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ABSTRACT

Objective: To determine if the use of orthopaedic appliances in growing patients applied to correct
Class Il and Il malocclusion is related to the development of temporomandibular disorders (TMD).
Material and methods: A systematic review was conducted between 1960 and July 2017, based on
electronic databases: PubMed, Cochrane Library, Embase, Medline, Scopus, EBSCOhost, Scielo, Lilacs
and Bireme. Controlled clinical trials (CCTs) and randomized controlled trials (RCTs) were identified. The
articles were selected and analyzed by two authors independently. The quality of the evidence was
determined according to the guidelines of the Cochrane Risk Bias Assessment Tool and the Cochrane
Quality Study Guide.

Results: Seven articles were included, four CCTs and three RCTs. The studies were grouped according
to malocclusion treatment in (a) class Il appliances (n=4) and (b) class Il appliances (n = 3). The qual-
ity of evidence was low due to the high risk of bias, independent of the association reported. All stud-
ies concluded that the use of orthopaedic appliances would not contribute to the development of
TMD.

Conclusions: The quality of evidence available is insufficient to establish definitive conclusions, since
the studies were very heterogeneous and presented a high risk of bias. However, it is suggested that
the use of orthopaedic appliances to correct class Il and Il malocclusion in growing patients would not
be considered as a risk factor for the development of TMD. High-quality RCTs are required to draw any
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definitive conclusions.

Introduction

‘Temporomandibular disorders (TMD) are defined as a group
of disorders involving the masticatory muscles, the temporo-
mandibular joint (TMJ) and associated structures’ [1]. The
aetiology of TMD is multifactorial and poorly understood
[2,3]. TMD may be associated with some types of malocclu-
sions, and with skeletal class Il and Ill [2,4,5]. The literature
also suggests that the development of TMD may be related
to the use of orthodontic appliances [6].

The relationship between occlusion and TMD is still con-
sidered as a controversial topic in dentistry. For years, some
professionals were based on the evaluation and correction of
occlusal anomalies to treat patients with TMD [7]. In the past,
the evidence suggested that malocclusion was considered as
the main factor for predisposition, initiation and perpetuation
of TMD [8-10]. In 1990s some studies showed that some
occlusal and skeletal characteristics as anterior open bite, uni-
lateral posterior crossbite, overjet greater than 6 to 7mm and
centric relation (CR) to maximum intercuspation (MI) discrep-
ancy >2mm could be considered occlusal risk factors for
TMD [2,11,12]. Current evidence based on Systematic
Reviews of observational studies would not support an

association for dental occlusion in the pathophysiology of
TMD [13,14]. Therefore, malocclusion would not be present,
but the rapid change and stress applied in the system that
would exceed the physiological tolerance threshold are being
unfavourable for the TMJ [15-19]. In addition to the psycho-
logical factors, some studies indicate the importance of the
role that would have stress, anxiety and depression in chil-
dren along with TMD [20-23].

For class Il malocclusion treatment in growing patients,
removable and fixed orthopaedics appliances are used with
two approaches. The first approach aims to restrict the for-
ward position of the maxilla [24], and second approach,
using functional appliances displacing the mandible forward,
which would transfer the condyle out of the mandibular
fossa transmitting the forces to the dentition and basal bone
[25]. This sagittal change in the intermaxillary relationship
due to anterior displacement of the mandible would gener-
ate TMD [26].

For class Il malocclusion treatment in growing patients,
the therapy is aimed to modify growth using orthopaedic
appliances as the Petit's and Delaire’s facemasks in patients
with maxillary deficit, which act by pulling the maxilla and
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the maxillary dentition with the intention of improving the
maxillo-mandibular relationship and rotating the jaw clock-
wise [27-30]. Chin cup treatment and functional class Il
appliances are used in patients with this malocclusion with
greater growth of the mandible [31,32]. The use of chin cup
or mandibular cervical headgear (MCH) would be associated
with an increased risk of joint disorders by locating the con-
dyle posteriorly [19,33,34], generating disc displacement [35].

The relationship between orthodontic treatment and TMD
is still controversial, and although most recent reviews indicate
that there is no cause-and-effect relationship between ortho-
dontic treatment and TMD [36-38], these studies do not ana-
lyze the effect of orthopaedic treatment in growing patients.

Due to the lack of reviews that determine the relationship
between the use of orthopaedic appliances and TMD during
and after the treatment, the objective of this study was to
establish a systematic review in order to find out if the use
of fixed or removable orthopaedic appliances to correct class
Il and Il malocclusion are associated with the development
of TMD.

Materials and methods

This systematic review was conducted according to Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) statement [39].

To answer the research question according to the PICO
(Population, Intervention, Control groups and Outcome)
scheme: ‘Do growing Class Il and Class Ill patients under (P)
orthopaedic treatment (I) show an association between TMD
onset and treatment (O), as opposed to an untreated grow-
ing class Il and class Il patients (C)?, an electronic search
was conducted on 31 July 2016, updated on 23 August 2017.
The databases used were PubMed, Cochrane Library, Embase,
Medline, Scopus, EBSCOhost, Bireme, Lilacs and Scielo.

Type of studies

Randomized controlled trials (RCTs) or controlled clinical trials
(CCTs) that aimed to determine whether orthopaedic appli-
ance used in the treatment of class Il and lll malocclusion in
growing patients develops TMD.

Language studies

The search was conducted without limitation of language.

Types of participants

The articles selected included experimental studies in
growing patients from both genders, with class Il and llI
malocclusion.

Intervention type

Treatment or active therapy: fixed or removable appliances,
extraoral or intraoral appliances for class Il and Il malocclu-
sion treatment.
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Control group: without treatment, other therapies (active
or placebo)

Type of results

Primary outcomes: to determine the association between
treatment with orthopaedic appliances for class Il and IlI
malocclusion and the development of TMD.

Secondary outcomes: to determine (1) psychosocial problems;
(2) association between the use of orthopaedic appliance
and development of TMD by gender.

