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ABSTRACT
Objective: Temporomandibular disorders (TMDs) are the most commonly experienced non-dental oro-
facial pain disorders, with pain and dysfunction potentially resulting in oral stage dysphagia (OD).
However, limited research has been conducted on this condition, with potential negative effects on
clinical practice. Therefore, the aim of this study was to determine the prevalence of OD in adults pre-
senting with TMDs, diagnosed as per the Research Diagnostic Criteria for Temporomandibular
Disorders or the Diagnostic Criteria for Temporomandibular Disorders protocols.
Material and methods: A systematic review of the literature was completed. Nine electronic databases
were searched from inception to January 2017, with no date/language restriction applied. Grey litera-
ture, conference proceedings, and reference lists were also searched. Studies presenting original data
regarding OD prevalence in adults presenting with TMDs were included if they investigated impaired
swallowing, mastication, masticatory pain or fatigue, or weight loss. Study eligibility and quality were
assessed by two independent reviewers. Methodological quality was assessed using the Down’s and
Black tool.
Results and conclusions: This search yielded 20 eligible studies. Swallowing itself was impaired in
only 9.3% of patients with TMDs. A range of additional OD signs and symptoms were also commonly
reported (e.g. masticatory pain (87.4%) and fatigue (62%)). Study limitations included the small number
of studies which were eligible for inclusion. As signs and symptoms of OD are frequently reported by
patients with TMDs, psychometrically robust prospective research is warranted to determine current
and optimal management of this condition.
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Introduction

Temporomandibular disorders (TMDs) are a cluster of condi-
tions caused by alterations in the structure and/or function
of the temporomandibular joint (TMJ), the wider masticatory
muscle system, and/or osseous components, which are com-
monly characterised by heterogeneous signs and symptoms
[1–8]. TMDs are the most frequent orofacial pain disorders of
non-dental origin, and are also reported to be the second
most common musculoskeletal and neuromuscular disorder
after lower back pain, with up to a striking 93% of the gen-
eral population showing at least one TMD sign or symptom
on examination, and 10–20% of these individuals seeking
treatment [9–17]. Although the clinical presentation of TMDs
are frequently heterogeneous [1], commonly experienced
signs and symptoms include: pain, dysfunction, and fatigue
of the TMJ and muscles of mastication, limitations of man-
dibular movement and mouth opening, impaired oral transit,
and the potential for unintentional weight loss [2,18–21].
These functional difficulties have the potential to combine to
impair typical eating, drinking, and swallowing, causing oral

stage dysphagia (OD), which may subsequently impact on
quality of life (QOL) [22–24].

Despite the potential for adults who present with TMDs to
develop OD which may impact upon both functioning and
well-being, there has been limited epidemiological research
into this condition. Also, various methodological limitations
within the available evidence render it difficult to determine
the true prevalence and nature of TMD-related OD [18].
These issues include: (1) diversity in the definition of key
terms such as what constitutes a diagnosis of OD; (2)
reported historical use of unspecified subjective assessments
which may not have adequate sensitivity to detect OD; (3)
increasing use of the Research Diagnostic Criteria for
Temporomandibular Disorders [25] and recently updated
Diagnostic Criteria for Temporomandibular Disorders [22]
protocols in clinical and academic fields, which although
standardised, address TMD-related OD in a brief manner; (4)
lack of reporting of specific TMD diagnoses of participants;
(5) and lack of adequate description of and adjustment for
confounding factors. As such, a valid and reliable description
of the epidemiology of TMD-related OD is required in order
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to describe the nature and significance of this condition, and
to provide rationale for improvements in its typical identifica-
tion and management practices. Therefore, the aim of this
study was to conduct a systematic review and meta-analysis
of the epidemiology of the following signs and symptoms of
OD in adults presenting with TMDs: impaired swallowing and
mastication, masticatory pain and fatigue, and unintentional
weight loss.

