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Abstract
Background: To conduct a bibliometric analysis mapping the intellectual landscape and
emerging trends in Magnetic resonance imaging (MRI) research of temporomandibular
disorders (TMD), identifying knowledge gaps and future directions. Methods: A
total of 1017 articles were retrieved from the Web of Science Core Collection
(WOSCC) database from 1995 to 2024 using the search formula: TS (Topic Search)
= (“Temporomandibular Disorders” OR “Temporomandibular Joint Disease” OR TMD)
AND TS = (“Magnetic Resonance Imaging” OR MRI). Author/country collaboration
network, co-citation analysis, keyword clustering, and burst detection were conducted
via CiteSpace 6.4.R1 (Parameters: Time slice: 1 year; g-index k = 25; Log-Likelihood
Ratio clustering). Results: Annual publications exhibited triphasic growth, peaking at
75 articles in 2022. The United States (160 articles, centrality = 0.22) dominated global
collaborations, while Shanghai Jiao Tong University emerged as the most productive
institution (30 articles). Key clusters revealed 15 clusters (Q = 0.4235, S = 0.7521), with
core clusters including “juvenile idiopathic arthritis” and “deep learning”. Burst strength
identified four major research frontier directions: analysis of pathological characteristics
of diseases (morphology with a burst strength of 4.49; anterior disc displacement with
a burst strength of 3.69); innovation in imaging examination methods (ultrasonography
with a burst strength of 3.61; cone-beam computed tomography with a burst strength of
3.51); development of intelligent diagnostic technologies (diagnostic criteria with a burst
strength of 12.09; deep learning with a burst strength of 5.81); and support for clinical
management applications (management with a burst strength of 4.62). Conclusions:
This study delineates an evolving research paradigm integrating Artificial Intelligence
(AI)-driven diagnostics with multimodal imaging.
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1. Introduction

Temporomandibular disorders (TMD) is a generic term for
pain and dysfunction of the temporomandibular joint (TMJ)
and the muscles of mastication [1]. TMD is a significant health
burden worldwide, affecting around 5–12% of the population
[2], with an overall prevalence of around 31% in adults/elderly
people and a slightly higher incidence rate in women than men
[3]. It is considered the most common cause of chronic non-
dental orofacial pain [4, 5]. The most common TMD subtypes
include pain-related disorders (such as myofascial pain and
arthralgias) and TMJ disorders (mainly internal disorders and
degenerative joint disease) [6].
Magnetic resonance imaging (MRI) is a non-invasive med-

ical imaging technique that uses strong magnetic fields, ra-

diofrequencywaves and computer processing to create detailed
images of internal body structures. Unlike X-rays or computed
tomography (CT), MRI visualizes soft tissue and functional
changes without ionizing radiation [7]. The diagnosis of TMD
usually involves three consecutive steps. First, the clinical
history and examination findings are categorized into broad
diagnostic groups. Then, specific physical disorders within
these groups are identified (leading to an Axis I diagnosis).
Finally, individualization is performed by assessing the degree
of functional impairment (both physical and psychological)
caused by the disorder (resulting in an Axis II diagnosis) [8].
As clinical examination alone is not sufficient to reliably assess
TMJ abnormalities, MRI has established itself as the gold
standard for a comprehensive assessment of TMJ status. This
modality provides unparalleled visualization of bony and soft
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tissue abnormalities that cannot be detected with conventional
imaging techniques [9]. However, the research focus and
limitations in this area remain unclear.
CiteSpace, a Java-based application, analyzes and visualizes

trends in scientific literature, hotspots and frontier areas of
research within a particular discipline or field of knowledge
through bibliometrics, co-occurrence analysis and cluster anal-
ysis. In CiteSpace, Betweenness Centrality, Modularity Q,
Silhouette S and Burstness are important analytical indicators.
They provide information on the structure and development
trends of research fields from different perspectives and pro-
vide valuable information for academic research. Among
them, betweenness centrality is an indicator that measures
the degree of involvement of a node in the network in the
paths connecting any two nodes. Nodes with high between-
ness centrality are marked with a purple outline, representing
key factors that connect different research directions, facili-
tate knowledge flow, and promote interdisciplinary research
collaboration. Modularity Q-value reflects the tightness and
independence of node clustering in the network. When Q
> 0.3, the connections between nodes within a module are
close, while those between modules are weak. This helps
identify different research topics or groups and understand the
internal structure and organizational patterns of the research
field. The silhouette S-value is an indicator used to evaluate
clustering quality. The closer the S-value is to 1, the more
reliable the clustering results are, and the more reasonable the
division of different topics in the research field becomes. Burst
strength reflects the sudden emergence and changing trends of
research hotspots, which is helpful for identifying hot topics
in the research field [10, 11]. In different mapping diagrams,
nodes represent authors, institutions, countries, or keywords.
The size of a node indicates its frequency of occurrence or
citation count, while the color denotes the year of occurrence or
citation. This study applies CiteSpace tomap research hotspots
and frontiers inMRI studies of TMD, advancing understanding
of TMD imaging characteristics.

2. Methods

2.1 Search strategy
This study only conducts a bibliometric analysis of the liter-
ature and therefore does not require ethical review or Institu-
tional Review Board (IRB) approval. To enhance represen-
tativeness and the reliability of the data, we selected litera-
tures through the Science Citation Index Expanded (SCIE) of
the Web of Science Core Collection (WOSCC). All relevant
studies used the following keywords: TS (Topic Search) =
(“Temporomandibular Disorders*” OR “Temporomandibular
Joint Disease*” OR TMD) AND TS (Topic Search) = (“Mag-
netic Resonance Imaging*” ORMRI). And the detailed search
strategy and selection process are shown in Fig. 1. Through
an advanced search, we retrieved documents spanning the
period from 01 January 1995 to 31 December 2024. A total
of 1254 documents were searched out, and 1017 documents
were retained after screening. All the literature in question was
exported in a text-only file format and marked “full record and
cited references”.

