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Abstract: The temporomandibular joint (TMJ) disc displacement is the most common temporomandibular
disorders (TMD) condition. It causes clicking, pain, limited mandibular movements, and even masticatory
difficulties in many people. The aim of this study is showcasing hotspots and frontiers in the field and
providing a reference for the future research by a bibliometric analysis. Studies published from 1992
to 2022 were retrieved from Web of Science Core Collection on 23 April 2023. A total of 1882 studies
(1739 articles and 143 reviews) were included in the bibliometric analysis. From 1992 to 2022, the
annual number of publications and citations greatly increased. The United States of America (USA)
contributed the most publications about TMJ disc displacement. Shanghai Jiao Tong University was
the most productive institution; meanwhile, Yang, C. from this institution was the most prolific
author. The University of Washington was the most influential institution, and Brooks, S. was the
most influential author. Diagnostic criteria and management of TMJ disc displacement, as well as TMJ
disc displacement-associated conditions, might be a hotspot for current global research. We provided
an objective and valuable reference for future research on TMJ disc displacement.

Keywords: temporomandibular joint disc displacement; orthognathic surgery; temporomandibular
joint; bibliometric analysis; hotspots

1. Introduction

The temporomandibular joint (TMJ) is the sole mobile joint located in the maxillofacial
region, necessary for functional activities including chewing, swallowing, and speaking [1].
The TMJ is mainly composed of the articular condyle, articular disc, articular fossa, fibrous
capsule, and synovial membrane [2]. Temporomandibular disorders (TMD) are a group
of musculoskeletal disorders that affect the TMJ and associated structures, encompassing
masticatory muscle disorders, TMJ structure abnormalities, inflammatory diseases, and
osteoarthropathy [3]. TMJ disc displacement is one of the most common TMD conditions,
which mainly results from orthopedic instability in the joint [4]. Additionally, trauma,
excessive movements of the jaw, and ill-suited condyle morphology can also contribute
towards TMJ disc displacement [5]. The incidence of TMJ disc displacement in TMD
patients ranges from 38% to 73%, while the general population incidence ranges between
18% and 35% [6]. Some studies have shown that TMJ disc displacement is more likely
to occur in adolescents, which has a significant relationship with sexual maturation [7].
Compared with posterior, medial, or lateral displacement, anterior disc displacement is
more commonly encountered clinically [8]. Magnetic resonance imaging (MRI) is currently
the most accurate and essential diagnostic modality for determining the position of the
articular disc [9]. TMJ disc displacement can be classified as disc displacement with
reduction (DDwR) or disc displacement without reduction (DDwoR) [10]. In DDwR,
which holds the higher frequency, there exists an abnormal disc–condyle relationship [11].
The displaced disc returns to the normal position on mouth opening, thereby producing
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a reciprocal click [12]. In DDwoR, the disc remains displaced in relation to the condyle,
whether the mouth is open or closed [13]. This typically results in pain, joint sound, limited
movement, and even condylar degeneration [14]. Currently, the management of TMJ disc
displacement seeks to alleviate pain during function and to attain a standard range of
mandibular movements [15]. Conservative measures include medication, physical therapy,
splint therapy, etc., while surgical options comprise arthrocentesis, arthroscopy, and open
joint surgeries, among others [16].

With the advancement of medical research and technology, patients suffering from
TMJ disc displacement can now receive effective treatment [17]. Although research on this
condition has been relatively developed, there still exists some unclear aspects, such as the
correlation between osteoarthrosis and TMJ disc displacement [18]. Due to the long research
interval, vast amount of data, varying quality of scientific publications, and unnecessary
redundancy, researchers are compelled to dedicate considerable time in sifting through and
identifying relevant literature in related fields [19], which may impede the progress of TMJ
disc displacement research. Accordingly, an analysis and summary of knowledge structure,
research centers, and frontiers could assist researchers [20]. Despite bibliometric studies
having been conducted on TMD [21], there is a dearth of bibliometric analysis regarding
TMJ disc displacement.

Bibliometrics is a method for assessing and monitoring the progress of specific disci-
plines via statistical analysis of published data [22]. Bibliometric analysis can be used to
determine the outputs and citations of authors, institutions, and countries and the keyword
frequency of research hotspots and frontiers in particular fields [23]. It plays a pivotal role in
assisting relevant individuals in categorizing research trajectories, unearthing disciplinary
frontiers, and identifying research hotspots [24]. This study aims to conduct an extensive
bibliometric analysis of publications concerning TMJ disc displacement, with the goal of
identifying research hotspots and potential trends and subsequently providing valuable
reference guidelines for future studies.

2. Methods and Materials
2.1. Source of Literature and Search Strategies

The literature data of this study were retrieved from Web of Science Core Collection
(WoSCC) on 23 April 2023. The following keywords were used for all relevant studies:
TS = (“temporomandibular joint *” OR “temporomandibular articular *” OR TMJ) AND
TS = ( disc OR discs OR disk OR disks) AND TS = (displacement OR dislocation).
CiteSpace (version 6.2.R2 [advanced]) was applied to retain articles and reviews pub-
lished from 1 January 1992 to 31 December 2022, while corrections, editorial materials,
letters, meeting abstracts and proceeding papers were removed.

2.2. Data Analysis

VOSviewer (version 1.6.19) was a software tool for constructing and visualizing
bibliometric networks [25]. In the visual maps, the nodes represent authors, institutions,
countries, journals, papers, and keywords; the lines represent co-occurrence or co-citation;
and the sizes of the nodes were determined by the frequency of occurrence while the
thickness of the lines was determined by the strength of co-occurrence relationship. In the
clustering maps, having a common theme was given the same color. In the other maps,
elements were given different colors based on the average year of the occurrence, with blue
and green elements appearing earlier and yellow and red elements appearing later.

