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ORIGINAL ARTICLE ATVU-DU

The 50 most-cited articles on clear
aligner treatment: A bibliometric and
visualized analysis

Alessandro Bruni,? Francesca Giulia Serra,? Vittorio Gallo,” Andrea Deregibus,b and Tommaso Castroflorio®
Turin, Italy

Introduction: Research on clear aligner treatment (CAT) has increased in recent years. In this study, we aimed
to perform a bibliometric and visualized analysis to identify and critically assess the 50 most highly cited articles
on CAT. Methods: Web of Science was selected as a data source and consulted until March 2020 to identify all
articles potentially relevant to the analysis. All the eligible articles were collected until 50 manuscripts were listed.
Article-based parameters, journal-based parameters, and author-based parameters were registered to perform
the bibliometric analysis. Keywords were automatically harvested from the selected articles to implement the
visualized analysis. Results: The search identified a total of 378 articles; the total number of citations of the
selected articles varied from 15 to 112. The average number of citations per year varied from 1.15 to 13.83.
The predominant study design was clinical (31.7%). Over the 15 journals in which the most cited articles
were published, the American Journal of Orthodontics and Dentofacial Orthopedics published the majority of
those included in the list (14) and also received the greatest number of citations (671). A total of 195 authors
contributed to the 50 most cited articles; a significant portion of them (26) were unaffiliated with academic insti-
tutions. A total of 184 keywords were gathered from the article list. Conclusions: The number of citations on
CAT is expected to grow steadily in parallel with the rising number of research projects. The present work
identifies the most influential articles on CAT and their characteristics, placing emphasis on the journals, the

authors, and the topics addressed. (Am J Orthod Dentofacial Orthop 2021; l:e1-e20)

lear aligner treatment (CAT) has a long-standing
history in orthodontics,' but the recent advance-
ments in applied biomechanics and the achieve-
ments in biomaterials design and engineering have led
to its adoption as a suitable technique in dealing with
several clinical conditions.
Despite the advantages in patient comfort and
acceptability,” oral hygiene maintenance™” and
esthetics,” the efficiency of clear aligners is still under
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debate, and a broad consensus on their clinical
performance has not been reached in academia.®”

As a result, a significant surge in research activities
has been observed over recent years, in line with the
growing number of publications on CAT.

To evaluate and track the research output in a spe-
cific field, we employed several analytical instruments
with the final aim of determining the historical trend
of a topic and speculating on the direction in which
the research is proceeding. Bibliometric analysis is a
means by which any measurable information pertaining
to published scientific articles can be retrieved, collected,
and analyzed. Citations are the primary measure used to
quantify the impact—and often the quality—of a
publication in a specific area; citations also reveal a
connection between authors, groups of researchers,
topics of study, or countries.'® The establishment of a
citation ranking list identifies published works that can
potentially influence trends in clinical practice and
future research.'' In addition, the use of visualized
analyses to map bibliometric networks, often referred
to as science mapping, can provide an intuitive yet
comprehensive overview of a large dataset.'”
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When submitting a manuscript, it is important for Pa) was the source used to identify all potentially rele-
authors to refer to common journal metrics, such as vant studies regardless of the year, type of publication,
the journal impact factor (JIF), the 5-year journal impact or language.
factor (5-JIF), the Scimago Journal Ranking (SJR) and The following complex search query was adopted
the Eigenfactor (EF), to decide which journal is right without field restrictions:

for the proposed research. The JIF measures the average
number of citations received by an article in a specific
journal during a predefined timeframe (2 years for JIF
and 5 years for 5-J1F). In contrast, the SJR and Eigenfac-
tor use an original algorithm to appraise the number of
citations received and consider the weight of the source
of the citations.'” Authors choose a particular journal for
a variety of reasons; one of the most important is the
prestige or impact of the journal. Therefore, these met-

(((orthodont* OR clear OR removable OR thermo-
plastic) AND (aligner* OR “aligner* therap™” OR
“aligner™ treatment*”)) OR Invisalign).

Titles and abstracts were independently screened by 2
authors (S.F.G and G.V), who had been previously in-
structed how to use the Web of Science platform to
assess the eligibility of the studies: articles not directly
relevant to CAT were excluded.

rics can provide a measure of the supposed quality of The full records of the retrieved publications were
the published papers in a specific field. downloaded or manually entered into Microsoft Excel

Author metrics are used to track how often an au- spreadsheet software (Microsoft Corp, Redmond,
thor’'s work is cited and demonstrate the reach and Wash) by each author. The abstract of each article was
impact of a researcher’s work for use in grant applica- analyzed manually to check its pertinence. The residual
tions, tenure, promotion, and performance reviews. An manuscripts were sorted in descending order according
author’s impact is frequently quantified in terms of the to their total number of citations, and among them,
number of citations of their publications. A well- only the first 50 were listed. Cohen’s kappa (k) coeffi-
known author-level metrics is the h-index, which is cient was calculated to measure the interrater agreement
equal to the number of an author’s publications (h) in the selection process.’” The resulting k coefficient was
that have h or more citations'* (eg, if the h-index of a 1.0, showing perfect agreement. Any potential disagree-
scientist is 50, it means that each of the 50 articles of ment concerning the inclusion of studies would be
the author has been cited at least 50 times). resolved through discussion and consensus with a third

Bibliometric analysis has been widely employed author (C.T).

15-22

in several fields of dentistry, including
orthodontics,””” but a study identifying and

analyzing the most cited articles on CAT has not yet Bibliometric analysis

been performed. Three sets of parameters were independently

The aim of the present bibliometric and visualized collected for each article by 2 researchers (S.F.G
analysis is to assess and benchmark research and G.V): (1) article-based parameters (title, authors,
performance, to identify significant trends and underin- journal, publication year, study design, total citations,
vestigated areas, and to rank influential men or women, average citation per year); (2) journal-based parame-
institutions, papers, journals, and countries in the field ters (title, JIF 2018, 5-JIF, SJR, quartile, number of
of CAT. The analysis takes into account all of the afore- citations, number of manuscripts in top 50, EF),
mentioned journal and author metrics. and (3) author-based parameters (name, affiliation/s,

h-index, number of articles, authorship position,
number of citations).

