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Abstract

Background: Temporomandibular disorders (TMD) are related to a series of clinical manifestations that appear in
the form of pain. Currently, there is controversy about the appearance of TMDs after orthodontic treatment. The-
refore, the objective of the present study was to determine the association between orthodontic treatment and the
occurrence of Temporomandibular Disorders (TMD).

Material and Methods: A bibliographic search was carried out until April 2022, in the following electronic da-
tabases: Pubmed/Medline, Scopus, Scielo, Google Scholar and Web of Science. We included studies that were
case-control and cohort studies, dealing with the association between orthodontic treatment and TMD, in English
and Spanish, and with no time limit. The Newcastle-Ottawa scale was used to assess risk in the included studies.
In addition, RevMan 5.3 was considered for meta-analysis, using as a measure the ODDS ratio in a random-effects
model with a 95% confidence interval.

Results: The preliminary search yielded a total of 686 articles, discarding those that did not meet the selection
criteria, leaving only 6 articles. These studies reported that there is a significant association between orthodontic
treatment and the occurrence of TMD, equivalent to an ODDS ratio of 1.84 with a confidence interval of 1.19-2.83.
Conclusions: It is concluded that there is an association between orthodontic treatment and the occurrence of TMD,
therefore, a person undergoing orthodontic treatment is up to 1.84 times more likely to develop TMD.

Key words: Orthodontic treatment, temporomandibular disorders, orthodontics, cases and controls, cohorts,
review, Meta-Analysis.
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Introduction

Temporomandibular Disorders (TMD) are related to
a number of clinical manifestations that present in the
form of pain as well as dysfunction of the temporoman-
dibular joints (TMJ) and masticatory muscles (1). Ba-
sed on the Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD), 12 different conditions are esta-
blished for temporomandibular disorders (TMD), which
are: muscle pain, local muscle pain, facial muscle pain
with reduction, joint pain, TMD-related headache, disc
pain with reduction, disc pain with intermittent blocka-
ge, disc pain without reduction (2). Typical TMD pa-
tients are women of childbearing age (3). The increased
incidence of TMD has been associated with a hormo-
nal, physical, and psychosocial change in the adolescent
and pubertal stages (4,5). Occlusal conditions have been
given less importance, which is not to say that occlu-
sal change does not produce any signs or symptoms of
TMD (6). Patients with TMD prior to orthodontic treat-
ment in response to occlusal changes are at increased
risk of having signs and symptoms of TMD (7).

Among all dental specialties, orthodontics studies maxi-
llofacial growth and development, dental eruption, and
the way these and the maxillary bones relate to each
other. There are different reasons for an incorrect bite,
such as dental position, jaw bones, and the soft tissues
around the anterior teeth, which can also have heredi-
tary components or bad habits. The need for orthodontic
treatment in a patient can be determined by the effect
that a specific tooth position has on the patient’s health;
as well as the effect that the appearance of the teeth has
on how they feel about themselves, or both (8,9).

More and more adults are seeking orthodontic treatment,
as reported by the British Orthodontic Society, especia-
lly females between the ages of 26 and 40 years (10),
which are also found in other countries. However, it is
also known that there is a greater tendency for females
to present TMD compared to males (11). With all of the
above, it is important to carry out thorough diagnostic
evaluations before orthodontic treatment to determine
TMD from the adolescent stage to avoid complications
during treatment or any type of medical-legal problem
(12).

Some studies have concluded that the occlusal chan-
ges produced by orthodontic treatment are not related
to the appearance of TMD (13); however, other studies
report the finding of signs and symptoms of TMD in
patients undergoing orthodontic treatment (14,15). It
is important to note that the majority of people recei-
ving orthodontic treatment are children and adolescents,
and it is during these developmental stages that TMD is
most prevalent. Bearing in mind all of the above, espe-
cially about sex and age, it is very difficult to establish
a relationship between orthodontics and TMDs; there-
fore, studies between TMDs and orthodontic treatment
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should be adjusted to the effect that sex and age may
have on patients (2).

