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Background. Many articles on bone morphogenetic proteins (BMPs) have been published. Bibliometric analysis is helpful to
determine the most influential studies in a specific field. This bibliometric analysis is aimed at identifying and analyzing the top
50 most-cited articles on the dental applications of BMPs. Methods. An electronic search was conducted using the Web of
Science (WoS) “All Databases” without any restriction of language, study design, or publication year. Of 1341 publications, the
top 50 were included based on their citation count. After downloading the full texts, their bibliometric data including
publication title, authorship, citation count, current citation index 2019, citation density, year of publication, country and
institution of origin, journal of publication, type of BMP, study design, evidence level of publication, and keywords were
extracted and analyzed. Results. The citation counts for the top 50 publications ranged from 81 to 557 (median 113.5). The most
prolific year was 1997 (n = 7). Wikesjö UM (n = 12) and Wozney JM (n = 11) were the major contributors in this study. Most of
the articles were generated primarily from the USA (n = 24), with Loma Linda University Medical Center, USA being the most
prolific institution (n = 5). Majority of the articles were published in the Clinical Oral Implants Research and Journal of
Periodontology, with nine publications each. Most of the publications were animal studies (n = 30) and focused on BMP-2
(n = 39). Most of the articles were within evidence level V (n = 36). The most frequently used keyword in the top articles was
“bone regeneration” (n = 23). Conclusion. The present study presents insights into the past and recent trends in the applications
of BMPs in dentistry. A statistically significant association was observed between citation count, citation density, and age of
publication.

1. Introduction

As the inducers of ectopic bone formation, bone morphoge-
netic proteins (BMPs) were first discovered by the American
orthopedic surgeon Marshall R. Urist, who reported his
results in the semen samples [1]. More than 30 BMPs have
been identified in different organisms to date, including
mammals, sea urchin, C. elegans, Xenopus, and Drosophila
[1, 2], and now, they are acknowledged in their role as pleio-
tropic growth factors found both in vertebrates and in inver-
tebrates [2]. BMPs are members of the transforming growth
factor beta (TGF-β) superfamily (with the exception of
BMP-1, which is a metalloendopeptidase) and are known to
play their part in a multitude of processes during develop-
ment and homeostasis. They are involved in several biologi-
cal activities such as morphogenesis, cell differentiation,

healing, and regeneration [3–8]. They are also known to be
involved in chondrogenesis and osteogenesis, and they play
a vital role in fracture healing and embryonic development
[9–12]. Furthermore, they are involved in the maintenance
of various vital organs including the kidney, cartilage, mus-
cle, bone, and blood vessels [10].

The osteoinductive functions are displayed by only a
small number of BMPs, such as BMP-2, BMP-4, BMP-6,
BMP-7, and BMP-14 [11, 13–17], leading to the suggestion
that they should be renamed as Body Morphogenetic Pro-
teins. BMP-2, BMP-4, and BMP-7 have been reported to
stimulate in vivo, in vitro, and de novo bone formation in sev-
eral animal models [13, 14, 16, 18]. The osteoinductive
capacity of BMPs has led to their application as therapeutic
agents for the generation of new bone in order to treat skele-
tal injuries [19]. BMPs have been approved for clinical use in
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vertebral arthrodesis [20], nonunions [21], and open frac-
tures of long bones [22] after their definite osteoinductive
ability was confirmed by several preclinical and clinical stud-
ies. More recently, questions have been raised about their
safety [23]. However, the utilization of BMPs is not limited
to osteogenic regeneration; there are other research areas
including tooth conservation and periodontal regeneration
procedures [24–29]. In dentistry, BMPs, particularly BMP-
2, are being widely used in many procedures such as alveolar
bone regeneration [8, 13–15, 17, 30], sinus lift augmentation
[3, 5, 31], dental implants [16, 32], and periodontal [33–37]
and dental regeneration [24–29].