Material and methods

This systematic review was conducted in accordance with
The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [26] and MOOSE
Guidelines for Meta-Analyses and Systematic Reviews of
Observational Studies [27]. The protocol was prospectively
published on the University of York Centre for Reviews and
Dissemination Prospero database (Registration number:
CRD42016050846) [28]. For the purpose of this study, the
definition of OD was as follows: sensory and/or motor diffi-
culties in the movement of a liquid or solid bolus from
the oral cavity to the esophagus, inclusive of concomitant
emotional, cognitive, and functional difficulties [29].
Originally, the aim of this study was to study the preva-
lence of broad oropharyngeal dysphagia [28]. However, on
further reading and reflection, the focus was narrowed to
purely oral stage dysphagia-related difficulties, as these are
most relevant to disorders of the structure or function of
the TMJ complex.

Eligibility criteria

All published/unpublished records presenting original preva-
lence figures were eligible for inclusion, with no language,
geographic, or date limitations applied. Case reports were
excluded due to criticisms regarding their typically low levels
of evidence. Prevalence figures were sought regarding
humans aged 18 years and over presenting with oral and/or
oral preparatory signs/symptoms of OD related to TMDs, as
diagnosed using the RDC/TMD [25] or the DC/TMD [22]. The
RDCTMD was the most widely used TMD diagnostic protocol
since its publication in 1992 until the 2014 publication of the
DC/TMD [30]. This system facilitates the characterisation of
both the physical and emotional difficulties associated with
TMDs and the protocol was based on the biopsychosocial
model of pain. The RDC/TMD protocol includes a comprehen-
sive Axis I physical assessment and Axis II examination of
psychosocial functioning and pain-related disability. The
more recent DC/TMD system [22] is a dual axis assessment
tool which provides evidence-based criteria for clinicians to
apply when assessing patients and which facilitates trans-dis-
ciplinary communication. This system present a more com-
prehensive and contemporaneous selection of assessment
tools than the RDC/TMD for both the brief screening for and
in-depth examination of a spectrum of simple and complex
TMDs [22]. No restrictions were applied regarding sex, race,
disease duration, severity, age-of-onset, or recruitment loca-
tion. Individuals were not eligible for inclusion if they had a

history of conditions which may result in mandibular or oro-
facial dysfunction (e.g. head and/or neck cancer, comorbid/
congenital conditions of the maxillofacial area, or ortho-
paedic or neurological trauma to the orofacial region).

Outcomes of interest

Outcomes of interest in this systematic review included:

1. Impaired deglutition and mastication as reported sub-
jectively and/or detected objectively via clinical examin-
ation, interviews, questionnaires, and/or imaging
techniques;

2. Masticatory pain as reported in interviews, question-
naires, or as rated using subjective scales;

3. Masticatory fatigue as reported via interviews, question-
naires, subjective scales, or detected using clinical or
electromyographic (EMG) assessment; and

4. Unintentional weight loss related to OD as reported by
the patient or detected via clinical examinations.

Originally, investigators also aimed to research the preva-
lence of the consumption of texture modified diets by the
cohort of interest within this study [28]. However, in order to
provide clarity via the separation of epidemiological and
management issues, and to afford sufficient attention to
these parameters, this estimate will be separately presented
in a subsequent report.

Data sources

A sensitive search strategy incorporating filters, key-text and
Medical Subject Headings was systematically employed
across databases by two independent reviewers (Appendix
1). The databases searched from inception to January 2017
included: EMBASE, PubMed, CINAHL, Web of Science,
Elsevier Scopus, Science Direct, AMED, The Cochrane
Database of Systematic Reviews, and ProQuest Dissertations
and Theses A & I. All search results were subsequently
exported to the Zotero bibliographic system (www.zotero.
org). Subsequent to duplicate deletion, two authors inde-
pendently screened titles/abstracts in order to exclude obvi-
ously irrelevant papers. A third author was available to
independently mediate disputes, if required. The senior
author also conducted hand-searches of annual scientific
meeting proceedings of the International Association for
Dental Research (published in the Journal of Dental
Research) and the European Society for Swallowing Disorders
(published in Dysphagia). Hand-searches of the reference
lists of studies ultimately included in the systematic review
and meta-analysis were also conducted, with one eligible
study identified [31]. Subsequent to the completion of the
above systematic searches, the senior author also further
searched the Google Scholar database in an effort to iden-
tify records not indexed in the initially searched databases,
resulting in 13 additional eligible studies [32–44]. Eligible
records which were included in the systematic review will
be discussed in subsequent sections.
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Data extraction process and data items

