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ABSTRACT

Background: A wide range of functional devices allow stimulating mandibular growth in class Il patients, through
mandibular advancement; managing to correct this type of skeletal and occlusal disharmony. Fixed repositioning appliances
apply constant forces to the TMJ and may cause remodeling of the articular condyle and glenoid fossa. Computed tomography
(CT) has been the gold standard for imaging the bone and hard tissues of the TMJ, but today cone beam computed tomography
(HCCT) and Nuclear Magnetic Resonance (MRI) are used, because of their low and zero levels, respectively, of radiation.
Objective: to measure morphological changes through TMJ imaging evaluation after correction of class Il malocclusion with
functional treatment with appliances in growing patients Methods: a comprehensive systematic literature search was
conducted from January 2015 to May 2023 in the following bibliographic databases PubMed, EBSCO, Embase, and the
Cochrane Library. Results: 10 studies were selected. The total sample size was 210 patients, and the age range was 10.3 to
14 years. The main imaging method used was HCCT with n = 9. Conclusions: The main change described is condylar
remodeling, followed by morphological adaptation of the fossa. Although no significant differences have been reported in
morphological changes in the TMJ between fixed versus removable functional appliances, fixed appliances cause a higher
incidence of morphological changes.

Keywords: cone-beam computed tomography; dentistry; diagnostic techniques and procedures; functional appliances;
nuclear magnetic resonance; orthodontic appliances; orthodontics; temporomandibular changes; temporomandibular joint
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RESUMEN

Antecedentes: Una amplia gama de aparatos funcionales permiten estimular el crecimiento mandibular de pacientes clase I,
mediante su avance mandibular; logrando corregir este tipo de desarmonia esquelética y oclusal. Los aparatos de
reposicionamiento fijos aplican fuerzas constantes sobre la ATM y pueden causar la remodelacion del condilo articular y de
la fosa glenoidea. La tomografia computarizada (TC) ha sido el estandar de oro para obtener imagenes del hueso y tejidos
duros de la ATM, pero hoy en dia se emplean la tomografia computarizada de haz cénico (TCHC) y la Resonancia Magnética
Nuclear (RMN), a causa de sus niveles bajos y nulos respectivamente, de radiacion. Objetivo: medir los cambios
morfolégicos mediante evaluacién imagenoldgica de la ATM después de la correccion de la maloclusion de clase Il con
tratamiento funcional con aparatos en pacientes en crecimiento Métodos: se realizé una busqueda bibliogréafica sistematica
integral desde enero de 2015 hasta mayo de 2023 en las siguientes bases de datos bibliograficas PubMed, EBSCO Embase y
la Biblioteca Cochrane. Resultados: 10 estudios fueron seleccionados. El tamafio muestral total fue de 210 pacientes, y el
rango de edad fue de 10,3 a 14 afios. EIl principal método de imagen utilizado fue la TCHC con n = 9. Conclusiones: El
principal cambio descrito es el remodelado condilar, seguido de la adaptacién morfolégica de la fosa. Aunque no se han
reportado diferencias significativas en los cambios morfolégicos en la ATM entre aparatos funcionales fijos versus
removibles, la aparatologia fija causa mayor incidencia de cambios morfolégicos.

Palabras clave: aparatologia de ortodoncia; aparatologia funcional; articulacién temporomandibular; cambios
temporomandibulares; odontologia; ortodoncia; resonancia magnética nuclear; técnicas y procedimientos de diagnéstico;
tomografia computarizada de haz conico