The purpose of this systematic review and meta-analysis
was to study the association between orthodontic treat-
ment and the occurrence of Temporomandibular Disor-
ders as an update to the previous existing study.

Material and Methods

- Protocol and registration:

The protocol of the present systematic review was defi-
ned a priori by all authors and was developed following
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. In addition,
the present protocol was registered in the Prospective In-
ternational Register of Systematic Reviews (PROSPE-
RO) under the registration number CRD42022323328.
To prepare and structure this review, the focus question
was developed using the PICO (population, intervention,
comparison and outcome) format as detailed below:

* Population: Patients of all ages and both sexes.

* Intervention: Patients with or who had orthodontic
treatment.

» Comparison: Patients without orthodontic treatment.

* Outcome: Association between orthodontic treatment
and Temporomandibular Disorders.

- Focused question (PICO):

Is there an association between orthodontic treatment
and the development of Temporomandibular Disorders?
- Research and selection of studies:

For the present systematic review and meta-analysis,
a literature search was performed in five electronic
databases Pubmed/Medline, Scopus, Scielo, Google
Scholar and Web of Science until April 2022; combi-
ning keywords and subject headings according to the
thesaurus of each database: “orthodontics”, “orthodon-
tic treatment”, “Temporomandibular Joint Disorders”,
“temporomandibular disorders”, “facial pain”, “cranio-
facial syndromes” (Table 1). In addition, relevant litera-
ture was included after a hand search of the references
that exist in included studies.

The electronic database search was conducted by two
authors (CM, LG) independently, and the final inclusion
decision was made according to the following criteria:
All case-control and cohort studies, studies dealing with
the association between orthodontic treatment and tem-
poromandibular disorders, studies in English and Spani-
sh, studies with no time limit. We excluded articles that
were systematic reviews or randomized clinical trials,
unpublished studies, and studies reported in more than
one publication with different follow-up periods.

- Data extraction:

A predefined table was used for data selection for each
eligible study, including number, authors, year, study
title, number of patients (male/female ratio, mean age
(range), follow-up time, groups, number of patients per
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Table 1: Search strategies for each search engine.

Association between orthodontic treatment and the occurrence of temporomandibular disorders

Database Search strategy

and control”) OR (“cohort™))

Pubmed MEDLINE | ((“orthodontics”) OR (“orthodontic treatment”)) AND ((“Temporomandibular Joint Disorders”) OR
(“temporomandibular disorders”)) NOT ((““facial pain”) OR (“craniofacial syndromes™)) AND ((“case

Scielo

(((““orthodontics™) OR (“orthodontic treatment™))) AND (((“Temporomandibular Joint Disorders”) OR
(“temporomandibular disorders”))) AND (“cohort™)

Google Scholar
’systematic review”

allintitle: “orthodontic*” + “temporomandibular disorders” + “case and control” OR “cohort” -

Scopus

(LANGUAGE, “Spanish™))

(TITLE-ABS-KEY (“orthodontics”) OR TITLE-ABS-KEY (“orthodontic treatment)) AND (TITLE-
ABS-KEY (“Temporomandibular Joint Disorders””) OR TITLE-ABS-KEY (“temporomandibular
disorders”)) AND NOT (TITLE-ABS-KEY (“facial pain”) OR TITLE-ABS-KEY (“craniofacial
syndromes”) OR TITLE-ABS-KEY (“systematic review”)) AND (TITLE-ABS-KEY (“case and
control”) OR TITLE-ABS-KEY (“cohort”)) AND (LIMIT-TO (DOCTYPE, “ar”)) AND

(LIMIT-TO (SUBJAREA, “DENT”)) AND (LIMIT-TO (LANGUAGE, “English”’) OR LIMIT-TO

Web of Science

(TS= (orthodontics) OR TS=(orthodontic treatment)) AND (TS=(Temporomandibular Joint
Disorders) OR TS=(temporomandibular disorders)) NOT (TS=(facial pain) OR TS=(craniofacial
syndromes) OR TS=(systematic review)) AND (TS=(case and control) OR TS=(cohort))

group, country, results, inclusion criteria and exclusion
criteria. From each eligible study, two investigators
(LU, JT) independently extracted information and all
disagreements were resolved by discussion with a third
reviewer (FC).

