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Abstract.
BACKGROUND: Temporomandibular disorders (TMD) are musculoskeletal conditions involving masticatory muscles and
temporomandibular joints. Bibliometric analysis has been introduced as a new method for collecting and analyzing information on
scientific articles.
OBJECTIVE: The aim of this study was to identify the 50 most cited articles on TMD, performing a bibliometric analysis of the
identified papers to favor research and clinical practice.
METHODS: On December 17, 2021 a systematic research was performed to find all papers on TMD published in the literature.
The Incites Journal Citation Reports dataset and Scopus database was used to obtain bibliometric indexes of the authors and
metrics data of the journals, including Impact Factor, Eigenfactor Score, and Normalized Eigenfactor. VOSviewer was used to
visualize the keyword mapping networking, with the nodes standing for keywords and the edges for keyword relationships.
RESULTS: Out of 24372 papers obtained by the search strategy, the 50 most cited articles on TMD were analyzed. The paper
with the highest number of citations (n = 3020) was on TMD research diagnostic criteria. Rate of citations per year collected
by the 50 most cited articles on TMD has been increasing over time (from 627 in 2006 to 1483 in 2021). Most of them were
cross-sectional studies (n = 20; 40.0%) and narrative reviews (n = 14; 28.0%).
CONCLUSION: This bibliometric study showed an increasing number of citations for articles on TMD, testifying a high interest
in the last years. Starting from this analysis, future studies might provide high-quality evidence on TMD management.
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1. Introduction

Temporomandibular disorders (TMD) are defined
as a set of musculoskeletal and neuromuscular condi-
tions involving masticatory muscles, temporomandibu-
lar joints (TMJ), and associated structures [1]. The Re-
search Diagnostic Criteria for TMD (RDC/TMD) intro-
duced by Dworkin and LeResche in 1992 [2] have been
considered the most widely used diagnostic tools during
the last two decades. In 2014, the Diagnostic Criteria for
Temporomandibular Disorders (DC/TMD) [3] were de-
veloped from RDC/TMD and have been shown to pro-
vide excellent reliability and validity [4,5]. DC/TMD
have two assessment components. Axis I allows to clas-
sify TMD into three groups: Group I, muscular disor-
ders (Ia myofascial pain; Ib myofascial pain with mouth
opening limitation); Group II, disc displacement (IIa
disc displacement with reduction, IIb disc displace-
ment without reduction with limited opening, IIc disc
displacement without reduction without limited open-
ing); and Group III arthralgia (IIIa), arthritis (IIIb), and
arthrosis (IIIc) [3]. Axis II evaluates the pain-related
disability, relevant behavioral, psychological status, and
psychosocial functioning (e.g., anxiety and depression
and somatization) [3]. TMD had a multifactorial eti-
ology with several risk factors recently identified, in-
cluding parafunctional habits (e.g., bruxism grinding
and clenching), clenching of teeth, grinding, anatomi-
cal factors, trauma or hypermobility of the joints, cer-
vical posture, and psychosocial issues, (e.g., anxiety
and depressive syndrome) [6–13]. In light of the sev-
eral etiological causes, diagnosis of TMD is still chal-
lenging and clinical examination should play a pivotal
role, while imaging assessment should be reserved for
selected cases [14].

More specifically, studies on TMD patients [15,16]
reported an overall prevalence of 45.3% for group I
muscle disorder diagnoses, 41.1% for group II disc
displacements, and 30.1% for group III joint disor-
ders, whereas studies on general populations reported
an overall 9.7% prevalence for group I, 11.4% for
group IIa, and 2.6% for group IIIa. TMD affects pri-
marily young and middle-aged adults, rather than chil-
dren or the elderly, and according to The Orofacial
Pain: Prospective Evaluation and Risk Assessment
(OPPERA) study, only the chronic form of TMD pre-
dominantly affected women, whereas the acute form
had equal prevalence between the sexes [17,18].

Pain is the most common clinical manifestation of
TMD, followed by irregular and limited jaw motion,
that could lead to discomfort or difficulty in performing

daily activities such as chewing, talking, swallowing,
yawning, with a significantly reduced health-related
quality of life (HRQoL) [19,20]. TMD could cause lim-
itations in basic activities of daily living (ADLs) and
have severe family and socio-occupational repercus-
sions owing to its effects on mental wellbeing, HRQoL,
and limiting workplace performance [21].

