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Abstract
Background: This study aimed to characterize ultrasonographic findings in patients
referred to a tertiary center for temporomandibular disorders (TMDs), assess their
associations with TMD diagnoses, compare symptomatic and contralateral temporo-
mandibular joints (TMJs), and describe the demographic and clinical characteristics
of this population. Methods: This retrospective cross-sectional study included 108
symptomatic patients referred between October 2020 and March 2026. Diagnoses
were established according to the Diagnostic Criteria for Temporomandibular Disorders
(DC/TMD Axis I). Standardized clinical examination and bilateral high-frequency
ultrasonography assessed capsular thickness, joint effusion, disc visibility, condylar
translation, and popping-like movements using static and dynamic maneuvers. Within-
patient comparisons and exploratory subgroup analyses were performed. Results:
Patients were predominantly female (81.5%), with a mean age of 48.6 years and a
median symptom duration of 5 years. The most common primary diagnoses were
degenerative joint disease (45.4%), muscular disorders (13.9%), and reducible disc
displacement (13.9%); 30% had concomitant diagnoses. Compared with contralateral
joints, symptomatic TMJs showed greater longitudinal capsular thickness (median
1.68 mm (IQR 1.30) vs. 1.47 mm (IQR 0.60); p = 0.047), more frequent effusion
(longitudinal: 17.6% vs. 0.9%, p < 0.001; transverse: 16.7% vs. 1.9%, p = 0.011),
greater disc visibility (29.6% vs. 14.8%, p = 0.021), and more abnormal condylar
translation (20.4% vs. 11.1%, p = 0.021). Transverse disc visibility and visibility at
maximal opening were associated with disc displacement disorders (both p < 0.001).
Effusion was more frequent in degenerative and inflammatory joint diseases (p = 0.030
and p = 0.044 during dynamic maneuvers, respectively). Ultrasonography identified
displacement in 73.9% (17/23) of magnetic resonance imaging (MRI)-confirmed cases.
Conclusions: Ultrasonographic findings were associated with symptomatic TMJs
and specific diagnostic subgroups, particularly disc visibility in disc displacement
disorders and effusion in inflammatory and degenerative intra-articular conditions.
Ultrasonographymay provide complementary information alongside clinical assessment
and MRI.
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1. Introduction

Temporomandibular disorders (TMDs) correspond to a hetero-
geneous group of musculoskeletal and intra-articular condi-
tions affecting the temporomandibular joint (TMJ), mastica-
tory muscles, and associated structures. They represent one
of the most frequent causes of chronic orofacial pain, with
prevalence estimates ranging from 10% to 30% in recent meta-
analyses. TMDs predominantly affect young adults between

20 and 40 years of age, with a female predominance of ap-
proximately 1.5 to 2 times compared with men [1, 2]. Beyond
pain, TMDs may lead to significant functional impairment,
including limitation ofmouth opening, mastication difficulties,
joint sounds, and reduced quality of life. Their etiology is
considered multifactorial, involving a complex interaction of
biological, mechanical, and psychosocial factors. Indeed,
anxiety, depression, somatosensory disturbances, and mal-
adaptive coping have been associated with TMD occurrence
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and chronicity [3–7].
The Diagnostic Criteria for Temporomandibular Disorders

(DC/TMD) [8], updated in 2014 by the International Research
Diagnostic Criteria for Temporomandibular Disorders
(RDC/TMD) Consortium Network and the Orofacial Pain
Special Interest Group, provide a standardized diagnostic
framework comprising two complementary axes: Axis I,
which focuses on physical diagnoses, and Axis II, which
assesses psychosocial status and pain-related disability.
Among intra-articular disorders, disc displacement (DD) is
one of the of the most frequent TMD. Disc displacement with
reduction (DDwR), is characterized by anterior displacement
of the articular disc in the closed-mouth position with
reduction during mandibular opening, typically resulting in
clicking/popping noise. In contrast, disc displacement without
reduction (DDwoR), is characterized by persistent anterior
disc displacement during mandibular movement and may
occur with or without limited mouth opening, particularly
in acute presentations [8]. Degenerative joint disease is
characterized by progressive osseous changes affecting the
articular surface of the TMJ, whereas inflammatory joint
disorders are characterized by synovial inflammation with
joint effusion and functional limitation [8, 9]. In contrast,
some patients present with diffuse chronic orofacial pain
extending beyond the TMJ region, associated with referred
pain patterns and limited correlation between symptoms
and structural abnormalities. Such presentations suggest
a predominant functional and central sensitization-related
component [3, 10, 11].
Clinical examination remains the cornerstone of TMD

assessment; however, imaging is frequently required to
confirm the diagnosis, characterize structural involvement,
and guide management. Panoramic radiography provides
only limited information because of superimposition artifacts
and poor sensitivity for early osseous abnormalities [12, 13].
Cone-beam computed tomography (CBCT) and computed
tomography (CT) allow excellent evaluation of cortical bone
changes, including erosions, osteophytes, sclerosis, and
condylar remodeling [14, 15]. Magnetic resonance imaging
(MRI) is currently considered the reference imaging modality
for soft-tissue and disc assessment of TMJ because of its
superior assessment of disc position, joint effusion, synovitis,
and bone marrow abnormalities [15–17]. Nevertheless, MRI
remains limited by cost, accessibility, examination time, and
contraindications in routine clinical practice.
Over the last decade, ultrasonography has emerged as a

promising imaging modality for TMJ assessment because it
is non-invasive, inexpensive, widely available, free of ioniz-
ing radiation, and allows dynamic real-time evaluation [18].
Ultrasonography can visualize the mandibular condyle, joint
capsule, joint effusion, and, in selected cases, disc displace-
ment [18–21]. Several studies comparing ultrasonography
with MRI have reported encouraging diagnostic performances
for anterior disc displacement and joint effusion detection, with
sensitivities ranging from 79% to 95% and specificities up to
100% in some series [18, 21, 22]. Nevertheless, other stud-
ies have reported substantially lower diagnostic performances
with sensitivities and specificities decreasing to approximately
60% [23]. Certainly, the literature is heterogeneous because of

differences in transducer frequency, ultrasound protocols, op-
erator experience, diagnostic thresholds, and reference imag-
ing standards [18, 21, 22, 24, 25]. Consequently, although
the evidence supporting TMJ ultrasonography has expanded
considerably in recent years, important challenges remain re-
garding the standardization of ultrasound acquisition proto-
cols, diagnostic criteria, and its role across the different clinical
presentations of TMDs.
In addition, few studies have described the ultrasound find-

ings across the different clinical and etiological subgroups of
TMDs encountered in specialized practice. Most available
studies have primarily focused on inflammatory and disc-
related conditions, whereas ultrasound features associated with
degenerative TMJ pathologies remain poorly characterized.
Data regarding the distribution of ultrasound findings accord-
ing to symptom status, as well as across clinically relevant
TMD subgroups, remain limited. Furthermore, given the
heterogeneity of TMDs, a better characterization of these ultra-
sonographic findings may contribute to a more comprehensive
assessment of TMDs and improve both their characterization
and diagnostic evaluation.
The aim of the present study was therefore to investigate

the potential contribution of ultrasonography in the evaluation
of TMD in a tertiary-care hospital population referred for
specialized consultation. To this end, we aimed to describe
the prevalence and distribution of sonographic findings and
to explore their association with distinct diagnostic subgroups
and within-patient comparisons between the symptomatic and
contralateral TMJs. Analyses across diagnostic subgroups
were exploratory and intended to generate hypotheses rather
than assess diagnostic discrimination or performance. The
working hypothesis of this exploratory study was that ultra-
sonographic findings would vary according to diagnostic sub-
group and between the symptomatic and contralateral TMJs,
thereby potentially providing complementary information for
the evaluation of TMDs.