CiteSpace was an Java application for data analysis and visualization and identifying
the burst keywords and the burst references [26]. A burst represents a great increase in the
interest of a researcher which could predict the academic trends and hotspots in TMJ disc
displacement. All software was running on Windows 11.
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3. Results
3.1. Analysis of General Research Trends

After removing duplicates and publications that did not meet the type requirements, a
total of 1882 publications (1739 articles and 143 reviews) were finally included in bibliometric
analysis (Figure 1). R package “ggplot2” was used to analyze the general research trends
(such as number of publications per year and number of citations per year [27]. As shown
in Figure 2, over the past three decades, there was an overall upward trend in the number
of publications and citations regarding TMJ disc displacement although there were small
fluctuations. It could be specifically divided into three stages: in 1992–2001, the average
number of publications per year was 34.7 while the average number of citations per year
was 169.9; in 2002–2011, the number of publications and citations per year were 54 and 882.9;
in the period 2012–2022, these two numbers have spiked to 90.5 and 2289.3. In each of
the three time periods, the years with the highest number of publications were 2001
(with 55 publications), 2007 (with 58 publications), and 2020 (with 129 publications).
And the annual number of publications and citations has grown from 22 and 7 in 1992 to
122 and 3471 in 2022 (Table S1).
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Notably, the annual number of publications exceeded 100 from 2019 to 2022, with an
average of 119.75, and the number of publications peaked in 2020 (n = 129). The annual
number of publications and citations showed surges in 2019–2020, which indicated that TMJ
disc displacement-related research was attracting the attention of researchers worldwide in
recent years.

3.2. Analysis of the Cooperative Relationship
3.2.1. Countries

In total, 71 countries had published studies on TMJ disc displacement, with 38 coun-
tries publishing more than five studies (Table S2). The evolution of the volume of articles
published in these 38 countries was shown in Figure S1. The top ten countries in terms of
number of publications were the main sources of TMJ disc displacement-related publica-
tions, accounting for 1572 (83.53% of total publications) (Table 1). Overall, the countries
with most publication was the United States of America (USA) (n = 314), indicating the
USA was the main research forces in the field of TMJ disc displacement research. Moreover,
from 1992 to 1996, the USA contributed the most publications; from 1997 to 2011, Japan
contributed the most relevant studies; from 2012 to 2022, the PRC had a dramatic increase
in the volume of published literature, turning it to the leading source of research in the
field (Figure S1). And the country with the strongest impact studies was Sweden, with
an average of 35.33 citations per study. Through cluster analysis and visualization by
VOSviewer (Figure 3A), it can be divided into three clusters, one of which was centered in
the USA and one was centered in Japan. The researchers of the USA had a great deal of
cooperation with other countries, such as Japan, the People’s Republic of China (PRC), and
Brazil. And we found that Sweden, Finland, and the USA started earlier in this research
field, while Yemen, Poland, and India started later (Figure 3B).
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Table 1. Analysis of top 10 countries with most relevant publication in TMJ disc displacement.

Rank Country Documents Citations Average Citations Leading Contributors (Number of Publications)

1 USA 314 9853 31.38 Per-Lennart Westesson (42); Ross H Tallents (26)

2 Japan 293 5983 20.42 Tsukasa Sano (22); Kenji Kurashina (19)

3 PRC 227 2520 11.1 Chi Yang (54); Danqing He (19)

4 Brazil 175 2617 14.95 Eduardo Grossmann (21); Rodrigo Lorenzi Poluha (18)

5 Turkey 137 1727 12.61 Burcu Bas (9); Kaan Orhan (7)

6 Italy 103 1965 19.08 Daniele Manfredini (24); Luca Guarda-Nardini (17)

7 Germany 102 1917 18.79 Peter Rammelsberg (12); Mike T John (12)

8 South Korea 77 1074 13.95 Sug-Joon Ahn (15); Tae-Woo Kim (9)

9 Sweden 72 2544 35.33 Annika Isberg (19); Lars Eriksson (15)

10 Austria 72 1866 25.92 Ruediger Emshoff (41); Ansgar Rudisch (39)

3.2.2. Institutions

A total of 1356 institutions had published relevant literature, with 38 of them pub-
lishing more than 15 publications. The studies of the University of Washington were the
most influential, reaching an average of 86.61 citations per article, although it was not one
of the top 10 institutions with the most publications. Shanghai Jiao Tong University, the
University of Rochester, and the University of São Paulo contributed the most publications
on TMJ disc displacement (Table 2), showing that these institutions had a strong research
capacity in this field. As shown in Figure 4A, Shanghai Jiao Tong University and Peking
University had close collaboration.

Table 2. Analysis of top 10 productive institutions in TMJ disc displacement.

Rank Institution Documents Citations Average Citations Countries

1 Shanghai Jiao Tong University 71 784 11.04 PRC
2 University of Rochester 54 2900 53.7 USA
3 University of São Paulo 50 715 14.3 Brazil
4 Peking University 43 426 9.91 PRC
5 Seoul National University 39 674 17.28 South Korea
6 University of Innsbruck 30 1180 39.33 Austria
7 Tohoku University 29 541 18.66 Japan
8 Sichuan University 27 244 9.04 PRC
9 University of Alberta 26 876 33.69 Canada

10 Universidade Federal do Rio Grande do Sul 25 223 8.92 Brazil
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3.2.3. Authors

For the authors, 68 authors published more than 10 studies on TMJ disc displacement,
and a total of 5192 authors had conducted research on this topic. The top 10 most productive
authors were listed in Table 3, and Yang, C. from Shanghai Jiao Tong University contributed
the most publications (n = 54). Figure 4B indicates that Yang, C. (green), Westesson, P. (red),
Emshoff, R., and Rudisch, A. (blue) were the centers of their respective clusters. According to
citations per study, Brooks, S. was the most influential researcher in this field. Based on a co-
citation map (Figure 4C), it could be divided into three clusters, and we found that Westesson, P.
and Katzberg, R. might have similar research themes. We also noted that the average pub-
lication time of Westesson, P., Tallents, R., and Isberg, A. was from 1992 to 2001, indicating
their early start in this field; the average publication year of Yang, C., Manfredini, D., and
Grossmann, E. was from 2012 to 2022, showing that they have been highly active in this field
in recent years; and the rest of the top 10 authors (Emshoff, R., Rudisch, A., Sano, T., and
Lobbezoo, F.) were active in 2002–2011 based on the average year of their publications.
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Table 3. Analysis of top 10 prolific authors in TMJ disc displacement.