2.2 Eligibility and ineligibility criteria
We included peer-reviewed, published original articles and re-
views centered onMRI of TMD. Items excludedwere: (1) con-
ference abstracts or corrigenda; (2) unpublished manuscripts;
(3) duplicate publications; (4) articles unrelated to the topic.

2.3 Bibliometrics and visualization analysis
We exported the retrieved papers in plain text format, encom-
passing full records and references, and labeled them “down-
load_XXX.txt”. These files were subsequently imported into
CiteSpace for additional analysis. In this study, CiteSpace
version 6.4.R1 was employed for literature analysis, with the
following core parameters configured: a time-slicing interval
of 1 year was adopted to segment the dataset chronologically;
nodes were selected using the g-index (with a threshold of k
= 25), which gives more weight to highly cited articles and
is used to select influential nodes in the network, ensuring
the inclusion of high-impact entities; the Pathfinder algorithm
combined with temporal slicing was applied for pruning to
optimize network structure; cluster analysis was performed
using the Log-Likelihood Ratio (LLR) method, which iden-
tifies statistically distinctive terms from the cited literature
to generate cluster labels, offering more meaningful topic
representation than frequency-based methods; and a clustering
threshold of c = 0.15 was set to balance the granularity and
interpretability of the clustering results.
Meanwhile, the scientometric analysis in this study adheres

to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews (PRISMA-
ScR) framework to ensure methodological rigor.

3. Results

3.1 Annual publication volume analysis
A total of 1017 publications were ultimately included in the
analysis, comprising 931 articles and 86 reviews. The line
graph (Fig. 2) uses the publication year as the x-axis and
the number of articles as the y-axis, visually presenting the
changes in the development level of a particular field. Since
1995, we have found that there have been publications on TMD
MRI research every year. With the exception of 1995, when
the number of publications was less than 10, the number of
publications in all other years exceeded 10, and it reached a
peak of 75 in 2022. Over the past decade, publication volume
has stayed at a high level, averaging 54 per year, indicating
that researchers’ interest in MRI research on TMD has been
increasing significantly in recent years.

3.2 Author collaboration network analysis
The merged co-authorship network comprises 835 nodes and
1026 links, andwe selected all authors who have collaborations
(Fig. 3). The co-authorship network highlights prolific authors
and their collaborative relationships. In the three clusters
shown in Fig. 3, Jaremko JJ (8 articles) collaborated with 9
authors, Cron RQ (8 articles) collaborated with 10 authors
and Larheim TA (5 articles) collaborated with 11 authors.
Although the number of their publications is not very high,
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FIGURE 1. Flowchart for the search and selection process of this bibliometric analysis.

F IGURE 2. Trend Chart of the Annual Publication Volume (1995–2024).
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FIGURE 3. Visualized maps of bibliometric analysis involving author co-occurrence in the field of MRI related to TMD
from 1995 to 2024. Node size represents publication volume; edge thickness indicates collaboration frequency; edges denote
collaborative relationships. MRI: Magnetic resonance imaging; TMD: Temporomandibular disorders.

they are authors who value collaboration and communication
with other scientists, which is beneficial for the progress and
development of this field of research. We also found that
collaboration between authors in the three clusters is low,
which could be due to the different research topics in the
different clusters. In contrast, the most prolific authors are
Emshoff R (24 articles in total), Rudisch A (21 articles) and
Bertram S (19 articles), who only collaborated with 7 authors
each, suggesting that their communication in this field is not
very active.

3.3 The country and institution cooperation
network analysis
Selecting the top 15 institutions by number of publications, the
merged institutional collaboration network is shown in Fig. 4A,
which includes 441 nodes and 723 connections. The top five
institutions are Shanghai Jiao Tong University (30 articles),
Egyptian Knowledge Bank (EKB) (27 articles), Sichuan Uni-
versity (24 articles), University of Innsbruck (24 articles), and
Seoul National University (SNU) (21 articles).
For the top 20 countries ranked by number of publica-

tions, the merged national collaboration network is displayed
in Fig. 4B, containing 56 nodes and 237 connections. The
United States leads with 160 articles, followed by Japan (148
articles), the People’s Republic of China (130 articles), Brazil
(78 articles), and Germany (78 articles). However, countries
such as New Zealand, Albania, Tunisia, Nigeria, and Hungary
have only 1 publication each. The purple rings surrounding
the circles in the graph signify a betweenness centrality ex-

ceeding 0.1. Betweenness centrality gauges the probability
that any shortest route in the network traverses a specific
node, functioning to evaluate the significance of each node
within the graph. When the betweenness centrality value
exceeds 0.1, the node is considered a key node. Among the
top five countries by publication volume, all except Japan
have a betweenness centrality exceeding 0.1, highlighting their
significant contributions to this field.

3.4 Author and journal co-citation network
analysis

Fig. 5A shows the network of authors with a co-citation fre-
quency exceeding 50. The top 10 most cited authors are
Larheim TA (cited 303 times), Westesson PL (cited 289 times),
Katzberg RW (cited 268 times), Tasaki MM (cited 258 times),
Emshoff R (cited 217 times), Schiffman E (cited 200 times),
Dworkin S (cited 185 times), Manfredini D (cited 153 times),
Okeson JP (cited 127 times), and Ahmad M (cited 118 times).
Although the top 10 authors have been cited more than 100
times, only Dworkin S has a betweenness centrality reaching
0.1, indicating his prominent role in this field (Fig. 5A).