2. Materials and methods

2.1 Study design and population
A retrospective observational cross-sectional study was con-
ducted in a tertiary referral center, including all consecutive pa-
tients with available routine data who were evaluated between
October 2020 and March 2026. Clinical and ultrasonographic
data were collected from the medical records and analyzed
as a single cross-sectional dataset. This retrospective study
was based exclusively on data previously collected as part of
routine patient care. The study did not involve any intervention
on participants, any additional procedure, any randomization,
or any modification of usual clinical practice. Accordingly,
under Articles L.1121-1 and R.1121-1 of the French Public
Health Code, this study did not fall within the scope of research
involving human participants requiring an ethic committee
approval. However, all patients admitted to Nantes Hospital
are informed that their data may be used for research purposes.
No a priori sample size calculation was performed, given
the observational design of the study and the inclusion of
all consecutive eligible patients during the predefined study
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period.
All patients underwent a clinical evaluation performed in

standard care by a rheumatologist and a maxillofacial surgeon
(BLG and HB). Ultrasound examination was performed as part
of the routine diagnostic work-up in the same clinical setting,
according to the local practice of the tertiary center.
Importantly, the decision to perform complementary imag-

ing examinations (such as MRI or CBCT) was not driven by
the study protocol but was based solely on clinical indication
as part of routine care, prior to retrospective inclusion in the
study.
Patients without a final diagnosis of TMD were excluded.

Because the primary analysis relied on within-patient compar-
isons, patients reporting bilateral TMJ symptoms were eligible
for inclusion only if one TMJ could be identified as the pre-
dominant symptomatic side at the time of clinical evaluation
based on the patient’s history and clinical examination. In
routine clinical practice, this generally corresponded to the
TMJ that primarily motivated the patient’s consultation. Pa-
tients in whom no predominant symptomatic side could be
established were excluded from this analysis (n = 15). For the
purposes of the within-patient comparison, the TMJ opposite
to the symptomatic side was designated as the contralateral
TMJ and served as the comparator for all ultrasonographic
analyses. In patients with unilateral symptoms, this joint was
asymptomatic. Among patients with bilateral symptoms who
met the inclusion criteria, this contralateral TMJ was the less
symptomatic joint identified during the clinical evaluation.
Consequently, the term “contralateral TMJ” was used through-
out the manuscript to designate the within-patient comparator,
regardless of its symptom status, and should not be interpreted
as a healthy control joint.

2.2 Data collection
Collected epidemiological data included age, occupation, med-
ical history, ongoing treatments, and smoking status. Symp-
toms included the presence of articular noises, limited mouth
opening, bruxism, joint locking, and nocturnal awakenings.
These symptoms were recorded from patient self-report during
the standardized clinical interview. Bruxism was based on the
patient’s history of awake or sleep bruxism, without the use of
validated questionnaires or instrumental confirmation. Noctur-
nal awakenings referred specifically to awakenings attributed
by the patient to TMJ pain.
A standardized clinical examination was systematically per-

formed as part of the clinical evaluation during consultations
and included palpation of the TMJs and masticatory muscles
to assess pain, evaluation of joint mobility, dentition status,
and mandibular opening pattern. Maximal mouth opening
was measured as the maximal inter-incisal distance using a
caliper, with normal mouth opening defined as >35 mm.
The mandibular opening and closing path were assessed by
visual observation of the inter-incisal line during mandibular
movements to identify deviations. Joint noises were assessed
during mandibular movements by both palpation of the TMJ
and direct auscultation. Clinical joint effusion was assessed
by inspection and palpation of the TMJ region for visible
swelling, local fullness, or overlying erythema suggestive of

joint inflammation.

2.3 Ultrasound examination
Ultrasound (US) examinations were performed using a Canon
Applio i800 (Canon Medical Systems Corporation, Otawara,
Japan). equipped with a high-frequency linear probe (12–18
MHz) by two rheumatologists trained and experienced in mus-
culoskeletal ultrasound (BLG andMD). All examinations were
performed according to a standardized acquisition protocol,
with patients in a seated position facing the examiner. Both
temporomandibular joints were systematically examined along
two axes: longitudinal and transverse planes (Fig. 1A,B).
In the longitudinal plane, the probe was placed along the

long axis of the ascending ramus of the mandible. This coronal
section allowed visualization of the mandibular condyle, joint
space, capsule and zygomatic arch, providing assessment of
the lateral compartment and condylar morphology.
In the transverse plane, the probe was positioned at the level

of the condyle, on Camper’s line, between the nasal ala and
the tragus. This approach allowed assessment of anterior disc
displacement and joint effusion. A dynamic evaluation was
then performed during mouth opening and closing to assess
mandibular translation and disc motion.
US abnormalities were defined as follows [26]: capsular

thickening (>2 mm), presence of joint effusion (defined as a
compressible anechoic area anterior to the condyle measuring
>2 mm) and the presence of disc material (defined as a non-
compressible hypoechoic area anterior to the condyle). During
the dynamic evaluation, condylar translation was visually as-
sessed and classified as either normal or abnormal based on the
observed excursion pattern. When abnormal translation was
identified, the presence of a popping-like movement, defined
as a sudden deviation or “jump” in the mandibular opening
trajectory, was recorded. Visualization of the disc at maximal
mouth opening was considered indicative of irreducible disc
displacement, and its absence indicated a reducible displace-
ment. Representative examples of normal and pathological
ultrasonographic TMJ findings are provided in Fig. 2.
For patients who had undergone MRI examination, ultra-

sound findings were descriptively compared with MRI find-
ings in cases clinically classified as disc displacement ac-
cording to DC/TMD criteria. This exploratory analysis was
limited to the description of imaging findings observed with
both modalities, without assessing diagnostic performance.

2.4 Diagnostic classification
Patients were classified according to a primary diagnosis con-
sidered most clinically relevant at the time of consultation.
Any additional diagnosis potentially contributing to the symp-
toms at the time of consultation was recorded as a secondary
diagnosis. Based on the primary diagnosis, patients were
categorized into seven diagnostic subgroups: degenerative
disease, muscular disorders (including myalgia andmyofascial
pain), Disc displacement with reduction (DDwR), Disc dis-
placement without reduction (DDwoR), joint arthritis, primary
condylar disorders (including idiopathic condylar resorption
and idiopathic condylar hyperplasia), and a functional and
complex pain presentation subgroup. This classification was
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FIGURE 1. Ultrasound probe positioning for temporomandibular joint examination. (A) Longitudinal plane: the probe
is aligned with the long axis of the mandibular ramus. (B) Transverse plane: the probe is positioned along Camper’s line. Dashed
line indicates probe orientation.

FIGURE 2. Ultrasonographic appearance of normal and pathological temporomandibular joints (TMJ). (A)
Longitudinal sonographic view of a normal TMJ. The mandibular condyle (C) appears as a thin hyperechoic cortical line
continuous with the mandibular ramus (R). (B) Transverse sonographic view of a normal TMJ. The articular capsule appears as a
thin hypoechoic band in both views (*). (C) Capsular thickening associated with osteoarthritic changes and marginal osteophyte
formation (white arrow). (D) Longitudinal view showing joint effusion, visible as a compressible anechoic collection within the
joint space (arrowhead). (E) Reducible anterior disc displacement in the closed-mouth (CM) position. The disc is identified as
an anterior hypoechoic structure (arrow). (F) Irreducible anterior disc displacement with persistent visualization of the disc in the
open-mouth (OM) position (arrow).
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used for exploratory, hypothesis-generating analyses of poten-
tial differences in ultrasonographic findings across clinically
relevant TMD subgroups.
Diagnostic classification was based on the Axis I clinical

diagnostic criteria of the Diagnostic Criteria for Temporo-
mandibular Disorders (DC/TMD, 2014). Diagnoses were es-
tablished jointly by the treating rheumatologist and maxillo-
facial surgeon (BLG and HB) on the basis of patient history,
standardized clinical examination findings, and, when avail-
able, conventional imaging findings (CBCT or MRI), without
consideration of the ultrasonographic findings.
The functional/complex pain presentation subgroupwas cre-

ated specifically for the purpose of the present study and did not
represent a validated DC/TMD diagnostic category. Indeed,
it is well established that TMDs are strongly influenced by
psychological and somatosensory factors affecting both pain
intensity and clinical presentation. Classification into this
subgroup was based on predefined clinical features including
widespread or diffuse pain extending beyond the TMJ region,
with involvement of the masticatory and cervical muscles,
headache or cervical pain associated with jaw function, and,
a discrepancy between symptom severity and the extent of
structural TMJ abnormalities observed clinically or on conven-
tional imaging. These features were considered suggestive of
altered pain processing, potentially including central sensiti-
zation although this mechanism was not objectively assessed
using validated instruments. Structural abnormalities such as
disc displacement or osteoarthritic changes could be present
but were considered insufficient to fully explain the overall
clinical presentation.

