.

Umemori M, Sugawara J, Mitani H, Nagasaka H, Kawamura H. Skeletal
anchorage system for open-bite correction. Am J Orthod Dentofacial Orthop
1999;115:166-74.

Erverdi N, Keles A, Nanda R. The use of skeletal anchorage in open bite
treatment: a cephalometric evaluation. Angle Orthod 2004;74:381-90.
Papageorgiou SN, Zogakis IP, Papadopoulos MA. Failure rates and associated
risk factors of orthodontic miniscrew implants: a meta-analysis. Am J Orthod
Dentofacial Orthop 2012;142:577-95 e7.

Giuliano Maino B, Pagin P, Di Blasio A. Success of miniscrews used as
anchorage for orthodontic treatment: analysis of different factors. Prog Orthod
2012;13:202-9.

Manni A, Cozzani M, Tamborrino F, De Rinaldis S, Menini A. Factors
influencing the stability of miniscrews. A retrospective study on 300 miniscrews.

Eur J Orthod 2011;33:388-95.

119



159. Lim HJ, Eun CS, Cho JH, Lee KH, Hwang HS. Factors associated with initial
stability of miniscrews for orthodontic treatment. Am J Orthod Dentofacial
Orthop 2009;136:236-42.

160. Chen YJ, Chang HH, Huang CY, Hung HC, Lai EH, Yao CC. A retrospective
analysis of the failure rate of three different orthodontic skeletal anchorage
systems. Clin Oral Implants Res 2007;18:768-75.

161. Creekmore TD, Eklund MK. The possibility of skeletal anchorage. J Clin Orthod
1983;17:266-9.

162. Kanomi R. Mini-implant for orthodontic anchorage. J Clin Orthod 1997;31:763-
1.

163. Park HS, Kwon TG, Kwon OW. Treatment of open bite with microscrew implant
anchorage. Am J Orthod Dentofacial Orthop 2004;126:627-36.

164. Park HS, Jang BK, Kyung HM. Maxillary molar intrusion with micro-implant
anchorage (MIA). Aust Orthod J 2005;21:129-35.

165. Chang YJ, Lee HS, Chun YS. Microscrew anchorage for molar intrusion. J Clin
Orthod 2004;38:325-30; quiz 333.

166. Yao CC, Wu CB, Wu HY, Kok SH, Chang HF, Chen YJ. Intrusion of the
overerupted upper left first and second molars by mini-implants with partial-
fixed orthodontic appliances: a case report. Angle Orthod 2004;74:550-7.

167. Yao CC, Lee JJ, Chen HY, Chang ZC, Chang HF, Chen YJ. Maxillary molar
intrusion with fixed appliances and mini-implant anchorage studied in three

dimensions. Angle Orthod 2005;75:754-60.

120



168.

169.

170.

171.

172.

173.

174.

175.

176.

Buschang PH, Jacob HB, Chaffee MP. Vertical control in class Il hyperdivergent
growing patients using miniscrew implants: a pilot study. Jour World Fed
Orthodon 2012;1:e13-18.

Xun C, Zeng X, Wang X. Microscrew anchorage in skeletal anterior open-bite
treatment. Angle Orthod 2007;77:47-56.

Schudy FF. The control of vertical overbite in clinical orthodontics. Angle
Orthod 1968;38:19-39.

Buschang PH, Martins J. Childhood and adolescent changes of skeletal
relationships. Angle Orthod 1998;68:199-206; discussion 07-8.

Enlow DH, Harris DB. A study of the postnatal growth of the human mandible.
American Journal of Orthodontics 1964;50:25-50.

Bjork A, Skieller V. Facial development and tooth eruption: An implant study at
the age of puberty. Am J Orthod 1972;62:339-83.

Baumrind S, Ben-Bassat Y, Korn EL, Bravo LA, Curry S. Mandibular
remodeling measured on cephalograms. 1. Osseous changes relative to
superimposition on metallic implants. Am J Orthod Dentofacial Orthop
1992;102:134-42.

Buschang PH, Santos-Pinto A. Condylar growth and glenoid fossa displacement
during childhood and adolescence. Am J Orthod Dentofacial Orthop
1998;113:437-42.

Buschang PH, Gandini Junior LG. Mandibular skeletal growth and modelling

between 10 and 15 years of age. Eur J Orthod 2002;24:69-79.

121



177.

178.

179.

180.

181.

182.

183.

184.

185.

Spady M, Buschang PH, Demirjian A, La Palme L. Mandibular rotation and
angular remodeling during childhood and adolescence. Am J Hum Biol
1992;4:683-89.

Karlsen AT. Craniofacial growth differences between low and high MP-SN angle
males: a longitudinal study. Angle Orthod 1995;65:341-50.

Odegaard J. Mandibular rotation studies with the aid of metal implants. Am J
Orthod 1970;58:448-54.

Lavergne J, Gasson N. A metal implant study of mandibular rotation. Angle
Orthod 1976;46:144-50.

Miller S, Kerr WJ. A new look at mandibular growth—a preliminary report. Eur
J Orthod 1992;14:95-8.

Wang MK, Buschang PH, Behrents R. Mandibular rotation and remodeling
changes during early childhood. Angle Orthod 2009;79:271-5.

Thompson DJ, Throckmorton GS, Buschang PH. The effects of isometric
exercise on maximum voluntary bite forces and jaw muscle strength and
endurance. J Oral Rehabil 2001;28:909-17.

LaHaye MB, Buschang PH, Alexander RG, Boley JC. Orthodontic treatment
changes of chin position in class Il division 1 patients. Am J Orthod Dentofacial
Orthop 2006;130:732-41.

Ueno H, Behrents RG, Oliver DR, Buschang PH. Mandibular rotation during the

transitional dentition. Angle Orthod 2013;83:29-35.

122



186.

187.

188.

189.

190.

191.

192.

193.

194.

Schudy FF. The Rotation of the mandible resulting from growth. Its implications
in orthodontic treatment. Angle Orthod 1965;35:36-50.

Spyropoulos MN, Halazonetis DJ. Significance of the soft tissue profile on facial
esthetics. Am J Orthod Dentofacial Orthop 2001;119:464-71.

Creekmore TD. Inhibition or stimulation of the vertical growth of the facial
complex, its significance to treatment. Angle Orthod 1967;37:285-97.

Bjork A, Skieller V. Normal and abnormal growth of the mandible. A synthesis
of longitudinal cephalometric implant studies over a period of 25 years. Eur J
Orthod 1983;5:1-46.

Solow B, Houston WJ. Mandibular rotations: concepts and terminology. Eur J
Orthod 1988;10:177-9.

Paik CH, Woo YJ, Boyd RL. Treatment of an adult patient with vertical
maxillary excess using miniscrew fixation. J Clin Orthod 2003;37:423-8.

Carano A, Velo S, Incorvati C, Poggio P. Clinical applications of the Mini-
Screw-Anchorage-System (M.A.S.) in the maxillary alveolar bone. Prog Orthod
2004;5:212-35.

Kuroda S, Katayama A, Takano-Yamamoto T. Severe anterior open-bite case
treated using titanium screw anchorage. Angle Orthod 2004;74:558-67.

Park HS, Kwon OW, Sung JH. Nonextraction treatment of an open bite with
microscrew implant anchorage. Am J Orthod Dentofacial Orthop 2006;130:391-

402.

123



195.

196.

197.

198.

199.

200.

201.

202.

203.

Kravitz ND, Kusnoto B, Tsay TP, Hohlt WF. The use of temporary anchorage
devices for molar intrusion. J Am Dent Assoc 2007;138:56-64.

Sherwood KH, Burch JG, Thompson WJ. Closing anterior open bites by
intruding molars with titanium miniplate anchorage. Am J Orthod Dentofacial
Orthop 2002;122:593-600.

Akay MC, Aras A, Gunbay T, Akyalcin S, Koyuncue BO. Enhanced effect of
combined treatment with corticotomy and skeletal anchorage in open bite
correction. J Oral Maxillofac Surg 2009;67:563-9.

Seres L, Kocsis A. Closure of severe skeletal anterior open bite with zygomatic
anchorage. J Craniofac Surg 2009;20:478-82.

Riolo ML, Moyers RE, McNamara JA, Jr. An Atlas of Craniofacial Growth. Ann
Arbor, Ml.: The University of Michigan Center for Human Growth and
Development; 1974.

Carrillo R, Buschang PH. Palatal and mandibular miniscrew implant placement
techniques. J Clin Orthod 2013;47:737-43.

Carrillo R, Carillo RJ, Rossouw PE, Buschang PH. Closed-coil springs for
intrusion mechanics with miniscrew anchorage. J Clin Orthod 2008;42:17-8.
Kuroda S, Sugawara Y, Deguchi T, Kyung HM, Takano-Yamamoto T. Clinical
use of miniscrew implants as orthodontic anchorage: success rates and
postoperative discomfort. Am J Orthod Dentofacial Orthop 2007;131:9-15.
Miyawaki S, Koyama I, Inoue M, Mishima K, Sugahara T, Takano-Yamamoto

T. Factors associated with the stability of titanium screws placed in the posterior

124



204.

205.

206.

207.

208.

209.

region for orthodontic anchorage. Am J Orthod Dentofacial Orthop
2003;124:373-8.

Baxmann M, McDonald F, Bourauel C, Jager A. Expectations, acceptance, and
preferences regarding microimplant treatment in orthodontic patients: A
randomized controlled trial. Am J Orthod Dentofacial Orthop 2010;138:250 el-
50 e10; discussion 50-1.

Lehnen S, McDonald F, Bourauel C, Baxmann M. Patient expectations,
acceptance and preferences in treatment with orthodontic mini-implants. A
randomly controlled study. Part I: insertion techniques. J Orofac Orthop
2011;72:93-102.

Janson G, Gigliotti MP, Estelita S, Chiqueto K. Influence of miniscrew dental
root proximity on its degree of late stability. Int J Oral Maxillofac Surg
2013;42:527-34.

Watanabe H, Deguchi T, Hasegawa M, Ito M, Kim S, Takano-Yamamoto T.
Orthodontic miniscrew failure rate and root proximity, insertion angle, bone
contact length, and bone density. Orthod Craniofac Res 2013;16:44-55.
Papadopoulos MA, Papageorgiou SN, Zogakis IP. Clinical effectiveness of
orthodontic miniscrew implants: a meta-analysis. J Dent Res 2011;90:969-76.
Moon CH, Park HK, Nam JS, Im JS, Baek SH. Relationship between vertical
skeletal pattern and success rate of orthodontic mini-implants. Am J Orthod

Dentofacial Orthop 2010;138:51-7.

125



210.

211.

212.

213.

214.

215.

216.

Crismani AG, Bertl MH, Celar AG, Bantleon HP, Burstone CJ. Miniscrews in
orthodontic treatment: review and analysis of published clinical trials. Am J
Orthod Dentofacial Orthop 2010;137:108-13.

Antoszewska J, Papadopoulos MA, Park HS, Ludwig B. Five-year experience
with orthodontic miniscrew implants: a retrospective investigation of factors
influencing success rates. Am J Orthod Dentofacial Orthop 2009;136:158 e1-10;
discussion 58-9.

Schatzle M, Mannchen R, Zwahlen M, Lang NP. Survival and failure rates of
orthodontic temporary anchorage devices: a systematic review. Clin Oral
Implants Res 2009;20:1351-9.

Annibali S, Cristalli MP, Dell'Aquila D, Bignozzi I, La Monaca G, Pilloni A.
Short dental implants: a systematic review. J Dent Res 2012;91:25-32.

Ikeda H, Rossouw PE, Campbell PM, Kontogiorgos E, Buschang PH. Three-
dimensional analysis of peri-bone-implant contact of rough-surface miniscrew
implants. Am J Orthod Dentofacial Orthop 2011;139:e153-63.

Moon CH, Lee DG, Lee HS, Im JS, Baek SH. Factors associated with the success
rate of orthodontic miniscrews placed in the upper and lower posterior buccal
region. Angle Orthod 2008;78:101-6.

Washburn MC, Schendel SA, Epker BN. Superior repositioning of the maxilla

during growth. J Oral Maxillofac Surg 1982;40:142-9.

126



217.

218.

219.

220.

221.

222.

223.

224,

Cozza P, Baccetti T, Franchi L, De Toffol L, McNamara JA, Jr. Mandibular
changes produced by functional appliances in class Il malocclusion: a systematic
review. Am J Orthod Dentofacial Orthop 2006;129:599 e1-12; discussion e1-6.
Araujo AM, Buschang PH, Melo AC. Adaptive condylar growth and mandibular
remodelling changes with bionator therapy—an implant study. Eur J Orthod
2004,;26:515-22.

Pancherz H. Treatment of class Il malocclusions by jumping the bite with the
Herbst appliance. A cephalometric investigation. Am J Orthod 1979;76:423-42.
Pancherz H, Michailidou C. Temporomandibular joint growth changes in
hyperdivergent and hypodivergent Herbst subjects. A long-term
roentgenographic cephalometric study. Am J Orthod Dentofacial Orthop
2004;126:153-61; quiz 254-5.

Aelbers CM, Dermaut LR. Orthopedics in orthodontics: Part I, Fiction or
reality—a review of the literature. Am J Orthod Dentofacial Orthop
1996;110:513-9.

Owtad P, Park JH, Shen G, Potres Z, Darendeliler MA. The biology of TMJ
growth modification: a review. J Dent Res 2013;92:315-21.

Pancherz H. The effects, limitations, and long-term dentofacial adaptations to
treatment with the Herbst appliance. Semin Orthod 1997;3:232-43.

Pancherz H, Ruf S, Kohlhas P. "Effective condylar growth™ and chin position
changes in Herbst treatment: a cephalometric roentgenographic long-term study.

Am J Orthod Dentofacial Orthop 1998;114:437-46.

127



225.

226.

227.

228.

229.

230.

231.

Ruf S, Pancherz H. Temporomandibular joint remodeling in adolescents and
young adults during Herbst treatment: A prospective longitudinal magnetic
resonance imaging and cephalometric radiographic investigation. Am J Orthod
Dentofacial Orthop 1999;115:607-18.

Schendel SA, Eisenfeld J, Bell WH, Epker BN, Mishelevich DJ. The long face
syndrome: vertical maxillary excess. Am J Orthod 1976;70:398-408.
Haralabakis NB, Yiagtzis SC, Toutountzakis NM. Cephalometric characteristics
of open bite in adults: a three-dimensional cephalometric evaluation. Int J Adult
Orthodon Orthognath Surg 1994;9:223-31.

Faltin RM, Arana-Chavez VE, Faltin K, Sander FG, Wichelhaus A. Root
resorptions in upper first premolars after application of continuous intrusive
forces. Intra-individual study. J Orofac Orthop 1998;59:208-19.

Han G, Huang S, Von den Hoff JW, Zeng X, Kuijpers-Jagtman AM. Root
resorption after orthodontic intrusion and extrusion: an intraindividual study.
Angle Orthod 2005;75:912-8.

Liou EJ, Chang PM. Apical root resorption in orthodontic patients with en-masse
maxillary anterior retraction and intrusion with miniscrews. Am J Orthod
Dentofacial Orthop 2010;137:207-12.

Heravi F, Bayani S, Madani AS, Radvar M, Anbiaee N. Intrusion of supra-
erupted molars using miniscrews: clinical success and root resorption. Am J

Orthod Dentofacial Orthop 2011;139:S170-5.

128



232.

233.

234.

235.

236.

237.

238.

Weltman B, Vig KW, Fields HW, Shanker S, Kaizar EE. Root resorption
associated with orthodontic tooth movement: a systematic review. Am J Orthod
Dentofacial Orthop 2010;137:462-76; discussion 12A.

Baumrind S, Korn EL, Boyd RL. Apical root resorption in orthodontically
treated adults. Am J Orthod Dentofacial Orthop 1996;110:311-20.

McFadden WM, Engstrom C, Engstrom H, Anholm JM. A study of the
relationship between incisor intrusion and root shortening. Am J Orthod
Dentofacial Orthop 1989;96:390-6.

Dermaut LR, De Munck A. Apical root resorption of upper incisors caused by
intrusive tooth movement: a radiographic study. Am J Orthod Dentofacial Orthop
1986;90:321-6.