MATERIAL AND METHODS For the evaluation of the study design of each

The study was designed to answer the following selected article, the authors used an adapted form,
research question: What are the most cited articles in obtained from the classification of different study types
the field of clear aligner treatment? The research ques- proposed by Rohrig et al,”' integrated with the Cochrane
tion was formulated according to the FINER (feasible, Collaboration glossary definitions.
interesting, novel, ethical, relevant) criteria.”® The JIF, the 5-JIF, and the EF score of each journal

On March 22, 2020, a computerized database search included in the list were identified using the Incites Jour-
was performed independently by 2 authors (S.F.G and nal Citation Reports (Clarivate Analytics) dataset.

G.V) to detect all the published papers about CAT. Author’s affiliations, country of origin, and h-index
Because of its ability to provide a systematic citation data were retrieved in the Scopus (Elsevier BV, Amster-
search through multiple repositories,” the Web of Sci- dam, The Netherlands) database. The most productive
ence Core Collection (Clarivate Analytics, Philadelphia, institutions were identified using author-level fractional
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counting’?; the total citations and the number of man- collected by all 50 articles included in the list is
uscripts in the top 50 were equally distributed among increasing over time, as shown in Figure 1, from 6 in
the number of their authors to obtain normalized results. 2003 to 306 in 2019, with a peak in 2017 with 313 cita-
All the collected data were subsequently analyzed using tions. Citations of the current year were not embedded in
Graphpad Prism (version 8.4; GraphPad Software, La Figure 1 because they would represent a misleading
Jolla, San Diego, Calif) for descriptive statistics and chart trend.
making. Considering the total number of citations, the most-
referenced paper, published in 2009 in the American
Visualized analysis Journal of Orthodontics and Dentofacial Orthopedics,

is the clinical trial by Kravitz et al entitled “How well
does Invisalign work? A prospective clinical study evalu-
ating the efficacy of tooth movement with Invisalign.”
The average number of citations per year range from
1.15 to 13.83 (mean, 3.87; SD, 2.45), and with regard
to this parameter, the most-referenced paper, published
in 2015 in Angle Orthodontist, is the systematic review
by Rossini et al entitled “Efficacy of clear aligners in con-
trolling orthodontic tooth movement: a systematic re-
view.”

The majority of the listed papers were classified as
clinical study (n = 14), followed by a cohort study
(n = 8) and theoretical studies (n = 8). The type of study
collecting the highest number of citations was the clin-
ical trial (38%), followed by the cohort study (17%) and
the systematic review (149%), as illustrated in Figure 2.

The 50 most cited papers were published in 15 jour-
nals, as shown in Table 11. The majority of the listed jour-
nals (8 of 15) were classified as orthodontic journals. The
journal with the most significant number of cited articles
was the American Journal of Orthodontics and Dento-
facial Orthopedics with 14 articles and 671 citations,
followed by the Angle Orthodontist (with 14 articles
and 410 citations) and the European Journal of Ortho-
dontics (with 5 articles and 134 citations), as illustrated
in Figure 3.

The JIF of scientific journals in which the 50 most
cited articles were published varied from 0.181 to
RESULTS 4.440 (mean, 1.71; SD, 1.140), whereas the 5-JIF

The search strategy applied returned a total of 378 ranged from 0.457 to 5.183 (mean, 1.96; SD, 1.27).
papers. Only those unambiguously referred to CAT The journal with the highest JIF and 5-JIF is Dental

Keywords were extracted automatically from the
dataset and used to construct a co-occurrence network
on the basis of bibliographic data. Keywords were
counted using full counting, meaning that each co-
occurrence link had the same weight. To avoid redun-
dancy, 2 authors (B.A and S.F.G) manually inspected
and revised all the terms to collate a custom thesaurus
(Supplementary Material). To include keywords in the
analysis dataset, we set the requested minimum num-
ber of occurrences of keywords was set to 2. Thus,
each identified keyword was tabled jointly with its oc-
currences and total link strength. VOSviewer (Centre
for Science and Technology Studies, Leiden University,
Leiden, The Netherlands) was used for keyword
mapping. The generated networks consist of nodes,
representing the keywords, and edges, representing
the relationship between keywords. A distance-based
approach was selected to display the network visually;
the distance between 2 nodes would approximately
indicate the relatedness of the nodes. Similar keywords
were grouped in clusters.’”

Cluster resolution determines the level of detail of the
clustering process. The higher the value, the higher the
number of keyword subgroups created. The cluster res-
olution was set to 1.0, which means that small clusters
were merged into larger clusters.

were used to create the list of the 50 most cited articles, Materials, with a single manuscript listed in the 50
and from those 50 papers, data were extracted. The ar- most cited articles.
ticles listed were published from 2002 to 2017 inclusive; The SJR score varied from 1.94 to 0.25 (mean, 0.84;

2017 was the most frequently occurring publication year SD, 0.44) and the EF varied from 0.01853 to 0.00024
in the dataset. All the 50 articles included in the list were (mean, 0.00526; SD, 0.00587). In addition, considering

written in the English language. these indicators, Dental Materials showed a higher
The 50 most cited articles are shown in Table 1, listed score.

in descending order according to the total number of ci- According to their SJR, 8 journals are positioned in
tations received. The number of citations collected by the first quartile, 4 in the second quartile, and 3 in the
each article between 2002 and 2020 varied from 15 to third quartile.