2.5 Statistical analysis
Statistical analyses were performed using SPSS software (Ver-
sion 28.0.1.1 (15), IBM Corp., Armonk, NY, USA). Normal-
ity of data distribution was assessed using the Kolmogorov-
Smirnov and Shapiro-Wilk tests.
Continuous variables were expressed as mean ± standard

deviation (SD) for normally distributed data, or as median
± interquartile range (IQR) otherwise. Categorical variables
were presented as frequencies and percentages.
Comparisons of continuous paired variables between symp-

tomatic and contralateral sideswere performed using the paired
Student t-test. Comparisons of paired categorical variables
between symptomatic and contralateral sides were performed
usingMcNemar’s test. Comparisons between independent cat-
egorical variables were performed using Pearson’s chi-square
test. For subgroup analyses of continuous variables, the non-
parametric Kruskal-Wallis test was used when normality as-
sumptions were not met. A p-value < 0.05 was considered
statistically significant.

3. Results

3.1 Patient characteristics
The study population characteristics (n = 108) are summarized
in Table 1. Mean age was 48.6 years with a significant female
predominance (81.5%), and the median symptom duration
was 5.0 years (IQR 4). Regarding medical history, 28.7%

of patients (n = 31) reported anxiety-depressive disorders,
with 18.5% currently under antidepressant therapy and 8.3%
under anxiolytics. Notably, 10.2% of patients had a history of
fibromyalgia or chronic pain. Inflammatory and rheumatic dis-
eases were prevalent (23.1%), mainly represented by spondy-
loarthropathy (n = 10) and juvenile idiopathic arthritis (n =
7). A history of TMJ trauma or surgery was found in 19.4%
of cases. Pharmacological treatments included biotherapies or
Janus Kinase (JAK) inhibitors (11.1%), conventional synthetic
disease-modifying antirheumatic drugs (csDMARDs) (10.2%)
and nonsteroidal anti-inflammatory drugs (NSAIDs) (7.4%).

3.2 Symptoms and management prior to
the consultation
Regarding symptoms prior to consultation (n = 108), pain was
the most prevalent complaint (96.3%, n = 104), leading to
nocturnal awakenings in 21.3% of cases (n = 23). Dysfunc-
tional joints were less frequent, with articular locking reported
by 22.2% of patients (n = 24) and bruxism by 19.4% (n =
21). Joint noises were common, including popping/clicking
(40.7%, n = 44) and crepitus (35.2%, n = 38). Finally, half
of the cohort (50%, n = 54) reported a perceived limitation in
joint range of motion. 92.6% of patients already had previ-
ously undergone CBCT (Cone-Beam Computed Tomography)
(n = 100) and 59.3% had undergone MRI of the temporo-
mandibular joint (n = 64). Regarding prior treatments, a
majority of patients had undergone physiotherapy (63.9%, n
= 69), followed by occlusal splint therapy (55%, n = 59),
botulinum toxin injection in masticatory muscles (30.6%, n =
33) and a minority had surgery on the joint (9.3%, n = 10) and
intra-articular injection (6.5%, n = 7).

3.3 Physical examination
Clinical findings at the consultation examination are summa-
rized as follows. Notably, no signs of joint effusion were
clinically detectable in any patient. Regarding articular noises,
popping/clicking was observed in 30.6% of cases (n = 33) and
crepitus in 24.1% (n = 26). Dental class examination (per-
formed on 69 patients, 39 missing data) revealed a prevalence
of Class I (55.1%, n = 38) andClass II (37.7%, n = 26), Class III
concerned only 7.2% (n = 2). Functional assessment showed
that 40.7% of patients had a limited mouth opening (<35
mm), while 48.1% presented masticatory muscle tenderness
upon palpation. Mandibular opening paths were abnormal in
43.5% of cases, characterized by lateral deviation (27.8%) or
popping-like movement (13.9%).

3.4 Primary and secondary diagnosis
Among the 108 included patients, the most frequent primary
diagnosis was degenerative temporomandibular joint disease
(45.4%, n = 49), followed by muscular disorders (13.9%, n =
15) and disc displacement with reduction (DDwR) (13.9%, n
= 15). Patients with functional and complex pain presentation
accounted for 12.0% of cases (n = 13), while disc displacement
without reduction (DDwoR) (5.6%, n = 6), primary condylar
pathology (4.6%, n = 5), and joint arthritis (4.6%, n = 5) were
less frequent.
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TABLE 1. Baseline characteristics of the study population.

Variable Overall
(n = 108)

Age, mean (SD), yr 48.6 (18.1)
Sex, n (%)
● Women 88 (81.5)
● Men 20 (18.5)
Symptom duration, median (IQR), yr 5.0 (4)
Smoker, n (%) 11 (10.2)
Medical history, n (%)
● History of TMJ surgery/trauma 21 (19.4)
● Anxiety/depressive disorders 31 (28.7)
● Chronic pain (including fibromyalgia) 11 (10.2)
● Inflammatory/rheumatic disease 25 (23.1)

Spondyloarthropathy (including Psoriatic arthritis (PsA)) 10 (9.2)
Rheumatoid arthritis 3 (2.8)
Juvenile idiopathic arthritis 7 (6.5)
Undifferentiated rheumatic disease 5 (4.6)

● Sleep apnea (OSAS) 5 (4.6)
● Cardiovascular disorders 12 (11.1)
● Neurological disorders* 6 (5.5)
Current treatments
● Biologic/targeted therapy 12 (11.1)
● Conventional DMARDs (methotrexate, hydroxychloroquine) 11 (10.2)
● Systemic corticosteroids 5 (4.6)
● NSAIDs 8 (7.4)
● Opioids (tramadol, morphine) 6 (5.6)
● Neuropathic pain agents (gabapentin, amitriptyline) 5 (4.6)
● Antidepressants (any) 20 (18.5)
● Anxiolytics (any) 9 (8.3)
● Antihypertensive treatment 14 (13.0)
● Lipid-lowering treatment 4 (3.7)
● Antiepileptics 2 (1.9)
● Other systemic treatments 4 (3.7)
*Neurological disorders: migraine, epilepsy, history of transient ischemic attack.
NSAIDs: Non-steroidal anti-inflammatory drugs; DMARDs: disease-modifying antirheumatic
drugs; SD: standard deviation; IQR: interquartile range; TMJ: temporomandibular joint; OSAS:
obstructive sleep apnea syndrome.

Regarding secondary diagnoses, 63.9% of patients had no
associated secondary diagnosis. When present, secondary
diagnoses were most commonly degenerative (7.4%, n = 8),
disc displacement without reduction (DDwoR) (7.4%, n = 8),
and disc displacement with reduction (6.5%, n = 7), followed
by primary condylar pathology (5.6%, n = 6), joint arthritis
(4.6%, n = 5), functional and complex pain presentation (3.7%,
n = 4), and muscular (0.9%, n = 1) disorders.