And Fig. 5B shows the network of journals with a co-citation
frequency exceeding 100. The top 5 most cited journals
are Oral Surg Oral Med O, cited 737 times, followed by J Oral
Maxil Surg (cited 679 times), Int J Oral Max Surg (cited 522
times), Radiology (cited 478 times), and J Oral Rehabil (cited
448 times) (Fig. 5B).
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FIGURE 4. Visualized maps of bibliometric analysis involving institutions and countries in the field of MRI related to
TMD from 1995 to 2024. Node size represents publication volume; edge thickness indicates collaboration frequency; purple rings
denote high betweenness centrality (pivotal bridging roles). (A) The Network of Co-Institution. (B) The Network of Co-country.
MRI: Magnetic resonance imaging; TMD: Temporomandibular disorders.
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FIGURE 5. Visualized maps of bibliometric analysis involving cited authors and cited journals in the field of MRI
related to TMD from 1995 to 2024. Node size indicates co-citation frequency; edges denote co-citation relationships; edge
thickness reflects co-citation strength. (A) The Network of Author Co-citation. (B) The Network of Journal Co-citation. MRI:
Magnetic resonance imaging; TMD: Temporomandibular disorders.
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3.5 References co-citation analysis

Fig. 6A and Table 1 display the leading co-cited references
that are marked by high co-citation frequency and high
betweenness centrality. The first co-cited reference,
published by Schiffman E et al. [12], provides a new
evidence-based diagnostic and treatment protocol for Dental
Occlusion/Temporomandibular Disorders (DC/TMD), which
is more suitable for clinical and research settings. Valesan LF
evaluated the prevalence of TMD in the general population
[2]. Tasaki MM investigated the prevalence of various types
of TMJ disc displacement in patients and asymptomatic
volunteers to develop a classification system for TMJ disc
displacement [13]. The reference by Katzberg RW used MRI
to determine the prevalence and specific anatomical types of

disc displacement in asymptomatic and symptomatic subjects,
potentially explaining the anatomical variations in abnormal
disc positions [14]. Ahmad M established comprehensive
imaging analysis criteria for the RDC/TMD validation project
[15]. Tasaki MM investigated the prevalence of various
types of TMJ disc displacement in patients and asymptomatic
volunteers to develop a classification system for TMJ disc
displacement [13].
Other highly cited references include the following:

Larheim TA revealed the role of MRI in the clinical diagnosis
of temporomandibular joints, concluding that MRI is the
best method for diagnostic evaluation of TMJ conditions [9].
Matsubaraetal R concluded that disc displacement without
reduction and high-grade joint effusion (an indicator of
joint inflammation) are associated with TMD symptoms,

TABLE 1. The top 10 references by citation frequency.
Rank First author Frequency Centrality Year Cited references Journal IF
1 Eric

Schiffman
52 0.07 2014 Diagnostic Criteria for

Temporomandibular Disorders (DC/TMD)
for Clinical and Research Applications:
recommendations of the International
RDC/TMD Consortium Network* and
Orofacial Pain Special Interest Group†

J Oral Facial
Pain Headache

1.9

2 Lígia
Figueiredo
Valesan

32 0.00 2021 Prevalence of temporomandibular joint
disorders: a systematic review and

meta-analysis

Clinical Oral
Investigations

3.1

3 Mark M.
Tasaki

28 0.03 1996 Classification and prevalence of
temporomandibular joint disk
displacement in patients and
symptom-free volunteers

Am J Orthod
Dentofacial
Orthop

3.0

4 Richard W.
Katzberg

26 0.02 1996 Anatomic Disorders of the
Temporomandibular Joint Disc in

Asymptomatic Subjects

J Oral
Maxillofac

Surg

2.3

5 Mansur
Ahmad

26 0.03 2009 Research diagnostic criteria for
temporomandibular disorders

(RDC/TMD): development of image
analysis criteria and examiner reliability

for image analysis

Oral Surg Oral
Med Oral
Pathol Oral
Radiol Endod

2.5

6 Risa
Matsubara

19 0.04 2018 Assessment of MRI findings and clinical
symptoms in patients with

temporomandibular joint disorders

Dentomaxillofac
Radiol

4.1

7 Tore A
Larheim

19 0.11 2005 Role of magnetic resonance imaging in
the clinical diagnosis of the
temporomandibular joint

Cells Tissues
Organs

1.9

8 Thomas J
Vogl

18 0.04 2016 The value of MRI in patients with
temporomandibular joint dysfunction:
Correlation of MRI and clinical findings

Eur J Radiol 3.3

9 Thekla Von
Kalle

18 0.31 2013 Contrast-enhanced MRI of normal
temporomandibular joints in children—is

there enhancement or not?

Rheumatology
(Oxford)

4.4

10 Daniel
Talmaceanu

17 0.03 2018 Imaging modalities for
temporomandibular joint disorders: an

update

Clujul Med 0

MRI: Magnetic resonance imaging; IF: Impact Factor.
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suggesting that treatment strategies for disc displacement
without reduction and reducing inflammation may alleviate
clinical TMD symptoms [16]. Vogletal TJ found that MRI has
highly acceptable specificity and sensitivity for diagnosing
anterior disc displacement and osseous changes in the TMJ
[17]. Additionally, MRI should primarily be used for severe,
refractory cases and surgical planning purposes.
Fig. 6B displays the largest 19 clusters of co-cited refer-

ences. Fig. 7 presents the top 20 references featuring the
strongest citation bursts, signaling emerging trends or increas-
ing focus in this field. Typically, the most frequently co-cited
references are also prone to show the strongest citation bursts.