A previously piloted electronic form [45] was used in data
extraction by six independent reviewers. Data were extracted
regarding study design, setting, and location, participant
demographics, outcome measurement and data sources,
prevalence and statistical analysis, among other parameters.
Reviewers reached 100% consensus regarding data extracted.
One author not involved in data extraction was available to
mediate disputes if they occurred. Missing/unclear data was
addressed via the senior author contacting primary authors
of studies published within the previous 10 years. The figure
of 10 years was chosen to accommodate the usual 5-year
research retention period and to circumvent exclusion of
records which were published more than 5 years ago, but
primary authors had retained records past this period for
retrospective analysis. Records were excluded following no
response to two contact attempts.

Assessment of methodological quality

Two independent reviewers assessed the methodological
quality of included studies utilising a previously piloted [45]
modified Down’s and Black Tool [46] which omitted criteria

deemed irrelevant to the aims of this study (e.g. intervention,
adverse events, blinding and randomisation) (Appendix 2).
Primary studies which recruited a comparison group were
marked out of 18 points, while those without comparison
groups were rated out of 16 points, as 2 criteria pertained to
the recruitment of a control group.

Summary measures and synthesis of results

Included studies were first described descriptively, with sub-
sequent statistical analysis. Fixed and random effects meta-
analyses of prevalence estimates were carried out utilising
the Microsoft Excel package [47] and the MedCalc system
[48]. Prevalence figures were presented using 95% confi-
dence intervals, with forest plots constructed for all
estimates.

Results

Study identification

Systematic searches yielded 10,248 results, as shown in the
PRISMA figure (Figure 1). Following the exclusion of 4245
duplicates and 5381 records based on their titles, abstract,
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and/or keywords, two independent reviewers examined 622
full-text records, with a third author available to independ-
ently mediate disputes, if required. At this stage, 617 of these
full-text records were excluded. Supplementary Google
Scholar searches identified 13 further eligible studies [32–44].
An additional eligible article was identified from reference list
searches [31] and one further article was identified via author
contact [49].

Missing/inconsistent/insufficient data were addressed by
the senior author contacting primary authors of studies pub-
lished within the last 10 years, in order to allow for both the
typical 5-year retention period and to also avoid forcible
exclusion of studies if they were dated beyond this period
yet records were retained for post-hoc analysis. Records were
excluded in the case of two unanswered contact attempts. In
total, during both foundational and supplementary Google
searches, 291 contact attempts were made regarding 155
potentially eligible records. For 117 of these studies, missing
data were sought, while 38 communications related to article
access. Contact led to the confirmation of 12 eligible studies,
the exclusion of 3 studies excluded due to inappropriate par-
ticipants, 24 excluded due to insufficient data, 98 excluded
due to no response, 5 excluded due to inappropriate
research objectives, 3 due to use of inappropriate outcome
measurement tools, and 10 studies excluded due to inability
to access records. Ultimately, 20 studies satisfied the inclu-
sion criteria, had data extracted, and were included in
analysis.

Study characteristics

Included study characteristics are described in Table 1.
Half of included records (n¼ 10) were case-control studies

(50%), while 20% (n¼ 4) were descriptive observational stud-
ies, 3 (15%) were RCTs, 10% (n¼ 2) were cross-sectional stud-
ies, and 5% (n¼ 1) were prospective cohort studies. Study
locations included Europe (n¼ 7/35%), South America (n¼ 5/
25%), North America (n¼ 3/15%), Asia (5%/n¼ 1), Australia
(5%/n¼ 1), and Israel (5%/n¼ 1). A small cohort did not spe-
cify study location (n¼ 2/10%) [36,50]. Study settings varied,
with the majority conducted in university clinics (n¼ 10/
50%), university teaching hospitals (n¼ 3/15%), and dual
study settings (n¼ 3/15%). It was unclear what the settings
of two studies were [36,50].

Sources of assessment data varied, with 19 studies (95%)
utilising the RDC/TMD [25] and 1 study (5%) [51] employing
the DC/TMD system [22]. Objective assessments were
employed in six studies (30%) (Table 1). Assessments of mas-
tication were used in eight studies (40%). Visual analogue
scales were used in six studies (30%) to gather patient-
reported data. Subjective questionnaires were used in 16
studies (80%), with a range of 24 such tools being employed.