Data collection

For TMD: not limited to any method, with a clear reference of
the concept and diagnosis of temporomandibular pathology.
Diagnostic criteria for TMD based on Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/TMD) and
Diagnostic Criteria for Temporomandibular Disorders (DC/
TMD) are restricted only to clinical methods to establish a
clear diagnosis of TMD. The RDC/TMD and DC/TMD were
published in 1992 and 2014, respectively, which would limit
the search only from 1992 and would be restricted to clinical
methods of diagnosis for TMD. Due to the limited evidence
and the evolution of the concept and diagnostic criteria
regarding TMD, we decided to include any diagnostic
method, such as clinical, imaging, among others.

For Class Il and Il malocclusion: data were collected based on
cephalometric, imaging, occlusal relationship with increased
overjet, retrognathic mandible (class 1l) and anterior crossbite
(class 1) according to clinical study and/or plaster casts.

Search strategy and study selection

For the identification and selection of the number of poten-

tially eligible studies for this systematic review (N), a specific

and individualized search strategy for each database was devel-

oped. A semantic field was determined for the term ‘Class Il

and Il orthopaedic appliances’ and another semantic field

related to the term ‘Temporomandibular Disorders’ (Table 1).
Electronic databases used:

e PubMed database. Filters used: Article types: Clinical Trial,
randomized controlled trial, controlled clinical trial/
Publication dates: 1966- to 31-7-2017

e Cochrane Library: Filters: Database: Trials/Publication Year:
1966-2017

e Embase: Article Type: Controlled clinical trial -
Randomized clinical trial/Publication date: 1966-2017
e Medline: Article Type: Controlled clinical trial -

Randomized clinical trial/Publication date: 1966-2017

e EBSCOhost: Publication type: Academic journal/Publication
date: 1963 to 2017-07-31

e Scopus: Document type: Article/publication dates: 1960
to-2017

e BIREME: Publication date: to-2017
Lilacs: Publication date: to-2017
Scielo: Publication date: to-2017.
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Table 1. Search strategy and terms used for the search.

Database and limits

Search strategy and terms

Semantic fields: “Class Il and IIl
orthopaedic appliances”

Semantic field:
“Temporomandibular disorders”

PubMed (n = 915)

Limits

Article types: Clinical Trial, randomized
controlled trial, controlled clinical
trial

Publication dates: 1966 to 2017-07-31

The Cochrane Library (n =720)
Limits:

Database: Trials

Publication Year: to-2017

Scielo (n =5)

Lilacs-Bireme (n = 259)

Limit

Document type: article

EBSCOhost (n = 343)

Publication type: Academic journal
Publication date: 1963 to 2017-07-31

Scopus (n = 159)

Limits:

Document type: Article
Publication date : 1960 to 2017

Embase (n = 107)

Article Type:

Controlled clinical trial
Randomized controlled trial
Article

Clinical study

Publication date:
1966-2017

Medline (n =399)

Article Type:

Controlled clinical trial
Randomized controlled trial
Publication date:
1966-2017

Functional appliance [tiab] OR functional
class Il appliance [tiab] OR functional class
Il appliance [tiab] OR orthopedic class Il
appliance [tiab] OR orthopedic class Il
appliance [tiab] OR frankel [tiab] OR
frankel-2 [tiab] OR frankel-3 [tiab] OR bion-
ator [tiab] OR twin block [tiab] OR forsus
[tiab] OR herbst [tiab] OR delaire mask
[tiab] OR facial mask [tiab] OR jasper
jumper [tiab] OR headgear [tiab] OR man-
dibular headgear [tiab] OR chin cup [tiab]
OR mandibular advance appliance [tiab]
OR MARA [tiab] OR MAA [tiab]

Functional appliance OR functional class Il
appliance OR functional class Ill appliance
OR orthopaedic class Il appliance OR
orthopaedic class Il appliance OR frankel
OR frankel-2 OR frankel-3 OR bionator OR
twin block OR forsus OR herbst OR delaire
mask OR facial mask OR jasper jumper OR
headgear OR mandibular headgear OR
chin cup OR mandibular advance appliance
OR MARA OR MAA

(Frankel OR bionator OR twin block OR
herbst OR jasper jumper OR headgear)

(Frankel OR bionator OR twin block OR
herbst OR jasper jumper OR headgear)

Functional appliance OR functional class Il
appliance OR functional class Il appliance
OR orthopaedic class Il appliance OR
orthopedic class Ill appliance OR frankel
OR frankel-2 OR frankel-3 OR bionator OR
twin block OR forsus OR herbst OR delaire
mask OR facial mask OR jasper jumper OR
headgear OR mandibular headgear OR
chin cup OR mandibular advance appliance
OR MARA OR MAA OR mentonera OR mas-
cara traccion frontal OR activador clase I
OR activador clase Il

Mandibular advance appliance OR head-
gear OR frankel OR herbst OR forsus

AND

AND

AND

AND

AND

Temporomandibular disorders [tiab] OR
temporomandibular joint disorders
[tiab] OR TMJ disorders OR temporo-
mandibular diseases [tiab] OR TMD OR
craniofacial disorders [tiab] OR cranio-
mandibular dysfunction [tiab]

Temporomandibular disorders tiab OR
temporomandibular joint disorders tiab
OR TMJ disorders tiab OR temporoman-
dibular diseases tiab OR TMD tiab OR
craniofacial disorders tiab OR cranio-
mandibular dysfunction tiab

(Temporomandibular disorders)

(Temporomandibular disorders)

Temporomandibular disorders OR TMD
OR temporomandibular joint OR arthral-
gia OR myofascial pain OR Costens syn-
drome OR dolor miofascial OR
Temporomandibular Joint Dysfunction
Syndrome OR Transtornos da
Articulacao Temporomandibular OR
Trastornos Craneomandibulares OR
synovitis OR osteoarthritis OR osteoarth-
rosis OR Myofascial Pain Syndromes OR
Myalgia OR Myofascial Pain Dysfunction
OR craniomandibular pain OR cranio-
mandibular disorders OR disc displace-
ment with reduction OR disc
displacement without reduction OR lux-
ation TMJ OR TMJ pain OR TMJ disease
OR TMJ disorder OR TMJ Syndrome OR
Musculoskeletal Diseases OR
Musculoskeletal Pain

