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RESUMEN

Introduccidn: La maloclusion de Clase Il esquelética se debe a una alteracion en la relacién
entre el crecimiento del hueso maxilar y el mandibular. La cause mas comun es la retrognatia
mandibular, y su manejo en pacientes en crecimiento consiste en aprovechar el potencial de
crecimiento del paciente y estimular, el crecimiento anterior de la mandibula corrigiendo la
Clase Il. Se han disefiado varios dispositivos con efecto ortopédico para ello, sin embargo, se

ha comprobado que también producen efectos dentales.

El objetivo de esta revision bibliografica es comparar y estudiar las indicaciones y
contraindicaciones, y revisar los efectos a largo plazo de los tratamientos mas comunes

utilizadas para la correccién de la Clase Il esquelética en pacientes en crecimiento.

Materiales y Métodos: Se han incluido aquellos articulos y trabajos publicados a partir de
2010 en Medline, Pubmed, Google Scholar y la Cochrane Library. Para la busqueda se
utilizaron las palabras clave: aparatologia funcional, tratamiento de la maloclusion de Clase Il
y pacientes en crecimiento. Se seleccionaron 58 articulos segun los criterios de inclusién y

exclusion.

Discusion de resultados: Las terapias mas comunes investigadas fueron los aparatos
funcionales (removibles y fijos), los elasticos de Clase Il, los anclajes éseos, y los alineadores
invisibles. Su indicacién depende sobre todo de la conformidad del paciente, la fase de

crecimiento, la gravedad del caso, las capacidades del ortodontista y sus preferencias.

Conclusién: Basandonos en la literatura actual, podemos afirmar que existen varios

tratamientos eficaces para la maloclusion de Clase Il esquelética en pacientes en crecimiento.



A largo plazo, todos parecen obtener resultados similares a través de cambios esqueléticos

y/o dentales.



ABSTRACT

Introduction: Skeletal Class Il malocclusion is due to an alteration in the relationship between
maxillary and mandibular bone growth. The most common cause is mandibular retrognathia,
and its management in growing patients consists of taking advantage of the patient’s growth
potential and stimulate, if possible, the anterior growth of the mandible to correct the Class
. Several devices with orthopedic action were designed for this purpose, however, it has been
proven that they also produce dental effects.

This literature review aims to compare and study the indications and contraindications, and
to review the long-term effects of the most common treatments used for the correction of

skeletal Class Il in growing patients.

Materials and Methods: Articles and papers published from 2010 onwards found in Medline,
Pubmed, Google Scholar, and the Cochrane Library, were included. The keywords used for the
research were: functional appliances, Class Il malocclusion management, and growing

patients. 58 articles were selected according to inclusion and exclusion criteria.

Discussion of results: The most common therapies considered were functional appliances
(removable and fixed), Class Il elastics, anchorage with bone screws, and clear aligners. Their
indication most importantly depends on patient compliance, growth stage, the severity of the

case, physician’s abilities, and preference.

Conclusion: Based on the current literature, we can state that there are various effective
treatments for skeletal Class Il malocclusions in growing patients. In the long-term, they all

seem to reach similar outcomes through either skeletal and/or dental changes.
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INTRODUCTION

Skeletal class Il malocclusion is described by an anteroposterior skeletal discrepancy with the
mandible positioned excessively backwards in relation to the maxilla. This is often due to
maxillary prognathia, mandibular retrognathia, or an amalgamation of both in varying
severities. This aberration results in an unfitting relationship between the jaws, which distorts
the normal equilibrium of the face because of difficulties with dental occlusion and the

temporomandibular joints (1).

Extra-oral features such as the presence of a protrusive midface and/or a retrusive chin,
hypotonic upper lip, hyperactive mentalis, and palatal interposition of the lower lip to the
upper incisors, are clinical indicators of a possible Class Il. Diagnostic aids such as
cephalometric analysis, cast analysis, history, and photographic analysis are vital in confirming
the diagnosis of true skeletal Class Il malocclusion (2). Assessment of the occlusion is easily
done with dental casts of the arches of the patient. Findings that should awaken our suspicion
of the presence of a developing Class Il malocclusion during the mixed dentition are the

following:

(i) Distal step relation of the second deciduous molars or first permanent molars.

(ii) Distal canine relation.

(iii) Large overjet and overbite.

(iv) Narrow maxillary basal bone; most of the time they create the need to start
orthodontic treatment by correcting maxillary transverse deficiency for subsequent
sagittal relationship correction (3).

(v) Tooth-size discrepancy.



Most moderate cases are due to genetics and can be worsened by environmental factors
including deleterious habits such as thumb sucking, tongue thrusting, and oral breathing.
However, the latter can be eliminated through preventive or interceptive treatment at the

appropriate time (4).

It is necessary to correct malocclusions or attempt to alleviate them as they can have a
detrimental impact on mastication (nutritional deficiencies), respiration (airway obstructions,
sleep apnoea), speech, and even the TMJ (5). Studies have revealed that this type of individual
is more prone to dental trauma, low self-esteem, and poor quality of life due to facial and
dental esthetics. Furthermore, they have a greater predisposition to dental caries, periodontal
disease, occlusal trauma, and consequently, loss of tooth substance, reduced jaw function,
and masticatory ability (6). The accumulation of all these factors can heavily interfere with the

well-being of the recipient and thus, inevitably entail treatment.

Their management depends on the age of the patient, severity of the skeletal or dental
malocclusion, patient’s esthetics, growth potential, and the compliance of the patient with

treatment (7)(8).

Generally, treatment approaches of class Il malocclusion are categorized according to the
growing and non-growing status of patients. Authors have noted that the ideal time to alter a
skeletal class Il is during the optimal maturation stage, at 12 years of age. The growth spurt
commonly occurs in girls of 10 to 13 years of age, and in boys of 11 to 14 years of age (8).
Significant dissimilarities in the development among individuals of the same chronological age
have made skeletal age assessment a necessity in formulating effective orthodontic treatment

plans (9). According to the American Journal of Orthodontics and Dentofacial Orthopaedics,



“skeletal maturation refers to the grade of development of ossification in bone” and is
determined through analysis of lateral cephalometric radiographs. At each level of skeletal
development the anatomy of the cervical vertebrae differs. As a result, its evaluation has been
used as a tool to evaluate the growth potential of patients. Baccetti, Franchi, and McNamara
modified the original Cervical Vertebral Maturation analysis to simplify the method and make
it applicable to the majority of patients, they did so by limiting the number of vertebral bodies
to C2, C3, and C4 and defined their morphology in six developmental stages [see Figure 1] (10).
The initial two stages are differentiated by the concavity of the inferior border of C2 at cervical
stage 2 (CS2). Cervical stage 3 (CS3) is the ideal stage to begin functional jaw orthopaedics as
it correlates with the peak of mandibular growth, and it is identified by a visible concavity at
the lower border of C3. At CS4, the bodies of both C3 and C4 are rectangular and with maturity
they become square; at CS5 at least one of them is squared in shape. Finally, once CS6 is
identified through the rectangular vertical shape of either C3 or C4, it can be deducted that

more than two years have passed since the peak in mandibular growth (11).
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Figure 1: Schematic illustration of the stages of cervical vertebrae




Classification of the malocclusion can also be useful for treatment planning. Angle described
a subcategory of the Class Il malocclusion featuring two divisions differentiable by distinct
dental and soft-tissue features. The Class Il Division 1 (11/1) is characterized by proclined upper
incisors and an excessive overjet (8). Commonly, nasal obstruction and mouth breathing is
associated with 11/1 cases. The Class Il Division 2 (II/2), on the other hand, is often associated
with retroclined maxillary incisors among other features. When it comes to treating them, the
first step is to fix the incisor retroclination to obtain a 1l/1 and then treat the anteroposterior
discrepancy.

In the literature, some of the possible therapies for the management of dentoskeletal class Il
malocclusions in growing age include functional appliances, fixed orthodontic appliances,
temporary skeletal anchorage devices, clear aligners, orthognathic surgery, and extra-oral

appliances such as the headgear (12).

Generally, functional appliances are recommended for the correction of class Il malocclusions
associated with mandibular retrognathism, which is the more prevalent cause. Whether
removable (Bionator, Twin-Block, Frankel, Activators) or fixed (Herbst, Forsus, Mandibular
anterior repositioning appliance [MARA], Jasper Jumper) they tend to be used during pubertal

growth in childhood.

Treatment objectives in a skeletal Class Il are the modification of convex profile to
orthognathic profile, the correction of Class Il molar and canine relationship into a Class |
malocclusion with proper functional normality and esthetic, and finally, the improvement of
facial appearance by stimulating mandibular growth and inhibiting vertical maxillary growth

(13). Patients tend to manifest lower anterior crowding, an overjet, and overbite, hence their



alteration will also be targeted. Early therapy in severe cases, where overjet is greater than
7mm, helps decrease the risk of traumatic damage to the incisors. An increased overbite is
also a sign to start treatment early since the bite can deepen with time and make later
treatment more complicated. Overall, treatment should consist of restoring the balance in
facial harmony and occlusion to improve the aesthetics, self-image, and social well-being of

the patient.

The early modification of occlusion is intended to avoid the development of more severe
discrepancies, and it is said to be the greatest aid in the promotion of health of the denture

by allowing the proper development of normal masticatory and facial habits (14).

Commonly, orthodontists proceed in two working phases when treating “early” the
malocclusion. The first one consists in correcting the skeletal problem by stimulating the
growth of the mandible or halting the overgrowth of the maxilla through the use of functional
appliances. The second phase is responsible for the settlement of the occlusion through the
use of orthodontic fixed appliance therapy. It acts on the finer changes of the occlusion,
allowing the orthodontist to obtain optimum results that will satisfy the patient’s needs. It is
possible to go through a single-phase treatment, which involves the use of elastics with

orthodontic fixed appliance simultaneously with the appliance.

Depending on the complexity of the case, the practitioner will measure the benefits and risks

of each possible treatment option and choose the most adequate one.



OBJECTIVES

The main objectives of this study are:

1. Describe the different treatment options for the correction of skeletal class Il in
growing patients and indicate the most effective option according to the bibliography.

2. Discuss the indications & contraindications of each treatment.

3. Compare the long-term effects of therapy with functional appliances, Class Il elastics,

miniscrews, and clear aligners in the treatment of skeletal class Il in growing patients.



MATERIALS AND METHODS

A pertinent literature review was performed in online databases such as Medline, The
Cochrane Library, Google Scholar, and PubMed, using the following keywords: “dentoskeletal

n

class IlI”, “orthopedic treatment”, “Class Il malocclusion management”, “functional appliance”,

” “" ” ",

“activators”, “growing patients”,

” “"

therapeutic approach”, “clear aligners”, “class Il elastics”,

“miniscrews”, and “long-term effects”.

The inclusion criteria being:

e Studies in growing patients

e Treatment with functional appliances, miniscrews, Class Il elastics, and clear aligners
e Research published from the years 2010 to nowadays for the discussion

e Studies published from any timeframe for the introduction

e Works in the English, Spanish and French language

The exclusion criteria being:

e Literature papers older than 10 years (previous to the year 2010) for the discussion

e Research including patients with craniofacial syndromes and/or cleft lip palate

We have accepted 58 articles.



DISCUSSION OF RESULTS

1. FUNCTIONAL APPLIANCES

A functional appliance is defined as an appliance that alters growth to generate a more
acceptable relationship of the jaws, this is done by the stretching of muscles which generates
forces that have a postural effect on the mandible. Functional appliances have an orthodontic
and orthopedic effect, and also could correct parafunctional problems. Their mode of action
is based on the theory that an imbalance of the neuromuscular component of the orofacial
complex results in malocclusions. Hence, when orthodontists treat their Skeletal Class Il
patients with these appliances, they aspire to obtain a correction in the muscular imbalance,

an improvement in soft tissue tone and in the oro-nasopharyngeal complex function.

Myofunctional appliances work by force application and force elimination of the abnormal
and restrictive forces, thus allowing the proper growth and development of the area. The
lower jaw is repositioned in a forward position with the help of protrusive bite registration,
this leads to the remodelling of the glenoid fossa and displacement of the condyles in a
forward and downward position. Furthermore, these devices act on the maxilla by restraining

its growth (7).

Functional appliances can be categorized into either removable or fixed ones. Another
important categorization would be whether one requires patient compliance or not since this
could possibly influence the treatment outcomes (15). In non-cooperative patients, the use of

fixed appliances will be favoured. Removable functional appliances are also inadequate in



cases with extractions or excessive crowding that demand more complicated dental

movements.

It is important to note that not all patients respond the same way to the same functional
appliance and nor do all appliances function the same way. The treatment outcome may be

similar but the mechanisms and pathways differ with different systems.

Several studies have expressed the benefits of early treatment with functional appliances,
with the main perk being the possibility of preventing or minimizing the need for a complex
intervention involving extractions or surgery thanks to the lengthening of the mandible.
However, a lot of controversy surrounds this idea as not all authors agree on this statement,
with some pointing out that the mandibular lengthening achieved through these appliances is
clinically irrelevant. Another debate in the literature would be whether an early dual-phase

treatment truly has important advantages over single-phased ones at a later age (16).

During the initial phase of treatment, the sagittal jaw relationship is regularised commonly
through the use of functional appliances, and in the later phase of treatment the teeth’s
position is adjusted normally with fixed appliances (17). For optimum results and detailing of
the occlusion functional therapy tends to be followed by a full fixed appliance treatment. The
second phase of treatment is normally commenced once the permanent dentition has fully

erupted.



1.1) REMOVABLE FUNCTIONAL APPLIANCE (RFA)

Removable functional appliances are known to be more efficient in stimulating the mandible
forward than fixed ones due to their greater contact area with lower teeth and lingual mucosa.
They are indicated in Class lls by mandibular retrognathism, to prevent and correct oral habits
such as thumb and lip sucking, and mouth breathing. They are contraindicated in skeletal Class
lIs by maxillary prognathism, when there is crowding and, or labial tipping of lower incisors,

and in vertical directed growers (18).

The removability of these devices means that patient collaboration is indispensable and
dictates the success of the treatment. All orthopedic devices require a minimum wear of 12
to 14 hours per day, mostly nocturnal, for about 10 to 12 months. The advantages and
disadvantages of removable functional appliances are listed in Table 1 (19). Most of them allow
the adding of screws and wires to correct gap problems and the malposition of individual or
groups of teeth. Multi-bracket therapy tends to follow the end-of-wear of removable
functional appliances since it enhances the treatment effects of functional jaw orthopaedics

and controls relapse (20).

ADVANTAGES DISADVANTAGES
Offer immediate improvement in lip Designed for growing individuals only
function
Low risk of caries Require good patient cooperation
Can be used in the mixed dentition Limitation in the control of individual teeth
Predominantly used at night Initial limited fixed appliance may be

needed

Minimal chair time for adjustment Often are bulky and interfere with speech

Discouraged in mouth breathers

Table 1: Advantages and Disadvantages of RFAs

10



1.1.1. MONOBLOC ACTIVATOR

The modern activators are descendants of the Monobloc designed by Robin in 1902. Andreson
and Haupl developed their own mobile and loose-fitting version of the appliance in 1908 and
gave it the name of “Activator” due to its capability to activate the muscle force (21). Both
dental arches articulate in a position of maximum intercuspation in the acrylic and the muscles
of mastication have no other choice in this position but to exert an isometric contraction

(activation of the muscles without variation in length).

The modernised Activator [Figure 2] is composed of:

= A maxillary acrylic base plaque in contact with the palate and that extends over the
palatal surface of the upper teeth.

= A mandibular acrylic base plaque that covers the mandibular incisors to prevent their
proclination during overjet reduction.

= A passive maxillary labial bow.

= For certain cases, where we have narrow arches and desire transversal expansion, a

screw at the midline can be placed.

Figure 2: An example of the Andresen Activator from the BOS Museum collection

11



Among the functional appliances, the activator appliance is the one inducing a mandibular
position different from the one normally occupied. This device is worn at night, as it is loose it
drops in the mouth during sleep and subsequently, the protractor and elevator muscles
activate to hold it in place. The mandible is forced forward creating a new pattern of
mandibular closure. Another orthopedic effect of this appliance is the inhibition of the
horizontal growth of the maxilla, this leads to an increased growth of the mandible and allows
the anterior relocation of the glenoid fossa. However, some authors believe that the Activator
has sole influence on the dentoalveolar system, this would mean it doesn’t stimulate
mandibular growth and only hinders maxillary growth. Therefore, the Activator would not be

able to increase nor reorient mandibular growth in the long term.

Studies [Table 2] have indeed shown that the Activator had minimal impact on the protrusion
of the mandible, however, it is important to note that most studies performed combined the
Activator appliance with the headgear due to the fact that combined therapy offers grander
cumulative skeletal benefits than a single appliance alone (17), (22), (23), (24), (25). Together,
the Activator and Headgear retrude upper incisors, protrude lower incisors, distalize upper
molars, and cause extrusion of the lower molars. This allows the improvement in sagittal

relationship, overjet and overbite.

When comparing the Activator with the Jasper Jumper subtle differences were noticed. The
Jasper Jumper was able to induce a greater mesialization of the mandibular molars and

exerted less extrusion of the maxillary molars.

12
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1.1.2. BIONATOR

The Bionator [Figure 3] was developed by Wilhelm Balters in 1964 and is considered as a
modification of the Activator since the only difference between these appliances is the lack of
palatal coverage replaced instead by a metal bar in the Bionator. The reduced bulkiness allows
to obtain a high level of comfort for the patient, and therefore, increases its daytime use, and

it also permits more normal speech patterns.

The Bionator is formed by:
= A block of acrylic resin interposed between the arcades.
= Alabial bow with canine loops.

= An omega palatal bar.

Additionally auxiliary can be added to the appliance depending on the patient’s needs, such
as springs and screws to align individual teeth, Adams hooks to increase stability or screws for

the transversal expansion of arches (26).

Figure 3: Bionator appliance

14



This appliance focuses on restoring the equilibrium of the tongue with the circumoral muscles
as Balters believed that their discoordination led to abnormal growth and deformities. He also
believed that a high construction bite would cause the tongue to acquire a thrust habit, and

for this reason, the construction bite was made low.

Unlike the Activator, the Bionator modulates muscle activity instead of activating them. By
stimulating the dorsal surface of the tongue with the palatal bar and by repositioning the bite

in an edge-to-edge position it can guide the tongue and lower jaw anteriorly.

Franchi et al's study [Table 2] analysed the long-term dentoskeletal outcomes of treatment
with Bionator or Activator followed by fixed appliances. Both induced an important elongation
of the mandible over the controls (3.6mm), this was maintained in the long term. In the short
and long term, there was an improvement of the skeletal sagittal intermaxillary relationship,
reduction in both the overjet and overbite (about 3.0mm and 1.5mm, respectively),
improvement of the sagittal molar relationship (3.0mm) through the distalization of the
maxillary molars and mesialization of the mandibular molars. There was no significant change
in the inclination of mandibular incisors, this demonstrated that the lack of coverage of the

lower incisors had no particular effect on their inclination (22).

Overall, it can be stated that the Bionator has a skeletal effect but only if used adequately
during the growth spurt. Both ramus and mandible are elongated and there is condylar growth
in the posterior direction. However, no maxillary effect is produced in terms of restriction of
the maxillary growth. Finally, the constant wear of the Bionator makes its action faster than

the Activator and allows to obtain quicker improvements.

15



1.1.3. FRANKEL APPLIANCE

The Frankel Appliance [Figure 4] is a functional device established by Rolf Frankel in the 1950s.
It is often called "tissue born appliance” as it focuses on limiting inappropriate muscular forces
in labial and buccal areas that restrict skeletal growth. According to Frankel, a regular pattern
of muscular behaviour encourages normal skeletal and dental development, conserving the

new mandibular position (5), (27).

There are several types and the suitable ones for the treatment of Class Il would be the Frankel

Regulator | (FR-1) and Il (FR-2).

Figure 4: FR-2 Appliance

The device is formed by:

= Two vestibular shields: they extend down into the vestibular folds and limit the
pressure of the buccinator and orbicularis oris muscles.

= Two lower labial shields: they limit the stress exerted by a hyperactive mentalis muscle.
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= A lower lingual shield: it activates the protractor muscles and allows forward
movement of the mandible.

= Labial bow with canine loops.

= Palatal bow.

= Lingual arch.

Mandibular protraction is achieved thanks to the repositioning provided by the inferior border
of the vestibular shields, the lower lip and, labial shields. The buccal shields allow to increase
the blood circulation in the muscles and thus, facilitate muscle adaptation into the new
position. Furthermore, passive expansion of the arches in the transversal and anteroposterior
plane is obtained due to shaping force exerted by the unhindered tongue. The labial shields

allow the rectification of the lacking orofacial muscle tone resulting in a better lip seal (26).

It is indicated for the mixed and early permanent dentition stages, and treatment generally
lasts for 18 to 24 months. Alike the Bionator, it has not shown any restricting effect on the

maxilla and thus is contraindicated in cases with maxillary prognathism.

Exactly how the FR-2 achieves the correction of class Il malocclusion is debatable. Some
studies have shown it achieve it through the stimulation of mandibular growth, others also
reported restraint on the maxilla, while some observed only dentoalveolar effects and no
skeletal actions from the appliance. The most recent study released on the long-term

treatment effects of the FR-2 appliance (Angelieri et al. 2014) showed that:

= There were no significant vertical skeletal changes at the end of the treatment period.

This differed from other studies that had observed increases.
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= There was interference in the mesial displacement of the maxillary first molars thanks
to the mesial movements of the mandibular molars.

= The amount of increased mandibular length noted was alike to that observed in other
studies (between 3 to 4 mm) and remained stable over 7.1 years post-treatment.

= There was no noteworthy proclination of the lower incisors, this result contradicted

with previous studies (McNamara et al. 1985, Perillo et al. 2011)

In terms of stability over long periods of time, out of the dentoalveolar effects only the mesial
migration of the mandibular molars proved to be unchanged. Thus, it can be concluded that
the Frankel regulator-Il rectifies the Class Il malocclusion mainly due to skeletal changes rather

than dentoalveolar changes in the long period (28).

1.1.4. TWIN BLOCK

William Clark, in 1982, developed a two-piece appliance that could be worn during eating
unlike the previous ones mentioned. The Twin Block retains the mandible in an adjusted

forward position to encourage adaptive skeletal growth (23). It can be removable or fixed.

The Twin Block [Figure 5] consists of:

= An upper and lower removable appliance with bite blocks composed of bite ramps set
at a 70-degree angle (29). This angle can be reduced if the patient has difficulty

adapting to the new position.
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Bite blocks can be cut off at the level of lower molars to allow their extrusion [see
Figure 6] and solve hypodivergence.

An upper and/or lower midline screw can be placed for transversal expansion.

If removable, we will find Adams or Delta clasps on the first upper molars and first
lower premolars or molars. Anterior ball clasps for better retention. An upper labial

bow.

VisualLightBox.com

Figure 5: Twin Block Appliance

Figure 6: Extrusion of the teeth in areas where acrylic is lacking
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The Twin Block’s mode of action is based on the philosophy of the occlusal inclined plane.
Occlusal forces of the dentition provide continual proprioceptive stimuli that influence the
growth of the supporting bone. In cases where the mandibular inclined planes are distal to
those of the maxilla, the forces acting on the mandibular teeth have a distal force vector that
worsens the Class Il growth tendency. Thus, the goal of the appliance is to stop the action of
unfavourable cusp contacts by modifying the inclined planes to achieve a favourable growth
pattern. This is attained with the bite blocks that unlock the malocclusion by freeing the
mandible from an entrapped position of distal occlusion. It is used in permanent dentition and

treatment tends to last for a period of 12 to 18 months.

Various comparative studies [see Table 2] have shown that the Twin Block is the most
successful in obtaining mandibular protrusion and results in greater skeletal changes. Baysal
et al reported that, in general, the increase in mandibular length tends to be statistically
significant compared to the control group: at the end of treatment around 3.37mm is obtained
in mandibular length and 12 to 16 months post-treatment, an increase of 1.46-4.75mm is

observed (30).

The appliance is capable of greatly improving soft tissue aesthetics by flattening the
labiomental fold and reducing the protrusion of the lower lip. Nonetheless, it increases the
nasolabial angle and if this one is too great it will result in an unappealing facial profile. Some
of the other noted disadvantages are the proclination of the lower incisors and the
development of posterior open bites, however, these can be prevented or adjusted by adding

accessories onto the appliance or by future treatment with full fixed orthodontic appliance.
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The Twin Block can be considered as the first choice in the category of removable functional
appliances due to its wide acceptance, adaptability, ease of handling, reparability, versatility
and ability to eliminate etiological factors (sucking habit) (31). It was also reported that it

managed to increase mandibular length greater than any other mentioned appliance.

1.2) FIXED FUNCTIONAL APPLIANCE

Fixed functional appliances are generally selected over removable ones due to the “non-
compliance” of the young patient. Due to their attachment to the teeth, all compliance-free
Class Il devices produce orthodontic movement and some are designed to obtain orthopedic
results as well. If the patient is in his late stages of puberty or reports after the growth spurt,
it will be wiser to choose a fixed functional appliance instead of a removable one. It is indicated
in growing or young adult patients with a mild to moderate skeletal Class Il discrepancy and
suitable facial pattern. It is suitable in cases of Class Il with mandibular retrusion or maxillary
protrusion, it can also be used as anchorage in cases with extraction or not and after
distalization of the maxillary molars. But, its use will be restricted in patients with periodontal
problems, tipped mandibular incisors, gummy smiles, open bite, and with thin gingiva in the

anterior region of the mandible (32).

Fixed functional appliances can furthermore be categorized into either flexible, rigid, and
hybrid. Flexible appliances are those consisting of an intermaxillary coil spring or fixed spring.
They allow free movement of the mandible but are more prone to breakage and are not very

esthetic, an example would be the Jasper Jumper. Rigid fixed functional appliances are
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different from flexible ones due to the fact that they are not easily fractured and that the
mandible is not free of movement, because of this, they deliver better skeletal results than
the other types. The patient is forced into a forward biting position instead of the typical
maximal intercuspation one (32). Examples of these rigid ones are the Herbst and mandibular

advancement repositioning appliance (MARA).

Unlike removable functional appliances, fixed functional appliances do not require a second
phase of treatment since they can be used conjointly with brackets at the same time. The
Jasper Jumper and Forsus Fatigue Resistant Device require an alignment and levelling phase
with the multibracket appliances since they are attached to the teeth through this system (33).
To ensure long-term stability with fixed functional appliances, the axial inclination of the
incisors of the lower jaw is assessed and should be increased to certify that the dental changes
have stabilized. It is recommended the use of occlusal positioners to ensure the position of

the mandible. The occlusion could also be settled with Class Il elastics before debanding.

There has been some controversy on whether fixed functional appliances truly have an
orthopedic effect, many studies have shown that the correction of Class Il was majorly due to
dentoalveolar changes (15). In 2016, a thorough systemic review on the assessment of skeletal
mandibular changes in circumpubertal patients with fixed functional appliances installed on
multibracket appliances compared with untreated patients was released by the Department
of Orthodontics of the Cairo University (33). In regards to effective mandibular length, no
difference was observed between the treated and control patients in neither the pubertal nor
post-pubertal groups. However, they did end up agreeing that more clinical trials were needed

to fully confirm this notion, as there exist many articles contradicting each other on this
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notion. Other detrimental aspects of fixed functional appliances would be their proneness to
breakage, higher cost, and marked tipping of the teeth. They are known to have shorter

treatment period but this increases the risk of relapse.

1.2.1. HERBST APPLIANCE

The Herbst appliance [Figure 7] has for many years been baptized as the gold standard of fixed
functional appliance. It is the most popular functional appliance in the United States for the
correction of mandibular retrognathism. One of its particularities is that it can still be used in
the post-pubertal period in young adults, however, greater anchorage loss will occur

compared to treatment results during the pubertal period.