Rank Author Documents Citations
Average

Publication
Year

Average
Citations Affiliated Institution

1 Chi Yang 54 707 2016 13.09 Shanghai Jiao Tong University

2 Per-Lennart Westesson 42 2821 1996 67.17 University of Rochester

3 R. Diger Emshoff 41 1365 2005 33.29 Medical University of Innsbruck

4 Ansgar Rudisch 39 1304 2005 33.44 Medical University of Innsbruck

5 Ross H. Tallents 26 1511 1999 58.12 University of Rochester

6 Daniele Manfredini 24 713 2013 29.71 University of Siena

7 Tsukasa Sano 22 614 2005 27.91 The Scripps Research Institute

8 Eduardo Grossmann 21 217 2019 10.33 Universidade Federal do
Rio Grande do Sul

9 Frank Lobbezoo 20 531 2011 26.55 University of Amsterdam and
Vrije Universiteit Amsterdam

10 Annika Isberg 19 829 2001 43.63 Karolinska Institutet

3.3. Analysis of Journals and Highly Cited Papers
3.3.1. Journals

A total of 322 journals have published research on TMJ disc displacement, with
27 journals publishing more than 10 publications. These 10 journals published 51.7% of
the publications (n = 973) in the field of TMJ disc displacement research. The most active
source journals by the count of documents were Oral Surgery Oral Medicine Oral Pathology,
and Oral Radiology (n = 181), Journal of Oral and Maxillofacial Surgery (n = 162), and Cranio-the
Journal of Craniomandibular & Sleep Practice (n = 120) (Table 4). The Journal of Dental Research
was the most influential journal in TMJ disc displacement, with an average 23.58 citations
per paper. The evolution of the volume of articles published in these top 10 journals is
shown in Figure S2. From 1992 to 2011, Oral Surgery Oral Medicine Oral Pathology, and Oral
Radiology published the most studies in this field, while the Journal of Cranio-Maxillofacial
Surgery published the most from 2012 to 2016, and Cranio-The Journal of Craniomandibular &
Sleep Practice published the most from 2017 to 2022. Also, we found that the most co-cited
journals were Oral Surgery Oral Medicine Oral Pathology, and Oral Radiology and the Journal
of Oral and Maxillofacial Surgery, indicating some similarity between the studies on TMJ disc
displacement published in these two journals (Figure 5A).

Table 4. Analysis of top 10 journals published most relevant publication on TMJ disc displacement.

Rank Journal Documents Citations Average
Publication Year

Average
Citations

IF
(2022)

1 Oral Surgery Oral Medicine Oral Pathology,
and Oral Radiology 181 5436 2005 30.03 2.9

2 Journal of Oral and Maxillofacial Surgery 162 4324 2008 26.69 1.9

3 Cranio-The Journal of Craniomandibular &
Sleep Practice 120 1331 2010 11.09 1.6

4 Journal of Oral Rehabilitation 115 2216 2010 19.27 2.9

5 International Journal of Oral and
Maxillofacial Surgery 108 2585 2010 23.94 2.4

6 Journal of Cranio-Maxillofacial Surgery 78 1216 2015 15.59 3.1

7 Dentomaxillofacial Radiology 75 1509 2009 20.12 3.3
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Table 4. Cont.

Rank Journal Documents Citations Average
Publication Year

Average
Citations

IF
(2022)

8 Journal of Oral & Facial Pain and Headache 51 1765 2008 34.61 2.5

9 American Journal of Orthodontics and
Dentofacial Orthopedics 50 1803 2004 36.06 3.0

10 Journal of Craniofacial Surgery 43 331 2015 7.7 0.9
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3.3.2. Highly Cited Papers

The three most cited papers were “Degenerative disorders of the temporomandibular
joint: etiology, diagnosis, and treatment” by Tanaka E. et al., published in the Journal of
Dental Research in 2008 [28], “Research diagnostic criteria for temporomandibular disorders
(RDC/TMD): development of image analysis criteria and examiner reliability for image
analysis” by Ahmad M. et al., published in Oral Surgery Oral Medicine Oral Pathology, and
Oral Radiology in 2009 [29], and “Classification and prevalence of temporomandibular joint
disc displacement in patients and symptom-free volunteers” by Tasaki M.M. et al., pub-
lished in the American Journal of Orthodontics and Dentofacial Orthopedics in 1996 (Table 5) [30].
Tanaka E et al.’s study provided a detailed review of the etiology of TMJ-osteoarthrosis,
the importance in the diagnosis, and the non-invasive and invasive modalities utilized in
TMJ-osteoarthrosis management [28]. Ahmad M et al.’s study is a part of the Multisite
Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) Validation
Project, and this study developed comprehensive image analysis criteria for the RDC/TMD
Validation Project, which could be applied for assessing osteoarthritis using CT and for TMJ
disc position and effusion using MRI [29], and the study of Tasaki MM et al. developed a
classification system for TMJ disc displacement and evaluated the prevalence of the various
types of TMJ disc displacement in patients and symptom-free volunteers [30].
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Table 5. Analysis of top 10 papers with most citations in TMJ disc displacement.

Rank Title Source Journals Citations Publication Year

1
Degenerative Disorders of the

Temporomandibular Joint: Etiology, Diagnosis,
and Treatment

Journal of Dental Research 459 2008

2

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 and, Oral Radiology 369 2009

3
Classification and prevalence of

temporomandibular joint disk displacement in
patients and symptom-free volunteers

American Journal of Orthodontics
and Dentofacial Orthopedics 257 1996

4 Anatomic disorders of the temporomandibular
joint disc in asymptomatic subject

Journal of Oral and
Maxillofacial Surgery 229 1996

5
Prevalence of temporomandibular disorder

subtypes, psychologic distress,
and psychosocial dysfunction in Asian patients

Journal of Oral & Facial Pain
and Headache 226 2003

6
Temporomandibular joint: relationship

between MR evidence of effusion and the
presence of pain and disk displacement.

American Journal of
Roentgenology 209 1992

7
Imaging of the temporomandibular joint:

A position paper of the American Academy of
Oral and Maxillofacial Radiology

Oral Surgery Oral Medicine Oral
Pathology, and Oral Radiology 185 1997

8 Temporomandibular disorders: Old ideas and
new concepts Cephalalgia 166 2017

9

A Systematic Review of the Effectiveness of
Exercise, Manual Therapy, Electrotherapy,

Relaxation Training, and Biofeedback in the
Management of Temporomandibular Disorder

Physical Therapy &
Rehabilitation Journal 164 2006

10 Changes in temporomandibular joint
dysfunction after orthognathic surgery

Journal of Oral and
Maxillofacial Surgery 154 2003

3.4. Analysis of Keywords

We identified a total of 3703 keywords, of which those appearing more than 50 times
were plotted in the clustering map (Figure 5B). These keywords were classified into three
clusters. The cluster in red is mainly related to the diagnosis classification of TMJ disc
displacement, including the keywords such as MRI, CT, classification, diagnosis criteria,
accuracy, etc. The cluster in green mainly represents the treatments for TMJ disc displace-
ment and prognosis after therapy, including keywords such as management, orthognathic
surgery, lavage, TMJ arthrocentesis, follow-up, etc. And the blue cluster is mainly related to
clinic epidemiology of TMJ disc displacement, such as prevalence, children, asymptomatic
volunteers, etc. Meanwhile, based on the occurrence time of keywords (Figure 5C), we
found that the classification and dysfunction of TMJ disc displacement began to be studied
earlier while the diagnostic criteria and management of TMJ disc displacement were being
intensively studied in recent years.