Thus, the management goals in TMD are to decrease
joint pain, swelling, and reflex masticatory muscle spas-
m/pain, to increase joint function, and prevent further
joint damage [22]. The main treatments for pain relief
in TMD could include occlusal splints, extracorporeal
shock wave therapy, laser therapy, transcutaneous elec-
trical nerve stimulation, rehabilitation exercises, and
oxygen-ozone therapy [23–27].

In recent years, bibliometric analysis has been in-
troduced as a new method for retrieving, collecting,
and analyzing any measurable information about pub-
lished scientific articles [28]. Bibliometric analysis is an
emerging research design highlighting the most com-
mon topics the researchers focused on, filling the gap
of knowledge about current trends in literature, and
emphasizing the most expanding novelty in a specific
field [28].

Citations are the most common way to quantify the
impact and, in some cases, the quality of a publication
in a particular field; they also reveal a link between
authors, groups of researchers, study topics, or coun-
tries [28]. More specifically, bibliometric analysis could
provide a metric in the larger examination of overall
quality and remains a useful tool to assess the scientific
journals, although self-citation could bias the number
of times an article is cited [29–31]. Furthermore, the
establishment of a citation ranking list identifies pub-
lished works that can potentially influence trends in
clinical practice and future research [32]. In addition,
the use of visualized analyses to map bibliometric net-
works, often referred to as science mapping, can pro-
vide an intuitive yet comprehensive overview of a large
dataset [33].

Bibliometric analysis has been widely used in sev-
eral fields of rehabilitation and dentistry [34–38], but
to the best of our knowledge, there is a lack of biblio-
metric studies on the TMD in the scientific literature.
Therefore this study aimed to perform a bibliometric
analysis of the 50 most cited papers on TMD to obtain
a representation, which will favor future clinical studies
to uncover gaps in the existing evidence.
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2. Materials and methods

The study was designed to answer the following re-
search question: “What are the most cited articles on
temporomandibular joint disorders?”

On December 17, 2021 three authors independently
conducted a computerized database search to find all
published papers about TMD. The Scopus database
was used to identify all potentially relevant studies re-
gardless of the year, type of publication, or language
because of its ability to provide a systematic citation
search across multiple repositories.

The following search query was adopted for the
search: (“temporomandibular” OR “temporomandibu-
lar joint” OR “TMJ”) AND (disorder* OR disease*).
Titles and abstracts were independently screened by
two authors to assess the eligibility of the studies. Any
disagreement was resolved through discussion or, if
necessary, consultation with a third reviewer. The arti-
cles not directly relevant to TMD and those written in a
language different than English were excluded.

Then, two reviewers independently collected data
from the included studies using a customized data ex-
traction on a Microsoft Excel sheet, entering the full
records of the retrieved publications [39–41].

The articles were listed among the remaining texts,
which were sorted in descending order based on their
total number of citations. In accordance with previous
studies, the first 50 manuscripts were considered in the
present bibliometric analysis.

2.1. Bibliometric analysis

Data extracted for each article, by two researchers
were three sets of parameters: (1) article-based parame-
ters (title, authors, journal, publication year, study de-
sign, total citations); (2) journal-based parameters (2020
Journal Impact Factor – JIF – (if available), quartile of
the Category “Dentistry, Oral Surgery & Medicine” (if
available), Eigenfactor Score, Normalized Eigenfactor,
Article influence score, 5-year Journal Impact Factor (5-
JIF), Immediacy Index, number of manuscripts among
the 50 most cited articles on TMD, citations of the pa-
pers among the 50 most cited articles on TMD); and
(3) author-based parameters (name, affiliation, country,
h-index, number of articles and position in the 50 most
cited articles on TMD, citations of the papers included
in the 50 most cited articles on TMD).

All these metrics were identified using two databases:
Incites Journal Citation Reports and Scopus. The lat-
ter was used to obtain information on the author’s

affiliations, country of origin, and h-index. To pro-
duce normalized data, the most productive universities
were identified using author-level fractional counting,
in which the total citations and number of publications
in the top 50 were evenly distributed among the number
of their authors.

2.2. Visualized analysis

Based on bibliographic data, keywords were auto-
matically extracted from the dataset and used to build
a co-occurrence network. Full counting was used to
count keywords, which meant that each co-occurrence
link had the same weight. Two authors manually in-
spected and revised all terms to create a custom the-
saurus to avoid redundancy. The requested minimum
number of keyword occurrences was set to 4 to include
keywords in the analysis dataset. As a result, each key-
word was tabled alongside its occurrences and total link
strength. Keyword mapping was performed through the
VOSviewer. The generated networks are made up of
nodes standing for keywords, while keyword relation-
ships were represented by edges.