Description of participant demographics

Data regarding 1581 patients were included, with the pooled
age range of available and eligible participant data being
18–88 years of age. A small cohort of included studies did

not provide mean ages of eligible participants (n¼ 4/20%),
while 60% (n¼ 12) of eligible studies did not provide details
regarding age ranges. A total of 1136 females and 351 males
(3.23:1; female: male) were included, while two studies
[42,44] did not provide details on gender. The diagnoses
with which eligible participants presented are shown in
Table 2. The discrepancy between the number of participants
recruited (n¼ 1581) and the total number of diagnoses pre-
sented below (n¼ 1623) is due to certain studies applying
diagnostic criteria to both TMJs, while others classified
patients according to the unilateral TMJ which was most
impaired.

The most frequently reported diagnoses were myofascial
pain disorder (MFP) (n¼ 672/41.2%), Disc displacements (disc
displacement with reduction (DDWR): n¼ 275/16.9%; disc dis-
placement without reduction DDWOR: n¼ 95/5.8%), and arth-
ralgia (n¼ 190/11.6%). A large cohort were classified as
presenting with dual diagnoses (n¼ 229/14%), with
MFPþDD/osteoarthritis (OA) being the most frequent
(n¼ 91/5.6%). Two studies provided unclear diagnoses, classi-
fying participants as presenting with either DD or OA
(n¼ 32) [39], or MFP combined with DDWR or OA (n¼ 91)
[42] (Table 2).

Assessment of methodological quality of included
studies

Two authors independently reached 100% consensus relating
to quality ratings, without disputes. Utilising the Down’s and
Black tool, studies recruiting a comparison group were
awarded an average of 11.3, indicating a mean rating of
moderate quality (Table 3).

The items primarily responsible for lower methodological
quality ratings were: inadequate/lack of description of
whether participants who were prepared to participate were
representative of the entire population (n¼ 12/60%); inad-
equate description of patients who were lost to follow-up
(n¼ 12/60%); and inadequate description of the distribution
of and adjustment for confounding factors (n¼ 10/50%).
Contributing to positive ratings was the judgement that all
studies (n¼ 20) clearly described primary aims, hypotheses,
and outcomes; 95% (n¼ 19) utilised accurate outcome meas-
urement tools; 95% (n¼ 19) utilised appropriate statistical
tests to assess main outcomes; and the characteristics of par-
ticipants were clearly described in the majority (n¼ 17/85%)
of included studies.

Prevalence of investigated outcomes

Based on data extracted from 7 studies (n¼ 215 patients)
[32,34,41,49,50,52,53], the prevalence of impaired deglutition
was estimated to be 9.3% (95% CI: 2.1–20.86%) (Figure 2).

Impaired mastication was reported in 16 studies (n¼ 1064
patients) [31–37,40,41,43,49–54], with this prevalence esti-
mated to be 52.67% (95% CI: 37.182–67.91%) (Figure 3).

Masticatory pain was reported in six studies (n¼ 734
patients) [31,38,39,42,44,49], with this prevalence estimated
to be 87.38% (95% CI: 74–96.39%) (Figure 4).
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Masticatory fatigue was reported in five studies (n¼ 577
patients) [31–33,35,42], with prevalence calculated to be
61.95% (95% CI: 34.16–86.03%) (Figure 5).

No eligible records were identified which estimated the
prevalence of weight loss in the cohort of interest, thus pre-
venting analysis.

Discussion

This systematic review and meta-analysis has highlighted
that a broad range of signs and symptoms of OD are fre-
quently reported by adult patients with TMDs, although this
condition has typically received limited amounts of clinical
and research attention. Interestingly, despite this broad range
of reported difficulties, the primary outcome under investiga-
tion, impaired swallowing, was detected in only 9.3% of
included participants. However, potentially contributing to
this low prevalence, studies which were eligible for inclusion
were assessed to be heterogeneous, which may result in the
true prevalence being higher than that estimated within this
study. Also, the method by which swallowing was assessed
in primary studies may have influenced the overall preva-
lence estimate, with all eligible studies [32,34,41,49,50,52,53]
using subjective assessments, which had varied psychometric
properties and were unspecified in certain studies [49,50,53].
The observed reliance on unspecified and varied subjective
measures emphasizes the need for both improvements in
the reporting of the details and psychometric properties of
subjective outcome measurements used, and the frequency
of use of objective tools within primary epidemiology studies.
Finally, theoretical issues may also impact negatively on the
homogeneity, validity, and reliability of research findings in
this field. For example: differing theoretical definitions ofTa
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Table 3. Down’s and Black checklist rating criteria.