Scientists, funding agencies, and research organizations
necessitate metrics to determine the impact of research. The
impact factor and citations in peer-reviewed publications
are a widely recognized measure of scientific impact [38].
Over the past few years, the interest of bibliometric analysis
in quantitative analysis for a given field and obtaining statis-
tics to assess the contribution of scientific article to the prog-
ress of knowledge escalated, particularly in medical [39–43]
and dental fields [44–48]. Citation analysis is the most fre-
quently used method in bibliometrics. Highly cited studies
indicate the research interests of certain periods, and high-
frequency keywords reflect the hot topics within research
[49]. In 1977, Dr. Eugene Garfield, founder of the Institute
for Scientific Information (ISI), proposed the term “citation
classics” that is a bibliometric concept. Its purpose was the
identification as well as acknowledgment of frequently cited
research of authors and their peers that would consequently
encourage the respective work and its impact on the specialty
[50]. A scientific paper having received more than 400 cita-
tions is believed by some to be a “classic” article [45]; how-
ever, based on the field of research, an article having
secured 100 or more citations can also be considered a “clas-
sic” [44, 51, 52].

2. Methods

2.1. Protocol. This study followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
[53]. This analysis was exempt from the institutional ethics
committee review as it was a bibliometric review.

2.2. Search Methodology and Data Source. Articles on the
application for BMPs in dentistry were collected from the
Dentistry, Oral Surgery, and Medicine Category of the Clar-
ivate Analytics’ Web of Science (WoS), considering the “All
Databases” section. To prevent daily updating bias, a com-
prehensive search was performed on a single day, the 1st of
March 2020. The title section was searched utilizing the
search terms outlined below in the inclusion criteria. There
was no restriction of language, study design, and year of
publication.

2.3. Inclusion and Exclusion Criteria. The inclusion criteria
included the presence of “bone morphogenetic protein” OR
“bone morphogenic protein” OR “BMP” OR “rhBMP” in
the title of the article and publication in the journal belonging
to the category of Dentistry, Oral Surgery, and Medicine. The

exclusion criteria included the articles which did not include
any of the search terms in their title (i.e., “bone morphoge-
netic protein” OR “bone morphogenic protein” OR “BMP”
OR “rhBMP”) and were not published in the journals falling
in the category of Dentistry, Oral Surgery, and Medicine
(Supplementary Figure 1).

2.4. Article Selection. Of 1341 articles, the top 50 most-cited
articles were included for bibliometric analysis based on their
citation count. Initially, the list was prepared, and the full
texts of articles were reviewed, when deemed necessary. After
finalizing the complete list of the top 50 most-cited articles,
the full texts of the selected studies were downloaded and
analyzed to extract their bibliometric data.

2.5. Data Extraction. Publication title, authorship, citation
count (extracted from WoS and Google Scholar), Current
Citation Index (CCI) 2019 (citation received in the preceding
year of conducting the study) [54], citation density (citation
per annum) [55], year of publication, country and institution
of origin, journal of publication, type of BMP, study design
and evidence level of publication, and keywords were
extracted and analyzed for each selected article. Furthermore,
if two or more articles had the same citation count, the article
with the higher citation density was ranked higher.

2.6. Journal Metrics. Three indicators, i.e., 5-year journal
impact factor (http://www.jcr.clarivate.com), CiteScore
(http://www.journalmetrics.scopus.com), and Eigenfactor
Score (http://www.eigenfactor.org), were used to determine
the relative position of journals.

(1) Five-year journal impact factor: this indicator repre-
sents the citation counts received by a journal, in
one year, of the citable papers published in the last
5 years. Its calculation follows the following formula:
citations from journal citation report (JCR) year of
documents published in the last 5 years, divided by
the total number of citable documents [56].

(2) CiteScore (CS): this is a newly introduced indicator
adopted to assess the impact of journals so that more
rigorous results can be obtained. Its calculation fol-
lows the following formula: the ratio of citation
counts from all items in 1 year to all items published
over the past 3 years for a journal [56].