Temporomandibular disorders OR cra-
niomandibular disorders OR TMD

Functional AND appliance OR functional AND class AND ii AND appliance OR functional AND class AND iii AND
appliance OR orthopaedic AND class AND ii AND appliance OR orthopaedic AND class AND iii AND appliance OR
frankel OR ‘'frankel 2' OR 'frankel 3' OR bionator OR ‘twin' OR 'twin'/exp OR twin AND block OR forsus OR herbst
OR delaire AND ('mask' OR 'mask'/exp OR mask) OR facial AND ('mask' OR 'mask'/exp OR mask) OR jasper AND
jumper OR headgear OR mandibular AND headgear OR 'chin' OR 'chin'/exp OR chin AND cup OR mandibular AND
advance AND appliance OR mara OR maa AND temporomandibular AND disorders OR temporomandibular AND
('diseases' OR 'diseases'/exp OR diseases) OR tmd AND ([controlled clinical trial]/lim OR [randomized controlled

trial]/lim) AND [<1966-2017]/py AND [clinical study]/lim AND [article]/lim




Table 2. Studies retrieved in full text and excluded from the review.

First author and year Reason for exclusion

Wiedel, 2016 [42]

Discomfort in patients using removable and fixed
appliances for anterior crossbite correction.

Pancherz, 2015 [43]
Aidar, 2013 [44]
Aidar, 2009 [45]
Cacho, 2007 [46]
Kinzinger, 2006 [47]
Kinzinger, 2006 [48]
Kinzinger, 2006 [49]
Ruf, 2002 [50]

Ruf, 2000 [51]
Deguchi, 1998 [52]
Owen, 1998 [53]
Ruf, 1998 [54]
Peltola, 1995 [55]

It is not a CCT or RCT.
It is not a CCT or RCT.

Same data as Aidar, 2013. [44]

Cases series.

It is not a CCT or RCT.
It is not a CCT or RCT.
It is not a CCT or RCT.
It is not a CCT or RCT.
It is not a CCT or RCT.
It is not a CCT or RCT.
Retrospective study.
Cases series.

It is not a CCT or RCT.

It is not a CCT or RCT.
Cases series.

Dibbets, 1992 [56]
Hansen, 1990 [57]

CCT: controlled clinical trial; RCT: randomized controlled trial.

Study selection and data collection

In the first screening, the title and abstract of all potentially
eligible articles were listed and evaluated by two researchers
independently (J.A., C.R.). In the second stage, the full text of
articles that potentially met eligibility criteria based on the
first screening was assessed independently by the same two
researchers (J.A., C.R.) according to inclusion criteria (study
design: RCTs, CCTs; study objective: to determine whether
the use of orthopaedic appliances for treatment of class Il
and Il malocclusion develops TMD; type of participants:
patients treated in the growth stage). When no agreement
was found, the inclusion of the article within the sample was
discussed with a third researcher (P.H.), who acted as an arbi-
ter. Articles that met inclusion criteria were selected in the
review for the final analysis. The reasons why some studies
were excluded were recorded in an adjacent column and
presented in the results (Table 2). The quality of assessment
according to the guidelines of the Cochrane Risk Bias
Assessment Tool [40], and the Cochrane Quality Study Guide
[41] was performed by two independent reviewers (V.M., T.J.).

Extracting data from studies

The PICO criteria (Population, Intervention, Control groups
and Outcome) was used to make the tables of analyzed
articles. Population (sample size, distribution by gender, age
range and standard deviation); Intervention: (Orthopaedic
appliances, type of method for the diagnosis of TMD and
skeletal and occlusal class Il and |lll, statistical analysis);
Comparison criteria or control: (presence of any control group
with and without intervention) and Outcomes (including the
answer to the hypothesis, relationship between the use of
orthopaedic appliances and development of TMD).

Quality assessment

The quality of the evidence was established through the risk
of bias, carried out by two researchers (V.M and T.J). The risk
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of bias was determined according to the guidelines of the
Cochrane Risk Bias Assessment Tool [40], and the Cochrane
Quality Study Guide [41], which recommends reporting the
following elements:

Random sequence generation.

Allocation sequence concealment.

Blinding (outcome assessment).

Completeness of outcome data.

Selective outcome reporting.

Other sources of bias: Time of use of the orthopaedic
appliance (hours per day), amount of force applied and
diagnostic method for TMD.

ISR o

Each category was assigned according to the following
grades: High, Low or Unclear risk of bias. The studies were
considered as being exposed to a high risk of bias if they
had a ‘High’ or ‘Unclear’ risk of bias for random sequence
generation or allocation sequence concealment.

Results

2907 potentially eligible articles were identified in the first
approach in the databases used (Table 1). However, 487 of
these articles were excluded because they were duplicated.
After reviewing the title and abstract of the remaining 2420
studies, 2397 articles were excluded due to their nonrelev-
ance. Of the 23 articles left, 16 were eliminated in the read-
ing of the full text for not meeting the inclusion criteria for
this systematic review (Table 2). Finally, seven studies were
analyzed (Tables 3, 4 and 5). Figure 1 summarizes the results
described.

Characteristics of studies

Seven articles were included in this systematic review. Three
RCTs and four CCTs were identified. The articles were
grouped according to skeletal and occlusal anomaly in Class
Il orthopaedic appliances (n=4); Class Il orthopaedic appli-
ances (n=3). None of the reviewed articles established a
relationship between the use of orthopaedic appliances and
development of TMD (Tables 3, 4 and 5).

Characteristics of participants

The age range of patients was between 7 and 24 years old.
When studies were grouped according to the type of mal-
occlusion, the age range was 7 to 14 years old for Class I
orthopaedic appliances, 8 to 24 years old for Class Il ortho-
paedic appliances. Of the seven articles analyzed, six exclu-
sively included growing patients and one article included
growing patients and young adults without distinguishing
between them, which explains the age range in the class IlI
malocclusion group [33].

It was neither possible to determine psychosocial prob-
lems nor the higher prevalence of TMD according to gender,
because the studies did not address this objective.
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Table 5. Summary of studies analyzed according to study design, type of malocclusion, appliances used and whether these appliances allowed the development

of TMD.