The top 20 strongest burst keywords are shown in Figure 6A. From 1992 to 2001, the
strongest burst keywords were “arthrography”, “internal derangement”, and “classification”.
From 2002 to 2011, the burst keywords were “osteoarthritis” and “asymptomatic volunteers”.
From 2012 to 2022, the newest three burst keywords are “diagnostic criteria”, “association”,
and “management”. It indicates that research themes are beginning to shift toward diag-
nostic criteria and management of TMJ disc displacement, and these might be the hotspots
for current global research.
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3.5. Analysis of References

The top 20 strongest burst references are shown in Figure 6B. The three strongest
burst references are the following: “Diagnostic Criteria for Temporomandibular Disorders
(DC/TMD) for Clinical and Research Applications: recommendations of the Interna-
tional RDC/TMD Consortium Network and Orofacial Pain Special Interest Group” by
Schiffman E. et al. (2014), which recommended a new evidence-based DC/TMD protocol
for use in both clinical and research settings [31]; “Classification and prevalence of tem-
poromandibular joint disk displacement in patients and symptom-free volunteers” by
Tasaki M.M. et al. (1996), which was also one of the most cited studies in this research
field [30]; and “Anatomic disorders of the temporomandibular joint disc in asymptomatic
subjects” by Katzberg R.W. et al. (1996), which found that the incidence of TMJ disc displace-
ment was significantly higher in symptomatic subjects than in asymptomatic volunteers
and bruxing was statistically linked to TMJ disc displacement [32].

The following recent publications were identified as references with burst, show-
ing they were generating widespread interest. They were “Temporomandibular joint
disc displacement with reduction: a review of mechanisms and clinical presentation” by
Poluha R.L. et al. (2019) [33], “Degenerative temporomandibular joint changes associated
with recent-onset disc displacement without reduction in adolescents and young adults”
by Lei J. et al. (2017) [34], and “Will unilateral temporomandibular joint anterior disc
displacement in teenagers lead to asymmetry of condyle and mandible? A longitudinal
study” by Xie Q. et al. (2016) [35].

4. Discussion

In the present study, bibliometric analysis was carried out on publications related
to TMJ disc displacement between 1992 and 2022. The annual count of publications and
citations in 2022 witnessed a remarkable surge compared to those in 1992. The USA, Japan,
PRC, Brazil, and Turkey held a leading position in this research area, though international
cooperation still requires greater strengthening. Among the top 10 productive institutions,
three are located in the PRC; two are located in Brazil; and one each are located in the USA,
South Korea, Japan, Canada, and Austria. Notably, the University of Rochester from the
USA emerged as the most influential of the top 10 institutions, with an average citation rate
of 53.7 per study. Yang, C. from Shanghai Jiao Tong University was identified as the world’s
most prolific author, with research interests spanning TMJ surgery, minimally invasive
surgery, integrated alveolar surgery, and odontogenic stem cells. Oral Surgery Oral Medicine
Oral Pathology, and Oral Radiology published the most studies on TMJ disc displacement, and
this journal covered topics including current issues such as dental implants, treatment of
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HIV-infected patients, and the evaluation and treatment of TMJ disorders. Among the 10 most
active source journals, the Journal of Oral & Facial Pain and Headache, the American Journal of
Orthodontics and Dentofacial Orthopedics, and Oral Surgery Oral Medicine Oral Pathology, and
Oral Radiology had a relatively high average citation rate. Thus, researchers interested in
publishing TMJ disc displacement studies could give priority to these three journals.

4.1. Burst References

The top three most recent references with burst were all related to the recommenda-
tions for the management of TMJ disc displacement, specifically Poluha R.L. et al. [33]
publishing “Temporomandibular joint disc displacement with reduction: a review of mech-
anisms and clinical presentation” in 2019, which suggested that management should be
conducted when DDwR is the patient’s main complaint and when the noise motivated the
patient to seek management and/or the click is accompanied by pain. Although DDwR is a
highly prevalent clinical condition, it still raised many issues, such as the risk of progression
and how to manage it effectively, which requires to further investigation. Lei J. et al. [34]
published “Degenerative temporomandibular joint changes associated with recent-onset
disc displacement without reduction in adolescents and young adults” in 2017 and found
an association between the onset of TMJ disc displacement and degenerative TMJ changes.
The risk of developing early-stage osteoarthritis (OA) changes increased appreciably 1
month after the onset of TMJ disc displacement. Early diagnosis and intervention of TMJ
disc displacement was therefore recommended, especially in children and adolescents [36].
“Will unilateral temporomandibular joint anterior disc displacement in teenagers lead to
asymmetry of condyle and mandible? A longitudinal study” by Xie Q. et al. [35] in 2016
observed the progress of unilateral juvenile anterior disc displacement (UJADD) during
natural course and analyzed its effect over symmetry of the mandible. The results sug-
gested that UJADD results in asymmetric growth bilateral TMJs, especially condylar height,
which was much shorter on the ipsilateral side. At the same time, mandibular asymmetry
became worse during the natural course of UJADD.

4.2. Burst Keywords

In recent years, three keywords with burst related to TMJ disc displacement have
emerged: diagnostic criteria, association, and management.