112, 1724 overall (mean, 34.48; standard deviation The number of authors contributing to the 50 most
[SD], 20.93); the self-citation rate measured for the cited articles on CAT is 195. The top 10 authors ranked
listed papers was 11%. The annual number of citations per total citation numbers are listed in Table 11l. The
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Table I. The 50 most cited articles on CAT, ranked in descending order of number of total citations

Ranking
position
1

Title

How well does
Invisalign work? A
prospective clinical
study evaluating the
efficacy of tooth
movement with
Invisalign

Outcome assessment
of Invisalign and
traditional
orthodontic
treatment
compared with the
American Board of
Orthodontics
objective grading
system

Efficacy of clear
aligners in
controlling
orthodontic tooth
movement: a
systematic review

Association of
orthodontic force
system and root
resorption: a
systematic review

Invisalign A to Z

The treatment effects
of Invisalign
orthodontic
aligners-a
systematic review

Authors

Kravitz ND, Kusnoto B,
BeGole E, Obrez A,
Agran B

Djeu G, Shelton C,
Maganzini A

Rossini G, Parrini S,
Castroflorio T,
Deregibus A,
Debernardi CL

Roscoe MG, Meira

JBC, Cattaneo PM

Wong BH

Lagravere MO, Flores-
Mir C

Journal
American Journal of
Orthodontics and
Dentofacial
Orthopedics

American Journal of
Orthodontics and
Dentofacial
Orthopedics

Angle Orthodontist

American Journal of
Orthodontics and
Dentofacial
Orthopedics

American Journal of
Orthodontics and
Dentofacial
Orthopedics

Journal of The
American Dental
Association

Year of
publication

2009

2005

2015

2015

2002

2005

Study design
Clinical study (clinical
trial)

Cohort study
(historical)

Systematic review

Systematic review

Short communication

Systematic review

Total
citations

112

92

83

71

61

59

Citation
density

9.33

5.75

13.83

11.83

3.21

3.69

)
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Ranking
position

7

Continued

Title

Activation time and
material stiffness of
sequential
removable
orthodontic
appliances. Part 1:
ability to complete
treatment

Forces and moments
generated by
removable
thermoplastic
aligners: incisor
torque, premolar
derotation, and
molar distalization

Treatment outcome
and efficacy of an
aligner technique-
regarding incisor
torque, premolar
derotation and
molar distalization

A comparison of
treatment impacts
between Invisalign
aligner and fixed
appliance therapy
during the first week
of treatment

Invisalign and
traditional
orthodontic
treatment
postretention
outcomes compared
using the American
Board of
Orthodontics
Objective Grading
System

Authors

Bollen AM, Huang G,
King G, Hujoel P,
Ma T

Simon M, Keilig L,
Schwarze J, Jung
BA, Bourauel C

Simon M, Keilig L,
Schwarze J, Jung
BA, Bourauel C

Miller KB, McGorray
SP, Womack R,
Qunitero JC,
Perelmuter M,
Gibson J, Dolan TA,
Wheeler TT

Kuncio D, Maganzini
A, Shelton C,
Freeman K

Journal

American Journal of
Orthodontics and
Dentofacial
Orthopedics

American Journal of
Orthodontics and
Dentofacial
Orthopedics

BMC Oral Health

American Journal of
Orthodontics and
Dentofacial
Orthopedics

Angle Orthodontist

Year of
publication

2003

2014

2014

2007

2007

Study design
Clinical study (RCT)

Clinical study (clinical
trial)

Clinical study (clinical
trial)

Cohort study
(prospective)

Cohort study
(historical)

Total
citations

54

50

49

47

45

Citation
density

3

3.36

3.21

Go
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Continued

Title

A comparison between
customized clear
and removable
orthodontic
appliances
manufactured using
RP and CNC
techniques

Activation time and
material stiffness of
sequential
removable
orthodontic
appliances. Part 2:
dental
improvements

A comparison of the
periodontal health
of patients during
treatment with the
Invisalign (R) system
and with fixed
lingual appliances

Influence of
attachments and
interproximal
reduction on the
accuracy of canine
rotation with
Invisalign-a
prospective clinical
study

Periodontal status of
adult patients
treated with fixed
buccal appliances
and removable
aligners over one
year of active
orthodontic therapy

Authors
Martorelli M, Gerbino
S, Giudice M,
Ausiello P

Clements KM, Bollen
AM, Huang G, King
G, Hujoel P, Ma T

Miethke R, Braunerl K

Kravitz ND, Kusnoto B,
Agran B, Viana G

Karkhanechi M, Chow
D, Sipkin J, Sherman
D, Boylan RJ,
Norman RG, Craig
RG, Cisneros GJ

Journal
Dental Materials

American Journal of
Orthodontics and
Dentofacial
Orthopedics

Journal of Orofacial
Orthopedics-
Fortschritte Der
Kieferorthopadie

Angle Orthodontist

Angle Orthodontist

Year of
publication

2013

2003

2007

2008

2013

Study design

Clinical study (cross-
over trial)

Clinical study (RCT)

Case-control

Clinical study (clinical

trial)

Case-control

9o

1D 19 1unig



$91padoy1iQ [P1IV[OIUIT PUD SIUOPOYLLQ JO [DULNOL UDILIIULY

W onssie W 10A®IZ0C R

Table I.

D 19 1unig

Ranking
position

17

20

21

22

Continued

Title

Esthetic orthodontic
treatment using the
Invisalign appliance
for moderate to
complex
malocclusions

A novel pressure film
approach for
determining the
force imparted by
clear removable
thermoplastic
appliances

Initial forces and
moments delivered
by removable
thermoplastic
appliances during

rotation of an upper

central incisor

Structural
conformation and
leaching from
in vitro aged and
retrieved Invisalign
appliances

Braces versus
Invisalign®:
gingival parameters
and patients’
satisfaction during
treatment: a cross-
sectional study

Invisalign® treatment
in the anterior
region: were the
predicted tooth
movements
achieved?