Author, year Study design Type of malocclusion Orthopaedic appliances Fixed/removable Development of TMD (yes/no)

Kurt, 2011 [62] RCT Class 1l Jasper Jumper Fixed No
Delaire facemask Removable

Conti, 2008 [58] cCcT Class Il Bionator Removable No

Rey, 2008 [33] ccT Class Il Cervical Headgear Removable No

Arat, 2003 [63] cCcT Class Il Chin cup Removable No

Franco, 2002 [59] RCT Class Il FR-II Removable No

Chintakanon, 2000 [60] cCcT Class Il Twin-Block Removable No

Keeling, 1995 [61] RCT Class Il Bionator Removable No
Headgear Removable

CCT: clinical controlled trial; RCT: randomized controlled trial; TMD: temporomandibular disorders.

Exclusion of duplicate articles

(n=487)

Articles excluded based on title and

abstract due to non-relevance
(n=2397)

16 Full-text articles excluded, with
reasons (no related orthopedic

Figure 1. Search method, identification, selection and inclusion of articles.

Quality assessment

When the quality of the studies based on the risk of bias was
analyzed according to the Cochrane Risk of Bias Assessment
Tool and the Cochrane Quality Study Guide, it was deter-
mined that all studies were exposed to a high risk of bias
(Table 6). None of the studies presented adequate sequence
generation (randomization). The RCTs analyzed did not pro-
vide any information on the randomization process. For
CCTs, it was considered that their design had a high risk of
bias inherent to the study design. No study adequately

'
Articles identified through database searching:
c PubMed (915), Cochrane Library (720), Embase
-g (107), Medline (399), EBSCOhost (343), Scopus
S (159), Scielo (5), Bireme-Lilacs (259).
£ Total (n=2907)
c
[}
z
- >
'
v
oo
£
c .
[ 2420 articles after >
9] .
S duplicates removed
n
—
'
v
>
£
T Full-text articles assessed for
‘oo eligibility >
w (n=23)
~—
'
v
'8 Studies included in
'g Systematic Review
S (n=7)
£
~—

appliance and TMD, case series,
retrospective studies and others)

addressed allocation concealment. The item ‘blinding of out-
comes’ took place in only two studies (Kurt 2011, Keeling
1995) [61,62].

The items ‘Completeness of outcome data’ and ‘Selective
outcome reporting’ were largely addressed in all studies ana-
lyzed. The other risks of bias presented in the studies were
related to the time of use of the orthopaedics appliances
(hours per day reported), amount of force applied [58], and
diagnostic method for TMD that were replicable and reliable
[58,61,63].
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Table 6. Risk of bias according to Cochrane Risk of Bias Assessment Tool.

Sequence Allocation Blinding of Incomplete Selective Other sources

First author, year generation concealment outcome outcome data reporting of bias
Orthopaedics appliances for class Il malocclusion

Conti, 2008 [58] High High High Low Low High

Franco, 2002 [59] Unclear Unclear Unclear Low Low Unclear

Chintakanon, 2000 [60] High High High Low Low Unclear

Keeling, 1995 [61] Unclear Unclear Low Low Low High
Orthopaedics appliances for class Ill malocclusion

Kurt, 2011 [62] High High Low Low Low Unclear

Rey, 2008 [33] High High High Low Low Unclear

Arat, 2003 [63] High High High Low Low High

Discussion

The relationship between orthodontic/orthopaedic treatment
and development of TMD is a topic of great interest that has
generated an extensive discussion in dental literature, where
its influence as an aetiological factor in the TMD has not
been established yet.

The objective of this systematic review was to analyze
all RCTs and CCTs to determine whether the use of ortho-
paedics appliances to correct class Il and Il malocclusion in
growing patients would be considered as a risk factor for
the development of TMD (Table 5). Seven studies were
analyzed, all considered growing patients. However, one
article did not discriminate children and adolescents from
young adults [33].

From a methodological point of view, the quality of evi-
dence of the analyzed studies was low, mainly influenced by
the exposure to the high risk of bias, the lack of replication
of the methods used for the diagnosis of TMD and great vari-
ability of orthopaedic appliances that does not allow in
establishing comparisons between the studies. In relation to
the risk of bias according to the Cochrane Risk of Bias
Assessment Tool and the Cochrane Quality Study Guide, all
included articles had a high exposure to risk of bias; both
the RCTs and the CCTs were analyzed. Recurring methodo-
logical flaw in items: random sequence generation, allocation
sequence concealment and blinding outcome.

Regarding the lack of clinical methods with adequate sen-
sitivity for diagnosis of TMD observed in this systematic
review, one of the methods used for the diagnosis of evi-
dence-based TMD is the Research Diagnostic Criteria for
Temporomandibular Disorders (RDC/TMD), created with the
purpose of clinical and epidemiological research [64], and the
Diagnostic Criteria for Temporomandibular Disorders (DC/
TMD), which results in an evidence-based system with
greater validity for clinical use [64]. Although these methods
are widely used in clinical research, they only have validity in
adults. This presents a difficulty for studies in growing
subjects.

Class Il orthopaedic appliances in growing patients and
temporomandibular disorders

In this systematic review, four articles were analyzed in order
to determine if the use of class Il orthopaedic appliances to
correct class Il malocclusion in growing patients would

develop TMD. All studies were exposed to a high risk of bias
according to The Cochrane Quality Study Guide and none
determined that the use of removable appliances (Bionator,
Frankel II appliance, Twin-block and headgear) is related to
the development of TMD (Table 5 and 6).

Despite the controversy surrounding the possible TMD
generated by the use of class Il orthopaedic appliances, due
to the sagittal change of the mandible when the condyle is
displaced from the fossa, the analyzed evidence in this sys-
tematic review shows that the treatment with these applian-
ces would not have any influence on the development of
muscular and joint disorders. However, the heterogeneity in
the design and the diagnostic methods, the quality of the
evidence and the lack of sensitivity for the diagnosis of TMD
in growing subjects do not allow to establish definitive
conclusions.