Harris DA, Jones AS, Darendeliler MA. Physical properties of root cementum:
part 8. Volumetric analysis of root resorption craters after application of
controlled intrusive light and heavy orthodontic forces: a microcomputed
tomography scan study. Am J Orthod Dentofacial Orthop 2006;130:639-47.
Harris EF, Butler ML. Patterns of incisor root resorption before and after
orthodontic correction in cases with anterior open bites. Am J Orthod Dentofacial
Orthop 1992;101:112-9.

Motokawa M, Terao A, Kaku M, Kawata T, Gonzales C, Darendeliler MA,
Tanne K. Open bite as a risk factor for orthodontic root resorption. Eur J Orthod

2013;35:790-5.

129



239.

240.

241.

242.

243.

244,

245.

246.

247.

Mirabella AD, Artun J. Risk factors for apical root resorption of maxillary
anterior teeth in adult orthodontic patients. Am J Orthod Dentofacial Orthop
1995;108:48-55.

Levander E, Malmgren O. Evaluation of the risk of root resorption during
orthodontic treatment: a study of upper incisors. Eur J Orthod 1988;10:30-8.
Sherrard JF, Rossouw PE, Benson BW, Carrillo R, Buschang PH. Accuracy and
reliability of tooth and root lengths measured on cone-beam computed
tomographs. Am J Orthod Dentofacial Orthop 2010;137:S100-8.

Baxter DH. The effect of orthodontic treatment on alveolar bone adjacent to the
cemento-enamel junction. Angle Orthod 1967;37:35-47.

Zachrisson BU, Alnaes L. Periodontal condition in orthodontically treated and
untreated individuals. Il. Alveolar bone loss: radiographic findings. Angle
Orthod 1974;44:48-55.

Kanzaki R, Daimaruya T, Takahashi I, Mitani H, Sugawara J. Remodeling of
alveolar bone crest after molar intrusion with skeletal anchorage system in dogs.
Am J Orthod Dentofacial Orthop 2007;131:343-51.

Harris EF. Root resorption during orthodontic therapy. Semin Orthod
2000;6:183-94.

Segal GR, Schiffman PH, Tuncay OC. Meta analysis of the treatment-related
factors of external apical root resorption. Orthod Craniofac Res 2004;7:71-8.
Sameshima GT, Sinclair PM. Predicting and preventing root resorption: Part I.

Diagnostic factors. Am J Orthod Dentofacial Orthop 2001;119:505-10.

130



248.

249.

250.

251.

252.

253.

254,

255.

256.

Newman WG. Possible etiologic factors in external root resorption. Am J Orthod
1975;67:522-39.

Brin I, Tulloch JF, Koroluk L, Philips C. External apical root resorption in class
I malocclusion: a retrospective review of 1- versus 2-phase treatment. Am J
Orthod Dentofacial Orthop 2003;124:151-6.

Goldson L, Henrikson CO. Root resorption during Begg treatment: a longitudinal
roentgenologic study. Am J Orthod 1975;68:55-66.

Kamble RH, Lohkare S, Hararey PV, Mundada RD. Stress distribution pattern in
a root of maxillary central incisor having various root morphologies: a finite
element study. Angle Orthod 2012;82:799-805.

Reitan K. Initial tissue behavior during apical root resorption. Angle Orthod
1974:;44:68-82.

Stenvik A, Mjor IA. Pulp and dentine reactions to experimental tooth intrusion.
A histologic study of the initial changes. Am J Orthod 1970;57:370-85.
Lindskog S, Blomlof L, Hammarstrom L. Dentin resorption in replanted monkey
incisors. Morphology of dentinoclast spreading in vivo. J Clin Periodontol
1988;15:365-70.

Hendrix I, Carels C, Kuijpers-Jagtman AM, Van THM. A radiographic study of
posterior apical root resorption in orthodontic patients. Am J Orthod Dentofacial
Orthop 1994;105:345-9.

Kalkwarf KL, Krejci RF, Pao YC. Effect of apical root resorption on periodontal

support. J Prosthet Dent 1986;56:317-9.

131



257.

258.

259.

260.

261.

262.

263.

Harris EF, Robinson QC, Woods MA. An analysis of causes of apical root
resorption in patients not treated orthodontically. Quintessence Int 1993;24:417-
28.

Forst D, Nijjar S, Khaled Y, Manuel L, Flores-Mir C. Radiographic assessment
of external root resorption associated with jackscrew-based maxillary expansion
therapies: a systematic review. Eur J Orthod 2013.

Vardimon AD, Graber TM, Voss LR, Lenke J. Determinants controlling
iatrogenic external root resorption and repair during and after palatal expansion.
Angle Orthod 1991;61:113-22; discussion 23-4.

Vardimon AD, Graber TM, Pitaru S. Repair process of external root resorption
subsequent to palatal expansion treatment. Am J Orthod Dentofacial Orthop
1993;103:120-30.

Barber AF, Sims MR. Rapid maxillary expansion and external root resorption in
man: a scanning electron microscope study. Am J Orthod 1981;79:630-52.
Dellinger EL. A histologic and cephalometric investigation of premolar intrusion
in the Macaca speciosa monkey. Am J Orthod 1967;53:325-55.

Carrillo R, Rossouw PE, Franco PF, Opperman LA, Buschang PH. Intrusion of
multiradicular teeth and related root resorption with mini-screw implant
anchorage: a radiographic evaluation. Am J Orthod Dentofacial Orthop

2007;132:647-55.

132



264.

265.

266.

267.

Goerigk B, Diedrich P, Wehrbein H. [Intrusion of the anterior teeth with the
segmented-arch technic of Burstone--a clinical study]. Fortschr Kieferorthop
1992;53:16-25.

Costopoulos G, Nanda R. An evaluation of root resorption incident to
orthodontic intrusion. Am J Orthod Dentofacial Orthop 1996;109:543-8.
Ramanathan C, Hofman Z. Root resorption during orthodontic tooth movements.
Eur J Orthod 2009;31:578-83.

Xun CL, Zhao H, Zeng XL, Wang X. Intrusion of overerupted maxillary molars
with miniscrew implant anchorage: a radiographic evaluation. J Huazhong Univ

Sci Technolog Med Sci 2013;33:780-5.

133



APPENDIX A*

The Morphological Characteristics. Growth,
and Etiology of the Hyperdivergent Phenotype

Peter H Buschang, PhD_ Helder Jacob. DDS, PhD, and Roberto Carrillo, DDS, MS

Due to the skeletal complexity of the problem hyperdivergent retrogmathic
patients are among the most difficult for orthodontists to treat. It is
imiperative to treat these patientz for both esthetic and functional reasons.
Hyperdiverzent growth pattermns are generally established early and most do
not improve over time The sticlogy appears to be environmental. due to
postural adjustments related with compromised airways and weak masti-
catory mmsculatwre. If a lowered mandible posture i1s maintained in growing
subjects, the dentition, dentoalveolar complex, and the mandible should be
expected to compensate. Dentoalveclar heights should be expected to be
excessive (1e., suprasmuption of the teeth), the ramms iz shorter, the zomal
angle i1s larger, the mandibular symphysis is taller and thinner, the
mandibular plane iz steeper, the mandible 15 retrogmathic, and anterior
lower face height 15 increased. Moreover, the jaws, especially the upper, ars
narrow. The most important factor underlying these developmental adapta-
tions 13 true mandibular rotation. Rotation iz important becanse 1t iz the
major determinant of the anteroposterior (AP) chin position. The detrimental
zkeletal changes that characterize hyperdivergent patients are ultmately due
to backward or less than average true forward rotation. Theoretically, a
therapeutic treatment that mimics normal growth (ie. ope that bulds in true
forward rotation) is desirable because it mught be expected to correct not
only the anteroposterior (AP) and vertical position of the chin, but also many
of the other morphological maladaptations associated with the hyper-
divergent retrognathic phenotype. (Senun Orthed 2013; 19:212-226) &
2013 Published by Elsevier Inc_

Introduction bites.™ Schudy’ was the first to characterize

them az lnyperdiversent which more accurately

vperdivergent retrogmathic patient: are

among the most diffienlt for crthodontists
to treat because their malocclusion is noulti-
faceted and complex Hyperdivergent retro-
gnathic pafients were mmatally categonized as
having vertical dysplasia and have since been
calle-dgb'y a vanety of names (Table 1). Most
mvestigators have referred them as skeletal open
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reflects their skeletal phenotype.

While the prevalence of the problem has not
bean precizely quantified mamy of the subjects
with open-bite maleocelusions, whe have been
estimated to comprize approxmately 3.5% of the
populat'i.m:l._. nught be expected to be hyper-
divergent and retrognathic. More mmportantly,
at least half of Class IIs, who comprise appro-
ximately 15% of the popmlatiun,ﬁ are retro-
gnathic and hyperdivergent. Children with
Clazz II molar relationslups show a shghtly—
but not statistically sigmificant—greater tendancy
toward hyperdivergence than Class Is (Fig. 1)
Average pretreatment mandibular plane angles
of Class II patients reported in the hteratwre fall
both above and below age- and sex-spectfic ref-
erence data (Fig. 2). Based on the prevalence of
open-bite and Class II malocclusions, 1t can be

Seminars in Orthodontics, Vol 18, No 4 (Decembes), 2013: pp 212-226

*Reprinted with permission from “The Morphological Characteristics, Growth, and Etiology of the Hyperdivergent Phenotype” by
P.H. Buschang, H. Jacob and R. Carrillo, 2013. Seminars in Orthodontics, Vol 19, No. 4 pp. 212-226. © 2013, Elsevier, Inc.
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Table 1. Terms Adopted to Descnibe the Vanous Types
of Rotation

untreated hyperdivergent retrognathic subjects
depend In part on whether the samples were
classified based on dental or skeletal cntena
(Table 2). Most studies that evaluated anterior
have reported no statistically

Author Terms

\Slg'l‘;i;ymd Johnsoa' High vertical dzsphsu m‘“}l’X
Richardson'™ Open-bite-';ep-hm
m'm-' idaundﬁc i N

- ) -
Schendel etal. =~ Long face syndrome
Opdebeeck and Bell Short face syndrome
Karlsen'™ Low-high-angle face

Betzenberger et al

conservatively esti d that app Iy 10%
of the populatton is both retrognathic and
hyperdivergent.

Hyperdivergent subjects exhibit both esthetic
and fimctional probl Onrthod and lay
peq:le pe!cejve L Tt h ':l..
(measwred from lower lip to menton) as being
unattractive.” Excessively convex profiles are
considered to be less esthetically pleasing than
straight profiles.” " It has also been well established
that hyperdivergent subjects have smaller masti-
catory muscles and weaker bite forces than normal
and hypodivergent subjects.’w‘: The nmscle
strength of hyperdivergent subjects is clnically
importantbecauseitis positivelyrelated to occhusal
contacts, occlusal support, and masticatory per-
formance.'* ' Vertical skeletal relationships
appear to be more closely associated with max-
imum vohumtary bite force than AP relationships. '

Morphologic Characteristics

Understanding the morphology of hyperdivergent
trognath b s v 1 order to
appreciate the full itade of the probl
Hyperdivergent retrognathic subjects show con-
sistent differences when compared to normal Class
Is (Fig. 3). The specific maxllary charactenstics of

< between hyperdivergent
subjects and nommal controls. although a few
i o e, Pesor ey It
lenzth and the sella-nasion-A-pomt (SNA) angle
tend to be smaller—indicating a meore posterior
position—in hyperdivergent subjects classified
based on open-bite. but not when the
classification is ckeletally based. Hyperdivergence
does not appear to affect the palatal plane angle.
Studies consistently show Increased antenor
and posterior dentoalveolar heights among
hyperdivergent subjects. Thus, the primary
maxilary problems of hyperdivergent subjects
are dentoalveolar rather than skeletal

The dible shows sub 1ally more pro-
d and a sreat ber of diff
between ted hyperdivergent and control
subjects than the maxilla (Table 3). Hyperdiver-
gent subjects have greater anterior face height
While postenior facial height shows no consistent
sroup differences, ramms height has most com-
monly been reported as being smaller among
hyperdivergent subjects. The gonial angle 15 consis-
tently larger than normal among hyperdivergent

bjects. Most studi have also reported

enathi dibles ‘and ‘steep 3Tamal

plane 1 hyperdivergent subject
While anterior dentoalveolar heights do not
appear to be affected. posterior dentoalveolar
height of subjects classified on skeletal cntena
tend to be excessive.

The transverse dimensions of hyperdivergent
be expected if vertical srowth patterns are closely

OCassi @Chassn

¥hoRYe

w
w

MPA (degrees)

u

#

10years of age
Figure 1. Mandibular plane angles (=1.96 S.E.) of untreated Class I and Class II children at 10 years of age.
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Table 2. Summary of the Studies Companng the Maxillas of Hyperdivergent and Normal Subjects. Statistically
Significant Group Differences Indicated as Being Larger (7) or Smaller (|) Than Conmol Values.

Heighes Dentoaiveoiar Heights
Author Ansenar Posterior Antenor Postenor PPA SNA Length
Skeletal
Tsaacson et al.™ Y X 1 X Ya X
Fields et al '™ o Y b ) X % X
Janson et al.'™ X X T 1 X X X
Joseph et al. Y% X X 1 X 1 X
Erdinc etal " X X X X X X X
Enckietal'” ! X T Y X X X
Cha et al™ X X X X X X X
Average Y kA T T X " Y
Open-bite

Subtelny and Sakuda'* Y% >4 1 T o 1 v, S
Gavito et al '™ 1 X T T X Haralabakis and
Sifakakis'" X X T 1 X X 1 Kao et al., male'
i X X X X X 1 Eao et al, female'” Y
X X X X X 1 Ceylan and Eraz " X
X 1 X X Ya
Taibah and Feteth, female'™ % Y % Ve Yo 1 1
Taibah and Feteth, male™ Ye Y kA Y Y i § 1
Sonnensen and Kjaer'’ X X X X % 1 X

b kA T 1 hA 1 1

I, not evaliated: *4, no siznificant difference; |, significantly larger; |, significantly smaller.

15 the rotation that appears (i.e.. apparent) to be
occwming. What appears to be occumng 1s
actually not occurring because the lower
border of the mandible remodels. The
remodeling camouflages or covers up the true

rotation that actually occwrs. For example, Spady
et al* showed that almost 51 of true forward
rotation occiared between 6 and 135 years of age.
but there was less than 11 change of the
mandibular plane angle.

Table 3. Summary of the Studies Companng the Mandibles of the Hyperdivergent and Normal Subjects.
Statisncally Significant Group Differences Indicsted as Being Larger (1) or Smaller (|) Than Control Values.

Dertoalveolar Heights Ramus Height
Author Heighs  Antenor Posterior Amenor  Posemor MPA  SNB Gomal Angle

Skeletal
Isaacson et al ™ 1 X X 1 1 %
Fields eral'™ 1 % % 1 , 1 v, T
Tanson et al. ™ X X T 1 X X X X
Joseph et al.'™ X X X X X 1 1 X
Erdinc et al "' % 1 X X X T X 1
Enoki et al.'” X X ) A X X X X
Chaetal’ X X X X X T D, X
Avennze 1 % % 1 3 T i T

Open-bite
Subtelny and Sakuda'™ T X 3 kA % T 1 T Lopez-
Gavito & al.'™ “ % Y Y T T i X Haralabakis and
Sifakakis"" T T K 1 X X X Kazo et al, male'”’
X kA X X X X X X Kao et al, fernale’” X
Y X X X X X X Ceylan and Eroz™" X
X T Y 1 X X
Taibah and Feteih, female' 1 1 t, A T 1 1
Taibah and Feteib, male”” % 1 Y, ., o 1 1 3
Sonnensen and Kjaer'” X X X X X 1 i X

1 A b b 1 1 1 1

. not evalated: *4. no significant difference; 1, significantly larger; |, significantly smaller.
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Figure 4. Mandibular (A) apparent rotation of the mandibular plane relative to cranial base, (B) angular
remodeling based on mandibular superimposition, and (C) true rotation of the fiduciary reference line related to

cranial base.