(3) Eigenfactor Score (ES): this is regarded as an indica-
tor of the global repercussions or impact of docu-
ments published online in JCR. Its calculation is
based on the citation counts of items published in
the past 5 years in the JCR per annum. It also takes
into account which journals have contributed to
these citations, so that highly cited journals will
impact the network greater than lesser-cited journals;
references from one paper to another paper from the
same journal are eliminated, so that ES is not biased
by journal self-citation [56].

2.7. Data and Statistical Analysis. The Visualization of Simi-
larities viewer (VOSviewer) software [57] was used to create
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collaboration network maps regarding the cooccurrences of
all keywords. IBM SPSS Statistics version 24.0 (IBM, Chi-
cago, IL) was used to perform descriptive and bivariate anal-
yses. The Shapiro-Wilk test was used to evaluate the data
distribution. Based on normality and distribution of the data,
the mean (standard deviation) or median (interquartile
range) was calculated. The Kruskal-Wallis test was done to
check median differences between the independent groups.
Post hoc testing was used to evaluate the median differences
within each group. The Mann-Kendall trend test was utilized
to analyze any increase or decrease in the time-dependent
trends. To analyze the correlation between the age and pub-
lication count of the journal, a Spearman-rank test was con-
ducted. A value of p < 0:05 was considered statistically
significant. In order to screen out the most important inde-
pendent variables, simple linear regression was performed.

3. Results

3.1. Citation Count, Current Citation Index, and Citation
Density. Supplementary Table 1 depicts the principal
characteristics of the top 50 most-cited articles. The citation
count of the top 50 articles varied from 81 to 557 (median,
113.5), with a total citation count of 6,847. The most cited
article, with a total of 557 citations, was titled “Bone
Morphogenetic Protein” (Urist and Strates, 1971) [1] and
was published in the Journal of Dental Research. Its citation
density is 11.60, with a current citation index (CCI) of 15.
The second most cited article, with a total of 270 citations,
was titled “Randomized Study Evaluating Recombinant
Human Bone Morphogenetic Protein-2 for Extraction
Socket Augmentation” [58] and was published in the
Journal of Periodontology. Its citation density is 19.29, with
a CCI of 22. The third most cited article, with a total of 261
citations, was titled “Dentin Regeneration by Dental Pulp
Stem Cell Therapy with Recombinant Human Bone
Morphogenetic Protein 2” [59] and was published in the
Journal of Dental Research. Its citation density is 17.40, with
a CCI of 11.

According to the CCI 2019, the top-ranked article was
the randomized controlled trial (RCT) published in 2005,
securing 22 citations [58]. The second-ranked article was also
the RCT written by Jung et al., in 2003, with 16 citations [60].
The third-ranked article was the animal study written by
Urist and Strates in 1971, with 15 new citations [1]. As per
citation density, again, the RCT by Fiorellini et al. has the
highest score [58]. The article with the second highest cita-
tion density, i.e., 18.07, was a clinical trial written by Boyne
et al., in 2005 [61]. The third ranked article was the RCT con-
ducted by Triplett and coworkers, in 2009, with a citation
density of 17.60 [62].

The distribution of data regarding citation count, citation
density, and article age were not normal (Shapiro-Wilk test;
p < 0:05). A significant trend towards a higher citation count
with article age was observed (r = 0:189, p = 0:042)
(Figure 1(a)). However, a significantly negative trend towards
an increased citation density with the age of publication was
observed (r = −0:482, p = 0:039) (Figure 1(b)).

3.2. Distribution by Year. The top 50 most-cited studies were
published between 1971 [1] and 2014 [63] (Figure 2(a)). The
most productive year in terms of publications was 1997
(n = 7), followed by 2000 and 2005, with 6 publications each.
The year with the most citations was 1997, with 996 citations,
followed by 2005 and 2004, with 931 and 632 citations,
respectively. The decade with the most publications (n = 31
) and citations (n = 3,757) was 2000 (Figure 2(b)).