Some studies in adolescents show an association between
disc displacements in the TMJ in subjects with class Il mor-
phological characteristics, such as a decrease in mandibular
length, clockwise rotation mandible and retruded position of
mandible [65]. They concluded that a class Il profile and a
hyperdivergent growth pattern could be associated with an
increase in the frequency of disc displacement and degenera-
tive joint disorders [65]. Although the devices for mandibular
advancement would have a dentoalveolar effect, they would
not correct the skeletal abnormality [66], so it is not possible
to determine if it is the use of the orthopaedic appliance or
the facial morphology that contributes to the development
of TMD.

Regarding muscles disorders, there would be a decrease
in muscle activity due to occlusal instability and changes in
the intermaxillary relationship due to the mandibular protru-
sion caused by the appliance [67]. A study performed by
Sood et al. [67], concluded that the use of Forsus Fatigue
Resistant in class Il division 1 patients decreased the muscle
activity and the number of posterior occlusal contacts, leav-
ing them in inocclusion. This would lead to a change of sen-
sorial information in the receptors of the masticatory
muscles, altering the position of muscular balance, resulting
in the presence of pain in patients when retracting the
mandible [68], causing changes in the neuromuscular
response, decreased ability of lateral movements and
increased muscle sensitivity, which would continue during
the first months of treatment. Muscle balance would be
re-established when this new position, as a result of the
orthopaedic appliance, is maintained. Finally, after 6 months
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using the device, muscle activity returns to pre-treatment lev-
els as a result of neuromuscular adaptation [67].

In relation to the effects of class Il orthopaedic appliances
on TMJ, the evidence shows that they would cause anterior
displacement of the condyle in the glenoid fossa after the
use of functional appliances, and in a second treatment
phase with fixed appliance, the condyle would maintain a
concentric position [69]. Pancherz et al. [70] Kinzinger et al.
[49] and Wadhawan et al. [69] concluded that the joint disc
would move to a posterior position when using functional
appliances, but at the end of the treatment, the joint disc
tends to be located in its original position. This would be
explained by the anterior positioning of the condyle as a
result of using the functional appliances that would produce
the stretching of the retrodiscal tissues which in turn could
cause a stretching of the articular disc or its displacement to
a more posterior position. Despite the tension produced by
retrodiscal tissues, the disc would not lose its morphology
[69]. The evidence shows that the use of functional applian-
ces such as the Activator, Frankel, Twin-block, Bionator and
Herbst would not cause changes in the position and shape
of the articular disc [59,69,71,72].

Class Il orthopaedic appliances in growing patients and
TMD

Three studies aimed to establish the relationship between
orthopaedic appliances to correct class Ill malocclusion in
growing patients and the development of TMD, consider-
ing fixed appliances such as Jasper Jumper (JJ) and remov-
able appliances as: Delaire facemask, cervical headgear and
chin cup. It has been assumed that orthopaedic forces
applied from the chin to the posterosuperior part of the
condyle contribute to the development of TMD [19,73].
However, some TMJ elements, such as the temporoman-
dibular ligament (TML) have not been considered. The
backward and upward movement of the condyle generated
by the chin cup is inhibited by the horizontal portion of
the TML, so this ligament would act as a safety mechan-
ism against this situation [74]. In addition, in a study per-
formed by Gokalp et al. [18], they observed that if the
chin cup is used during premature growth periods and if
the magnitude of the forces does not exceed the physio-
logical limits, there would be no changes in position and
shape of the articular disc. When quality of the evidence
was considered, all articles analyzed were exposed to a
high risk of bias (Table 6).

Agreements and disagreements with other reviews

The reviews that analyze the effects of orthopaedic applian-
ces in growing patients are limited. They mostly aim to
determine the effect of treatment of orthodontic fixed appli-
ances as a risk factor in the development of TMD. In the
meta-analysis performed by Kim et al. [75], they concluded
that traditional appliances used in orthodontic treatment
would not increase the prevalence of TMD (Begg appliance,
Herbst, class Il elastics, Bionator, headgear, facemask and

chin cup) and other appliances, such as Bionator and Herbst,
would decrease the symptoms. Michelotti performed a
review in 2010 to determine a possible association of ortho-
dontic treatment in the development of TMD (including func-
tional appliances, class II/1ll elastics, chin cup, headgear, fixed
and removable appliances). The authors concluded that cur-
rent evidence does not demonstrate the influence of ortho-
dontic treatment as an aetiological factor in TMD [76]. In the
systematic review conducted by Zurfluh et al. [77], they eval-
uated the effect of chin cup treatment on the TMJ, conclud-
ing that poor evidence and poor study quality do not allow
to establish the influence of chin cup in the TMJ; however,
studies show that chin cup would not be a risk factor for the
development of TMD.

The discrepancies found with these reviews were
related to the search methods, number of databases used,
the language of the articles and the analysis of the evi-
dence. In the meta-analysis performed by Kim et al. [75],
the analysis of the studies did not determine the quality
of the articles, and according to the authors, the high het-
erogeneity did not allow a true meta-analysis, which
would be attributed to the lack of sensitivity of the diag-
nostic methods of TMD, the variability of study designs
and the presence of bias.

Limitations

The lack of evidence and the low level found in the articles
analyzed show a great limitation in this review. Only three
RCTs and four CCTs were found, which presented high risk of
bias. The large number of appliances used and the lack of
methodologies with adequate sensitivity for the clinical diag-
nosis of TMD do not allow comparisons between the studies,
making it difficult to determine an association between
the use of orthopaedic appliances in growing patients and
the development of TMD. For this reason, and although
the evidence available does not allow to establish a causal
relationship between the use of these devices and the devel-
opment of TMD, the results of this systematic review should
be interpreted with caution.

Despite the heterogeneity of the studies, the presence of
bias, recurrent methodological flaws and the evidence that
do not support the use of orthopaedic appliances in growing
patients and their relationship with the development of TMD,
it is possible to suggest that the use of orthopaedic applian-
ces in growing patients with class Il and Ill malocclusion
would not be considered as a risk factor for TMD.

Given the heterogeneity in study designs and diagnostic
methods for TMD, number of subjects, appliances used and
treatment time, it was not possible to perform a meta-
analysis.