Authors
Boyd RL

Barbagallo LJ, Shen G,
Jones AS, Swain
MV, Petocz P,
Darendeliler MA

Hahn W, Engelke B,
Jung K, Dathe H,
Fialka-Fricke J,
Kubein-
Meesenburg D,
Sadat-Khonsari R

Schuster S, Eliades G,
Zinelis S, Eliades T,
Bradley TG

Azaripour A,
Weusmann J,
Mahmoodi B,
Peppas D, Gerhold-
Ay A, Van Noorden
CJF, Willershausen
B,

Krieger E, Seiferth J,
Marinello 1, Jung
BA, Wriedt S, Jacobs
C, Wehrbein H

Journal

Journal of Dental
Education

Annals of Biomedical
Engineering

Angle Orthodontist

American Journal of
Orthodontics And
Dentofacial
Orthopedics

BMC Oral Health

Journal of Orofacial
Orthopedics-
Fortschritte Der
Kieferorthopadie

Year of
publication

2008

2008

2010

2004

2015

2012

Study design

Case series

Case series

Theoretical study
(analytical
measurement
procedure)

Theoretical study
(analytical
measurement
procedure)

Case-Control

Cohort study
(historical)

Total
citations

38

36

35

35

33

33

Citation
density

2.92

2.77

2.06

5.5

3.67

L)
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Continued

Ranking
position

23

24

25

26

27

Title

Periodontal health
during clear aligners
treatment: a
systematic review

Adult patients’
adjustability to
orthodontic
appliances. Part 1: a
comparison
between Labial,
Lingual, and
Invisalign ™

Effects of mechanical
properties of
thermoplastic
materials on the
initial force of
thermoplastic
appliances

Activation time and
material stiffness of
sequential
removable
orthodontic
appliances. Part 3:
premolar extraction
patients

Periodontal health in
teenagers treated
with removable
aligners and fixed
orthodontic
appliances

Authors

Rossini G, Parrini S,
Castroflorio T,
Deregibus A,
Debernardi CL

Shalish M, Cooper-
Kazaz R, Ivgi 1,
Canetti L, Tsur B,
Bachar E, Chaushu S

Kohda N, lijima M,
Muguruma T,
Brantley WA,
Ahluwalia KS,
Mizoguchi 1

Baldwin D, K, King G:
Ramsay D, S, Huang
G, Bollen AM

Abbate GM, Caria MP,
Montanari P,
Mannu C, Orru G,
Caprioglio A, Levrini
L

Journal

European Journal of
Orthodontics

European Journal of
Orthodontics

Angle Orthodontist

American Journal of
Orthodontics and
Dentofacial
Orthopedics

Journal of Orofacial
Orthopedics-
Fortschritte Der
Kieferorthopadie

Year of
publication

2015

2012

2013

2008

2015

Study design

Systematic review

Clinical study (clinical

trial)

Theoretical study
(analytical
measurement
procedure)

Clinical study (RCT)

Clinical study (RCT)

Total
citations

31

31

30

Citation
density

5.17

3.44

3.75

4.17

go
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Ranking Year of Total Citation
position Title Authors Journal publication Study design citations density
28 Initial force systems Gomez JP, Pena FM, Angle Orthodontist 2015 Theoretical study 25 4.17
during bodily tooth Martinez V, Giraldo (analytical
movement with DC, Cardona Cl measurement
plastic aligners and procedure)
composite
attachments: a
three-dimensional
finite element
analysis
29 Torquing an upper Hahn W, Zapf A, Dathe European Journal of 2010 Theoretical study 25 2.27
central incisor with H, Fialka-Fricke J, Orthodontics (analytical
aligners-acting Fricke-Zech S, measurement
forces and Gruber R, Kubein- procedure)
biomechanical Meesenburg D,
principles Sadat-Khonsari R
30 Initial forces generated Hahn W, Fialka-Fricke European Journal of 2009 Theoretical study 25 2.08
by three types of J, Dathe H, Fricke- Orthodontics (analytical
thermoplastic Zech S, Zapf A, measurement
appliances on an Gruber R, Kubein- procedure)
upper central incisor Meesenburg D,
during tipping Sadat-Khonsari R
31 Cytotoxicity and Eliades T, Pratsinis H, American Journal of 2009 Cell study 24 2
estrogenicity of Athanasiou AE, Orthodontics and
Invisalign Eliades G, Kletsas D Dentofacial
appliances Orthopedics
32 Orthodontic treatment Chenin DA, Trosien Journal of The 2003 Case series 24 1.33
with a series of AH, Fong PF, Miller American Dental
removable RA, Lee RS Association
appliances
33 Root resorption Brezniak N, Angle Orthodontist 2008 Single case report 23 1.77
following treatment Wasserstein A
with aligners
34 Ultrastructure and Low B, Lee W, European Journal of 2011 Clinical study (clinical 22 2.2
morphology of Seneviratne CJ, Orthodontics trial)
biofilms on Samaranayake LP,

thermoplastic
orthodontic
appliances in ‘fast’
and ‘slow’ plaque
formers

Hagg U

D 19 1unig
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Ranking Year of Total Citation
position Title Authors Journal publication Study design citations density
35 Evaluation of Gu J, Tang JS, Skulski American Journal of 2017 Case-Control 21 5.25
Invisalign treatment B, Fields HW, Beck Orthodontics and
effectiveness and FM, Firestone AR, Dentofacial
efficiency compared Kim DG, Deguchi T Orthopedics
with conventional
fixed appliances
using the Peer
Assessment Rating
index
36 Maxillary molar Ravera S, Castroflorio Progress In 2016 Cohort study 21 4.2
distalization with T, Garino F, Daher S, Orthodontics (historical)
aligners in adult Cugliari G,
patients: a Deregibus A
multicenter
retrospective study
37 Accuracy of Krieger E, Seiferth J, Journal of Orofacial 2011 Cohort study 20 2
Invisalign® Saric 1, Jung BA, Orthopedics- (historical)
treatments in the Wehrbein H, Fortschritte Der
anterior tooth Kieferorthopadie
region
38 Short-term chemical Gracco A, Mazzoli A, Australian Orthodontic 2009 Theoretical study 20 1.67
and physical Favoni O, Conti C, Journal (analytical
changes in Ferraris P, Tosi G, measurement
Invisalign Guarneri MP procedure)
appliances
39 Clinical limitations of Phan X, Ling PH Journal of The 2007 Short communication 20 1.43
Invisalign Canadian Dental
Association
40 Efficiency, Zheng M, Liu R, Ni Z, Orthodontics & 2017 Methanalysis 18 4.5
effectiveness and YuZ Craniofacial
treatment stability Research
of clear aligners: a
systematic review
and meta-analysis
41 In-vivo von Mises Vardimon AD, Robbins American Journal of 2010 Clinical study (clinical 18 1.64

strains during
Invisalign treatment

D, Brosh T

Orthodontics and
Dentofacial
Orthopedics

trial)