Figure 7: Herbst Appliance

The Herbst is composed of four crowns cemented to the first molars and of two telescoping
arms. It is considered as a passive activator since it works with tube forces to maintain the
mandible in a continuous propelled position, namely during closure and opening movements,

by exerting an upward-backward force on the maxilla and a downward-forward force on the
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mandible. The device can induce the remodelling of the condyle, the glenoid fossa, and the
articular tubercle by causing an anterior and downward movement of the condyle (LeCornu
et al. 2013. reported an anterior displacement of the condyles of 0.38-0.56mm (34)). As noted
in Table 3, the Herbst has proven to be efficient in correcting Class Il malocclusions by
restricting maxillary growth, increasing mandibular length (1.2mm per year), distalizing
(maximum 4.5mm) and intruding (maximum 3.5mm) maxillary molars, mesializing (0.8mm to
2.2mm) and extruding mandibular molars. It is one of the few appliances with available long-

term stability evidence (2), (35), (36).

It may be used in association with multibracket appliances or clear aligners to correct both
jaw growth and tooth alignment problems, consequently avoiding a second treatment phase.
The use of brackets or aligners reduces the buccal version of the mandibular incisors related
to the treatment. The proclination of the lower incisors may be beneficial to patients with
initial retroclined incisors but will be unfavourable in those with proclined mandibular incisors

at the start of treatment.

Clear aligners [Figure 8], in addition, allow the control of the molars and so, of the posterior
vertical dimension, and this by the possibility of varying the thickness of the acrylic resin at

the molar level.

Figure 8: Herbst appliance in

conjunction with clear aligners
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The appliance is broadly used for a span of 8 to 12 months, the latter being the best to prevent
relapse. Condyles must be centred in the glenoid fossa at the time of removal. Additionally,
one should always consider patients will undergo a relapse in terms of dental relationship,
thus, it is fundamental to overcorrect molar relationship and, if possible, reach a Class Ill. Once
the appliance is withdrawn, a fixed appliance should be assembled to reach a perfect detailing

of the occlusion (37).

Dentists from the past have stated that treatment with the Herbst was mostly successful but
there were many complaints from patients due to the irritation that it caused on the lips and

cheeks. Another negative aspect would be its high cost.
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1.2.2. MARA APPLIANCE

Figure 9: MARA Appliance

The MARA [Figure 9] is the abbreviation for Mandibular Anterior Repositioning Appliance and
was developed by Toll as a solution to the dislike expressed by patients in regards to the
Herbst. Unlike the Herbst, it is considered an active appliance since it requires the patient to
posture forward without the help of a spring. It acts by guiding the patient to bite into Class I,
when the patient tries to bite naturally (into Class Il) the fixed lower arms interfere with
closure and force the patient to bite forward in front of the upper elbow. During Class | closure,

the lower arm should slip in front of the elbows.

Some of its advantages are:

= |t eliminates the compliance factor.
= |ts esthetics.
= The possibility of associating it with other fixed gears due to the presence of upper and

lower archwire tubes: Analogous to the Herbst, it can be used simultaneously with pre-
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adjusted Edgewise appliances but will necessitate some levelling of the molars and
premolars with more flexible wires. This extends the overall treatment time (4).

= Breakage is minimal and speech and hygiene are unproblematic due to the absence of
inter-jaw restrictions.

= |t possesses fewer anchorage points, which results in fewer secondary effects.

» The patient’s profile looks immediately better once the appliance is inserted.

The MARA is composed of [Figure 10]:

= Stainless steel crowns on all first molars:
- The upper molar has a rectangular archwire tube and a large square tube in which
slides an adjustable square elbow (removable attachment) that hangs vertically.
- The lower molar has a rectangular tube and a round wire arm on the mesial side
projecting buccally.

= Lingual arch or lower braces.

(@) (b)

Upper
Upper Ligature Tie Archwire Tube
Archwire Tube

Shim / Bushing

Upper Stainless
Steel Crown

Elbow’s Distal e Elbow’s
Extension of Horizontal Leg Elbow’s
Horizontal Leg ™ Vertical Leg

Large

- Lower Stainless
Square Tube

Steel Crown

Elbow’s « Lower Arm Arm
Elbow’s
S Ly Vertical Leg

Lower
Archwire Tube

Figure 10: The MARA and its elements, (a) sagittal view, (b) frontal view
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Table 3 depicts two different studies including the MARA appliance: Ardeshna et al’s study
showed that the MARA treated Class Il sagittal relationship cases into a Class I. There was a
molar correction of 7mm with 2.6mm coming from skeletal changes and the remaining 4.4mm
from dental changes (37). It can be said that the effects on mandibular growth are minimal
and not important enough to suggest that the appliance has the ability to stimulate sufficient
mandibular growth to correct distal sagittal discrepancy, this assumption is confirmed by
another article, Pangrazo et al's (38). However, for the reduction of the overjet (4.7mm),
skeletal changes contributed more with 55% of correction versus 45% from labial version of
the mandibular incisors (2.6mm versus 2.2mm). The device appears to have an
inconsequential effect on the maxillary incisors. Unlike the Herbst, the MARA showed no

headgear-like effect except in few cases where the patient’s growth phase was ideal (37).

Similar to the Herbst appliance, the MARA can be used to alleviate temporomandibular
symptoms and is useful to recapture anteriorly displaced discs and to unload the joints. Even
though this appliance has several advantages and is seen as an adequate non-extraction
solution of Class lls, its use is not common. This probably is due to its higher cost, the handling

and placement complications, and longer chair time.

Some of the potential side-effects are (39):

= Mobility of the mandibular first molars caused by contact of the elbow with the
posterior surface of the lower arm. However, this can simply be fixed with full-fixed

orthodontic appliances.
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= Distal tipping and intrusion of the upper first molars due to force exerted by protrusive
lower molars. The placement of a transpalatal arch can counter-effect the forces

received by the molars.

The appliance is indicated for patients in the late mixed dentition stage and stays intraorally

for a period of 6 to 8 months.

1.2.3. JASPER JUMPER

The Jasper Jumper (JJ) unlike the Herbst or MARA is considered as a fixed flexible functional
device and was developed in 1987 by James Jasper. It has a similar mechanism to the Herbst
but to minimize the problems produced by the rigidity of the latter it is composed of two
flexible force modules that exert light and continuous force through mandibular
advancement. One of its particularities along with the Forsus Fatigue Resistant Device is that
it is attached to the arch wire or bands on teeth, however, the prerequisite of having a stiff
arch wire before its placement delays the treatment of the Class Il relationship until the arches

are adequately aligned to allow the placement of a straight stainless steel arch wire.

More comfort is provided to the patient as he has autonomy over mandibular movements.
Other advantages are its lower cost and shorter treatment period thanks to its association
with fixed appliances (40). Its flexible structure permits lateral jaw movements which is a

disadvantage.
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The upper end of the spring is hooked from the first upper molar headgear tube to the lower
arch wire in between the canine and first premolar [Figure 11]. The upper molars receive a

distal and intrusive force, while the lower incisors a mesial and intrusive force (4).

Figure 11: Jasper Jumper device

Although the Jasper Jumper has no significant effect produced on the mandible it has a
“headgear” effect, meaning it inhibits the anterior displacement of the upper jaw and thus
significantly reduces maxillary protrusion, the results have proven to remain stable in the long
term. There are noteworthy and important dentoalveolar changes at the level of both jaws:
dentoalveolar retrusion and extrusion of the maxillary incisors, protrusion, and intrusion of
the mandibular incisors, distal tipping of the upper molars, mesial tipping of the inferior

molars, decreased overjet and an amelioration of the molar relationship.

In the post-treatment period Foncatti et al.’s study observed considerable anterior movement
of the upper incisors, thus, increasing the affinity toward reversion of the anteroposterior
correction. To counter-effect this problem the active retention time should be increased in

the post-treatment period (41).
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Authors such as Kugukkeles et al have concluded that the correction of Class Il by the Jasper
Jumper device is obtained through 80% of dentoalveolar changes and 20% skeletal changes,
and because of this, it can also be used in non-growing patients. However, if an anterior bite
plane is used in conjunction with the appliance, Bassarelli et al have reported that correction
would be provided skeletally at a percentage of 75 compared to 25 percent of dentoalveolar

correction in growing patients (42).

1.2.4. FORSUS FATIGUE RESISTANT DEVICE

The Forsus Fatigue Resistant Device (FRD) [Figure 12] is a hybrid appliance meaning it is a
combination of flexible and rigid ones. It is a modification of the original “Forsus” device
developed by Vogt in 2001. It is a semi-rigid appliance with a telescoping system that
integrates a super elastic nickel-titanium coil spring. It serves to replace conventional Class Il
elastics and applies continuous force 24 hours a day. It is a newer type of appliance that has
the benefit of being easily assembled in the chair side and thus, requires no lab work and saves

time (43). Treatment with the device tends to last for an average of 6 months.

Figure 12: Forsus Fatigue Resistant

Device
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In the same manner as the Jasper Jumper, the Forsus FRD works with existing braces by
attaching itself to the first upper molars and to the mandibular arch wire, distal to the canine
or first premolar bracket. As the coil compresses, constant antagonistic forces are transferred
to the sites of attachment, a mesial force on the mandible and a distal force on the maxilla
[see Figure 13]. There are also intrusive forces on the molars, these can help decrease the

posterior vertical dimension and fix cases with posterior open bites.
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Figure 13: Force vectors associated with the Forsus FRD

The Forsus can control the overbite, modify dental eruption and lead to a good soft tissue
profile of the face. A literature study on the appliance has revealed that active treatment with
the Forsus induced mainly dentoalveolar changes with considerable mesial movement of the
mandibular dentition (3.7mm of molar correction) (43). The greatest skeletal effect is the
restraint of maxillary growth, however, when compared to the Jasper Jumper, Buyuk et al’s
study demonstrated that the Jasper Jumper had superior restrictive control on the maxilla
than the Forsus FRD. Nevertheless, both appliances result in similar outcomes, in regards to

the soft tissue profile, it improves with the retraction of the upper lip and protraction of the
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lower lip. Many studies in the literature have obtained comparable results and have reported
that both the Jasper Jumper and Forsus FRD cannot act skeletally on the mandible even
though the Class Il correction show skeletal improvement in patients using them, this is

probably due to the action they have on the maxilla (42).

Its treatment results are also comparable to those of Class Il elastics as they both obtain more
or less the same outcomes, but a greater lower mesial movement is observable in the Forsus

FRD group.

The various benefits of this appliance are that it is aesthetic and easy to use, it requires no
adjustment during treatment, it works consistently, is resistant to fatigue as its name suggests
it, it is comfortable due to its minimal size and it allows for more accurate predictions in
treatment time and outcome thanks to its chronic and consistent forces. It possesses a wide
range of clinical possibilities for its use, for example, it can be used to handle unilateral class
Il division 1 cases with a skeletal component, and here differential forces will be applied on

each of the rods.

2. CLASS Il ELASTICS

Class Il elastics are accessories of force that can be classed as active elements over a fixed
device. They are used for inter-maxillary correction and the forces they emit (200 to 400g) are
considered intermittent since elastics can be fixed and detached by patients. They were
founded in the 1890s by Calvin Case and Henry Baker for the orthodontic correction of class Il

malocclusions.

34



Figure 14: Class Il Straight on U3 - L6

Several patterns for the adjustment of class Il exist, the most common one connects the
maxillary canine [U3] with the mandibular first molar [L6] on the same side [Figure 14]. They
have expectable effects on the maxillary teeth: (1) they pull back the entire upper arch, (2)
extrude the upper anterior segment, and (3) rotate the plane of occlusion clockwise. On the
other hand, the reciprocal elastic forces are able to protract the buccal segments, extrude the
mandibular molars and intrude the lower incisors to flatten and thus, correct the curve of Spee
(44). The combination of anteroposterior and vertical effects corrects the Class Il buccal
relationship to a Class I. Habitually, skeletal modifications are induced by devices that apply
heavier forces over long periods of time. Yet, when comparing long-term results of Class I
elastics with functional appliances such as the Herbst or Forsus FRD, changes were observed
to be similar [see Table 4] (45). Petrovic et al showed that in certain cases they were capable
of augmenting the amount and rate of condylar cartilage proliferation, this was manifested
morphologically by the lengthening and clockwise rotation of the mandible in growing
patients. However, due to the seniority of their article and the lack of recent papers

demonstrating the skeletal effects, this notion will be considered as a hypothesis that needs
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further proof. It can be asserted that the correction of the malocclusion mainly results from
dentoalveolar changes, this is supported by Janson et al’s (45) systematic review on the effects
of Class Il elastics. Other important functions achievable with Class Il elastics are the opening

of the bite, correction of the midline, and labial buccal tipping of the lower incisors (46).

Diagnosis
Review of 11 articles on Class Il elastics to determine the most frequent uses
& main effects of Cl Il elastics in Cl Il malocclusion
Results at the end of treatment
- Restraint of forward maxillary growth

- Forward growth of mandible

- 18.9% of skeletal change & 71.1% of dental change

- Mainly dentoalveolar changes: lingual tipping, labial tipping,
extrusion of maxillary incisors, mesialization & extrusion of
mandibular molars.

- Findings show that effects are similar on a long term basis to those
produced by functional appliances

Table 4: Results of Janson et al.’s study on Class Il elastics (2013)

The most well-known side-effects of inter-arch elastics are:

= The increase in posterior vertical dimension associated with extrusion of the
mandibular molars. Because of this, they will be contraindicated in long face
patients but indicated in deep bite cases.

= Unaesthetic upper anterior gingival exposure also known as gummy smile. This
appears due to the lingual and distal tipping of maxillary incisors. This normally can
be controlled by choosing a high torque bracket for the upper incisors and low

torque ones for the lower incisors.
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Other authors have noted the possibility of root resorption, however, Janson et al.’s study
demonstrated that this was improbable since the forces produced by the elastics were
distributed evenly among the maxillary and mandibular teeth (47). No study has truly been
able to identify any significant secondary effects, thus, Class Il elastics can be used alone or in
association with other accessories to correct the malocclusion without the patient nor the

dentist having to worry about significant side effects.

The main difference between a fixed functional appliance and elastics would be that the latter
acts only when placed in position while the other acts continuously and thus, in the short term
obtains results faster (45). For effective treatment of Class Il with elastics it is vital to have
excellent patient cooperation, their full-time usage is recommended and their removal is only

indicated during meal times. Generally, the correction of the discrepancy takes 8 to 9 months.

3. CLEAR ALIGNERS: INVISALIGN®

Clear aligners have been used as early as the 1940s to correct small tooth movements but
their usage was minimal due to the consequential time it took to fabricate them. Today one
of the most famous systems of aligners is “Invisalign”, which was developed in 1997 by Zia
Chishti, a Stanford student. A few years ago, Invisalign could only correct simple
malocclusions. Nowadays, thanks to the innovation of treatment techniques, new materials,
and three-dimensional software, it is possible to treat almost all types of malocclusions with

Invisalign.

Each aligner is custom-made with an elastic thermoplastic material that is thin but strong

enough to cause tooth movement. Some advantages that they have over fixed appliances
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would be shorter treatment duration, it generally lasts 12 to 18 months depending on the
severity of the case. With fixed appliances, there are steps to follow and the adaptation with
different wire types and thickness tends to elongate the therapy time. The complete coverage
of the occlusal surfaces helps eliminate or reduce the canting of the occlusal plane that can
occur with brackets and elastics if there’s a lack of anchorage (48). The patient’s comfort isn’t
compromised by any metal appliance, wire, or bracket. The aligner can easily be cleaned and
its removability allows the teeth to be cleaned and flossed without hindrance. Finally, the
orthodontist will have fewer unexpected visits from patients, however, for the patient the
requirement to often change aligners means they will have to dedicate a great amount of time
on trips to the orthodontist. Generally, aligners need to be changed every 2 weeks and must
be worn for 22 hours a day to truly be effective. Tooth movement accuracy with Invisalign
treatment is at 41%, on the other hand, anteroposterior movement through upper molar

distalization is very predictable with 88% of accuracy (49).

In the treatment of Class Il patients with Invisalign it is necessary to combine it with elastics
to have anchorage, rubber bands should be worn all night and for a minimum of 3 hours during
the day. The wear of elastics permits more complex movements, for example, the closure of
spaces after extractions. To maintain the elastics the aligner must have a small notch. When
a greater movement is desired it is then preferable to add an orthodontic button that is
directly glued onto the tooth since the vertical force of the bands can easily dislodge the

aligners [Figure 15] (50).
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Figure 15: Orthodontic button glued onto the first molar and notch on buccal aspect of the

aligner at the level of the upper canine

In 2017, Align Technology announced the innovation of a new type of clear aligner to be used
solely for the correction of skeletal Class Il, Invisalign with Mandibular Advancement Feature
(IMAF) [Figure 16]. It is designed to reproduce the action of both elastics and functional
appliances through precision wings placed between the 2" premolars and 15t molars of the
upper and lower aligners. These interlock and hold the mandible in a forward position during
occlusion and simultaneously straighten the teeth. The progress is gradual and every two
months the mandibular advance is increased by 2mm. Align Tech claims that IMAF is a
simpler, more proficient, and patient-friendly treatment option than functional appliances
and has the advantage of not requiring the use of elastics like previous clear aligners. By
avoiding the need of using elastics the orthodontist needs to rely less on patient conformity,
this is because patients generally avoid wearing their elastics during the daytime for esthetic
reasons. However this statement is controversial since for a full Class Il correction in a patient
with more than 6mm of discrepancy elastics will be recommended. The company also states

that therapy with this aligner can be indicated in growing patients with mild to severe
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mandibular retrusion, in late mixed dentition phase, or permanent dentition from ages of 10

to 15.

%::- invisalign | made to move

Invisalign treatment with mandibular advancement

precision
wings

p
wings

Figure 16: Invisalign with Mandibular Advancement advert

Diagnosis
Comparison of 3 groups (Twin Block, Invisalign MA, Control) comprised of 32 subjects per group. Phase
2 treatment for TB was with full fixed edgewise appliance and for Invisalign MA with Invisalign.

Results

= Treatment length longer in TB group.

= Mandibular length: it increased 4mm more in TB group than in the IMAF group.

= Qverjet reduction: 4.5mm in TB group & 2.55m in IMAF group.

= Lower incisor extrusion was greater in TB group (1.43mm difference).

= 1% molar mesialization was greater in TB group.

= Neither Invisalign or fixed edgewise appliances as a treatment modality in the 2™ phase of
treatment offered any significant dental or skeletal outcomes over the other.

Table 5: Most significant results obtained from the study by Blackham comparing Class 1l

malocclusion treatments with Twin Block and Invisalign Mandibular Advancement
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Blackham’s study compared the treatment effects of IMAF and Twin Block appliance [Table
5]. The Twin Block group was treated for longer and obtained greater results in mandibular
length (TB: 8.81mm, IMAF: 4.81mm), these results further assert its superiority compared to
other treatment modalities. It was demonstrated that the small cumulative changes in dental
and skeletal variables from the IMAF therapy, individually were not statistically significant,
however when combined they amounted to a clinically significant correction in dental
malocclusion and improvement in the skeletal relationship (51). The study stated that a major
contraindication for IMAF treatment is the presence of supernumerary teeth buccal to the
premolars since the location of the wings of the aligners over that area can place unwanted

pressure.

Due to the novelty of the appliance there is still no scientific evidence about its results and
further research is needed to assess the long-term effects of this system and confirm its

benefits (52).

Sabouni et al.’s article elaborates on three therapeutic approaches with aligners that depend
on the growth stage of the patient: (i) Early treatment before patient reaches Cervical Stage 3

(CS3); (ii) treatment in optimum phase with CS3 - CS4; (iii) Late treatment after CS4 (53).

Early treatment consists of equilibrating the orofacial functions to normalize the growth of the
patient and to allow him to obtain a harmonious development. Class Il patients with
mandibular retrusion tend to present a narrow maxillary arch and thus the first step of
rehabilitation would be to treat it. Therapy generally lasts 12 months and focuses on
correcting excessive overjet to decrease the trauma risk, regulate the transversal dimension

of the jaws, and improve the relationship of the vertical and sagittal aspects [Figure 17].
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Figure 17: Decision tree before CS2

Treatment in the optimum phase corresponds to the growth spurt of the patient. The therapy
protocol will depend on the importance of the malocclusion in the sagittal dimension [Figure
18]. If the sagittal malocclusion is inferior to 2mm, rubber bands of heavy force (6 Oz) will be
used to stimulate mandibular growth. If it is between 2 and 5mm, the mandibular
advancement (MA) system will be elected. If it is greater than 5mm, the first phase will consist

in using the MA system and then distalize the upper molars with serial aligners.
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Figure 18: Decision tree for patient between CS3 and CS4

Sagittal malocclusion is also important for the decision making in late treatment. There are

three different clinical approaches depending on the discrepancy [Figure 19]:

If it is inferior to 3mm, a correction will be done through distalization with sequential
aligners.

If it is between 3 and 5mm, depending on the clinical conditions, the orthodontist will
perform a progressive distalization associated or not with interproximal reduction, a
derotation of the molars, or use inter-arch elastics.
On the other hand, if it is superior to 5mm, extraction or surgical protocol will be

planned. This will depend on the complexity of the case and the patient’s choice.
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Figure 19: Decision tree after CS5

4. TEMPORARY ANCHORAGE DEVICES: MINISCREWS & MINI-IMPLANTS

Temporary anchorage devices (TADs) are miniscrews placed into the alveolar bone of the jaws
that have for goal to maximize wanted tooth movements and minimize undesired ones. They
remain in place as long as orthodontic therapy lasts and are removed once it is over. It can be
said that teeth are moved against a rigid fixation which allows more precision in regards to
their movement. The notion of temporary skeletal anchorage was first brought up in 1945 by
Gainsforth and Higley who tried to use screws and stainless steel wires in dogs as appliances

for traction (54).

Skeletal anchorage systems are used in Class |l children to retract the maxillary arch to correct

the sagittal discrepancy and relieve crowding. They can also eliminate or prevent the

44



unwanted effects caused by some fixed functional appliances and Class Il elastics, and
accelerate orthodontic treatment. The secondary effects of fixed functional appliances are
due to dentoalveolar changes, the profile isn’t as decent as if we were to purely move the
mandible forward. Dental changes cause the long axis of the upper and lower incisors to
worsen: the upper incisors retrocline, the lower ones procline, and the occlusal plane tilts
downward anteriorly. The teeth are then positioned in an unstable way, of course, this doesn’t
apply for all cases but is common in patients with severe Class lls or with additional
encumbering factors such as excessive crowding. Due to the latter statement it may be
important to consider using a skeletal anchorage device such as miniscrews. The headgear
could be an option but in today’s modern period its use is socially unacceptable due to its poor
esthetics, and since it requires patient consent its consideration is made more difficult. Also
Class Il skeletal cases are generally due to a problem with the mandible and not the maxilla,

thus we would be treating the wrong jaw.

Other benefits of TADs are the elimination of the need to use teeth as anchors, heavy forces
on anchor teeth can cause them to move, and thus avoiding this is important to have a
stabilized arch. Their use is intended to begin after the eruption of the permanent dentition
and is most commonly indicated for mass retraction, molar distalization, post-extraction
retraction, and as we said earlier, as an accessory to fixed functional appliances for better
results and long-term stability (55). Their use is indicated for palatal expansion, extrusion or
intrusion of teeth, protraction of teeth, and uprighting of molars. However, it is important to
state that the success rate of miniscrews is lesser and less predictable in growing patients
since they possess less mature alveolar bone, fewer steady insertion sites, and have an active

bone metabolism. Due to this, their use isn’t recommended during deciduous or early mixed
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dentition. Thus, a contraindication would be insufficient cortical bone thickness (<1mm) since
it leads to inadequate primary stability and increased vulnerability to stresses that can cause
bone resorption in the region where the screw is placed. Other contraindications include
immunodeficiency, bleeding pathologies, pathological bone quality, problematic healing, and

poor oral hygiene since it increases the risk of peri-implantitis (56).

There are different sizes of bone screws for diverse sites of placement. Smaller screws (6-
11mm inlength and 1.3-2mm in diameter) are positioned in between the roots of teeth (intra-
radicular), while bigger screws (10-14mm in length and 2mm minimum in diameter) are placed
further away from the roots (extra-radicular). In the makxilla, the insertion location is in the
infra-zygomatic crest, and for the mandible in the buccal shelf region. The infra-zygomatic
crest is situated higher and lateral to the 15t and 2"¥ molar region [Figure 20], there is a debate
on the exact placement point, Ghosh’s article on Orthodontic Bone Screws demonstrates the
possibility of two sites, an anterior one close to the mesial-buccal root of the 15t molar (Author
Liou), and a posterior site in the 15t and 2" molar region (Author Lin). For the mandible, the
buccal shelf area is located lower and lateral to the 2" molar zone [Figure 21]. Ideally, the
screw is placed at the vestibular area of the distal-buccal cusp of the 2"¥ molar since bone

depth is greater there (57), (58).
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Figure 21: Localization of the buccal shelf region of the mandible

One positive feature of the use of bone screws is that it almost always requires no pre-drilling
nor raising of the flap (except in mandibular cases where bone density is too thick). It can be
immediately loaded after its placement and supports up to 300-350g per screw. When
compared to mini-implants, the success rate and stability of mini-screws are far more

superior, this is mainly due to their superior size and location.
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CONCLUSION

To conclude, this paper has answered the previously set objectives, the answers being:

1. Thetreatment options for the correction of skeletal Class Il in growing patients are the

single-use or combination of the following: removable functional appliances

(Activator, Bionator, Frankel, Twin Block appliances), fixed functional appliances

(Herbst, MARA, Jasper Jumper, Forsus Fatigue Resistant appliances), Class Il elastics

with full arch brackets, and clear aligners with Class Il elastics or built-in mandibular

advancement, and/or temporary anchorage devices. The Twin Block and Herbst

appliances are the most effective according to the literature. The Twin Block achieves

greater sagittal skeletal changes by being able to stimulate up to 7 to 8mm of

mandibular growth, and the Herbst thanks to its considerable restrictive effect on the

maxilla can distalize the maxillary molars up to 4.5mm.

2. The indications and contraindications depend on the patient’s skeletal age, phase of

growth, compliance and preference, the severity of the case, length of therapy, cost,

geographical zone, and orthodontist’s knowledge and skills. The optimal treatment

time is during or around the growth spurt.

3. In the long-term, most authors agree that orthopedic appliances lead to skeletal and

dentoalveolar changes. All of the removable functional appliances have proven

capable of inducing at least 3 to 4mm of mandibular growth and keeping these results

stable. On the other hand, fixed functional appliances have a greater skeletal effect

on the maxilla instead of the mandible and can restrain its growth considerably except

for the MARA. Almost all orthopedic devices result in the mesialization of the
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mandibular arch (mesialization and extrusion of molars; protrusion and intrusion of
incisors), and distalization of the maxillary arch (distalization and intrusion of molars;
retrusion and extrusion of incisors), each in different proportions. The Forsus Fatigue
Resistant Device obtains the greatest results in regards to the proclination of lower
incisors. In the category of fixed orthopedic devices, Herbst followed by the MARA are
the ones with the greatest probability of achieving optimal results.

It can be established that Class Il elastics are useful in the correction of this type of
malocclusion and share similarities with fixed functional appliances in terms of the
modifications they engender in the long-term: about 20% of skeletal changes and 80%
of dental changes.

In regards to clear aligners, they are effective for the alignment or levelling of the
patient’s arches but often require auxiliaries to achieve greater predictability of
movement and in particular elastics for Class Il correction. The innovation of clear
aligners directed for mandibular retrognathism therapy could be a valid option in the
future, however, the level of data from these studies is not sufficient enough to obtain
strong evidence-based conclusions.