4.2.1. Diagnostic Criteria

Some studies related to diagnostic criteria presented the evidence-based new Axis I
and Axis II Diagnostic Criteria for TMD (DC/TMD) to be used in both clinical and research
settings and presented the processes related to their development [37]. Dworkin and
LeResche developed the Research Diagnostic Criteria for TMD (RDC/TMD) criteria for the
standardization of the diagnostic methodology for most common TMD in 1992 [29]. It was
an important advancement in providing a diagnostic system to guide research into TMD.
In 2014, the criteria were revised to become the DC/TMD with specific diagnostic TMD
subsets [38]. For the diagnosis of the TMJ disc displacement, DC/TMD had advocated
history, clinical examination, and imaging as the standard approach for the diagnosis
of the TMJ disc displacement [39]. MRI was considered the most effective imaging tool
(“gold standard”) for diagnosis of the TMJ disc displacement [40]. However, MRI could
only determine if the disc was displaced partially or completely with mouth closed and if
the disc partially or completely reduced on opening, not whether this causes pain or limited
opening, which might affect the validation of a clinical diagnosis [38]. Some researchers
suggested that DC/TMD could be identified as simple reliable economical tool for the
diagnosis of TMJ disc displacement [38]. Moreover, we still have the need for an improved
technique by which to confirm TMJ disc displacement.
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4.2.2. Association

TMJ disc displacement was associated with numerous signs and symptoms [41]. It had
been observed that TMJ disc displacement was able to produce pain, dysfunction, and bone
changes in the joint surfaces [42]. Numerous studies demonstrated a high prevalence of
disc displacement in patients with TMJ pain and dysfunction, but some studies had also
shown that TMJ disc displacement may present without any pain [43]. What is more, the
researchers confirmed the positive correlation between some specific genes and a higher
risk of articular disc displacement, such as COL5A1 rs12722 [44]. TMJ disc displacement
was frequently accompanied by OA, and OA significantly altered the bone quality of the
condyle [45], which might be relevant to MMP overexpression [46]. In clinical practice,
some research showed that joint effusions were frequently present in painful joints with TMJ
disc displacement but rarely in normal joints [47]. Joint effusions were commonly attributed
to OA and can often be considered an indication for TMJ surgery [40]. However, research
on this field remains unclear and controversial [48], warranting further investigation to
determine the association between TMJ disc displacement and other diseases.

4.2.3. Management

A lot of research focused on the management of DDwoR [49]. Conservative treatments,
such as splint therapy, represented the primary management for DDwoR [50]. If there was
no improvement with conservative methods, arthrocentesis was generally considered as a
second-step therapy [51]. Although splint therapy was widely used and appears to be effective,
the precise mechanisms of action remained controversial [41]. Some researchers have raised the
possibility of surgical methods as the initial management [52]. Additionally, patients diagnosed
with severe TMJ disc displacement might require an interdisciplinary approach to the
treatment and should be referred to maxillofacial surgeons and even rheumatologists [53].
However, there is currently no consensus on the optimal therapy for TMJ disc displacement,
which is still a challenge for surgeons who treat various TMJ disorders [54].

5. Limitations

This study has several limitations. First, since all the literature was collected solely
from WOSCC, there is a possible risk of missing studies included in other databases.
Second, due to software limitations of CiteSpace and VOSviewer, self-citations could not be
excluded, potentially leading to bias. Lastly, since some excellent newly published articles may
have been omitted due to lag, there is a possibility that the study’s findings are not up to date.

6. Conclusions

This is the first bibliometric analysis of TMJ disc displacement. Over the past three
decades, there has been a growing amount of research on TMJ disc displacement. The USA,
Japan, and PRC are the core contributor in this field. Research in recent years has focused
on diagnostic criteria and management of TMJ disc displacement, and researchers should
be concerned about TMJ disc displacement-associated conditions such as OA and joint
effusions. In the future, investigations should focus on the refinement of diagnostic criteria
and treatment modalities concerning TMJ disc displacement, with the ultimate goal of
achieving transformative advancements.

Supplementary Materials: The following supporting information can be downloaded at:
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(D) rank 31–38 countries based on the number of publications; Figure S2: Visualization graph of the
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tions with timeline view; Figure S4: Visualization graph of authors with timeline view; Figure S5:
Visualization graph of journals with timeline view; Table S1: Number of publications and citations in
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https://www.mdpi.com/article/10.3390/healthcare11142108/s1


Healthcare 2023, 11, 2108 13 of 15

Author Contributions: Conceptualization: R.B.; methodology, Q.W. and J.J.; software, C.Z. and W.Y.;
visualization, Q.W., J.J. and C.Z.; formal analysis, Q.W., J.J. and C.Z.; writing—original draft preparation,
Q.W. and J.J.; writing—review and editing, Q.W., J.J., C.Z., W.Y. and R.B.; supervision, R.B.; Funding
Acquisition, R.B. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by National Natural Science Foundation of China (NSFC)
No. 82270999 (to RB); ‘From Zero to One’ Innovative Research Program of Sichuan University
No. 2022SCUH0022 (to RB); The exploration and research project of West China Hospital of Stomatology,
Sichuan University No. LCYJ2023-DL-5 (to RB).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original data presented in the study are included in the article and
Supplementary Materials, and further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare that they have no competing interest.

References
1. Dalewski, B.; Kaczmarek, K.; Jakubowska, A.; Szczuchniak, K.; Pałka, Ł.; Sobolewska, E. COL12A1 Single Nucleotide Polymor-

phisms rs240736 and rs970547 Are Not Associated with Temporomandibular Joint Disc Displacement without Reduction. Genes
2021, 12, 690. [CrossRef] [PubMed]

2. Thapar, P.R.; Nadgere, J.B.; Iyer, J.; Salvi, N.A. Diagnostic accuracy of ultrasonography compared with magnetic resonance imaging in
diagnosing disc displacement of the temporomandibular joint: A systematic review and meta-analysis. J. Prosthet. Dent. 2023, in press.
[CrossRef] [PubMed]

3. Folle, F.S.; Poluha, R.L.; Setogutti, E.T.; Grossmann, E. Double puncture versus single puncture arthrocentesis for the management of
unilateral temporomandibular joint disc displacement without reduction: A randomized controlled trial. J. Craniomaxillofac. Surg. 2018,
46, 2003–2007. [CrossRef]

4. Liu, X.; Zheng, J.; Cai, X.; Abdelrehem, A.; Yang, C. Techniques of Yang’s arthroscopic discopexy for temporomandibular joint
rotational anterior disc displacement. Int. J. Oral. Maxillofac. Surg. 2019, 48, 769–778. [CrossRef]

5. Altaweel, A.A.; Ismail, H.A.; Fayad, M.I. Effect of simultaneous application of arthrocentesis and occlusal splint versus splint in
management of non-reducing TMJ disc displacement. J. Dent. Sci. 2021, 16, 732–737. [CrossRef] [PubMed]

6. Su, N.; van Wijk, A.J.; Visscher, C.M.; Lobbezoo, F.; van der Heijden, G. Diagnostic value of ultrasonography for the detection of
disc displacements in the temporomandibular joint: A systematic review and meta-analysis. Clin. Oral Investig. 2018, 22, 2599–2614.
[CrossRef]