Untreated patients normally undergo forward
or lockwise (as vi d by the observer
when the patient 15 facing to the nght) rotation
Average true rotation ranges between approx-
imately 0.41 and 1.31 per year,”" " with greater
rates reported dwring childhood than ado-
lescence (Fiz. 5).”“**** Hyperdivergent patients
undergo significantly less (23—43%) true forward
rotation than hypodivergent paﬁuns.z" Sub-
stantially sreater amounts of true rotation occur
during the transiton between the pnmary and
early mixed dentiton than between the eardy
mixed and early adulthood implyinz that the
plays a fundamental role.

True mandibular rotation has been repeatedly
shown to be the most important determinant of
the anteroposterior position of the chin m

&7 and treated subjects>*® T
are only three possible ways to explain the for-
ward or backward movements of the chin in
untreated growing subjects. The tip of the chin
undergoes little or no remodeling *%*%37404)

dentits.

This only leaves condylar zrowth changes,

glenoid fossa ch and true mandibular
rotation.
Carefully ider the two patients mn Fig 6.

The backward rotator (A) underwent approxi-
mately 34 mm of postenor condylar growth
which—all other thmngs bemg  equal—should
move the chin forward 34 nmm; there were no
changes m glenoid fossa positon and no
remodelng changes at the tp of the chin
However, the AP posiion of the patient's clin did
backward true jon that ¢ d st
the forward rotator (B) shows 1-2 mm of forward
condylar growth and 2 mm of postenior movement
of the glenoid fossa, which together should be
associated with 34 mm of postenior chin
movements. However, the chin moved 4-5 mm
forward, which again can only be explained by true
forward rotation.

True mandibular rotation is important
because it is directly related to chin position and

[ Spedy etal'92

W Spedy et al'92

© Miller and Kerr 92

O Miler and Koy ‘92 AWangetal '09 A Wang et al. ‘09

3 6 8

deg/yr

04
06
08

-1
12
14

Age (Years)

Figure 5. Annualized true mandibular rotation (total true rotation/duration of the study) of untreated subjects
showing greater annual rates among children than adolescents.
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Figure 6. Changes in chin position, condylar growth,
and glenoid fossa position of backward (A) and
forward (B) rotators.

indirectly related to varous other growth and
remodeling changes that occur. Strong associa-
tions have been reported between true man-
dibular rotation, the amount of condylar
and the condylar growth direction ™ ”'7#1%
Forward rotators show more condylar srowth,
oriented In a more anterior direction, than
Thelowermand:bulaxborder

Timing and Stability of the Development
Changes

It 1s important for orthodontists to understand
&at tl:e growth pattems of most hyperdivergent
are established early. Differences
mlmfaﬂalhexgh&betweendeepandopen
bite subjects are well established at 4 years of
age™ Most individuals who have higher
mandibular plane angles at 15 yea!s of age also
had higher dibular plane between
6 and 15 years of age.* Bichara and Jakobsen®
showed that 82% of 5 year olds classified
as having long faces had long faces at 25 years
of age. Most (64%) hyperdivergent 6 year olds
are still hyperdivergent at 15 years, with 25%
worsening over time " Approximately 75%
of 10 year olds classified as hyperdivergent,
within normal limits, or hypodivergent
maintaig their classifications through 15 years
of age.

Differences in the vertical dimensions of hyper-
and hypodivergent subjects are well established by
6 years of age, malang them easier to distingwish
early than subjects who eventually become retro-
gnathic. Adolescents classified as retrognathic at
14-16 years of age show only limited morpho-
logcal differences at 67 years, whereas those

ified as hypa‘&\ugmt shows mymerous

backward rotators.
of forward rotators tends to show bony app
anteniorly and resorption postenorly, which 1s
not the remodeling pattem exhibited by back-
ward rotators.**** True mandibular rotation also
produces compensatory changes in the eruptive
paths of teeth, with the molars erupting more
than the incisors n forward rotators and the
incisors erupting more among backward rota-
tors.”” The mandibular incisors and molars
tend to retrochne and tip distally. respectively,
in backward rotators; they procline and tip
mesi.allyinfmwdtotatoas.n'w

Importantly, the same remodeling changes
associated with forward rotaton during
growth can be produced with treatment For
example, 11-15-year-old patients show changes
in their patterns of condylar growth and
mandibular remodeling after maxillary impac-
tions (no mandibular swrgery).”’ The changes
that occured dwing the years after the
impactions had been performed and the

mandible had been rotated forward were
milar to the ch normally observed for
forward rotators.

diffe pecially in the dibl Hyper-
divergent subjects also demonstrate less improve-
ments of their skeletal relationships over time;
their mandibular plane angles decrease only 0.31
between 6 and 15 years of age, compared
with 251 and 4.01 decreases for average and
hypodivergent subjects, respectively (Fiz. 7). The
sella—nasion-basion (SNB) angle of hyperdivergent

bjects 1 only 021 d with 121 and
141 for average and hypodivergent subjects,
respectively.

Etiology of the Hyperdivergent Retrognathic
Phenotype

Most cramiofacial, dentoalveolar, and occlusal
fraits show a quantitative, often normal, dis-
tributions of phenotypes. Traits showing such
distributions are polygenetic, due to the achons
and interactions of multiple genes. It follows that
varation in such traits must be due to genetic,
epigenetic, and environmental mnfluences. For

ple, a trait 1ated with five genes is
necessanly affected by the interactions of those
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A B G
D E F
Figure 7. Growth of hyperdivergent (top row) and 1 (b row) children, with cranial base

superimposmnnsshowmgthegmwlh:hangesbetweendand9yemofage(l-\andb),6md12yearsofeg;e

(B and E), and 6 and 15 years of age (C and F).

genes, as well as environmental effects on the
interactions. Genes provide the instructions to
make proteins, and the interaction of proteins
determines the ph vpe; the 1 tion is via
proteins that regulate franscription factors, pro-
teins that make up enzymes. and proteins that
build structure.

The relative contnbution of genes to pheno-
typic expression vanes greatly, depending on the
environments m which they are expressed. The
way in which environmental vanation is trans-
lated mto phenotypic vanation is based on the
norm of reaction, which states that the same
genotype can produce a vanety of phenotypes
across a range of environmental circumstances.
Traits showing greater phenotypic vanation are
either under less direct genetic control and/or
mature (1.e., grow relatively) less rapidly than
traits showing less phenotypic wvanation. For
example, modemn day Finns exhibit substanfially
larger gomal and dibular plane angles than
Finnish samples from the 15th and 16th cen-
turies.”” Since the time span was msufficient for
genetic changes to have occurred, the same
genotypes must have been adapting to different
environmental factors. As expected the vertical
aspects of mandibular growth, which are the least

- in the Ly .3 1 0 3 d the
most pronounced effacts.

Three broad environmental ﬁctozs havebeen
proposed to 17 h 1
over time, xncludmg habxts mﬁerfermces with
normal breathing, and d in tory

1al ¢

43

mmscle strength *' Only two of the factors appear

to lain the develop t of the hyper-
dwexgentrelrognathxcpheno(ype_
Effects of Habits

The Literature does not support habits as a direct
—certainly not a major—explanatory factor for
the hyperdivergent phenotype. Thumb sucking,
finger sucking, nail biting, tongue sucking, and
tongue thrusting have been shown to be the most
prevalent habits of young children~ While the
prevalence of digit sucking is population specific,
it decreases as the preval of
(pacifier) sucking increases.*

It has been long been kmowm that there i1s a
high prevalence of cross-bites among childrenin
the primary dentition who suck their fingers"***
or pacifiers.”’** However, most cross-bites self-
correct 1fthe habit is stopped before the tran-
sition to the early muixed dentiion, and most
children with finger habits after the transitional
dentition do not exhibit cross-bites after 9 years
of age.”'m

There may be a link between finger habits and
the development of a Class II, maxillary pro-
trusive phenotype. An early study performed on
7-16-year-old children with persistent thumb
sucking habits showed greater tendencies for
open-bite malocclusions. a propensity toward
Class II molar and canine relationships, proclined
upper incisors, and a longer maxilla but no effects
on the mandibular or palatal plane angles”'
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This suggests that finger habits help to explain the
Class II maxillary problems, but not the
retrognathic hyperdivergent phenotypes, whose
malocclusions are primarily due to mandibular
dysmorphology.

Effects of Interferences With Normal Breathing

Interferences in the upper. middle, and lower
aunway have been more closel) hnked than habits
with devel tal lead: to a
hyperdivergent retrognathic phenotype. Given
the abundance of literatwre showing relation-
ships—albeit few causal—with hyperdivergence,
interferences with normal breathing must be
considered as primary environmental factors
explaining the development of retrognathic
hyperdivergent dysmorphology. The morpho-
logical similanties that have been reported for
subjects with enlarged tonsils. allergic rhimts,
and enlarged adenoids lead to the conclusion
that chronic airway interferences produce similar
phenotypes.

The classic expermments by Harveld and col-
luguesm established a causal relationship between
mode of breathing and changes m cramofacial
morphology. Compared to control monkeys, those
with blocked nasal anways developed steeper
mandibular planes and larger gomal angles. The
changes were most p d in the 1mal
that maintained a low p 1 position of the
mandible. When the blockages were removed,
growth reverted back toward their pormal more
horizontal, pattern.

Clinically. the relationship between arway and
growth disttrbances has been perhaps best estab-
lished for patients with enlarged adenoids. Linder-
Amnson'ewasmgtheﬁ!stbmponsystanaﬁc
differences between children with enlargzed ade-
noids and nose breathing c ds. Clhuldren with
enlarged adenocids have increased lower anterior
facial heights. larger gomal angles. namowmaxillary
arches, retroclined incisors, and larger dibular

Sp mpros in the mandibular
phne angles, arch widths, andmxsotmdmanons
havebemrepoﬁedSyea!saﬁexa&nmdecmmy
The mandible also changes it growth direction
aﬂa adencidectomy, assumung an even more
direction than in controls.”"”” Kemr
et al. who followed 26 children 5 years after
adenoidectomies. showed changes in their mode
of breathing and a normalization of growth, with
a more antenior direction of mandibular growth
and forward true rotation of the mandible.
L tingly. it s that the tming of the
adenoidectomies 1s an important factor m
determining the growth response that occurs.

Although less well studied. chromically
enlarged tonsils produce the same phenotype as
enlarged adenoids. Behlfelt and colleagues.’'
who evaluated 73 ten-year-old children wiath
enlarged tonsils, showed that they were more
retrognathic. had longer anterior facial height.
and larger mandibular plane angles than chil-
dren who do not have enlarged tonsils. Fur-
thermore, the skeletal featwres were directly
related to the childrens' open mouth and low-
ered tongue postures.

Sleep apnea produces similar morphological
characteristics. Lowe et al.”” showed that adult
males with severe obstructive sleep apnea

i N m c ke 1 and s T plam
angles, overerupted maxillary and mandibular
teeth, larger gomial angles. and antenior open
bites. Andersson and Brattstrém ' reported simuilar
morphological patterns among 51 heavily snonng
patients with and without apnea. More recently, 1t
was shown that children with obstructive sleep
apnea also have steeper mandibular plane angles,

ter lower face heights. and more
telroclmed meisors; 5  years after adeno-/
tonsillectomies none of the differences between
apnea patients and controls were statishically
significant.”*

'[here are sinular associations between allerzic
dhy and cramofacial development. This 1s

plane angles © Subsequent studies have confirmed
that subjects with enlarged adenoids have more
vertical mandibular growth tendencies than ther
nose breathing counterparts, along with retroclined
mandibular incisors, smaller SNB angles, larger
mandibular plane angle. and lager lower face
1 > il ode

Following adenoidectomies, most (E75%)

hildren ch tonasal breathing within 1 year.”

important because the prevalence of allergic rhi-
nitis ranges between 10% and 20%: most patients
with allergic rhinitis also have asthma ™ Bresoln
et al™ showed that mouth breathers have
mandibular plane angles. relatively greater mandi-
higher palates. zreater ovepjet, and narower
maxillas than nose breathers. Mouth breathers
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lates, retroclined lower mci ller SNB

been shown to be comsistently higher among

= i

;ndSNPgangles,' "ovexjet," d lower
face heights, larger gomial angles, and larger

parts eating modem diets (Fizg. §). with
those eating modem diets often exhibiting
o 11 P + 1 J- ~

mandibular plane angles than their siblings.”

Importantly.

Clnldren 6-16 years of age with chrome
ic runths display more vertical
anddwagmi&ualngthpaﬂzmsﬂnncon—
trols, wath the degree of hyperdivergence being
dmecﬂ)relztedﬁothesewmty of the allerzic
rhinitis "' Harari et al.” ' who compared 55 chil-
dren wath signs and symptoms of nasal obstruction
to 61 normal nasal breathers. showed that the
mouth breathers had lager mandibular plane
angles, greater overjet. retrogmathic  mandible
larger Y-ams. and narower intermolar widths.

Effects of Muscle Weakening

y
this association is not lmited to dental malo-
cclusion; maladaptive changes to technological
advances have also been associated with larger
mter-maxillary (1e.. mandibular plane) angles.
larger gomial angles. and nanower jaws. Com-
pansons of the present day Fmns to Fmmsh
samples from the 16th and 17th centunes showad
that postenior. but not anterior. facial heights were
significantly smaller in present day Finns: hyper-
divergence was attributed to the softer foods in the
present day diet. supporting the notion that cra-
niofacial growth is regulated with ticatory
stress. <

Thexe m also mumerous experimental studies

Histonically, reduced masticatory le forces
have provided the best explanation for the prev-
alence of hyperdivergence retrognathic pheno-
types. Antlropological studies have 1 1y
shovwn that the preval of malocclusion is
much lower for subjects living under primitive
conditions than for their counterpart eating
processed foods.™' Since individuals living
wnder more primitive conditions eat harder foods
that require greater muscular effect for commm-
nition. " they might be expected to have larger
masticatory muscles and greater force output. The
treatment priority index (a composite index of
open/overbite, overjet, posterior cross-bite, tooth

sh m le strength. muscle
morphologv, and craniofacial growth between
animals fed soft and hard diets. Various species of
zrowing ammals fed on soft diets show shuctural
differences in their masticatory mmuscles. lower
bite forces, differences in condylar growth, nar-
rower maxillas, and differences in bony remod-
eling " Remodeling of the gonial process has
been directly related with the sizes of the mass-
eter and medial pterygoid muscles™"’; resection
of the masseter and pterygoid muscles results in
alterations in condylar growth. mandibular
length. and ramus height ™

Most importantly, weak jaw muscles among

displacements. and buccal t relations) has In have been directly lmked wath
Australian
Aboriginals N " Xediticna)
» Modern
Pime.
Nasiol e —
Cninese
Rura! Punjabi P e — ]
Rural
Kentuckians I —
o 2 1 (3 8
TPl
Figure 8. Treament pricrity index (TPI) of the ) bsisting on either modem or traditional

diets, with values greater than 4 indicatng mlocch:.sxons that need to be reared.
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hyperdivergent growth fendencies. Skelstal
hyperdivergence has been directly related to
reduced muscle size, low EMG activity, and
du d 1 .F 1 y_%")7 L_l d &n-
toalveolar heights have also been associated
with decreased masticatory muscle fumction ™"
Adults wath larger mandibular plane angles
have substantially weaker bite forces.'"'” Facial
divergence has also been related to lower bite
force in younger children. "
Patients with muscular dystrophy and spmal
1 “y mog ..h ey “y A Am

chewing exercises show greater true forward
mandibular rotation than untreated hyper-
divergent subjects do and even greater rotation
than subjects treated with vertical-pull chin-
cups.'* Ingervall and Bitsanis''* also showed that
masticatory muscle training produces significant
increases in bite forces and greater than
expected forward rotation of the mandible.