Skeletal anchors also make it possible to eliminate some of the harmful effects of
conventional devices by limiting certain undesirable dentoalveolar effects such as the
protrusion of the lower incisors and can be used to retract the maxilla. Detailed long-
term effects of TADs in the treatment of Class Il could not be properly assessed

because of the lack of number of trials comparing treatments with and without TADs.
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RESPONSIBILITY:

This thesis meets the criteria of social sustainability since it focuses on the possible therapies
that can improve the oral health, self-esteem, esthetics, and functional problems of a patient
suffering from the effects of a skeletal class Il. It offers several solutions to improve the quality

of life of these patients.

It also applies to the economic sustainability category since it proposes early treatment
options that may correct or at least improve and prevent progressive permanent soft tissue
or bony changes related to Class Il malocclusion. By preventing the problem from becoming
too severe, the need for complex, more lengthy and costly treatments can be avoided later

on.
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Abstract

Although mandibular advancement by bilateral sagittal split osteotomy seems to be a
guud mandibular treatment L}pl‘i on to treat skeletal class [T malocelusion, itis less stable
than setback; relapse depends on a wide range of patient-centered and surgeon-
centered factors relating to the skill and experience of the surgeon, proper seating of the
condyles, the exact amount of mandibular advancement, the tension of the muscles and
soft tissues, the mandibular plane angle, and the patient’s age. In fact, patients with low
and high mandibular plane angles have increased vertical and horizontal relapses,
respectively. Nonsurgical management of class Il malocclusion may be an option by
which te effectively manage such cases. The present chapter discusses different
treatment modalities for clinical management of class 1T malocclusion in growing and
n(m-gmwing patients_

Keywords: class Il malocclusion, diagnosis, treatment, management, advances

1. Introduction

Class II malocclusion is among the most common developmental anomalies with a preva-
lence ranging from 15 to 30% in most populations [1, 2]. This malocclusion is likely to produce
significant negative esthetic, psychological, and social effects [3-6]. This dentofacial anom-
aly can be divided into two different categories based on the involved arch to maxillary excess
or mandibular deficiency [7, 8]. The resulting anomaly may demonstrate various severities of
class Il malocclusion in different ages, which dictates the preferred approach to clinical
management.

Attnbution License (http: ! foreativecommons.org/ licenses/by £ 3.00, which permits unrestricted use, distribution,

and repraduction in any medium, provided the original work is properly cited _E

I NTEC H & 2016 The Author(sl. Licensee InTech. This chapter is distributed under the terms of the Creative Commons

61



Research Article

iMedPub Journals
hitp: imedpu

DOE 1021767/ 2465-2980. 100034

Studying the Prevalence and Etiology of Class
Il Subdivision Malocclusion Utilizing Cone-
Beam Computed Tomography

Abstract

Objective: The purpose of this study was to investigate the prevalence of
subdivision malocclusions in Class 11/1 and Class 112 patients and to see if the 112
group had greater skeletal asymmetry.

Materials and methods: From a sample of over 1500 records, 256 Class I
malocclusions met inclusion criteria. Of these, 214 were Class IIf1 and 42 were
Class 1lf2. Seven landmarks identified on CBCT scans were used to make & bilateral
linear measurements. Right and left side differences were calculated for each
subject, and median values were compared. Linear measurements from the Class
| side of the subdivision malocclusion to the Class Il side were compared.

Results: 22.9% of 111 subjects had a subdivision malocclusion versus 50% of the
112, Significant side-to-side differences existed between 111 and 1I/2 subjects in
two of eight measures. There were greater differences in the 112 group between
the Class | side of subjects to the Class Il side than in the 111 group.

Conclusion: All mandibular variables indicated greater degrees of mandibular
asymmetry in the 11/2 group; only Co-Po proved statistically significant.

Keywords: Mandibular asymmetry; Cone-Beam Computed Tomography (CBCT);
Malocclusions
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Introduction

The Class Il malocclusion is broadly defined as a distal relationship
of the mandibular teeth relative to the maxillary teeth. Angle
[1] recognized a subset of the Class Il malocclusion, the Class Il
Division 2 (IIf2) type, which exhibited a distinct triad of features.
They include: Deep bite, retroclined maxillary incisors and a
posteriorly positioned mandibular dental arch. Characteristics
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accompanied by abmormal function of the lips and some

form of nasal obstruction and mouth breathing. The Class
/2 malocclusion is characterized by less narrowing of the
maxillary arch, and lingual inclination of the maxillary incisors.
A malocclusion is further classified as a subdivision when the
malocclusion exists on one side of the arches but is normal on
the other. The offending side determines the namesake of the
subdivision [1].

of the 112 malocclusion are well-documented. They can be
summarized as follows: skeletal components include a hypo-
divergent pattern, decreased lower face height, low mandibular
plane angle, decreased gonial angle, and commonly, adeguate
mandibular body length and width in comparison to the Class Il
Division 1 (IIf1) type. Dental components include retroclination
of the maxillary central incisors, minimal overjet and deep bite

[2-4] Although the Angle classification system has shortcomings

it remains the predominant classification system to describe
the anteroposterior occlusal relationship. Most clinicians
oversimplify the Class /2 definition by focusing only on

Angle characterized the Class I/l malocclusion as hawing
a narrowing of the maxillary arch with protrusive incisors

0 Under License of Creative Commons Attribution 3.0 License | This article & available in hitpe//forthodontics-endodontics imedpub. coem 1
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CHAPTER 6

Recognizing and correcting Class 11

malocclusions

SECTION I: The development, phenotypic characteristics,
and etiology of Class II malocclusion

Peter H.|Buschang, PhIy

Deparinrent of Drthodomrics, Texas AetM Limiversity Baylor College of Dentisiry, Dallas, Texas, USA

6.1 Introduction

Itis important 1o distinguish between the various types ol
Class II malocclusions, in order to understand the growth
changes that occur. The most important distinction is
between Class 11, division 1 and Class II, division 2
{Figure 6.1}, Angle distinguished between the two by
noting that Class 11 division 2 subjects have =, ., distal
occlusion of the teeth in both lateral halves of the lower
dentition, indicated by the mesio-distal relations of the
first permanent molars, but with retrusion instead of
protrusion of the upper incisors,” [1]. From a skeletal
perspective, Ricketts characterized Class 11 division 2
subjects as having “brachyfacial patterns with resulting
strong musculature, The lower facial height and man-
dibular arc are below the normal range, therelore the
teeth are deep in the basal bone” [2].

To understand a patient’s growth potential, the tradi-
tional anteroposterior (AP) categories that have been used
to classify Class IT patients are insufficient, Both the vertical
and AP skeletal relationships must be considered. While
subjects with Class 11 division 1 malocclusion are usually
retrognathic, their vertical characteristics are, on average,
similar to those of Class Is. From a treatment view, it is
vitally important w distinguish between the Class 11 divi-
siom 1 subjects who are hypodivergent, and those who are
hyperdivergent (Figure 6.2). Subjects with Class 11, divi-

sion 2 malocclusion are usually orthognathic and more
hypodivergent even than Class Is,

Class 11s typically present with functional deficits
(Figure 6.3). Their masticatory performance (e, ability
to break down foods) has been reported to be only 60%
of normal [3]. Chewed particle sizes of untreated Class [1s
are approximately 15% larger than those of subjects with
normal occlusion [4]. Their inability 1o break down foods
has been directly related to the decreased areas of inter-
dental contact and near contact associated with Class 11
malocclusion [5], Reduced areas of contact and near
contact are important because they are also related 1o
reduced bite forces and changes in jaw kinematic pat-
terns [6]. This explains why Class s apply less energy
during mastication than Class Is [7]. and why Class IIs
often experience problems chewing loods [4], The [unc-
tional deficiencies are most pronounced in hyperdiver-
gent Class IIs, who have smaller masticatory muscles and
weaker bite forces than hypodivergent Class I1s [8-10].

Class Ils also require treatment in order 1o correct their
aesthetic concerns, The convex profiles and retrusive
chins that characterize Class IIs are among the least
favored among dental professionals [11]. In fact, exces-
sively convex profiles have been consistently shown 1o
be aesthetically  less  pleasing  than  straight  pro-
files [12.13]. Both dental professionals and lay people
believe that changing a patient’s profile to be straighter,

Recognizing and Correcting Developing Malocclusions: A Problem-orierted Approach o Orthodomics, First Edition,

Edited by Eustagquio Aratjo and Peter H. Buschang.
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Skeletal Malocclusion: A Developmental Disorder
With a Life-Long Morbidity
Nishitha Joshi®, Ahmad M. Hamdan®, Walid D. Fakhouri®?
Abstract Keyword: Skeletal malocclusion; Micrognathia; Retrognathia;

The likelihood of birth defects in crofacial tissues iz high due to the
structural and developmental complexity of the face and the sus-
ceptibility to mininsic and extrinsic perturbations. Skeletal maloc-
clusion 15 caused by the distortion of the proper manditular and or
maxillary growth during fetal development. Patients with skeletal
malocelusion may suffer from dental deformities, bruxism, teeth
crowding, trismus, mastication difficulties. breathing obstruction
and digestion disturbance if the problem is left untreated. In this
review, we focuzed on skeletal maloeclusion that affects 27.9% of
the US population with different severity levels. We summarized
the prevalence of class I, II and III of malocclusion in different
ethnic groups and discussed the most frequent medical dizorders
associated with skeletal malocclusion. Dental anomalies that lead
to malocclusion such as tooth agenesis, crowding, missing teeth
and abnormal tooth size are not addressed in this review. We pro-
pose a modified version of malocelusion classification for research
purposes to exhibit a clear distinction between skeletal vs. dental
malocelusion in comparizon to Angle’s classification. In addition,
we performed a cross-sectional analysis on orthodontic (malocclu-
sion) data through the Bighlouth Dental Data Repository to calcu-
late potential association between malocelusion with other medi-
cal conditions. In concluzion, this review emphasizes the need to
identify genetic and environmental factors that cause or contnibute
nizk to skeletal malocelusion and the possible azsociation with other
medical conditions to improve assessment, prognosis and therapeu-
tic approaches.
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Introduction

Disorders of the head and face are very common birth de-
fects in all racial populations, and can appear as isolated phe-
notype of as part of a syndrome. The prevalence of cranio-
facial anomalies varies among different ethnicities based on
genetic backeround, geography, socio-economical status and
environmental factors. Because of the structural complexity
of the craniofacial region, variations in genetic and environ-
mental factors may have a profound effect on development,
and could lead to congenital birth defects. Cleft lip and pal-
ate is one of the most common birth defects with the highest
prevalence of 1 in 500 live births in Asian population [1].
Skeletal malocclusion is another common birth defect that
occurs due to the distortion of the maxillary and or mandibu-
lar development that will have a huge impact on the posi-
tioning, alignment and health of the primary and permanent
teeth. Micrognathia, a small mandible or maxilla, is the most
commen cause of skeletal malocclusion with a prevalence of
1/1,500 live births [2], and is frequently associated with oth-
er skeletal abnormalities. cleft palate and tongue deforma-
ties (glossoptosis). Micrognathia occurs as an isolated form
or as part of 468 syndromic disorders according to Online
Mendelian Inheritance in Man (OMIM) database. It has been
reported that all patients with micrognathia are also affect-
ed with retrognathia (abnormal posterior positioning of the
mandible or maxilla relative to the facial structure) doe to the
small size and growth pattern [3]. On the other hand, macro-
gnathia 1s characterized by the overgrowth of the mandible
or maxilla above the normal values where the manifestation
becomes more prominent at the peak of jaw growth around
the age of 12.2 vears in females and 14 vears in males [4].
Sonographic detection used for prenatal diagnosis of
isolated micrognathia (manifestation of class II malocclu-
sion) is normally disparate from the actual natal outcome in
the large majority of cases. More than 90% of fetuses diag-
nosed with isolated micrognathia by 3D ultrasound repre-

300
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Treatment of skeletal class II division 1
malocclusion with mandibular deficiency using
myofunctional appliances in growing individuals

Abstract

Class Il division 1 malocclusion is the most ¢

Pachori Y, Naviani M', Gaur T?, Bhatnagar S$*
and *Py and Preventi

malocclusion seen in dayto-day practice. The majority
of the patients with class Il division T malocclusions have
the presence of underlying skeletal discrepancy between
maxilla and mandibie. The treatment of skeletal class Il
division 1 depends upon the age of the patient. growth
potential, severity of malocclusion, and compliance of
patient with treatment. Myofunctional appliance can be
successfully used to treat growing patients with class il
division 1 malocclusion having retrusive mandible. This
article presents a discussion on treatment of class il davision |
due to mandibular deficiency with growth modification
approach using myofunctional appliances and a series of
three case reports of treatment of skefetal class Il division 1
malocclusion using myofuncional appliance followed by
fixed mechanotherapy.

Key words

Class Il malocclusion, growth modification, myofunctional
apphance

Introduction

Among the various types of malocclusion found in
human population, class II division 1 is one of the
most common. According to Dr. James McNamara,~~
mandibular retrusion is the most common feature of
class II division 1 malocclusion in growing children.
Class 1T malocclusion is found in 15% of population
in the world. Class II division 1 malocclusion is often
complicated by the presence of underlying skeletal
discrepancy between maxilla and mandible. It can
be due to protrusive maxilla, retrusive mandible, or
a combination of both. The treatment of class II
division 1 depends upon the age of the patient, growth

66
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potential, severity of malocclusion, and compliance
of patient for treatment™< In growing individuals,
growth modification procedures can be carried out
to correct the skeletal class I malocclusion, during
mixed or early permanent dentition before the cessation
of active growth. In patients who are at the end of
prepubertal growth spurt or who are uncooperative,
fixed functional appliances like Herbst, Forsus-FRD
or Jasper Jumper can be used. In patients with mild
to moderate skeletal class I, where active growth
is completed, it is not possible to undertake growth
modification procedures. In such condition, underlying
skeletal discrepancy can be camouflaged by orthodontic
tooth movement with extraction or without extraction
(depending upon the severity of malocclusion). In
adult patients where the discrepancy is very severe, the
best treatment approach is combined orthodontic and
orthognathic surgery.=%
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Evaluating the treatment effectiveness

and efficiency of Carriere Distalizer: a
cephalometric and study model comparison
of Class Il appliances
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Abstract

Background: The purpose of this study was to evaluate the treatment effectiveness of Carriere Distalizer in comparison
to Class Il intermaxllary elastics and Forsus.

Methods: Three groups of patients treated with Class Il intermaxillary elastics (n = 18), Carmriere Distalizer (n= 18), and
Forsus appliance {n = 18) were collected from three private orthodontic practices. Inclusion criteria were as follows: (1)
10-14 years old of start age with permanent dentition, (2) no history of previous orthodontic treatment, (3) complete
pre- and post-treatment records, (4) dental Class Il division 1 (end-to-end or more), (5) no pre-treatment transverse
discrepancy, (6) non-extraction treatment plan, and (7) Class | post-treatment occlusal relationship. The data consisted
of cephalometric and study model measurements from pre- and post-treatment records and treatment time. Two-tail
Student t test was used to analyze the differences in cephalometric changes and dental corrections between Carriere
Distalizer group and Class |l elastics/Forsus group.

Resuilts: All three groups of patients showed no differences in the age of treatment initiation, pre-treatment
cephalometric measurements and discrepancy index (DI). The time of Class |l correction for Carmmiere Distalizer was
significantly shorter than that for Class Il elastics; there was no difference in the length of Class Il comrection between
Carriere Distalizer and Forsus groups. The amount of Class Il correction (canine/molar relationship) was significantly
lower for Carriere Distalizer when compared with Forsus appliance. Carriere Distalizer, similarly to Class Il elastics, did
not induce any statistically significant comrection in skeletal component (ANB and Wits appraisal).

Conclusions: There is no dlinically significant skeletal correction induced by Carriere Distalizer in growing patients.
Carmriere Distalizer can be applied to treatment of mild to moderate Class |l dental malocdlusion over 6 months on
average, although the total treatment time may be prolonged due to various side effects. Overall, the Carriere Distalizer
appears to be no more effective or efficient than alternatives in the treatment of Class Il malocclusion.

Keywords: Class Il malocdusion, Carriere Distalizer, Forsus, Class |l elastics, Retrospective study
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ARTICLE

Radiographic Assessment of Skeletal
Maturation Stages for Orthodontic Patients:

Hand-wrist Bones or Cervical Vertebrae?

Eddie Hsiang-Hua Lai,* Jen-Pei Liu,* Jenny Zwei-Chieng Chang,-* Shih-Jaw Tsai, >3
Chung-Chen Jane Yao,"%3 Mu-Hsiung Chen,? Yi-Jane Chen,*3* Chun-Pin Lin®

Background/Purpose: The skeletal maturation status of a growing patient can influence the selection of
orthodontic treatment procedures. Either lateral cephalometric or hand-wrist radiography can be used to
assess skeletal development. In this study, we examined the correlation between the maturation stages of
cervical vertebrae and hand-wrist bones in Taiwanese individuals.

Methods: The study group consisted of 330 male and 379 female subjects ranging in age from 8 to 18
years. A total of 709 hand-wrist and 709 lateral cephalometric radiographs were analyzed. Hand-wrist
maturation stages were assessed using National Taiwan University Hospital Skeletal Maturation Index
(NTUH-SMI). Cervical vertebral maturation stages were determined by the latest Cervical Vertebral Maturation
Stage (CVMS) Index. Spearman’s rank correlation was used to correlate the respective maturation stages
assessed from the hand-wrist bones and the cervical vertebrae.

Results: The values of Spearman’s rank correlation were 0.910 for males and 0.937 for females, respectively.
These data confirmed a strong and significant correlation between CVMS and NTUH-SMI systems (p <0.001).
After comparison of the mean ages of subjects in different stages of CVMS and NTU-SMI systems, we found
that CVMS I corresponded to NTUH-SMI stages 1 and 2, CVMS 11 to NTUH-SMI stage 3, CVMS 111 to NTUH-
SMI stage 4, CVMS IV to NTUH-SMI stage 5, CVMS V to NTUH-SMI stages 6, 7 and 8, and CVMS VI to
NTUH-5MI stage 9.

Conclusion: Our results indicate that cervical vertebral maturation stages can be used to replace hand-wrist
bone maturation stages for evaluation of skeletal maturity in Taiwanese individuals. [J Formos Med Assoc
2008;107(4):316-325]

Key Words: cervical vertebrae, hand-wrist radiography, lateral cephalometric radiography, skeletal maturation

In orthodontics and dentofacial orthopedics, that the best time for correction of mandibular
the skeletal maturation status of a growing patient  prognathism is after the completion of mandibular
influences the selection and execution of treat- growth.

ment procedures. Favorable orthopedic effects Considerable variations in the development
for patients with mandibular retrognathism only  among individuals of the same chronological age
occur when the treatment begins at his or herop-  have led to the concept of assessing biological or
timal maturation stage. Whereas, it is recommended  physiological maturity. Several biological indicators
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The Cervical Vertebral Maturation (CVM)
Method for the Assessment of Optimal
Treatment Timing in Dentofacial Orthopedics

Tiziano Baccetti,** Lorenzo Franchi,*' and James A. McNamara, Jr."*%

£ ot

The pr t study introd a modified of the Cervical Vertebral Maturation
(CVM) method for the detection of the peak in mandibular growth, based on the analysis of the
MMMMMnasngbmﬂnmdh
bodies of the d (C2 -odi p ), third (C3), and fourth (C4) cervical vertebrae
were analyzed in 6 st halometric observations (T, through T2 of 30 orthodon-
tically untreated subjects. Ommshroadrwbpdmmddmmm
cephalograms comprising the interval of maximum mandibular growth (as assessed by
meansofﬁnmanmummnmonhnhtalnmdlbdahngm Condylion -Gnathion: Co-Gn),
tngetharmlhtwooafier hal a\dtnolaormmm
The isted of both visual and cephal tric appraisals of morphol
charwunsheso“hehaocml b The ‘honoflimmwmo&ﬁod
version of the CVM method was based on the results of both ANOVA for repeated
measures with post hoc Scheffé’'s test (P < 0.05) and discriminant analysis. The new
clinically improved CVM method is comprised of six maturational stages (cervical stage 1
through cervical stage 6. ie, CS1 through CS6). CS1 and CS2 are prepeak stages; the peak
in mandibular growth occurs between CS3 and CS4. CS6 is recorded at least 2 years after

the peak. The use of the CVM method enables the clinician to identify optimal timing for the
treatment of a series of dentoskeletal disharmonies in all three planes of space.

Semin Orthod 11:119-129 ® 2005 Elsevier Inc. All rights reserved.

In the organization, differentiation, development, and
growth of any somatic structure, time playsa crucial role in
determining the final morphological and dimensional result.
In orthodontics and dentofacial orthopedics, it is becoming
increasingly evident that the timing of the treatment onset
may be as critical as the selection of the specific treatment
protocol, as will be discussed below. By beginning a protocol
at the individual patient’s optimal maturational stage, the
most favorable response with the least potential morbidity
can be anticipated.

The issue of optimal riming for dentofacial orthopedics is
linked intimately to the identification of periods of acceler-
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ated growth that can contribute significantly 1o the correction
of skeletal imbalances in the individual patient. Cephalomet-
ric investigarions on longitudinal samples have identified a
pubenal spurt in mandibular growth that is characterized by
wide individual variations in onset, duration, and rate ' In-
dividual skeletal marurity can be assessed by means of several
biologic indicarors: increase in bod\ height'-*; skeletal mar-
uration of the hand and wrist”-Y; dental dc\clopmcm and
eruption® ", menarche or voice ch;mges" B4, and cervical
vertebral maturation '** The biologic indicators of skeletal
maturity refer mainly to somatic changes at pubeny, thus
emphasizing the strict interactions between the development
of the craniofacial region and the modifications in other body
regions

The reliability and efficiency of a biologic indicator of skel-
etal maturity can be evaluated with respect to several funda-
mental requisites.!” An “ideal” biologic indicator of individ-
ual mandibular skeletal maturity should be characterized by
at least five fearures.

1. Efficacy in detecting the peak in mandibular growth
The method should present with a definite stage or



Skeletal maturation evaluation using

cervical vertebrae

Brent Hassel, BA, DOS, MS," and Allan G. Farman, BDS, PhD{odont), Dip ABOMR, EdS, MBA*

Monteres, Calif,, and Lowisville, Ky.

Lateral caphalometric and teft hand-wrist radiographs fom the Botan-Brush Growth Canter at Case
Western Reserve Universty wore roviawed a postenoti 1o develop a cervical verlobrae matusation
Index (CVMI). By using the lateral profiles of e second, third and fourth cervical vertabrae, it was
possible 1o develop & relable ranking of patients according 10 the potential for future acolescent
groweh potentisl (Au J OO0 DeNrorac Onmmor 1995,107:58-66.)

Saul maturation characteristics, chron-
ologic age, dental development, height, weight, and
skeletal development are some of the more com-
mon means that have been wed 1o klentify stages
of growth, Determination of maturation and sub-
sequent evaluation of growth potential during pre-
adolescence or adolescence is extremely important.
With many orthodontic patients, pubertal growth
needs o be factored into the dingnostic equation.

One important diagnestic tool currently used in
determining whether the pubertal growth has
started, 15 occurting, or has finished is the band-
wrist radiographic evaluation. Biologic age, skeletal
age, bone age, and skeletal maturation are nearly
synonymous terms used to describe the stages of
maturation of a person. Because of individual
variations on timing, duration and wvelocity of
growth, skeletal age assessmeat is essential in for-
mulating viable orthodontic trestment plans.

The primary objective of this study was to
create @ method of evaluating the skeletal matura-
toa of the orthodontic paticnt with the cephalo-
metric radiograph that is routincly taken with
pretreatment records. Correlations were made be-
tween cervical vertcbrae maturation and the skel-
etal maturation of the hand-wrist,

BACKGROUND

Skeletsl maturation refers 1o the degree of
development of assification in bone. Size and matu-
ration can vary independently of each other. Skel-
ctal maturation 18 more closely related to sexual
maturity than to stature.'?

The viows expoonsed hereie Iy the ssahors aw son tocessaiily Sens of 1he
Depueizast of Debeasw or B¢ US. Gowenmen

Licwsesunt Codoncd, US. Avery Dental Coep. Mosmerey. Ol
Prdesuw of Radichogy & Imapag Scenres. Ushensiy of Lavenio
Sehocd of Dartrry

1T

During growth, cvery bone gocs through a se-
ries of changes that can be seen radiologically. The
sequence of changes is relatively consistent for a
given bonc in every person. The timing of the
changes varies because each person has his or her
own biologic clock. There are some exceptions, but
generally speaking, the events are reproducible
enough 1o providle a basis for comparison between
different persons.**

Many authors have shown that significant cor-
relation exists between facial and statural growth.
Statural growth acceleration generally precedes fa-
cial growth acceleration by 6 to 12 months, ™™

Hand-wrist radiographic evaluation

After Roentgen demonstrated his new radio-
graphic discovery in 1895, Roland, in 1896, intro-
duced the idea of using the comparative size and
shape of the rediographic shadows of growing
bones & indicators of rate of growth and ma-

||

In the early 19005, Pryos,™ Rotch,* and Cramp-
ton™ began tabulating indscators of maturity on
sequentisl radiographs of the growing hand and
wrist. Hellman published his observations on the
ossification of epiphysial cartilages of the hand in
1928,

Todd™ compiled hand-wrist data that was fur-
ther elaborated on by Greulich and Pyle i atlas
form * Flory, in 1936, indicated that the beginning
of calcification of the carpal sesamoid (adductor
sesamoid) was a good guide to determining the
period immediately before puberty.” The appear-
ance of the adductor scsamoid has been highly
correlated to peak beight velocity and the start of
the adolescent growth spurt.” ™™ Most authors
agree that peok height velocity follows adductor
sesamoid appearance by dpproximately | year.

Fishman developed a system of hand-wrist skel-
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ABSTRACT

In contemporary orthodontics, the complex and multifacterial etiology of class Il malocclusion
has always presented a clinical challenge to the orthodontists. Management of class Il
malocclusion requires a thorough evaluation as the tr 1t options available vary widely
from growth modification using dentofacial orthopedics with functional appliances, dental
camouflage using extraction or non-extraction approaches or even orthognathic surgery,
Selection of treatment modality for class Il patient is based on the age, growth potential,
location of skeletal component, the seventy of malocclusion and the compliance of the
patient. Correction of skeletal class Il malocclusion due to retrognathic mandible can be
done with non-compliance appliances such as fixed functional appliances. Fixed functional
appliances are emerging as viable and successful treatment option for class Il patients owing
to the refinement in their designs and mechanics to advance the retrognathic mandible. A
wide variety of non-compliance fixed functional appliances are available that can be used
with comprehensive fixed mechanotherapy. Forsus fatigue resistant device and Powerscope
are two such fixed functional appliances used for class |l correction. These appliances can
be assembled chair-side and installed easily intraorally. This case report substantiates
the efficacy of these appliances in the two types of Class Il malocclusion growing patients
presenting with a chief complaint of forwardly placed upper jaw and a mean age of 14 years
(age range of 13-15 years).

Keywords: Class Il malocciusion, Fixed functional appliance, Growth modification.

Fixed functional appliances are being widely used as a

About one-third of the population presents with class Il
malocclusion which is one the most common saggital
malocclusion encountered in day-to-day practice.' Most
common single characteristic of class 1l malocclusion is
skeletal mandibular retrusion.? Forward mandible posture
can be achieved by using various functional appliances, that
include both myofunctional appliances and fixed functional
appliances. Numerous functional jaw orthopedic appliances
used for treatment of mandibular skeletal retrusion are
available, Twin Block, Frankel Functional Regulator FR-2,
the Herbst appliance and bionator being the most common.*
Mandibular advancement using functional appliances has
been advocated for correction of skeletal retrusion in class
11 patients,™*

46 |

non-extraction treatment approach in non-compliant patients
presenting with mandibular skeletal retrusion. Newer
appliances are available nowadays that can be assembled chair
side, does not require lab work, are easy to install and are
patient friendly. But at the same they are rigid enough to bring
about the desired skeletal and dental correction, Refinement
of fixed functional appliances offers greater freedom of
functional mandibular movements thereby enhancing patient
comfort.”