3.5 Ultrasound examination

Overall, among the 216 joints examined, 54.2% (n = 117)
showed no ultrasonographic abnormality according to the pre-

defined sonographic criteria. When joints were analyzed ac-
cording to symptom status, ultrasonographic abnormalities
were identified in 30.6% (n = 33) of contralateral joints and
in 61.1% (n = 66) of symptomatic joints.

Ultrasound characteristics of the symptomatic side showed
a median capsular thickness of 1.68 mm (IQR 1.30, n = 83)
in the longitudinal plane and 2.02 mm (IQR 1.60, n = 80) in
the transverse plane. Joint effusion was detected in 17.6% (n
= 19) of cases longitudinally and 16.7% (n = 18) transversally.
During dynamic assessment, normal condylar translation was
observed in 79.6% (n = 86) of patients, while popping-like
movement occurred in 4.6% (n = 5). Transverse disc visibility
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was reported in 29.6% of cases (n = 32), with persistent
visualization at the end of dynamic maneuvers in 9.3% (n
= 10), consistent with disc displacement without reduction
(DDwoR). Post-maneuver joint effusion remained present in
15.7% of patients (n = 17).
In contrast, findings on the contralateral TMJ revealed lower

median thickness (Longitudinal: 1.47 mm, IQR 0.60 and
Transverse: 1.77 mm, IQR 0.80 (p = 0.047)). Joint effusion
was rare (0.9% to 1.9%) and absent during dynamicmovement.
Normal translation was frequent (88.9%), with minimal disc
visibility (2.8%) or popping-like movement (2.8%) reported.
Comparison between the contralateral and symptomatic side

are summarized in Table 2. Longitudinal capsular thickness
was significantly greater on the symptomatic side (p = 0.047).
Joint effusion (17.6% vs. 0.9%, p< 0.001 and 16.7% vs. 1.9%,
p = 0.011 on longitudinal and transverse views respectively),
disk visibility (29.6% vs. 14.8%, p = 0.021) and abnormal
condylar translation during dynamic assessment (20.4% vs.
11.1%, p = 0.021) were also more frequent on the symptomatic
side. Nevertheless, ultrasonographic abnormalities were not
restricted to clinically symptomatic joints and were also ob-
served in contralateral TMJs.

3.6 Subgroups analyses
All analyses across diagnostic subgroups were exploratory and
hypothesis-generating.
Patient characteristics and clinical symptoms according to

the primary diagnosis are presented in Supplementary Table
1. Age differed significantly across diagnostic groups (p =
0.031), with younger patients in primary condylar pathologies,
whereas no significant differences were observed for sex dis-
tribution, symptom duration, pain, articular locking, bruxism,
or limited range of motion (all p > 0.05). A borderline

statistically significant difference between diagnostic groups
was observed for crepitus (p = 0.050).
Clinical examination findings according to diagnostic sub-

groups are presented in Supplementary Table 2. Muscular
pain was observed most frequently in the muscular disorders
and functional and complex pain presentation subgroups (p <
0.001), while articular sounds, particularly popping/clicking,
were noted in varying proportions, including 66.7% of patients
in the disc displacement with reduction subgroup (p = 0.003).
No significant differences were observed between diagnostic
groups in terms of mouth opening limitation or mandibular
opening pathway. Clinical examination did not detect any
joint effusion in any subgroup (0%), in contrast to findings
identified on ultrasound.
Ultrasound findings on the symptomatic side according to

diagnostic subgroups are presented in Table 3.
Capsular thickness did not differ significantly between

groups. Similarly, joint effusion assessed on the longitudinal
view showed no significant intergroup differences. In contrast,
the distribution of several ultrasound features differed across
diagnostic categories.
Disc visibility on the transverse view differed significantly

between groups (p < 0.001), being predominantly observed
in patients with disc displacement with reduction (DDwR)
(73.0%) and disc displacement without reduction (DDwoR)
(83.3%). Lower proportions were observed in degenerative
joint disease (18.4%), joint arthritis (20%), muscular disorders
(20%), and functional and complex pain presentation (23.1%),
whereas no disc visibility was identified in primary condylar
pathology. During dynamic evaluation, persistence of disc
visibility at the end of mandibular maneuvers was observed
almost exclusively in the disc displacement without reduction
subgroup (83.3%) (p < 0.001).

TABLE 2. Comparison of imaging features between symptomatic and contralateral side.
Symptomatic side Contralateral side p-value

Capsular thicknessa, median (IQR)
Longitudinal view 1.68 (1.30) 1.47 (0.60) 0.047*
Transverse view 2.02 (1.60) 1.77 (0.80) 0.274

Joint effusion, n (%)
Longitudinal view 19 (17.6) 1 (0.9) <0.001*
Transverse view 18 (16.7) 2 (1.9) 0.011*

Disk visibility in transverse view, n (%) 32 (29.6) 16 (14.8) 0.021*
Dynamic maneuvers, n (%)

Abnormal condyle translation 22 (20.4) 12 (11.1) 0.021*
Disc visibility at the end of maneuvers 10 (9.3) 3 (2.8) 0.065
Popping-like movement 5 (4.6) 3 (2.8) 0.687
Joint effusion at the end of maneuvers 17 (15.7) 0 (0.0) -

Continuous variables are expressed as median (IQR) and categorical variables as n (%).
p-values calculated using Paired t-test for capsular thickness and McNemar’s test for paired categorical variables.
*Statistically significant at p < 0.05.
a: Variable available for only 69 out of 108 patients.
IQR: interquartile range.
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TABLE 3. Ultrasound findings according to clinical diagnosis.
Primary condylar

pathology
(n = 5)

Degenerative
joint disease
(n = 49)

Joint arthritis
(n = 5)

Disc displacement
with reduction

(n = 15)

Disc displacement
without reduction

(n = 6)

Muscular
disorders
(n = 15)

Functional and
complex pain
presentation
(n = 13)

p-value

Longitudinal view
Capsular thickness,
median (Min–Max),
mm

1.49
(1.40–1.50)a 2.1 (0.36–3.90)b 1.91

(0.69–4.90)c 1.60 (0.70–2.70)d 1.40 (0.80–4.50)e 1.20
(0.80–2.75)f 1.49 (0.95–2.30)g 0.185

Joint effusion, n (%) 0 (0) 14 (28.6) 2 (40) 1 (6.7) 1 (16.7) 0 (0) 1 (7.7) 0.058
Transverse view

Capsular thickness,
median (Min–Max),
mm

1.0 (0.87–1.20)a 2.2 (0.62–4.70)b 1.93
(0.84–4.20)c 2.40 (1.42–6.80)d 1.95 (1.20–8.60)e 1.40 (1.0–3.30)f 1.56 (0.65–2.90)g 0.067

Joint effusion, n (%) 0 (0) 14 (28.6) 2 (40) 1 (6.7) 0 (0) 0 (0) 1 (7.7) 0.03*
Disk visibility, n (%) 0 (0) 9 (18.4) 1 (20) 11 (73.0) 5 (83.3) 3 (20) 3 (23.1) <0.001*

Dynamic maneuvers, n (%)
Abnormal condyle
translation 1 (20) 11 (22.4) 2 (40) 2 (13.3) 3 (50) 1 (6.7) 2 (15.5) 0.325

Disc visibility at the
end of maneuvers 0 (0) 5 (10.2) 0 (0) 0 (0) 5 (83.3) 0 (0) 0 (0) <0.001*

Popping-like
movement 0 (0) 2 (4.1) 0 (0) 0 (0) 0 (0) 1 (6.7) 2 (15.4) 0.533

Joint effusion at the
end of maneuvers 0 (0) 13 (26.5) 2 (40) 1 (6.7) 0 (0) 0 (0) 1 (7.7) 0.044*

Continuous variables are expressed as median (IQR or Min–Max) and categorical variables as n (%).
p-values calculated using the Kruskal-Wallis test for non-parametric continuous variables (Capsular thickness) and Pearson’s Chi-square test for categorical variables (Effusion,
Visibility, Translation, Material presence).
*Statistically significant at p < 0.05.
Capsular thickness measurements were available only for patients in whom ultrasound images had been stored during routine clinical practice, preventing retrospective measurement in
the remaining cases: aavailable case n = 3, bavailable case n = 33, cavailable case n = 4, davailable case n = 6, eavailable case n = 12, favailable case n = 11, gavailable case n = 8.
Min: minimum; Max: maximum.



