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Abstract Background/purpose: The biomarkers in biofluids are useful tools for evaluating
the activity of periodontal disease. The purpose of this study is to evaluate the performance
of publications on biomarkers and periodontal disease for four categories of biofluid.
Materials and methods: A total of 2455 documents of “original article” published in the Sci-
ence Citation Index database between 1996 and 2010 were analyzed for this study. The bio-
fluids in these original articles were subdivided into four categories of specimen: saliva,
serum, plasma, and gingival sulcus fluid (GSF; including gingival crevicular fluid). The total
number of articles and the number of citations per publication were defined as quantitative
and qualitative indexes in this study. The h-index, an indicator of both quality and quantity
of scientific publications, was also included in the analysis.
Results: The standard errors of the annual citations per publication for periodontal disease ar-
ticles including topics on serum (2.4) or on saliva (2.9) were less than those for articles
including topics on plasma (5.1) or on GSF (4.9). The lesser variation in the number citations
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reflected the consistent quality of periodontal disease articles concerning serum and saliva
topics. The h-index was not significantly different among articles including plasma (66), serum
(59), or saliva (55). The research performance of articles including GSF (h-index Z 20) was
worse than for the other three types of biofluids.
Conclusion: Results of h-index indicate that biomarkers in saliva, as well as in serum and
plasma, are good indicators for use in studying periodontal disease.
Copyright ª 2013, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. All rights reserved.
Introduction

Periodontal disease is an inflammatory disease affecting
periodontal tissues including gingiva, alveolar bone, and
the periodontal ligament.1 Studies have shown that the
inflammatory response may induce systemic activation and
it is thus associated with systemic diseases such as coronary
heart disease, vascular diseases,2,3 and diabetes mellitus
(DM).4 Because periodontal disease is a systemic disease,
biomarkers in body fluids were used to assess the inflam-
matory molecules and other mediators that lead to peri-
odontal disease and other systemic complications.

A biomarker is defined as “a characteristic that is
objectively measured and evaluated as an indicator of
normal biological processes, pathogenic processes, or
pharmacological responses to a therapeutic intervention”
by the Biomarkers Definition Working Group of the National
Institutes of Health.5 Biomarkers in biofluids are not only
helpful tools for disease diagnosis, disease prognosis, and
clinical response after treatment, but can also serve as
useful screening tools.5 Linked animal models and bio-
markers can be used to confirm the translation of endoge-
nous metabolism and exposure to environmental hazards to
disease mechanisms.6 The accessibility of biofluids is a key
reason for their utilization in biomarker research.

Analysis of metabolites or disease-related biomarkers in
biofluids, including plasma, whole blood, serum, urine,
saliva, cerebrospinal fluid, synovial fluid, semen, and tissue
homogenates, has assisted in clinical diagnosis.7 Serum and
plasma represent a profile of bodily circulation, and the
proteins of those specimens represent the performance of
the entire body.8 Saliva offers a noninvasive and highly
accessible specimen source, and also contains potential
biomarkers of oral disease.9 Gingival sulcus fluid (GSF) in-
cludes gingival crevicular fluids collected from gingival
crevices surrounding the teeth and is a serum transudate
and content inflammatory exudate.10 Using biomarkers
contained in biofluids is a good way to assess inflammatory
mediators that lead to periodontal disease. The purpose of
this study was to evaluate the performance of publications
on biomarkers and periodontal disease for four categories
of biofluids listed in the Science Citation Index (SCI) data-
base between 1996 and 2010.
Figure 1 Search strategies and process using the Web of
Science database. GSF Z gingival sulcus fluid.
Materials and methods

The search engine used in this study was the SCI database of
ISI Web of Science, Philadelphia, PA, USA.11 Document
search strategies were limited as follows: the keywords of
topics were “periodontitis or periodontal” and “serum or
plasma or (gingival sulcus fluid) or (gingival crevicular fluid)
or saliva” in the 15 years from 1996 to 2010. Based on these
search strategies, a total of 2705 documents were
identified.

The 2455 documents were then defined by document
type as “Article” for advanced research, and further sub-
divided by four categories of specimens: serum, plasma,
GSF (including gingival crevicular fluid), and saliva (Fig. 1).
The publication numbers of original articles concerning
serum, plasma, GSF, and saliva were 1137, 470, 256, and
713, respectively.

The total number of publication numbers, page count,
author number, citation times, and h-index were included
as the analyzed parameters in this study. The total article
number was defined as a quantitative index in this study.
Because the number of publications does not reflect the
quality of scientific publications, the citations per publi-
cation (CPP) was used as a qualitative index in this study.
The h-index was first introduced by J.E. Hirsch12 and can
present both quality and quantity of scientific publications.
The h-index reflects both the number of publications and
the number of citations. It takes into consideration pro-
ductivity as reflecting the importance or impact of the
publications: the value of h is equal to the number of
publications (N ) in the list that have N or more citations.