Mandibular Posture is the Key
Mandibular posture provides the only logical

the relationship between muscle function and
hyperdivergence. Over 30 years ago, Kretborg and
colleagues'”’ showed the profound effects that
muscular dystrophy had on the craniofacial growth
of a 12.5-year-old zirl. The same single recessive
gene defect that directly weakened muscles
indirectly produced a severe hyperdivergent
retrognathic  <keletal phenotype.'”' Subsequent
research has shown that subjects wath Duchenne
and myotonic muscular atuphym 1% as well as
spuml muscular atrophy,™'™ have significantly

sticatory les and show the same

Ilation of feat presented by hyper-

divergent retr thi bjects, inclading namrow
and deep palates, inc d anteri cial heigh

larger gonmial angles, and steeper mandibular
planes. The sizes of the masticatory muscles
have also been related to the breadth of the

92105106 1o fic width'"M® g
especially, maxillary wadth ™"

Importantly, strengthening of the masticatory
muscles  produces mmphologncal changes
opposite of those prod mus-
cles. Hypetdwergent patients who underwent

explanation for why airway blockages and weak-
ened muscles produce the same hyperdivergent
retrognathic phenotype. Navarro et al..”” who
showed that posterior mandibular rotation occurs
m association with reduced nmmscle function,
provide the only direct experimental support of
the relationship between masticatory nmscle
strength and mandibular posture. There is,
however, sub 1 indirect evad support-
mgﬂ:exelahonshpbetweenmsdesuengthand
posture. For example. mmuscle strength has been
lmphcamed as a limting factor in standing pos-
- nxsoneofdmmamcausesforposhn‘al
i:stabﬂityi.npaxl:inson'sdiseasepaﬁmts,”’andit
has been related to posture in patients with
chronic lumbar pain.'’® Most importantly, mus-
cle exercises are also commonly used to correct
tural deviations.'!™1®

It 15 mmch easier to understand why the
mandible is typically lowered in individuals with
airway obstruction By defimition. mouth
breathers must move their mandibles in order
to breathe, and itis more efficient to lower
than protrude or laterotude the mandible.

Figure 9. The development of the hyperdivergent rerognathic phenotype from 1 d dibular p

produced by weask muscles or airway compromise.
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Experimental obstruction of the upper airway
results in lowered resting posture of the man-
dible. and a 51 increase in the cramo-cervical
extension !

il

and t sture leads to a narrow
maxillary mchwnhpossiblecross—bnes Alower
postwre leads to ch m the dible's
remodeling pattern and a more postenorly

If the lower mandibular posture 1s maintained

directed condylar growth, which in fum lead to

(ie..1f1t1s habitual). and 1ally if the suby;

has zrowth potential, then the dentiion. den-
toalveolar compl and dible might be
expected to adapt to the changed position
(Flg 9). Lower mandibular posture immediately

the dibular plane angle, as well as
decreases the posterior to anterior face height
ratio. Over time, lowered postuwre causes
increases in anterior face height and supra-
eruption of the dentition Whether or not the
anterior teeth overerupt depends. at least in part,
on whether the tongue is poshwed between the
teeth. in which case an open-bite would be
dibular incisors, adapt to lower mandibular
position by retroclination. Retroclination and
overeruption cause changes in symphyseal mor-

phology and 1 d crowding. Lowered
A .
{ o ‘\ " y
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Figure 10. On'.hopedxc comection of (A) minimally

mthe g 1 angle.

Th tically, th 1c forward rotation of
the mandible will reverse and perhaps comect
the hyperdivergent gnathic dy phology.
Buschang and colleagues'”” recently showed that
it 15 possible to produce meamingful orthopedic
comections of growing retrognathic hyper-
divergent p They produced an average
of 3.91 mandibular plane rotaton by intuding
the posterior teeth with miniscrew implants. The

dibular rotat ads d the chin by
24mm increased the SNB angle by 211,
mproved facial convexity by 321, and
decreased the gomal angle by 2.41. Their best
c d 1al orthopedic
eﬁectssmulartothnsesemmth surgery
(Fiz. 10). The outcomes were growth related;
patients with greater growth required less
mtrusion to produce the deswed effects.

References

1. Wylke \\'L Jobmson EL: Rapid evaluabon of facial
m the vertical plane. Angle Orthod 22:163-
182, 1952
2. Nahoum HI. Vertical proportions and the palatal plane
in anterior open bite. Am J Orthod 59:273-282, 1971
3. Vaden JL. Pearson LE. Diagnosis of the vertical
dimension. Semin Orthod 8:120-129, 2002
4. Schody FF. Vertcal gowth versus amteroposterior
=Zrowth a5 related to functional and treamnent Angle
Orthod 34:75-93, 1964
. Proffit WR. Fields HW Jr, Moray LJ. Prevalence of
malocclusion and  orthodontic  eamment need
in the United States: estimates from the NHANES IO
survey. Int J Adulr Orthod Orthogmathics Surg 13:97-
106, 1998
6. Namm FB, Donaldson AN, McDonzld F, Cobourns MT:
Influence of chun height on perceived amractiveness i
the orthiognathic patient byperson, and clinician
Angie Orthod 82:88-95, 2012
7. Czamecki ST, Nanda RS, Cumer GF: Perceptions of a
balanced facial profile. Am J Orthod Demtofacial
Orthop 104:180-187, 1993
. Michiels G, Sather AH: Detenminants of facial atrac-
fiveness in a sample of white womsn. Int J Adult Orthod
Orthognathics Surg 9:95-103, 1094
9. Maple JR. Vig KW, Beck FM, Larsen PE, Shanker S_ A
[- iscn of providers’ and consumers’ percepaons of

w

v

growing and (B) growing pauems by mol,u intrusion
miniscrew i and 1

hual-pmﬁle attractiveness. Am J Orthod Dentofacial
Orthop 128:690-696, 2005

143



Morphological Characteristics. Growth, and Etiology of the Hyperdivergent Phenotype

223

10.

11

13

12

15.

16.

17

18.

19

20

21

22.

23

25.

26.

Proffit WR, Fields HW, Nizon WL: Occluzal forces in
normal- and long-face adults. J Dent Res 62:5656-570,
1983

Profit W, Fields H: Occluzal forces in normal- and lons-
face children J Dent Res 62:571-574, 1983

. Ingervall B, Mmder C: Comelation between maxinmm

bite force and facal morphology in children Angle
Orthod §7:415-422 [discussion 423-4], 1997

Bakke M. Holm B, Jensen BL, Michler L, Moller E:
Unilateral, isometric bite force in 8-68-year-old women
and men related to occhisal factors. Scand J Dent Res
98:149-158,1990

Wilding RIC: The association between chewmg effi-
ciency and occlusal contact area in man. Arch Oral Biol
38.589-596,1903

Julien KC, Buschang PH, Throckmornon GS, Dechow
PC: Normal masticatory performance in young aduits
and children Arch Oml Bicl 41:69-75, 1996

Owens 5, Buschanz PH. Throckmorton G5, Palmer L,
English J. Mastucatory performance and areas of
occlusal comtact and near comtact in subjects with
normal occlusion and malecclision Am T Orthod
Dentofacial Orthop 121:602-609, 2002
Sathyanarayana HP, Premkumar S, Manjula W. Assess-

ment of maunmm volmntary bite force in adults with
normal occlusion and different types of malocchasions,
J Comtemp Denr Pract 13(1): 534-8, 2012.

Wagner DM, Chung CH: Transverse growth of the
maxilla and mandible in untreated Zirls with low,
average, and hizh MP-SN angles: a longiudinal study.
Am T Orthod Dentofacial Orthop 128:716-723, 2005
Frohlich FJ: Changes in unmeated Class I npe
malocclusions. Angle Orthod 32:167-179, 1962

Staley RN, Stuntz WR. Peterson LC: A comparnizon of
arch widths in aduits with normal occlusion and aduits
with class II, Division 1 malocclusion Am J Orthod
$8:163-169,1985

Bishara SE, Bayati P, Jakobsen JR: Longimdinal com-
pansons of demtal arch changes in nommal and
untreated Class II, Division 1 subjects and their climcal
implications. Am J Orthod Dentofacial Orthop 110:483-
480, 1996

Baccet T, Franchi L, McNamara JA Jr, Tollaro L Eady
dentofacial #amres of Class IT malocchision: 3 longimdinal
stady from the decidnons through the mived dentiton
Am J Orthod Densofacial Orthop 111:502-509, 1997
Alvaran N, Roldan SI, Buschang PH: Maxillary and
mandibuiar arch widths of Colombians. Am J Orthod
Dentofacial Orthop 135:649-656, 2009

. Isaacson JR. Isaacson RJ, Speidel ™M, Womms FW:

Exweme vanaton in vertcal facial growth and asso-
ciated variation in skeletal and dental relations. Angle
Orthod 41:219-229, 1971

Tsunor M. Mashita M, Kasai K Relatonship between
facal types and tooth and bone charactenstics of the
mandible obtained by CT scanming Angle Orthod
68:357-562,1998

Swasty D, Lee J, Huang JC, etal Cross-sectional buman
mmdbnhrmmphobgnwessedmmoby cons-
beam ¢ in pag with different
vertical facial dimensions Am J Ortiod Demtofacial
Orthop 139:e377-e389, 2011

7.

31
32

33
34
35

36.

38

39

41

42

43

45

144

Homer KA. Belwent RG, Kim KB, Buschang PH:
Cortical bope and ridge thickness of hyperdivergent
and hypods adults. Am J Orthod Dentofacial
Orthop 142:170-178, 2012

. Beclomamn SH. Kuitert RB, Prahl-Andersen B, Segner

D. The RP, Tumwzing DB: Aheolar and skeletal
dimensions associated with lower face height Am J
Ortaod Dentofacial Orthop 113:498-506, 1998

. Buschang PH, Mamins J. Childhood and adolescent

changes of skeletal relationships. Angle Orthod 68:199-
206,1998

. Spady M, Buschang PH, Demirjian A LaPalme L:

Mandibular rotation and angular remodeling durins
childhood and adolescence Am J Hum Biol 4:683-689,
1002

Odegaard I: Mandibular rotation smdies with the aid of
metal implants Am J Orthod 58:448454, 1970

Biotk A, Skieller V: Facial development and tooth
emuption. An implant stdy at the age of puberty. Am J
Orthod 62:339-383, 1972

Lavergne J, Gasson N: A metal moplant study of
mandibular rotation. Angle Orthod 46:144-150, 1976
Miller S, Eest W A new lock at mandibular
preliminary report. Eur J Orthod 14:95-98, 1992
Earisen AT: Cranofacial growth diffe
low and kigh MP-SN angle males: 2 longitudinal study.
Angle Orthod 65:341-350, 1995

Wang ME. Buschang PH, Belwents R: Mandibular
ro=tion and remodeling changes durng early child-
hood. Angie Orthod 79:271-275, 2009
Buschang PH, Santos-Pinto A: Condylar growth and
glenoid fossa displacement during childhood and
adolescence. Am J Orthod Dentofacial Orthop 113:437-
442, 1008

Thompson DJ, Throckmorton GS. Buschang PH: The
effacts of sometnc exerase on maximm vohmeary bite
forces and jaw mmscle strength and endurance. J Oral
Rehabil 28:009-917, 2001

LaHaye MB, Buschang PH, Alexander RG, Boley JC:
Orthodontic treatment changes of chin position in
Class I Division 1 patents. Am J Orthod Dentofacial
Orthop 130:732-741, 2006

Bijork A: Pradiction of mandibular growth roation. Am
7 Orthod 55:585-599, 1969

Baumrind S, Bm—Bm\‘KnmELBn\vLA.CmS
Mandibular deli d on cephal

Osseous changes relative to supenmpositica on meul
lic fmplants. Am J Orthod Dentofacial Orthop 102:134-
142, 1092

Buschang PH, Gandini Fimior LG: Mandibalar skeletal
gowth and modelling between 10 and 15 years of age.
Ew J Orthod 24:69-79, 2002

Mojdehi M, Buschang PH, English JD, Wolford LM.
Postwrgical growth changes m the mmmdible of
adolescents with verncal mallary excess growth par-
tern. Am J Orthod Dentofacial Orthop 119:106-116,
2001

. Nanda SK- Patterns of vertical growth in the face. Am J

Orthod Dentofacial Onthop 93:103-116, 1988
Buschang PH. Sankey W, English JD; Early treatment of
8:130-140, 2002



224

Buschang et al

26

47

48

50.

51

52

33

34

35.

36

37

58

59

61

62

63.

Bishara SE, Jakobsen JR: Lonztndinal changes in
three nommal fdal types. Am J Omhod 88:466-302,
1985

Jacob HB, Buschang PH Vaunl camofacial growr
chanzes in F between 10-15 years
of age. Am 7 Orthod Demtofac Orthop 139:797-805,
2011

Rhodes JD. Cephalomemc mdicatons of developing
skelerl] discrepancies m young children Master's thesis.
Baylor College of Dentistry, Texas A&M Health Science
Center. 1990

. Vamela J- Effects of amoactve diet on cramiofacial

morphology: a cephalometric analysis of 3 Finmish skull
sample. Eur J Orthod 12:219-223, 1990

Buschang PH, Baume RM, Nass GG: A craniofacial
zZowth matunty gradient for males and females
between 4 and 16 years of age. Am J Phys Anthropol
61.373-381,1083

Varmela J, Alanen P. T and early m
orhodontics: 2 perspective. J Dent Res 74:1436-1438,
1995

Olson WC:. The measurement of pervous abis m
normal children, Instngte of Chid Welfre, Monograph
Senes No. 3, University of Minnesota Press, Minneapolis,
1920

Larsson EF, Dehlin KG: The prevalence and the
etiology of the imtial dummy- and finger-sucking habit.
Am J Orthod 87:432-435, 1985
Popovich F:- The prevalence of sucking habits and its
relationship to oral malformations. Appl Ther 8:689-
691, 1966

Day AFW, Foster TD: An mvestization i the preva-
lence of molar gossbite and some associate aetiological
conditions. Dent Pract 21:402-410, 1971

Eohler L, Holst E: Mzlocclusion and sucking habits of
four-year-old children. Acta Paediar Scand 62:373-379,
1973

Larsson E: Dummy- and finger-sucking habits with
special atmention to their sigmi e for facial growth
and occlusion. Sven Tandlak Tidskr 682:55-59, 1975
Svedmyr B: Dummy suckinz A study of its prevalence,
duration and malocclusion consequences. Swed Dent J
3:205-210, 1979

Larsson E: Dunmy- and finger sucking habits with
special arention to their significance for facial growth
and occlusion 7. The effect of eartier dummy- and
finger suckins habit in 16-year-old children compared
with children withow earlier sucking habits. Swed Dent
J2:23-33,1978

. Larsson E: Prevalence of crossbite among children with

prolonged cummy- and finger-suckine habit. Swed
Dent J 7:115-119, 1983

Subtelny JD, Subtelny JD: Oral habits. Smdies in form,
fimction and therapy. Ansie Orthod 43:347-383, 1973
Harvold ED, Tomer BS. Vargervik K Chierid G:
Primate oral respmation. Am J Orthod
79:358-372,1981
Linder-Aronson 5: Adenoids. Their effect on mode of
breathing and nasal airflow and their relationship o
charactenistics of the facial skeleton and the dennition.
A biometric. rhino-manometric and cephalometro-

145

65.

radiographic study on children with and withom
adanoids. Acta Otolaryngol Suppl 265:1-132, 1970
Tarvonen P, Koski K- Craniofadal skeleton of 7-y ld
children with adenocids. Am J Onhod Dento-
facial Orthop 91:300-304, 1987

Ker WIS, McWilliam JS, Linder- Aronson 5: Mandibalar
form and position refated to chansed mode of breath-
ing—a five year lonzimdinal study. Angle Orthod 59:91-
96,1989

66. Anm T, Isik F. Sayinsu K- Vertical growth chanses after

67 Linder-Aronson S: Effects of

71

74

75.

76

adenoidectomy. Ansle Orthod 73:146-150. 2003

adencidectomiy on denti-
tion and nasopharym:. Am J Orthod 65:1-15. 1974
Linder-Aronson S. Effects of adenoidactomy on the
deviation and facial skeleton over a period of five years.
In Cook JT. eds. Transactions of the third internanional
orthodontic congress. London: Crosby Lockwood
Staples, 85-100, 1975.