3.3. Contribution of Authors. A total of 177 different authors
contributed to the list of top-cited articles. Many of the arti-
cles (n = 38) had between one and six authors, but publica-
tions with more than five authors were the most common
(n = 15). The majority of the contributions were made by
Wikesjö UM (n = 12, 1430 citations), followed by Wozney
JM (n = 11, 1376), Lilly LC (n = 5, 992), Cochrane DL
(n = 5, 866), Rohrer MD (n = 5, 578), Jones AA (n = 4, 775),
and Boyne PJ (n = 4, 717) (Figure 3).

3.4. Contribution of Countries and Institutions. The top 50
most-cited publications originated from 11 countries, includ-
ing Austria, Brazil, Germany, Italy, Japan, Netherlands,
South Africa, South Korea, Switzerland, the United Kingdom
(UK), and the United States of America (USA) (Figure 4(a)).
According to the number of publications, most of the articles
originated from the USA (n = 24, 3948 citations), followed by
Japan (n = 7, 985), Germany (n = 5, 511), Switzerland (n = 4,
475), South Korea (n = 2, 217), South Africa (n = 2, 185),
Italy (n = 2, 168), Brazil (n = 1, 97), Austria (n = 1, 88), Neth-
erlands (n = 1, 87), and the UK (n = 1, 86).

There was a total of 27 institutions with which the corre-
sponding authors were affiliated. The most prolific institu-
tion, with 5 publications, was Loma Linda University
Medical Center, USA, followed by School of Medicine, Uni-
versity of California Los Angeles (UCLA), USA; Faculty of
Dental Sciences, Kyushu University, Japan; Dental School,
University of Zurich, Switzerland; School of Dentistry, Tem-
ple University, USA; and School of Dentistry, University of
Michigan, USA, with 3 publications each.

3.5. Journal of Publication. The top 50 most-cited articles
were published in both specialized and comprehensive peri-
odicals (n = 14) (Figure 4(b) and Table 1). The journals with
the greatest number of publications were Clinical Oral
Implants Research and Journal of Periodontology, with nine
publications each, followed by the Journal of Dental Research
(n = 7) and Journal of Clinical Periodontology (n = 4). The
Journal of Dental Research had the highest citation count
(n = 1504), followed by the Journal of Periodontology
(n = 1393) and Clinical Oral Implants Research (n = 970).
Journals’ impact factors ranged from 0.785 (Journal of Cra-
niofacial Surgery) to 5.125 (Journal of Dental Research).

A statistically nonsignificant trend (p = 0:192) was
observed between a journal age and the number of “classic”
articles published in that journal. However, a statistically sig-
nificant trend (p < 0:018) was observed between the impact
factor of the journal and the number of “classics” published
in that journal. According to the simple linear regression
analysis, a statistically significant association was observed
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between self-citation (p = 0:025), CiteScore (p = 0:036),
Eigenfactor Score (p = 0:015), and total citation count
(Table 2).

3.6. Type of BMP. According to the topic of the article, the
majority of the topic covered by the top 50 publications was
BMP-2 (n = 39, 5174 citations), followed by BMP-7 (n = 6,
580), BMP-4 (n = 2, 308), more than one BMPs (n = 2,
697), and BMP-12 (n = 1, 88) (Table 3). No statistical signif-

icance was observed (p = 0.428) while checking the median
difference in the citation count per article, among BMP-2
(median: 118; range: 81-270), BMP-7 (87.5, 81-138), BMP-
4 (154, 121-187), more than one BMPs (348.5, 140-557),
and BMP-12 (88, 88).