This case report illustrates the efficacy of two such
appliances used in the two types of class 11 malocclusion in
growing. The appliances studied are Forsus fatigue resistant
device and Powerscope,
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Severe skeletal Class II Division 1
malocclusion in postpubertal girl
treated using Forsus with miniplate

anchorage

Harshal Ashok Patil, Veerendra V Kerudi', BM Rudagi®, Jitendra S Sharan® and

Pawankumar Dnyandeo Tekale*

Abstract:

Keywords:

Introduction

Among all malocclusion, Class Il
malocclusion presents a constant
challenge to the orthodontist.""l The
treatment options for the correction of
Class [ malocclusion in growing age include
early phase of functional appliance with
growth modification and later the fixed
orthodontic treatment. Unlike removable
functional appliances, fixed functional
devices have the advantage of not requiring
patient compliance, and they can also be
used concurrently with brackets.” Fixed
functional appliances are considered to
be noncompliant Class II correctors; these
are herbst, jusper jumper, twin force bite
corrector, Forsus, etc. Among all Class II
correctors, the Forsus™ has proven to be
most comfortable to a patient, right from
installation itself. The Forsus corrector,
not being as forceful as Herbst, allows
gradual overpowering of the patient’s
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This case report outlines the treatment of a 17-year-oid female with Class Il Division 1 malocclusion
with mandibular retrusion, deep bite, and convex facial profile. The Forsus fatigue resistance device
with miniplate was used for this patient and it was very affecting tool in correcting both skeletal and
dental parameters. The total active treatment time was 19 months. This method can serve as an
altemate choice of treatment, especially those who refuse orthognathic surgery. Hence, Forsus with
miniplate might be useful in both growing and postpubertal patients.

Class Il correctors, fixed functional appliance, miniplate

oral musculature.®# The Forsus™ fatigue
resistance device (FFRD)* is a three-piece,
telescoping system, which incorporates a
super-elastic nickel-titanium coil spring. The
FRD attaches at the maxillary first molar and
on the mandibular archwire, distal to either
the canine or first premolar bracket. As the coil
is compressed, continuous opposing forces
are transmitted to the sites of attachment
without the possibility of fatigue, thereby
correcting Class Il malocclusions. Although
previously performed studies have proved
the efficiency of Forsus, the protrusion of the
mandibular incisor was the most common
problem which further limits the skeletal
effect of the functional appliance.** Aslan
et al.F! used a FFRD appliance combined
with a miniscrew, it was concluded that the
mandibular incisor protruded significantly.
The overjet and molar corrections were
dentoalveolar and no skeletal improvement
was concluded. Recently, Celikoglu et al®
successfully treated a case of pubertal phase
girl having skeletal Class II malocclusion

How to cite this article: Patil HA Kerudi VV,
WBMMJSTMPDSQMM
Class |l Division 1 malocciusion in p bertal girl

|treated using Forsus with miniplate anchorage. J

Orthodont Sci 2017:6:147-51.
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Class Il division | malocclusion
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Abstract

A Class IT malocelusion may oceur as a result of mandibular deficiency, maxillary excess,
or a combination of both. However, the most common finding 18 mandibular skeletal
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Dammam, Sandi Arabia
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Dentof acial Orthopedics,

Dr. D.Y. Patil Dental College and
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recrusion. The use of functional jaw orthopedies, at the right ome during growth, can
ultimarely result in malocclusion patients achieving an excellent funcrional occlusion,
a broad beaveiful smile, a full face with a beautful jaw line, and profile. Funetional
jaw orthopedic (FJO) apphances are designed o encourage adapnive skeletal growth
by mamtammng the mandible m a corrected forward posion. The activator developed
by Andresen 15 one of the most widely used for this purpose. A 12-year-old boy with
skeletal Class IT malocclusion and dental Class 1T div T malocclusion, a low mandibular
plane angle was meated with growth modulation using an activator followed by molar
distalization using fixed orthodontics for detailing of the ocelusion. The major effects
of the activator treatment in this case have been due to increase in condylar growth and
also an inerease in mandibular base length. Further, non-extraction fixed orthodontic
rreatment for proper interdigitation of the dentition also helped eo maintain the stability
of the satisfactory results achieved.

distalization

Key words: Activator, class 1T malocelusion, functional jaw orthopedics, molar

INTRODUCTION

Noonewould deny that good occlusion in the first dentition
withthe jawsinaclassIrelation and the face well-developed
isa favorable precursor to the same desirable condition in
the ent dentition. It isalso true that some temporary
disharmoniesof the early mixed dentition are self-correctiny

orcorrectable by simple means if properly timed. The class
1T and class IT malocclusions, however, do not correct
themselves and it is these cases that are of concern to parents

not hold true for the face. The early correction of occlusion
is the greatest aid to the promotion of the health of the
denture through development of normal masticatory and
facial habits as well as the beauty of the face.

There is alack of consensus regarding the degree of success
of different treatment modalities applied during the early
to late mixed dentition stages."" The concept of “early
treatment” is controversial. Some define it as removable
or fixed appliance intervention in the primary, early mixed

ent first molarsand incisors present), or mid-mixed
inter-transitional period, before the emergence of first
premolars and permanent mandibular canines). Others
defineearly treatmentaslate-mixed dentitionstage treatment
{before the emergence of second premolars and permanent
mazxillary canines)."! Clinical research has focused on two
prominent strategies for the timing of treatment for ClassIT
malocclusion.*# The first intervention is considered during
the pre-adolescent years (ages 8-11 years)/” and includes
correction of the molar distocclusion, incisor aligrl.meut,
improvement of the overjet/overbite relationships,

and pediatricians. They question why, if other deformities

are more easily corrected at an early age, the same should
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Summary

Objective: To assess the treatment effects of removable functional appliances (RFAs) in treated
wersus untreated patients with Class Il malocclusion by means of lateral cephalometric radiographs.
Search methods: Unrestricted electronic search of 18 databases and manual searches up to
October 2013,

Selection criteria: Prospective randomized and non-randomized controlled trials reporting on
cephalometric angular measurements of Class Il patients treated with RFAs and their matched
controls,

Data collection and analysis: Skeletal, dental, and soft tissue changes were annualized and stratified
to short- and long-term effacts. Methodological limitations ware evaluated with the Cochrane Risk
of Bias tool and the Downs and Black checklist. Mean differences (MDs) with their 85% confidence
intervals {Cls) weare calculated from random-effects meta-analyses. Patient- or appliance-related
subgroup analyses and sensitivity analyses were parformed with mixed-effects models,

Results: Seventeen studies were included (1031 patients; mean age: 10.6 years), with most of
them originating from wniversity clinics and reporting short-term effects (directly after the
removal of RFAs). Treatment was associated with minimal reduction of SMA angle (11 studies,
MD = -0.28 degrea’yvear, 35% Cl: -0.44 to -0.12 degrealyear), minimal increase of SNB angle {11
studies, MD = 0.62 degreefyear, 95% Cl: 0.36-0.88 degreefyear), and small decrease of ANB angle
{10 studies, MD = =1.14 degree/year, 95% Cl: =1.52 1o <0.77 degree/year) compared to untreated
Class Il patients. AFAs caused significant dentoalveolar changes (pradominantly ratroclination of
the upper incisors) and significant soft tissue changes. Skeletal changes were more pronounced
with theTwin Block appliance. Various patient- ar appliance-related factors influenced the results of
the subgroup analyses, while the sensitivity analyses indicated robustness. Existing evidence was
inadequate to assess the long-term effectivenass of RFAs.

Conclusions: The short-term evidence indicates that RFAs are effective in improving Class |l
malocclusion, although their effects are mainly dentoalveolar, rather than skeletal.

(L The: Awthor 2004, Published try Onford University Press on behalf of the Eurapean Ovthodontic Saciety, A8 rights reserved, 1
For parmissicns, pleass email: joumals permissions@oup, com
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Abstract

Orthodontic treatment to correct malocclusion had been to a large extent fakein o mean correcting the dentition
i all three planes using a fully strapped fived appliance. The realization that sagital corvection of dentition
alone, over a skeleton that has a sagital discrepancy, is ineffective led 1o the focus shifiing to correcting the
skeletal bases. Two modalities were identified viz: swrgical and functional. Functional faw orthopaedics has
seen widespread wse in corvecting skeletal malocelusion in the growing age. Various appliances have been
advocated with some being used by a large section while others not being in vogue. However there is still
ambiguity in literature as (o the effectiveness of functional appliences and whether it is a sound practice to pull
the mandible owt of the fossa. This article reviews the concept of functional jaw orthopaedics and presenis the
current best evidence.

KE_‘P Words=Functional appliances, Growth modification, Supplementary  mandibular  growth, Current
evidence.

Word count- 2320 words.

Date of Submission: 29-04-2019 Date of acceptance: 13-05-2019

I. Introduction

Functional appliances represent a wide range of appliances that primarily alter the position of the
mandible, both sagittally and wvertically, to stimulate an increased condylar cartilage growth resulting in
supplementary lengthening of the mandible '"*. They find application in the correction of skeletal class 11
malocclusions with mandibular retrusion. Though a skeletal Class 1T malocclusion can also be due to a
prognathic maxilla, mandibular retrusion has been shown as the major contributing factor P! The advantage,
according to the proponents of  functional appliances, of early treatment in the mixed dentition is that the
orofacial environment is improved to receive the permanent dentition. By lengthening the mandible during the
active growth period the need for complex intervention involving extractions or surgical correction is minimized
" However current evidence points out that mandibular lengthening achieved by functional appliances is
clinically insignificant' and there is no advantage of early two phased reatment, over a single phase treatment
started at a later age'®’.

I1. History

Wilhelm Roux’s (Fig 1) work on tail fins of Dolphins in the year 1883 sowed the seed for the concept
of function influencing form. He described functional stimuli as capable of building, molding, remolding and
preserving tissue. Robin and Andresen at different periods applied Roux’s hypothesis. In 18835 Julius Wolff (Fig
2) published his book “Law of the transformation of bone™ in which he stated that function brought about
changes in form ™ Much later Karl Hauple used Roux’s hypothesis to explain how functional appliances bring
about change through the activity of orofacial muscles ™. Though functional appliance is identified as a
European treatment philosophy, it was Norman W.Kingsley (Fig 3) who first advanced the mandible forward in
the treatment of malocclusion ™. The predominant use of removable functional appliances in Europe was more
out of necessity brought about by the Secomd World War (1939-1945), while across the globe, in the United
States, fully banded fixed appliance was the orthodontic treatment mainstay. Edward Angle used Wolff's
hypotheses to his own end as reinforcement for his conviction that expanding arches brought about new bone
formation.  In the year 1933, when Oppenheim published his work on the potentially damaging effeets of
heavy orthodontic forces "™ as used in fixed fully strapped up appliances, it turned out to be an impeius to the
advocacy of functional appliances.

DOL: 10.9790/0853- 1305046568 WWW. osrjournals. org 635 | Page
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Dentoskeletal changes induced by the Jasper
jumper and the activator-headgear combination
appliances followed by fixed orthodontic
treatment
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Introduction: The aim of this study was to compare the dentoskeletal changes of patients with Class Il Division
1 malocciusion treated with either the Jasper jumper appliance or the activator-headgear combination, both
associated with fixed appliances. Methods: The sample comprised 72 subjects with Class Il Division
1 malocclusion divided into 3 groups: group 1 included 25 subjects treated with fixed appliances and the force
modules of the Jasper jumper at an initial mean age of 12.72 years, group 2 included 25 subjects treated with the
activator-headgear combination followed by fixed appliances at an initial mean age of 11.07 years, and group
3 included 22 untreated subjects at an initial mean age of 12.67 years. Initial cephalometric characteristics
and dentoskeletal changes were compared with analysis of variance. Results: Both experimental groups had
similar dentoskeletal changes: restrictive effect on the maxilla, clockwise mandibular rotation and a slight in-
crease in anterior face height, retrusion of the maxillary incisors, distalization of the maxillary molars, protrusion
of the mandibular incisors, extrusion of the mandibular molars, and significant improvements of the maxilloman-
dibular relationship, overjet, overbite, and the molar relationship. Conclusions: The effects of the Jasper jumper
and the activator-headgear combination followed by fixed orthodontic appliances were similar in Class Il
malocclusion treatment. (Am J Orthod Dentofacial Orthop 2013;143:684-94)

common strateqy in the treatment of Class 1l
A;)ivision 1 malocclusions in growing patients is
2-step approach. In the first phase of
treatment, the sagittal jaw relationship is normalized.
The Class 11 malocclusion is transformed to a Class |

malocclusion. In the second phase of treatment, tooth
positions are adjusted, usually with fixed appliances.
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Correction of the sagittal jaw relationship can be
achieved in several ways. Removable functional
appliances, such as the activator, change a Class 1
relationship by the transmission of soft-tissue tension
to the dentition. This is achieved by positioning the
mandible anteriorly with the appliance. In Jasper jumper
therapy, fixed appliances with flexible intraoral force
modules are used in the first phase of treatment.'

Only 2 studies in the English literature have
compared the initial dentoskeletal effects between
the Jasper jumper and the activator-headgear combi-
nation in Class 1 malocclusion treatment.'
However, 1 study had no control group.' Sari et al
concluded that the activator-headgear appliance was
more effective on the mandible, whereas the jumper
appliance was mainly active on the maxilla. Weiland
et al' studied 72 Class 1l patients treated with either
the Herren activator associated with headgear or the
Jasper jumper appliance. Corrections of overjet and
molar relationship were more evident in patients
treated with the Jasper jumper compared with the
activator.'
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Abstract

unctional orthodontic  treatment

has been proved to be one of the

most effective and  successful
treatment modality in orthodontics.
Functional applisnces ean only be applied in
growing voung patients. [n the treatment of
angle class 11 malocclusions the activator is
oflen the appliance of choice. The activator
might have an influence on the skeletal
structures of the face as well as on the growth
and position of mandibulararch.

Key Words: Class 11 Malocelusion,
Mandibular retrognathism, Functional jaw
orthopaedics, Activator.

Introduction

Myofunctional appliances influence the
facial skeleton of growing child and exert
orthodontic effect on dentoalveolar area and
best time for using it in growing phase in
which the distobuceal cusp of the upper first
permanent molar occlude in the mesiobuccal
groove of the lower first permanent molar.
Class Il division | is probably one of the most
disfiguring types of malocelusion causing
early apprehension.” Growth timing in early
stage of treatment, gives a greater chance 1o
ihe effect of erhopedic force 0 aid in
redirecting the growth pattem into more
favorable correction of skeletal malrelation
and improving the facial esthetic, in addition
to the decision of the most effective technique
1o use in treatment of growing patients with
skeletal and / or dental Class 11 malocclusion.
This could be achieved through either extra
oral force {maxillary head-gear) in cases
diagnosed as maxillary excess or
repositioning and encouraging the forward
growth of the mandible by orthopedic

myofunctional appliances.”
Functional appliances are commonly
used for the treatment of Class 11

maleeclusions with mandibular deficiency.
The treatment goals are to reduce the large
overjet and correct the sagital skeletal
discrepaney”. The success of treatment with a
functional appliance relies on the patient’s
cooperation and  favoursble mandibular
growth, Treatment with a functional
appliance usually lasts for 9 w12 months and
requires @ proper relention time to ensure
complete musculoskeletal adaptation. A
secomd stage of treatment with a full-fixed
appliance is often required 1 achieve proper
alignment and good interdigitation of the
dentition”. Basically there are two categories

of functional appliances, removable and
fixed. Activator, Frankel and Twin block are
examples of removable one and, on the other
hand, the Herbst appliance represents an
example of fixed functional appliance.” The
activator and its successors provide a greater
confact area with the mandibular teeth and
lingual mugosa, and thus are mere effective in
stimulating the patient o position the
mandible forward constantly.

Indications ™
I Class I division | malocelusion with
sufficient overjet.

2. Class 11 caused by mandibular over
closure that resulis in functional
relrusion.

3. Class 1l division | malocclusion with
posterior position of ihe mandible caused
by growih deficiency but with likelihood
of a future horizontal growth pattern,

4. Prevention and correction of oral habit,
including thumby' lip sucking, mouth
breathing and oral functional aberrations.

Contraindication”

I. Class Il skeletal by maxillary

prognathism
2. Vertical directed growers
3. Crowding

4. Labial tipping of lower incisors
Discussion

Functional appliances are effective in
treating  skeletal class [ malocclusion,
particularly in cases with retrognathic
mandible functional appliances are of
greatest clinical benefit in actively growing
patients with good compliance, These
appliances position the mandible foreard,
promoting a new  mandibular poestural
position, The reactive forces from the stretch
of the muscles and soft tisswes are transmitied
to the maxillary dentition and through that, to
the maxilla,

The acrylic hody of the Andresen
activator covers part of the palaic and the
lingual aspect of the mandibular alveolar
ridge. A labial bow fits anterior to the
maxillary incisors and carries U-loops for
adjustment. On the palatal aspects of the
maxillary incisors, the acrylic is relieved to
allow their retraction. A main feature of the
appliance is the faceting of the acrylic on
palatal and lingual aspects of the maxillary
and mandibular posterior teeth, respectively,
designed o direct their eruption. On the
palatal aspect of the maxillary posterior teeth
the fcets are cut soas w0 allow occlusal, distal

Dr. Madhu Maheswari
M.S., Meh

LN Meddical College & Hospital, Ajmer (Rajasthan)

and buceal movement of these teeth. This
movement is achieved by keeping the acrylic
in contact with only the mesiopalatal surfaces
of the premolars and molars, On the lingual
aspect of the mandibular posterior teeth the
facets only permit occlusal and mesial
movement, with the acrylic contacting the
distolingual surfoce of these teeth, The
activator also had an influence on dentition.

By inhibiting the maxillary dentoalveolar

vertical growth and encouraging the

mandibular dentoalveolar mesial and vertical
development , the activator resolved the class

11 malocelusion to class | malocelusion,”™

Conclusion
Functional appliances can he used

suceessfully to treat skeletal elass 11

malocclusions in growing patients. The ideal

case for such treatment are Class 1 division [
malocelusion with retrognathic mandible,

Low to average mandibular plane angle and

Upright or hingually tipped lower incisors.

The activator can solve many problems that

become more severe 1f left umreated. The

Aetivator cannol create a large mandible from

a small one, but it can help the patient achieve

the optimal size consisient with

morphogenetic pattern. The restoration of the

mormal function is a major contribution 1o

improvement in the morphofunctional

interrelationship.

References

i Foser TD. A Texthook of Orthedontics, 3nd ed.
Okt Laickin, 1994

1 Proffit WR, Fields HW, Ackerman JL. Conternporary
Crrthadonsics. End ed. Moshy Yearboak, 1993,

3. Kadry W, AfR H, Halez A Clinical stady for
evaluation of th three myofimeticsal appliances i
treatmesn of class Il divisic | malocelusion. Epype
Chrthenad J, 1908, Tisp 207- 367,

4 ProffiWR, Fields HW. Ackerman JL. Contemporary
Oribodontic. Irded. Moshy Inc. 2000

3 Graber T, Rakosi T, Petrovie AG, Demtofacial
m’;ﬂlnﬁlir) with Tusctional Agplasce. OV Moshy,

6. Pangrasio-Kulbersh %, Berger JL. Chermok DS,

aczviski K. Simon ES, Haerian A Trestment

s of the wandibular anterior neposifoning
appliance on patients with Class [ malocchusion. Am
J0nhed Denodoeial Oribop, 2003:12303):286-05,

7. Bisham 5 E. Ziaja BR. Funcanal applisnce © &
review, American Journal of Onhodontics and
Drenwafacial Crhepedics 93: 2302358 , 1949

8 Tullech [FC, Phallips ©, Kaoch G, Prallin WE. The
effect of early imervention on skeletal patern in
Class 11 maloeclusion: A randomized clinical rial.
Amencan Jourmnal of Crthodeatics and Densofsesl
Orthapedics 11391400, 1997,

% Loecken et al. Class [1 trentment with herhst
applinnes with fossa remodedling. Americsn losmal
of Orihodontics and Dendofacial Orthopedics. Jan
303,

Adidress for Correspondence : D, Tina Chowihary, MIS (Orthodonrics), 869, Maruri Agencies, Kutchary Road, Ajmer (Rajusthan)

vehseowalliry i gl corn

Heal Talk | July-Avgust 2003 Volume 05 | lasue 06

77




Taiwanese Journal
of Orthodontics

Volume 29 | Issue 3 Article 2

2020

Is Early Treatment with Functional Appliances Worth the Effort? A
Discussion of the Pros and Cons of Early Interceptive Treatment

Ib Leth Nielsen
Clinical Professor (Emeritus), Orofacial Sciences, Division of Orthodontics, University of California, San
Franciso, USA, ibortho9@gmail.com

Follow this and additional works at: htips./| tjo.org.tw/tjo

b Part of the Orthodontics and Orthodontology Commons

Recommended Citation

Nielsen, Ib Leth (2020) "Is Early Treatment with Functional Appliances Worth the Effort? A Discussion of
the Pros and Cons of Early Interceptive Treatment," Taiwanese Journal of Orthodontics: Vol. 29 1 1s5. 3,
Article 2.

DOI: 10.30036/TJ0.201709_29(3).0002

Available at: hitps.//|.tjo.org.1w/Yjo/vol29/iss3/2

This Review Article is brought to you for free and open access by Taiwanese Joumnal of Orthodontics. It has been
accepted for inclusion in Taiwanese Journal of Orthodontics by an authorized editor of Taiwanese Journal of
Orthodontics.

78




T PLOS|ONE

E OPEN ACCESS

Citation: Cacciatare G, Ligolni A, Sforza G, Ghinigie
0, Pliiddemsann A (2019) Long-term effects of
functional appliances in treated versus untreated
patiants with Class I maloccluson: & systematic
raviaw and meda-anatysis. PLoS ONE 14(9):
0221624, hitps:/dai.org 10,1371 jowmal

paone 02E 1624

Edilor: Mani Alkhani, Harard Schoal of Dental
Medicng, UNITED STATES

Recelved: Apdl 19, 2019
Accepted: August 12, 2019
Published: Septernher 6, 2019

Cogyright: © 2019 Cacciatore et al. Ths i an apen
access articks distibuted under the terms of the
Craative Cammans Attrindion Licanse, which
permins unrestricted use, distibution, and
repraguction in any medium, provided the orginal
authar and sourc ane credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: The authors receied no specifc fundng
far this work.

Competing imterests: The authors have declared
hat no COMPEDng ntenests exst.

RESEARCH ARTICLE

Long-term effects of functional appliances in
treated versus untreated patients with Class ||
malocclusion: A systematic review and meta-
analysis

Giorgio Cacciatore"* | Alessandro Ugelini?, Chiarella Sforza»?, Oghenekome Gbinigie®,
Annette Pliddemann®

1 Deparment for Continuing Education, University of Oxford, Oxtord, England, United Kingdoem,

2 Deparment of Orthodontics, Universita degll Studi di Genova, Genova, ltaly, 3 Depariment of Blomedical
Sciences for Health, Universita degll Stud o Milano, Maan, ltaly, 4 Nuffield Department of Primary Care
Health Sclences, Unlversity of Cudord, Oxford, England, United Kingdom

* glorglo.cacciatons & gmall com

Abstract

Objective

To assess the cephalometnc skeletal and soft-tissue of functional appliances in treated ver-
sus untreated Class || subjects in the long-term (primarily at the end of growth, secondarily
at least 3 years after retention).

Search methods

Unrestricted electrenic search of 24 databases and additional manual searches up to March
2018.

Selection criteria

Randomisaed and non-randomised controlled trials reporting on cephalometric skeletal and
soft-tissue measurements of Class |l patients (aged 16 years or under) treated with func-
tional appliances, worn alone or in combination with multi-bracket therapy, compared to
untreated Class |l subjects.

Data collection and analysis

Mean differences (MDs) and 95% confidence imervals (95% Cls) were calculated with the
random-effects model. Data were analysed at 2 primary time points (above 18 years of age,
at the end of growth according to the Cervical Vertebral Maturation method) and a second-
ary time point (at least 3 years after retention). The risk of bias and quality of evidence were
assessed according to the ROBINS tool and GRADE system, respectively.
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Abgtract

Functional apphiances are passive appliances, which make use of the natural forces generated by the orofacial & masticatory
muscles and the forces of occlusion to bring about changes in dento alveolar & craniofacial structures. These appliances alter
neuromuscular environment of orofacial region to improve occlusal development and craniofacial skeletal growth. In this article
we will discuss effects of two functional appliances that are activator and bionator.

Keywords: Activator, Bionator, Maxillary protrusion.

Introduction

Class 11 malocclusion is one of the most common
orthodontic problem and it occurs in about one third of
population.' Class Il malocclusion can result from
many contributing factors, both dental and skeletal
Although both maxillary protrusion and mandibular
retrusion are causative factors, it has been reported that
the most common component in a class Il sample
population is mandibular retrusion.” For Class II
patients in whom the mandible is retrognathic, the ideal
treatment is alteration of amount and direction of growth
of mandible. The primary treatment for this is functional
appliance therapy." Functional appliances include
removable and fixed devices that are designed to alter the
position of the mandible, both sagitally and vertically
and to induce supplementary lengthening of the
mandible by stimulating growth of condylar cartilage.®"

Functional appliances have been used since 1930s.
Despite this long history, there is much controversy
regarding  their use, method of action, and
effectiveness.!™

Bjork'™ and Pancherz'™ demonstrated only small
changes in mandibular growth with functional appliance
therapy. Butmany other researchers reported that
functional appliances significantly affect mandibular
gmw[h_:lo.ll.lll

Activator

The original monobloc designed by Robin in 1902
and it was a one-piece removable appliance."” This
appliance positioned the mandible forward in patients
with severe mandibular retrognathism. Viggow
Andresen in 1908 developed a mobile, loose fitting
appliance that transferred functioning muscle stimuli to
the jaws, teeth, and supporting tissues and this appliance
was called biomechanic working retainer. Later,
Andersen and Haupal called their appliance activator
because of its ability to activate the muscle force.

According to Andersen and Haupal, the activator
makes use of the interrelationship between function and
changes in internal bone structure for malocclusion
correction. Activator induces musculoskeletal adaptation
by introducing a new pattern of mandibular closure and
these adaptations in functional pattern caused by
activator also affect condyles. Condylar adaptations
include growth in an upward and backward direction to
maintain the integrity of temporomandibular joint
structures.'¥ The appliance advances the mandible and
generate a biomechanical force as the muscles atternpt to
return the mandible to its normal position.''*!

Skeletal effects of activator

Activator inhibits the horizontal growth of the
maxilla,"'* also results in increased growth of the
mandible and causes anterior relocation of the glenoid
fossa!'? Barbel Kahl-Nieke''® found that activator
appliance therapy in hemifacial microsomia patients
showed improvement of function, occlusion and facial
asymmetry was also reduced. Construction bite in such
cases is taken by keeping mandible in slightly forward
and overcompensated position that changes muscle
activity which can lead to enhanced bone apposition and
optimal growth of the condyle. Horizontal activator
results in increase in SNB angle, mandibular plane angle,
reduction in SNA angle, ANB angle, and increase in
mandibular length."**'Mehta and patel® reported
activator cormrects class Il malocclusion by increasing
condylar growth and mandibular base length. According
to Luder's Hypothesis, a great interocclusal height of an
activator would lead to improvement in mandibular
retrognathism, no change in maxillary prognathism,
clockwise rotation of occlusal plane and low
construction bite results in reduction in maxillary
prognathism, clockwise mandibular rotation, anterior
tipping of mandibular anterior teeth. Some clinical
studies found no significant increase in mandibular
length with the use of this device'” but other authors

Annals of Geriatric Educarion and Medical Sciences, July-December, 2017 :4{2):41-44 41
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Long-term skeletal and dental effects and treatment timing for functional

appliances in Class Il malocclusion

Lorenzo Franchi®; Chiara Pavoni®; Kurt Faltin Jre; James A. McNamara Jr¢; Paola Cozza®

ABSTRACT

Objective: To analyze the long-term skeletal and dentoalveclar effects and to evaluate treatment
timing of Class Il treatment with functional appliances followed by fixed appliances.