3.6 Keywords analysis
3.6.1 Keyword co-occurrence analysis
Nodes stand for keywords, with the size of each circle re-
flecting the citation frequency of these keywords, and each
keyword has a citation frequency of over 50 (Fig. 8A). The
top ten most influential keywords based on citation frequency
were identified (Table 2). High-impact keywords reflect hot
topics in the field, while nodes marked with purple circles
denote those with outstanding betweenness centrality. The top
five keywords by citation frequency were temporomandibular
joint (399 times), disorders (363 times), magnetic resonance
imaging (304 times), internal derangement (233 times), and
pain (178 times). In contrast, the keywords with the highest
betweenness centrality were disease (0.13), MRI (0.11), ab-
normality (0.11), diagnosis (0.10), and association (0.10). This
divergence highlights that while high-frequency keywords rep-
resent dominant research topics, those with elevated centrality
serve as critical hubs bridging interdisciplinary concepts within
the knowledge network.

3.6.2 Keyword cluster map analysis
To better visualize research frontiers in specific topics, key-
word clustering analysis was performed. Spectral clustering
algorithms were applied to group keywords, and the LLR
method was used to extract labels for each cluster from cited
literature. A modularity (Q-value) >0.3 suggests significant
community structure, while a silhouette (S-value) >0.7 indi-
cates robust and convincing clustering. A total of 15 clusters
were ultimately retained: bone marrow edema, diagnostic
value, temporomandibular joint arthralgia, juvenile idiopathic,
comparative study, anterior disk displacement, internal de-
rangement, biomechanical effect, voxel-based morphometry
study, deep learning, hyaluronic acid, masseter muscle, symp-
tomatic patient, correlation. The modularityQ-value of 0.4235
and silhouette S-value of 0.7521 (Fig. 8B) confirmed the relia-
bility and academic significance of the clustering results. The
overlapping color blocks in the cluster visualization indicate
close interconnections and dynamic interactions among dis-
tinct thematic domains.

3.6.3 Keywords with citation bursts
Fig. 9 presents the top 59 keywords featuring citation bursts.
The blue line stands for the time range, while the red line
signifies the period when a keyword showed a citation burst
[18]. The keyword with the strongest citation burst intensity

was diagnostic criteria, followed by classification. Notably,
after excluding the search subject terms, the citation bursts of
association, involvement, ultrasonography, management, mor-
phology, diagnostic criteria, anterior disc displacement, deep
learning, network, and cone-beam computed tomography have
persisted until 2024, highlighting their sustained academic
relevance and emerging dominant position in current research
trends.

4. Discussion

4.1 Research status
In this study, bibliometric methods were applied to analyze
1017 articles onMRI research of TMD fromWOSCC. Quanti-
tative analyzes were performed on journal metadata, including
annual publication volume, authors, countries and institutions.
In the period from January 1995 toDecember 2024, the number
of published articles showed a general upward trend (Fig. 2),
and this trend can be divided into three phases.
Phase 1 (1995–1998) marked the initial phase of research

with limited publications and slow growth. Fundamental stud-
ies during this period created a solid theoretical basis for
later advances. Phase 2 (1999–2007) saw moderate growth
in publications, indicating a lack of groundbreaking advances.
Phase 3 (2008–2024) represents the peak, characterized by
a surge in publications, particularly with the fastest growth
between 2015 and 2016, indicating accelerated development in
the field. Over the past three decades, advances in novel MRI
technologies have demonstrated significant scientific potential
and clinical utility in this field. Nowadays, 3.0T MRI is
widely used to improve the resolution of temporomandibular
joint images [19]. Traditional sequences such as T1-weighted
imaging (T1WI), T2-weighted imaging (T2WI), and proton
density-weighted imaging (PDWI) still hold value in assessing
disc displacement, soft tissue conditions, and joint effusion
[20]. Fluid-attenuated inversion recovery (FLAIR) sequences
are used specifically to differentiate between inflammatory
processes and simple fluid accumulation in the joint space
[21], while fat saturation techniques improve the detection of
joint adhesions and fibrotic changes [22]. Dual Echo Steady
State (DESS) combines the signals from Fast Imaging with
Steady-state Precession (FISP) and Phase Sensitive Inversion
Recovery Fast Imaging with Steady-state Precession (PSIF)
echoes, which enhances T2 specificity, reduces signal de-
cay caused by dephasing, and achieves excellent visualization
of the temporomandibular joint [23]. Quantitative analysis
using apparent diffusion coefficient (ADC) values derived
from diffusion-weighted imaging (DWI) provides an objective
assessment of the severity of masseter muscle myalgia in TMD
patients [24]. Diffusion Tensor Imaging (DTI), as a non-
invasive method, has gained increasing attention. It can be
used to characterize the morphological features and internal
structural arrangement of masticatory muscles and can detect
early musculoskeletal changes [25]. Chemical shift-encoded
MRI (CSE-MRI) is a method capable of quantifying proton
density fat fraction (FF), which enables quantitative analysis
of the masticatory muscles in patients with TMD through fat
fraction [20]. Ultrashort echo time (UTE) sequence improves
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FIGURE 6. Visualized maps of bibliometric analysis involving the top 20 cited references in the field of MRI related
to TMD from 1995 to 2024. Node size indicates co-citation strength; edges denote co-citation relationships; edge thickness
reflects co-citation frequency; purple rings highlight pivotal bridging references. (A) The Network of Co-cited References. (B)
The Network of Co-cited References Clusters. MRI: Magnetic resonance imaging; TMD: Temporomandibular disorders.
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FIGURE 7. Top 20 References with strongest citation bursts. Burst strength indicates citation surge intensity; blue segments
denote stable citation periods; red segments mark burst durations.