Statistical methods

SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) was used
for all statistical analyses. The standard error (SE) is a
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quantitative measure of the variability of sample means
obtained from samples of size N drawn from the same
population. The SE was used to estimate the variability of
CPP in the four specimen categories. Analysis of variance
(ANOVA) and Scheffe’s post hoc test were used to compare
page counts and author numbers among the four types of
specimen. For all statistical tests, the level for significance
was set at 0.05.
Results

According to the SCI database, a total of 2455 original ar-
ticles were published on the topic of “periodontal disease
and serum, plasma, saliva, or GSF” from 1996 to 2010. The
average page count and author number of the 2455 original
articles were 7.37 pages and 5.47 authors, respectively
(Table 1). The page count of periodontal disease articles
including topic on saliva (7.11 pages) was less than those of
articles including topic on serum (7.45 pages) or on plasma
(7.58 pages; P Z 0.005 for ANOVA and P < 0.05 for
Scheffe’s test).

The annual periodontal disease article numbers and
citations per publication (CPP) are shown in Fig. 2. The
mean of the annual periodontal disease article numbers
was 163.6/year. There were w110e140 articles published
between 1996 and 2004; a clear rise in publication activity
was found in 2005. The greatest publication activity
occurred in 2009 (283 articles), with nearly a three-fold
the number of articles for 2000. The mean value of the
annual periodontal disease article CPP was 19.4. The CPP
remained stable (w24e26) from 1996 to 2000. Between
2001 and 2005, the CPP was largest in the year 2003
(CPP Z 27), followed by 2002 (CPP Z 25.0), and 2001
(CPP Z 22.3).

To evaluate the research performance of the peri-
odontal disease for the four categories of biofluid, the
annual article number, and CPP were fractionalized by the
publication specimen type, as shown in Fig. 3. The mean
numbers of annual published periodontal disease articles
including topics on serum, plasma, GSF, and saliva were
75.8, 31.3, 17.1, and 18.0 articles, respectively. The mean
CPPs of periodontal disease articles including topics on
Table 1 Distribution of publication activities fractional-
ized by specimen types in periodontal disease articles.

Article
no.

Page count Author no.

Mean � SE Mean � SE

Periodontal disease
articles

2455 7.37 � 0.05 5.47 � 0.05

Article including specimen types
Serum 1137 7.45 � 0.07* 5.56 � 0.07
Plasma 470 7.58 � 0.12* 5.60 � 0.11
GSF 256 7.32 � 0.15 5.34 � 0.13
Saliva 713 7.11 � 0.10 5.39 � 0.08

P value for ANOVA 0.005 0.21

SE Z standard error.
*Significant difference (P < 0.05) from saliva by ANOVA and
Scheffe’s test.
serum, plasma, GSF, and saliva were 18.9, 23.8, 18.0, and
15.5, respectively. The periodontal disease articles
including plasma topics had the highest CPP (annual
average was 23.8) compared to articles including topic on
the other three types of specimen. For periodontal disease
articles including serum topics, the largest publication
numbers and the highest CPP were shown in 2009 (article
number Z 141) and 1997 (CPP Z 18.9). The standard errors
of annual CPP for periodontal disease articles on serum,
plasma, GSF, and saliva topics were 2.4, 5.1, 4.9, and 2.9,
respectively. The smaller variation of citation times re-
flected the even quality of periodontal disease articles
regarding serum and saliva compared to periodontal dis-
ease articles concerning plasma and GSF.

Table 2 shows a regression analysis of the citation
numbers and page count or author number in periodontal
disease articles. For each increase of one page, the number
of citations increased by 1.19 for periodontal disease arti-
cles. The number of citations significantly increased with
page count for periodontal disease articles on plasma
(P < 0.01), GSF (P < 0.001), and saliva (P < 0.01) topics,
but this positive relationship was not shown for periodontal
disease articles on serum topic (P Z 0.06). After being
subdivided into biofluid categories, the change in citation
numbers was greatest for periodontal disease articles
including on GSF topics; 1.19 citations in periodontal dis-
ease articles increased to 2.21 citations in periodontal
disease articles on GSF topics. Fig. 2 showed that the
number of periodontal disease articles increased but the
CPP decreased from 2006. Because citation numbers are
likely to be affected by the time elapsed between article
publication and the date of data collection, the length of
time since article publication was used as a control variable
in the multiple-regression model (Model II). In Model II of
citation numbers and page counts regression, after
adjusting for length of time since article publication, the b
value of Model II was slightly increased over Model I. For
each increase of one author, the citation numbers
increased from 0.03 (Model I) to 1.78 (Model II) in peri-
odontal disease articles including saliva topic, when the
length of time since article publication was taken into ac-
count. The page count may increase with author number.
After adjusting for length of time since article publication
and author number (Model III), the relationship between
citation number and page count was the same as for Model
II. The relationship between citation number and page
count was not influenced by the author numbers. For each
increase of one author, the citations increased from 1.78
(Model II) to 0.42 (Model IV) in periodontal disease articles
including topics on saliva. The association between citation
number and author numbers was influenced by the page
count in periodontal disease articles including saliva topic.
The results show that time span is a key factor for the as-
sociation between citation numbers and author numbers in
periodontal disease articles discussing saliva.