3.7. Study Design of Publication. The most common study
design in the top 50 articles was animal study (n = 30, 4132
citations), followed by clinical trial (n = 8, 1105), in vitro
study (n = 5, 494), RCT (n = 4, 731), case series (n = 1, 245),
and literature review (n = 1, 140) (Table 3). No statistical sig-
nificance was observed (p = 0:516) while checking the
median difference in the citation count per article, among
animal study (median: 113.5; range: 81-557), clinical trial
(116, 87-253), in vitro study (88, 86-138), RCT (188, 85-
270), case series (112.5, 81-164), and literature review (140,
140).

3.8. Evidence Level of Publication. According to the hierarchy
of evidence levels (ELs), most of the top cited articles were
within evidence level V (n = 36), followed by EL III (n = 8),
EL II (n = 4) and EL IV (n = 2). Among these ELs, the total
citation counts (r = −0:382, p = 0:128) and the citation den-
sity (r = 0:108, p = 0:633) did not vary significantly.
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Figure 1: Association of (a) citation count with age of publication and (b) citation density with age of publication.
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Figure 2: (a) Citation analysis of the top 100 most-cited articles over the years and (b) the decades.
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Table 1: Journal impact factor, CiteScore, Eigenfactor, and other bibliometrics of the journals contributing to the top 50 most-cited articles.

Journal name
Self-

citations
Rank

Highest
percentile

Citations
(2016-2019)

Documents
(2016-2019)

%
cited

5-year
JIF∗

CiteScore
Eigenfactor

Score
No. of
articles

J Periodontol 111 3/11 77% 3384 650 81 3.614 5.2 0.013 9

Clin Oral Implants
Res

231 1/48 98% 5632 753 85 4.044 7.5 0.017 9

J Dent Res 187 1/113 99% 6530 727 84 5.844 9.0 0.023 7

J Clin Periodontol 315 2/11 86% 4387 592 81 5.213 7.4 0.014 4

J Oral Maxillofac
Surg

246 14/48 70% 4420 1584 65 2.020 2.8 0.017 3

J Craniofac Surg 452 — — — — — 1.050 — 0.012 3

Int J Periodont Rest
Dent

39 20/48 59% 1016 471 61 1.739 2.2 0.003 3

Eur J Oral Sci 10 21/113 81% 928 281 70 2.225 3.3 0.004 3

Arch Oral Biol 100 20/113 82% 3492 1031 75 2.112 3.4 0.007 3

Int J Oral
Maxillofac Implants

160 10/48 80% 2294 681 72 2.987 3.4 0.010 2

J Endod 605 4/113 96% 6884 1110 84 3.380 6.2 0.016 1

J Craniomaxillofac
Surg

205 11/48 78% 3836 1163 67 2.169 3.3 0.007 1

Int J Oral
Maxillofac Surg

165 7/48 86% 3385 913 74 2.392 3.7 0.010 1

Clin Oral Investig 229 10/113 91% 5918 1350 80 2.710 4.4 0.009 1
∗Data only since 2015.

Table 2: Simple linear regression analysis of different journal metrics.

Variables Coefficients standard error Standardized coefficient beta p value
95% CI

Lower bound upper bound

Self-citation 2.310 0.122 0.025∗ 0.914 11.208

Highest percentile 25.145 0.058 0.714 -54.875 74.402

Documents 2.174 0.585 0.301 1.608 4.483

Cited percentage 39.689 0.656 0.709 -86.320 117.728

5-year JIF 385.587 -0.277 0.331 -1405.894 576.471

CiteScore 303.866 0.962 0.036∗ 81.244 1643.468

Eigenfactor Score 59268.159 0.530 0.015∗ 42682.078 306797.453
∗Statistically significant (p value less than 0.05). CI: confidence interval; JIF: journal impact factor.
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3.9. Keywords. Out of the top 50 most-cited publications,
only 37 articles contained keywords. A total of 182 keywords
were identified (Figure 5). The most frequently used keyword
was bone regeneration (n=23), followed by bone morphoge-
netic protein (n = 11), animal studies (n = 7), tissue engineer-
ing (n = 6), dental implants (n = 6), periodontal regeneration
(n = 6), protein (n = 6), bone morphogenetic protein-2 (n = 5
), and growth factor (n = 5).