.Limh’A.tmsonS.WnodsideDG,hmmA;

Mandibular growth direction adenoidactony.
Am J Onthod Dentofacial Orthop 89:273-284, 1986

. Woodside DG, Linder-Aronson 5. Lundsrom A

McWilliam J: Mandibalar and maxillary growth after
changed mode of breathing, Am J Orthod Deatofac
Orthop 100:1-18, 1991

Behifelt K. Linder-Aronson S, McWilliam J, Neandar P,
Laage-Hellman J: Cranio-facial morphology m children
with and without enlarged tonsils. Eur J Orthod 12:233-
243,1990

. Lowe AA Santamana JD, Flestham JA Price C: Facial

morphology and obstuctive sleep apnea. Am J Orthod
Dentofacial Orthop 90:484-401, 1986

Andersson L. Brarsmom V: Cephalomeric analysis of
penmanently snoring patients with and wathout obsouc-
tive sleep apoea syndrome Int J Oral Maxillofac Swrg
20:159-162, 1901

Zenergren-Wijk L. Forsberz CM. Linder-Aronson S:
Changes in dentofacial momphology after ademo-’
tonsillectomy in voung children with cbstuctive sleep
apnea—a 5-year follow-up study. Eur J Orthod 28:319-
326,2006

Ozdoganogiu T, Songu M: The burden of allerzic
rhinifs and asthma. Ther Adv Respir Dis 6:11-23, 2012
Bresolin D, Shapiro PA, Shapiro GG. Chapko MEL
Dassel S: Mouth breathing in allergic children: its
relstionship to dentofacial development Am T Orthod
83:334-340, 1983

Trask GM. Shapiro GG, Shapiro PA: The effects of
perennial allergic rhinits on denmal and skeletal
development: a companson of sibling pairs Am J
Orthod Dentofacial Orthop 92:286-293, 1087

Stem E, Flax SJ: A cephalometric study of children with
chronic perennial allerzic rhinitis. J Dent Assoc S Afr
51:704-301, 1906

. Harari D, Redlich M. Miri S, Haxmd T, Gross M: The

effect of mouth breathng versus masal breathing on
dentofacial and cramiofacial in orthodon-
tic patients. Lanyngoscope 120:2089-2003, 2010
Comuccim RS: An epidemiclogic transition in dental
occlusion in world populations. Am J Onthod 36:419-
426,1084



Morphological Characteristics, Growth, and Etiology of the Hyperdivergent Phenotype

225

81

82,

83

84

85.

86,

87.

94

9.

96.

97.

. Scont TH: C

Cormuccin: RS: How Anthropology Informas the Ontho-
dontic Diagnosis of Malocclusion's Caumses. Mellon
Studies in Anthropology Vol. 1 Lampeter, Wales, Edwin
Mellen Press Lid, 1999
Gardner DE, Laschei ES, Joondeph DR: Alterations in the
facial sksleton of the mmmes pig followins a lesion of the
migeminal motor mackens. Am J Onthod 78:65-80, 1980
Varrela J: Dimensional vaniation of cramiofacial struc-
mres in relation to changing mesucatory-fimcnomal
demands. Eur J Orthod 14:31-36, 1992
Bouvier M. Hylander WL: The effect of dietary
comy on gross and hiswlogic morphology im
the ganiofacial region of yomz rars Am T Amat
170:117-126, 1984
Kiliandis S, Engstrom C, Thilander B. Histochenmcal
analysis of masticatory mmscle in the growing rat after
prolonged alieration in the consistency of the diet. Arch
Oral Biol 33:187-103, 1988
erated by masseter stimmlation after prolonged alter-
ation of the consistency of the diet fed to zrowing rass.
Arch Oral Biol 33:467-472, 1988
Yamada K. Kimmel DB: The effect of dietary consistency
on bome mass and tumover m the mat
mandible. Arch Oral Biol 36:129-138, 1991
TuommenM, Kantomaa T, Pirtamenu P: Effectof food
consistency on the shape of the amcular eminence and
the mandible. An i study on the rabbit.
ActaOdontol Scand 51:65-72, 1993
Bresin A Kilianidis S, Smd KG: Effect of masticatory
fonction on the internal bone structure in the mandible
of the growing 2t Eur J Oral Sa 1073544, 1999

. Awis V: The relation of the temporal muscle to the form

of the coronoid process. Am J Phys Anthropol 17:99-
104, 1059

. Scort JH, Symans NBB: Introduction to Dental Anatomy

Sthad h\mgsmmcmm 1977
3] Tegions. A c
smdyo(bdalngm Dent Pract 5:208, 1955

to the

. Petrovic AG, Smzmann JJ, Oudet CL: Defects n

mandibnlar growth resulung fom condylectomy and
resection of the pterygoid and masseter nmscles. In
The effet of swgical imtervention om gamofacial
growth. McNamam JA Jr, Carlson DS, Ribbens KA
eds. Monograph 12, Craniofacial series, Unnmity of
Michizan, Ann Arbor. 251, 1982,
Goret-Nicarse M, Awn M, Dhem A: The mosphologacal
effects on the rat mandsbular condyle of secton of the
lateral preryzoid nmscle. Eur  Orthod 5:315-321, 1983
Uada EM. Ishimuka Y, Mivamoto K. Monmoto N, Tanne
K: Relationship berween masticarory nmiscle activity and
vertical craniofacial morphology. Angle Orthod 68:233-
138, 1998

Granger MW, Buschang PH, Throckmorton G, Iannac-
cone ST: Masticatory mmscle function m patients with
spinal mmscular arophy. Am J Orthod Dentofacial
Orthop 115:697-702, 1999
Throckmorton GS, Ellis E II, Buschang PH: Morpho-
logic and biomechanical comrelazes with macinmm bite
forces m orthogmathic swrgery patents. J Oral Max-
illofac Surz 58515-524, 2000

100.

101.

102,

103.

104

103.

106.

107.

108.

109.

110.

111

112.

113

114.

115.

116.

146

Wan DG, Williams CH: The effects of the physical
consistency of food on the growth and development of
the mandibie and the maxilla of the rat. Am J Orthod
37:805-018, 1951
Navamro M, Delgado E. Monje F: Changes in mandibalar
Totation after nuscular resection. Experimental study in
rat. Am J Orthod Dentofacizl Orthop 108367-379, 1995
Garcia-Morales P, Buschang PH. Throckmornon GS,
English JD: Maximum bite force, muscle efficiency and
mechanical advanmge in children with verncal growth
pattems. Eur T Orthod 25:265-272, 2003
Kreiborg S, Jensen BL. Meller E, Bjork A Craniofacial
zrowth in a case of ¢ ital muscular dystrophy. Am 7
Orthod 74:207-215, 1978
Hamada T, Eobayashi M. Kawazoe Y: Electromyo-
gq;hxzcnmyofmsmymnsdesmpanmm
muscular dy

ophy (Duchenne type): rela-
nonbemmmgmedelecnmog:;hwmtymd
iting force. Spec Care Dentist 1:37-38, 1981

Kiliaridis S, Mejersjo C, Thilander B: Muscle fimction
and crandofacial morphology: 2 clinical study in patents
with myotonic dystrophy. Ewr J Orthod 11:131-138,
1089

Houston K. Buschang PH. Iannaccone ST, Seale NS:
Craniofacial morphology of spinal nmscular atrophy.
Pediar Res 36:265-260, 1994

Keith A: The Anriquity of Man London, Williams and
Norgate, 1915

Hrdlicka A° Lower jaw: fumher stdies Am J Phys
Antropel 27:383-467, 1940

Weijs WA, Hillen B: Relationships between masticatory
mmscle cross-section and kull shape J Dent Res
63:1134-1157, 1984

Weijs WA, Hillen B: Comelatons between the cross-
sectional area of the jaw mmscles and craniofacial size
and shaps. Am J Phys Anthropol 70:423-431, 1986
Moors WT: Masticatory fumcrion and skull zrowsh 7 Zoal
176:123, 1965

Beecher RM, Cormmuccini RS: Effects of dietary consis-
s=ncy on cramofacial and occlusal development m the
=t Angle Crthod 51:61-69, 1981

Yamamoto S: The effects of food conmsistency on
maxillary growth in rass. Eur J Orthod 18:601-615, 1996
Spyropoulous MN: An early approach for the mter-
ception of skeletal open bites: 3 preliminary report. J
Pedod 9:200-209, 1985

Ingervall B, Bitsanis E: A pilot study of the effect of
masticatory nmiscle gzining on facial growth m long-
face children Eur J Orthod 9:15-23, 1087

Eno AD, Zajac FE: A bromechanical analysis of mmscle
stength as 3 lmitng factor m standing posture. J
Biamech 26:137-130, 1993

Nallegowda M, Singh U, Handa G, et al: Role of sensory
input and mmscle stength In maimntenance of balance,
Zait, and posture in Parkinson's disease: 3 pilot stady.
Am J Phys Mad Rehabil 83:808-208, 2004

Yahia A, Fribi S, Ghroubi S, Elleuch M, Baklouti S, Habib
Hieuch M- Evaluation of the posture and mmscular
strength of the munk and infernior members of patents
with chrome lmbar pain. Joint Bope Spme 78:291-297,
2011



226 Buschang et al

117, Wells K- Posture Esercise Handbook: A Prograssive
Sequence Approach New York. Romald Press Company,
1963

118, Reiter MJ, Caro N: Dynamc Posture and Condiiomng
for Women Mmneapolis, MN, Burgess Publishing
Conpany, 1970

119. Eendall FP, McCready EE, Provance PG: Muscles
Testing and Function 4sh ed Balmmore, Williams &
Wilkins, 1903

120. Zatsiorsky VM: Scence and Practice of Strength Train-
mg Champaign, I Human Kinetics, 1995

121, Linder-Aronson S. Respiratory fimczion m relation o
facial morphology and dentiion. Br J Orthod 6:59-71,
1970

122, Buschang PH. Canll.n R Rnsouw PE Omtpedx
comection of growing

patients with mnuscwi mplm I Oral Maxillofac
Smgd9’54-762.2011

123, Richardson A- Skelewl factors m anterior open-bite and
deep overbite. Am T Orthod 56:114-127, 1969

124, Schendel SA, Eisenfeld J, Bell WH, Epker B: The loag
face syndrome: vertical maxillary excess. Am J Orthod
10:398-408,1976

125. Opdebeeck H, Bell WH: The shor: face syndrome Am T
Orthod 73:409-511, 1978

126. Earisen AT: Association b facial height D
ment and mandibular growth rofation m low and high
MP-5N angle faces: 3 longimdinal smdy. Ansle Onhod
67:103-110,1997

127. Betzenberger D, Ruf S, Pancherz H: The compensatory
mechanism in high-ansle malocclusions: a companson
of subjects m the mized and permanent denttion.
Angle Orthod 69:27-31, 1999

128. Fields HW., Profit WR, Nmxon WL, Phillips C. Stansk
E: Facial pam=m differences i lopg-face cluldren
and adults. Am J Orthod 85:217-223, 1984

120, Janson GRP, Metaxas A Woodside DG: Vanation in
mavallary and mandibular molar and incisor verucal
dimension in 12 years-old subjects with excess, normal,

and short lower face height Am J Orthod Dentofac
Orthop 106:409-418, 1994

130. Joseph AA Ebaum J. Cimeros GJ. Eisiz SB: A
cephalometic comparative study of the soft tissue
mdmmmmmmmmmm

facial p J Oral Maxiliofac Surg

36: 13>~139[dascussun139-40] 1008

131. Erdinc AM, Dmcer B, Sabah ME: Evahmtion of the
position of the hyoid bone in reladon to vertncal facial
development J Chin Padiatr Dent 27:347-352, 2003

132, Enoki C, Telles Cde S, Matsumoto MA: Dental-zkeletal
dimensions in growing individuals with variations in the
lower facial height Braz Dent J 15:68-74, 2004

133. ChaBK Kim CH Baek SH: Skeletal sazittal and verncal
fadal type: and electromyosraphic actvity of the
masticatory muscle Angle Orthod 77:463-470, 2007

134, Subtelny D, Sakuda M: Open-bite: diagnoms and
meatment Am J Orthod 50:337-358, 1964

135. Lopez-Gavito G, Wallen TR Little RM, Joondeph DR:
Antenor open-bite malocclusion: 2 longimdina] 10-year
postretennion  evalhation of orbodontically treated
patients. Am J Orthod 87:175-186, 1985

136. Harzlabakis NB. Sifakakiz IB: The effect of cervical
beadzear on patients with high or low mandibular
plane angles and the “myth” of posterior mandibular
rotation. Am J Orthod Dentofacial Orthop 126:310-317,
2004

137. Eao CT. Chen FM, Lin TY, Peng CH, Huang TH: The
moephologic stucmure of the openbite in adult Tamwa-
nese. Angle Orthod 66:100-206, 1996

138. Ceylan I Erdz UB. The effects of overbite on the
maxiliary and mandibular morphology. Angle Orthod
71:110-115, 2001

139. Taibsh SM. Fetelh RM: Cephalometric features of
anterior open bite. World J Orthod 8:145-152, 2007

140. Somnesen L. Kiaer I Cavical column morphology in
11:17-23, 2008

147



APPENDIX B*

@2013 JCO, Inc. May not be distributed without pemmission. www.jco-online.com

OVERVIEW

Palatal and Mandibular Miniscrew
Implant Placement Techniques

ROBERTO CARRILLO, DDS,MS
PETER H. BUSCHANG, PHD

(Editor’s Note: In this regular column, JCO pro-
vides an overview of a clinical topic of interest to
orthodontists. Contributions and suggestions for
future subjects are welcome.)

iniscrew implants (MSIs) have revolution-

ized orthodontics by broadening the spec-
trum of potential dental movements and
new possibilities for dentofacial orthopedu:s
Although treatment with MSI anchorage is now
routine in orthodontic offices. reported implant
success rates still range from only 70% to 100%—
generally less than 90%.1-+ Because success with
MSIs is so technique dependent. we need reliable

Dr. Buschang

Dr. Carrilio

Or. Camillo Is 3 Professor, Graguate Orthodontc Depanment,
Unlversigad Autonoma ge Nuevo Lesn Dental School, Monterrey
66254, Mexico, and Dr. Buschang Is Professor and Director of
or or %ic Department, Texas
ASM um\ersny Baylor canege of Dentistry, Datas. E-mall Or.
Carriio at or.rearrEo@gmal.co

and tested methods for placing these implants to
ensure trouble-free use in clinical practice.

This article describes two standardized MSI
placement procedures: the “Thumb-Index™ tech-
nique for palatal insertion and the “Two-Step™
technique for buccal insertion. Using these meth-
ods. we have reduced our failure rate to 4% for
both maxillary and mandibular MSIs.*

Choosing the Insertion Site

Assuming the patient is a good candidate for
MSI treatment, several factors nmst be considered
in determining the best MSI insertion site.

Bone Condition

To provide optimal MSI stability. it is impor-
tant to choose the best available bone that fits the
biomechanical needs of the case, following these
steps:

1. Develop a good implant site. Planning for nmlti-
bracketed treatment should include enhancement
of interradicular implant sites through intentional
root divergence. If is important to wait for adequate
interradicular space (ideally. at least lmm between
the MSI and the periodontal lizament) to be opened
prior to MSI placement. since clinical reports have
shown that root proximity has a negative effect on
implant stability5*

2. Check bone thickness. With the introduction
of cone-beam computed tomography in dentistry,
it is now possible to measure cortical thickness
prior to MSI insertion Because primary stability

VOLUME XLVII NUMBER 12 © 2013 JCO, Inc. 737

*Reprinted with permission from “Palatal and Mandibular Miniscrew Implant Placement Techniques” by R. Carrillo and P.H.
Buschang, 2013. Journal of Clinical Orthodontics, Vol XLVII, No. 12 pp. 737-743. © 2013, JCO, Inc.

148



OVERVIEW

depends largely on cortical bone. studies recom-
mend placing MSIs in cortical bone at least lmm
thick while carefully controlling insertion
torque 3¢

3. Consider alveolar crest height. In an attempt
to avoid potential hygiene problems and peri-
implant inflammation. the clinician may compro-
mise the bone site for an MSI by placing it too high
in the alveolar crest and perpendicular to the
cortical bone. When the mmcogingival junction
(MG]J) is at approximately the same height as the
alveolar crest, the MSI should be inserted at an
angle " The implant can be inserted at the level of
the crest (so that the screw head ends up in at-
tached gingiva). but the insertion path of the MSI
should be oriented towards the apices of the teeth
and the trabecular bone. Trabecular bone has been
shown to play an important role in secondary MSI
stability 52

4. Note the clinical implications of insertion site
choices. In some cases, MSIs will need to be used
as indirect anchorage to avoid compromised place-
ment sites.