To visualize the network, a distance-based approach
was chosen; the distance between two nodes would
roughly indicate the nodes’ relatedness. Keywords that
were similar were grouped together in clusters. The
level of detail in the clustering process is determined by
the cluster resolution. The higher the value, the more
keyword subgroups will be created. Small clusters were
merged into larger clusters when the cluster resolution
was set to 1.0.

3. Results

Out of 24372 papers obtained by the search strategy,
the list of the top 50 most cited articles [2,9,16,17,42–
87] was created according to the Scopus database. No
studies were excluded due to language restrictions. The
oldest article selected was published in 1971 and the
most recent one in 2014. The 50 most cited articles
are described in Table 1 and listed in descending order
according to the total number of citations received.
The highest number of citations received by the most
cited paper [2] was 3020, whereas the lowest number
of citations collected by the 50th cited paper [87] was
203. The total number of citations of the 50 most cited
articles on TMD was 20031.

As shown in Fig. 1, the rate of citations per year
collected by the 50 most cited articles on TMD has
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Fig. 1. The total number of citations per year (2006–2021).

been increasing over time (from 627 citations in 2006
to 1483 citations in 2021).

The most cited paper on TMD was published
by Dworkin & LeResche on the Journal of Cran-
iomandibular Disorders in 1992, with the title “Re-
search diagnostic criteria for temporomandibular dis-
orders: review, criteria, examinations and specifica-
tions, critique” [2], collecting 3020 citations. It is fol-
lowed by another article by Dworkin et al. published
in the same year 1992 entitled “Grading the severity of
chronic pain”, that collected 2052 citations. Concerning
the study design, it was noted that most papers were
cross-sectional studies (n = 20; 40.0%) [44,45,48,51,
53,55,56,62,65,67,70,71,76–79,81–83,85] and narra-
tive reviews (n = 14; 28.0%) [19,47,50,52,57,60,63,68,
69,73,75,80,86,87]. The other articles were: 7 (14.0%)
prospective studies [42,49,54,59,64,72,84], 3 (6.0%)
retrospective studies [46,58,61], 3 (6.0%) systematic re-
views [9,18,66], 2 guidelines on the research diagnostic
criteria [2,43] and 1 article involved animals [74].

Concerning the study objective of the 50 most cited
papers on TMD, diagnosis was assessed in 9 studies [2,
16,42,43,47,48,52,56,81], prevalence in 16 studies [16,
17,44,45,50,52,72,77–79,81–85,87], pathophysiology
in 8 studies [53,54,68,69,73,74,76,86], etiology in 5
studies [47,51,52,55,63], risk factors in 14 studies [9,17,
44,51,55,57,59–62,64,65,67,70], clinical presentation
in 7 studies [45,46,52–54,59,69], and treatment in 8
studies [47,49,52,58,66,75,80,84]. Further details are
depicted in Table 1.

The 50 most cited papers on TMD were published
in 20 different scientific Journals, as shown by Table 2.
The scientific Journal with the highest number of cita-
tions (n = 4728; 23.6% of all) was Pain. This journal
also had the highest number of manuscripts among the

list of the 50 most cited papers on TMD (n = 11). It is
interesting to note that the Journal of Craniomandibular
Disorders has the second highest number of citations
(n = 3020 accounting for 15.1% of all citations) of the
50 most cited papers on TMD, coming from a single
article published in 1992: “Research diagnostic crite-
ria for temporomandibular disorders: review, criteria,
examinations and specifications, critique” [2] that is
the most cited article. Moreover, as depicted in Table 2,
concerning the scientificjournals that published the 50
most cited articles on TMD, the 2020 JIF ranged from
91.253 (New England Journal of Medicine) to 1.895
(Journal of Oral and Maxillofacial Surgery), whereas
the 5-JIF ranged from 89.676 (New England Journal of
Medicine) to 2.123 (Journal of Oral and Facial Pain
and Headache). Out of the 20 scientific Journals pub-
lishing the 50 most cited papers on TMD, it was ob-
served that only 10 (50.0%) were in the Category “Den-
tistry, Oral Surgery & Medicine”, according to the In-
cites Journal Citation Reports dataset. Further details
are described in Table 2.