Conclusions

Establishing the causal relationship between orthopaedic
appliances and the development of TMD in growing patients
is a controversial topic in dental literature, due to limited and
inconclusive evidence.
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Nonetheless, based on the findings in this systematic

iew, it is possible to conclude:

The evidence linking the use of orthopaedic appliances in
children and adolescents to correct class Il and Il mal-
occlusion is limited and of low quality, with heteroge-
neous designs and methodologies.

According to the studies analyzed, it is possible to sug-
gest that the use of fixed or removable orthopaedic appli-
ances used in the treatment of «class Il and |l
malocclusion in growing patients would not be consid-
ered as a risk factor for the development of TMD.

Current literature only provides low levels of evidence,
which is why it is necessary to decrease the risk of bias in
future studies to allow more consistent comparisons and
conclusions. Future research should focus on improving
sensitivity for the diagnosis of TMD in growing patients,
increasing the number of RCTs, improving random
sequence generation, the allocation sequence conceal-
ment and blinding of outcome assessment to ameliorate
the quality of the evidence.

Acknowledgements

Authors thank Mr Juan Fernandez de los Rios from the Language and
Translation services of the Faculty of Dentistry, University of Chile, for
kindly correcting the English spelling and grammar of this paper.

Disclosure statement

The

authors report no conflicts of interest.

ORCID

Antonio Jiménez-Silva
Romano Carnevali-Arellano
Matias Venegas-Aguilera

Julio Tobar-Reyes
Hernan Palomino-Montenegro

http://orcid.org/0000-0002-8871-765X
http://orcid.org/0000-0002-1308-1087
http://orcid.org/0000-0002-2434-4006
http://orcid.org/0000-0002-9919-8576
http://orcid.org/0000-0002-2589-5774

References

(1l

de Leeuw RKG. Orofacial pain: guidelines for assessment, diagno-
sis and management. Hannover Park (IL): Quintenssence, Edtorial
International; 2013.

McNamara JA, Seligman DA, Okeson JP. Occlusion, orthodontic
treatment, and temporomandibular disorders: a review. J Orofac
Pain. 1995;9:73-90.

Chisnoiu AM, Picos AM, Popa S, et al. Factors involved in the eti-
ology of temporomandibular disorders - a literature review.
Clujul Med. 2015;88:473-478.

Bilgic F, Gelgor IE. Prevalence of temporomandibular dysfunction
and its association with malocclusion in children: an epidemio-
logic study. J Clin Pediatr Dent. 2017;41:161-165.

Keeling SD, McGorray S, Wheeler TT, et al. Risk factors associated
with temporomandibular joint sounds in children 6 to 12 years of
age. Am J Orthod Dentofac Orthop. 1994;105:279-287.

Luther F. TMD and occlusion part I. Damned if we do? Occlusion:
the interface of dentistry and orthodontics. Br Dent J.
2007;202:E2. discussion 38-39.

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(171

(8]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

ACTA ODONTOLOGICA SCANDINAVICA 271

Turp JC, Greene CS, Strub JR. Dental occlusion: a critical reflection
on past, present and future concepts. J Oral Rehabil. 2008;35:
446-453.

Henrikson T, Nilner M. Temporomandibular disorders, occlusion
and orthodontic treatment. J Orthod. 2003;30:129-137. discussion
127.

Sonnesen L, Bakke M, Solow B. Malocclusion traits and symptoms
and signs of temporomandibular disorders in children with severe
malocclusion. Eur J Orthod. 1998;20:543-559.

Caldas W, Conti AC, Janson G, et al. Occlusal changes secondary
to temporomandibular joint conditions: a critical review and
implications for clinical practice. J Appl Oral Sci. 2016;24:411-419.
Magnusson T, Egermarki |, Carlsson GE. A prospective investiga-
tion over two decades on signs and symptoms of temporoman-
dibular disorders and associated variables. A final summary. Acta
Odontol Scand. 2005;63:99-109.

Pullinger AG, Seligman DA, Gornbein JA. A multiple logistic
regression analysis of the risk and relative odds of temporoman-
dibular disorders as a function of common occlusal features.
J Dent Res. 1993;72:968-979.

Manfredini D, Lombardo L, Siciliani G. Temporomandibular disor-
ders and dental occlusion. A systematic review of association
studies: end of an era? J Oral Rehabil. 2017;44:908-923.
Jiménez-Silva A, Tobar-Reyes J, Vivanco-Coke S, et al. Centric rela-
tion-intercuspal position discrepancy and its relationship with
temporomandibular disorders. A systematic review. Acta Odontol
Scand. 2017;75:463-474.

Shrivastava A, Hazarey PV, Kharbanda OP, et al. Stress distribution
in the temporomandibular joint after mandibular protraction: a
three-dimensional finite element study. Angle Orthod. 2015;
85:196-205.

Rabie AB, Tsai MJ, Hagg U, et al. The correlation of replicating
cells and osteogenesis in the condyle during stepwise advance-
ment. Angle Orthod. 2003;73:457-465.

Hagg U, Rabie AB, Bendeus M, et al. Condylar growth and man-
dibular positioning with stepwise vs maximum advancement. Am
J Orthod Dentofacial Orthop. 2008;134:525-536.

Gokalp H, Arat M, Erden I. The changes in temporomandibular
joint disc position and configuration in early orthognathic treat-
ment: a magnetic resonance imaging evaluation. Eur J Orthod.
2000;22:217-224.

Tanne K, Tanaka E, Sakuda M. Stress distribution in the temporo-
mandibular joint produced by orthopedic chincup forces applied
in varying directions: a three-dimensional analytic approach with
the finite element method. Am J Orthod Dentofacial Orthop.
1996;110:502-507.

Stockstill JW, Callahan CD. Personality hardiness, anxiety, and
depression as constructs of interest in the study of temporoman-
dibular disorders. J Craniomandib Disord. 1991;5:129-134.

Shiau YY, Chang C. An epidemiological study of temporoman-
dibular disorders in university students of Taiwan. Community
Dent Oral Epidemiol. 1992;20:43-47.

Steed PA, Wexler GB. Temporomandibular disorders—traumatic
etiology vs. nontraumatic etiology: a clinical and methodological
inquiry into symptomatology and treatment outcomes. Cranio.
2001;19:188-194.