62

Joint effusion findings also varied significantly according
to diagnosis. Joint effusion on the transverse view differed
across groups (p = 0.030), with higher frequencies observed
in degenerative joint disease (28.6%) and joint arthritis (40%)
compared with other diagnostic categories. Similarly, effu-
sion persisting at the end of dynamic maneuvers was more
frequently identified in degenerative joint disease (26.5%) and
joint arthritis (40%) (p = 0.044).
Abnormal condylar translation did not differ significantly

across groups (p = 0.325), although higher proportions were
observed in disc displacement without reduction (50%), de-
generative joint disease (22.4%), and functional/complex pain
presentation (15.5%) subgroups. In contrast, popping-like
movements were infrequently detected during dynamic eval-
uation and showed no significant association with diagnostic
subgroups (p = 0.533).
In the subgroup of patients with a clinical diagnosis of

disc displacement and available MRI examination, descriptive
comparison between MRI and ultrasonographic findings was
performed. Among the 23 patients, disc displacement was
detected byMRI in 22 cases (95%), whereas ultrasound identi-
fied disc displacement in 17 cases (73.9%). Disc displacement
without reduction was identified in 13 cases onMRI compared
with 6 cases on ultrasound. These results are summarized in
Table 4.

TABLE 4. Detection of disc displacement by MRI and
US in patients with disc displacement and prior MRI

examination.

Findings MRI
(n = 23)

US
(n = 23)

Disc displacement detected, n (%) 22 (95.7) 17 (73.9)
Irreducible disc displacement, n (%) 13 (56.5) 6 (26.1)
MRI: magnetic resonance imaging; US: ultrasound.

4. Discussion

The present findings are consistent with our working hypothe-
sis that ultrasonographic findings may vary according to diag-
nostic subgroups and, within individual patients, between the
symptomatic and contralateral TMJs. It provides a compre-
hensive characterization of a tertiary referral cohort of patients
with temporomandibular disorders, highlighting the complex-
ity and chronicity of presentations encountered in specialized
care. Patients were characterized by prolonged symptom du-
ration, chronic pain, frequent previous investigations, and sub-
stantial prior therapeutic management before referral. Clinical
assessment allowed patients to be categorized into diagnostic
subgroups, while ultrasonography appeared to provide com-
plementary descriptive information regarding structural TMJ
abnormalities, their distribution according to symptom status
and, on an exploratory basis, across diagnostic subgroups.
The demographic profile of this tertiary cohort is consistent

with previous epidemiological studies on TMD, notably the
marked female predominance observed in tertiary care popu-
lations. Women represented 81.6% of patients in this study, in
agreement with previous reports by Vrbanović et al. [27] and

Anastassaki et al. [28], who similarly described predominantly
female referral cohorts. Patients referred to our tertiary center
presented with long-standing disease with prolonged symptom
duration across diagnostic groups. Most patients had already
undergone extensive imaging investigations before referral,
including CBCT in 92% and MRI in 59% of cases. Previous
therapeutic interventionswere frequently reported, particularly
physiotherapy and occlusal splints. Comparable findings were
reported in previous studies, with a high rate of physiotherapy
use in patients with TMD [27, 28], reflecting its role as a com-
monly applied first-line management strategy in clinical prac-
tice. The heterogeneity of prior and ongoing treatments may
have influenced clinical presentation and symptom severity,
reflecting the real-world nature of a tertiary care population.
Degenerative joint disease represented the most frequent

primary diagnosis in the cohort, contrasting with older tertiary-
care studies in which disc displacement disorders predomi-
nated. In the cohorts described by Vrbanović et al. [27] and
Anastassaki et al. [28], disc displacement accounted for ap-
proximately 45% and 29% of diagnoses, whereas osteoarthritis
represented only 7.2% and 10%, respectively. This discrep-
ancy may partly reflect differences in diagnostic classification
systems, particularly the use of older TMD criteria in previous
studies, but also differences in referral settings and patient
recruitment. In contrast to our university hospital–based ter-
tiary referral center, the cohort described by Vrbanović et
al. [27] was recruited in a dental school setting, while the
study by Anastassaki et al. [28] originated from a specialized
outpatient clinic. Our multidisciplinary university hospital
setting, including rheumatology expertise, likely concentrates
more complex and chronic cases, including patients with de-
generative TMJ involvement, as patients are often referred
after failure of primary care management. Consistently with
this observation, more recent epidemiological studies con-
ducted in tertiary care settings have reported osteoarthritic
changes on CT imaging in approximately 30% of patients
with painful TMD [29]. While structural abnormalities do not
consistently reflect clinical symptom severity, inflammatory
osteoarthritis may represent a distinct and more symptomatic
phenotype. In this regard, Song et al. [30] demonstrated that
higher subjective pain at initial evaluation was associated with
increased destructive change index (DCI) scores both before
and after treatment, suggesting a potential association between
symptomatic inflammatory activity and structural progression.
Another major finding was the high prevalence of multiple

concomitant diagnoses. Nearly 30% of patients presented at
least one secondary TMD diagnosis, emphasizing the mul-
tifactorial nature of TMD and the frequent overlap between
muscular, articular, and functional disorders. This proportion
was substantially higher than the 20% reported byVrbanović et
al. [27]. Subgroup overlap and heterogeneous clinical presen-
tations are expected when applying DC/TMD criteria in real-
world populations, as patients frequently present with multiple
coexisting diagnostic features across Axis I categories.
The cohort also demonstrated a substantial burden of co-

morbidities, particularly chronic pain syndromes and anxiety
or depressive disorders. These findings are consistent with
previous studies demonstrating a higher prevalence of psycho-
logical distress, altered pain modulation with somatosensory
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disturbance, and chronic pain comorbidities in TMD popula-
tions compared with healthy controls [3, 5–7]. Chronic pain
conditions are increasingly understood through mechanisms
of central sensitization and altered neuroplasticity, which may
amplify nociceptive processing and contribute to persistent
pain despite limited or stable structural abnormalities [6]. The
prolonged symptom duration observed in the cohort, with a
median duration of approximately five years, could therefore
partly explain the discordance observed between persistent
symptoms and imaging findings particularly in patients with
long-standing disease. Maladaptive coping mechanisms have
also been proposed to promote symptom persistence through
enhanced pain-related attention and increased somatic sensi-
tivity [31]. Within our cohort, these mechanisms remain hy-
pothetical as no validated measures of central sensitization or
psychological status were collected. This phenomenon may be
particularly relevant in patients classified within the functional
and complex pain presentation subgroup who represented ap-
proximately 12% of cases. These patients demonstrated het-
erogeneous clinical presentation, combining multiple overlap-
ping symptoms. More than half presented joint noises such
as popping/clicking, while muscular pain was also prevalent.
Interestingly, patients within this subgroup also demonstrated
some of the longest symptom durations in the cohort, which
may suggest an association between chronicity and clinical
complexity. Future studies incorporating validated Axis II
instruments and standardized measures of central sensitiza-
tion would be valuable to further investigate the relationship
between psychosocial factors and imaging findings in TMD
patients.
Regarding imaging assessment, several ultrasonographic

findings differed between the symptomatic and contralateral
TMJs and, in exploratory analyses, across specific TMD
subgroups.
Capsular thickness tended to be higher on symptomatic side.