RESUMO

Antecedentes: Uma ampla gama de dispositivos funcionais permite estimular o crescimento mandibular em pacientes classe
I1, por meio do avanco mandibular; conseguindo corrigir esse tipo de desarmonia esquelética e oclusal. Aparelhos fixos de
reposicionamento aplicam forcas constantes na ATM e podem causar remodelamento do condilo articular e da fossa glendide.
A tomografia computadorizada (TC) tem sido o padrdo-ouro para a obtengdo de imagens dos tecidos 6sseos e duros da ATM,
mas hoje séo utilizadas a tomografia computadorizada de feixe cénico (TCHC) e a ressonancia magnética nuclear (RM),
devido aos seus niveis baixo e zero, respectivamente. de radiacdo. Objetivo: medir as alteracbes morfolégicas por meio da
avaliacdo por imagem da ATM apos correcdo da ma ocluséo de classe Il com tratamento funcional com aparelhos em
pacientes em crescimento. Métodos: uma pesquisa bibliografica abrangente e sistemética foi realizada de janeiro de 2015 a
maio de 2023 nas seguintes bases de dados bibliograficas Pubmed, Ebsco Embase e the Biblioteca Cochrane. Resultados:
foram selecionados 10 estudos. O tamanho total da amostra foi de 210 pacientes e a faixa etaria foi de 10,3 a 14 anos. O
principal método de imagem utilizado foi o0 TCH com n = 9. Concluses: A principal alteracdo descrita é o remodelamento
condilar, seguido de adaptacdo morfoldgica da fossa. Embora ndo tenham sido relatadas diferencas significativas nas
alteragdes morfologicas da ATM entre aparelhos funcionais fixos e removiveis, os aparelhos fixos causam maior incidéncia
de alteracdes morfologicas.

Palavras-chave: alteragdes temporomandibulares; aparelhos funcionais; aparelhos ortoddnticos; articulacéo
temporomandibular; odontologia; ortodontia; ressonancia magnética nuclear; técnicas e procedimentos de diagndstico;
tomografia computadorizada de feixe conico

INTRODUCTION

Class Il malocclusion is one of the most common dental and skeletal problems and occurs in
approximately one third of the population (1). It is characterized by an alteration in the relationship
between maxillary and mandibular bone growth and is the most common cause of mandibular
retrognathia (2). Patients with class Il malocclusion have some characteristics that make them more
susceptible to pathologies of the temporomandibular joint (TMJ), so it is advisable to diagnose this
problem at an early age to avoid future damage (3).

The main management in growing patients consists of taking advantage of the patient's growth
potential and stimulating, if possible, the anterior growth of the mandible to correct Class Il (2).
Therefore, there is a wide range of functional appliances designed to stimulate mandibular growth
through its advancement, thereby correcting this type of skeletal and occlusal disharmony (1). On
average, this treatment usually lasts between 6 to 9 months. It should be considered that when the



functional apparatus (FA) is inserted, the condyles move towards an anterior position with respect to the
articular eminence, being able to adapt (4).

In turn, if there is early modification of the occlusion, it is possible to prevent more severe
discrepancies from developing, achieving greater help in oral health by allowing adequate development
of normal chewing and facial habits (5).

It has been suggested that fixed repositioning appliances apply nearly constant forces to the TMJ and
may cause remodeling of the articular condyle and glenoid fossa, repositioning of the condyle, and
rotation of the mandibular body which may cause permanent damage to the structure of the TMJ. TMJ
(6). Likewise, anterior repositioning and downward/forward displacement of the condyles could modify
the position of the articular disc (7).

Many methods have been used in the literature to evaluate TMJ tissues. One of them, magnetic
resonance imaging (MRI), is a sensitive and valid tool to analyze the morphology of the TMJ articular
disc, joint effusions and the presence of synovitis, although it has limited value when it comes to
accurately representing precision the bone anomalies of the TMJ (7).

Computed tomography (CT) has been the gold standard for imaging bone and hard tissues. But
nowadays cone beam computed tomography (HCCT) has much lower radiation exposure than CT, being
widely used in orthodontic practice for the evaluation of bone remodeling of the TMJ (6).

Given that there are different types of functional appliances for the treatment of type Il
malocclusions, it was decided to conduct a systematic review to evaluate the current state of how the
appliances affect the TMJ. For its evaluation, it was decided to take all studies evaluated by MRI, HCCT
and CT.

This review aimed to measure morphological changes through 3D imaging evaluation (HCCT and
MRI) of the TMJ after correction of class Il malocclusion with functional treatment with appliances in
growing patients.

MATERIALS AND METHODS

This systematic review was conducted following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement and the Patient, Intervention, Comparison and
Outcomes (PICO) approach as appropriate in relation to the topic of the review. .

The aim is to analyze the morphological changes through the use of radiological images of the
temporomandibular joint after the correction of skeletal or dental class Il malocclusion with functional
treatment with appliances in growing patients.