=
)
S
S
2
=
)
=
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:
Ranking Year of Total Citation a
position Title Authors Journal publication Study design citations density S
42 Discomfort associated White DW, Julien KC, Angle Orthodontist 2017 Clinical study (RCT) 17 4.25 =

with Invisalign and Jacob H, Campbell
traditional brackets: PM, Buschang PH
a randomized,
prospective trial
43 Twitter analysis of the Noll D, Mahon B, Angle Orthodontist 2017 Cross-sectional study 15 3.75
orthodontic patient Shroff B, Carrico C,
experience with Lindauer SJ
braces vs Invisalign
44 The combined use of Cassetta M, Altieri F, Korean Journal of 2017 Single case report 15 3.75
computer-guided, Pandolfi S, Orthodontics
minimally invasive, Giansanti M
flapless corticotomy
and clear aligners as
a novel approach to
moderate crowding:
a case report
45 The predictability of Houle JP, Piedade L, Angle Orthodontist 2017 Cohort study 15 3.75
transverse changes Todescan R, (historical)
with Invisalign Pinheiro FH
46 Orthodontically Iglesias-Linares A, Angle Orthodontist 2017 Case-Control 15 3.75
induced external Sonnenberg B,
apical root Solano B, Yanez-
resorption in Vico RM, Solano E,
patients treated Lindauer SJ, Flores-
with fixed Mir C
appliances vs
removable aligners
47 Stress relaxation Lombardo L, Martines Angle Orthodontist 2017 Theoretical study 15 3.75
properties of four E, Mazzanti V, (analytical
orthodontic aligner Arreghini A, Mollica measurement
materials: a 24-hour F, Siciliani G procedure)
in vitro study
48 The effectiveness of LiW, Wang S, Zhang Y International Journal 2015 Clinical study (RCT) 15 2.5

the Invisalign
appliance in
extraction cases
using the ABO
model grading
system: a
multicenter RCT

of Clinical and
Experimental
Medicine




el12 Bruni et al

most-referenced author was Jung BA, an author of 4 pa-
pers, with a total number of 152 citations.

The h-index of each author varied from 1 to 78
(mean, 12.9; SD, 12.9); the first and the second position
of the list were occupied by authors recognized with an
h-index of 11, whereas the author in the third position
had an h-index of 2.

The distribution of authors per country displayed a
clear predominance in the United States (n = 67), fol-
lowed by Italy (n = 36), and Germany (n = 30). The
countries less represented were the United Kingdom,
India, Sweden, and Denmark (n = 1).

Most of the authors are affiliated with no institutions
(n = 26), followed by Johannes Gutenberg Universitat
Mainz (n = 12), Universitat Gottingen (n = 10) and
Ohio State University (n = 10) (Table 1V).

Among the institutions, Albert Einstein College of
Medicine of Yeshiva University had the highest author-
weighted citations percentage (7.9%).

A total of 184 terms were automatically identified
from the 50 most cited articles; of the 93 keywords
obtained by merging the redundant terms through a
custom thesaurus, 37 terms occurred a minimum of 2
times. A keyword cooccurrences map was generated, as
shown in Figure 4. Cluster analysis on the basis of terms
occurrence identified 5 clusters with 243 links and a total
link strength of 466. The most representative keyword
was Invisalign, with 25 occurrences and a total link
strength of 104.

Citation

density
2.14
1.15

Total
citations
15
15

Study design
Cohort study
(historical)
Editorial

Year of

publication
2014
2008

Orthodontics and

Journal
American Journal of
Dentofacial
Orthopedics
Angle Orthodontist

DISCUSSION

The introduction of clear aligners has been one of
the greatest breakthroughs in orthodontic practice.
The popularity of CAT has been steadily growing so
that not even the uncertainty surrounding their capa-
bility to perform®” has hindered their large-scale
adoption as observed by the relevant rise in market
share in recent years.”* This has sparked academic in-
terest and resulted in a significant surge in research
activities; CAT has turned into one of the most
debated subjects among the orthodontic scientific
community. Therefore, the main contribution of the
present research was to define the main trends of ac-
ademic activity.

According to the authors, the present study is the first
bibliometric analysis exploring the 50 most cited articles
in clear aligner orthodontics and one of the very few in
the field of dentistry. The sample size was set to 50
manuscripts to provide a manageable and meaningful
number of articles to be analyzed, according to several
comparable published works.'”*>%¢

Authors
Chisari JR, McGorray
SP, Nair MR,
Wheeler TT

Brezniak N

Title
orthodontic tooth
movement with
clear aligners

The clear plastic

Variables affecting
appliance-a
biomechanical
point of view

=]
o
=
=
=
=
(=]
o
<
Q2
©
-

Ranking
position
49
50
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Fig 1. The number of total citations per year (2003-2019).

Number of citations

From the available data, the authors identified a pro-
gressive increase in the number of citations over the
years, along with a rising total number of publications
in accordance with the growing interest in this subject
(Fig 1). The improvements in aligner biomechanics and
the common demand for esthetic treatments have
encouraged the diffusion of the CAT and consequently
have supported their academic attractiveness.