Out of 142 authors contributing to the 50 most cited
articles on TMD, the main characteristics of the 10 au-
thors with the highest number of citations are analyzed
in Table 3. More specifically, their h-index ranged from
27 to 123 (mean: 56.4 ± 28.53). Concerning the 50
most cited articles on TMD, Dworkin Samuel Franking
was author of the highest number of papers (n = 9)
with the highest total number of citations (n = 8462).
Out of the 10 authors with the highest number of cita-
tions on the 50 most cited papers on TMD, 8 (80.0%)
were from the USA, 1 (10.0%) from Netherlands, and
1 (10.0%) from Sweden. Further details are depicted in
Table 3.
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The keywords of the 50 most cited articles in TMD
were collected and a map was created. It shows tem-
poromandibular joint disorder as the bigger node, it
has been used for the greatest number of times in com-
mon to more articles. Temporomandibular joint disorder
collected 31 occurrences and 226 total link strengths.
Also, TMD and temporomandibular joint were highly
strength terms. Other big nodes are represented by fe-
male and male respectively with 29 and 26 occurrences.
Also, adult and adolescent are two terms with high
occurrences, 29 for adult and 20 for adolescent.

4. Discussion

To the best of our knowledge, this is the first bib-
liometric analysis study that explored the 50 most
cited articles on TMD and one of the very few in the
field of dentistry. According to other comparable pub-
lished publications, the sample size was selected at 50
manuscripts to give a manageable and significant num-
ber of papers to be studied [88].

4.1. Number of citations

A progressive number of citations over the year is
registered from the available data in the field of TMD, as
shown in Fig. 1. Most of the publications in this biblio-
metric analysis were published between 1990 and 2003.
There was a peak of 4 papers published in 1993 and in
1996; thus the 90s might be considered the decade with
the highest number of publications of the top 50 most
cited articles on TMD (see Fig. 2 for further details).

4.2. Study design

The 50 most cited papers on TMD were quite hetero-
geneous in terms of study design. It is interesting to note
that almost the 80% of them was the sum of the num-
ber of cross-sectional studies (n = 20) [44,45,48,51,
53,55,56,62,65,67,70,71,76–79,81–83,85] and narra-
tive reviews (n = 14) [19,47,50,52,57,60,63,68,69,73,
75,80,86,87]. This bibliometric analysis reported only
7 (14.0%) prospective studies [42,49,54,59,64,72,84]
and none randomized clinical trials among the 50 most
cited articles on TMD; this might probably because of
difficulties and costs related to performing and monitor-
ing a trial in this field. However, 3 systematic reviews
were reported [9,18,66]. Further details are depicted in
Table 1.

4.3. Journals

According to the results, 34.00% of the listed article

were published just in two journals (Pain and Journal
of Orofacial Pain) collecting 31.12% of total citations
(6233 over 20031). This aspect demonstrated how a
relevant number of papers was concentered in a limited
number of scientific Journals. Moreover, it should be
noted that the last JIF of the Journal of Orofacial Pain
was reported in 2014, probably due to the newborn
Journal of Oral and Facial Pain and Headache, that with
only 2 papers (among the 50 most cited ones) obtained
1720 citations (third Journal for citations).

The JIF, defined as the frequency with which the
average article in a journal has been referenced in the
previous years, could be considered as the most preva-
lent metric of journal prestige. Despite JIF is largely
used, for sure it has obvious limitations. First, the time-
constrained of the JIF that is not sufficient for judging
the impact of papers published, most of the papers reach
the maximal scientific impact over 2 years beyond the
publication.

All multidisciplinary journals tend to have higher
value of both JIF and 5-JIF respect to the journals how
treat more specific fields, this because reach readers
from more disciplines. The case just described concerns
the journals in the dental field compared to those in the
medical field, the latter tend to have a higher number of
citations.

Another factor that could have a significant impact on
the JIF is the misuse of self-citations. The self-citation
percentage in the presented list was low (5.44%),
lower than the average reported in dentistry [89] and
lower than a recent study’s median self-citation rate of
12.7% [90].