7. Shen, P.; Zhang, D.; Abdelrehem, A.; Jin, S.; Luo, Y.; Yang, C. Association between sexual maturation and anterior disc
displacement of temporomandibular joint in adolescents aged 13–14 years. Clin. Oral Investig. 2022, 26, 7071–7081. [CrossRef]

8. Shen, P.; Xie, Q.; Ma, Z.; Abdelrehem, A.; Zhang, S.; Yang, C. Yang’s Classification of Juvenile TMJ Anterior Disc Displacement
Contributing to Treatment protocols. Sci. Rep. 2019, 9, 5644. [CrossRef]

9. Yoon, K.; Kim, J.Y.; Kim, S.J.; Huh, J.K.; Kim, J.W.; Choi, J. Explainable deep learning-based clinical decision support engine for
MRI-based automated diagnosis of temporomandibular joint anterior disk displacement. Comput. Methods Programs Biomed. 2023,
233, 107465. [CrossRef]

10. Wang, R.; Bi, R.; Liu, Y.; Cao, P.; Abotaleb, B.; Zhu, S. Morphological changes of TMJ disc in surgically treated ADDwoR patients:
A retrospective study. BMC Oral Health 2022, 22, 432. [CrossRef]

11. Marpaung, C.M.; Kalaykova, S.I.; Lobbezoo, F.; Naeije, M. Validity of functional diagnostic examination for temporomandibular
joint disc displacement with reduction. J. Oral Rehabil. 2014, 41, 243–249. [CrossRef] [PubMed]

12. Rady, N.A.; Bahgat, M.M.; Abdel-Hamid, A.M. Promising minimally invasive treatment modalities for symptomatic temporo-
mandibular joint disc displacement with reduction: A randomized controlled clinical trial. BMC Oral Health 2022, 22, 547.
[CrossRef] [PubMed]

13. Grossmann, E.; Poluha, R.L.; Iwaki, L.C.V.; Santana, R.G.; Iwaki Filho, L. The use of arthrocentesis in patients with temporo-
mandibular joint disc displacement without reduction. PLoS ONE 2019, 14, e0212307. [CrossRef]

14. Liu, X.; Yang, Y.; Chen, L.; Tian, S.; Abdelrehem, A.; Feng, J.; Fu, G.; Chen, W.; Ding, C.; Luo, Y.; et al. Proteome Analysis of
Temporomandibular Joint with Disc Displacement. J. Dent. Res. 2022, 101, 1580–1589. [CrossRef] [PubMed]

15. Ghoneim, N.I.; Mansour, N.A.; Elmaghraby, S.A.; Abdelsameaa, S.E. Treatment of temporomandibular joint disc displacement
using arthrocentesis combined with injectable platelet rich fibrin versus arthrocentesis alone. J. Dent. Sci. 2022, 17, 468–475.
[CrossRef] [PubMed]

16. Tatli, U.; Benlidayi, M.E.; Ekren, O.; Salimov, F. Comparison of the effectiveness of three different treatment methods for
temporomandibular joint disc displacement without reduction. Int. J. Oral. Maxillofac. Surg. 2017, 46, 603–609. [CrossRef]

17. Al-Baghdadi, M.; Durham, J.; Araujo-Soares, V.; Robalino, S.; Errington, L.; Steele, J. TMJ Disc Displacement without Reduction
Management: A Systematic Review. J. Dent. Res. 2014, 93, 37S–51S. [CrossRef]

https://doi.org/10.3390/genes12050690
https://www.ncbi.nlm.nih.gov/pubmed/34062975
https://doi.org/10.1016/j.prosdent.2023.03.012
https://www.ncbi.nlm.nih.gov/pubmed/37076407
https://doi.org/10.1016/j.jcms.2018.10.015
https://doi.org/10.1016/j.ijom.2018.12.003
https://doi.org/10.1016/j.jds.2020.08.008
https://www.ncbi.nlm.nih.gov/pubmed/33854726
https://doi.org/10.1007/s00784-018-2359-4
https://doi.org/10.1007/s00784-022-04667-8
https://doi.org/10.1038/s41598-019-42081-5
https://doi.org/10.1016/j.cmpb.2023.107465
https://doi.org/10.1186/s12903-022-02469-8
https://doi.org/10.1111/joor.12130
https://www.ncbi.nlm.nih.gov/pubmed/24533784
https://doi.org/10.1186/s12903-022-02579-3
https://www.ncbi.nlm.nih.gov/pubmed/36456937
https://doi.org/10.1371/journal.pone.0212307
https://doi.org/10.1177/00220345221110099
https://www.ncbi.nlm.nih.gov/pubmed/36267015
https://doi.org/10.1016/j.jds.2021.07.027
https://www.ncbi.nlm.nih.gov/pubmed/35028072
https://doi.org/10.1016/j.ijom.2017.01.018
https://doi.org/10.1177/0022034514528333


Healthcare 2023, 11, 2108 14 of 15

18. Dias, I.M.; Cordeiro, P.C.; Devito, K.L.; Tavares, M.L.; Leite, I.C.; Tesch Rde, S. Evaluation of temporomandibular joint disc
displacement as a risk factor for osteoarthrosis. Int. J. Oral. Maxillofac. Surg. 2016, 45, 313–317. [CrossRef]

19. Deng, Z.; Chen, J.; Wang, T. Bibliometric and Visualization Analysis of Human Coronaviruses: Prospects and Implications for
COVID-19 Research. Front. Cell Infect. Microbiol. 2020, 10, 581404. [CrossRef]

20. Chen, C.; Hu, Z.; Liu, S.; Tseng, H. Emerging trends in regenerative medicine: A scientometric analysis in CiteSpace. Expert. Opin.
Biol. Ther. 2012, 12, 593–608. [CrossRef]

21. Al-Moraissi, E.A.; Christidis, N.; Ho, Y.S. Publication performance and trends in temporomandibular disorders research: A bibliometric
analysis. J. Stomatol. Oral. Maxillofac. Surg. 2023, 124, 101273. [CrossRef]

22. Cheng, K.; Zhou, Y.; Wu, H. Bibliometric analysis of global research trends on monkeypox: Are we ready to face this challenge?
J. Med. Virol. 2023, 95, e27892. [CrossRef] [PubMed]

23. Xu, Y.; Wang, Y.; He, J.; Zhu, W. Antibacterial properties of lactoferrin: A bibliometric analysis from 2000 to early 2022.
Front. Microbiol. 2022, 13, 947102. [CrossRef]

24. Xu, C.; Zhang, W.; Pan, Y.; Wang, G.; Yin, Q.; Fu, S.; Li, F.; He, Y.; Xu, S.; Wang, Z.; et al. A Bibliometric Analysis of Global
Research on Japanese Encephalitis from 1934 to 2020. Front. Cell. Infect. Microbiol. 2022, 12, 833701. [CrossRef] [PubMed]

25. Van Eck, N.J.; Waltman, L. Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics 2010, 84,
523–538. [CrossRef] [PubMed]

26. Chen, C. Searching for intellectual turning points: Progressive knowledge domain visualization. Proc. Natl. Acad. Sci. USA 2004,
101 (Suppl. S1), 5303–5310. [CrossRef]

27. Wickham, H. ggplot2: Elegant Graphics for Data Analysis; Springer: New York, NY, USA, 2016. Available online: https://ggplot2
.tidyverse.org (accessed on 23 April 2023).