The majority of the articles included in this analysis
were published from 2000 to 2010. 1t is reported that,
on average, a scientific paper starts being cited 1 or

2 years after publication, reaching the maximum citation
rate 7-10 years after publication’” and that the highest
recognition of relevant articles occurs during a chrono-
logical interval of 10-20 years.”” Therefore, the potential
impact of recently published papers is frequently under-
estimated. The average number of citations per year was
the indicator used to identify the high potential impact
of recently published articles that have had insufficient
time to accumulate a large volume of total
citations.”® The indicator was calculated by dividing
the total number of citations by the number of years
since publication and was introduced to avoid any bias

B 31.7% Clinical Study

B 16.7% Cohort Study
B 14.1% Systematic Review
B 12.2% Theoretical Study

B 8.5% Case-Control
B 5.6% Case Series
I 5.5% Others
2.2% Case Report
1.3% Cell Study
1%  Meta-Analysis
0.8%

Cross-Sectional Study

Fig 2. Distribution of the study design in the 50 most cited articles on CAT.
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Table II. Journals that published the 50 most cited articles on CAT ranked in descending order of number of total
citations

Ranking
position Journal title JIF (2018)
1 American Journal of Orthodontics and 1.911
Dentofacial Orthopedics
2 Angle Orthodontist 1.880
3 European Journal of Orthodontics 1.841
4 Journal of Orofacial Orthopedics-Fortschritte 0.972
Der Kieferorthopadie
5 Journal of The American Dental Association 2.572
6 BMC Oral Health 2.048
7 Dental Materials 4.440
8 Journal of Dental Education 1.506
9 Annals of Biomedical Engineering 3.474
10 Progress In Orthodontics 1.381
12 Journal of The Canadian Dental Association 0.759
1 Australian Orthodontic Journal 0.269
13 Orthodontics & Craniofacial Research 0.946
14 Korean Journal Of Orthodontics 1.476
15 International Journal of Clinical and 0.181
Experimental Medicine
0Q, quartile.

arising from older manuscripts accruing a higher number
of citations over time”® and providing a fairer compari-
son for junior academics. Citations of the current year
were not embedded in Figure 1 because they would
represent a misleading trend.

The number of total citations obtained from the 50
most cited articles in CAT was still minimal compared
with other medical disciplines in which a publication
cited more than 400 times is considered a classic. In
medical fields with limited research activity, the bench-
mark to qualify an article as a classic is 100 citations."'

Number of citations

Total=1709

O00O000OCONOANDNE

No. of
No. of  manuscripts

5-JIF EF SJR Quartile  citations in top 50
2.333 0.00667 1.15 Q1 671 14
2.009 0.00461 1.25 QI 410 14
2.023  0.00361 1.06 Q1 134 5
1.088 0.00088 0.62 Q2 118
2.493  0.00405 0.74 Q1 83 2
2.393 0.00532  0.92 Q1 82 2
5.183 0.01318 1.94 QI 43 1
1.473 0.00198  0.42 Q2 38 1
3.607 0.01574 1.07 Q1 36 1

NA 0.00154 0.86 Q2 21 1
0.457 0.00028 0.25 Q3 20 1
0.462 0.00024 0.34 Q3 20 1
1.595 0.00125 0.7 Q2 18 1
1.523 0.00103 1.05 Q1 15 1
0.744 0.01853 0.27 Q3 15 1

Considering the average number of citations in the
orthodontic field, the 80 most cited papers published be-
tween 2000 and 2015 received an average number of ci-
tations of 116.2, with a peak of 274 citations.””
Extending the timeframe from 1975 to 2011, the 100
most cited orthodontic articles collected an average
number of citations of 126.54, with the most cited
article received a total of 545 citations. In the present
study, only 1 paper exceeds 100 citations (Kravitz et al,
2009), indicating that there is still a lack of research in
the field.

39.26% 671 American Journal of Orthodontics and Dentofacial Orthopedics
23.99% 410 Angle Orthodontist

7.84% 134 European Journal of Orthodontics

6.90% 118 Journal of Orofacial Orthopedics / Fortschritte der Kieferorthopddie
4.86% 83 Journal of the American Dental Association

4.80% 82 BMC Oral Health

2.52% 43 Dental Materials

2.22% 38 Journal of Dental Education

2.11% 36 Annals of Biomedical Engineering

1.23% 21 Progress in Orthodontics

1.17% 20 Journal of the Canadian Dental Association

1.17% 20 Australian Orthodontic Journal

1.05% 18 Orthodontics & Craniofacial Research

0.88% 15 Korean Journal of Orthodontics

Fig 3. Distribution of the journals in which the 50 most cited articles on CAT were published.
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Table lll. Authors contributing to the 50 most cited articles on CAT ranked in descending order of number of total

citations

Ranking No. of  First Last

position Author Affiliation Country H-index articles author Coauthor author Citations

1 Jung BA Universitat Freiburg im Breisgau;  Germany 11 4 0 4 0 152
Johannes Gutenberg
Universitat Mainz

2 Kravitz ND Private Practice United States 11 2 2 0 0 151

3 Agran B University of 1llinois United States 2 2 0 1 1 151

4 Kusnoto B University of 1llinois United States 19 2 0 2 0 151

5 Maganzini AL Albert Einstein College of United States 9 2 0 1 1 137
Medicine of Yeshiva University

6 Shelton CE Albert Einstein College of United States 3 2 0 2 0 137
Medicine of Yeshiva University

7 Deregibus A Universita degli Studi di Torino Italy 18 3 0 2 1 135

8 Castroflorio T Universita degli Studi di Torino Ttaly 18 3 0 3 0 135

9 Bollen AM University of Washington United States 22 3 1 1 1 125

10 King G University of Washington United States 31 3 0 3 0 125

Type of studies consuming™®*** and academic interest in CAT is relatively

The selected papers showed heterogeneity in
analyzed topics as well as in study design. Most of
the manuscripts were primary research papers
(84.5%) with a predominance of clinical studies. Sec-
ondary research occurred less frequently in the present
study (15.5%), despite it playing a key role in evidence-
based decision-making by collecting and appraising all
existing well-designed primary studies pertaining to a
specific question.”’