Materials and Methods: A group of 40 pafients (22 females and 18 males) with Class 1l
malocclusion consecutively treated either with a Bionator or an Activator followed by fixed
appliances was compared with a control group of 20 subjects (9 females and 11 males) with
untreated Class Il malocclusion. Lateral cephalograms were available at the start of treatment
(mean age 10 years), end of treatment with functional appliances (mean age 12 years), and long-
term observation (mean age 18.6 years). The treated sample also was divided into two groups
according to skeletal maturity. The early-treatment group was composed of 20 subjects (12
females and 8 males) treated before puberty, while the late-treatment group included 20 subjects
(10 females and 10 males) treated at puberty. Statistical comparisons were performed with
analysis of variance followed by Tukey's post hoc tests.

Results: Significant long-term mandibular changes (Co-Gn) in the treated group (3.6 mm over the
controls) were associated with improvements in the skeletal sagittal intermaxillary relationship,
overjet, and molar relationship (~3.0-3.5 mm). Treatment during the pubertal peak was able to
produce significantly greater increases in total mandibular length (4.3 mm) and mandibular ramus
height (3.1 mm) asscciated with a significant advancement of the bony chin (3.9 mm) when
compared with treatment before puberty.

Conclusion: Treatment of Class Il malocclusion with functional appliances appears to be more
efiective at puberty. (Angle Orthod. 2013;83:334-340.)

KEY WORDS: Functional jaw orthopedics; Class Il malocclusion; Cervical vertebral maturation;

Cephalometrics; Puberty
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INTRODUCTION

Functional jaw orthopedics (FJO) is a specific type
of treatment for Class Il dentoskeletal disharmonies
associated with mandibular retrusion. Despite contro-
versies on the effectiveness of FJO, it has been shown
that in the short term, FJO produces different
dentoskeletal results based on fiming of treatment.’*
A significant supplementary elongation of the mandible
can be achieved only when FJO is performed at
pubertal or immediately postpubertal periods of skel-
etal development.®= Recently, it has been suggested
that FJO at the pubertal spurt followed by fixed
appliances is a viable therapeutic option in patients
with unfavorable Class Il malocclusions.*®

As for the long-term outcomes of FJO, data available
in the literature are much more scarce.**'""* While
Freeman et al."* and Malta et al." have described a
long-term statistically significant increase in mandibular
length in patients treated with FJO over untreated Class
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The purpose was to compare the treatment effects of functional appliances activator-headgear (AH) and Twin Block (TB) on skeletal,
dental, and soft-tissue structures in class [T division 1 malocslusion with normal growth changes in untreated subjects, The sample
included 50 subjects (56% females) aged 8-13 vears with class 1T division 1 malocclusion treated with either AH (0 = 25)or TB in =
25} appliances, Pre- and posttreatment lateral cephalograms were evaluated and compared to 30 untreated class 11 division 1 cases
matched by age, gender, ANB angle, and skeletal maturity. A paired sample, independent samples tests and discriminant analysis
were performed for intra- and intergroup analysis. Treatment with both appliances resulted in significant reduction of skeletal and
soft-tissue facial convexity, the overjet, and the prominence of the upper lip In comparison to untreated individuals (p < 0001},
Retroclination of maxillary incisors and proclination of mandibular incisors were seen, the latter being significantly more evident
in the TE group (p < 0.05), Increase of effective mandibular lemgth was more pronounced in the TB group. In conclusion, both AH
and TH appliances contributed successfully to the correction of dass 11 division 1 malocclusion when compared to the untreated

subjects with predominantly dentoalveolar changes,

1. Introduction

Early rreatment of class 11 malocclusion aims to correct the
sagittal relationship, modify the pattern of facial growth, and
improve both hard- and sofi-tissue profile [1-4]. The majority
of the clinical studies recognize the useful effect of functional
appliances in sagittal correction of the malocclusion bt
agree that the treatment is mainly restricted to dentoalveolar
changes [5]. Favorable skeletal changes which can modify
the growth pattern can also occur depending on individual
growth potential [1, &].

A class 1T malocclusion may result from mandibular
deficiency, maxillary excess, or combination of both [7, 8].
Several varieties of functional appliances are currently in use
aiming to correct the skeletal imbalances, The combination
of an activator with headgear (AH) is used to provide greater
cumulative skeletal changes than either appliance would
provide alone [9], They affect maxilla by decreasing forward
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and downward growth of the maxillary complex, while
allowing the forward growth of the mandible to continue,
thus influencing the profile more favorably [9,10]. Twin Block
(TE) appliance as well as most of other functional appliances
is designed to encourage adaptive skeletal growth by main-
taining the mandible in a corrected forward position for a
sutficient period of time [1, 4, 1]

Many studies have investigated the effect of AH and TB
appliance on the dental and skeletal variables. However, no
studies have provided a direct comparison of the treatment
changes between them. One study compared the effects of
both appliances [3], but the evaluation was limited to the soft-
tissue profile changes.

Therefore, the aims of this study were to explore skeletal
and dentoalveolar changes in class Il division 1 patients
treated with TB and AH and o compare their treatment effect
with normal growth changes of untreated controls (CTRL)
with the same malocclusion. The hypotheses were as follows:
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Abstract

Activator and Frankel devices.

Background: Orthopedic functional devices, are used to improve mandibular length in skeletal class Il patients.
Howewver, the orthopedic functional device with the best effect to increasing the mandibular length, has not been
identified before. Thus, the aim of the present investigation was to evaluate Randomized Controlled Trials (RCT), to
determine the best functional appliance improving mandibular length in subjects with retrognathism.

Methods: A systematic review and meta-analysis was performed, including studies published and indexed in
databases between 1966 and 2016, RCTs evaluating functional appliances’ effects on mandibular length (Condilion-
Gnation (Co-Gn) and Condilion-Pogenion (Co-Po)), were included. Reports’ structure was evaluated according to
2010 CONSORT guide. The outcome measure was distance between Co-Gn and/or Co-Po after treatment. Data
were analyzed with Cochran Q Test and random effects model.

Results: Five studies were included in the meta-analysis. The overall difference in mandibular length was 153 mm
(Confidence Interval (CI) 95% 1.15-1.92) in comparison to non-treated group. The Sander Bite Jumping reported the
greatest increase in mandibular length (340 mm; Cl 95% 1.69-5.11), followed by Twin Block, Bionator, Harvold

Conclusions: All remavable functional appliances, aiming to increase mandibular length, are useful. Sander Bite
Jumping was observed to be the maost effective device to improve the mandibular length.

Keywords: Malocclusion, Angle class Il, Retrognathia, Meta-analysis, Orthodontics appliances, Functional

Background

The main reason for using functional removable appli-
ances is to establish muscular balance, eliminate oral
dysfunction, and allow a proper length of both the max-
illa and the mandible [1]. Several studies have been per-
formed in order to evaluate with different methods, the
morphogenic mandibular changes, associated with the
use of functional appliances to propulse forward the
mandible. Frankel [2, 3], Bionator [4], Bass appliance [5],
Herbst [6], Sander Bite Jumping [7], among others; could
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'CESLPH Research Group, Universidad CES, Calle 108, No. 22-04, Medellin,
Colomibia

Full kst of author information is available at the end of the artide
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be found in the literature for this purpose. Individually,
many studies have found changes in mandibular length
and position, both in the sagittal and vertical plane [2-
7). However, when studies are grouped and analyzed
together in systematic reviews and meta-analysis, con-
troversies appear. Some reviews have found no statisti-
cally or clinically significant differences between groups
treated with functional appliances and controls [B], while
other authors have observed those differences to be sta-
tistically significant [9). Additionally, studies have found
other results for the treatment with functional appli-
ances, such as secondary statistically significant man-
dibular elongation [10] and changes in the facial profile,
due to incisal inclination [11].

© The Authars). 2017 Open Acceas This articke is distribuned under the tem of the Creative Commans Aibution 4.0
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the Creative Correnans liKense, and indicate if changes wese made. The Creative Commans Public Domain Dedication waiver
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Abstract

Functional devices in class || malocclusions can
optimize mandibular growth in order to obtain a
first-class skeletal relationship, normalising
neuromuscular activity and achieving harmonious
anatomical relations. The aim of this review is to
compare the dentoalveolar and skeletal effects
produced by the Frankel Il (FR-2) and Bionator
appliances in patients with Class Il malocclusion. A
research was conducted online on the following
databases: Pubmed, Google scholar and Scopus until
2019, A combination of key words like frankel /I,
bionator I, functional appliance, dentoskeletal effects
was used. According to inlclusion and exclusion
criteria, 18 articles have been selected. As results, the
major effects of the bionator and the FR-2 appliances
were dentoalveolar as labial tipping, linear protrusion
of the lower incisors and a lingual inclination, retrusion
of the upper incisors, increase in mandibular posterior
dentoalveclar height. Smaller, but significant, skeletal
effect as significant increases in mandibular growth
and in the degree of mandibular protrusion can be also
observed

Background

Some studies have shown that the class Il
malocclusion can be categorized into 4 main groups:
anterior position of the manxilla, anterior position of the
maxillary dentition, mandibular skeletal retrusion in
absolute size or relative position and excessive or
deficient vertical development (1,2). McNamarastated
that most Class || patients present a deficiency in the
anteroposterior position of the jaw (3). This type of
malocclusion can be treated in growing patients with
the use of functicnal appliances. Frankel and Bionator
are two functional devices used in the treatment of
malocclusion from mandibular deficit. Functional jaw
orthopedics (FJO) at the pubertal spurt followed by
fixed appliances is a viable therapeutic option in
patients with Class Il malocclugion associated with
mandibular retrusion (4). Several functional devices
have been designed to treat second class
malucclusion by mandibular deficit. The goal of these
functional appliances is to optimize mandibular growth

in order to obtain a first-class skeletal relationship.
Such modification also aims at dentoalveolar change
of the maxillary and mandibular anterior teeth,
normalising neuromuscular activity, and achieving
harmonious anatomical relations. The aim of this
review is to compare the dentoalveclar and skeletal
effects produced by the Frankel Il (FR-2) and Bionator
appliances in patients with Class || malocclusion.

Bilonator

Bionator appliance, which was developed by Balter in
1964 [Graber and Meumann, 1984], is a passive
appliance. The acrylic components congist of a lower
horse shoe shaped acrylic lingual plate from distal of
last erupted molar of one side to other side; an upper
arch with a lingual extention that cover molar and
premolar region. A vestibular arch that extends with
handles buccinatoris and a palatal bar crients the
tongue and mandible anteriorly by stimulating its
dorsal surface. The buccinator bends moves cheeks
laterally in order to favour expansion and transverse
development of dentition (5-T).

Frankel

The frankel 2 regulator (Fr2), conceived by Rolf
Frankel in 1956, is a passive activator that is the only
tissue retention device and has the function of keeping
the jaw in an active protruded position by a nociceptive
stimulus on the mucesa, as opposed to the traditional
activators in which the passive protrusion is bound by
the presence of planes to slide in contact with the
teeth. consists of acrylic components and wire
components. Acrylic components are composed by
buccal shield or premolar and tuberosity shield,
extended well into the sulcus; lower lip pads in the
labial sulcus of the anterior region; lingual shield
extended towards premolar region. Wire components
are upper labial bow, lower lip pad support wire, lower
lingual support wire, maxillary lingual stabilizing bow,
palatal bow, lower lingual springs, canin loops, caning
axtension, occlusal rest. The fr2 allows minor and
projected 2mm mandibular movements, the bite of the
construction should be taken in a protruded position of
two mm unlike other functional appliances where the
construction bite is head to head (8-12).

Materials and Methods

WebmedCentral > Systematic Review

84

Page 2 of 4



WMCD05214

Downloaded from hitp:fweww webmedceniral.com on 07-Mov-2016, 01:28:28 PM

Twin Block, Bionator and
study

Author(s): Rodi G, Emanuele F, Elisa L, Martina Maria

Abstract

Many appliances are described in the literature in the
second molars class where you want to obtain a
mandibular advancement . The aims of this study is to
compared, with a literature review using PubMed from
1998 to 2016, dental and skeletal effects of Twin Block,
the Bionator and Frankel Il. The final results found in
our research is that the Twin block appliances
determines a greater positive torque of the lower
incisors togheter with the benefit of significant
mandibular growth. Still today there are different
opinions about the mandibular growth, some works in
literature said that they are due with the advancement
get by the use of these functional device, other says
that the mandibular growth is link with the differential
growth of the two jaws. However we have to
remember that these devices are dependent on
compliance and is difficult to compare dental and
skeletal effects that have in individual patients.

Introduction

Frankel Il, Twin Block and Bionator are functional
devices used in order to comect the second skeletal
malocclusion class.

The second skeletal class is not a disease but there is
a possible link with the instability of the stomatognathic
equilibrium. Functional and structural problems {in the
three planes of space) should be investigated in order
to have a comect diagnostic process.

The diagnosis of second skeletal class is done with
cephalometric in lateral view, where the measurement
of the ANB angle and Ao-Bo are greater than 2° and
2mm respectively.

The second skeletal class can be a mandibular
component, maxillary or mixed. The patient’s age is
critical to the treatment plan. A patient at the end of
growth that has a 9° of ANB for example, to resclve
the problems sagittal skeletal is forced to orthognathic
surgery.

A patient with the same value of ANE of 11 years
through mandibular advancement devices and
retrusion of the maxilla can solve the problem through

Frankel ll: comparative

D, Gabriella P

skeletal functional orthodontic appliances. So it's very
important selecticn a treatment plan that is specific for
patient and the time sequence of therapeutic
strategies for the resolution of the patient's problems.
So the diagnostic process at first had to do a problem
list, and then plans the treatment that best meets the
patient's needs.

The timing for the functional equipment described in
the literature is between 9 and 15 years in males and
between 8 and 14 in femmes . Each patient has a
skeletal age that is not always in line with the
anamnestic data, so a radiographic evaluation is
critical to monitor the patient's growth.

Twin block determines a greater mandibular
advancement compared to Franke Il and Bionator and
is therefore used in cases of a skeletal overjet.

Frankel || and Bionator are usually used in mixed
dentition or even at the peak of growth to advance
slightly the jaw and re-educate the musculature or as
a restraint of a mandibular advancement already
achieved.

The jaw expresses maximum growth in the shortest
possible time at the peak of pubertal growth. Thus we
need to put the mandibular advancement devices at
the beginning of this peak. For aesthetic requirements,
functional and to avoid trauma of upper incisor.

Besides Herbst and Twin Block that are fixed
appliances, the other are all removable appliances
which requires the patient's compliance. The patient
should dress the device 24 hours a day and the results
are related with the cooperation of the patient. In fact
the failures described in the literature of removable
equipment are mainly due to lack of cooperation of
paziente. This should be aevaluetd by the orthodontic
clinician first to began a treatment, we know that here
are patients who can not put a removable appliance
because they are not followed, in this case clinician
should reach with controls, motivation and education
constant in time an optimal level of cooperation.

FRAMNEKEL, is a functional device , based on functional
orthopedics principles and, in union with muscle
gymnastics, creates maxillary morphological changes,
restoring the malocculsion. Moss study shown how
with a modification of function there is a myofunctional
re-education in a growing patient that can lead to a
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Evaluation of long-term
effects in patients
treated with Frankel-2
appliance

Am To evaluale the dentoskeletal effects produced by

Frankel-2 (FR-2) appiiance during the treatment of patients
mmnmwmmmm

and
-mdlag—mnmoephuogrmmw 10 years after
Itnelnofmunm!)ofpammadmmzm
‘compared with data oblained from untrealed controls. To
be included in the study, patients and controls had to exhibit
Class Il malocoiusion caused by shorl mandibular body.

Lateral cephalograms were analysed with a specific Iracing

‘mg'nnnlnbob'lym Summary measures for the initial
_cephalomelric values and increments of changes belween
visits were calculated.

Results Compared to controls, the FR-2 treatment
produced a w decrease in the ANB angle that
improved the skeletal Warmum and occlusal
mmmwmmm the FR-2 group
showed further Improvements of skelelal intermaxitiary and
mnmmmmmwmmm
treatment showed no compensatory decline or ‘rebound”.
Conclusion £R-2 treatmenl, in conjunction with a period of
mmwmmwmwmm
the occlusion, can produce a long-lasting improvemant of
the skeletal Class Il malocciusions with little skeletal
‘mmwmmm

Introduction
Class Il malocclusions can result from many dental and

European Joumnar of Paenwamc Desnistiy = vou, 12/4-2011

o

skeletal derangements. The most common component is
mandibular retrusion [McNamara, 1981).

The functional approach seems to be the treatment of
choice in Class I cases lacking mandibular growth [Chen
et al., 2002: Cozza et al., 2006]. One of the most popular
functional appliances used today is the Frankel-2 (FR-2)
appliance, different studies evaluated its dentoskeletal
effects of the FR-2 in patients with skeletal Class i
malocclusions with controversial outcomes. Some authors
[Falck and Frankel, 1989: Perillo et al., 1996: Toth and
McNamara, 1999: De Almeida et al., 2002] suggested that
mandibular growth could increase, whereas others
[Hamilton et al., 1987: Nelson et al., 1993; Chadwick et
al., 2001: Janson et al., 2003] believed that the most
significant treatment effects are restricted to dentoalveolar
changes. A recent metanalysis [Perillo et al, 2011]
reported that the FR-2 appliance has a statistically
significant impact on the dimensions of the mandible in
treated patients versus untreated controls, but it can be
considered to have a modest clinical effect. However, the
studies included in this metanalysis presented some
limitations: they were heterogeneous, mostly non
randomized and retrospective, of low to medium quality,
and almost all lacked initial differential diagnosis in order
to identify the type of mandibular retrusion associated
with the Class Il malocclusion. Moreover, there are few
studies on long-term effects in FR-2 patients. Difficulties
arise in recruiting patients to evaluate the dentoskeletal
changes that may occur during the treatment, post-
treatment, and post-retention periods. It is even more
difficult to obtain control data from untreated children
with same initial dentofacial pattern. Long-term data,
however, seem to be the only way to test the efficacy of
competing therapies.

To date, Fakk and Frankel [1989], Perilio et al. [1996]
and more recently Berger et al. [2005] and Freeman et al.
[2009) reported long-term data on FR-2 treated patients
and, in particular, only Freeman et al. evaluated the long-
term effects 10 years after treatment. These studies
concluded that the mandible continued to grow in a
favourable direction even after discontinuing the
functional appliance [Berger et al., 2005] without
compensatory decline or “rebound” [Perillo et al., 1996},
so the correction of Class Il malocclusion with FR-2
maintains favourable over the long-term with both
skeletal and dentoalveolar changes [Freeman et al., 2009].

Therefore, the aim of the present investigation was to
evaluate the dentoskeletal effects of FR-2 treatment in
patients with Class Il malocclusion associated with
mandibular retrusion by mandibular short body versus an
untreated control group with the same initial
characteristics and to verify the long-term stability of these
changes.

Materials and methods

FR-2 sample

The sample was selected from patients treated with the
FR-2 appliance at the Second University of Naples from
1984 to 1998. Each subject had two high quality lateral
cephalograms, taken before and after FR-2 treatment. The
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Long-term treatment effects of the FR-2 appliance: a prospective
evalution 7 years post-treatment

Fernanda Angelieri®**¥, Lorenzo Franchi***#** |ucia H. S. Cevidanes **, Marco

A. Scanavini* and James A. McNamara Jr*#® #### exxes

*Department of Orthodontics, Sao Paulo Methodist University, S&o Bernardo do Campo, Brazil, **Department
of Orthodontics and Pediatric Dentistry, School of Dentistry, The University of Michigan, Ann Arbor, USA,
***Department of Orthodontics, The University of Florence, Italy, ****School of Medicine and *****Center of
Human Growth and Development, The University of Michigan, Ann Arbor, USA

Correspondence to: Farnanda Angelieri, Programa de Pds-Graduagao em Odontologia— Sala 2560, Rua do
Sacramento, 230, Bairro Rudge Ramoas—Sao Bernardo do Campo—SP 09640-000, Brazil.
E-mail: fernandaang @yahoo.com.br

SUMMARY

AWM To examineg the long-term effects induced by treatment with the function regulator (FR-2) appliance
7 years post-treatment compared with untreated class |l subjects.

SUBJECTS AND METHODS The FR-2 sample was collected prospectively and comprised 17 subjects (10
boys and 7 girls, mean age 10.B years) who were treated with the FR-2 appliance for 1.7 years and re-
evaluated 71 years after treatment, The step-by-step mandibular advancement was performed gradually
lincrements up to 3-4 mm), until a "super class I molar relationship was obtained. The control group
consisted of 17 class |l subjects (9 boys and 8 girls, mean age 11.3 years) with class Il malocclusion, exces-
sive overjet, and class Il malar relationship, matched to the treated group as to ages at all times, gender
distribution, and stages of skeletal maturity (evaluated by the cervical vertebral maturation method). The
lateral cephalograms were analysed atT1 (initial), T2 (final), and T3 (7.1 years post-treatment), The compat-
ibility between the groups and the comparisons of their changes atT1-T2,T2-T3, andT1-T3 intervals were
examined by independent sample t-tests (P < 0.05).

RESULTS FR-2 treatment provided a significant improvement in the maxillomandibular relationship due
to an increase in mandibular length compared with controls, which remained stable over time. Also over
jet, overbite, and molar relationship corrections demonstrated stability. Among dentoalveolar changes,
only the increased measial movermnent of the mandibular molars in the FR-2 group demonstrated stability.

concLusions Correction of class Il malocclusion remained stable 7 years after FR-2 treatment mainly
due to the stability of the skeletal changes.

Introduction . . .
There is consensus in the literature that FR-2 treatment

corrects class 11 malocclusion. However, some studies
have shown that class 11 correction was achieved due to an

Class 11 malocelusion has been studied frequently in ortho-
dontics because it is found in one-third of the population

(Proffit & @l, 2013). Mandibular retrognathism has been
associated with skeletal class II malocclusion (McNamara,
1981}, For these patients, a therapy for simulating mandib-
ular growth by means of forward positioning of the man-
dible provided by functional appliances ofien is indicated
(MeNamara and Brudon, 2001).

Functional appliances were introduced in the early 19005
and since then have gained popularity worldwide, One of
these appliances is the function regulator (FR-2), proposed
in the 1960s by Frankel (1966, 196%ab). The FR-2 appli-
ance was designed by Frinke] as an exercise device used
to correct the function of the circumoral musculature.
According to Frinkel (1966, 1969a,b), a normal pattern of
muscular behaviour promotes normal skeletal and dental
development, maintaining the new mandibular position.

increase in mandibular growth in comparison with untreated
subjects (McNamara ef wl., 1985; Falck and Frinkel, 1989,
Perillo ef al, 1996; Toth and McMamara, 1999; Almeida
et al., 2002a.b; Cevidanes er al, 2003; Cevidanes et al,
2005); others also report restriction of maxillary growth
{Creckmore and Radney, 1983; Nielsen, 1984), On the
other hand, some investigations observed only dentoalveo-
lar effects (Robertson, 1983; Remmer er al., 1985),
Mevertheless, the stability of the changes promoted by
FR-2 treatment over time is of great clinical significance.
There are only four long-term studies (Falck, 1991; Perillo
efal., 1996; Freeman er al., 2000; Perillo et al., 201 1) of FR-2
treatment. Fixed and removable apphiances were utilized n
the post-treatment period in two studies (Perillo er al, 1996;
Perillo e¢ af., 201 1); for the two other studies (Falek, 1991;
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The use of functional
appliances in contemporary
orthodontic practice
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IN BRIEF
® Describes the different types of

-Wu

Functional appliances have been used for over 100 years in orthodontics to correct Class Il malocclusion. During this time
numerous different systems have been developed often accompanied by claims of modification and enhancement of
growth. Recent clinical evidence has questioned whether they really have a lasting influence on facial growth, their skeletal
effects appearing to be short term. However, despite these findings, the clinical effectiveness of these appliances is ac-
knowledged and they can be very useful in the correction of sagittal arch discrepancies. This article will discuss the clinical
use of functional appliances, the underlying evidence for their use and their limitations.

INTRODUCTION

The term functional appliance refers to
a large and diverse family of orthodon-
tic appliances designed mainly to correct
Class Il malocclusion. They were developed
primarily in Europe but have been adopted
by orthodontists in many countries. They all
work by posturing the lower jaw forward,
the stretched musculature and soft tissues
creating a force, which is t itted to the

studics, using unreliable and over-compli-
cated cephalometric analyses, with all the
inherent bias associated with these types of
study.’ More recently, the results of several
large prospective clinical trials have pro-
vided the best evidence of what these appli-
ances can do and equally importantly, what
they do not do.

The development and use of functional

P s was pioneered in Europe carly in

dentition. In addition, the soft tissuc enve-
lope surrounding the tecth is changed. This
results in tooth movement, establishment
of a new occlusal relationship and reduc-
tion of the overjet. The cfficiency of these
appliances in the correction of sagittal dis-
crepancies in growing paticnts has intrigued
orthodontists for many years, particularly
the question of whether they significantly
affect skeletal growth. There has been a lot of
mystery and misinformation associated with
their use, often supported by quasi-scientific
theories of growth. Many of the claims made
in association with these appliances are in
the form of case reports, or retrospective
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the twenticth century, at the same time that
fixed appliances were being developed in
the USA. A simple monobloc appliance was
described by Pierre Robin in 1902* for use in
mandibular retrognathia and functional jaw
expansion, it was the precursor of the appli-
ance used for the treatment of Class 1l maloc-
clusions described by Viggo Andresen while
working at the dental school in Oslo. The story
goes that following fixed appliance therapy
on his daughter he fitted her with a modi-
fied upper Hawley type retainer with a lower
lingual flange that guided the mandible for-
ward into an ideal inter-arch relationship. The
appliance was fitted as a retainer during her
three month summer holidays to be worn at
night, and it corrected hrr(.'lass 1 relationship.
And refimed the technique and appliance,
with the assistance of Karl Haupl, and coined
the phrase ‘functional jaw orthopedics’ to
encapsulate their philosophy of how the appli-
ances worked. A detailed history on functional
appliances and the personalities involved has
been published by Levrini and Favero.?

TYPES OF FUNCTIONAL
APPLIANCES

Functional appliances can either be remov-
able or fixed. Numerous different types and

2 2015 Macmillan Publishers Limited. All rights reserved
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Fig. 1 Modified Andresen activator. The
original design did not have lower incisor
capping or Adams cribs, which have both been
added for retention

designs have been described usually bearing
the name of their inventor and incorporat-
ing components reflecting their philosophy.
Functional appliances all have a postural
cffect on the mandible, although how this is
achieved and the auxiliary components they
incorporate vary between different systems.

Removable functional appliances

Activators

The original Andresen-Haupl activator was
constructed from a single block (or mono-
bloc) of Vulcanite, which was later replaced
by acrylic (Fig. 1). The postural clement of
the appliance is achieved by a lingual exten-
sion of the bloc in the lower arch. It was
deliberately made loose to encourage activa-
tion of the protractor and clevator muscles
to keep it in place. Apart from this postural
cffect it is designed to be a passive appli-
ance, although guided cruption of the buc-
cal dentition can be achieved by facets cut
into the bloc. Numerous variations of the
activator have been developed. Increased
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SUMMARY

DBJECTIVE: The aim of this study is to evaluate dentoskeletal effects of Herbst and Twin Elock (TB) appli-
ance therapies in Skeletal Class |l malocclusion.