Good bone and adequate space for MSI
placement are of paramonnt importance. Suitable
insertion sites can usually be found between the
second premolars and first molars in both arches.
The palate 15 another excellent location for MSI
insertion. since it is covered by keratinized gingi-
val tissue and offers considerable flexibility in the
selection of safe placement zones 2%

Tissue Iipe

Peri-implant tissue inflammation can make
appliance adjustments uncomfortable and limit the
utility of MSIs. Together with good bone. the right
type of tissue plays an important role in MSI sta-
bility. Primary considerations are as follows:
1. Place the MSI in the attached gingiva. To
avoid inflammation. try to place an interradicular
MSI in the attached gingiva. or as close to the
MG] as possible.?*?" Keratinized gingival tissue
has been shown to adapt nicely and form a bio-
logical seal around titanium surfaces. ™ The palate
is recommended as an implant area because of its
tissue characteristics and its ability to heal rap-

738

1dly. Frena should be avoided due to commonly
reported problems of patient discomfort and tis-
sue mobility?®

2. Insert the MSI at an angle. Again_ by angulating
the MSL it is possible to keep the head in the
attached gingiva while directing the body of the
implant info interradicular bone. away from dental
roots and the alveolar crest. Note that the insertion
path and angle will affect the height of the screw
head, which can interfere with planned mechanics. ¥
3. Reduce inflammation. Because plaque accu-
mulation around the MSI head is a risk factor for
peri-implant inflammation, therefore increasing
the likelihood of failure. ™ proper oral hygiene is
imperative ! Any attachment to the MSI head
should be easy for the patient to clean and avoid
contact with the surrounding soft tissues. A
chlorhexidine gel (.2%) can be prescribed to help
reduce inflammation. Tissue hyperplasia can
easily be removed with a soft-tissue laser at
check-up visits.

Anatomy

We strongly recommend the use of radio-
graphic analysis and palpation to determine the
anatomy of the implant area and the structure.
shape. and position of adjacent roots, thus reducing
the risk of injury. The most important anatomical
structures include the following:

Maxilla (Fig. 1)

* Greater palatine foramen usually located about
15mm lateral to the midpalatal sufure at the level
of the maxillary second or third molars 2

* Greater palatine nenrovascular bundle. extend-
ing anteriorly from the greater palatine foramen to
the canine area®; ing on the height of the
palatal vault. it may be 7-17mm above the cemento-
enamel junctions of the premolars and molars.**

» Incisive canal and foramen, including the naso-
palatine bundle.

» Midpalatal suture (in growing patients).

* Nasal floor and maxillary sinuses.

Mandible
* Mental foramen. located between the lower
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Use With Caution

Fig. 1 Coronal (A), sagittal (B), and axial (C) views showing important anatomical structures related to max-
illary miniscrew implant (MSI) placement: (1) greater palatine foramen, (2) neurovascular bundle, (3) incisive
canal and nasopalatine bundle, (4) incisive foramen, (5) midpalatal suture, (6) nasal floor, (7) maxillary

sinuses.

premolars 12.4mm = 3.3mm from the alveolar
crest.

* Mandibular canal which can be viewed on a
panoramic radiograph ¥

Biomechanics

Biomechanics associated with MSI place-
ment should be kept as simple as possible, so that
chairside adjustments can be made quickly and
patient discomfort minimized. MSIs should be
loaded with constant forces, 26 either immedi-
ately after placement or after a five-to-six-week
healing period. ¥ depending on primary stability
as described below.

MSI Placement Techniques

By first choosing a good implant site and then
planning the biomechanics from that site, consider-

VOLUME XLVII NUMBER 12

ing both direct- and indirect-anchorage options,
the clinician increases the chances of reliable and
trouble-free treatment. The next link in the chain
of MSI success is the placement procedure.

We have developed two basic techniques for
MSI insertion, which we use for virtually all of our
palatal and buccal (mainly mandibular) place-
ments.

Palatal Anchorage: “Thumb-Index™
Insertion Technique

The “Thumb-Index”™ technique. used for
most palatal MSIs. allows the desired insertion
path to be visualized throughout the procedure. By
using only the thumb and index finger. the opera-
tor can more easily maintain tactile sensation
while avoiding any wobbling of the MSI. Torque
levels applied with two fingers are generally lower
than the torque needed to fracture an MS[3##

150



OVERVIEW

After a 30-second chlorhexidine rinse. the
procedure is as follows:
1. Locate the insertion site. Especially with the
first few cases. this technique may require more
planning time than when placing MSIs in the buc-
cal region Highlight the site with a tissue marker
s0 it can be viewed from different angles. then
reassess the markings using an occlusal mirror. If
placing MSIs bilaterally. evaluate the symmetry of
the locations as necessary.
2. Anesthetize the patient. A discomfort- and
pain-free palatal insertion can usually be achieved
by local infiltration with a syringe and a short
needle. When appropriate, the addition of a vaso-

“'1 ’

740

constrictor to the anesthetic will help slow the
blood flow to the area. A tissue puach is not usn-
ally needed, but if one is used. it should be slight-
Iy smaller in diameter than the outer diameter of
the MSL

3. Measure tissue depth. After the patient has
been anesthetized. test the depth of the tissue with
a periodontal probe under firm pressure: it is
important that the probe contact the bone. If the
patient feels more than pressure. infiltrate more
anesthetic into the site. Ensure that the MSI has
the appropriate thread and neck lengths to keep
the screw head out of the tissue without compro-
mising insertion depth.

Fig. 2 A. “Thumb-Index” technique f MSI placement in posterior lateral alveolar bone (left) and anterior

palate (right). B. MSI insertion path assessed in three planes of space using intraoral mirror. C. Firm and
consistent pressure applied with one hand while driver is rotated with other hand to insert MSI.
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4. Place the MSI tip in the insertion site. Load the
MSI in the hand driver. Using just the thumb and
index finger of one hand—one placed on the head
of the driver and the other on the far side of the
bone—apply firm and continuous pressure to the
MSI until it contacts bone (Fig. 2A).

3. Assess the insertion path. While maintaining
firm pressure on the MSI with one hand. use an
intraoral mirror to assess the insertion path in the
mesiodistal. anteroposterior. and apical/occlusal
directions (Fig. 2B). Holding the driver with only
two digits makes it possible to keep the MSI in
constant view and thus to maintain a proper direc-
tion and angulation throughout insertion. Some
situations—for example. insertion of an implant
perpendicular to the posterior palate—will require
more pressure from the thumb and index finger.
6. Insert the MSI. In most cases. especially with
self-drilling screws, there is no need to drill a pilot
hole. Insert the MSI into the palate by slowly rotat-
ing the driver end clockwise with the thumb and
index finger of the hand that is not holding the
driver in place (Fig 2C). It is critical to keep a firm
and consistent pressure on the driver head. while
orienting it perpendicular to the bone surface, to
prevent wobbling durning insertion Since tactile
sensation plays an important role in ensuring that
the appropriate amount of torque is maintained
and that roots and other structures are not con-
tacted, a manual contra-angle driver (such as the
LT Driver* shown here) is recommended.
Motorized drivers are not recommended due to
this loss of sensation. which is critical for assessing
insertion torque and primary stability.

7. Check for primary stability. There should be
no mobility of the MSI head when pressure is
applied with a hemostat. If moderate or severe
mobility occurs, remove the MSI and reinsert it in
a different location. If there is less than .5mm of
mobility. apply only a light. constant force for the
first five to six weeks.

Every patient should receive instructions on
post-insertion care and oral hygiene. We recom-
mend a quick check-up visit one week after inser-
tion for assessment of hygiene and tissue health. If
the hygiene is 1 te. twice-daily chlorhexi-
dine ¥$shome§abedme days.

VOLUME XLVII NUMBER 12

Buccal Anchorage: “Two-Step”
Insertion Technique

The “Two-Step” technique, used for place-
ment in buccal bone, allows insertion of the MSI
at any desired angulation without the need for a
pilot drill. After a 30-second chlorhexidine rinse.
the procedure begins with steps 13 listed above
and continves as follows:

4. Place the MSItip in the insertion site. Load the
MSI in the hand driver. Place the MSI as close to
the MGIJ as possible, applying firm pressure with
the palm of the hand to maintain stable contact
with the bone (Fig. 3A).

3. Make a notch in the cortical bone. With the
MSI perpendicular to the bone. rotate the driver
until two threads of the MSI have been inserted
into the bone (Fig. 3B). then turn the driver in the
opposite direction and remove the MSI complete-
Iy. This notch will prevent the implant from slip-
ping on the bone during insertion.

6. Insert the MSI at the desired angle. Reinsert
the MSI tip in the base of the notch at the correct
angle of insertion (Fig. 3C). Keep a light but firm
pressure on the driver with the palm of the hand
to maintain a consistent angulation during the
insertion process (Fig. 3D). Do not twist the wrist
to rotate the drive: use only the thumb and one
finger (index or middle) to turn the driver clock-
wise while holding the wrist firm and in alignment
with the forearm.

7. Check for primary stability, following the same
criteria outlined above.

We highly recommend a trial positioning of
the driver in the patient’s mouth before starting
the actual placement procedure. This not only
allows the operator to adjust the patient properly
in the chair. but also lets the patient know what
to expect. MSI placement can be made as easy as
possible for the patient by clearly explaining the
procedure. establishing a simple hand signal for
communication (such as thumb up or down). and
administering appropriate anesthesia. Some buc-
cal insertions can be accomplished using only a
topical compound anesthetic. eliminating the
need for infiltration #%2

*IMTEC. Ardmore, OK; www.imtec com.
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OVERVIEW

Fig. 3 “Two-Step” technique for buccal MSI placement. A. MSI positioned perpendicular to cortical
bone. B. Notch made in cortical bone with first few threads of MSI. C. MSI reinserted at desired angle,

using notch to avoid slipping on bone. D. MSI fully inserted.

ACENOWLEDGMENT: This project has been partially fanded by
NIDCR grant number RFA-DE-06-007 and by the Robert E.
Gaylord Endowed Chair in Orthodontics, Baylor College of
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TECHNQUECLINC

Closed-Coil Springs for Intrusion Mechanics
with Miniscrew Anchorage

closed-coil spring can be
hored to a miniscrew to

apply light force for molar intru-
sion. Because of the short dis-
tance between the two points of
force application. it can be difficult
to activate the spring sufficiently.
especially as the distance spanned
by the sprz decreases
e

Most miniscrew mamufactur-
ers are now producing closed-coil
springs with eyelets sized to fit over
the heads of the screws* Fitting an
eyelet over the head of the minis-
crew at the anchorage site makes
placement and removal of the
spring easter and faster. but it is
still challenging to attach the
site end of the spring to a bracket,
an archwire, or an appliance duning
intrusion mechanics. The following
simple procedure can be used to
apply forces over short distances
using these closed-coil springs.

Procedure

1. Place the miniscrew at the de-
sired site and height. If the dis-
tance from the muniscrew to the
point of force application is too
short to activate the coil spring,
shorten the spring by cutting it
with a ligature cutter. and thread

an 010" stainless steel ligature *Pictured are S v nickel titanium springs and OrthoImplant miniscrews. Sentalioy is a

two . 221 k of GAC & > Inc.. 355 Enickerbocker Ave . Bohemia, NY

thmugh the first coils (A). 11716 www gacintl com. Orth is 2 trademark of Imtec Corporation. Ardm OK:

. www.imtec com: distnbuted by 3M Unitek, 2724 S. Peck Road, Monrovia. CA 01016:
(continued on next page) www 3Munitek com.
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*Reprinted with permission from “Closed-Coil Springs for Intrusion Mechanics with Miniscrew Anchorage” by R. Carrillo, R. J.
Carrillo, P.E. Rossouw and P.H. Buschang, 2008. Journal of Clinical Orthodontics, Vol XLII, No. 1 pp. 17-18. © 2008, JCO, Inc.
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2. Make a loop in the ligature
wire, and use it to attach the coil
spring to the bracket, archwire,
or appliance (B).

3. Adjust the spring length to the
desired level of force using a
force gauge (C). This is impor-
tant to do for each spring,
because the force level of manu-
factured springs can vary slight-
ly. and the length of the spring
has been altered to attach it to
4. Complete the attachment of
the activated spring (D).

To evaluate the force mag-
nitude at subsequent appoint-
ments. simply remove the eyelet
from the head of the miniscrew
and measure the force with the
gauge.
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APPENDIX D*

Orthopedic Correction of Growing
Hyperdivergent, Retrognathic Patients
With Miniscrew Implants

Peter FI. Buschang, PhD,* Roberto Carrills, DDS, MS, 7
and P. Enriie Rossonuw, BChD, MChEDF

Traditional orthodontic treatments do not adequately address the skeletal problems of retrognathic, hyper-
divergent, Class II adolescents; the few approaches that do address them require long-term patient compli-
ance. This article introduces a novel approach using miniscrew implants (MSIs) and growth to treat
retrognathic, hyperdivergent adolescents. Nine consecutive patients were evaluated at the start of treatment
(aged 13.2 = 1.1 years) and again at the end of the orthopedic phase (after 1.9 = 0.3 years). Each patient had
2 MSIs placed in either side of the palate. Coil sprongs (150 g) extended from the NMSIs to a rapid palatal
expander, which served as a rgid segment for intruding the maxillary premolar and malars. Two addigonal
MSIs were placed between the first mandibular molars and second premolars; coil spong (150 g) extended
from the MSIs to hold or intrude the mandibular molars. Before treatment, the patients exhibited substansial
and significant mandibular retrusion (Z score = —1.0), facial convexity (Z score = 0.7}, and hyperdivergence
(Z score = 1.6). Treamment produced consistent and substantal orthopedic effects. The chin was advanced
by a mean of 2.4 mm, the sella-nasion-basion (SNB) angle increased by 2.1°, the mandibular plane angle
decreased by 3.9%, and facial convexity decreased by approxmately 3.2°. Questonnaires showed that this
treatment approach was not painful or uncomfortable; the majority of the patents indicated that they were
very likely to recommend the meatment to others. Treatment was accomplished by titrating the amount of
orthodontic intusion performed based on the individual’s growth potental.

22077 American Arsociaton of Oral and Masslicfaca! Surpeons

J Orsl Masesllefoe Surg 69:754-762, 2017

Growing indimiduals with Class II malocchusions com-
prise a large segment of the population requiring orth-
odontic treatment for both esthetic and functonal rea-
sons. Approximately 15%% of untreated adolescents in
the United States have Class II malooclusion.'” Treat-
ment is necessary to comect the malocclusion and to

P
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Health Science Cenzer, Dallaz, T3
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AsA Univecsity Health Science Center, 3302 Gazton Ave, Dallaz,
TX 75246; e-omil PHBuschangiijbed mumhc.edu
© 2011 American Association of Oral and Maxillofacial Surgecas
0278-2391/11/6903-0020336.00:0
doi:10.1016/j jom=.2010.11.013

straighten the profile, which tends to be convex. Among
white persons, convex profiles are among the least fa-
vored, whepeas straighter profiles with prominent chins
are the most favored’ Changing retrusive profiles to
stighter, less retuded profiles siomificantly increases
attractiveness.* Individuals with Class II malocclusion
also have functional deficits and impaired masticatory
function ™ which have been directly related to their
malocclusion”

Class II patents often have retrognathic mandibles
and hyperdivergent growth tendencies, which make
them among the most difficult to treat orthodonti-
cally. The skeletal problems associated with Class II
are pomarly mandibular; the mandible becomes
retrusive and hyperdivergent throughout childhood
and adolescence. ™’ Importandy, Class IT patients with
hyperdivergent tendencies have additional morpho-
logic characteristics, the correction of which makes
treatment more difficult, including excessive anterior
and postenior dentoalveclar heights, open bites, in-
creased lower face heights,
planes, and larger gonial angles.