Although the difference reached statistical significance be-
tween symptomatic and contralateral joints in the longitudinal
view, capsular thickness did not significantly differ across di-
agnostic subgroups in either longitudinal or transversal views.
These findings are partly consistent with the prospective study
by Erturk et al. [20], in which patients with symptomatic TMD
showed increased joint space measurements when pain was
associated with intra-articular disorders, whereas reduced joint
space distances were observed in patients with pain attributed
to muscular disorders. Interestingly, the asymptomatic joints
in their study demonstrated amedian capsular thickness of 1.29
mm, with a significant difference compared with symptomatic
joints, similarly to our findings. The absence of significant
differences between diagnostic subgroups should nevertheless
be interpreted cautiously. Capsular thickness measurements
were available only in a subset of patients because ultrasound
images had not been systematically archived during routine
clinical practice. This reduced sample size may have limited
the statistical power to detect differences between diagnostic
subgroups. Moreover, observations from some diagnostic sub-
groups should be interpreted cautiously because of their limited
sample size and should therefore be considered hypothesis-
generating.
Joint effusion was more frequently observed in symptomatic

joints and in patients with inflammatory or degenerative intra-
articular disorders, both of which may be associated with intra-
articular fluid accumulation. Interestingly, no joint effusion
was identified during routine clinical examination in the co-
hort. This result is not unexpected, as the deep anatomical
location of the TMJ considerably limits the ability of clini-
cal inspection and palpation to detect intra-articular effusion.
These ultrasonographic findings are consistent with previous
studies evaluating the diagnostic performance of ultrasonogra-
phy for TMJ effusion. Jank et al. [32] reported a specificity
of 100% for the detection of joint effusion by ultrasonography,
although sensitivity was lower (81%). Similarly, the study by
Mello et al. [33] also demonstrated a specificity of 100%, but
with a markedly lower sensitivity of 20%. Taken together, our
findings interpreted in the light of previous studies, suggest that
ultrasonographic detection of joint effusion may provide com-
plementary information regarding intra-articular involvement,
whereas its absence does not reliably exclude joint pathology.
Conversely, joint effusion remained uncommon in muscular
disorders and in the functional/complex pain presentation sub-
group, although these exploratory subgroup findings should
not be interpreted as evidence of diagnostic discrimination.
Concerning disc visualization, exploratory subgroup anal-

yses showed differences in transverse disc visibility across
diagnostic subgroups, with higher proportions observed in disc
displacement disorders. The transverse view appeared valu-
able for the assessment of joint effusion and disc visualization
because it may improve visualization of the anterior and lat-
eral compartment of the TMJ. Nevertheless, interpretation can
sometimes be challenging, particularly when differentiating
small joint effusions from laterally displaced disc material,
which may explain the 18.4% rate of disc visibility observed
in the degenerative joint disease subgroup.
Dynamic assessment provided complementary information

regarding TMJ function during mandibular movement. Per-
sistence of disc material at the end of dynamic maneuvers
was more frequently observed in patients classified as disc
displacement without reduction (DDwoR). Although this find-
ing may reflect persistent disc displacement during mouth
opening, it should be interpreted cautiously, as failure to vi-
sualize the disc during examination may also result from tech-
nical factors, including probe positioning and image quality,
anatomical variability, and the operator-dependent nature of
ultrasonography. Importantly, MRI was not systematically
available to confirm disc displacement. Dynamic examina-
tion also provided information on condylar translation with
abnormalities more frequently observed on symptomatic sides,
suggesting that dynamic ultrasonography may provide com-
plementary functional information in the evaluation of TMD.
Conversely, dynamic abnormalities were not specific to disc
displacement alone, as altered condylar translation are also
observed in degenerative disorders and the functional/complex
pain presentation subgroup, although these exploratory find-
ings should be interpreted cautiously given the small subgroup
size.
Interestingly, no ultrasonographic finding appeared to

specifically characterize the functional and complex pain
presentation subgroup. This observation may suggest that
symptoms in these patients are only partially explained
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by structural TMJ abnormalities and further highlights the
importance of integrating imaging findings with the overall
clinical assessment.
An additional finding of interest was that nearly one-third

(30.6%) of contralateral TMJs exhibited at least one ultrasono-
graphic abnormality. This finding is consistent with previous
imaging studies, which have shown that structural abnormal-
ities may be present even in the absence of clinical symp-
toms [34, 35]. In particular, Jerele et al. [34] reported that
contralateral TMJs in patients with unilateral TMD frequently
exhibit MRI abnormalities, including disc displacement, os-
teoarthritic changes, and joint effusion. These ultrasound find-
ings may reflect subclinical structural abnormalities but could
also be explained by the limited specificity of certain ultra-
sonographic findings when interpreted in isolation, operator-
dependent variability, or the inherent limitations of classifying
TMJs according to the predominant symptomatic side for some
patients. Furthermore, unilateral TMDmay be associated with
bilateral structural or functional adaptations, suggesting that
the contralateral TMJ should not be regarded as equivalent to
a healthy control joint. In the absence of a healthy control
group, it remains uncertain whether these abnormalities are
specific to contralateral TMJs in patients with TMD or may
also be observed in the general population. These observations
further emphasize the imperfect relationship between imaging
findings and clinical presentation.
In the subgroup of patients with clinically suspected disc

displacement, MRI identified disc displacement in 95% of
cases (22/23), whereas ultrasonography identified disc dis-
placement in 73% of cases (17/23). This exploratory de-
scriptive comparison involved a small and selected subgroup
number of patient and was not designed to assess diagnostic
performance. Nevertheless, these observations can be contex-
tualized by the heterogeneous results reported in the literature,
with sensitivities for ultrasound detection of disc displacement
ranging from 65.8% in the study by Tognini et al. [36] to
as high as 95% in the series reported by Jank et al. [32].
These exploratory observations do not establish the diagnostic
accuracy of ultrasonography for disc displacement, while MRI
remains the reference imaging modality for detailed soft-tissue
evaluation and assessment of disc reducibility.
Regarding the strengths of this study, its real-life tertiary-

care design reflects routine clinical practice in a specialized
referral center. The multidisciplinary evaluation combining
rheumatology and maxillofacial surgery expertise enabled
comprehensive and standardized clinical assessment of
patients with complex TMD presentations. Another strength
is the clinical relevance of the ultrasonographic assessment
protocol, which included both static and dynamic analyses.
This approach allowed exploration of the potential role of
ultrasonography in providing descriptive information on
both structural abnormalities and TMJ mechanics during
mandibular movement. Finally, this study contributes to the
growing literature investigating the role of ultrasonography in
TMD assessment, while simultaneously providing a detailed
characterization of a tertiary-care TMD population.
Several important limitations should be acknowledged.