Descriptor

Criteria for
studies with

comparison group

Criteria for
studies with no

comparison group

Poor quality 0–4 0–3
Fair quality 5–9 4–7
Moderate quality 10–14 8–11
Good quality 15–18 12–16

Meta-analysis

0.0 0.2 0.4 0.6 0.8 1.0

Proportion

Baker et al., 2015

Ferreira et al., 2016

Maffei et al., 2012

de Felicio et al 2012a

da Silva et al., 2011

Raphael & Marbach, 2001

Mapelli et al., 2016

Total (fixed effects)

Total (random effects)

Figure 2. Forest plot of prevalence of impaired swallowing.
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what constitutes a diagnosis of swallowing difficulties in this
patient group have been adopted, and many studies which
have investigated this parameter have not specified their
operational definition of ‘impaired deglutition’ (e.g. impaired
transit of the bolus from the oral to the pharyngeal cavity,
impaired triggering of the pharyngeal swallow, or impaired
protection of the airway, etc.). As such, in critical analysis of
studies conducted in this field, researchers are limited in their
ability to construct a cohesive picture of findings due to
these limitations. As dysphagia caused by a range of aetiolo-
gies has documented effects on functioning, levels of activity
and participation, and QOL [55], it is essential that this condi-
tion receives greater attention within the field of TMD
research.

In addition to the investigation of the primary outcome of
deglutition, a range of other signs and symptoms were also
investigated. For example: impaired mastication was esti-
mated to be experienced by approximately 53% of adult
patients presenting with TMDs in this study. However, only
50% of the eligible studies which reported figures on
impaired mastication [32,34,37,40,43,50,52] collected data
using chewing performance or endurance tasks, with the

remaining studies relying on subjective patient reports
[31,33,35,36,41,49,51,53]. As such, there is the potential for
the under-identification of perceptually mild masticatory
impairments when only subjective data are collected.

However, masticatory impairments are often considered
central to the experience of TMDs and therefore, these find-
ings may not be viewed as novel. Yet, it is crucial to note
that specific aspects of chewing difficulties have infrequently
been discussed in the literature (e.g. masticatory pain or
fatigue). In this study, masticatory pain was estimated to be
experienced by 87% of individuals, indicating that this may
be a commonly experienced difficulty, although the precise
pathophysiology of this pain and discomfort across TMD
diagnostic classifications is unknown. In addition, masticatory
fatigue was present in approximately 62% of individuals with
TMDs, as measured using primarily subjective measures
[31–33,35,42]. Individuals with chronic pain and related-cen-
tral sensitization conditions frequently report fatigue as being
a primary determinant of well-being, with chronic fatigue
being cited as a mediating factor in the relationship between
functioning, pain and QOL [56]. However, despite the per-
ceived significance of this symptom, masticatory fatigue

Figure 3. Forest plot of prevalence of impaired mastication.

Meta-analysis

0.5 0.6 0.7 0.8 0.9 1.0

Proportion

LaTouche et al., 2015

Dougall et al., 2012

da Silva et al., 2011
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Total (random effects)

Figure 4. Forest plot of prevalence of masticatory pain.
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Figure 5. Forest plot of prevalence of masticatory fatigue.
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attributed to TMD-related OD has been minimally investi-
gated, and no eligible studies reported prevalence rates
using EMG to objectively measure indices of muscle fatigue,
endurance and exercise tolerance. As such, although this
study provides new evidence regarding the spectrum of pos-
sible chewing difficulties beyond that which had been previ-
ously discussed, it is evident that further research in this field
is required.