- Risk of bias assessment:

The risk of bias in the included studies was assessed in-
dependently by two calibrated authors (RA, SL) using
the NewCastle Ottawa tool adapted for case-control and
cohort studies. All disagreements were resolved by dis-
cussion with a third reviewer (HA). According to this
tool, the domains are assessed on selection, comparabi-
lity, and exposure/outcomes; and then classified as good
quality, fair quality, and poor quality.

- Analysis of results:

Selected study data were entered and analysed in Rev-
Man 5.3 (Cochrane Group, UK), using the ODDS ratio
as a measure in a random effects model with a 95% con-
fidence interval. In addition, a GRADE analysis (GRA-
DE Pro GDT, McMaster University and Evidence Prime
Inc., Canada) was performed.

Results

- Selection of studies:

The electronic and manual search strategy yielded a total
of 686 articles, excluding 28 duplicates. After the assess-
ment of the title and abstract, 648 articles were excluded.
Ten potentially eligible articles were selected, resulting
in the exclusion of four studies, leaving six articles that
met the eligibility criteria (case-control and cohorts),
which were included for qualitative and quantitative
synthesis (Fig. 1). The reasons for study exclusion are
listed in Table 2.

- Characteristics of the studies included:

Overall, 6 studies (20-25) from 6 different countries
were included, of which 4 are case-control, 1 cohort and
1 prospective cohort. One of the most salient features is
in relation to the number of patients, with men and wo-
men being considered with their respective mean ages
and/or according to range. Regarding the extraction of
results, all 6 studies (20-25) reported the OR and the
confidence interval (CI), while only studies 2 and 3 re-
ported the relative risk, therefore, for the meta-analysis,
ORs were considered because all of them had this statis-
tical result (Table 3).

- Risk of bias analysis of studies

In the data extraction process, 6 studies (20-25) were
identified as meeting the inclusion criteria, these studies
were subjected to risk of bias analysis for case-control/
cohort studies, all of which included studies that were of
good overall quality according to the domains of selec-
tion, compatibility, and outcome and/or exposure (Fig. 2).
- Synthesis of results (Meta-analysis)

The association between orthodontic treatment and the
occurrence of TMD was determined in 6 studies (20-25),
showing that there is a significant association between
orthodontic treatment and the occurrence of TMD, equi-
valent to an association level of 1.84 with a confidence
interval of 1.19, 2.83 (Fig. 2). Furthermore, the forest
plots show the weights of the 6 studies, where the study
by Sim, et al. (20) is the one that is giving the most su-
pport to the present meta-analysis; however, in most of
the studies, there is not distant gap in terms of contri-
bution weights, unlike the study by Macfarlane, et al.
(22) which only contributed 8.7%. Heterogeneity and
the final effect are also observed, where the 12 statistic is
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Records identified through database search:

.§ rc?ltil(;?xl:j(;::i?rie?nl: 0) PubMed:44; Sciclo:0; Google Scholar:4; Recordstellgtettl befor: zsgreemng:
g P e Scopus:618; WOS:20 (n = 686) uplicates )
E | Articles retrieved in the search (n = 658) -—-I Records not found (n = 0)
Records after elimination of duplicates Records excluded by selection
(n=658) criteria (n = 648)

» l
8
§ Potentially eligible full-text articles (n = 10) —-‘ Excluded full text articles (n = 4) |
3

Articles included in the qualitative synthesis

(n=6)
g |
§z Articles included in the quantitative synthesis
'g (n=6)
Fig. 1: Flowchart.

Table 2: Reason for exclusion of studies.
Author(s)

Dibbets et al. (16)
Huddleston et al. (17)
Imai et al. (18)
Peltola et al. (19)

Reason for exclusion

It does not show statistically strong results of association

Systemic diseases leading to temporomandibular disorders

Patients with temporomandibular disorders prior to orthodontic treatment

It does not show statistically strong results of association

Table 3: Characteristics of included studies.