Fig. 4 shows the quality and quantity of periodontal
disease articles including serum, plasma, GSF, and saliva
topics. The CPP was significantly higher for periodontal
disease articles on plasma topic (CPPZ 19.19) compared to
those for periodontal disease articles on GSF topic
(CPPZ 12.67) or on saliva topic (CPPZ 13.17). The h-index
showed its highest values for periodontal disease articles



Figure 2 Periodontal disease annual article numbers and citations per publication (CPP).
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including serum topic, and was lowest for periodontal dis-
ease articles including GSF topics. The research perfor-
mance of periodontal disease articles including GSF (h-
indexZ 20) was lower than the periodontal disease articles
including other 3 types of specimen.
Figure 3 Periodontal disease annual article numbers and citatio
(A) Periodontal disease article including serum. (B) Periodontal di
including gingival sulcus fluid. (D) Periodontal disease article inclu
In order to realize the information of research trend in
four biofluid categories, we analyzed the CPP of the top 10
biomarker appearances in keywords in Table 3. The total
numbers of keywords in categories of serum, plasma,
saliva, and GSF were 14796, 6418, 8984, and 3313,
ns per publication (CPP) in fractionalized specimen categories.
sease article including plasma. (C) Periodontal disease article
ding saliva.



Table 2 Regression analysis on the citation numbers and page count or author number in periodontal disease articles.

Model Ia Model IIb Model IIIc Model IVd

Page counts b SE b SE b SE
Periodontal disease articles 1.19*** 0.18 1.29*** 0.17 1.26*** 0.16
Articles including specimen types

Articles including serum 0.54þ 0.28 0.68* 0.27 0.57* 0.26
Articles including plasma 1.68** 0.53 1.87** 0.51 1.82** 0.51
Articles including GSF 2.21*** 0.49 2.46*** 0.44 2.45*** 0.52
Articles including saliva 1.27*** 0.28 1.32** 0.25 1.31*** 0.25

Author numbers b SE b SE b SE
Periodontal disease articles 0.36þ 0.21 1.03* 0.20 0.97** 0.20
Articles including specimen types

Articles including serum 0.62* 0.28 1.51*** 0.27 1.46*** 0.27
Articles including plasma 0.11 0.59 0.84 0.57 0.68 0.57
Articles including GSF 0.22 0.59 0.62 0.55 0.55 0.52
Articles including saliva 0.03 0.31 1.78*** 0.16 0.42 0.31

þ0.1 > P >0.05
*P < 0.05.
**P < 0.01.
***P < 0.001.
a Univariate analysis.
b Adjusted for length of year from article publication to 2011.
c Adjusted for author number and length of year from article publication to 2011.
d Adjusted for page count and length of year from article publication to 2011.
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respectively. The most appearances of biomarkers in key-
words in the categories of serum, plasma, saliva, and GCF
were by C reactive protein (CRP), CRP and interleukin 6 (IL-
6), immunoglobulin A (IgA), and interleukin 1 b (IL-1b),
respectively. The inflammatory factors, such as interleukin
family and matrix metalloproteinase family also appeared
in the top ten biomarkers of keywords. When using the CPP
as the research performance index, the largest CPP of
biomarkers in categories of serum, plasma, saliva, and GSF
were IL-6 (CPP Z 22.26), CRP (CPP Z 54.44), matrix met-
alloproteinase 9 (MMP-9; CPP Z 38.14), and MMP-9
(CPP Z 54.40), respectively. On the point of research
performance, the article topic including CPR or IL-6 had the
best research performance in whole body circulation fluids
Figure 4 Periodontal disease article citations per publication
(CPP) and h-index in the fractionalized specimen categories.
such as serum and plasma. The article topics including
MMP-9 or MMP-8 had the best research performance in oral
fluids such as saliva and GCF.

Discussion

In general, research activities have been expanding every
year. The number of journals and their annual volumes of
articles have been increasing. In this study, the publication
numbers increased with years, and the results showed that
interest in the research topic of “periodontal disease” and
“biofluids” increased throughout the world. According to
our results, publications increased w30% in 2005 (185 ar-
ticles) compared to 2001e2004 (average was 137 articles of
2001e2004). Although the number of articles has gradually
increased in recent years, CPP, a qualitative index of pub-
lication, was highest in 2003. This phenomenon may be
because publications that studied the association between
periodontal disease and biofluids had been fully investi-
gated in 1996e2003.

