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RESUMEN 

Introducción: La maloclusión de Clase II esquelética se debe a una alteración en la relación 

entre el crecimiento del hueso maxilar y el mandibular. La cause más común 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 mandíbula corrigiendo la 

Clase II. Se han diseñado varios dispositivos  con efecto ortopédico para ello, sin embargo, se 

ha comprobado que también producen efectos dentales. 

El objetivo de esta revisión bibliográfica es comparar y estudiar las indicaciones y 

contraindicaciones, y revisar los efectos a largo plazo de los tratamientos más comunes 

utilizadas para la corrección de la Clase II esquelética en pacientes en crecimiento. 

Materiales y Métodos: Se han incluido aquellos artículos y trabajos publicados a partir de 

2010 en Medline, Pubmed, Google Scholar y la Cochrane Library. Para la búsqueda se 

utilizaron las palabras clave: aparatología funcional, tratamiento de la maloclusión de Clase II 

y pacientes en crecimiento. Se seleccionaron 58 artículos según los criterios de inclusión y 

exclusión. 

Discusión de resultados: Las terapias más comunes investigadas fueron los aparatos 

funcionales (removibles y fijos), los elásticos de Clase II, los anclajes óseos, y los alineadores 

invisibles. Su indicación depende sobre todo de la conformidad del paciente, la fase de 

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

Conclusión: Basándonos en la literatura actual, podemos afirmar que existen varios 

tratamientos eficaces para la maloclusión de Clase II esquelética en pacientes en crecimiento. 
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A largo plazo, todos parecen obtener resultados similares a través de cambios esqueléticos 

y/o dentales.  
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ABSTRACT 

Introduction: Skeletal Class II 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 

II. 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 II 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 II 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 II 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 II 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 II 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 II. Diagnostic aids such as 

cephalometric analysis, cast analysis, history, and photographic analysis are vital in confirming 

the diagnosis of true skeletal Class II 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 II 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.  
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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 II 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 II 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, 
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“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).  

  

 

 

 

 

 

Figure 1: Schematic illustration of the stages of cervical vertebrae 
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Classification of the malocclusion can also be useful for treatment planning. Angle described 

a subcategory of the Class II malocclusion featuring two divisions differentiable by distinct 

dental and soft-tissue features. The Class II Division 1 (II/1) is characterized by proclined upper 

incisors and an excessive overjet (8). Commonly, nasal obstruction and mouth breathing is 

associated with II/1 cases. The Class II 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 II/1 and then treat the anteroposterior 

discrepancy.   

In the literature, some of the possible therapies for the management of dentoskeletal class II 

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 II 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 II are the modification of convex profile to 

orthognathic profile, the correction of Class II molar and canine relationship into a Class I 

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 



5 
 

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.  
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OBJECTIVES 

 

The main objectives of this study are: 

1. Describe the different treatment options for the correction of skeletal class II 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 II elastics, 

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

class II”, “orthopedic treatment”, “Class II malocclusion management”, “functional appliance”, 

“activators”, “growing patients”, “therapeutic approach”, “clear aligners”, “class II elastics”, 

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

The inclusion criteria being: 

 Studies in growing patients 

 Treatment with functional appliances, miniscrews, Class II elastics, and clear aligners 

 Research published from the years 2010 to nowadays for the discussion 

 Studies published from any timeframe for the introduction 

 Works in the English, Spanish and French language 

The exclusion criteria being: 

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

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

We have accepted 58 articles.  
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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 II 

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 
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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.  
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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 IIs by mandibular retrognathism, to prevent and correct oral habits 

such as thumb and lip sucking, and mouth breathing. They are contraindicated in skeletal Class 

IIs 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).  

 

 

Table 1: Advantages and Disadvantages of RFAs 
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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 
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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.  
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Table 2: Results of various articles on functional appliances 
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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. 

 A labial 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 
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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.  
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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 II would be the Frankel 

Regulator I (FR-I) and II (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 II 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-II rectifies the Class II 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.  

   

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 II 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 II 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 II discrepancy and 

suitable facial pattern. It is suitable in cases of Class II 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 II 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 II 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 II 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 III. 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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Table 3: Results of studies on fixed functional appliances  
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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 II) the fixed lower arms interfere with 

closure and force the patient to bite forward in front of the upper elbow. During Class I closure, 

the lower arm should slip in front of the elbows.  

Some of its advantages are: 

 It eliminates the compliance factor.  

 Its 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. 

 It 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. 

 

 

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 II 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 IIs, 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 II 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 Kuçukkeles et al have concluded that the correction of Class II 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 II 

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.  

 

 

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 II 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 II 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 

II division 1 cases with a skeletal component, and here differential forces will be applied on 

each of the rods.   

 

 

2. CLASS II ELASTICS  

Class II 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 II 

malocclusions.  
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Figure 14: Class II Straight on U3 – L6 

 

Several patterns for the adjustment of class II 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 II 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 II 

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 II elastics. Other important functions achievable with Class II elastics are the opening 

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

 

Table 4: Results of Janson et al.’s study on Class II 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 II 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 II 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 II 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 II, 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 2nd premolars and 1st 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 II 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.  

 

Figure 16: Invisalign with Mandibular Advancement advert 

 

 

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

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 II 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 II children to retract the maxillary arch to correct 

the sagittal discrepancy and relieve crowding. They can also eliminate or prevent the 
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unwanted effects caused by some fixed functional appliances and Class II 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 IIs 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 II 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 



46 
 

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 in length 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 maxilla, 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 1st and 2nd 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 1st molar (Author 

Liou), and a posterior site in the 1st and 2nd molar region (Author Lin). For the mandible, the 

buccal shelf area is located lower and lateral to the 2nd molar zone [Figure 21]. Ideally, the 

screw is placed at the vestibular area of the distal-buccal cusp of the 2nd molar since bone 

depth is greater there (57), (58).   
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Figure 20: Sites for placement of bone screws in the infra-zygomatic crest 

 

 

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. The treatment options for the correction of skeletal Class II 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 II elastics 

with full arch brackets, and clear aligners with Class II 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 II 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 II 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 II 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 II. 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 II 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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