4. Discussion

To address the nonexistence of bibliometric analyses on the
applications of bone morphogenetic proteins (BMPs) in den-
tistry, this study is aimed at identifying and analyzing the top
50most-cited papers on BMPs along with its current status of
research activity. In general, when a scientific article makes
its appearance on the list of most frequently cited articles in
its respective discipline, it shows that it has reached a land-
mark [46]. In theory, the acknowledgment of a research
within the scientific area (citation count) and how it influ-
enced the knowledge of a disease and/or its treatment, as well
as whether it brought about any new research trends, are the
reflection of its quality [64]. Hence, when a publication suc-
ceeds to secure its rank in the list of “classic” publications
in a particular specialty, it shows that the global clinical and
scientific communities recognized both the study and the
journal as having made a significant contribution to the spe-
cialty [45, 65]. Hence, the findings of the present study not
only depict a historical perspective on scientific advancement
on BMPs but also display principal trends in research as well
as clinical practice.

The precision of bibliometric studies might be negatively
influenced by the limitations of the database used. Elsevier’s
Scopus, Google Scholar, and the Clarivate Analytics’ WoS
may differ quantitatively or qualitatively regarding the cita-
tion count of a research article depending upon its research
area [47, 66, 67], journals [68], and year of publication [69].
Moreover, some publications might not be available in all
these search engines [54, 66, 70, 71]. For this study, the most
potential reason of not using Scopus or Google Scholar data-
base as the benchmark search engine was that the former
database does not take into coverage the citation count
records of the studies published prior to 1995 [69, 70] and
the latter database also includes citations from nonscholarly
publications [71]. The findings of the current study reflected
a variation in the citation counts of the studies when different
search engine was searched. For example, the citation range

of articles varied from 81 to 557 (WoS) and 95 to 1080 (Goo-
gle Scholar). The importance of choosing an appropriate
database in scientometry is reflected by this fluctuation in
citation counts.

The citation number does not necessarily signify the sci-
entific worth of a publication; however, it does reflect its
influence on the progress of the given clinical/research disci-
pline and quantity of the researchers affiliated with that spe-
cific specialty. Hence, publications regarding stem cells (927-
14,575) [72], cardiology (331-3484) [73], head and neck
oncology (628-3205) [74], and respirology (615-2918) [75]
are more often cited than publications within dentistry
(326-2050) [44], despite all these areas having equal scientific
significance.

The year of publication has an undeniable influence on
citation a publication would receive. The true influence of a
research article can be determined properly at least 20 years
after its publication [44, 65, 76]. Hence, older research studies
usually achieve more citations than recently published
papers, regardless of their influence [77]. This tendency is
observed in almost all specialties [39]. The findings of this
analysis opposed this trend as 68% of articles were published
within the last 20 years. This reflects the rising trends in the
BMPs research in recent two decades. For example, the 2nd

position in Supplementary Table 1 is achieved by a paper
that was published in 2005 [58], securing 270 citations
within only 14 years. Similarly, the 3rd and 4th positions are
achieved by articles that were published in 2004 [59] and
2005 [61], securing 261 and 253 citations, respectively. This
reflects the influence and quality of an article’s topic along
with its relevance to the clinical practice and research.
Concerning the evolution of scientific production, few
dental specialties including Periodontology [50] or
Implantology [78] have undergone a hike in the quantity of
research published in recent years. However, the
applications of BMPs in dentistry have followed a different
pattern, with increased production up to 2000 followed by a
fall. Between 2000 and 2005, research activity took off
seeing the greatest number of published studies ever (22/50
articles). The articles published after 2005 also received a
notable citation count; however, it is too early to foresee
whether these publications would get more citations as time
passes.