TABLE 2. The top 10 representative keywords.
Rank Keywords Count Centrality
1 Temporomandibular joint 399 0.03
2 Disorders 363 0.03
3 Magnetic resonance imaging 304 0.08
4 Internal derangement 233 0.06
5 Pain 178 0.06
6 Prevalence 171 0.08
7 Displacement 110 0.08
8 Temporomandibular disorders 108 0.06
9 Disc displacement 99 0.04
10 Temporomandibular joint 96 0.06

the visualization of short T2 structures, including the fibrocar-
tilaginous disc and the fibrocartilage of the inner wall of the
articular surface of the joint [26].

Author visualization analysis (Fig. 3) revealed that the most
prolific authors in TMD-MRI research were Emshoff R, Rud-
isch A and Bertram S, underscoring their prominent contri-
butions. At the national level, the United States, Japan, and
the People’s Republic of China produced the greatest number
of publications (Fig. 4B). Notably, the U.S. dominated in
both publication volume and betweenness centrality, high-
lighting its pivotal role in fostering global integration and
knowledge exchange. In contrast, the observed dichotomy
between Japan’s high publication output (116 articles) and low
betweenness centrality (0.1) suggests a potential “scientific
silo” phenomenon, wherein domestic research networks may
prioritize local collaboration over international knowledge ex-
change. We also note that although South Korea ranks 9th
in the number of publications (50 articles), Seoul National
University in South Korea has published 21 articles with a be-
tweenness centrality of 0. This result indicates that institutions

in South Korea, including Seoul National University, not only
need to further strengthen research in this area in the future, but
should also emphasize establishing close cooperative relation-
ships with other institutions worldwide to promote the global
development of this research area. In contrast, there are only
11 publications in Denmark. Aarhus University in Denmark
has published 9 articles, with its betweenness centrality of 0.15
being the highest among the institutions. This indicates that
Aarhus University is not only a leading institution in this field
domestically, but also very active in international exchange
and collaboration. Collaboration with countries or institutions
specializing in this field could enhance cross-border under-
standing and drive progress in TMD-MRI research. We advo-
cate for deeper international and interdisciplinary cooperation
to dismantle academic barriers and advance this domain. Ten
countries represented by New Zealand have only 1 publication
each, suggesting that these countries not only need to increase
their focus in this area, but also improve international exchange
and cooperation.

We analyzed the prominent representatives among the cited
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FIGURE 8. Visualized maps of bibliometric analysis of keywords with an occurrence frequency of over 50 in the field of
MRI related to TMD from 1995 to 2024. Node size indicates keyword co-occurrence frequency; edges denote co-occurrence
relationships; edge thickness reflects co-occurrence strength; purple rings highlight pivotal bridging topics. (A) The Network
of Co-occurring Keywords. (B) The Network of Co-occurring Keywords Clusters. MRI: Magnetic resonance imaging; TMD:
Temporomandibular disorders.
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FIGURE 9. Top 58 keywords with strongest citation. Burst strength indicates citation surge intensity; blue segments denote
stable citation periods; red segments mark burst durations.
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references by referring to citation counts, betweenness central-
ity, and citation bursts. The article on TMD diagnosis and
treatment published by Schiffman E in 2014 had the highest
citation count in the sample of this study. It exhibited the
strongest burst intensity, reaching 25.79, during the three-year
period from 2016 to 2019. This article primarily updated
the Axis I diagnostic algorithm of the Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/TMD), es-
tablished MRI as an essential auxiliary tool, provided method-
ological support for TMD-related MRI research, and facili-
tated the development of TMD imaging diagnostic criteria and
clinical-imaging correlation models [12]. The reference with
the highest betweenness centrality was published by Von KT
in 2013. Its findings confirmed the presence of physiological
enhancement in the TMJ of normal children, offering a cru-
cial reference for distinguishing pathological enhancement in
children with juvenile idiopathic arthritis. This contributed
to optimizing MRI assessment protocols for juvenile idio-
pathic arthritis children and resolved the controversy over
the degree of contrast in the TMJ of normal children [27].
Additionally, we noted that in Fig. 7, the cited reference
that has maintained a continuous burst in recent years with
a burst intensity exceeding 10 is the 2021 publication by
Valesan LF. Its significance lies mainly in evaluating the two
diagnostic criteria (RDC/TMD and DC/TMD), determining
the prevalence of temporomandibular joint disorders in the
general population, and addressing the controversy over the
actual prevalence of TMD in the population, which arose due to
the lack of homogeneity in diagnostic criteria used in previous
surveys.

4.2 Research hotspots and frontiers
Clustering of citations (Fig. 6B) is generally regarded as the
foundation of the current knowledge system, while clustering
of keywords (Fig. 8B) is the focus of attention of current
researchers. Therefore, we analyzed and compared these two
clusters together, which helps us to better grasp the hotspots
of research. This field has made a leap from qualitative to
quantitative analysis. For example, Jeon et al. [28] were
the first to perform quantitative analysis of fat content in the
masseter muscles of TMD patients using chemical-encoded
magnetic resonance imaging, which is expected to become a
biomarker for objective assessment of muscles. For example,
Li et al. [29] investigated changes in the whole brain gray
matter volume and cerebral blood flow in TMD patients using
MRI. Finally, juvenile idiopathic arthritis is also recognized
as an important research focus. Juvenile idiopathic arthritis is
usually associated with morphological changes of the TMJ, but
patients with this type often have no clinical symptoms, and
their prognosis is not favorable. Therefore, MRI is of great
importance as the gold standard for the early diagnosis and
treatment of this disease [30].
Keyword citation burst strength reflects emerging research

hotspots; thus, we will conduct analysis from four aspects:
analysis of pathological characteristics of diseases, innovation
in imaging examination methods, development of intelligent
diagnostic technologies, and support for clinical management
applications.