Author(s) Year Type of | Number of patients (male/ | Average Country Results
study female) age (range) OR (95% CI)

Sim et al. (20) 2019 Cases and 5567(2093/3474) 38.8 South 1.612 (1.182-2.196)
controls Korea

Jeelani et al. (21) 2019 Cohort 177 (57/120) 21.4 Pakistan 0.73 (0.29-1.86)

Macfarlane ef al. (22) | 2009 | Prospective | (n=1018) (n =792(394/398), 11-12 United 0.92 (0.26-3.28)
Cohort (n =456), (n=337(146/191)). Kingdom

Katzberg et al. (23) 1996 Cases and 178 (49/129) 29.9 USA 3.10 (1.06-9.65)
controls

Velly et al. (24) 2002 Cases and 159 (52/107) 36 Canada 1.38 (0.59-3.69)
controls

Manfredini et al. 25) | 2015 Cases and 602 (223/379) 35 Italy 2.2 (1.2-4.1)
controls

*CI: confidence interval

was observed that the GRADE analysis yielded a high
overall accuracy, which indicates that the results of the

equal to 53%; which indicates that, if there is variability
due to heterogeneity between the studies, this is corro-

borated by the final effect which reflects a Z=2.76 with a
p=0.006; which proves that there is a significant associa-
tion between orthodontic treatment and the appearance
of temporomandibular disorders (Fig. 3).

- GRADE Analysis

When assessing the accuracy of the included studies, it

present study are reliable (Table 4).

Discussion

The aim of this systematic review and meta-analysis
was to determine the association between orthodontic
treatment and the occurrence of TMD. The results re-
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’ s Exposure /
Selection | Comparabili ;
Author(s) Year P &4 outcome Total |Quality
I ]12]3 1 1 |2 [ 3
Sim, et al. (20) 2019 | % | % | % # W #* | # | ¥ 9 Good
Jeelani, et al. (21) 2019 | 3% | % | 3k * #* | ¥ | ¥ 8 Good
Macfarlane, et al. (22) 2009 | # | #* | % * #* | K| ¥ 8 Good
Katzberg, et al. (23) 1996 | # | & | % * #* | oW | R 8 Good
Velly, et al. (24) 2002 | #* | - | 3% * #* | % | ¥ 7 Good
Manfredini, et al. (25) 2015 | % | - | % #* Bl % | R 7 Good
Fig. 2: Risk of bias.
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Jeelani, et al. 2019 -0.3147 0471 13.4% 0.73[0.29, 1.84) el
Katzberg, et al. 1996 1.3635 0.3846 16.8% 3.91[1.84, 8.31] —
Macfarlane, et al. 2009 -0.0834 0.6448 8.7% 0.92 [0.26, 3.26] -1
Manfredini, et al. 2015 0.7885 0.3093 20.6% 2.20[1.20, 4.03) —
Sim, et al. 2019 0.4775 0.1583 29.4% 1.61[1.18, 2.20] -
Velly, et al. 2002 1.1314 0.5475 11.0% 3.10[1.08, 9.07] T
Total (95% CI) 100.0% 1.84 [1.19, 2.83] <>
Heterogeneity: Tau? = 0.14; Chi? = 10.70, df = 5 (P = 0.06); I = 53% ) f t i
il i 0.01 0.1 1 10 100
Test for overall effect: Z = 2.76 (P = 0.006) No DTM DTM
Fig. 3: Forest plot.
Table 4: GRADE Analysis.
Certainty assessment Certainty
Ne of Design of the | Risk of | Inconsistency [ Indirect Imprecision Other
studies study bias evidence considerations
6 Observational | It is not It is not se- It is not It is not Very strong 006600
studies serious rious serious serious association High

vealed that there is an association between orthodontic
treatment and the occurrence of TMD (OR=1.84) and
the GRADE analysis showed a high certainty. However,
the possible negative effect of orthodontic treatment on
the temporomandibular joint has been a matter of con-
cern for orthodontists and dentists in general. At present,
the evidence is not clear, and it is mainly accepted that
there is no such relationship. Several researchers (40,80)
consider that certain dental interventions, including or-
thodontics itself, may cause TMD. On the other hand,
one of the difficulties in diagnosing TMD is the lack
of standardization of diagnostic criteria, which makes
the comparison between publications difficult (28,29).