Al-Khotani A, Naimi-Akbar A, Gjelset M, et al. The associations
between psychosocial aspects and TMD-pain related aspects in
children and adolescents. J Headache Pain. 2016;17:30.

Proffit WR. Contemporary Orthodontics. 4th ed. Louis S (Mo):
Mosby; 2007.

Bishara S. Class Il malocclusions: diagnostic and clinical considera-
tions with and without treatment. Semin Orthod. 2006;12:11-24.
Foucart JM, Pajoni D, Carpentier P, et al. MRI study of temporo-
mandibular joint disk behavior in children with hyperpropulsion
appliances. Orthod Fr. 1998;69:79-91.

Toffol LD, Pavoni C, Baccetti T, et al. Orthopedic treatment out-
comes in Class Il Malocclusion. A systematic review. Angle
Orthod. 2008;78:561-573.



272 A. JIMENEZ-SILVA ET AL.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Tortop T, Kaygisiz E, Gencer D, et al. Modified tandem traction
bow appliance compared with facemask therapy in treating Class
Il malocclusions. Angle Orthod. 2014;84:642-648.

Delaire J. [The frontomaxillary suture. Theoretical bases and gen-
eral principles of the application of postero-anterior extraoral
forces to the orthopedic mask]. Rev Stomatol Chir Maxillofac.
1976,77:921-930.

Baccetti T, McGill JS, Franchi L, et al. Skeletal effects of early
treatment of Class Ill malocclusion with maxillary expansion and
face-mask therapy. Am J Orthod Dentofacial Orthop. 1998;
113:333-343.

Graber LW. Chin cup therapy for mandibular prognathism. Am J
Orthod. 1977;72:23-41.

Kidner G, DiBiase A, DiBiase D. Class Il twin blocks: a case series.
J Orthod. 2003;30:197-201.

Rey D, Oberti G, Baccetti T. Evaluation of temporomandibular dis-
orders in Class Il patients treated with mandibular cervical head-
gear and fixed appliances. Am J Orthod Dentofacial Orthop.
2008;133:379-381.

Wyatt WE. Preventing adverse effects on the temporomandibular
joint through orthodontic treatment. Am J Orthod Dentofacial
Orthop. 1987;91:493-499.

Farrar WB. A clinical outline of temporomandibular joint diagnosis
and treatment. Montgomery (Ala): Walker Printing; 1983.

Mohlin B, Axelsson S, Paulin G, et al. TMD in relation to malocclu-
sion and orthodontic treatment. Angle Orthod. 2007;77:542-548.
Leite RA, Rodrigues JF, Sakima MT, et al. Relationship between
temporomandibular disorders and orthodontic treatment: a litera-
ture review. Dental Press J Orthod. 2013;18:150-157.
Fernandez-Gonzédlez FJ, Canigral A, Lopez-Caballo JL, et al
Influence of orthodontic treatment on temporomandibular disor-
ders. A systematic review. J Clin Exp Dent. 2015;7:e320-e327.
Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med. 2009;151:264-269.

Higgins JPT, Altman DG, Sterne JAC (editors). Chapter 8:
Assessing risk of bias in included studies. In: Higgins JPT, Green S,
editors. Cochrane handbook for systematic review of interven-
tions Version 5.1.0 (updated March 2011). The Cochrane
Collaboration. Available from: http://handbook-5-1.cochrane.org/
Ryan R, Hill S, Prictor M, McKenzie J. Study Quality Guide (ed.
[May 2013]). Available from: https://cccrg.cochrane.org/sites/cccrg.
cochrane.org/files/public/uploads/StudyQualityGuide_May%20
2013.pdf

Wiedel A-P, Bondemark L. A randomized controlled trial of self-
perceived pain, discomfort, and impairment of jaw function in
children undergoing orthodontic treatment with fixed or remov-
able appliances. Angle Orthod. 2016;86:324-330.

Pancherz H, Salé H, Bjerklin K. Signs and symptoms of TMJ disor-
ders in adults after adolescent Herbst therapy: a 6-year and 32-
year radiographic and clinical follow-up study. Angle Orthod.
2015;85:735-742.

Aidar LA, Abrahao M, Yamashita HK, et al. Morphological changes
of condyles and helkimo clinical dysfunction index in patients
treated with herbst - orthodontic appliance. Braz Dent J.
2013;24:313-321.

Aidar LA, Dominguez GC, Abrahao M, et al. Effects of Herbst
appliance treatment on temporomandibular joint disc position
and morphology: a prospective magnetic resonance imaging
study. Am J Orthod Dentofacial Orthop. 2009;136:412-424.

Cacho A, Martin C. Kinesiographic and sonographic changes in
young Class Il patients treated with functional appliances. Am J
Orthod Dentofacial Orthop. 2007;131:196-201.

Kinzinger G, Gulden N, Roth A, et al. Disc-condyle relationships
during Class Il Treatment with the Functional Mandibular
Advancer (FMA). J Orofac Orthop. 2006;67:356-375.

Kinzinger GS, Roth A, Gulden N, et al. Effects of orthodontic treat-
ment with fixed functional orthopaedic appliances on the con-
dyle-fossa relationship in the temporomandibular joint: a

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

magnetic resonance imaging study (Part 1). Dentomaxillofac
Radiol. 2006;35:339-346.

Kinzinger GS, Roth A, Gllden N, et al. Effects of orthodontic treat-
ment with fixed functional orthopaedic appliances on the disc-
condyle relationship in the temporomandibular joint: a magnetic
resonance imaging study (Part Il). Dentomaxillofac Radiol.
2006;35:347-356.

Ruf S, Wisten B, Pancherz H. Temporomandibular joint effects
of activator treatment: a prospective longitudinal magnetic
resonance imaging and clinical study. Angle Orthod. 2002;72:
527-540.

Ruf S, Pancherz H. Does bite-jumping damage the TMJ? A pro-
spective longitudinal clinical and MRI study of Herbst patients.
Angle Orthod. 2000;70:183-199.