SURJECTS AND METHODS: Herbst group consisted of 11 girls and 9 boys (mean age = 12.74+1.43 years), TB
group comprised of 10 girls and 10 boys (mean age = 13.0£1.32 years), and control group included 9 girls
and 11 boys (mean age = 12.17 £ 1.47 years). Mean treatment/observation times were 15.81+5.96 months
for Herbst, 16.20+7.54 months forTB, and 15.58+3.13 months for control group. Pre-treatment {TO) and
post-treatment (T1) lateral cephalograms were traced using a modified Pancherz’s cephalometric analy-
sis. Intar-group differences were evaluated with one-way analysis of variance, and intra-group differences
ware assessed with paired samples r-test at the P = 0.05 level,

RESULTS: In control group, all sagittal and vertical skeletal measurements increased as a result of continu-
ing growth. However, skeletal discrepancy and overjet remained unchanged. After functional appliance ther-
apy, greater increases were recorded in TB group for all mandibular skeletal measurements compared with
those in control group. Upper dental arch distalization and lower incisor protrusion were significant in Herbst
group, compared with control. All face height measurements increased after functional appliance therapy.

IMPLICATIONS AND CONCLUSIONS: InTB group, the treatment effects were mainly due to mandibular skel-
etal changes. Both skeletal and dental changes contribute to Class |l correction with Herbst appliance ther-
apy. Herbst appliance may be especially useful in Skeletal Class Il patients with maxillary dentoalveclar
protrusion and mandibular dentoalveolar retrusion, whereas TE appliance may be preferred for skeletal

mandibular retrognathy patients,

Introduction

Patient cooperation is ong of the most important factors for
successful functional appliance treatment. Need for cooper-
ation is reduced with the use of fixed functional appliances.
The Herbst appliance has gained widespread acceptance
and is suggested to be the most effective appliance in cor-
recting Class [T malocclusions (Pancherz, 1997).

Although fixed functional appliances reduce the need for
patient cooperation, they are tooth-borne appliances. On the
other hand, removable functional appliances are more tissue
borne and they are more likely to produce skeletal changes
(Mills and McCulloch, 1998).

Twin Block (TB) can be worn for 24 hours and takes
the advantage of all functional forces applied to dentition
(Clark, 1982, 2002), Because of its small size, patients
adopt it easily and speech disturbance is minimized (Mills
and McCulloch, 1998).

The cast splint design is one of the most recent designs
of Herbst appliance (Pancherz, 2003). Treatment effects
of cast splint Herbst appliance (Ruf and Pancherz, 1998;
Hiige ei alf., 2002; Weschler and Pancherz, 2005; Martin
and Pancherz, 2009) and TB appliance (lling e af., 1998;

Lund and Sandler, 1998; Toth and Menamara, 1999; Baceits
et al., 2000; Mills and McCulloch, 2000; Trenouth, 2000)
were evaluated in adolescents.

Schaefer er al. (2004) compared the treatment effects of
TB and Herbst appliances. They found that molar relation-
ship and sagittal maxillomandibular discrepancy correction
were greater for TB appliance. O'Brien ef af. (2003a) evalu-
ated the efficacy of Herbst and TB appliances and reported
similar dental and skeletal effects. Because of high coop-
eration rates, they suggested that Herbst appliance could be
a good treatment alternative for treating adolescems with
Class 11 division | malocelusions (O"Brien e af., 2003a).
Meither of the studies included a control group to compare
the effects of the appliances with an untreated sample,

In the literature, there seems to be a consensus on the
effectiveness of both appliances, but the lack of comparable
studies leaves questions regarding which appliance is more
effective. Thus, the aim of this prospective clinical study
15 to compare the dentoskeletal effects of TB and Herbst
appliances in patients with Class 11 division 1 mandibular
retrognathy. The study also includes an untreated control
sample to be compared with treatment groups,
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Case Report

Management of severe Class Il malocclusion
with sequential modified twin block and fixed
orthodontic appliances

Sonal Chowdhary

Abstract
Iepratment of Ovtheadontocs s L Lot
»r Devsof scial Ovthopaedics, Funcrioel is an effective way of weating <
Post Graduate Instirute of Dental chaldron and A lzmmmwmm
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thhnawhmlnbmp-mdmaﬁmmdﬁrm-dmm
prognathism. The cawe report documents 2 quur-oldboy with
Angle’s Clss 11, jon 1 maloccleson ssociated with excessive overjet (11 mun),
lmd‘phﬂq-dlwupnhcnmﬂk. He was tneased by 2 phase 1 growth
mmodificaton therapy ming twin block appliance with Bp pacls in a siepwise mandibolir
advancement protocol fillowed by a phase 1T preadguseed Edgewsse applsance therapy:

Key words: Argle Class 1T mualoccusion, finctions] spplisnces, myofunctional

INTRODUCTION

Bascd on the masor rclanoaship, Class T1 malocchusion
15 defined as the lower moasor edges lang postenor to
the cngulum plateau of the upper incisors resulting in
an mcrease m overper! The prevalence of having an
overyer > 10 mm has been reported m be around 0.2% of
the population.® Large averjet, especially in children and
adolescents i assocated wath an increased nsk of traumanc
ingury to the upper antenior teeth and psyehologacal distress
which results m loss of self-esteem and problems with
socal mteraction,

Correction of Class 11 malocchussion may be approached
by growth modificanon, dental camouflage, and surpcal

oethodantics @ For treating growing Class 11 patents,
funcuonzl applance s often apphed in the supe of
late mixed denntion or carly permanent denution o
reduice excessive overjet by sumulanng the growth of the
mandible !

The following case report docaments a 12-year-old
boy with 11 mm ovenet treated by 3 phase 1 growth
modification therapy using twin block appliance with lip
pads in a stepwise mandibular advancement protocol™
followed by 2 phase IT preadjusted Edgewise appliance
therapy to settde the occlusion and correct the remaimng
denral diserepancy.

CLINICAL EXAMINATION AND DIAGNOSIS

A 12 year-old boy reported to the chme complainng of
forwandly placed upper front teeth. Extraoeally, the patient
had no apparent facial asymmetey. He had mesoprosopic

oot
10 410323211807 177566
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Twenty-year clinical experience with fixed
functional appliances

Alexandre Moro'?, Suellen W. Borges®, Paula Portc Spada®®, Nathaly D. Morais™,
Gisele Maria Correr?, Cauby M. Chaves Jr.*, Lucia H. S. Cevidanes®

DO https://doi.ony/ 101590 2177.6709.23.2.087- 109 sar

Introduction: Considering the large number of fixed functional appliances, choosing the best device for your patient is
not an easy task. Objective: To describe the development of fixed functional appliances as well as our 20-year experience
working with them. Methods: Fixed functional appliances are grouped into flexible, rigid and hybrid. They are differ-
ent appliances, whose action is described here. Four clinical cases will be reported with a view to illustrating the different
appliances. Conclusions: Rigid fixed functional appliances provide better skeletal results than flexible and hybrid ones.
Flexible and hybrid appliances have similar effects to those produced by Class 11 elastics. They ultimately correct Class
[1 with dentoalveolar changes. From a biomechanical standpoint, fixed functional appliances are more recommended to
treat Class Il in dolichofacial patents, in comparison to Class 11 elastics.

Keywords: Orthodontics. Class II malocclusion. Fixed functional appliance.

Introdugio: considerando-se o grande nimero de aparelhos propulsores mandibulares, ndo é uma tarefa ficil escolher
o melhor deles para o seu paciente. Objetivo: descrever o desenvolvimento desses aparelhos e a experiéncia clinica de
vinte anos dos autores na sua utiliza¢io. Métodos: os aparelhos funcionais fixos aqui apresentados foram classificados em
flexiveis, rigidos e hibridos, e 0 modo de agio de cada um deles foi descrito e ilustrado por meio de quatro casos clinicos.
Conclusdes: os aparelhos propulsores rigidos fornecem mais resultados esqueléticos do que os flexiveis e os hibridos.
Esses tiltimos tém efeito semelhante ao uso de elisticos com direcio de Classe Il e, basicamente, corrigem a mi oclusio de
Classe I com alteracoes dentoalveolares. Do ponto de vista biomecinico, os propulsores fixos estio mais indicados para
tratar a Classe Il em pacientes dolicofaciais do que os elisticos de Classe 11.

Palavras-chave: Ortodontia. Mi oclusio de Classe I1. Propulsor mandibular.
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Fixed functional appliances with multibracket
appliances have no skeletal effect on the
mandible: A systematic review and meta-analysis

Ramy Abdul Rahman Ishag,* Maged Sultan AlMammadi,” Mona M. S. Fayed.® Amr Abou EN-Ez2,°

and Yehya Mostafs®
Samaa and I, Yewen, and Ceire, Egype

Introduction: Our aim was % assess the skeletsl mandbular changes (anteroposterior and vertical) in circum-
pubanal patients wih fixad functonal applances instaled on multbracket appliances compared wilh untreated
patients. Methods: An cpen-endoed electronic search of 4 catabases (PubMed, Embasge, Cochrane Library, and
Wab of Science) up 1o Aprll 20 14 was performed, Addsonal searchas of relevant joumals, relerence lists of the

ieved aricles, sy ic reviews, and gray llersture were padomed. Specific incluson and exclusion
critora ware appled to Kenaly relevant aickes, Qualty was evaluated using the Cochrane Collaboration risk
of bias tool and the Newcastie-Oltawa scale for prospective controlied dinical trials. Mets-analyses were
concuctod with fuad and random eflects models as appropaate. Stahstical hetercgenssty was also examned.
Results: Seven articles were included in the quaitative synthesis and 5§ in the mala-analysis. The indluded
mndomized controlled trials were at high sk of blas, and the mathodologic gualty of the prospective
controliad cinical inals was high. Based on assassment of the fixed functional appliance phase in isolatian,
no dMarence In mardbular antercposteror poskonal changes (SNB anglke) (standard mean d#arence,
0.117; 95% CI, 028, 0.50) was found betwean the treated and conrol groups. The vedical dimension was
not influenced by the fued funchonal applance treatment, Conclusions: There is littke high-quality evidence
conceming the relative influence of fixed functional applances on gkeleta! and demoalveciar changee.
Howewer, based on the Imited evidence, it appears that they have e effect on the skalatal mandbular

parameters. (Am J Orthod Desvictacial Orthop 2016,148:612-24)

sagittal discrepancy caused by mandibular retru-

shon or maxiBary excess, The most common source
is mandibalar retrusion, which affects about one third of
the popalation,” Mandibular retrusion is managed in
growing paticnts with functional appiances [remaovable
and fixed) designed to alter the anteroposterion and ver-
tical positions of the mandible and to induce

S keletal Class | matoedusion s characterized by o
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supplementary mandibular growth and remodeling of
the condyle.

Fixed functional appliances [FFA] are compliance-
free, tooth-bome appliances. They do nol require a sec-
and phase of treatment when used with multibracket
appliances (MBAL They are cassified Into 4 groups:
rigid, flexible, hybrid, and substitutes for clmtics.’
They may be categarized info 2 major groups according
10 the timing of the MBA, The Herbst” and the mandib-
ular axhvancement repositioning  appliance” can be
applied befare the MBA. The Jlasper jumper,” Forsus
Nitinol Flat Spring,” Forsus FatigueResistant Device,”
Twin Force Bite Corrector,” Sabbagh Universal Spring. '
and integrated Merbst'' require an alignment and
leweling phase with the MBA in preparation far apphca-
tion on a rigid stainless steed archwire attached to the
teeth through the MBA,

There is conssderable debate as to whether FRAs can
stimulate mandibolar growth and potenbafy lead to last-
g skefetal changes, Several systematic reviews have
focused on the treatment effects of the removable fune-
tional apphance (RFA)L'" ™ FFA, """ or both,”" The
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ORIGINAL ARTICLE

Three-dimensional treatment outcomes in Class 11
patients treated with the Herbst appliance: A pilot
study

Megan LeCornu,” Lucia H. 5. Cevidanes,” Hongtu Zhu," Chih-Da Wu,” Brent Larson,® and Tung Nguyen'
Santa Clarifa, Calif, Ann Arbor, Mich, Chapel Hill, NC, and Minneapolis, Minn

Intreduction: The aims of this study were to analyze 3-dimensional skeletal changes in subjects with Class 11
malocclusion treated with the Herbst appliance and to compare these changes with treated Class Il confrols
using 3-dimensional superimposition technigues. Methods: Seven consecutive Herbst patients and 7 Class Il
controls treated with Class |l elastics who met the inclusion criteria had cone-beam computed tomographs
taken before treatment, and either after Harbst removal or at posttreatment for the control subjects. Three-
dimensional models ware generated from the cone-beam computed tomography images, registerad on the
anterior cranial bases, and analyzed using color maps and point-to-point measurements. Results: The Herbst
patients demonstrated antenor translation of the glenoid fossae and condyles (right anterior fossa, 1.69 + 0.62
mmy; left anterior fossa, 1.43 = 0.71 mm; right anterior condyle, 1.20 + 0.41 mm; left anterior condyle, 1.29 +
0.57 mm), whereas posteror displacement predominated in the controls (right anterior fossa, —1.51 = 0.68 mm;
left anterior fossa, —1.31 + 0.61 mm; right anterior condyle, —1.20 = 0.41 mm; left anterior condyle, —1.29 =
0.57 mm; P =0.001). There was more anterior projection of B-point in the Herbst patients (2.62 = 1.08 mm vs
1.49 + 079 mm; P <0.05). Anterior displacement of A-point was more predominant in the controls when
compared with the Herbst patients (1.20 + 053 mm vs —1.22 + 043 mm; F <0.001). Conclusions: Class
Il patients treated with the Herbst appliance demonstrated antenor displacement of the condyles and glenoid
fossae along with maxdllary restraint when compared with the treated Class |l controls; this might result in more
anterior mandibular projection. (Am J Orthod Dentofacial Orthop 2013;144:818-30)

eatment of Class 11 malocclusions is a common
’I‘Zhallenge for orthodontists in the United States.
Approximately one third of all patients have a Class
Il Division 1 malacclusion.' Mandibular retrognathism

is the primary etiologic factor in most of those
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patients.* Functional appliances have been shown
to be effective in comecting Class 11 malocclusions
by decreasing overjet and achieving Angle Class |
canine and molar relationships.” " Eliminating patient
compliance factors and delivering continuous forces
give fixed functional appliances a distinct treatment
advantage compared with removable appliances. Many
studies have reported the greatest anteroposterior
improvements in mandibular projection when using
frxed Herbst functional appliances. ™" '*

Functional appliances, such as the Herhst, have been
purported to improve mandibular projection, conse-
quently improving the underlying skeletal discrepancies.
FEIS However, the available data that examine the
extent of skeletal vs dentoalveolar adaptation in Class
Il comection with functional appliances  are
controversial.”*' " The skeletal component of Class
Il correction has been reported to be from 13% to
850, "'**! Variations in reported skeletal changes
are due to a number of factors ranging from
physiologic and anatomic inconsistencies in the study
subjects to limitations in the study methodologies.



Original Article

Long-Term Dentoskeletal Changes with the Bionator, Herbst,
Twin Block, and MARA Functional Appliances

Nicole J. Siara-Olds*; Valmy Pangrazio-Kulbersh®; Jeff Bergers; Burcu Bayirli

ABSTRACT

Objective: To cetermine If the long-term dentoskeletal changas in patients treated with tooth-bome
functional appliances were comparable 10 each other and to matched controls.

Materials and Methods: The experimental sample consisted of 80 consecutively freated patients
who were equally divided into Bionator, Herbst, Twin Block, and mandibular anterior repositioning
appilance (MARA) groups. The control group comprised 21 children with untreated skeletal Class Il
malocclusions. Lateral cephalograms were taken for the treated group at T, (ndtial records), T,
{completion of functional therapy). and T, (completion of fixed appliance therapy). A repeated
measure analysis of varance (ANOVA) was used 1o assess the differences between and within
groups. If ANOVA results were significant, Tukey-Kramer tests were used to determine where the
significant differences occurred.

Results: (1) Temporary restriction of maxillary growth was found in the MARA group (T~T,). (2)
SNB increased more with the Twin Block and Herbst groups when compared with the Bionator and
MARA . (3) The occlusal piane significantly changed in the Herbst and Twin Block groups.
(4) The Twin Block group expressed better control of the vertical dimension. (5) The overbite,
overjet. and Wits appraisal decreased significantly with all of the appliances. (6) The Twin Block
group had significant flaring of the lower incisors al the end of treatment. (7) Over the long-term,
there were no significant soft lissue changes among trealed and untreated subjects.
Conclusions: No significant dentoskeletal ditferences were observed long-term, among the

vanous treatment groups and matched controls. (Angle Orthod 2010,80:18-29.)
KEY WORDS: MARA; Long-term changes; Functional appliances

INTRODUCTION

The most common skelelal problem in onhodontics
is the Class Il malocclusion characterized by mandib-
ular retrognathia.” * In addition, most subjects with this
type of malocciusion exhibit narrow maxillary arches. **
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The eflects and stability of early Class Il treatment
with functional appliances has been surrounded by
much controversy and uncertainty, It has been shown
in histologic studies with laboratory animals that when
the mandible is brought forward there is an increase in
cellular activity at the condylar head as well as an
increase in mandibular length.”** Numerous studies
have shown condylar and glenoid fossa remodeling
following the use of various types of functonal
appliances.'” " Questions that still remain are: (1)
Are these findings substantiated with ciinical research
in humans; (2) Is the growth of the mandibie different
with functional treatment than that of simiar controls;
and (3) is this treatment stable over the long-term?

There are multiple factors that influence the stability
of early Class Il treatment inciuding mandibular
rotational growth pattemns = airway obstructions, '
proper manipulation of appliances, treatment tim-
ing,'"™ and ratention.™ ** There are few investigators
who have studied the long-term stabiity with functional
appliances, and most have reported favorabie findings
with prolonged retention. '’ *-*
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Effects of Class Il division 1 malocclusion treatment
with three types of fixed functional appliances

Deborah Brindairo de Aradjo Brito!, José Femando Castanha Henrigues', Camilla Fancatti Fiedler, Guilherme Jansont

DO: Ditpsfdoi, ong 1L SHY21T7-6709, 24,5, 030099, oar

Objective: This study aimed at comparing the dentoskeletal changes in patients with Class 11 division 1 malocclusion,
treated with three types of fixed functional appliances. Methods: A sample comprising 95 patients with the same maloe-
clusion, retraspectively selected, and divided into four groups, was used: G1 consisted of 25 patients (mean age 12.77+1.24
years) treated with Jasper Jumper appliance; G2, with 25 patients {mean age 12582 1.65 years) treated with the Herbst
appliance; G3, with 23 patients {mean age 12.37 £ 1.72 years) treated with the Mandibular Protraction Appliance {(MPA);
and a Control Group (CG) comprised of 22 untreated subjects (mean age 12,662 1,12 years). Intergroup comparison was
performed with ANOWVA, followed by Tukey test. Results: The Jasper Jumper and the Herbst group showed significantly
greater maxillary anterior displacement restriction. The Jasper Jumper demonstrated significantly greater increase in the
mandibular plane angle, as compared to the control group, The MPA group demonstraed significantly greater palatal
inchination of the maxillary incisors. Vertical development of the maxillary molars was significantly greater in the Herbst
group, Conclusions: Despite some intergroup differences in the amount of dentoskeletal changes, the appliances were
effective in correcting the mam features of Class 1 malocelusions.

Keywords: Cephalometry. Orthodontic appliance design. Malocelusion, Angle Class 1L Orthodontic appliances, functional,

Objetivo: o objetive do presente estudo foi comparar as alteragoes dentoesqueléticas em pacientes com nd oclusio
de Classe 11, divisio 1, tratados com trés tipos de aparelhos funcionats fixos. Métodos: a amostra compreendeu 95 pa-
cientes, selecionados retrospectivamente ¢ divididos em quartre grupos: G1, composto por 23 pacientes (idade média de
12,77 +1.24 anos), tratados com aparelho Jasper Jumper; G2, com 25 pacientes (idade média de 12,58+ 1,65 anos), trata-
dos com aparelho Herbst; G3, com 23 pacientes (idade média de 12,37 £1,72 anos), tratadas com o Aparelho de Protra-
¢io Mandibular (APM); e um Grope Controle (GC), composto por 22 sujeitos nie tratados (idade média de 12,66=1,12
anos) gue apresentavam 1 mesma ma oclusio. A comparacio mtergrupos for realizada com ANOVA, seguida do teste
Tukey. Resultados: os grupos Jasper Jumper ¢ Herbst apresentaram significativamaente maior restricao de deslocamento
anterior da maxila. O Jasper Jumper demonstrou aumento significativamente maior no ingulo do plano mandibular, em
comparagio ao grupa controle. O grupe APM demonstrou inclinagio palatina significativamente maior dos incisivos su-
periores, O desenvolvimento vertical dos molares superiores foi significativamente maior no grupo Herbst. Conclusdes:
apesar de ;1|guma.~i diﬁ."]’l.“]li";li IntETErupos na quantidadu de ulhcrag‘l'ws d.cnl:cw.la.lul:[él:icas, 5 uparc]]'lus foram eficares na
corregio das principais caracteristicas das mds ocluses de Classe 11,

Palavras—chave: Cefalometria. Designs de ;|p;|r¢|hcrs Oriedonticos. Ma oclusio de Classe 11, Aparclho ortodontico
funcional.
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Class Il correction in orthodontic patients utilizing the Mandibular Anterior

Repositioning Appliance (MARA)
Anil Ardeshna’; Frank Bogdan®; Shuying Jiang®

ABSTRACT

Objectives: To evaluate skeletal and dentoalveolar changes produced by the Mandibular Anterior
Repostioning Appliance (MARA) in the treatment of Class |l malocciusion in adolescent pabents.
Materials and Methods: Lateral cephalograms of 24 patients, mean age 12.40 years, with a Class
Il malocclusion consecutively treated with MARA were compared with a historical control group.
Changes were evaluated using the Pancherz superimposition and gnd analysis pre- and
posttreatment. Independent sample fttest, Mann-Whitney UHest, and Pearson correlation
coefficient analysis were performed.

Results: Significant differences were sean between the treatment and control groups during the 12
month perod. iImprovement in Class II relationship in the MARA group resulted from skeletal and
dentoalveolar changes. There was a 7-mm molar correction and a 4.7-mm overjet reduction. There
was also an increase in the mandibular base of 3.3 mm with the lower molar and incisor coming
forward 2.6 mm and 2.2 mm, respectively. No significant headgear effect was shown on the maxiia.
The maxillary incisor position remained unchanged, whereas the molar distalized 1.8 mm. The
anterior lower facial height had an overall increase of 2.2 mm,

Conclusions: The MARA was successtul in achieving a Class | molar refationship and reducing
the overet in Class Il malocclusions. This was the result of both skeletal and dentoalveolar

changes. (Angle Orthod. 2019;89:404-410.)

KEY WORDS: Class I maiocciusion; MARA; Functional appance; Class Il therapy

INTRODUCTION

Treatment of Class Il malocciusion s one of the most
frequent challenges facing orthodentists in everyday
practice. It has been estimated that about 35% of the
US population has a Class 11 malocclusion based on
overjel.’ Class Il malocclusion, unlike what the Angle
sagittal dental classification implies, is a multifactorial
entity that invoives a combination of one or more dental
and skedatal factors.” Treatment of Class || malocciu-
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sions has varied with time and place® The Herbst
appliance has been considered the goid standard for a
fixed functional appliance over the past half century.**
A more recent fixed functional appliance that is gaining
poputanty, especially in the United States, s the
Mandibular Anterior Repostioning Appliance (MARA)
originally developed by Toll.*? Sdentific studies on the
MARA have been limited. Pangrazio-Kulbersh et al’
evaluated the treaiment effects of the MARA in a
cephalometric study of patients age 9.5 to 15.8 years
with a mean treatment time of 10.7 months. Class Il
correction was achieved by means of both skeletal and
dental changes. Proper molar relationship was ob-
tained by 47% skeletal changes and 53% dental
changes. Skeletal changes showed an Increase in
mandibular length and anterior and posterior facial
heights but minima! restraint of the maxifa. The dental
effects Included distalization of maxillary molars,
mesialization of molars and incisors, and mid procli-
nation of the lower incisors® Siara-Olds et al’
evaluated the long-term dentoskeletal changes in
pafients treated with Bionator, Herbst. Twin Block,
and MARA functional appliances with maiched con-

DOL: 10.2319062518.478.1
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Original Article

Treatment effects of the mandibular anterior repositioning appliance in

patients with Class Il skeletal malocclusions

Marcelo N. Kegler Pangrazio®; Valmy Pangrazio-Kulbersh®; Jeffrey L. Bergers; Burcu Bayirli¥;

Amin Movahhedian®

ABSTRACT

Objective: To examine the changes produced by the mandibular anterior repositioning appliance
(MARA) appliance and compare the treatment effects to an untreated Class Il control group.
Materials and Methods: Thirty consecutively treated patients were maiched with an unireated
control group. Lateral cephalograms were taken at T1, 5 months pre-MARA (CVMS 2.7); T2,
immediately after MARA removal and prior to placement of full fixed edgewise appliances (CVYMS
4.2); and T3, at least 2 years after MARA removal and completion of edgewise treatment (CVMS
5.4). The mean age of the MARA patients was 11.9 years for boys and 10.8 years for girls.
Repeated-measures analysis of variance (ANOVA) was used to assess if the samples were
morphologically comparable at the outset and to test if there were significant differences between
the groups for the various increments of change. Given a significant ANOVA, the source of the
diffarence was explored via Tukey-Kramer tests.

Results: Restriction of maxillary growth and no significant mandibular growth were observed with
the MARA appliance. The Class Il correction was obtained mainly by slight maxillary molar
distalization and intrusion, in addition to mesial migration of the lower molars and flaring of the
lower incisors. No vertical effect was observed with this appliance,

Conclusion: The MARA appliance was effective in the treatment of Class || malocclusions.
Restriction of maxillary growth and dentoalveclar changes in the maxillary and mandibular arches
were responsible for the correction of the Class |l malocclusion. Significant mandibular growth did
not contribute to this commection. (Angle Orthod. 2012;82:971-877.)

KEY WORDS: MARA: Maxillary growth restriction; Dentoalveolar changes; Molar distalization

INTRODUCTION

Class Il malocclusions present a major and common
challenge to orthodontists. Based on an overjet greater
than 4 mm, the Third Mational Health and Mutrition
Examination Survey (NHANES IIl} data indicated an
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11% prevalence of Class Il malocclusion in the US
population. It has been reported that this malocclusion
accounts for 20% to 30% of all orthodontic patients.’
Seventy-five percent of the Class Il patients exhibit a
retrusive chin position.*® Once the skeletal Class I
pattern has been established, it remains as such
during the growing years and thereafter.**

The decision as to which is the most effective
technigue to use in the treatment of growing patients
with skeletal and dental Class Il malocclusions has
long been the source of considerable debate in the
orthedontic literature.

Four commaonly used methods for Class |l correction
include (1) selective extraction therapy, (2) orthopedic
forces delivered with headgear, (3) functional jaw
orthopedics using functional appliances, and. more
recently, (4) malar distalization with or without tempo-
rary anchorage devices.

The term functional appliance refers to a removable
or fixed appliance designed to alter the mandibular
position both sagittally and vertically, resulting in

a7 Angie Orthodantiz!, Vol 82, Ng 6, 2012
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CASE REPORT <561

The Mandibular Anterior Repositioning

Appliance (MARA)

- A report of three cases

SADJ November 2018, Viol. 74 No. 10 p561 - p5T0
JH Weber', P Botha®, SH Dawjee”

SUMMARY

Introduction

The MARA (Mandibular Anterior Repositioning Appliance)
Iz a fixed functional appliance used in the treatment of
mandibular deficiancies.

Aims and objectives

To demonstrate the clinical capabiities, traatment effacts
and the expected duration of treatment when using the
MARA, therefore creating awareness of the MARA as
a ftreatment alternative to other functional appliances
designed for correction of Class || malocclusions.