Morphological changes in TMD have long been a focus of
research. Anterior disc displacement is the most common sub-
type of TMD, leading to clinical symptoms such as malocclu-
sion, mandibular retrognathia and facial asymmetry, and can
cause severe psychosocial problems for patients [31]. MRI is
considered the gold standard for assessing the morphology and
location of articular disc [32]. However, the complexity of MR
image analysis of the TMJ is increased by the often-unclear
description and low contrast of the components of the TMJ and
surrounding tissues, as well as changes in the morphology of
the disk due to disease progression [31]. Increased research in
this area will improve diagnostic accuracy and reproducibility
in this area. Secondly, some studies have shown that pain in
TMDpatients may be related to central sensitization. Although
central sensitization cannot be measured directly, it can be
assessed in terms of amplitude, duration or spatial extent using
functional magnetic resonance imaging [4], which provides
technical support for biomarker research.
MRI, the gold standard for the diagnosis of TMD, has

limited use for technical, economic and social reasons [33],
paving the way for the development of other cost-effective
and convenient imaging examinations. Both CBCT and MRI
can accurately measure joint space and condylar morphologic
changes, although both have different advantages—CBCT is
superior in detecting bony abnormalities and is often the first
choice for diagnosing bony lesions, while MRI is superior
in detecting soft tissue [34]; a study shows that ultrasound
achieves a specificity of 90% and a sensitivity of 80% in the
diagnosis of disc displacement, and its advantages in real-
time capability and cost-effectiveness make it promising [35].
Although ultrasoundmay have clinically acceptable diagnostic
accuracy in diagnosing disc displacement of TMJ, due to ex-
isting disagreements regarding the standardization of relevant
procedures, additional training for physicians in operation and
interpretation is still required to ensure diagnostic accuracy
[36]. Combining MRI with other imaging examinations into
a multimodal examination technology will facilitate the im-
provement of diagnostic criteria and thus increase the accuracy
and reliability of existing diagnoses.
Although the DC/TMD diagnostic criteria are the most

widely used, they have limitations, such as limited diagnostic
accuracy, sensitivity and specificity. Therefore, there is
an urgent need for new diagnostic tools to improve the
efficiency and precision of TMD diagnosis [37]; in recent
years, artificial intelligence has gained popularity in various
medical fields, with AI models such as U-Net, RetinaNet,
MobileNetV2, ResNet, InceptionV3 and VGG16 ensemble
playing an important role in segmentation and interpretation
of anatomical structures across different imaging modalities,
achieving accuracy of more than 83%, while MobileNet V2
and ResNet have better performance metrics, showing their
reliability in the diagnosis of TMD [38]; at the same time,
we noted that all studies use locally available samples from a
single center, which may lead to overfitting and only apply
to the population for which they were trained. To improve
the validity and universality of the models, further research
examining more diverse multicenter data will be the next
research focus [39].
The etiology of TMD is multifactorial, with the exact causes
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of symptoms being difficult to identify and the intensity of
TMD symptoms varying; therefore, management for TMD
patients should be individualized. However, due to controver-
sies in the literature about TMD diagnosis and management
protocols, the choice of treatment methods is often strongly
influenced by the expertise of the treating physicians [40]. The
development of uniform diagnostic and management protocols
will standardize treatment approaches for patients, thereby
reducing the medical risks associated with inconsistent stan-
dards.

5. Limitations of this study

The limitations of this study are mainly as follows: (1)
Database bias: this study only included English literature
from WOSCC, which may carry risks of omitting distinctive
research from non-English-speaking countries and studies
in other databases. (2) Differences in economic strength
and population size among countries may affect research
development, potentially introducing bias [41]. (3) The
visualization tools used have limitations, as they cannot
exclude self-citations, which may lead to bias. (4) Since some
excellent newly published articles may be omitted due to
delays, the results of this study may suffer from insufficient
timeliness.

6. Conclusions

This study systematically shows the research development and
recent trends in the field of MRI in TMD from 1995 to 2024
through a bibliometric analysis of CiteSpace. Key findings
show that the volume of research in this field has continued
to increase, with the number of publications peaking at 75
articles in 2022 and an average of 54 articles per year over the
last decade, confirming the irreplaceability of MRI as the gold
standard for the assessment of TMD. The network of national
collaborations shows that the United States (160 publications,
betweenness centrality 0.22), China (130 publications) and
Brazil (78 publications) form the core of the global collabo-
ration. However, Japan (148 publications, betweenness cen-
trality 0.05) and South Korea (50 publications, betweenness
centrality 0) show the phenomenon of “academic isolation”,
which is characterized by high output but low centrality and
underlines the need to strengthen international collaboration.
Citation burst detection further reveals four major frontier
transitions: analysis of pathological characteristics, innovation
in imaging examination methods, development of intelligent
diagnostic technologies, and support for clinical management
applications.
Future directions should prioritize: (1) developing AI mod-

els based on multi-center big data to enhance the validity
and universality of the models; (2) promoting interdisciplinary
innovation to explore the comorbidity mechanisms between
TMD and systemic diseases, thereby advancing personalized
treatment strategies; (3) combining MRI with other imaging
examinations to form multimodal examination technology, so
as to improve the accuracy and reliability of existing diagnoses.
Addressing these priorities will require concerted efforts to
bridge the current translational gap between technical innova-

tion and clinical implementation.