Limitations

One limitation of this study was that few records satisfied
this systematic review’s inclusion criteria. For example: while
primary studies reported that patients presented with TMDs,
few provided sufficient demographic or diagnostic informa-
tion (e.g. gender, mean age, DDWR, MFP, etc.) to allow for
statistical stratification, with information unavailable on
author contact attempts, also. This resulted in the forced
exclusion of a large number of studies which may have posi-
tively influenced ultimate study findings. Therefore, results
are derived from a limited, and potentially unrepresentative,
cohort of heterogeneous primary records, with potential for
confounding. As such, it is recommended that large-scale
psychometrically valid and reliable epidemiological research
is conducted in this field to adequate address concerns. A
further limitation of this review is the lack of studies which
utilised objective measures as sources of assessment data.
The heavy reliance on subjective measures alone observed
within primary studies in this review may be concerning due
to the variable psychometric properties of these tools and
their increased potential for the introduction of observer,
recall, and detection bias. As such, it is recommended that
future studies employ a combination of both subjective
patient-report and objective imaging techniques.

Recommendations

Due to the identified high prevalence and varied nature of a
range of OD signs and symptoms in adults with TMDs, it is
recommended that future robust epidemiological research is
conducted in order to both further our understanding of this
condition, and to provide a valid and reliable foundation on
which subsequent avenues for clinical improvements may be
built. In order to appropriately investigate TMD-related OD
within future research and clinical contexts, it is also advised
that a cohort-specific simple and efficient assessment tool
with adequate psychometric properties is developed for use
with this patient group. Finally, in order to ensure that the
spectrum of potential signs and symptoms of TMD-related OD
are identified during definitive evaluations, it is suggested that
a broad based assessment protocol is also developed, which
encompasses subjective patient reports, functional chewing
tasks, and objective assessment measures, as appropriate.

Conclusions

This systematic review and meta-analysis has highlighted
that signs and symptoms of OD are consistently reported by

adults presenting with a range of TMD diagnoses. It has also
identified a spectrum of methodological limitations within
the available literature. This review has, therefore, indicated
the need for psychometrically robust epidemiological
research which investigates the presence, nature, and impact
of TMD-related OD in a valid and reliable manner.
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Appendix 1. Example of database search strategy for PubMed

(‘Deglutition’[Mesh] OR ‘Deglutition Disorders’[Mesh] OR Dysphagia[Title/Abstract] OR Dysphagic[Title/Abstract] OR Deglutition[Title/Abstract] OR
Swallow[Title/Abstract] OR Swallows[Title/Abstract] OR Swallowing[Title/Abstract] OR Swallowed[Title/Abstract]) AND (‘Mandible’[Mesh] OR
‘Temporomandibular Joint’[Mesh] OR ‘Temporomandibular Joint Disorders’[Mesh] OR ‘Stomatognathic System Abnormalities’[Mesh] OR ‘Skull’[Mesh]
OR ‘Jaw’[Mesh] OR ‘Mastication’[Mesh] OR ‘Mouth Opening’[Title/Abstract] OR Mandibular[Title/Abstract] OR Mandible[Title/Abstract] OR
Temporomandibular[Title/Abstract] OR Stomatognathic[Title/Abstract] OR Masticatory[Title/Abstract] OR Mastication[Title/Abstract] OR Jaw[Title/
Abstract] OR Jaws[Title/Abstract] OR Skull[Title/Abstract] OR Skulls[Title/Abstract] OR Cranium[Title/Abstract] OR Calvaria[Title/Abstract] OR
Calvarium[Title/Abstract]).

Appendix 2. Down’s and Black checklist

Yes
(1 point)

No
(0 points)

Unclear
(0 points)

Hypothesis/aim/objective explicit
Main outcomes clearly described in the introduction or methods section
Characteristics of patients included clearly described
Distributions of principal confounders in each group of subjects to be compared clearly describeda

Main findings clearly described
Study provides estimates of random variability for main outcomes
Characteristics of patients lost to follow-up described
Actual probability values been reported for main outcomes except where probability value is less than 0.001
Subjects representative of entire population
Subjects prepared to participate representative of entire population
Staff, places, and facilities representative
Any of the results of the study were based on ‘data dredging’
Appropriate statistical tests used to assess main outcomes
Main outcome measures used accurate (valid and reliable)
Adequate adjustment for confounding in the analyses
Patients in different groups or cases and controls recruited from same population
Subjects in different groups or cases and controls recruited over same time
aYes: 2 points; Partially: 1 point; No: 0 points.
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