Interestingly, these findings are in contrast with the
dominant position occupied by secondary research in
the hierarchy of evidence, the overall propensity of au-
thors to cite articles conducted with great scientific
rigor,””*° and the increasing number of systematic re-
views and meta-analyses in dentistry.*""*?

Some possible explanations can be surmised. There is
a relatively small number of well-designed primary
studies, as for instance, randomized controlled trials
(RCTs), because conducting and monitoring an RCT is
a challenging task, expensive” and time-

recent. In addition, when the usual treatment is assumed
to be effective, randomization of patients into groups to
be compared may even be considered unethical because
it would mean exposing participants to potentially inef-
fective or harmful treatment.”® Nevertheless, in an era
focused on evidence-based medicine, studies accurately
conducted and reported are what clinicians and patients
deserve. The limited number of well-designed clinical
trials on CAT could explain the high number of citations
they collected.

It is reported that disproportionately more secondary
research is conducted than primary research: synthesiz-
ing evidence from multiple sources requires fewer re-
sources,”” shorter time-frames, no procedures on
human patients, and no ethical clearance.”” If primary
studies, though well-designed, are insufficient, the sys-
tematic reviews, meta-analysis, and clinical practice
guidelines will also potentially include primary studies
that are both biased and performed without high meth-
odological standards. For these reasons, only 22% of the

TableIV. Affiliations of authors contributing to the 50 most cited articles on CAT ranked in descending order of num-

ber of total citations percentage (authors’ level fractionally counted)

Ranking position Institution Manuscript in the top 50 (%) Citations (%)
1 No affiliation 13.4 15.1
2 Albert Einstein College of Medicine of Yeshiva University 4.0 7.9
3 University of 1llinois 3.1 6.9
4 Universita degli Studi di Torino 4.6 6.6
5 University of Washington 4.5 5.5
6 Universitat Gottingen 6.0 4.9
7 Johannes Gutenberg Universitat Mainz 4.7 4.1
8 University of Alberta 2.3 3.5
9 Universitat Bonn 2.4 3.4
10 University of the Pacific 2.7 2.7
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Fig 4. Network analysis of keywords co-occurrence. The size of the nodes represents the frequency of
the keywords, with larger nodes indicating higher frequency. The thickness and the length of the edges
indicate the closeness of the interactions between 2 nodes. The colors of the nodes of the keywords
indicate the cluster to which keywords belong.

reviews, on average, reported adequate evidence for
supporting clinical decisions in dentistry.*®

Nevertheless, “absence of evidence is not evidence of
absence.””’ Because research activities have intensified
in recent years, substantial improvement of the quality
of existing evidence is expected.

Journals

According to the results, 30% of the ranked articles
were published in just 2 journals (American Journal of
Orthodontics and Dentofacial Orthopedics and Angle Or-
thodontics), collecting more than half of the total cita-
tions (1081 of 1724). These outcomes demonstrate that
a significant number of studies were concentrated in a
limited core of journals, according to Bradford’s law."**°

Authors tend to submit their works to the most pres-
tigious journals,”' attracted by the enhanced visibility of
the searched results and the higher probability of being
cited. The most common measure of journal prestige is
the JIF, defined as the frequency with which the average

H 2021 ¢ Vol W e Issuc R

article in a journal has been cited in the previous
2 years.”” Despite the wide recognition, the JIF is flawed
because of considerable limitations. The most important
is the time-constrained nature of the JIF is arguably sub-
optimal because many important papers achieve their
maximal scientific impact outside this timeframe.”’
The 5-JIF has been introduced to counterbalance this
limitation,”* extending the timeframe from 2 to 5 years.

The research field also influences the JIF: scientific
productivity may vary according to the area of applica-
tion. Furthermore, the number of authors, articles, and
therefore citations, related to a research field”” (popu-
larity), the average number of references per article”®
(citation habits), and the timeframe between publication
and citations peak”’ (citation dynamics) change from
specialty to specialty.

Multidisciplinary journals usually tend to have a
higher JIF than discipline-specific journals because of
their broader readership and, consequently, a more sig-
nificant number of citations.”” Accordingly, all the

American Journal of Orthodontics and Dentofacial Orthopedics
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ranked journals with a JIF greater than 2.0 are nonortho- geographic advantage, as citations originate more
dontic. Nevertheless, the greater number of citations is frequently from institutions located in the same country
sourced from journals specialized in orthodontics with as where the author was based.®” In addition, the United
a lower JIF but a broader readership and recognition States can rely on a broad scientific community and
within a specific research community. generous science funding policies.’® Indeed, the first
The abuse of self-citations is another element that and the second institutions with the most numbers of ci-
may substantially affect the JIF. The self-citation rate tations are located in the United States, in the state of
in the presented list was limited (119%), similar to the New York (Albert Einstein College of Medicine of Yeshiva
average reported in dentistry’” and under the median University) and Tllinois (University of Tllinois), respec-
self-citation rate of 12.7% emerging from a recent tively. In Europe, the University of Turin (Italy) is note-
study.”® This bias can be overcome by considering self- worthy for the number of citations.
citation-free indices”: The SJR®” and the EF°®' exclude Although the findings evidenced a collaboration
self-citations and calculate, through algorithms, both between institutions, according to the increase
the number of citations received by the journal and of cross-institutional collaborations on coauthored
the value of the sources of the citations.”* Both indica- papers documented in the literature,®”®® the highest
tors also offer an extended timeframe (3 years for SJR; number of citations is associated with authors without
5 years for EF). For these reasons, the use of these indi- affiliation.®”
cators should be encouraged in the academic world. Author-level fractional counting was used for
affiliation assessment: assigning coauthored publica-
Authors, institutions, and countries tions fractionally to each coauthor will result in prop-

erly field-normalized results. The use of full counting
could have resulted in bias by assigning the number
of citations or number of manuscripts in coauthored
publications multiple times (once for each
coauthor).??