AVAILABILITY OF DATA AND MATERIALS

The original data presented in the study are included in the ar-
ticle, and further inquiries can be directed to the corresponding
author.

AUTHOR CONTRIBUTIONS

YL, MQL and YJJ—data collection, results analysis, and orig-
inal draft preparation. KKM—visualization and software.
ZYC—review, editing and funding acquisition.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

Not applicable.

ACKNOWLEDGMENT

Not applicable.

FUNDING

Thisworkwas supported byHainan Provincial Natural Science
Foundation of China (822MS197).

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES
[1] Lee YH,Won JH, Kim S, Auh QS, Noh YK. Advantages of deep learning

with convolutional neural network in detecting disc displacement of
the temporomandibular joint in magnetic resonance imaging. Scientific
Reports. 2022; 12: 11352.

[2] Valesan LF, Da-Cas CD, Réus JC, Denardin ACS, Garanhani RR, Bonotto
D, et al. Prevalence of temporomandibular joint disorders: a systematic
review and meta-analysis. Clinical Oral Investigations. 2021; 25: 441–
453.

[3] da Silva ZA, Melo WWP, Ferreira HHN, Lima RR, Souza-Rodrigues
RD. Global trends and future research directions for temporomandibular
disorders and stem cells. Journal of Functional Biomaterials. 2023; 14:
103.

[4] FerrilloM, Giudice A,Marotta N, Fortunato F, Di Venere D, Ammendolia
A, et al. Pain management and rehabilitation for central sensitization
in temporomandibular disorders: a comprehensive review. International
Journal of Molecular Sciences. 2022; 23: 12164.

[5] List T, Jensen RH. Temporomandibular disorders: old ideas and new
concepts. Cephalalgia. 2017; 37: 692–704.

[6] Barbosa C, Gavinha S, Soares T, Reis T, Manso C. Is generalized
joint hypermobility associated with chronic painful temporomandibular
disorders in young adults? A cross-sectional study. Journal of Clinical
Medicine. 2024; 14: 44.

[7] Johnson M, Sreela LS, Mathew P, Prasad TS. Actual applications
of magnetic resonance imaging in dentomaxillofacial region. Oral
Radiology. 2022; 38: 17–28.

[8] Stegenga B. Nomenclature and classification of temporomandibular joint
disorders. Journal of Oral Rehabilitation. 2010; 37: 760–765.



164

[9] LarheimTA. Role ofmagnetic resonance imaging in the clinical diagnosis
of the temporomandibular joint. Cells Tissues Organs. 2005; 180: 6–21.

[10] Chen C. CiteSpace II: detecting and visualizing emerging trends and
transient patterns in scientific literature. Journal of the American Society
for Information Science and Technology. 2006; 57: 359–377.

[11] Chen C. Searching for intellectual turning points: progressive knowledge
domain visualization. Proceedings of the National Academy of Sciences.
2004; 101: 5303–5310.

[12] 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.

[13] Tasaki MM, Westesson P, Isberg AM, Ren Y, Tallents RH. Classification
and prevalence of temporomandibular joint disk displacement in patients
and symptom-free volunteers. American Journal of Orthodontics and
Dentofacial Orthopedics. 1996; 109: 249–262.

[14] Katzberg RW, Westesson P, Tallents RH, Drake CM. Anatomic disorders
of the temporomandibular joint disc in asymptomatic subjects. Journal of
Oral and Maxillofacial Surgery. 1996; 54: 147–153.

[15] Ahmad M, Hollender L, Anderson Q, Kartha K, Ohrbach R, Truelove
EL, et al. Research diagnostic criteria for temporomandibular disorders
(RDC/TMD): development of image analysis criteria and examiner
reliability for image analysis. Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology, and Endodontology. 2009; 107: 844–860.

[16] Matsubara R, Yanagi Y, Oki K, Hisatomi M, Santos KC, Bamgbose BO,
et al. Assessment of MRI findings and clinical symptoms in patients with
temporomandibular joint disorders. Dento Maxillo Facial Radiology.
2018; 47: 20170412.

[17] Vogl TJ, Lauer H, Lehnert T, Naguib NNN, Ottl P, Filmann N, et al.
The value of MRI in patients with temporomandibular joint dysfunction:
correlation of MRI and clinical findings. European Journal of Radiology.
2016; 85: 714–719.

[18] Chen C, Dubin R, Kim MC. Emerging trends and new developments
in regenerative medicine: a scientometric update (2000–2014). Expert
Opinion on Biological Therapy. 2014; 14: 1295–1317.

[19] Zhao R, Xiong X, Li Z, Zhang L, Yang H, Ye Z. Recent advances
and educational strategies in diagnostic imaging for temporomandibular
disorders: a narrative literature review. Frontiers in Neurology. 2025; 16:
1597312.

[20] Öcbe M. The evolving role of MRI in dentomaxillofacial diagnostics: a
comprehensive review. European Oral Research. 2025; 59: 58–67.

[21] Imoto K, Otonari-Yamamoto M, Nishikawa K, Sano T, Yamamoto A.
Potential of fluid-attenuated inversion recovery (FLAIR) in identification
of temporomandibular joint effusion compared with T2-weighted images.
Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and
Endodontology. 2011; 112: 243–248.

[22] Yura S, Nobata K, Shima T. Diagnostic accuracy on fat-saturated
T2 weighted MRI for diagnosis of intra-articular adhesions of the
temporomandibular joint. Dento Maxillo Facial Radiology. 2012; 41:
230–233.

[23] Al-Haj Husain A, Schmidt V, Valdec S, Stadlinger B, Winklhofer S,
Schönegg D, et al. MR-orthopantomography in operative dentistry and
oral and maxillofacial surgery: a proof of concept study. Scientific
Reports. 2023; 13: 6228.