Regarding the number of authors per publication, the
average was 3.54, a lower average than other dental special-
ties including Periodontology with an average of 5.1 [79] or
Implantology with an average of 4.66 [80] and much lower

Table 3: Distribution and study designs and type of BMP across the 50 most-cited articles.

Type of BMP BMP-2 BMP-4 BMP-7 BMP-12 Others

Animal study 24 2 3 — 1

Clinical trial 7 — 1 — —

In vitro study 2 — 2 1 —

Randomized controlled trial 4 — — — —

Case series 2 — — — —

Literature review — — — — 1
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average than medical fields, for example, Cardiology with an
average of 10.5 authors per article [81]. However, in the
recent years, an increased average number of authors per
article have been reported, a progress that corresponds to
other medical specialties because of the multidisciplinary
nature of much recent research activity [82].

As with several top-cited studies in medical and dental
fields, this analysis reported that approximately 50% of the
top-cited publications originated from the United States.
This significant contribution can be attributed to a larger sci-
entific population, active researchers, and ample financial
resources [45, 76, 83–88]. Furthermore, to an unparalleled
research work, an increased tendency among authors to cite
articles originating from the US has been observed [88, 89].
Several bibliometric studies have reported that authors hail-
ing from institutions of Asia and Africa whether being the
first or the corresponding authors made an almost negligible
contribution which could be regarded as the “classic article”
[76, 83, 88, 90, 91]. An interesting finding of this analysis is
that 22% of the most-cited articles were written by authors
hailing from Asia (Japan and South Korea) and Africa (South
Korea). Furthermore, the European countries such as Aus-
tria, Germany, Italy, Netherlands, Switzerland, and the UK,
despite their small population, as compared with the US
and Asian countries, made considerable contributions
(28%). Overall, 27 institutions contributed to the list of 50
most-cited articles; however, one of the major contributions
was made by the Los Angeles School of Medicine, The Uni-
versity of California (USA) (n = 3). The reason is quite evi-
dent from the fact that this is the same institute where
BMPs were discovered in the 1960s by Marshall R. Urist.

Importantly, a lack of multicenter studies was noteworthy,
reflecting a need to escalate the international collaboration.

According to the hierarchy of research evidence, meta-
analyses, systematic reviews, and randomized clinical trials
(RCTs) provide the highest quality of evidence, whereas liter-
ature reviews, case reports, editorials, and opinion papers
provide the lowest quality of research evidence [65]. A char-
acteristic feature of the current study was that it included four
RCTs [58, 60, 62, 92], but no systematic review or meta-
analysis could secure its position in this study. One explana-
tion could be that inadequate time has passed since the pub-
lication of more recent systematic reviews or meta-analyses,
so it has not yet achieved a significant citation count. Occu-
pying the major bulk of the present study are animal studies
(60%) which can be explained by a number of justifications;
being biologically similar to humans, animals are susceptible
to many of the same health hazards; they have short life
cycles, so it is easy to study them throughout their life span.
Perhaps, the most important reason is that it would be ethi-
cally wrong to intentionally subject humans to health risks
for observing the course of the disease [93].

In this analysis, a statistically significant association was
found between the number of the top-cited studies published
in a journal and the impact factor of that journal. This find-
ing is in accordance with the findings of some bibliometric
studies [81, 94–96], but contrary to those of several others
[67, 88, 97]. A lack of association indicates that high-quality
research might be highly cited, even if it is published in a rel-
atively low impact factor journal [97, 98]. In the present
study, majority of the studies (58%) were published in high
impact factor journals dedicated to dentistry, oral surgery,
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Figure 5: Network analysis of keywords. The size of the node represents the frequency of the keywords, with larger nodes indicating higher
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and medicine such as the Journal of Periodontology, Journal
of Dental Research, Journal of Clinical Periodontology, and
Clinical Oral Implants Research. Interestingly, after the anal-
ysis of all articles published in dentistry journals, it was note-
worthy that there were three journals, apart from the
aforementioned journals, which published the greatest num-
ber of articles on BMPs, i.e., International Journal of Oral and
Maxillofacial Surgery, Journal of Craniofacial Surgery, and
Journal of Oral and Maxillofacial Surgery. This trend of pub-
lication highlights the influence of the impact factor of a jour-
nal and the inclination of authors to cite and article that is
published in a high impact factor journal within a given
specialty.