Metadata from all documents were used to reveal the
most productive authors and the most impactful sour-
ces. The relevant number of authors (195) contributing
to the top 50 papers listed suggested an average of
more than 3 authors per article. Because there are a
number of authors per document, it is difficult to deter-

mine the individual contribution and, consequently, the Keywords

role of each author.®” Traditionally, in multiauthored A network analysis of keyword cooccurrences is a tool
papers, the first position is occupied by the major for mapping the research domain in a specific field by
contributor, whereas the last position is reserved for examining the links between keywords.” Keywords are a
the supervisor.®’ The corresponding author, in most ar- set of terms enabling correct indexing in computerized da-
ticles, is situated in one of these positions.®” The most tabases, maximizing the sourcing of scientific literature.”’
impactful authors in CAT rarely occupied a relevant po- According to the keyword cooccurrences map, the
sition in the byline. Kravitz ND is the only contributor bigger and centrally located nodes were filled by terms
who appeared twice as the first author in the ranking such as Invisalign, Clear Aligners, and Orthodontic
of the most productive authors. Tooth Movement.

In addition to recording the total number of citations The keyword Invisalign had a significant weight in
of each author, the number of articles authored, and their the keyword map probably because it represents the
position in the author list, we investigated the relationship brand name of the most used clear aligners system, gain-
between a researcher’s expertise and productivity. ing the first-mover advantage. Invisalign is still the

The h-index is the bibliometric indicator examined: dominant player in terms of brand recognition, research
it quantifies the research performance of individual sci- and development, manufacturing, training, and sales
entists, incorporating both quantity and visibility of regarding clear aligner therapies. Several companies
publications.®” The uneven distribution of h-index be- are currently manufacturing aligners, with the number
tween authors of the top 50 papers listed indicates increasing every year.””
contributions from researchers with different academic Orthodontic tooth movement was the keyword re-
experience. ported in several studies investigating the predictability

The most cited articles were authored almost exclu- of specific outcomes (eg, distalization,”” intrusion, extru-
sively from the United States and Western Europe. A sion, rotation). The efficacy of clear aligners has been a
similar trend has been observed in citation analysis in subject of ongoing debate since their introduction.”’*”°
other dental fields'®*"***® and other medical spe- Given the tendency for CAT to evolve rapidly,' it is
cialties. This trend may be explained by accumulative conceivable that the current predictability of treatment

American Journal of Orthodontics and Dentofacial Orthopedics Ml 2021 e Vol W e [ssuc l
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outcomes could be higher than that which the literature not jeopardize the results. The average self-citation rate in

has reported. dental journals has been proven to be near 10%,”” consis-
The occurrence of the term physical properties was tent with the data of the present study.

significant, indicating the increasing interest in testing There are shortcomings in the study. Future research

materials and exploring innovative solutions.”” Ortho- suggestions that address these limitations could be pro-

dontic aligner performance is strongly influenced by posed. A wider search through more than 1 database and

the mechanical properties of the thermoformed material, gray literature would be desirable. A statistical test to

such as by the intraoral environment.”® All the polymers determine the potential correlation between the

currently used showed a significant stress decay over analyzed variables could also be attractive and useful.

time,”” suggesting the need for a material able to yield

greater initial stress values or slower stress decay over CONCLUSIONS

time.

Taken together, the evidence gathered from the pre-

h Bi ics, all th icl - o . - .
Under the word Biomechanics, all the articles con sent bibliometric and visualized analysis suggest the

cerning the interaction between clear aligners and the

tooth-periodontium complex were collected. The bio- following:
logical mechanism behind CAT does not differ from 1. The total number of articles in aligner orthodontics
that of traditional appliances.?” Intermittent forces is rapidly increasing; the total number of citations
applied with aligners respect the periodontium physi- among the 50 most cited papers about CAT is small
ology and seem capable of inducing greater concentra- despite the growing interest of the scientific com-
tions of orthodontic tooth movement biological munity.
markers.®’ 2. Advances in CAT depend on well-designed second-
Periodontal parameters were also extensively inves- ary researches or RCTs; a significant portion of the
tigated in CAT literature. 1t was largely demonstrated 50 most cited articles on CAT is represented by
that the use of removable appliances could mitigate studies of lower position in evidence hierarchy.
the adverse effects of orthodontic treatment on peri- 3. Two leading journals published 30% of the most
odontal health, allowing patients easier oral hygiene influential articles on CAT and collected more
procedures.” The keyword was significantly linked to than half of the total number of citations.
terms related to fixed appliances, indicating the compar- 4. Most of the papers are coauthored; individual re-
ison of the impact of the 2 treatment options on the pe- searchers not belonging to an institution collected
riodontium. a noteworthy quantity of citations; not belonging

to an institution could increase the risk of not-
independent studies; academic involvement in the

Limitations field should be encouraged.

Although the present study was designed to mini- 5. The main topics, according to keyword mapping, are
mize all the potential shortcomings, it is crucial to high- the predictability of diverse tooth movements, phys-
light the existing limitations. Plausible omissions in ical properties of materials, biomechanics, and the
articles included in the current work could be consid- influence of CAT on periodontal health. For all those
ered: comprehensive research was not performed, topics, well-designed studies are still lacking.

consulting 1 citation database only.

The most widely used citation-tracking databases
include Web of Science, Scopus, and Google Scholar.?'
No bibliometric database indexes every type of publica-
tion, and comprehensive coverage of research publica-
tions is not possible. The number of citations may
fluctuate across databases. The use of each database
directly impacts the bibliometric measures indexing
different content and considering only citations within
their collections.®”

There is considerable room for the improvement and
further development of CAT. Conclusions generated by
this bibliometric analysis may be employed to guide
further research in several areas of CAT. Because research
activities have expanded over recent years, substantial
advances can be expected soon, in addition to a signif-
icant improvement in research quality.
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