Citation numbers can be affected by many factors, such
as the participation of coauthors who may contribute self-
citations, and the topic of the publication; especially
publications on new techniques and methodologies. In this
study, citation numbers increased with page counts. This
may be because more page numbers provided a greater
amount of significant information, or more important novel
results were discussed in the article, and more authors may
have contributed to the publications. The association be-
tween page counts and citation numbers or biofluid cate-
gories may not reflect scientific significance because the
page count is limited by the publication criteria of indi-
vidual journals. In periodontal disease articles including
saliva topic, the association between citation numbers and
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author numbers was significant when the length of time
since article publication was taken into account. This may
be because more author numbers provided a greater
amount of specimens, novel ideas, new techniques, and
methodologies to improve the reliability and quality power
of studies.

The term “bibliometrics” was first introduced by
Pritchard13 and defined as “the application of mathematics
and statistical methods to books and other media of
communication”. Bibliometrics is also used as a method to
analyst the quantitative of scientific and technological lit-
eratures. There are many bibliometric indicators used to
measure the quality of scientific literature, including
article counts, impact factors, journal rankings, the num-
ber of citations, and the h-index.14 Self-citation is a factor
that may affect those indicators, because authors cite their
earlier studies to enhance the perceived reliability or value
of their publications. The rate of author self-citation in the
area of general medicine (328 journal articles) was 6.5%.15

This study showed that the author number significantly in-
creases with self-citation rate (r Z 0.11, P Z 0.04).16

Counting author self-citation times is a limitation in this
study because the article number in this study (n Z 2455) is
more than five times greater than other studies that refer
to the topic of author self-citation. Further studies should
focus on the association between self-citation and research
performance indicators in oral medicine when the personal
unique research identification is well established.

The most cited article was published by Kiecolt-Glaser
et al17 in the Proceedings of the National Academy of Sci-
ences of the United States of America. The article was cited
325 times between 2003 and 2011. The study showed that
chronic stress markers such as IL-6 may increase the
susceptibility to age-related diseases. Other studies have
indicated that periodontal disease is a multifactorial in-
flammatory disease. The periodontal breakdown-associated
inflammatory process contributes to an increase in inflam-
matory mediators including tumor necrosis factor-a, MMP-8,
CRP, IL-1, and IL-6. During the initiation and course of in-
flammatory responses in periodontitis, peri-implantitis, and
cardiovascular diseases, proinflammatory mediators (espe-
cially MMP-8) are upregulated not only in affected tissues but
also in the secreted, disease-affected, oral fluids (gingival
crevicular fluid, peri-implant sulcular fluid,mouth rinse, and
saliva), as well as in serum and plasma.18,19

Biomarkers in body fluid can be a diagnostic and
screening tool for several systemic diseases, such as car-
diovascular disease, cerebral infarction, rheumatoid
arthritis, and diabetes.20 Studies have recently shown that
biomarkers in human body fluid play an important role in
the association between periodontal disease and other
related systemic diseases.3,21,22 The discovery of bio-
markers in body fluids will not only improve the process of
translational medicine, but also help clarify disease
mechanisms.6 The methods for collection, storage, and
even biobanking of biofluids will be developed in the UK.23

The publication performance in countries that establish a
national biobank should be an interesting issue and will
need to be investigated in the future.

Biomarkers such as cytokines in serum, plasma, GCF, and
saliva have been identified as inflammatory indicators of
periodontal disease and other systemic diseases.4,24 These
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specimens are widely collected and used for studying the
association between biomarkers and periodontal and/or
systemic diseases. According to article numbers, the col-
lective frequency of serum, plasma, and saliva publications
was higher than that for GSF, and the quality and quantity
of publications on GSF were lower than for the other 3
types of specimens. The inflammatory response of peri-
odontitis is complex and produces some kind of marker by
Gram-negative anaerobic bacteria, such as Porphyromonas
gingivalis. In those condition the biomarker form GCF is
better than others biofluids.24 Blood or saliva collection is
less technique-sensitive than GSF collection. Some con-
stituents of saliva that originate from GSF can be ana-
lyzed.25e27 Recently more and more studies have shown
that the inflammatory mediators in saliva could be a
biomarker for oral diseases including oral cancer and peri-
odontal disease.28e31 We believe that the major factor that
influences research performance in the area of biomarker
and periodontal disease is the accessibility and application
of specimens. Results of h-index indicate that biomarkers in
saliva, as well as in serum and plasma, are good indicators
for use in studying periodontal disease.
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