The journals’ ranking based on their impact factor has
become a principle consideration when authors decide where
to submit their research. The impact factor is corrupted as a
proxy for the quality of individual publications [99]. Usually,
authors target journals with the highest impact factor instead
of journals having the best readers for their article [99]. The
evaluation of the scientific influence of journals assessed by
bibliometrics is a multidimensional, complex construct, and
hence, the utilization of a single bibliometric index is
improper to assess, value, and rank journals. Audience
should aim beyond the impact factor and evaluate scientific
publications individually. Other variables are worth men-
tioning: each dental specialty shows different impact factor
thresholds; for instance, a journal in the general dentistry
(Journal of Dental Research) field might have an impact fac-
tor up to 40 times as high as the corresponding figure in
the oral surgery category. The ES is acquiring traction as it
highlights the influence of specific papers, but dependence
entirely on citation count still limits it. The remaining biblio-
metrics are less well-known as predictors of citations; for
instance, the number of publications at least scales with a
journal size; however, it does not consider quality; this left
the ES as a victor in an unbalanced contest [99].

BMPs have numerous applications in the medical field
including anterior [100–102], posterior [103], and transfor-
aminal lumbar interbody fusions [104, 105]; anterior cervical
discectomy and fusion [106]; posterolateral fusion [107, 108];
open tibia fractures [109–111]; and segmental defects [112].
In oral and maxillofacial surgery, BMPs are used for alveolar
bone regeneration [8, 13–15, 17, 30, 58], sinus lift augmenta-
tion [3, 5, 31, 61, 113], dental implants [16, 32], and peri-
odontal [33–37] and dental regeneration [24–29]. In the
present study, the most-cited type of BMP was BMP-2. The
explanations for this might be that BMP-2 is FDA approved
and, when properly used, it eliminates the requirement to
harvest autogenous bone for grafting procedures, benefiting
both the patient and surgeon [114]. This led to it being the
most widely used BMP-type worldwide.

This bibliometric study has a few limitations. First, for a
particular research area, many factors may affect the citation
count, including article age, journal of publication, author’s
reputation, institution, and country of origin as well as the
original language. Second, the analysis of self-citations and
citations in textbooks and lectures was not performed. Fur-
thermore, it is a fact that some authors may be inclined to cite
the articles from a specific journal in which they intend to

publish an article [115]. Third, the analysis of the contribut-
ing countries and institutions was based on the address of the
corresponding author. A statistical bias may occur once the
address of the corresponding author is changed [116]. Fur-
thermore, for corresponding authors working in multiple
institutions, we only considered the first institution.

5. Conclusion and Future Direction

This bibliometric analysis revealed that the age of article and
the impact factor of journal were statistically associated with
citation count. Surprisingly, unlike several other bibliometric
studies performed within dentistry and medicine, the num-
ber of animal studies, in vitro studies, and randomized con-
trolled trails was higher than the literature review articles
[41, 76, 83]. Despite the substantial advancements in the
quality of research on BMPs in recent decades, no evidence
level I research could secure its position among the most fre-
quently cited papers. Although most-cited articles’ list soon
may include publications representing meta-analyses and
systematic reviews, at the present time, this has not yet been
a decisive determinant of citations pertaining to research on
the applications of BMPs in dentistry.

These are exciting times in the field of BMPs, and their
potent osteoinductive properties place them on the threshold
of clinical applications in dentistry. There is a need for fur-
ther studies to develop novel biomaterials for BMP delivery
in such applications as periodontal and craniofacial applica-
tions and in dentin regeneration in teeth.
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