4.4. Authors

The data extraction showed the presence of 142 au-
thors in the 50 most cited articles on TMD. Consider-
ing that each document has several authors, it is dif-
ficult to pinpoint each author’s particular contribution
and, as a result, their role. Traditionally the name of
the first author is the name of the main contributor and
the name of the last author represent by the supervisor
of the scientific work and usually the last name is also
the corresponding author. The most impacted authors
in TMD articles usually take place one of the two posi-
tions described above, less frequently they took posi-
tion as coauthor. Indeed, Dworkin, the most impacted
author, contributed to nine papers and in seven of these
as first or last author, also LeResche second in this list,
contributed with seven articles and in 5 of these she
was first or last author. The disparity in h-index among
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Fig. 2. Number of articles published per year.

authors of the top 50 papers suggests contributions from
researchers with varying levels of academic expertise.
Also, the origin of the publications was considered. In
this analysis it emerges that North America, both USA
and Canada, contributed with 33 articles (30 for USA
and 3 for Canada) and Europe with 13 papers (most
contributions were from Sweden with 7 and Italy with
2); the outsider is Japan with less contributions given
by two articles. This pattern could be explained by ac-
cumulative geographic advantage, as citations are more
likely to come from institutions in the same nation as
the author [91]. Furthermore, the USA benefits from a
large scientific community and generous science fund-
ing regulations. The findings evidenced a collaboration
between institutions, the highest number of citations is
associated with authors affiliated with the universities.

4.5. Time period

Most articles ranked in the top 50 more cited in TMD
were published from 1990 to 2005 with 35 articles. In
lasts fifteen years from 2006 to 2021 just 11 articles
were published with no articles listed published after
2014. This maybe could be affected by the shortest
timeframe that articles published after 2014 received to
be highly cited. In contrast to this trend authors took
over the number of citations of the top 50 articles in
TMD occurred every year. The data showed how this
number increased among the years, authors detected
from 2006 when just 627 citations were done to 2021
when the number reach the peak with 1483 citations
(see Fig. 2 for further details). Therefore, the citations
have been continuously increasing such as the interest
in the scientific research on the management of TMD,
a cornerstone in dental clinical practice.

4.6. Keywords

A visualized analysis of the keywords co-occurrence

was performed, considered as a technique for mapping
the study domain in a particular topic by looking at the
relationship between different terms [91]. Keywords
commonly allow for accurate indexing in computerized
databases, allowing for more scientific publications to
be found easily. According to the keywords map the
central node is represented by temporomandibular joint
disorder. It is followed by the nodes representing female
and male.

As could be expected, the first term is “temporo-
mandibular joint disorder”, considering that it repre-
sented the main topic of the included papers. Other two
terms highly represented were “female” and “male”,
two nodes related with a smaller one targeted with “sex
differences”, thus showing how TMD might be influ-
enced by sex, with different prevalence for male and
female. Moreover, “age” and “age difference” are inter-
connected with “prevalence”, thus meaning that TMD
could be considered as problems related to different age
groups.

Another important field of research was represented
by the investigation on the potential risk factors. There
were two smaller nodes named “risk factors” and “risk”
that were strictly interconnected to the nodes described
above representing sex differences and age as well as
some specific time bands such as adolescence or middle
age. Moreover, there was also a relationship between
“depression” and “chronic pain”, thus underling the
potential influence of these components on patients with
TMD.

Lastly, there were connections to other nodes show-
ing several anatomical parts of temporomandibular
joint, as articular cartilage, condyle, mandibular, masti-
catory muscle, osteoarthritis, malocclusion, and brux-
ism (see Fig. 3 for further details).

4.7. Study limitations

This paper is not without limitations. First, some key-
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Fig. 3. Network analysis of keywords (visualized analysis).

words of the search strategy might be included also in
other articles not of interest for our bibliometric analy-
sis; however, we chose to be more inclusive in the first
phases to minimize potential selection biases. Second,
the citations per year have not been assessed; thus, the
impact of more recent studies might be underestimated.
Lastly, this bibliometric analysis might present a bias
considering that older articles might have more cita-
tions, due to their timing on the scientific literature. In
this scenario, a similar bibliometric analysis [92] has
recently been published, but the authors focused on the
last 20 years, without providing a broad overview about
the whole scientific literature. On the other hand, to the
best of our knowledge, this is the first bibliometric anal-
ysis assessing TMD via the Scopus database without
time restrictions, potentially filling a gap of knowledge
on TMD.

5. Conclusions

The findings of this bibliometric study showed an

increasing number of citations for papers on TMD,
synonymous of a high interest in the scientific research
in the last years. The paper with the highest number
of citations was on the research diagnostic criteria on
TMD.

Starting from the analysis of the most cited articles
in this field, this bibliometric analysis might provide
information to researchers for an adequate knowledge
of previous literature on a well-debated topic such as
TMD.

In light of these considerations, the results of our bib-
liometric analysis might pave the way to future research
focusing on the gap of knowledge in scientific litera-
ture highlighted by the mapping network of the present
study. Thus, further studies should be performed based
on the knowledge on the most relevant articles in the
literature regarding TMD.
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