28. Tanaka, E.; Detamore, M.S.; Mercuri, L.G. Degenerative disorders of the temporomandibular joint: Etiology, diagnosis, and
treatment. J. Dent. Res. 2008, 87, 296–307. [CrossRef]

29. Ahmad, M.; Hollender, L.; Anderson, Q.; Kartha, K.; Ohrbach, R.; Truelove, E.L.; John, M.T.; Schiffman, E.L. 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. 2009, 107, 844–860. [CrossRef]

30. Tasaki, M.M.; Westesson, P.L.; Isberg, A.M.; Ren, Y.F.; Tallents, R.H. Classification and prevalence of temporomandibular joint
disk displacement in patients and symptom-free volunteers. Am. J. Orthod. Dentofac. Orthop. 1996, 109, 249–262. [CrossRef]

31. Schiffman, E.; Ohrbach, R.; Truelove, E.; Look, J.; Anderson, G.; Goulet, J.-P.; List, T.; Svensson, P.; Gonzalez, Y.; Lobbezoo, F.; et al.
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 2014,
28, 6–27. [CrossRef]

32. Katzberg, R.W.; Westesson, P.L.; Tallents, R.H.; Drake, C.M. Anatomic disorders of the temporomandibular joint disc in
asymptomatic subjects. J. Oral Maxillofac. Surg. 1996, 54, 147–153. [CrossRef]

33. Poluha, R.L.; Canales, G.D.l.T.; Costa, Y.M.; Grossmann, E.; Bonjardim, L.R.; Conti, P.C.R. Temporomandibular joint disc
displacement with reduction: A review of mechanisms and clinical presentation. J. Appl. Oral Sci. Rev. FOB 2019, 27, e20180433.
[CrossRef] [PubMed]

34. Lei, J.; Han, J.; Liu, M.; Zhang, Y.; Yap, A.U.J.; Fu, K.-Y. Degenerative temporomandibular joint changes associated with recent-
onset disc displacement without reduction in adolescents and young adults. J. Cranio-Maxillo-Facial Surg. Off. Publ. Eur. Assoc.
Cranio-Maxillo-Facial Surg. 2017, 45, 408–413. [CrossRef] [PubMed]

35. Xie, Q.; Yang, C.; He, D.; Cai, X.; Ma, Z.; Shen, Y.; Abdelrehem, A. Will unilateral temporomandibular joint anterior disc
displacement in teenagers lead to asymmetry of condyle and mandible? A longitudinal study. J. Cranio-Maxillo-Facial Surg. Off.
Publ. Eur. Assoc. Cranio-Maxillo-Facial Surg. 2016, 44, 590–596. [CrossRef]

36. Liu, Z.; Xie, Q.; Yang, C.; Chen, M.; Bai, G.; Abdelrehem, A. The effect of arthroscopic disc repositioning on facial growth in
juvenile patients with unilateral anterior disc displacement. J. Cranio-Maxillofac. Surg. 2020, 48, 765–771. [CrossRef]

37. Mijiritsky, E.; Winocur, E.; Emodi-Perlman, A.; Friedman-Rubin, P.; Dahar, E.; Reiter, S. Tinnitus in Temporomandibular Disorders:
Axis I and Axis II Findings According to the Diagnostic Criteria for Temporomandibular Disorders. J. Oral Facial Pain Headache
2020, 34, 265–272. [CrossRef]

38. Kraus, S.; Prodoehl, J. Disc displacement without reduction with limited opening: A clinical diagnostic accuracy study.
Physiother. Theory Pract. 2017, 33, 238–244. [CrossRef]

39. Goyal, S.N.; Karjodkar, F.R.; Sansare, K. Validity of Diagnostic Criteria for Temporomandibular Joint Disorder in the Diagnosis of
Disc Displacement Disorders of Temporomandibular Joint. Contemp. Clin. Dent. 2020, 11, 332–335. [CrossRef] [PubMed]

40. Shaefer, J.R.; Riley, C.J.; Caruso, P.; Keith, D. Analysis of Criteria for MRI Diagnosis of TMJ Disc Displacement and Arthralgia.
Int. J. Dent. 2012, 2012, 283163. [CrossRef]

41. Liu, M.Q.; Lei, J.; Han, J.H.; Yap, A.U.; Fu, K.Y. Metrical analysis of disc-condyle relation with different splint treatment positions
in patients with TMJ disc displacement. J. Appl. Oral Sci. 2017, 25, 483–489. [CrossRef]

42. De Stefano, A.A.; Guercio-Monaco, E.; Hernandez-Andara, A.; Galluccio, G. Association between temporomandibular joint disc
position evaluated by magnetic resonance imaging and mandibular condyle inclination evaluated by computed tomography.
J. Oral. Rehabil. 2020, 47, 743–749. [CrossRef]