To address the myriad of problems associated with
hyperdivergent Class II padents, forward mandibular

754

* Reprinted with permission from “Orthopedic Correction of Growing Hyperdivergent, Retrognathic Patients with Miniscrew
Implants” by P.H. Buschang, R. Carrillo and P.E. Rossouw, 2011. Journal of Oral and Maxillofacial Surgery, Vol 69, pp. 764-762. ©
2011, Elsevier, Inc. for the American Association of Oral and Maxillofacial Surgeons.
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Table 1. CHANGES IN SNA. 5NB. AND MPA FOR. TRADITIONAL HEADGEAR NON-EXTEACTION AND

EMTRACTION TREATMENTS
Mon-Extraction Treatments (%) Extraction Treatments (%)

Feferance SMA 5MH MFA SMA SMB MP&
LaHaye et al™ -2.0 0.4 0.6 3.7 0.6 0.8
Haralabakiz et a1® —15 0.7 0.4 — — —
Gandini et a1 -21 0.8 —0.3 —_ — —
Bizhara™ —0.6 0.8 —1.4 —_ — —
Hubbard et a1 -21 -4 o1 —_ — —
Luppanapomlarp and Joknston™ 1.4 0.3 o7 -1.8 -0.1 =02
Faguette =t al™ -1.5 02 -2.0 -23 -1.8 0.3
Cangialosi et al** -1.1 05 -0.3
Brown'” (HFHG) -0.7 -0.2 0.9 0.1 0.5 —0.3
Erown' (CPHG) -0.9 01 0.8 -1.2 —0.1 0.7
Taner-Sarizoy and Darendeliler” — — -1.2 —0.3 0.1
Bishara et al™ — — -23 -0z -1.4
Mean of all 12 studies —-1.4 .3 —0.1 -1.3 -0z -1

Bueckang, Carnille, awd Raresw. Ortbobedic Corvection af Flvperdivergens Closs s, [ Owad MepoiBafae g 2071,

rotation nmst be incorporated into any treatment plan
attempting to address the skeletal dysmorphology.
Bjork and Skieller’s landmark smdies were among the
first to show that trme forward rotation (as defined by
Solow and Houst\:bu:“.tu iz aszociated with greater chin
projecidon, reductions in the gonial angle, redirection
of condylar prowth, and contol of vertical erap-
ton™** Trme mandibular rotation has repeatedly
been shown to be the most impormant determinant of
the anteropostedor position of the chin in on-
treated™ and treated aubiec-ts.“'::"

Corrent orthodontic treamment approaches for
growing hyperdivergent Class II patients do not
control rotation and, therefore, cannot adequately
address the skeletal dysmorphology. Because verti-
cal control is especially diffienlt for hyperdrergent
patients (ie, those with steep mandibular plane
J.n.g;lesj,'F established weatment mechanics often
impede improvements of the proﬂle.ﬁ'ﬂ The most
common orthodoniic eatment approaches for hy-
perdivergent Class IT patients produce mainly demtal
corrections. LaHaye et ar”® recenty showed that the 3
most common aeatment approaches for such pa-
tients (headgear with extractions, headgear without
extractions, and Herbst appliance) corrected the
Class II malocchasions but did not consistently im-
prove the chin projection or hyperdivergent tenden-
ciez. The literature clearly shows that traditional treat-
ment approaches to Class II hyperdivergent patients
have litfle or no effect on the mandible (Tahle 1).

In eontrast, vertical-pull chin cup appliances are
effective at producing true anterior mandibular ro-
tation and decreasing the anterior facial height ™
For example, young patients treated with anterior-
pull chin-cup therapy show twice as much forward
movement of the chin as, and almost 3 times as
much tme mandibular forsard rotaton than,

matched controls.*' Such findings support the no-
tion that rotation is the key mechanism in treating
hyperdivergent Class IT patients. However, vertical-
pull chin cup appliances depend heavily on patient
compliance, which makes treatment results anpre-
dictable.

Cuorrently, surgery iz the most effective approach
for eating moderately to severely hyperdivergent
Class IT patients. Although case smdies have shown
more spectacular results, the existing cohort smdies
evaluating maxillary impaction to advance the mandi-
ble have shown clinically significant increases in the
SIE angle (0.4°-2.6%),%* decreases in the mandib-
ular plane angle {3.4-"-3.5“’;-,*1“ and decreases in
gonial angulation (0.2°-1.6%),** all of which ad-
dress the underying skeletal problems. However,
Le Fort surgical procedures are substantially more
expensive than orthodontics alone and can only be
performed on non-growing individuals.

“Wiith the incorporation of Oxed anchorage devices,
the need for patent compliance has been mirigated
and foree magnitudes can be better controlled * Of
all the fixed anchorage devices, miniscrew implants
(2ISTs) are the least invasive, the most conservative in
terms of placement and removal, the most flesible
with respect to Implantation site, and the least expen-
sive. METs are also esthetically more acceptable than
extraoral appliances, and they are especially well
suited for noncompliant patents.

Althongh AISTs have been nsed for vanons orth-
odontic treatments, there is only limited information
available on their use as anchorage for intmsive me-
chanies in growing patients. The emisting smdies,
which pertain to adults (Table 2}, have shown 1.7° to
3.3° decreases in the mandibular plane anpgle; 1.6- to
3.7-mm decreases in lower face height, 1.8 to 3.4 mm
and 0.1 to 1.3 mm of upper and lower molar intro-
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Table 2. SUMMARY STATISTICS FOR TREATMENT OF HYPERDIVERGENT ADULTS WITH INTRUSION OF TEETH

WITH M5
n LIFA ""__. SHB |'_= ) USFP rmm} L&nP rmm} Gomial A.ugk |'.= i ANTS-Lla ::mm]
Erverdi et a.'l.”: 10 -1.7 =1.5 2.6 -1 (N5 — —
Furoda et al*’ 10 —-3.3 +1.5 —23 -1.3 —0.3 (195)
Fun et al® 12 -3 +1.6 —-1.8 -1z —1.0 (195) -1.6
Akay et al'” 10 —-3.0 1.5 —3.4 — — -3.7

Abbreviation: IN5, no satistically significant change.

Bascbang, Carrille, and Rasreww. Ortbopedic Cormeation af Flyperdivergens Clase e [ Onad Macilafiae Tag J071.

sion, respectively; and 1.5 to 1.8% decreases in the
SNE angle ** However, these findings provide no
pguidelines for growing adolescents, who comprise
most of the onthodontic cases being weated, and who
might be expected to respond differently to treatment
than adults.

The fact that M5Is make it possible for onhodontsts
to apply forces more effectively is important becanse it
allows the application of light intnasive forces, thereby
reduecing the potential of root rescrption. Our exper-
mental and histologie studies have shown that Light
forces and miniscrews can be used to intmade nusltiple
nualtiradicular teeth (zegmental intmsion) without sip-
nificant root ma{pﬁmm'“

The foregoing prospective feasibility study was
designed to evalnate the skeletal and dental effects
of intruding segments of teeth in a controlled fash-
ion using MSIs. By intmding maxillary and mandib-
ular teeth in a controlled fashion, we expected to
produce mandibular forward rotation and remodel-
ing changes that address both the skeletal and den-
tal problems associated with growing Class IT hy-
perdivergent patients.

Study Design

The sample consists of 9 consecntive patients (8
female patients and 1 male patient) recrmited during
sereenings held at the Gradnate Orthodontic Clinie of
Baylor College of Dentistry, Dallas, Texas. The pa-
tents met the following selection criteria.

The inclusion criteria were as followrs:

1. Early permanent dentiion (premolars and per-
manent canines emerged)

Lower antedor facial height greater than ape-
and gender-specific mean valuees (based on ref-
erence data reported by Riolo et al™)
Retrognathic mandible with the SINE angle being
1 5D or more below age- and gender-specific
values (based on reference data reported by
Riclo et al™)

End-on or greater bilateral Class IT canine and/or
maolar relationships

2.

The exclusion criteria were as follows:

1. Imability to attain acceptable hypiene levels be-
fore starting orthodontc weatmernt

Institational review board approval was obtained,
and all of the subjects have been recrmited into the
study. The overall smdy included 20 patients; the
present preliminary report pertains to the § patents
for whom complete pretreatmernt and post-treatment
records have been obtained.

The appliances used for skeletal amchorage were
DMTEC MSIz (IMTEC Corpomation, Ardmore, O
(1.8 X 8 mm). Sentalloy coil springs (GAC Interna-
tional, Bohemia, INY) were used to intmde and hold
the posterior teeth; each spring was calibrated by nse of
a gram-force gange (Correx, Haap-Streit, Switzedand) to
deliver a consant force of approxinately 130z A apid
palatal expander (RPE) (Vadety 5P, Dentanmm, Isprin-
gen, Gemmany) was wsed to expand the maxila and to
hold the premolars and molars as a ogad segment during
mtreion Freed orthodontic applances (0018 slot;
SFEED Industhes, Cambridge, Canada) were used to
complete the orthodontic phase of weamment.

After approximately 2 months of teamment and
retention, the RPE was sealed, and the 2 maxillary
AISIs were placed in the parasagittal region of the
palate mesial to the first molars. Vertically, the BSIs
were placed where the palatal roof and lingual walls
meet (Fig 14). The patients rinsed with chlorhexidine
(Pendex; Fila Pharmacenticals, Fort Collins, COF) for
30 seconds immediately before MSI insertion and 2 or
J times per day for the next 3 to 5 days. Each patient
was previonsly anesthetized by nse of topical anesthe-
sia followed by local infiltration of a one-guarter car-
midge of lidocaine with epinephrine. A pericdontal
probe was used to punctre the palatal fissues in the
parasagitial region mesial to the maxillary first meolar.
Onece firm contact with the cortical bonre had been
made, the tssue thickness at the implantation site was
assessed. By use of a manmal contra-angle, each nuini-
serew (1.8 mm X 8 mm) was inserted perpendicular
to the cortical bone following the palate’s anatondy.
Aliniscrews were inserted without a pilot hole or a
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FIGURE 1. Maxillary (4) and mandibular (8) appliznces used for
Teatment.

Bawchong, Cornillo, and Fossous. ic Correction of Fy-
perdivergent Class IN'e. | Oral Maxcillefac Swueg 2017.

tssue punch. Both MSIs were immediately loaded
with an intrusive force of 150 by use of calibrated
Sentalloy coils that extended directly to the RPE frame
between the first molar and second premolar, follow-
ing the protocol previously described ™

The sites for the mandibular MSIs were prepared by
bonding brackets to diverge the roots berween the
first molars and second premolars. The objective was
to widen the site for MSI inzertion by use of 2 0.016 X
0.022-inch stainless steel wire. After approximately 1
month, a periapical radiograph was taken to evaluate
the increase in inter-radicular space attained If the
space was determined to be sufficient for implant
placement, the patient was scheduled for MSI inser-
ton: if not, adjustments were made to further widen
the implant site. The lower MSIs were placed follow-
ing the same chlorhexidine rinse protocol used for
the maxillary MSIs. The mandibular MSIs were also
placed without pilot holes and tissue punch. A double
insertion technique was used to insert the MSIs at an
angle, with the head of the screw positioned at the
level of the mucogingival junction (Fig 2). The lower
MSIs were loaded immediately by use of calibrated
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150z coils, following the same protocol as in the
maxilla. The lower molars bands were prepared for
inserton of a removable lower lingual arch, if needed.
to control molar torque. Lingual arches were only
installed in a few of the cases, especially those in
whom the mandibular teeth were actively intruded

To prevent their extrusion while intruding the pos-
terior teeth, the upper anterior teeth (canine to ca-
nine) were not initially bonded with fixed appliances.
They were bonded once the upper anterior teeth
made contact with the lower teeth, which prevented
them from interfering with mandibular autorotaton.

Periodontal health was closely monitored during
intrusion. The need for the patients to mamntain
proper hygiene was emphasized throughout treat-
ment. Importanty, there was a temporary shortening
of the clinical crowns of the teeth that had been
intruded (Fig J); there was also some tssue bulging,
especially on the palate. This was temporary gingival
overgrowth that disappeared in all cases after intru-
sion had been stopped and the teeth had been heldin
place for 2 to 3 months.

After the required amount of posteror intrusion
had been attained, or when the maxillary anterior and
posterior occlusal planes had been leveled, the RPE
was removed and fixed orthodontic appliances were
bonded onto all of the maxillary posterior teeth. After
the RPE was removed, a transpalatal arch was ftted to
the maxillary first molars to hold the wansverse di-

FIGURE 2. 4 Buccal view showing location of mandibular MSIs.
B, Frontal view showing insertion angle.

Buschang, Carrillo, and Rossouw. Orthopedic Corvection of Hy-
Dergivergent Class IT's. | Orsl Maxillofae Surg 20117
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mension and prevent any unwanted torque of the
postedor teeth. The maxillary and mandibular MSIs
remained in place untl full treatment was completed.
They held the vertical dimension of the postedior
teeth by use of an 0.010-in stainless steel ligature tied
to the palatal sheath in the maxilla and to the arch
wire mesial to the first molar band in the mandible.

Treatment Results and Discussion

The subjects were aged 13.2= 1.1 years at the start
of treatment. The orthopedic phase of treatment
lasted for a mean of 1.9 = 0.3 years; the shortest and
longest treatment durations were 1.4 and 2.5 years,
respectively. Longer treatment times were required
for patients who had impacted canines (n = 2) and
extractons (n = 2).

Of the 54 MSIs that have been placed so far, only 2
have failed (Table 3), with ! failure in each jaw. A
failure was defined as an MSI that was unable to hold the
force of the coil spring or steel ligature without notice-
able mohility of its head. This resulted in a success ate
of 96.3%, which is considerably higher than previously

FIGURE 3. Maxillary first molar clinical crown height before (4)
and during (B) active ortrodontic immrasion.

Busckang, Carmillo, ond Rossouw. Orthopedic Correction of Hy-
perdivergeny Clacs I's. | Oral Maxiiliefiac Surg 2011,

ORTHOFEDIC CORRECTION OF HYFERDIVERGENT CLASSII'S

Table 3. NUMBERS OF IMPLANTS PLACED, NUMBER
THAT FAILED, AND RELATIVE % STABILITY OF Msls
USED IN STUDY

No. No. %
Flaced Faled Stability
Afaxills 32 1 96.9
Afandible 22 1 95.4
Total 54 2 96.3

Bueckang, Carrillo, and Rocsoww. Orrbopedic Correction of Fy-
perdivergent Class 1. | Oral Maxcillgfoe Swrg 2077.

reported for MSIs and more closely approximates the
success rates of endosseous implants.

Before treatment, patients presented with greater
mandibular retrusion (sella-nasion-basion [SINB] = 73.8%,
Z score=—1.0), greater facial convexity (nasion-A point-
pogonion [N-A-Pg] =9.2°, Z score = 0.7), and substan-
tally more hyperdivergence {mandibular plane angle
PA] = 43.3°%, Z score = 1.6} than exhibited by un-
treated controls. They also had substantially larger gonial
angles (aroculare-gonion-menton [Ar-Go-Me] = 134°, Z
score = 1.4) than controls.™

The treatments produced consistent and substantial
effects, which were statstically significant despite the
small size of the sample (Table 4). The chin moved
forward a mean of 2.4 mm; the maximum anterdor
movement of the chin was 7.1 mm. The SNB angles
increased by 2.1° = 1.3° and the mandibular plane
angle decreased by a mean of 3.9° = 1.8%. Hard and soft
tissne facial convexities decreased by approximately

2%, and the gonial angle decreased by 2.4° = 1.8°

Cranial base superimpositions showed positve
orthopedic treatment results for all bur 1 of the
female padents, who was aged 12.2 years at the stant
of her non-extraction treatment (Fig 4A). She
showed only Imited amounts of growth, and her
lower molars erupted by approximately the same

Table 4. ORTHOPEDIC CHANGES IN 9 CONSECUTIVE
CLASS I HYPERDIVERGENT ADOLESCENTS TREATED
WITH MSIs
Probability
of

Minimum Afean  SD Mammum  Changes

Pg_hor (mm) -0.7 24 23 71 0.020

SNB (7) —-01 21 13 42 0.002

ALPA (%) -1.0 -39 18 65 0.001

HT convexity 13 -32 24 —61 0.007
(%)

ST convexity ~ —08 315 29 8.7 0.017
-

GonJ.u.l angle 08 -2+ 13 -53 0.018

Busckang, Carrille, and Racroww. Orthopedic Corvection of Hy-
Lerdivergent Class I1s. | Oral Maxillefac Swrg 20711.
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FIGURE 4. 4, Changes besween 12.2 and 13.5 years of age i a female patient (patient 1) treated with non-extaction. B, Changes between 13.7

mdbsyemotzgemaﬁamlepw
(pamient 4) meated

e Ce

berwesn 14.2 and 159 years of age in a female patient
estractions.