Methods

A retrospective study exploring the anteroposterior di-
mensional changas in the maxila and mandible brought
about by the MARA and the associated treatment time.
The samples ware the first three cases treated by a
clinician Inexperienced with the clinical application of
the MARA and served as an ideal introduction to the
traatment technique.

Results

In this study mandibular growth stimulation and tem-
poromandibular joint remodeling may have been the
main contributing factors in the resolution/mprovemsant
of the Clazs || malocclusions under treatment.

Conclusion

The MARA s a usaful non-compliance appllance that
producas exceptional treatment results when applied
in combination with full fixed appiances. The changes
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observed were predominantly of a skeletal nature in the
anteroposterior dimension. Maxillary growth restriction
may also have played a role in the correction of thasa
treated Class Il abnormalities.

Keywords

MARA, Mandibular changes, Maxllary changes, SNA,
SNB, ANMB, WWITS, Y-axis, Tweed angle, Facial angle,
Mandibular growth.

INTRODUCTION

The idea of using a fixed functicnal appliance to stimu-
late mandibular growth was proposed by Angle and
others of his peers many years ago, but the materials to
make the concapt an actuality in clinical practice wara
lacking. The development of stronger adhesives over-
came this limitatation. The MARA was developed by
Or. D Toll and medified in 1994 by Dr. James E Eckhart
to function as a fixed non-compliance appliance to
cormact Class Il malocclusions.

The decision as to which is the most effective tech-
nigue to use in the treatment of growing patients with
skeletal and dental Class Il malocclusions has long
been the source of considerable debate in the ortho-
dontic literature.® A sclentific orthodontic study yvielding
ingightful and meaningful results must ensure that the
individual/samples studied must be of the same clini-
cal and functional characteristics, age and gender.

Some widely utilized treatment techniques in the cor-
rection of Class Il malocclusions include:

« space creation by performing selective extractions
of teeth, espacially upper first premolars, in order to
camouflage the Class || malocclusion, or a reduction
In upper tooth size by enamel stripping, by palatal
axpansion, utilzation of the leaway space, or by
arthopedic manipulations of the mandible and maxila
produced by headgear.

functional appliance therapy togethaer with full fixed
appliances.

temporary anchorage devices (TAD's) used in the
distalization of molars.

« orthognathic surgeary.®

The lack of success with removable functional appliance
treatment has been attributed to a lack of patient
compliance and the inabiity to contrel the amount
and direction of mandibular growth.*
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ORIGINAL ARTICLE

Effects of the jasper jumper appliance in the
treatment of Class |l malocclusion

Rafael Pinelli Henriques*, Guilherme Janson**, José Fernando Castanha Henrigues™,
Marcos Roberto de Freitas**, Karina Maria Salvatore de Freitas***

INTRODUCTION

When analyzing the prevalence of malocclu-
sien, Class | is present in 55% of the Brazilian
population and  Class 11, in 42%%, The latter is

ABSTRACT

Introduction: The Jasper Jumper is a fixed functional appliance which keeps the mandible in
a protruded position by applying continuous light forces. Even though previous studies have
revealed the clinical outcome of the appliance, there is still some debate about how much
correction is achieved by skeletal changes vs. dentoalveolar changes. Objective: The objective
of this study was to evaluate the skeletal and dentoalveolar effects of the treatment of Class 11
malocclusion with the Jasper Jumper appliance associated with fixed orthedontic appliances,
compared to an untreated control group, Material and Methods: The sample comprised 47
subjects, divided into two groups: Group 1, with 25 patients at a mean initial age of 12.72
vears, treated with the Jasper Jumper appliance for a mean period of 2.15 years; and Group
2 (Control), included 27 subjects at a mean initial age of 12.67 years, who were not submit-
ted to any type of orthodontic treatment and presenting Class 11 malocclusion, observed by
a mean period of 2,12 vears, Lateral cephalograms before and after orthedontic treatment
for group 1 and during the observational peried for group 2 were evaluated. Initial and final
dentoskeletal cephalometric variables and changes with treatment were compared between
the groups by independent t tests. Results: When compared to the contral group, the Jasper
Jumper group presented greater restriction of anterior displacement of the maxilla and a
greater maxillary retrusion, improvement of maxillomandibular relationship, reduction of fa-
cial convexity, greater protrusion and intrusion of mandibular incisors and a greater extrusion
of mandibular molars, besides a greater reduction of overjet and overbite and improvement
of molar relationship. Conelusion: The correction of the Class Il in the group treated with the
Jasper Jumper and fixed appliances was mainly due to restriction of maxillary growth, protru-
sion and intrusion of mandibular incisors and extrusion of mandibular molars.

Key-words: Class || malocclusion. Cephalometrics. Functional Appliance.

characterized by an anteroposterior discrepancy
of skeletal hases, negatively influencing esthetics
and self-esteem of patients, justifying the percent-
age of Class Il patients who look for orthodontic

* Phil in Orthedontics at Baun Dantal Schoal, univnuil-,-al's:u Faua,
** Full Professars, Diepartment of Cvthodontics at Baura Dental School, University of Sic Paula.
*** Phiin Orthodontics st Baung Dental Schocl, University of Sio Pado, Coordinator of Masters in Orthedontics st Uningd
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ORIGINAL ARTICLE

Long-term stability of Class 11 treatment
with the Jasper jumper appliance

Camilla Fiedler Foncatti, José Fernando Castanha Henriques, Guilherme Janson, Waleska Caldas,
and Daniela Gamba Garib
Sao Paulo, Brazil

Introduction: Treatment of Class Il Division 1 malocclusion with orthopedic devices combined with fixed ortho-
dontic appliances has shown excellent results when used in growing patients. We aimed to evaluate the long-
term stability of the cephalometric changes obtained during Class Il malocciusion correction with the Jasper
jumper associated with fixed appliances. Methods: The treatment group comprised 24 patients who were eval-
uated at 3 stages: pretreatment, posttreatment, and long-term posttreatment. The control group comprised 15
subjects with normal occlusion. Intratreatment group comparisons among the 3 stages were performed with
repeated measures analysis of variance, followed by Tukey tests. Intergroup comparisons of posttreatment
changes and normal growth changes of the treatment group were performed with f tests. Results: Apical
base relationship, maxillary incisor anteroposterior position, and overjet demonstrated significant relapses in
relation to the control group. Conclusions: Most dentoalveolar changes obtained with the Jasper jumper fol-
lowed by fixed appliances during treatment remained stable in the long term. However, apical base relationship,
maxillary incisor anteroposterior position, and overjet demonstrated significant relapses in relation to the control
group. Therefore, active retention time should be increased in the posttreatment period. (Am J Orthod

Dentofacial Orthop 2017;152:663-71)

thodontists, considering the high prevalence of

this malocclusion.’ Class 1l Division 1 malocclu-
sion affects 12% to 49% of the population” and com-
prises approximately one third of patients seeking
orthodontic treatment because of its important esthetic
effect; it may be caused by varying combinations of skel-
etal and dental factors.”’

Early intervention in patients with active growth us-
ing a combination of functional and fixed appliances
can generate great outcomes in the treatment of Class
Il malocclusion.” The Jasper jumper appliance, a fixed
device composed of a flexible force module, capable of
promoting light and continuous force 24 hours a day
through mandibular advancement, with freedom in

C lass 11 malocclusions are of great concern to or-
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jaw movement including laterality, ensures comfort
without relying on patient compliance.’

The appliance promotes restrictive effects in forward
displacement of the maxilla, dentoalveolar retraction of
the maxillary dentition, and dentoalveolar protrusion of
the mandibular dentition. Additionally, it features an
intrusion force that benefits vertical control in patients
with an unfavorable growth pattem and increased over-
bite during correction of the maxillomandibular discrep-
ancy, demonstrating it to be a successful treatment
choice for this malocclusion.”

As important as achieving malocclusion correction is
the long-term stability of the dentoskeletal changes.
However, follow-up studies in the literature have evalu-
ated only the period from jumper removal to removal of
the fixed appliances,” or only during a short observation
period of a few months with the use of retention,” which
does not represent the long-term stability of this treat-
ment approach. Several authors have demonstrated the
need for long-term stability studies of treatment with
this appliance.'**

Noticing the lack of investigations in this area, we
aimed to cephalometrically assess, after a minimum of
5 years, the long-term stability of the changes obtained
in the correction of Class 1l Division 1 malocclusion with
the Jasper jumper associated with fixed orthodontic
appliances.
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Investigation of Dentoskeletal and Soft Tissue Effects of Forsus Fatigue
Resistant Device and Jasper Jumper Appliances in Class Il Malocclusions

Sinif 1l Malokl

izyonlarda Forsus Fatigue Resistant Device ve Jasper

Jumper

Apareylerinin Dentoiskeleletsel ve Yumusak Doku Uzerine Etkilerinin incelenmesi
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ABSTRACT

Obsjactive: Tha aem of s shudy wirs 1 st sobete, Sntal and soft bssum
effects of Forsus Fatque Resstart Device (FRDY and Jasper Jumper spplarces n
comection of Class | malocduson.

Methods: 33 pafants wem dvided 80 o groups as Teaid wih Forus FRD
spolercn {18 sutycts § ferrales W moles-ewan agn 1579 = 150 you) and
fomed wih Jesper Jumper appiance (18 subjects: § fomakes, § males-moan age:
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Forsus Fatigue Resistant Device a Fixed Functional
Appliances: An Update

Fazal Shahid", Mohammad Khursheed Alam”, Muhammad Irshad”,

Rayan Alswilem”, Kiran Ganji*'

ABSTRACT

Obgecrive: Functional spplasces play an impoartant role in achieving an seal facial profile, Forsus has been assessed by
orthodoatists extensively to notiee sigaificant improvements in dental snd skeletal groweh pattern, It can control overbite, modi-

fy destal eruption and cosult in 3 good soft twue profile of face. The prisse shjective of our | igation is e wy

fatigue resistant deviee fixed functional applionces.

date the farsuy

Materiel and werhods: Online publication search engines were extessdvely scarchod using keyword combinstions. Forest plot

were analyeed for statistical analyvis.

Reswitr: Forsus produces statisticnlly signeficant changes in anterv-postecior relatinnsdap of dental arches and can be wsed as

4 fixed fouctions! applisnce during fixed orthedontic treatment.

Cowclwvions: Forves is an effective mechanivm for Clas 11 correction, especially in pativats with retrogaathic chios and

small mandibies.

KEY WORDS

Torsus, class Il treatment, fancrionsl applasce, cephalometrics

INTRODUCTION

Arcund the 2lobs Class I} malocclusioas affect twenty pescent of
the popalason sad the Claas 1l divinos | makecciusioas are thought o
be the most well-dnown ssue experenced m orthodonncs” Fusctooa!

H comrection, ospocially for ron-compliont patsenes, with stahle long-

torm rosults achived by -qpt‘l forwand deplacement of mandible snd

remadeling o glenoid fossa™ " M Unitck helped 16l Vogs dnwlqﬂh

Forsus Fatigoe Resistant Device system® The appliance was later

od mto the Farigue Resisant Device with & deect pash rod with a ©

3.0 mm sprng bar (45% mckel and 55% ttaniem). The sm of our
I s 10 update the forsus fatigee reswaant devaer fined Fome-

apphances would be the hetier docrsion for the grows ad) and
modification, but of the pabent repoet after the pubertal growth spoet or
durng e late stages of puborty, and it also roduces e neod of pesem
compliwace then fixed fimctions] sppliance will be the more wise choice
of weatment*

Duflrent applamoes Bave bees imvestod 1 2kl o fr cedible and
eflative anhodostic reatment Thewe taege from exinoesd o strsonsl,
inter-ach W mtrg-anck fived s adic and 2 of aey of
the ahove*. Complianee of paticnts has always Deon e buue that nnh»

tonal applowces (Foran™)

MATERIAL AND METHOD

Pubhicmons from the PubMed, Modpilot, Madline, Soencr Direct,
Google scholar and Thomson Rewters 151 web of Soence electronic

Sontics paticuts dering the course of weatment®. Literaare &
that jus 29% of paticots wear their elastics full mone a5 per their special-
Ists’ guidelines, while 25% unilize thems for et least 12 hours). The
Tematang 42%, Rowever, oaly wear thedr elastics &t mght, rarely o¢ et

latabases were seanchod The cambinions inchded any acle pob-

lished sotil May 7, 2018
Scarches were performed sodea e tenm "Foosus ™ " Thew searches
nckk\! siuly-one wliches. These were reviewad Soe celevance busad on
! and exch criern. Anticles were excluded if they did nm

ar al”. Currently mon-extroctson plans and non-complance th
bave gamed popularity™

I'be Forses'™ FRD* & a three-preoe, tckescoping system, which
mooeporates & super-claste mokel-titamam coil sprng. The FRD atach-
o3 & the maxallary first molar and oo the mandbular archwire, dstal to
oither B¢ canme or find premolar heacket. Ax the coil 18 comprossed
contineous opposing forcos see transetied to the utes of sttachacet
withoat the posaubility of Figue, Serchy aecting Class 11 ralocchs-
wicen' ™ Forsn FRD gronides one of the bost treatment options for chan

o 2

messure B¢ effectivencss of Fonus™ treatment or were not wies in
Esglish. Nine Antickes were deemod of relevance with & high-guality
study design and were incloded in this stedy for evaluation The cument
lieratisre seapests that Class 11 weatment wils e Forsis™ wpplisnce is
@ effecuve snd efliciem method 1o wesk Class 1T malochussions in six
mondis. It produces maiely & restraining effect on mavillary growth,
winle the Class 1 medar comecton & derived pamandy flom deatoalye-
oler changes. Ovenet and overbate is redeced through proclinstion,
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110138 IADI CASE REPORT

Correction of a Full Cusp Class Il Malocclusion
and Palatal Impingement
with Intermaxillary Elastics

Abstract

A 13yr Smo ofd femoie | with o { full cusp, Class I movocciuson, longe owerfef, deep curve of Spee and palafol
impingenent. A paisive sel-Rparieg anpilance, iwith maxiVary anlence bile Nobod wod wied 03 & pidtferm fov e apphcation of
an gy of intermaxillary efestics. The sevene Class i molocciusion, Dicrepancy Index (DI) af 25, wos conservatively conected in
T8 manths to oo excedient result, os documen ted with a Cost Radiogreph Evaluation (CRE) of 2T and @ Fink & Whire [PEW) dendal
efthetics seaee of 3, derJ Orhed impdansal 2015:38.54-721

- a1

Koy words:
lavge owerfet, palatal jm I, bdte furbos, eavly Ught short elastics, Clexs § arthadantic mechankes, Rraishing elastics,
resicual Class N refotionship

History and Etiology treatment achieved (fg 9. The details for diagnosis

A 1 3-year-5-month-old fermale was referred by her and treatment are discussed below.

dentist for orthodontic consultation [Fig 1) because
of difficulty incising food. There was no contributory
medical or dental history. A clinical examination
revealed protrusive lips, large overjet, deep lower
curve of Spee, and palatal impingement (Fgs 2 and
1. Intrapral phatographs and smudy casts confirmed

Diagnaosis

Skeletal:

« Skeletal Class Il (344 517, SME 5% ANE 37)

a bilateral, full-cusp Class 1| molar relationship.
Careful evaluation of the patient’s age, facial profile,
and occlusal problems suggested the eticlogy
of the malocclusion was due 1o a lip trap (lower
Incisars posture belween the macisors] and forward
[cownterclockwise) rotation of the mandibular arch.

The patient was treated to a pleasing result as shown
in Figgs. 4-9. Pre-treatment (Fg 7) and posi-treatment
(Fig. 8) cephalomenic and panoramic radiographs
document the dental and skeletal relationships.
Superimposed cephalometric tracings reveal the

+ Mandibular plare angle (SN-MP 267 FAMA 217
Drental:

« Bilateral full cusp Class Il molar relationship

= Cwerjet was Jmm {Fg. 10}

+« Owverbite 3.5 mm and the with palatal

g ement.

+ Curve of Spee was ~5mim.

Facial:

+ Moderate convex prafile with protmusiee lips
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YSTEMATIC REVIEW

Correction of Class 11 malocclusion with Class 11
elastics: A systematic review

Guilherme Janson,” Renata Sathler,® Thais Maria Freire Fernandes,” Nuria Cabral Castello Branco,”
and Marcos Roberto de Freitas®
Baurw, Sao Paulo, Brazil

Introduction: Although Class |l elastics have been widely used in the correction of Class || malocclusions, there
is still a belief that their side effects overmride the intended objectives. The aim of this systematic review was fo
evaluate the true effects of Class |l elastics in Class Il malocclusion treatment. Methods: A search was per-
formed on PubMed, Scopus, Web of Science, Embase, Medline, and Cochrane databases, complemented
by a hand search. Study eligibility criteria were the application of Class Il elastics in Class || malocclusion treat-
ment and the presentation of dental or skeletal outcomes of treatment. All age groups were included. Results:
The search indentified 417 articles, of which 11 fulfilled the inclusion critena. Four studied the isolated effects of
Class |l elastics, and 7 were comparisons between a single use of elastics and another method for Class Il mal-
occlusion correction. Because of the differences in freatment modalities in these articles, a meta-analysis was
not possible. Conclusions: Based on the current literature, we can state that Class |l elastics are effective in
comecting Class Il malecclusions, and their effects are primarily dentoalveclar. Therefore, they are similar to
the effects of fixed functional appliances in the long term, placing these 2 methods close to each other when eval-
uating treatment effectiveness. Little attention has been given to the effects of Class |l elastics on the soft tissues

in Class |l malocclusion treatment. (Am J Orthod Dentofacial Orthop 2013;143:383-92)

lass Il malocclusion is a major reason that patients
Cseek orthodontic treatment. Combinations of
dental and skeletal factors ranging from mild to
severe provide the multiple characters of this discrep-
ancy.'” Among other factors, the treatment protocols
can widely vary according to professional ahility,
malocclusion severity, and patient compliance.”™
There are a number of orthodontic techniques and
appliances to treat Class 11 malocclusion; among these
are Class 1l elastics.” In spite of their popularity,* some
authors have attributed several side effects to the use
of Class 1l elastics—eq, loss of mandibular anchorage,
praclination of mandibular incisors, extrusion of maxil-
lary incisors, and even worsened smile esthetics because
of increased gum exposure—thus suggesting minimal
use of intermaxillary elastics.” '* Also, there is the

From the Department of Ovthadontics, Bawuru Dental Schoel, University of 530
Faula, Baury, Sio Paule, Brazil.

*Prafessor and hed.

I'I"m.ls_n;nluu!e studenL.

“Professor.

The authars report no commerdal, proprietary, or inancial interest in the prod-
ucts or companies desoribed in this article.

Reprinl reguests La: Guilherme arson, Department of Orthodontics, Bauru Den-
tal School, University of 530 Paulo, Alameda Octivio Pinheim Brisolla 9-75,
Bauru, 5F, 17012-901, Brazil; e-mail, jansong@irivelnelcom br.
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claim that the occlusal relationships produced might
look good on dental casts but be less satisfactory from
the perspective of skeletal relationships and facial
esthetics. It also has been stated that Class 11 elastics
can extrude the mandibular molars and the maxillary
incisors, causing clockwise rotation of the occlusal
plane and the mandible.' ™"

Therefore, the main objectives of this systematic re-
view were to evaluate whether Class 1l elastics are effec-
tive in comrecting Class 11 malocclusions; to determine
the true dental, skeletal, and soft-tissue effects when
they are used as the primary Class 1l anteroposterior dis-
crepancy treatment device in the short and long terms;
and to compare the results with other Class 11 treatment
modalities.

MATERIAL AND METHODS

With the objective to determine the most frequent
uses and the main effects of Class 11 elastics in Class 11
malocclusion treatment, a search was performed in
PubMed, Scopus, Web of Science, Embase, Medline,
and Cochrane databases, complemented by a hand
search, with no date limitation (Table 1). The keywords
were chosen with the help of a senior librarian.

To be accepted in this review, the application of Class
11 elastics in Class 11 malocclusion treatment should have
been used in the clinical studies and mentioned in the
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Correction of skeletal clase IT malocclusion using claess IT elastics in an adolescent patient

Yayank "I"ri'r-l:l:l"L1 Raghunath ‘\'t, Alekya Ah“pu'

'Senior Lectuver, "Professor and Hesd. "Registran Consul tam Oral Patholegist). " Depi. of Crihedontics and Denioficial Oribopedics.
'Rajarseshwan Dental Calloge aml Hespatal, Bangalors, Karmataks, 3185 Tieneal Collepe and Hospisl, Mysore, Karnataka, India, *Privaie
Dhestil Climie, Kiwai

Abstract
Application of dastics in orthodontics hae smous oulcomes in relation 10 maxillairy arch, mandibslar arch, facal pattern amd oociueal
plane. All hese lctors cam be madifliod depending upon the response ol the individusl & 1l e | Eladics heing a

dhependable mode of changing sach parometens hive been empliyad in snhodontics rom Hine 10 tme In the présent case mepart oass 11
clistion were T | with & 0 late grenwth and chasge or mprove e Geeisl profile as the individial was m s grewing
plase. With conlinuous application of elaslicd and parient cospermion samlieiory oociusion and Tcial profile was achnzved Tor e paticnl

Raywards: Class |1 maloccluseon, Class 11 ¢lascies, Girowih, Profide,

Intraduction
Evaluation amd prediction of prowih 5 am imponant
prerequisie for assessing the remaining growih of an
individual, Chaosdontic teatmen is mainly son by the adult
class of patienis but W iz always the best when u_:mﬂh 5
wilized by imervention during the adodescent phase of
potient growth,” Respomse of nno individunl s growth
madificotion is very subjective hecanse few individunls
respood better o meatment as they are early or labe growers
with comsidemable  variatiors im the  growth  spuns
mperliwljr.:' Aswessing growth and favoumbly utiliring it
is wvery difficult as o is imporant to keep a track on the
nssification or growth states i an individmal, in other words
an opermior shoukd bhe shle o disgnose amnd  implicae
treatment a1 the might time ox it akes ploce ot different
chronological ages. Radiopraphs (bt can be pul 1o wse are
hand wrist radiograph which provides wilh essemtials of
anstmy  and  ossification  satus,  lateral  cophalogram
proavides with informatson regarding the mateation status m
cervical verlebrae and simoses NG may be wsefal for
pri<dicting the growth stams as per the kevel of maluraton or
cabeification in mandibular camine region and everall dencal
manuration along with imraoeal periapical radiograph.”
Comreciion of class 11 malocelusion with class 11 ¢lasics
18 comsidered as one of the key sappon aloag with fixed
artbadontic applinnee in growing patests. Having been
incorporated and stretched beragen the incisor ond canine
regien in the maxillary arch and the crupeed second medar in
the mandibalar arch (a8 used in the present case repon)
ampmg the ngid arch wires is said 1o decrease the vertical
componeid of force by shoat 27% to 209 and increases the
horizontal component of force in the range which may be
favournbde for a vertically growing individml, An advice w
the patiemt for wearing on a day to day basis is said i be
helpful & bhoth the vertical and horizomal components of

force are in eguilibrium and preferahly in 30-MMH) gromes
mnge," Along with mandibulur skeletal advancement other
impociant finction that can be achieved with class 11 elasins
are labial buccal tpping of the mandibular cisors. opening
af the hite and comection of the midline.*

Skeletal chamges ane bought by judicions e of clastics
particularly for a longer period of ime an o 24 hour basis
amd cam be used for correction of class 11 malocclusion
withown any significant side effeci=” Hemoe wih sach
application of clastics a samsfactony comeetion of clhss 11
malocslusion aml canine relation wath sceplable Bacial
prodike was achwved. The rmain amm and objective af s
s ropart §9 e sabananiets that clasies when wsod during
the growth period can bring abou cmhopeedic chamges.

Diagmosis and treatment plan

A 12 year old male patient came o ihe departmen of
arttesdomtics  and  dentofaceal  cethopasedics, 155 dental
colbege and hospital, Mysore, India, and desired to get his
teeth  comected,  Afier  extraomal  exomination, paticnt
presented with Angle's Class 11 division 1 malooclusion
with incompeteni lips, facial form was mesoprosapic, shape
of head mesocephalic and convex profile. After intraoral
examanalson, patient  presemied  with  crowding  and
proclinatson in the upper and lower antemar tecth with class
I camine, class 11 maolar relation and  presence  of
symmetrical generulized linear enamel hypoplasia depicling
ring like appesrance on buccal and lingual surfaces Formed
s a resull of enamel maturalson defectifligure 1) Fiouved
arthadontic treatment was staried amd afler mitial levelling
aml alignimg paticnt was put on rigsl archwires and class 11
elaslics were emploved. Total duration of restment was 2
wiard amd one month, oin of which inidal leveling and
allgnig was performid for aboul cighi-month dive. Class 10
elasties were emploved for a votal of sevenieen nsonths afer
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Root resorption in Class 11 malocclusion treatment
with Class 11 elastics

Guilherme Janson,” Ana Niederberger,” Daniela Gamba Garib,” and Waleska Caldas”
Bawurn, 5ae Pawlo, Brazil

Introduction: The objective of this investigation was to compare the amount of apical root resorption in nonex-
traction treatment of Class Il malocclusions with and without Class Il elastics. Methods: & sample of 54 patients
with Class |l Division 1 malocclusion, retrospectively selected, was divided into 2 groups. The elastic group con-
sistad of 27 patients who were exclusively treatad with fixed appliances associated with elastics, and the head-
gear group consisted of 27 patients treated with fixed appliances and extraoral headgear, The groups were
matched regarding initial age, treatment time, amount of overjet, initial malocclusion severity. final occlusal sta-
tus, and severity of Class |l molar relationship. Posttreatment periapical radicgraphs of the maxillary and mandib-
ular central and lateral incisors were used to evaluate root resorption. The amounts of resorption in the groups
were compared with Mann-Whilney U tests. Results: There was no statistically significant difference in the
amounts of rool resorplion between the elastic and the headgear groups. Conclusion: Nonextraction trealment
of Class || malecclusions with Class |l elastics associaled with fixed appliances causes similar oot resorplion as
treatment with extracral headgear and fixed appliances. Apical root resorption was predominanthy mild and

similar in the 2 groups. (Am J Orthod Dentofacial Orihop 2016;150:585-91)

Class Il malocclusion is a major reason that pa-
Aticnts seek orthodontic treatment,’ and it re-
quires different types of treatment when
severity of the anteroposterior discrepancy, age, and pa-
tient compliance are considered.” There are a number of
orthodontic appliances and accessories to treat a Class 1
malocclusion and Class 1 elastics are among them.
Tucker was one of the first to use rubber in his apphi-
ances, such as rubber bands or tubes for tooth move-
ment,” The use of intermaxillary elastics has been a
standard procedure in the cormection of Class 11 maloc-
clusions since the early days of orthodontic treatment,
when their use was pioneered by Calvin 5. Case of Chi-
cago and Henry A, Baker of Boston in the 1890s,""
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1t is well documented in the literature that although
intermaxillary elastics are effective in correcting the an-
ternposterior relationship of the dentition, undesirahle
side effects may occur.™ Many authors have noted
adverse tesults caused by the vertical force vector that
is inherent with intermaxillary elastics.” 1t has been
stated that this vertical Torce may extrude the maxillary
incisors and mandibular molars, causing clockwise rota-
tioh of the acclusal plane and the mandible when Class 1l
elastics are used. """

There are no evidence-based studics that definitively
establish the optimum force for Class 11 elastics. Some
studies have suggested that the lang-term jiggling force
caused by the intermittent use of elastics might increase
the prevalence of incisor Ttoat resorption,” " and
indicated that Class 1 elastics are a significant risk
factar,'™"

Root resorption, particularly in the anterior teeth, is
frequently reported in orthodontic treatment and has
been recognized by clinical investigators in daily practice
since Ketcham'* first reported it in 1927,

The association of reot resorption with orthodontic
therapy is complex, and several treatment risk factors
were reported, alone or in combination. Amount of
apical displacement,™' " ype of malscclusion,™ !
orthodontic movement type,” and treatment duration
are directly associated with root resorption. When me-
chanical factors are mentioned, the type and the amount
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Introduction

Over the past two decades, several articles have demonstrated
that the prevalent skeletal feature in Class Il patients consists
af mandibular retrusion [1-7]. For such reason, an effective
universally accepted treatment strategy Is based on promoting
a mesial repositioning of the mandible to correct the Class Il
relationship. Moreowver, from a dental analysis, it has been shown
that up to 85% of Class Il patients’ present mesial rotation of their
maxillary 1st and 2nd molars. One cause for displacement of
molars Is the mesial movement into the leeway space left during
transition from mixed to permanent dentition [8,9]. This creates a
loss of arch length and results in mesial rotation of the remaining
dentition anteriorly, creating a Class Il cuspid relationship and
increased overjet. In Class Il div. 2, there is a palatal version of the
central upper incisors with reduced overjet and limited mandibular
advancement. Hence, any appliance that demonstrates the
ability to significantly stimulate mandibular growth would be an
important asset to a clinician’s armamentarium [10-13]. More
recently, clear aligner technology has evolved owver the past
10 years with such appliances continuously being modified to
broaden the range of tooth movements they can achieve [14].
MNowadays, it Is possible to correct every type of malocclusion by
using aligners: deep bite, open bite, cross bites, severe crowding,
Class Il and Class Il malocclusions [15-17). In literature, a
number of scientific articles including case reports show proper
carrection of Class Il malocclusions by using aligners. However,
treatment protocols are not so clearly evidenced at times so as to
allow for a standardization and simplification of such orthodontic
treatments, which would implement success rate [18-22]. The
aim of this wark Is to show how it is possible to treat Class 1l
malocclusions by means of aligners according to suggested
treatment protocols herein.