First, the observational cross-sectional design and the
absence of blinding between the clinical and ultrasonographic

assessments may have introduced observation bias and limited
causal interpretation of the associations between imaging
findings and diagnoses. Second, ultrasonographic evaluation
remains operator-dependent, and no formal assessment of
intra- or inter-observer reliability was performed. Therefore,
the reproducibility of our findings across different operators
remains to be established. Third, MRI correlation was not
systematically available for all patients, preventing direct
comparison between ultrasonographic findings and the current
imaging gold standard. Consequently, MRI comparison was
restricted to a small subgroup and was intended as a descriptive
exploratory analysis rather than an assessment of diagnostic
performance. Therefore, sensitivity, specificity, and predictive
values were not calculated, and the present data does not allow
reliable assessment of disc reducibility by ultrasonography.
Another important methodological limitation concerns the
within-patient comparison design. Patients with bilateral TMJ
pain without a clearly identifiable predominant symptomatic
side were excluded because the analysis was designed
to compare joints within the same individual. Although
this approach reduced inter-individual variability, it may
have introduced selection bias, limited the applicability of
these findings to patients with bilateral symptoms and may
have led to the underrepresentation of patients with more
complex or advanced bilateral TMD presentations, frequently
encountered in tertiary referral settings. Furthermore,
among the included patients with bilateral symptoms, the
contralateral TMJ corresponded to the less symptomatic
joint rather than to a symptom-free joint. Consequently, the
within-patient comparison may have reduced the contrast
between the two TMJs. Importantly, the contralateral TMJ
should not be regarded as equivalent to a healthy control
joint. However, because contralateral joints in patients with
TMD are known to exhibit structural abnormalities more
frequently than TMJs from healthy controls, the use of an
intra-individual comparator remains clinically relevant despite
its inherent limitations. Moreover, diagnostic classification
was based on routine clinical assessment, complemented by
conventional imaging findings when available. Although this
approach reflects routine clinical practice, some degree of
diagnostic misclassification cannot be excluded, particularly
in patients presenting with overlapping TMD phenotypes. In
addition, bruxism was assessed solely from the patient’s self-
reported history, without the use of validated questionnaires
or instrumental confirmation, which may have led to
some degree of misclassification. Another methodological
limitation concerns the definition of the functional and
complex pain presentation subgroup, which was based on
predefined clinical features rather than validated DC/TMD
Axis II instruments or other standardized measures of altered
pain processing. Although some of these clinical features may
be compatible with mechanisms such as central sensitization,
this mechanism was not objectively assessed or confirmed.
Consequently, some degree of classification bias cannot be
excluded for this subgroup. Furthermore, several diagnostic
subgroups included relatively small and unequal numbers of
patients, limiting statistical power and increasing the risk of
type I and type II errors. Consequently, all subgroups analysis
should be considered exploratory and hypothesis-generating,
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requiring confirmation in larger cohort. Finally, this study
was conducted in a tertiary referral center, where patients are
more likely to present with chronic, complex, or treatment-
refractory TMDs. Consequently, our findings may not be
fully generalizable to patients managed in primary care or
general dental practice, who often present with less severe or
earlier-stage disease.

5. Conclusions

This study provides a comprehensive characterization of pa-
tients with TMD referred to a tertiary-care center, highlighting
the complexity and chronicity of presentations encountered in
specialized care. Despite the heterogeneity of these presen-
tations, a standardized diagnostic workup integrating clinical
evaluation and, when available, conventional imaging allowed
patients to be categorized into distinct and coherent diagnostic
subgroups. The ultrasonographic findings in this study provide
a descriptive overview of ultrasound abnormalities observed in
a highly selected tertiary care cohort. Several ultrasonographic
findings differed between the symptomatic and contralateral
TMJs, while exploratory analyses identified differences across
diagnostic subgroups. These observations should be consid-
ered exploratory and interpreted cautiously, particularly given
the small subgroup size and other methodological limitations
of the study. Overall, these findings suggest that ultrasonog-
raphy may contribute to the characterization of structural TMJ
abnormalities and provide complementary information during
the evaluation of TMDs, when interpreted in conjunction with
the overall clinical assessment. Given the methodological
limitations of this study, ultrasonography should be regarded
as a complementary imaging modality rather than a standalone
diagnostic tool, while MRI remains the reference standard for
soft-tissue abnormalities evaluation and for assessment of disc
reducibility.

ABBREVIATIONS

CBCT, cone-beam computed tomography; csDMARDs,
conventional synthetic disease-modifying antirheumatic
drugs; CT, computed tomography; DCI, destructive change
index; DC/TMD, Diagnostic Criteria for Temporomandibular
Disorders; DMARDs, disease-modifying antirheumatic
drugs; IQR, interquartile range; JAK, Janus kinase; MRI,
magnetic resonance imaging; NSAIDs, non-steroidal
anti-inflammatory drugs; OSAS, obstructive sleep apnea
syndrome; PsA, psoriatic arthritis; RDC/TMD, Research
Diagnostic Criteria for Temporomandibular Disorders; SD,
standard deviation; TMD, temporomandibular disorder; TMJ,
temporomandibular joint; US, ultrasonography or ultrasound;
DDwR, disc displacement with reduction; DDwoR, disc
displacement without reduction; DD, disc displacement; CM,
closed-mouth; OM, open-mouth.

AVAILABILITY OF DATA AND MATERIALS

Data and materials are available on demand.

AUTHOR CONTRIBUTIONS

BLG—conceived and supervised the study; contributed
to data collection, provided imaging data, participated in
data analysis and interpretation, and critically revised the
manuscript. MD—collected and curated the data. BLG
and MD—performed the statistical analyses and drafted the
manuscript. HB—contributed to patient recruitment, data
collection, and critical revision of the manuscript. PC and
PG—contributed to patient referral and critically revised
the manuscript. All authors contributed to editorial changes
in the manuscript. All authors read and approved the final
manuscript.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

This retrospective study was based exclusively on data previ-
ously collected as part of routine patient care. The study did not
involve any intervention on participants, any additional proce-
dure, any randomization, or any modification of usual clinical
practice. Accordingly, under Articles L.1121-1 and R.1121-1
of the French Public Health Code, this study did not fall within
the scope of research involving human participants requiring
CPP approval. In accordance with institutional policy, all
patients admitted to Nantes University Hospital are informed
that their anonymized clinical data may be used for research
purposes unless they object. Specific informed consent was
obtained from the patient for publication of the anonymized
clinical photograph shown in Figure 1.

ACKNOWLEDGMENT

Not applicable.

FUNDING

This research received no external funding.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

SUPPLEMENTARY MATERIAL

Supplementary material associated with this article can be
found, in the online version, at https://files.jofph.com/
files/article/2120749413682823168/attachment/
Supplementary%20material.docx.

REFERENCES
[1] Zieliński G, Pająk-Zielińska B, Ginszt M. A meta-analysis of the

global prevalence of temporomandibular disorders. Journal of Clinical
Medicine. 2024; 13: 1365.

[2] Liu F, Steinkeler A. Epidemiology, diagnosis, and treatment of
temporomandibular disorders. Dental Clinics of North America. 2013;
57: 465–479.

[3] Vale Braido GVD, Svensson P, Dos Santos Proença J, Mercante

https://files.jofph.com/files/article/2120749413682823168/attachment/Supplementary%20material.docx
https://files.jofph.com/files/article/2120749413682823168/attachment/Supplementary%20material.docx
https://files.jofph.com/files/article/2120749413682823168/attachment/Supplementary%20material.docx


66

FG, Fernandes G, de Godoi Gonçalves DA. Are central sensitization
symptoms and psychosocial alterations interfering in the association
between painful TMD, migraine, and headache attributed to TMD?
Clinical Oral Investigations. 2023; 27: 681–690.

[4] Ferrando M, Andreu Y, Galdón MJ, Durá E, Poveda R, Bagán JV.
Psychological variables and temporomandibular disorders: distress,
coping, and personality. Oral Surgery, Oral Medicine, Oral Pathology,
Oral Radiology, and Endodontics. 2004; 98: 153–160.

[5] Cannatà D, Galdi M, Caggiano M, Acerra A, Amato M, Martina S.
Prevalence of signs and symptoms of temporomandibular disorders and
their association with emotional factors and waking-state oral behaviors
on university students: a cross-sectional study. Healthcare. 2025; 13:
1414.

[6] Gupta AK, Singh RK, Dutta A, Monisha VS, Singh N, Kumari S.
Central sensitization and somatization in adults with temporomandibular
disorders: a prospective study. Journal of Pharmacy and Bioallied
Sciences. 2025; 17: S2190–S2192.

[7] Omezli MM, Torul D, Varer Akpinar C. Temporomandibular disorder
severity and its association with psychosocial and sociodemographic
factors in Turkish adults. BMC Oral Health. 2023; 23: 34.