https://doi.org/10.1016/j.ijom.2015.09.016
https://doi.org/10.3389/fcimb.2020.581404
https://doi.org/10.1517/14712598.2012.674507
https://doi.org/10.1016/j.jormas.2022.08.016
https://doi.org/10.1002/jmv.27892
https://www.ncbi.nlm.nih.gov/pubmed/35644836
https://doi.org/10.3389/fmicb.2022.947102
https://doi.org/10.3389/fcimb.2022.833701
https://www.ncbi.nlm.nih.gov/pubmed/35155284
https://doi.org/10.1007/s11192-009-0146-3
https://www.ncbi.nlm.nih.gov/pubmed/20585380
https://doi.org/10.1073/pnas.0307513100
https://ggplot2.tidyverse.org
https://ggplot2.tidyverse.org
https://doi.org/10.1177/154405910808700406
https://doi.org/10.1016/j.tripleo.2009.02.023
https://doi.org/10.1016/S0889-5406(96)70148-8
https://doi.org/10.11607/jop.1151
https://doi.org/10.1016/S0278-2391(96)90435-8
https://doi.org/10.1590/1678-7757-2018-0433
https://www.ncbi.nlm.nih.gov/pubmed/30810641
https://doi.org/10.1016/j.jcms.2016.12.017
https://www.ncbi.nlm.nih.gov/pubmed/28108240
https://doi.org/10.1016/j.jcms.2016.01.019
https://doi.org/10.1016/j.jcms.2020.05.016
https://doi.org/10.11607/ofph.2611
https://doi.org/10.1080/09593985.2017.1288282
https://doi.org/10.4103/ccd.ccd_237_18
https://www.ncbi.nlm.nih.gov/pubmed/33850398
https://doi.org/10.1155/2012/283163
https://doi.org/10.1590/1678-7757-2016-0471
https://doi.org/10.1111/joor.12962


Healthcare 2023, 11, 2108 15 of 15

43. Larheim, T.A.; Westesson, P.L.; Sano, T. MR grading of temporomandibular joint fluid: Association with disk displacement
categories, condyle marrow abnormalities and pain. Int. J. Oral Maxillofac. Surg. 2001, 30, 104–112. [CrossRef]

44. Dalewski, B.; Białkowska, K.; Pałka, Ł.; Jakubowska, A.; Kiczmer, P.; Sobolewska, E. COL5A1 RS12722 Is Associated with
Temporomandibular Joint Anterior Disc Displacement without Reduction in Polish Caucasians. Cells 2021, 10, 2423. [CrossRef]
[PubMed]

45. Chang, M.S.; Choi, J.H.; Yang, I.H.; An, J.S.; Heo, M.S.; Ahn, S.J. Association between Condylar Bone Density and Disk
Displacement in the Temporomandibular Joint. J. Clin. Densitom. 2022, 25, 215–222. [CrossRef] [PubMed]

46. Loreto, C.; Filetti, V.; Almeida, L.E.; La Rosa GR, M.; Leonardi, R.; Grippaudo, C.; Giudice, A.L. MMP-7 and MMP-9 are overexpressed
in the synovial tissue from severe temporomandibular joint dysfunction. Eur. J. Histochem. 2020, 64, 3113. [CrossRef] [PubMed]

47. Westesson, P.L.; Brooks, S.L. Temporomandibular joint: Relationship between MR evidence of effusion and the presence of pain
and disk displacement. AJR Am. J. Roentgenol. 1992, 159, 559–563. [CrossRef]

48. Bedran, L.M.; Dos Santos, A. Changes in temporomandibular joint anatomy, changes in condylar translation, and their relationship
with disc displacement: Magnetic resonance imaging study. Radiol. Bras. 2019, 52, 85–91. [CrossRef]

49. Valesan, L.F.; Da-Cas, C.D.; Reus, J.C.; Denardin, A.C.S.; Garanhani, R.R.; Bonotto, D.; Januzzi, E.; de Souza, B.D.M. Prevalence of
temporomandibular joint disorders: A systematic review and meta-analysis. Clin. Oral Investig. 2021, 25, 441–453. [CrossRef]

50. El-Shaheed, N.H.; Mostafa, A.Z.H.; Aboelez, M.A. Efficacy of stabilisation splint and low-level laser therapy for patients with chronic
closed lock from non-reducible displaced temporo-mandibular joint discs: A parallel randomised clinical trial. J. Oral. Rehabil. 2023, 50,
177–193. [CrossRef]

51. Polat, M.E.; Yanik, S. Efficiency of arthrocentesis treatment for different temporomandibular joint disorders. Int. J. Oral Maxillofac. Surg.
2020, 49, 621–627. [CrossRef]

52. Vos, L.M.; Huddleston Slater, J.J.; Stegenga, B. Arthrocentesis as initial treatment for temporomandibular joint arthropathy:
A randomized controlled trial. J. Cranio-Maxillofac. Surg. 2014, 42, e134–e139. [CrossRef] [PubMed]

53. Derwich, M.; Mitus-Kenig, M.; Pawlowska, E. Is the Temporomandibular Joints’ Reciprocal Clicking Related to the Morphology
and Position of the Mandible, as Well as to the Sagittal Position of Lower Incisors?—A Case-Control Study. Int. J. Environ. Res.
Public Health 2021, 18, 4994. [CrossRef] [PubMed]

54. Li, J.; Zhang, Z.; Han, N. Diverse therapies for disc displacement of temporomandibular joint: A systematic review and network
meta-analysis. Br. J. Oral Maxillofac. Surg. 2022, 60, 1012–1022. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1054/ijom.2000.0017
https://doi.org/10.3390/cells10092423
https://www.ncbi.nlm.nih.gov/pubmed/34572072
https://doi.org/10.1016/j.jocd.2021.07.003
https://www.ncbi.nlm.nih.gov/pubmed/34391639
https://doi.org/10.4081/ejh.2020.3113
https://www.ncbi.nlm.nih.gov/pubmed/32312031
https://doi.org/10.2214/ajr.159.3.1503025
https://doi.org/10.1590/0100-3984.2018.0020
https://doi.org/10.1007/s00784-020-03710-w
https://doi.org/10.1111/joor.13405
https://doi.org/10.1016/j.ijom.2019.08.017
https://doi.org/10.1016/j.jcms.2013.07.010
https://www.ncbi.nlm.nih.gov/pubmed/23994055
https://doi.org/10.3390/ijerph18094994
https://www.ncbi.nlm.nih.gov/pubmed/34066772
https://doi.org/10.1016/j.bjoms.2022.04.004
https://www.ncbi.nlm.nih.gov/pubmed/35803786

	Introduction 
	Methods and Materials 
	Source of Literature and Search Strategies 
	Data Analysis 

	Results 
	Analysis of General Research Trends 
	Analysis of the Cooperative Relationship 
	Countries 
	Institutions 
	Authors 

	Analysis of Journals and Highly Cited Papers 
	Journals 
	Highly Cited Papers 

	Analysis of Keywords 
	Analysis of References 

	Discussion 
	Burst References 
	Burst Keywords 
	Diagnostic Criteria 
	Association 
	Management 


	Limitations 
	Conclusions 
	References