In contrast to certain findings, the review by Fernan-
dez-Gonzélez et al. (28) could not verify the association
between a specific type of malocclusion and the occu-
rrence of significant signs and symptoms of TMD and
indicated that there seems to be no evidence of a direct
or obvious cause-effect relationship between orthodon-
tic treatment and TMD.

Lai, Yap & Tiirp (29) suggest a high likelihood of or-
thodontic practitioners encountering individuals with
pre-treatment TMD and recommend pre-assessment for
TMD before the start of orthodontic treatment. However,
Velly, et al. (24) using a single protocol in two different
clinics and the same evaluator considered bruxism toge-
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ther with grinding, anxiety symptoms, and orthodontic
treatment to be factors related to TMD, reporting an OR
value of 3.10. In contrast, a cohort study by Jeelani et
al. (21), reported that there was no significant risk of de-
veloping TMD with orthodontic treatment (OR=0.73).
However, they emphasized that the occlusal relations-
hips achieved at the end of orthodontic treatment did not
remain the same, with a lower degree of relapse.

In a study (22) with 20 years of follow-up, indicate that
orthodontic treatment is not related to the onset or pro-
longation of TMD. Only female sex and the presence of
signs and symptoms of TMD during adolescence were
the only predictors. The studies identified show a higher
prevalence of TMD in females, this is not uncommon as
other studies have reported similar findings, so it is pre-
sumed that hormonal differences between females and
males are responsible, indicating that testosterone may
have a protective role in the onset of TMJ pain, unlike
estrogen (11,27,28,30). In turn, Sim, et al. (20) inves-
tigated the relationship between orthodontic treatment
and temporomandibular disorders (TMD) in the South
Korean population, in which they concluded that under-
going orthodontic treatment is not associated with pain
or TMD; however, they found that the orthodontic treat-
ment group showed higher OR values and correspon-
ding 95 % Cls in TMD (OR=1.612). They also indicated
that TMD could be related to the age or gender of the
patients evaluated and to occlusal interference during
orthodontic treatment.

Manfredini et al. (25) confirmed the absence of clinica-
lly significant effects of orthodontics on TMD (OR=2.2).
The finding that orthodontics is not associated with an
increased risk of TMD suggests that the concurrence of
other factors (31) . On the other hand, Katberg, et al.
(23), compared the prevalence of internal derangement
of the temporomandibular joints (TMJ) in asymptomatic
volunteers versus symptomatic subjects using magnetic
resonance imaging and found no association between or-
thodontic treatment and TMD.

It is important to mention that the six articles selected for
the present systematic review and meta-analysis had di-
fferent diagnostic methodologies. In this regard, many di-
fferent forms of TMD assessment have been proposed in
the past, the most commonly used being the Helkimo (32)
and currently the Research Diagnostic Criteria for Tem-
poromandibular Disorders (RDC/TMD) (33). The lack
of standardization of diagnostic criteria makes the com-
parison between publications difficult (28,29). However,
most research reports a higher prevalence of TMD in peo-
ple aged over 18 years; because no age group standardi-
zation was done in the studies, a maximum age group for
TMD in people requiring orthodontic treatment could not
be identified, considering that young adults and adoles-
cents constitute the majority of orthodontic patients, there
could be a possible age bias (29,30,34-36).

Association between orthodontic treatment and the occurrence of temporomandibular disorders

Finally, consideration should be given to certain factors
that may increase the painful symptomatology characte-
ristic of TMD in patients with a history of orthodontic
treatment. The multifactorial aetiological component of
TMD is well known (37), including psychological profi-
le, the age range of patients, gender and hormonal level,
habits, and environmental factors (38-40), which need to
be evaluated in future work.

Conclusions

Based on the results of the present systematic review
and meta-analysis, it can be concluded that there is an
association between orthodontic treatment and the oc-
currence of TMD; therefore, a person undergoing or-
thodontic treatment is up to 1.84 times more likely to
develop TMD.
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