Rational Approach to Class Il Correction

When cliniclans declde to treat a Class |l malocclusion by means
of fixed appliances, they conventionally follow the biomechanical
steps below:
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{2017) Correction of Class || Malocclusions
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Technique: Rational Bases and Treatment
Staging. J Orthod Endod. Vol. 3 No. 4:12

1. Correct any mesial rotation of upper 1st molars;
2. Expand the maxillary archform;

3. Coordinate the upper and lower archforms;

4. Overcorrect the maxillary incisor lingual torgue;
5. Use Class || elastics.

In our experience with aligners, orthodontic correction of mild to
maoderate Class || malocclusions may be managed both predictably
and efficiently by complying to the same biomechanical
requirements as in conventional orthodontics. Furthermaore,
aligners can provide an additional advantage allowing greater
freedom of movement of the mandible and, thus, facilitating a
mandibular mesial repositioning. Obviously, it s important to
carefully evaluate the etiology of Class |l relationships. If one
determines that the malocclusion does not depend on a real
skeletal discrepancy but rather on dental-skeletal problems, it is
possible to plan the strategic blomechanical steps to correct it by
using aligners. The treatment protocol for Class Il malocclusion
treatment with aligners includes the same 5 steps mentioned
abowve:

1. Correct any mesial rotation of upper 1st and 2nd maolars.
The correction of mesial rotations may open up to 2 mm of
space per side for subsequent distalization of bicuspids and
canines. Reguest the buccal surfaces of the upper molars

© Under License of Creative Commons Attribution 3.0 License | This article is available in: httpYorthodontics-endodonticsimedpub.com 1
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Class 11 malocclusion correction with
Invisalign: 1s it possible?
Brian D. Patterson,” Patrick F. Foley,” Hiroshi Ueno,” Sharon A. Mason,” Patricia Pigato Schneider,”

and Ki Beom Kim®
Raywvond, Muine, and St Loads, Me, and Séo Puuiv, Sao Pawle, Brazll

Introguction: This regearch aimed to deserming whather Class I maiocciugion can be treated wih cloar algnars
after completing treatment with the intial set of aligners. Methods: A samgle of 80 adult patients were divided
o Groag 1 with Class | molar malocciusions (0 < 40 |11 man and 29 women|; 38 70 + 15 90 years) and Group
2 with Class ¥ mofar malocciusions (n = 40 [11 men and 28 woman) 38 25 = 15.21 years). All patents had
finishad eatment with the initial set of Invisalign alignes (Algn Technology, Santa Jose, Calil) withou! known
centne coclusion—oeninic relabon decrepances, ssues of compliance, or overcormaction. The 7 measurements
using the Amencan Board of Orhedontics (ABO) Model Grading Systern and milimetric measuremants for
anteroposiecior (AP) and verlical dmensions were assessed and compared between the 2 groups at
pretraatmant, posttreatment CinChack (Algn Technology) praciction, and posttreatment. Results: No improve-
ments wore observad in e AP correction. The ameunt of AP cormection in patents with Class ¥ malecclusion
was 6.8% of he predicted amount. The amount of overtyte comection achieved was 28.8% and 38 9% of the
pradicied amounts in patierts wih Class | and Class Il maloociusion, respactvely. Significant improvements
1 aigrment and INarprocdmal CONSRcT 5COres Wore obsGrvad. with only sight Improvements in total ABO scoros.
An increase n mean oodusal conlacts score was observed afer treatment. No patient with Class || malocch-
sons woukd meet the ABO standards after Invisalign treatment Conclusions: The imvsalign system success-
fully achveves conain toth movements but fxls 10 achieve ofer movements predictabily. No significant Class |I
corection or averne! reduction was cbserved with alastics for an awarage of 7-month duration in the adult
population. Addibonal relinements may be necessary to addmss problems created dunng tréaiment, as
evidenced by a pesterior cpen bite ncdence. (Am J Orthag Dentolacial Ortnop 2021;159:041-048)

s early as 1945, orthodontists used aligners to model and then recreate that object using 3-
A:vntcl minoe  woth  movements;  however, dimensional printing technology. Through this technol-
ogy and sequential staging of tooth movements capable

omprehensive  arthodantic  treatment was

deemed impractical because of the number of impees-
shans and lsboratory tme required 1o fabrcate cach
aligner.' Tvisalign (Mign Technology, San Jose, Calif)
clear aligners ariginated in 1997, when Stanford student
Zia Chishti, an orthodontic patient turned entrepeencur,
received a clear retainer from his orthodantist for reten-
tion, Using the design software in a computer bhoratory
at the university, Chishti and his partners leamed how to
smulate a solid object with & comguter-aided design
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of generating orthodontic farces, the Imdsalign system
was developed under the company name Align Technol-
ogy. ' Currently, more than 7.5 milfion Invisalign cases
hiave shipped worldwide with yearly net revenues
exceeding $2.3 bilion.' Most recently, Align has
released the first LS. Food and Drug Administration-
approved dear aligner treatment for Cliss 11 malocdu-
sion, termed Imvisalign with mandibular advancement.
With the improvements in aligner materials, attach-
ment design, and 3-dimensional software,” the scientific
community has responded with rescarch measuting the
success or failure of these technological peogressions
by measunng achieved ndinidual tooth movements
and comparing them with their predicted modes,
Same of the most notable condlusions in comparison
with fixed appliances Indude the followlng: allgner cises
demonstrated signilsantly poorer root control during
extraction space closure,” " shorter treatment duration
by 5.7 months on sverage, and higher Peer Assessment

e
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Class Il Correction with
the Invisalign System

WERNER SCHUPP, DDS
JULIA HAUBRICH, DDS
IRIS NEUMANN, DDS

The Invisalign* system has long been used to
treat mild to moderate crowding, spacing,
and tipped teeth.'* Recently, it has been used
successfully in more complex cases, such as
those involving extractions, open bite, and Class
11 malocclusion. 19

This article describes treatment of a unilat-
eral Class Il malocclusion with Invisalign and
elastics, as well as a second Class II case treated
with the Carriére Distalizer®* followed by
Invisalign appliances.

Case 1

A 14-year-old female presented with a Class
I relationship on the right side and a Class 11 rela-
tionship on the left (Fig. 1). The treatment plan
included Invisalign treatment with direct-bonded

attachments on the maxillary right canine, the
mandibular left canine and premolars, and the
mandibular right canine and premolars. Elastic
hooks were also bonded to the maxillary left
canine and mandibular left first molar (Fig. 2).
We planned to align both arches using interprox-
imal reduction (IPR), to distalize the upper left
segment into a full Class I relationship, and to
intrude the lower anterior teeth to reduce the
overbite (Fig. 3).

In the first phase of treatment, the maxillary
left buccal segment was distalized into a full Class
I relationship, as was the maxillary right canine.
For better anchorage, the patient wore Class 11

*Registered trademark of Align Technology. Inc., 881 Martin Ave.,
Santa Clara, CA 95050; www.aligntech.com.

**Registered wrademark of ClassOne Orthodontics, 064 S0th St.,
Lubbock, TX 79414; www.classoneortho.com.

Fig. 1 Case 1. 14-year-old female with Class Il occlusion on left, Class | occlusion on right, crowding in both
arches, midline deviation, and deep bite before treatment.

28 © 2010 JCO, Inc.
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Different approaches to the treatment of
skeletal Class Il malocclusion during growth:
Bionator versus extraoral appliance

Renata Barcellos Rédua’

DHOE: fiedps:,ffdod opg IO TS ZITT R0 25, 2. 00 9-08 3. o

Introduction: Class [T malecclusion, which has a significant incidence in the population, may compromise facial es-
thetics and the smile, as well as the masticatory and respiratory functions. Often associated with skeletal abnormalities,
it severely affects and compromises qualicy of life, An accurate diagnosis is fundamental to prepare a treatment plan to
correct dental and skeletal anomalies. Objectives: This study discusses treatment alternatives to the correction of Class 11
division 1 and 2 malocelusion in growing patients, using a Bionator and an extraoral appliance.

Keywords: Activating appliances. Extraonal traction appliances. Angle Class 11 malocelusion.

Introdugio: A mi oclusio de Classe 11 apresenta uma incidéncia significativa na populagio, podendo comprometer a
estética facial, o sorriso ¢ as fungdes mastigatoria e respiratdria. Frequentemente estd associada i alteragio esquelénea.
O que aumenta a repercussio desse comprometimento, interferindo ainda mais na qualidade de vida das pessoas afetadas.
O correto diagnostico dessa condigio € fundamental para a elaboragio de um plano de traramento que permita a corregio
dentiria ¢ esquelética. Objetivos: O objetiva do presente artigo ¢ discurir as alternativas terapéuticas para corregdo da
Classe 1T divisio 1 ¢ 2 em pacientes em fase de crescimento, unlizande-se o Bionaror de Balters ou o aparelho extrabucal,

Palavras-chave: Aparclhos abvadores. Aparelhos de tragio extrabucal, M3 oclusio Classe 1T de Angle.

INTRODUCTION

Class I malocclusion, the distal relationship between
mandibular and maxillary molars', is very frequent in the
population. It affects 22.6% of the American children
aged 8 to 11 years”, 28% of the Dutch population’, 23946
of the Colombian children 5 to 17 years old*, 19% of the
Lebanese’, and 38% of the Brazilian chaldren 7 to 12
years old®, with no sex predilection.

Class IT malocclusion may be associated with skel-
etal abnormalities in about 75% of the patients”, whao

! Private practice, Vindria ES, Brazil

= The authar Pports no commercial, proprietary of financial interest in the prod-
wets or companies deseribed in this article,

= Patients displayed in this artiche previously approved the use of their facial and
intraaral phatograplss,
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usually present with characteristic mandibular rer-
rognathism resulting from a shortened mandible® and
maxillary protrusion.

Dental and skeletal Class 1T malocclusion carries a
greater risk of dental trauma'”, a more negative percep-
tion of facial'l and dental'? esthetics, a negative impact
on quality of life and self~esteem™, a greater predispo-
sition to periodontal discases™ and tooth wear'™'"", and
a reduction of oropharyngeal space and greater inci-
dence of sleep disorders'”.
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Traitement des classes Il pour les patients au cours
de la croissance par gouttieres thermoformées :
quel protocole ?

Waddah SABOUNI*, Alexandre EICHELBERGER, Olivia DES GEORGES

Bandot Rivage, 2524 rouse do Bandol, 8310 Sanary-Sur-Mar, Franoo

MOTS CLES :
Aligneurs /

Classe Il /
Croissance /
Venébres carvicales /
Protocole de traftement
des classes Il /
Polentiel auxologique

KEYWORDS.
Aligners /

Class Il /

Growing patient /
Cervical vertebrae /
Best protocol /
Auxologic potential

(Rogu & 7 janvier 2019 accepté la 1= Kvrer 2015)

RESUME - Introduction : Les classes || squelettiques, réquemment assocides &
une rétromandibulie et un surplomb supénaur & 2 mm, entrainent un préjudice fonc-
tionnel et esthétique que le traiternent orthodontique se doit de corriger. Lobjectif
de cet article est de décrire un protocole de railement par aligneurs, chez le patient
&n cours de croissance, en fonction de I'importance de la classa Il et du stade
de maturité de ses vertdbras cervicales. Matériels et méthodes : Au lravers da
cas ciiniques, cet article va présentor trois approches thérapeutiques difiérentes
en fonction du stade de croissance. Résultats : Uétude du potentiel anologique
el la détermination de |'4ge osseux (analyse radiologique de la maturation des
vertdbres cervicales) vont permettre de déterminer le moment le plus opportun
pour traiter la classe |l et l'attitude thérapeutique la plus appropride en fonction du
stade de croissance. Discussion : Ce prérequis avant traitement est donc essen-
tiel afin d'adapter un protocole clinigue individuaksé & chaque patient. En ce sens,
ies aligneurs sonl des disposilifs qui répondent bien & cet impératif, car #s sont
personnalisables au vu de la thérapeutique ot du plan de traitement envisagés par
le praticien. Toutedoes, il faut garder & 'esprit qu'une bonne observance est indis-
pensable, quelle que soi |a thérapeutique envisagée.

ABSTRACT - Treatment of class Il for growing patients by clear aligners:
which protocol? Introduction: Skeletal class I, fraquently associated with
retromanditwlar and overjet > 2 mm, lead to functional and aesthetic damage,
that orthodontic treatment has to correct. The aim of this article is to describe
& treatment protocol by aligners for class Il growing patients according fo the
value of the class Il and the malurity stafe of cervical vertelvae. Materials and
methods: Through clinical cases, this articie wil present three differont therapeutic
approaches depending on the growth state. Results: The study of the auxologic
polential and defermination of the bone age (radiological analysis of the maturation
of the cervical vertebras) will allow lo determine the best moment o breat class
It and the most appvopriate therapeutic altitvde according fo growing stale,
Discussion: This sfudy before treatment is essential to adapt an indtvidualized
chinical protocol 1o each patient. in this way, aligners are devices that respond well
{0 ihls imperalive because they are customizabie in view of the strategy and the
treatment plan considered by the practitionec We must keep in mind, however, that
with any tharapy, It is essential to enswe good pationt compliance

* Auteur posit conresponcdance . waddah sabounighyge sl com
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Temporary Skeletal ]

Anchorage Techniques

Jason P. Jones, DDs, MD®, Mohammed H. Elnagar, pDs, Msc™*, Daniel E. Perez, DDs™*

KEYWORDS

= TADs = Skeletal anchorage * Miniscrews » Miniplates = BAMP « MARPE

KEY POINTS

« Basics of biomechanics of temporary skeletal anchorage.

= Types of temporary skeletal anchorage devices.

« Indications and surgical application of miniplates and miniscrews.
« Skeletal anchorage for orthopedic growth modification.

THE INTRODUCTION OF TEMPORARY
SKELETAL ANCHORAGE DEVICES

The term orthodontic anchorage was first intro-
duced by Edward Angle and can be explained as
resistance to unwanted movement. The goal is to
maximize desired tooth movements and minimize
the unwanted ones.” As orthodontic treatment
advanced in complexity and in frequency, more
recent techniques, using temporary skeletal
anchorage, were developed to help correct more
severe discrepancies. These techniques allowed
the orthodontist to move teeth against a rigid fixa-
tion, allowing for more focused movements of
teeth. This type of rigid fixation allowed for greater
interaction between the orthodontist and the oral
and maxillofacial surgeon and vastly enhanced
the treatment planning for the orthodontist.”
Although only recently used in rmainstream or-
thodontic treatrment planning, the idea of tempo-
rary skeletal anchorage dates back to 1945,
when Gainsforth and Higley® unsuccessfully used
vitalium screws and stainless steel wires in dogs
as appliances for traction. Thereafter, in 1970,
Linkow" used blade implants for class Il elastic
forces and throughout the 1970s and into the
1990s, many investigators used dental implants™°©

as skeletal anchorage. In 1995, Block and Hoff-
man’ used an implant in the palate as an ortho-
dontic anchor device. In 1988, Costa and
associates® used titanium miniscrews for oral
and maxillofacial surgery plating fixation systems
as skeletal anchorage. Then, in 1999, a rigid fixa-
tion plate traditionally used for fixation of fractures
was modified by Umemori and coworkers.” This
began a quick trajectory of the development of
many more temporary skeletal anchorage tech-
nigues that allow the orthodontist to create move-
ments in all 3 spatial planes'® with absolute
anchorage. In 2010, only 5.9% of published arti-
cles in 6 major orthodontic journals were associ-
ated with skeletal anchorage, and in 2015 and
2016, the number of articles nearly doubled at
10.4% and 10.5% of all published articles,
respectively.’’

BIOMECHANICS OF TEMPORARY SKELETAL
ANCHORAGE DEVICES

Being skeletally anchored and not bearing force on
existing dentition, the orthodontic force is applied
in a much more continuous manner and creates
less undesired movement of the adjacent denti-
tion. The forces from the skeletal anchorage can

Disclosure Statement: The authors have nothing to disclose.

? Department of Oral and Maxillofacial Surgery, UT Health San Antonio, 8210 Floyd Curl Drive, MC 8124, San
Antonio, TX 78229, USA; ® Department of Orthodontics, College of Dentistry, University of Illinois at Chicago,
801 South Paulina 5treet, Room 131, M/C 841, Chicago, IL 60612-7211, USA
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Settling the Score with Class lis
Using Miniscrews

S. Jay Bowman

Abstract

Class IIs have been one of the most prevalent malocclusions treated in
orthodontic practice. Throughout the history of the specialty, all manner of
methods and devices have been employed o resolve these bad bites. Yet,
after decades, there is still no consensus on the best technique or approach.
In fact, we seemingly cannot even agree on the etiology nor the correct jaw
o address with our mechanics. It does appear that we might find common
ground regarding the most common issues with any of our treatment
approaches, namely, that we are constrained by two major limitations: the
requirements of patient compliance and anchorage control. It is this inter-
minable battle for compliance and anchorage that has led us to employ

skeletal anchorage for the management of Class Ils.

4.1  How Are Class lIs Corrected?
Despite the fact that Class 1ls have presumably
been the second most common malocelusion sign
that patients present with to orthodontic prac-
tices, there has been no consensus over the past
century as o when and how 1o correct them. In
fact, there is still misunderstanding in regard o
how the correction actually occurs. As a result,
the multitude of philosophies and associated
devices for the resolution of Class [ls remain
staggering, even though substantial amounts of
research have been published on the effects and
effectiveness of nearly all approaches.

5. Bowman, DMD, MSD

Kalamazoo Orthodontics,

1314 West Milham Avenue, Portage, MI 49024, USA
e-mail: dijwyred @ aol com

K.B. Kim (ed.}), Temporary Skeletal Anchorage Devices,

From an examination of the wide range of dif-
ferent types of investigations of Class 11 wreat-
ments, there seem o be litle demonstrable
differences among the results produced by the
menagerie of methods [ 1-8]. Whether addressing
maxilla or mandible [2], early or late treatment
timing [8], results are virtually the same. This is
especially true in terms of the magnitude of man-
dibular growth contributing to the overall correc-
tion: it’s also nearly identical [2].

Although some Class I mechanisms are
intended to modify skeletal growth (i.e., orthope-
dics) or move teeth (1.e.. orthodontics) or even both,
the actual effects are, on average, mostly found in
the midface and not so much in the mandible [1-8].
Moreover, it seems that the key to Class 11 correc-
tion in the growing patient is primarily due o the
interruption of dentoalveolar compensation—no
matier the treatment method chosen [3, 9).
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Miniscrew implant applications in contemporary @;:mm.k
orthodontics

Hong-Po Chang ™", Yu-Chuan Tseng *“*
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KEYWORDS Abstract The need for orthadontic treatment modalities that provide maximal anchorage
Miniscrew implants; contrel but with minimal patient cempliance requirements has led to the development of
Orthodontic implant-assisted orthodontics and dentofacial orthopedics. Skeletal anchorage with miniscrew
anchorage; implants has no patient compliance requirements and has been widely incorperated in ortho-
Risk factors dontic practice. Miniscrew implants are now routinely used as anchorage devices in orthodon-

tic treatment. This review summarizes recent data regarding the interpretation of bone data
({i.e., bone guantity and quality) obtained by precperative diagnostic computed tomography
(€T} or by cone-beam computed tomography (CBCT) prior to miniscrew implant placement.
such data are essential when selecting appropriate sites for miniscrew implant placement.
Bone characteristics that are indications and contraindications for treatment with miniscrew
implants are discussed. Additionally, bicortical orthodontic skeletal anchorage, risks assocl-
ated with miniserew implant failure, and miniscrew implants for nonsurgical correction of
occlusal cant or vertical excess are reviewed. Finally, implant stability is compared between
titanium alloy and stainless steel miniscrew implants.

Copyright © 2013, Kachsiung Medical University. Published by Elsevier Taiwan LLC. All rights
reserved,

Conflicts of interest: The authors repart na conflicts of interest, The authors alone are responsible for the content and writing of this
paper.
* Corresponding author. Department of Orthodontics, Kaohsiung Medical University Hospital, Number 100, Tzyou 1st Road, Kaohsiung
BOT56, Taiwan.
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Infra-Zygomatic Crest and Buccal Shelf - Orthodontic Bone Screws:
A Leap Ahead of Micro-Implants — Clinical Perspectives

Abiisek Ghosh

Consultant Orthodontist Absolute anchorage systems have stormed the world of orthodontics over the past

two decades with its ability to produce skeletal anchorage, converting borderline
surgical cases into non-surgical and extraction cases info non-extraction or even
bringing about the esthetic impact which was difficult to achieve by conventional
mechanics. Among the skeletal anchorage systems, the most popular being — mini-
implants or micro-screws which have an intra-radicular site of placement. Their
greatest advantage being the ease and minimally invasive methods of placement
amd the commonest disadvantage being early loosening during the course of
treatment. A more rigid alternative was then introduced called as the SAS
-Skeletal Anchorage Systems ([-plate, Y-plate etc) with its extra-radicular site of
placement, which did overcome the high failure rates of a regular mini-implant but
then their placement required raising of flaps and extensive surgical intervention.
More recently an apt balance was achieved with the advent of the -Orthodontic
Bone Screws (OBS) which not only had an extra-radicular site of placement in
the infra-zygomatic crest of the maxilla and the buccal shelf area of the mandible,
with significantly less failure rates than regular mini-implants but also doesn’t
require extensive surgical intervention for their placement. This article is aimed
at providing an overview - to the recently introduced OBS system, their technical,
bio material and bio-mechanical differences with the commonly used mini-implant
system, the case selection criteria, advantages, disadvantages and an in-depth to
the cases treated with them.

Department of Orthodontics
and Dento-Facial
Orthopedics, Great
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Orthodontic Centre,
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Keyworps: Bismechanics of bone screws, biomechanics of micro-implanis,
BSS, buccal shelf avea, full arch distalization, nfra-zygomaiic crest, 1Z2C,
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INTRODUCTION
rthodontics in its century of existence have had a
lot of landmarks in its evolution, bui very few can
match the chinical impact made by micro-implants and the

They have not only been able to solve the problems related
to anchorage but also microimplant-mediated segmental
distalization or full arch distalization with extra-radicular
bone screws have been able to treat cases the non-extraction

recently introduced infra-zygomatic crest (1ZC) and buccal
shelf (BS) orthodontic bone screws. Micro-implants
and extra-radicular bone serews have brought about a
renaissance to the field of orthodontics with its concept
of absolute anchorage in the past decade. It is an added
armamentarium in the hands of an experienced clinician
o overcome new  clinical challenges and  convert

even borderline surgical cases to nonsurgical without
compromising with the results achieved. However, the
choice of cases still remains the key to clinical success.
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way or even retreat cases with anchorage loss,

Orthodontic  retreatment  being 50 common  these
days — courtesy poor mechanics, it is the need of the
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Anatomic assessment of the mandibular
buccal shelf for miniscrew insertion in
white patients

Tarek Elshebiny, Juan Martin Palomeo, and Sebastian Baumgaertel
Cleveland, Ohio

Intreduction: Cortical bone thickness, bone width, inserticn depth, and proximity to nerves are impeorant factors
when planning and placing orthodontic miniscrews. The objective of this study was to anatomically assass the
mandibular buccal shelf in a white patient population as the insertion site for orhadontic miniscrews by investi-
gating these 4 variables, Methods: Measurements were made on cone-beam computed tarmagraphy scans of 30
white patients (18 girs, 12 boys; mean age, 14.5 = 2 years), All measuramenis were taken adjacent fo the
distobuccal cusp of the first molar, and the mesiobuccal and distobuccal cusps of the second melar, Additionally,
bone depth was measured at 2 height levels, 4 and 8 mm from the cementoenamel junciion. Stereclithographic
modals of patients were superimpesed on the cone-beam computed tomography volumes to virdually create an
outline of the soft tissue an the cone-beam computed tomography image 1o allow identification of the purchase
pairt haight (mucogingival junction). The inferior alvaolar nerve was digitally traced. Miniscrews (1.6 = 10 mm)
were virlually placed at the buccal shelf, and their insertion depths and relationships fo the nerve were assassad,
Analysis of variance with post hoc analysis was used for data analysis. Results: Inserion sites and measurement
levels had significant impacts on both cortical bone thickness and bone width. Corical bone thickness was typically
greatest at the distobuccal cusp of the second molar. Bone width was also greatest at the distobuwccal cusp of the
sacond molar 8 mm from the cemantaenamel junction. The greatest insenion depth was found again at the disto-
buccal cusp to the second molar, whereas the miniscrews had Ihe greatest proximity 1o the narve at this site
also. Conclusions: The distobuccal cusp level of the mandibular second maolar is the most appropriate sile lor min-
iscraw inserion at the buccal shelf in white patients. (Am J Orthod Dentofacial Orihop 2018;153:505-11)

ne of the most important factors when placing
O orthodontic miniscrews is the presence of suffi-

cient bone at the insertion site.’ Miniscrews are
placed in many anatomic sites depending on the biome-
chanics used,” " The most popular anatomic sites appear
to he the palate, lingual aspect of the maxillary alveolar
process, retromolar area, and maxillary and mandibular
buecal alveolar processes.” ™ Several studies have used
cone-beam computed tomography (CBCT) to assess
cortical bone thickness and overall bone depth to deter-
mine the most favorable anatomic insertion sites and to
evaluate the structures at risk at warious sites.”
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Recently, the mandibular buccal shelf has been used
as an insertion site for orthodontic miniscrews.
Indications for the buccal shelf as the insertion site
are plentiful, but this site seems to be most useful
for the comection of Class N malocclusions,”
However, despite reports of numerous treated
patients, there was inconsistency in selecting the
exact placement site in the mandibular buccal shelf;
recommendations included adjacent to the first
maolar, between the first and second molars, and
adjacent to the second molar. ™" This wide range of
recommendations may be due to strong local
anatomic variations at the buccal shelf or the lack af
studies that investigated the local anatomy. The
purposes of this study were to remedy this lack of
anatomic information by evaluating cortical bone
thickmess and bone width of the mandibular buccal
shelf at different potential insertion sites and to
assess the relationship between the miniscrews and
the inferior alveolar merve as the only sensitive
anatomic structure in this area.
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