To identify all relevant publications, a comprehensive systematic literature search was conducted
from January 2015 to May 2023 in the following bibliographic databases PubMed, Absco Embase and
the Cochrane Library.

The key words used for the literature search were orthodontic appliances; functional appliances;
temporomandibular joint; temporomandibular changes; cone beam computed tomography; nuclear
magnetic resonance. The Boolean operators used to combine the keywords mentioned above were
“AND” - “OR?”, creating different search categories.

Inclusion criteria were determined as all clinical trials, cohort studies, case-control studies, cross-
sectional studies, systematic reviews, prospective and retrospective studies that investigated the
radiographic morphological changes of the TMJ after the correction of class Il malocclusion with
Functional treatment with appliances in growing patients. It was decided to include all studies published
in English as the only language.

Inclusion was restricted to children and adolescents (up to 19 years of age in both boys and girls)
who had a skeletal class Il malocclusion and were treated with a fixed anterior mandibular repositioning
appliance.



Any morphological change of the TMJ joint tissues, analyzed using 3D imaging modalities (MRI,
CT, HCCT), was included as evaluation measures. Systematic reviews, meta-analyses, case
series/reports, comments, editorials and letters were excluded. Any published study that was not written
in English was excluded, as well as any study analyzed using 2D radiography (orthopantomography,
cephalometry, lateral tomography).

The collected publications were imported into reference management software (EndNote X9;
Thomson Reuter) and duplicate articles were excluded.

RESULTS

After obtaining the results of the electronic and systematic search on different databases, a total of
237 articles were selected (PubMed: 148, Cochrane Library: 74, Embase: 15) considering duplicates
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Flow chart of literature search results and process of exclusion. PRISMA flow diagram



There was no disagreement between the two investigators (CPL and JTA) during the selection and
analysis of the studies.

Of the 10 studies selected, they were all observational studies, 6 were retrospective and 4 were
prospective (see Table 1). The total sample of the observational studies was 210 patients, and the age
range was 10.3 to 14 years.

Of all the included studies, 4 reported on Herbst (the most reported in the literature), 4 on Twin block,
2 on Forsus, 1 on Bionator and 1 on Power Scope. The main imaging method used was HCCT
(considered the gold standard in the literature) with 9 studies followed by MRI only used once.

After analyzing each of the studies, it was determined that the main morphological changes were
related to the condyle and then to the fossa. Therefore, the main working hypothesis and the respective
specific hypotheses were accepted. The only rejected hypothesis turned out to be the one that determined
greater changes in the TMJ after a class 1l malocclusion with fixed functional appliances compared to
removable functional appliances

TABLE 1
Selection of included studies
Study Sample  Study design Functional Diagnosis Conclusions
size Device Image
Watted 2015 (8) n=29 Prospective Bionator MRI Changes in the position of
the disc, fossa and condyle
after the use of Bionator
Souki 2017 (9) n=25 Retrospective Herbst CBCT Changes in the dimension
and magnitude of the
condyle
Elfeky 2018 (10) n=22 Prospective Twin Block CBCT Changes in the dimensions
of the condyle in the 3D
Gandedkar 2019 n=16 Prospective Forsus CBCT Non-significant changes in
(11) the position of the condyle
Jiang 2020 (12) n=17 Retrospective Twin Block CBCT Modifications in the
glenoid fossa and position
of the condyle
Wei 2016 (13) n=20 Prospective Herbst CBCT Increased condylar growth
in two-phase treatment
Fan 2020 (14) n=20 Prospective Herbst CBCT Additional increase in

condyle length in the
middle of the sample
Nindra 2021 (15) n=20 Retrospective Herbst CBCT Deposit on the posterior
wall of the glenoid fossa,
without changes in the
position of the condyle

Pavarthy 2021 n =26 Retrospective Herbst, Power CBCT The 3 devices caused

(16) Scope, Forsus structural changes in the
T™J

Shetty 2021 (17) n=15 Prospective Twin Block CBCT An increase in the height of

the mandibular ramus and
body was observed.
Stimulating growth of the
condyle and increasing the
gonial angle

Source: the authors.