{patient 3) weated with extactons. £, Changes
D, Changes between 13.0 and 14.7 years of age in a female panent (patient 4) treated with

Buschang, Cormilio, and Rocsosim. Ortien of Hyperdn

amount that the upper molars were intuded,
which explains why she did not display the forward
rotation and chin projection that was planned. Ap-
proximately half of the remaining subjects exhib-
ited forward rotation and anterior chin projection
with lLittle or no growth. The positive treamment ef-
fects that they exhibited were due primarily to intru-
sion of the upper molars and either relanve intrusion
(2, holding the vertical dimension) (Fig 4B) or actual
intrusion (Fig 4C) of the lower molars. The remain-
ing subjects showed positive treatment effects due
to good growth, intrusion of the upper molar, and
intrusion or relative intrusion of the lower molars.
For example, a 13-vear-old female patient treated
for 1.7 years with extractions showed a substantial
decrease in her mandibular plane angle and over 5

Class IT's. J Oral Meacillofac Srerg 2077.

mm of chin projection (Fig 4D). Given her good
growth potential, she actually needed less intrusion
of her upper molars and only relative intrusion of
the lower molars.

Orthodontists need to closely and continuously
monitor these cases to determine whether they are
exhibiting the desired weatment changes. This is
done clinically by evaluating changes in interarch
dental and overbite/overjet relationships. If growth
or intrusion is occurrng, the case should exhibit a
shift in the molar and premolar relationships from
Class II to Class I (Fig 5). If such a shift is not
evident within 4 to 6 months, then the orthodontist
should plan on greater amounts of intrusion of the
upper molars and, perhaps, even intrusion of the
lower molars. In actively growing individuals, it is
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FIGURE 5. Chnxcal assessment of meatment effects on day of RPE cemenfation (4), after 5 months of active intrusion (2 months with maxillary
MSI and § months with mandibular MSE) (B), and at debonding (C). Note deepening of the bite and Class I comection associated with

autorotation of the mandible

Bueckang, Carrille, and Rosrouw. Orthopedic Corvection of Fyperdivergenr Tlass e, | Onsl MaxiBefac Surg 2071

usually sufficient to intrude the upper postedor
teeth and hold the lower postedior teeth in place so
as to prevent them from erupting.

Subjective Self-Assessments

When the patients were initially asked about each
of the appliances that were to be used, they substan-
tally overestimated the amount of pain that they
expected to have with each appliance (Table 5). Ap-

proximately 36%, 45%, and 50% of the patents ex-
pected braces, expanders, and MSIs, respectively, to
be moderately or very painful. At the end of treat-
ment, none of the patients reported that MSIs were
either moderately or very painful; about 8% reported
that braces were moderately painful, and 17% felt that
the expanders were moderately or very painful

The patients also initially overestimated the amount of
discomfort that they associated with each of the appli-
ances, especially for the MSIs and expanders. Approxi-
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mmmmm mmmmm

Not at All Somevwhat Afodemntely Very
Poat- Pose- Posze- Pout- Vesy
P b P b Mock X
How paimnful are the
appliances?
Brace: 22.7 58.3 0.9 33.3 22.7 8.3 136 o
Expander 273 1.7 273 .7 318 83 136 8.3
ATz 9.1 91.7 409 8.3 136 o 364 0
How uncomfortable are
the appliances?
Brace: 45 8.3 36.4 833 27.3 8.3 136 [s]
Expander 227 16.7 227 50 0 273 25.0 273 8.3
ASIz 4.5 66.7 36.4 5.0 273 8.3 318 [s]
How much would you
recommend vou.t
treatment to your
friend: and family?
o 16.7 250 167 #.7
Buckang, Carrille, and Rossoww. Orthopedic T of Fyperdmergent Class I's. | Oral Maxillofac Sugg 2071.

mately 50% of the patients thought that the MSIs would
be moderately or very uncomfortable, 55%% thought that
the expanders would be moderately or very uncomfort-
able, and 41%¢ thought that the hraces would be moder-
ately or very uncomfortable. After reatment. only 8% of
the patents thought that the MSIs and bmces were
uncomifortable; none reported them to be very uncom-
fortable. Approximately 23% and 8% thought that the
expanders were moderately and very uncomfortble,
respectively.

Perhaps most important, the mzjority of the patients
indicated that they would recommend the treatment
that they had received to their friends and relatives.

Approximately 17% said that they would recommend
AR =
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FIGURE 6. Treatment- and growth-related mandibular rotation,
procucing orthopedic effects that reshape the mandible and im-
prove the facial profile.

Buwckang, Commillo, and Raocsosw. Orthopedic Corvection of Fiy-
_perdiverpeny Class I's. | Oral Maxillofze Surg 2011.

1

the treatment “very much™ and 42% sad that they
would recommend it “extremely much™ No one said
that they would not recommend the eatment

These preliminary results indicate that our novel ap-
proach s effectve for addressing the pomary skeletal
treatment objectives of growing hyperdrvergent, retro-
gnathic panents (Fig 6). Major orthopedic changes were
produced, including substantial advancement of the
chin and aurorotation of the mandible, along with de-
creases in the gonial angle, all of which combined to
reshape the mandible and improve facial profile. The
treatment was accomplizshed by titrating the amount of
orthodontic intmision performed based on the individu-
al's growth potential This weatment approach was not
panful or mncomformble; the majordty of the patents
indicated that they were very likely to recommend the
treatment to others.

Acknowiedgmenis

mautbormDanmew Aonte Collinz, J. Moody
der, and C. Moody Al :!lu:a,e',pu-

ncuhdvD:PthpCampbenfozhdpmgwmplmehgampk

a1

References

. Kely JE, Huvey CR: Aa A of the Occluzion of the
Teeth of Youth: 12-17 Years. DHEW Publicaton No. FRA)
77-1644. Rockville, MD, National Center for Health Seatstics,
1977, pp 1-65

. Proffit WR: The orthodontic problem, m Contempaorary Ortho-
dongic: (ed 3). St Louis, Mozby, 2000, pp 9-13

. Czamnecki ST, Nanda RS, Curnier GF: Perception: of 2 balanced

f:ualpmﬂe Am]J OnhodDenwﬁunlOnhop 104:180, 1993

AN, Hak DJ: Spgnifi of the zoft tuue
pmﬁe on facial esthetics. Am J Orthod Denrofacial Orthop

119:464, 2001

Engizh JD, B

zion affect 3

T Tomel

GS: Doe:
Angle Orthod 72:21, 2002

z PH, Throck:

64



762

6.

. Owen: S, Buschang PH, Th

. Field: H, Proffr W, Nizon W: Facil

. Janzon G

. Haralabakiz NB, Yiageziz 5C, T¢

. Biack A, Skialler V: Facial develog

2 P, Theockm
: N
Eur ] Orthod 28:112, 2006

GS, et al: ML

Tozo A, Buzch
‘. with maloecl

Jery

GS, et al: M

pezformance and acea: of occluzal contzet and near contact in
bj with I occk and oalocchizion. Am J Orthod

Dentofacial Orthop 121:602, 2002

MeN; A: Comp 0fClazz O mal

E-10 year: of age. Angie Omhod 51:177, 1981

s iae 2o Sy

. Buzchang PH, Martin: J: Childhood and adclezcent changes of

skeletal relationzhip:. Angle Orchod 68:199, 1998
panem difference: in long-
faced children and adults. Am J Orthod 853:217, 1984
A, Woodszide DG: Vao in maxiliary
and mandibular molar 2nd incizor verncal dimenszion in 12-
year-oid zubject: with excezs, nozmal, and zhost lower antezioz
facial height. Am | Orchod 106:409, 1994

. Subzenly JD, Sakuda M- Opec-bite: Diagnoziz and treanmens

J Dent Child 60:392, 1993

. Isazczom JR, Imzaczon RJ, Speidel TAL Emane vagation in

l and

vertical facial growsh and iated in zkel
dental relations. Angle Orchod 41:219, 19'1

iz NAL: Cephal
charactenstics of open bite in adults: A three dimenszional
cephalometric evaluation. Int J Adult Orthodon Orchognach
Surg 9:223, 1994

. Lopez-GmmG Waﬂenmutdem«alAmmo:opm
A loasi

dinal 10-vear p
of crthod "_-Beaud‘ Am J Orthed 87:175, 1985
. Nalby HI, K itz SL, Benedicto EA- Vagete: of antecor

open-bize. Am J Orthod 61:486, 1972

7. Bell WB, Creekmore TD, Alexander RG: Swgical corzecton of

the long face :yudrome. Am | Ozdmd’lio 1977

.Cmpalo'.n'UShlenJ pholog of open-
bite. Am ] Orthod £5:28, 1984

. Lund:udm A, Wood:de DG: A comp of varous facial
and occiuzal ch istics in indimidunals with vertieal
and hoc 1| i d ar the chin Eur

=P

J Orthod 3:227, 1961

. Solow B, Houston WJE: Mandibular rotations: Concept: and

, 1988
and tooth erup An

implant study at the age of puberty. Am § Orthod 62:339, 1972

tezminology. Eur J Orthod 10:177,

22 Bjork A, Skieller V: \omﬂandxhncmﬂgxowdxofcbem—

dible. A synthesiz of 1

iez over 2 pecod of 25 yexx:. Eur] Onboda.l, 1983
PH, Santoz-Finto A Multranate models for AP move-

ment: of the bony chin. ] Dent Re: 7631, 1979

stad-

. Thompzon MA, Buzchany RG, Ceen RF, et al: The Detezminate:

of Antero-postesior Movement of Mandibalar Soucmares. Dal-

bz TX, Baylor Coliege of D 7 Dep of Orthod
toz, 1997, (master’: thezis)
. IaFHape MB, Buxchany FH Al der RG, et al: Orthod

hange: of chin p in Clazz II, dmwizion 1 pa-
dent:. Am ] Orhod Denrofacial Orthop 130:732, 2006

. Phan X1, Schueider B], Sadows:ky C, et al: Effect: of orthodon-

dc treatment oa mandibulac rotation and displacement it angle
Claz: IT divizion | malocclusion:. Angie Orthod 74:174, 2004

7. Taner-Sarizoy L, Darendeliler N: The inflnence of exmaction

edants < aa 'y

on
according to rwo different faczor: Am ] Onhod Dentofacal

Orthop 113:508, 1999

. Mair AD, Honeer WS: Wmmmﬁm

d Clazz I
facial Orthop 101:343, 1992

Am J Orthod Dento-

. Baumeind S, Molthen R, West EE et al: Mandibular

change: dusing maxillary retraction. Am J Orthed 74:32, 1978
H. “‘\'B!"' 'DJ"L"’IB:AL'ﬁmo:mm:

1 Tead
B e =P

oo AmJ Ot:bodDen:obuz.\ Orthop 125.96 2003

.GuximM'&GuduuLG Mamn.]C,natEE&cr.ofmvwﬁ

e A o

on growing patent:. Am J
Orthod Deatofacial O:rkop 119:531, 2001

ORTHOFPEDIC CORRECTION OF HYFERDIVERGENT CLASSII'S

33.

34. L

38.

39.

41

3.

44.

47.

. Brovn P A cepholometse emahustion of high-pull

open-bite
. Akxy MC, Am:\,f" b
with

. Bizkan SE: AMandbulz change: n p with d and
treated Clazz IIDm.nclmﬂocclumAmJOnhodDmo—
facal Orthop 113:661, 1998

Hubbard GW, \mdeS OnmetGF A cephalometric evaim-
tion of in Class I
mﬁo&dumAng}eOnhod“}:D 1994

larp S, Jok LE: The effect: of premolar-ex-
mmon.Ahng-tem 3 of of “ei at”
Clazz II p Angle Orthod

63257, 1993

€ P:quentD Beme]&]dm:wnl.E Abng-mwmpamonof

and p
2z O g

thenpy o
Am ] Orthod Dentofacial Orthop

Gnerdarlines’”

1021, 1992

. Cangialoz: TJ, Meiztrell ME, Teung MA et al: A cephalomettic

appmizal of edgewize Chz: II nonsxwacton wmeamment with
extraonal force. Am ] Orthod Dentofacial Orthop 93:15, 19838
molyr headgesr
and Sace-bow neck zuap thenpr. Am J Oahnd‘-&ﬁ.l 1978
Eizhora SE, Cunaoninz DAL, Jakobrzen JR, et 3k Dy d and zoft
tezue change: in Chazz II dmizion 1 cazes oeased with and with-
out emncton:. Am ] Orthod Dentofacl Omthop 10728, 1995
Schulz SO, McNamara JA Jz, Baccetti T, et al: Treatment effect:
ofbondedm:ndmcd-yunchmmﬁnawedbyﬁud
Am ]

OnbodDemoﬁu.ll Onhap 123:326, 2005

. Izcan FIN, Dinces AL Gultan A, et al: Effect: of vertcal chincap

therapy on the mandibulyr morphology in open-hite patients.
Am ] Orthod Dentofacial Orthop 122:306511, 2002
SmhyWL,Bn-dungPH,Enﬂn.hJ et al: Eardy weatment of
P The hrperdivergent phenotype.
A.ijnbodDenmbmx!OnhopllB)l 2000

. Mojdehi M Buschang PH, Englizh JD, et a}: Poztzurgical growth
maxiliary

change: in the mandible of adcleszcent: with wertical

excesz: growth pattern:. Am ] Orthod Dentofacial Orthop 119:

106, 2001

Steinhauzer S, R.ldnexL' R.u:bw‘F ez al: Profile change: fol-
maxillary imp ion of the mandible.

lowing

J Omthofac 0::bop6931 ..008

Zamnhlkmi,'nuochnmtonGS EB:E, enLFumxlmd
to soning of

:henn.nﬂa.j OxﬂMmﬂoﬁcSug:Jl":B 199:

. Southard TE, Buckler MJ, Sptv!r}D,nlllnmnmchoqe

potential of teeth verzu: ngd lant:: A clinical
and ndiographic evaluation AmJ OxdwdDenmﬁan Orthop
107:115, 1995

k Ezmdx\,!(ele.-\.\'mdaR.‘Ihzu.eof.hlenlmhongem

Taal 1

o ion. Angle Oc-

open bite
thod 74:381, 2004
Kuroda 5, Sakx Y, Tamamura N, et al: Treatment of zevere
anterior open hite with zkeletal anchorage in aduits:: Compaz-

A

ev

izon with orth thic < Am ] Orthod Dento-
funlOr&opﬁOO'lL:Dms
.XunC ngX,ngX.“” b keletal

AngleOnbod"4 200'

v T, ez 2k Enh d effact of bhined
and zkeletal anchomge in open bite
cozzecticn. ] Omnl Maxilofac Surg 67:563, 2009

. Cardllo R, Roxouw FE, Franco PF, et al- Intrazion of monltira-

dmhtme&mdndnedmwmmﬂ:mmﬂmun—
plaat Ty gxaphi 3 Am ] Ortbod
Dmﬁuﬂ&ﬁapln“’m'
LA, ecab Segx 1
. hotae: A radiopiaphi
wton. Am J Orthod Dentofacial Orthop 132:el, 2007
R Echare JI, Busck m&dblaalmmbgml
of root rezp zion in mandibular teeth in
beaghdog:.AmJO:modDemﬁualOd:op,.DlllJnP:e:.

ntro-
eral-

. Riolo ML, Moyer: RE, McNazuz JA Jr, e b An Afa: of Conio-

facal Growth. Monograpk F2. Aon Arbor, MI, Center for Human
Groud: and Devel Universisy of Mick: 1974

. Cﬂo&&uﬂoﬂ,ﬁwm?ﬁ.ei%’&mﬂwb&

with h

J Clin Orthod

42:17, 2008

165