[8] Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G, Goulet
JP, et al.; International RDC/TMD Consortium Network, International
Association for Dental Research; Orofacial Pain Special Interest Group,
International Association for the Study of Pain. Diagnostic criteria for
temporomandibular disorders (DC/TMD) for clinical and research appli-
cations: recommendations of the International RDC/TMD Consortium
Network* and Orofacial Pain Special Interest Group†. Journal of Oral &
Facial Pain and Headache. 2014; 28: 6–27.

[9] Huff KD, Benoliel R. Clinical handbook for oral, facial, and head pain.
Journal of Oral & Facial Pain and Headache. 2023; 37: 219–268.

[10] Berthelot JM. Syndrome SADAM (syndrome algo-dysfonctionnel de
l’articulation temporo-mandibulaire). Revue du Rhumatisme Monogra-
phies. 2013; 80: 2–6.

[11] Slade GD, Ohrbach R, Greenspan JD, Fillingim RB, Bair E, Sanders
AE, et al. Painful temporomandibular disorder: decade of discovery from
OPPERA studies. Journal of Dental Research. 2016; 95: 1084–1092.

[12] Muir CB, Goss AN. The radiologic morphology of painful temporo-
mandibular joints. Oral Surgery, Oral Medicine, and Oral Pathology.
1990; 70: 355–359.

[13] Crow HC, Parks E, Campbell JH, Stucki DS, Daggy J. The utility
of panoramic radiography in temporomandibular joint assessment.
Dentomaxillofacial Radiology. 2005; 34: 91–95.

[14] Palconet G, Ludlow JB, Tyndall DA, Lim PF. Correlating cone beam
CT results with temporomandibular joint pain of osteoarthritic origin.
Dentomaxillofacial Radiology. 2012; 41: 126–130.

[15] Whyte A, Boeddinghaus R, Bartley A, Vijeyaendra R. Imaging of the
temporomandibular joint. Clinical Radiology. 2021; 76: 76.e21–76.e35.

[16] Tomas X, Pomes J, Berenguer J, Quinto L, Nicolau C,Mercader JM, et al.
MR imaging of temporomandibular joint dysfunction: a pictorial review.
RadioGraphics. 2006; 26: 765–781.

[17] Xiong X, Ye Z, Tang H, Wei Y, Nie L, Wei X, et al. MRI
of temporomandibular joint disorders: recent advances and future
directions. Journal of Magnetic Resonance Imaging. 2021; 54: 1039–
1052.

[18] Maranini B, Ciancio G, Mandrioli S, Galiè M, Govoni M. The role of
ultrasound in temporomandibular joint disorders: an update and future
perspectives. Frontiers in Medicine. 2022; 9: 926573.

[19] Tu KH, Chuang HJ, Lai LA, Hsiao MY. Ultrasound imaging for
temporomandibular joint disc anterior displacement. Journal of Medical
Ultrasound. 2018; 26: 109–110.

[20] Erturk AF, Yelken Kendirci M, Ozcan I, Gokcen Rohlig B. Use of
ultrasonography in the diagnosis of temporomandibular disorders: a
prospective clinical study. Oral Radiology. 2023; 39: 282–291.

[21] Emshoff R, Jank S, Bertram S, Rudisch A, Bodner G. Disk displacement
of the temporomandibular joint: sonography versus MR imaging.

American Journal of Roentgenology. 2002; 178: 1557–1562.
[22] Friedman SN, Grushka M, Beituni HK, Rehman M, Bressler HB,

Friedman L. Advanced ultrasound screening for temporomandibular joint
(TMJ) internal derangement. Radiology Research and Practice. 2020;
2020: 1809690.

[23] Landes CA, Goral WA, Sader R, Mack MG. Three-dimensional
versus two-dimensional sonography of the temporomandibular joint in
comparison to MRI. European Journal of Radiology. 2007; 61: 235–244.

[24] Almeida FT, Pacheco-Pereira C, Flores-Mir C, Le LH, Jaremko JL,Major
PW. Diagnostic ultrasound assessment of temporomandibular joints:
a systematic review and meta-analysis. Dentomaxillofacial Radiology.
2019; 48: 20180144.

[25] Zaman MU, Alam MK, Alqhtani NR, Alqahtani M, Alsaadi MJ,
Ronsivalle V, et al. Effectiveness of ultrasonography in the diagnosis
of temporomandibular joint disorders: a systematic review and meta-
analysis. Journal of Oral Rehabilitation. 2025; 52: 243–253.

[26] Le Goff B, Darras M, Loin J, Corre P, Bertin H. Ultrasound of the
temporomandibular joint: a pictorial review. Journal of Stomatology,
Oral and Maxillofacial Surgery. 2026; 127: 102748.

[27] Vrbanović E, Dešković K, Zlendić M, Alajbeg IZ. Profiling of patients
with temporomandibular disorders: experience of one tertiary care center.
Acta Stomatologica Croatica. 2021; 55: 147–158.

[28] Anastassaki A, Magnusson T. Patients referred to a specialist clinic
because of suspected temporomandibular disorders: a survey of 3194
patients in respect of diagnoses, treatments, and treatment outcome. Acta
Odontologica Scandinavica. 2004; 62: 183–192.

[29] Jena D, Naveen OP, Pillai RA, Shah SJ, Shrivastava A, Pareek V, et
al. Epidemiological analysis of temporomandibular joint disorders in a
tertiary care center: clinical presentation and management trends. Journal
of Pharmacy and Bioallied Sciences. 2025; 17: S2393–S2395.

[30] Song H, Lee JY, Huh KH, Park JW. Long-term changes of tem-
poromandibular joint osteoarthritis on computed tomography. Scientific
Reports. 2020; 10: 6731.

[31] Temircan Z. Psychological and somatosensory correlates of temporo-
mandibular disorder: anxiety, somatosensory amplification, and coping
strategies—a biopsychosocial perspective. Journal of Oral & Facial Pain
and Headache. 2026; 40: 139–148.

[32] Jank S, Emshoff R, Norer B, Missmann M, Nicasi A, Strobl H, et al.
Diagnostic quality of dynamic high-resolution ultrasonography of the
TMJ—a pilot study. International Journal of Oral and Maxillofacial
Surgery. 2005; 34: 132–137.

[33] Mello Junior CF, Saito OC, Filho HAG. Sonographic evaluation of
temporomandibular joint internal disorders. Radiologia Brasileira. 2011;
44: 355–359.

[34] Jerele C, Avsenik J, Šurlan Popović K. MRI characteristics of the
asymptomatic temporomandibular joint in patients with unilateral
temporomandibular joint disorder. Oral Radiology. 2021; 37: 469–475.

[35] Bilgen B, Durmaz S, Barburoğlu M, Saygılı S, Sülün T. Volume
and morphological characteristics of masticatory muscles in patients
with unilateral disc displacement without reduction and asymptomatic
individuals. Journal of Stomatology, Oral and Maxillofacial Surgery.
2025; 126: 102405.

[36] Tognini F, Manfredini D, Melchiorre D, Bosco M. Comparison of
ultrasonography and magnetic resonance imaging in the evaluation of
temporomandibular joint disc displacement. Journal of Oral Rehabilita-
tion. 2005; 32: 248–253.

How to cite this article: Manon Darras, Hélios Bertin,
Pierre Corre, Pascale Guillot, Benoît Le Goff. Ultrasound
assessment of temporomandibular disorders: a retrospective
cross-sectional study in a tertiary referral center. Journal of
Oral & Facial Pain and Headache. 2026; 40(6): 54-66. doi:
10.22514/jofph.2026.071.


	Introduction
	Materials and methods
	Study design and population
	Data collection
	Ultrasound examination
	Diagnostic classification
	Statistical analysis

	Results
	Patient characteristics
	Symptoms and management prior to the consultation
	Physical examination
	Primary and secondary diagnosis
	Ultrasound examination
	Subgroups analyses

	Discussion
	Conclusions