DISCUSSION

In the present study, it was decided to use the PRISMA Declaration since it made it easier for us to
analyze the effectiveness and safety of one treatment in relation to another with a high level of quality
and scientific rigor in order to contribute to decision-making in the health care.

It was decided to select all studies that included imaging evaluation using 3D analysis, discarding
any study that used 2D (orthopantomography, cephalometry, lateral tomography). Since TCHC is
considered the gold parameter in the literature when analyzing changes in the structures that make up
the TMJ.

The analysis of articles showed that scientific evidence cannot be established on the reaction of the
tissues that make up TMJ, when forces are applied by anterior mandibular repositioning appliances.

Most of the included studies demonstrated, through the use of HCCT and MRI, that there was
displacement of the articular disc during treatment, but most of them returned to their normal position
later (8,9).

The selected studies showed that the most evaluated appliances were with 4 studies with Herbst and
Twin Block respectively, and more residually Forsus (2 studies), Power Scope and Bionator with 1 study.

If each of the different devices is analyzed, it can be determined that authors such as Souki et al., in
their retrospective study with a sample size of 25 patients evaluated with TCHC, established that there
are three-dimensional changes in the direction and magnitude of the condyle after Herbst Therapy (9).

Regarding the removable appliance, such as Bionator, authors such as Watted et al. determined that
the MRI image showed no pathological changes of the joint after treatment with Bionator, obtaining a
physiological and stable shape of the fossa and condyles (8). On the other hand, authors such as Elfeky
et al. determined that the changes that occurred were significant at the skeletal, dentoalveolar and
condylar levels in the dimension and position of the TMJ after the use of Twin-block (10).

Shetty et al. observed modifications in the condyle-fossa relationship with an increase in height,
length and width (17). Other authors, such as Gandedkar et al. studied the effect of Forsus on TMJ and
revealed that there were no significant changes in TMJ after the use of this functional device (11).

Similarly, Jiang et al. concluded that there is a change in the length of the condyle with the use of
Twin Block, although the changes were not significant (12).

Wei et al. and Fan et al. studied the effect of Herbst appliances on the TMJ, determining that condylar
growth occurs after treatment (13,14).

Furthermore, Nindra et al. established that there are remodeling changes in the condyle and also an
adaptation of the morphology of the glenoid fossa after treatment with Herbst (15).

On the contrary, Pavarthy et al., through a retrospective study, evaluated the effect of Twin-block,
PowerScope and Forsus, observing that the three devices lead to changes in TMJ (16). Subjects treated
with PowerScope and Forsus presented an increase in the height and width of the condyle with a decrease
in the anterior and superior joint space (17).

When comparing the effect of fixed functional appliances such as Herbst, Forsus or PowerScope and
removable functional appliances such as Twin block or Bionator, the literature does not mention
statistically significant differences in morphological changes between them (7,9,11).

The only authors who mentioned the presence of a morphological change were Parvarthy et al. (16).
They determined that the changes that occurred were in condylar height (it was reduced with the use of
Twin Block) and with the use of fixed appliances, condylar height and width increased. It was found that
the change in adaptive remodeling depends on time since if the changes are too rapid, degenerative
remodeling may occur instead (16).

The limitations of this systematic review were based on the lack of scientific evidence collected on
changes in TMJ after the use of braces, despite the exhaustive and systematic search of articles carried
out. It can be suggested that the lack of scientific evidence is due to the lack of randomized clinical
studies with a larger sample size. In turn, it was only decided to take 8 years as the bibliographic search



interval, from 2015 to the present; to obtain an updated sample evaluated with the new radiological tools.
It was decided to only include articles published in English, to have a coherent final selection and to
make it easy for the evaluators to select each of the articles included in the study.

CONCLUSIONS

It can be concluded that there are morphological changes in the TMJ after the correction of class Il
malocclusion with a functional appliance. The main change described is condylar remodeling, followed
by morphological adaptation of the fossa. Although no important differences have been reported in
morphological changes in the TMJ between fixed functional appliances versus removable functional
appliances.

No specific pathological changes in the TMJ were described in the literature after treatment with
functional appliances. The relevance of these changes to TMJ remains unclear. However, it is important
for clinicians to be aware of these changes for future considerations.
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