Deguchi T, Uematsu S, Kawahara Y, et al. Clinical evaluation of
temporomandibular joint disorders (TMD) in patients treated with
chin cup. Angle Orthodontist. 1998;68:91-94.

Owen AH. Unexpected temporomandibular joint findings during
fixed appliance therapy. Am J Orthod Dentofacial Orthop.
1998;113:625-631.

Ruf S, Pancherz H. Long-term TMJ effects of Herbst treatment: a
clinical and MRI study. Am J Orthod Dentofacial Orthop.
1998;114:475-483.

Peltola JS, Nystrom M, Kononen M, et al. Radiographic structural
findings in the mandibular condyles of young individuals
receiving orthodontic treatment. Acta Odontol Scand. 1995;
53:85-91.

Dibbets JM, van der Weele LT. Long-term effects of orthodontic
treatment, including extraction, on signs and symptoms attrib-
uted to CMD. Eur J Orthod. 1992;14:16-20.

Hansen K, Pancherz H, Petersson A. Long-term effects of the
Herbst appliance on the craniomandibular system with special
reference to the TMJ. Eur J Orthod. 1990;12:244-253.

Conti AC, Freitas MR. d, Conti PC. Avaliagao da posigao condilar e
disfungao temporomandibular em pacientes com ma oclusao de
Classe Il submetidos a protrusao mandibular ortopédica. Rev
Dent Press Ortodon Ortop Facial. 2008;13:49-60.

Franco AA, Yamashita HK, Lederman HM, et al. Frankel appliance
therapy and the temporomandibular disc: a prospective magnetic
resonance imaging study. Am J Orthod Dentofacial Orthop.
2002;121:447-457.

Chintakanon K, Sampson W, Wilkinson T, et al. A prospective
study of Twin-block appliance therapy assessed by magnetic
resonance imaging. Am J Orthod Dentofacial Orthop. 2000;
118:494-504.

Keeling SD, Garvan CW, King GJ, et al. Temporomandibular disor-
ders after early Class Il treatment with bionators and headgears:
results from a randomized controlled trial. Semin Orthod.
1995;1:149-164.

Kurt H, Alioglu C, Karayazgan B, et al. The effects of two methods
of Class Ill malocclusion treatment on temporomandibular disor-
ders. Eur J Orthod. 2011;33:636-641.

Arat ZM, Akcam MO, Gokalp H. Long-term effects of chin-cap
therapy on the temporomandibular joints. Eur J Orthod.
2003;25:471-475.

Ohrbach R, Dworkin SF. The evolution of TMD diagnosis: past,
present, future. J Dent Res. 2016;95:1093-1101.

Manfredini D, Segu M, Arveda N, et al. Temporomandibular
joint disorders in patients with different facial morphology. A sys-
tematic review of the literature. J Oral Maxillofac Surg. 2016;
74:29-46.

Baysal A, Uysal T. Dentoskeletal effects of twin block and herbst
appliances in patients with Class Il division 1 mandibular retro-
gnathy. Eur J Orthod. 2014;36:164-172.

Sood S, Kharbanda OP, Duggal R, et al. Muscle response during
treatment of Class Il division 1 malocclusion with forsus fatigue
resistant device. J Clin Pediatr Dent. 2011;35:331-338.

McNamara JA. Neuromuscular and skeletal adaptations to altered
function in the orofacial region. Am J Orthod. 1973;64:578-606.


http://handbook-5-1.cochrane.org/
https://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/public/uploads/StudyQualityGuide_May%202013.pdf
https://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/public/uploads/StudyQualityGuide_May%202013.pdf
https://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/public/uploads/StudyQualityGuide_May%202013.pdf

[69]

[70]

[71]

[72]

Wadhawan N, Kumar S, Kharbanda OP, et al. Temporomandibular
joint adaptations following two-phase therapy: an MRI study.
Orthod Craniofac Res. 2008;11:235-250.

Pancherz H, Ruf S, Thomalske-Faubert C. Mandibular articular disk
position changes during Herbst treatment: a prospective longitu-
dinal MRI study. Am J Orthod Dentofacial Orthop. 1999;
116:207-214.

Aidar LA, Dominguez GC, Yamashita HK, et al. Changes in
temporomandibular joint disc position and form following
Herbst and fixed orthodontic treatment. Angle Orthod. 2010;
80:843-852.

Ruf S, Pancherz H. Temporomandibular joint growth adaptation
in Herbst treatment: a prospective magnetic resonance imaging
and cephalometric roentgenographic study. Eur J Orthod.
1998;20:375-388.

[73]

[74]

[75]

[76]

[771

ACTA ODONTOLOGICA SCANDINAVICA 273

Wyatt WE. Preventing adverse effects on the temporomandibu-
lar joint through orthodontic treatment. Int J Orthod. 1988;
26:10-12.

Okeson, JP, Editor. Chapter 1, Functional anatomy and bio-
mechanics of the masticatory system. 6th ed. St Louis (MO):
Elsevier Mosby; 2007.

Kim MR, Graber TM, Viana MA. Orthodontics and temporoman-
dibular disorder: a meta-analysis. Am J Orthod Dentofacial
Orthop. 2002;121:438-446.

Michelotti A, lodice G. The role of orthodontics in
temporomandibular  disorders. J Oral Rehabil. 2010;37:
411-429.

Zurfluh MA, Kloukos D, Patcas R. Systematic review effect of chin-
cup treatment on the temporomandibular joint : a systematic
review. Eur J Orthod. 2014;37:1-11.



	Temporomandibular disorders in growing patients after treatment of class II and III malocclusion with orthopaedic appliances: a systematic review
	Introduction
	Materials and methods
	Type of studies
	Language studies
	Types of participants
	Intervention type
	Type of results
	Data collection
	Search strategy and study selection
	Study selection and data collection
	Extracting data from studies
	Quality assessment

	Results
	Characteristics of studies
	Characteristics of participants
	Quality assessment

	Discussion
	Class II orthopaedic appliances in growing patients and temporomandibular disorders
	Class III orthopaedic appliances in growing patients and TMD
	Agreements and disagreements with other reviews
	Limitations

	Conclusions
	Acknowledgements
	Disclosure statement
	References