[24] Sawada E, Kaneda T, Sakai O, Kawashima Y, Ito K, Hirahara N,
et al. Increased apparent diffusion coefficient values of masticatory
muscles on diffusion-weighted magnetic resonance imaging in patients
with temporomandibular joint disorder and unilateral pain. Journal of Oral
and Maxillofacial Surgery. 2019; 77: 2223–2229.

[25] Lin X, Guo W, She D, Hu J, Dai H, Song Y, et al. Three-dimensional
architecture characteristics and diffusion properties of masticatory
muscles assessed with diffusion tensor imaging and diffusion spectrum

imaging: a pilot study of differences, reproducibility and sensitivity to
microenvironment changes. BMC Musculoskeletal Disorders. 2025; 26:
407.

[26] Vaddi A, Parasher P, Khurana S. Beyond X-rays: unveiling the future of
dental diagnosis with dental magnetic resonance imaging. Diagnostics.
2025; 15: 1153.

[27] von Kalle T, Winkler P, Stuber T. Contrast-enhanced MRI of normal
temporomandibular joints in children—is there enhancement or not?
Rheumatology. 2013; 52: 363–367.

[28] Jeon KJ, Choi YJ, Lee C, Kim HS, Han SS. Evaluation of masticatory
muscles in temporomandibular joint disorder patients using quantitative
MRI fat fraction analysis-could it be a biomarker? PLOS ONE. 2024; 19:
e0296769.

[29] Li X, Jiang Y, Chen Z. Altered grey matter volume and cerebral
perfusion over the whole brain in painful temporomandibular disorders:
a pilot voxel-based analysis. Current Medical Imaging. 2025; 21:
e15734056373583.

[30] Collin M, Hagelberg S, Ernberg M, Hedenberg‐Magnusson B, Christidis
N. Temporomandibular joint involvement in children with juvenile
idiopathic arthritis—symptoms, clinical signs and radiographic findings.
Journal of Oral Rehabilitation. 2022; 49: 37–46.

[31] Yu Y, Wu SJ, Zhu YM. Deep learning-based automated diagnosis
of temporomandibular joint anterior disc displacement and its clinical
application. Frontiers in Physiology. 2024; 15: 1445258.

[32] Chan NHY, Ip CK, Li DTS, Leung YY. Diagnosis and treatment of
myogenous temporomandibular disorders: a clinical update. Diagnostics.
2022; 12: 2914.

[33] Murali S, Ding H, Adedeji F, Qin C, Obungoloch J, Asllani I, et
al. Bringing MRI to low- and middle-income countries: directions,
challenges and potential solutions. NMR in Biomedicine. 2024; 37:
e4992.

[34] ZhangM, Sang J, Yang C, Liu H, Xiao Y, Li J, et al. Cone-beam computed
tomography andmagnetic resonance imaging in temporomandibular joint
disorder diagnosis: a comparative study. Journal of Multidisciplinary
Healthcare. 2025; 18: 3793–3802.

[35] Wang K, Li C, Zhou J, Ren J, You M. Diagnostic accuracy of dynamic
high-resolution ultrasonography in assessing anterior disc displacement
in temporomandibular joint disorders: a prospective observational study.
Healthcare. 2024; 12: 2355.

[36] Thapar PR, Nadgere JB, Iyer J, Salvi NA. Diagnostic accuracy of ultra-
sonography compared with magnetic resonance imaging in diagnosing
disc displacement of the temporomandibular joint: a systematic review
and meta-analysis. The Journal of Prosthetic Dentistry. 2025; 133: 446–
454.

[37] Mehta V, Tripathy S, Noor T, Mathur A. Artificial intelligence in
temporomandibular joint disorders: an umbrella review. Clinical and
Experimental Dental Research. 2025; 11: e70115.

[38] Sankar H, Alagarsamy R, Lal B, Rana SS, Roychoudhury A, Barathi A,
et al. Role of artificial intelligence in magnetic resonance imaging-based
detection of temporomandibular joint disorder: a systematic review.
British Journal of Oral and Maxillofacial Surgery. 2025; 63: 174–181.

[39] ManekM,Maita I, Bezerra Silva DF, Pita deMelo D,Major PW, Jaremko
JL, et al. Temporomandibular joint assessment in MRI images using
artificial intelligence tools: where are we now? A systematic review.
Dento Maxillo Facial Radiology. 2025; 54: 1–11.

[40] Li DTS, Leung YY. Temporomandibular disorders: current concepts and
controversies in diagnosis and management. Diagnostics. 2021; 11: 459.

[41] van Eck NJ, Waltman L. Software survey: VOSviewer, a computer
program for bibliometric mapping. Scientometrics. 2010; 84: 523–538.

How to cite this article: Yu Luo, Mengqi Liu, Yujiao Jiang,
Kangkang Ma, Zhiye Chen. Global research trends in MRI of
temporomandibular disorders: a bibliometric study and visual-
ization analysis via CiteSpace. Journal of Oral & Facial Pain and
Headache. 2025; 39(4): 150-164. doi: 10.22514/jofph.2025.072.


	Introduction
	Methods
	Search strategy
	Eligibility and ineligibility criteria
	Bibliometrics and visualization analysis

	Results
	Annual publication volume analysis
	Author collaboration network analysis
	The country and institution cooperation network analysis
	Author and journal co-citation network analysis
	References co-citation analysis
	Keywords analysis
	Keyword co-occurrence analysis
	Keyword cluster map analysis
	Keywords with citation bursts


	Discussion
	Research status
	Research hotspots and frontiers

	Limitations of this study
	Conclusions

