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The aim of this study is to identify and analyze the characteristics of 
the top – cited articles in the field of tribology based on the Science 
Citation Index Expanded (SCI – EXPANDED). The parameters are: pub-
lication years, journals, Web of Science categories, authors, institutions, 
countries, and citation life cycle curve. Y – index is used to evaluate the 
publication characteristic of authors of top – cited articles. Three kinds 
of citations: citations in 2013, total citations, and citations in publication 
year were employed to characterize the top – cited articles in tribology. 
Top three journals are Surface & Coatings Technology, Wear, and Tri-
bology International. IBM Corporation was the most active institution 
on tribology research. The G7 countries have dominated this research 
field in terms of number of publications. Some of the keywords such as 
“tribology”, “tribological”, “wear”, “friction”, “diamond – like carbon”, 
“carbon or DLC”, “coatings”, “materials”, and “composite” were ranked 
among the top keywords in all the three types of keywords analysis : 
Words in titles, author keywords, and KeyWords Plus. 
Keywords: Citation Analysis, Tribology, Science Citation Index – Expanded,  
Y – index

1. Introduction

Top-cited articles can provide interesting and useful in-
sights into which authors, institutions, countries, articles, 
and topics are influencing as well as motivating the re-
search field over time [1]. The best article can be consid-
ered by the number of citations received in the peer – re-
viewed journals [2]. Top – cited articles also called as highly 
cited articles [3], classic articles [4], and most frequently 
cited articles [5] which represent the most significant  
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developments in a specific research field. Citation of a published work is one of the param-
eters considered in the analysis of relevance and importance of scientific contributions [6]. 
Citation rates using data from the Web of Science is now a popular method to evaluate the 
impact on the scientific community of individual scientists as well as research institutions 
and countries [7]. Citing the original article not only conveys respect for the work of the au-
thors who presented their research for critical appreciation, but also adds to the knowledge 
base through further discussion [8]. Citations are abbreviated alphanumeric expressions 
that acknowledge the relevance given by the author to the work of peers on a subject of dis-
cussion in which the citation appears. Indeed, the well – known adsorption isotherms had 
high citation histories in adsorption field [9]. The number of times a publication is cited can 
be an indication of its relative impact in a given research field [10 – 11]. A large number of 
citations for a paper are of paramount importance to the journal as well, as the more cited 
an article from a particular journal, the greater the impact factor of the publication [12]. It 
can imply that a publication is widely read and that others in the field view it as worthy of 
continued discussion [13]. Citation analysis is also a feasible tool to comprehensively rec-
ognize the research advances in the past and future research trends in a specific field [14]. 
Citation analysis involves the construction and application of a series of indicators of the 
“impact”, “influence”, or “quality” of scholarly work, derived from citation data, i.e. data 
on references cited in footnotes or bibliographies of scholarly research publications [15]. A 
high citation count is an indication of the influence of specific articles [16]. Characteriza-
tion of high impact studies may help future investigators to tailor their research interests 
and pursuits to the particular areas [17]. A review of the top – cited articles in a scientific 
discipline can identify areas of research that are well established and those in need of fur-
ther development, and may, as a result, inform and direct future research efforts [18].

The word “tribology” was coined by Jost in a report in 1966 as a composition of two 
Greek words tribos and logos. Tribology is the science and technology of interacting sur-
faces in relative motion and the practices related thereto [19]. It is multidisciplinary in 
nature which includes physics, chemistry, metallurgy and engineering [20]. Tribology 
plays an important role in diverse technological areas of components, assemblies or prod-
ucts, manufacturing process, construction, exploration, apart from mechanical transmis-
sion (Bearings, clutches, brakes), energy savings (gears, drives, actuators), material science 
(cutting, drawing, sealing), transportation field (wheel/rail, tyre/road, pipelines) and in-
formation technology (computer heads, slip – ring assemblies, audio – video sets) [21]. 
Tribology also plays important role in nuclear power generation in terms of enrichment 
of uranium fuel to the operation of power plant [22]. The areas of possible applications of 
tribology are being expanded from conventional engineering machines and manufacture 
to MEMS and hair conditioners in the twenty – first century [23]. According to the reports, 
£550 million per annum (in 1966 terms) could be saved in industries of the UK by better ap-
plication of tribology concepts, it was increased to £13 billion (in 1983 terms) of loss due to  
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tribological causes, about $400 hundred million (in 2006 terms) could be saved in China 
through industrial application of tribology and about savings of $120 billion per year is 
possible in the USA by reducing friction and wear in engine [20, 24 – 26]. Sub – disciplines 
of tribology have been emerged at the interface of various scientific disciplines, like nano-
tribology/microtribology, biotribology and green tribology/ecotribology [26, 27].

A number of studies was focused to analyze top – cited articles in various branches 
of universe ranging from engineering to science and to medicine, for example materials 
science [28], thermodynamics [29], chemical engineering [6], environmental science [30], 
health care science [31], pain [32], and surgery [33].

The aim of the present study was to identify and analyze the characteristics, such as 
publication year, publishing journal, publication type, authors, institutions, and countries 
of the top – cited articles in the field of tribology research based on SCI – EXPANDED of 
Web of Science. In terms of citations of top – cited articles, three kinds of citations: total 
citations since their publication to the end of 2013, total citations in a recent single year, and 
total citations in publication year have been employed.

2. Methodology

Bibliographic records used in this study were derived from the Science Citation Index 
Expanded (SCI – EXPANDED) database of the Web of Science (WoS), the Thomson Reuters 
(updated on May 21, 2015). Keywords tribolog*, tribosyst*, tribo – syst*, tribo – chem*, 
tribochem*, tribotechn*, tribo – physi*, and tribophysi* [34] were used in terms of topic 
(including four parts: paper title, abstract, author keywords, and KeyWords Plus) to retrieve 
the bibliographic records related to tribology research. KeyWords Plus supplies additional 
search terms extracted from the titles of articles cited by authors in their bibliographies 
and footnotes in the ISI (now Thomson Reuters, New York) database, and substantially 
augments title – word and author – keyword indexing [35]. A detailed description of the 
keywords is provided in Table 1.

Initially, we found a total of 21,361 documents comprising 18 document types, includ-
ing articles, proceedings papers, reviews, editorial materials, meeting abstracts, notes, let-
ters, corrections, item about an individual, news items, reprints, book reviews, biographi-
cal items, book chapters, discussions, correction additions, bibliographies, and abstract of 
published items. Only the document type “article” was considered for this study.

Two additional filters, total citations since their publication to the end of 2013, TC2013, 
[9, 36] and the “front page” [8], were employed to retrieve the top – cited articles. Because 
citations’ invariance will not be updated, TC2013 was applied [8]. The articles selected by 
TC2013 ≥ 100 were deemed top – cited articles. The total number of times an article was 
cited from its publication until the end of 2013 was recorded as TC2013 [9, 36]. The other 
filter, the “front page”, was used to identify articles with the indicated keywords on their 
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Table 1
Description of keywords

Keywords Related keywords

tribolog* tribological, tribology, tribologically, tribologcal, tribolog, tribologocal, 
tribologys, tribologie, tribology93, tribologsts, tribologique, tribologry, tribologyl, 
tribologischen, tribologi, tribologists, tribologists, tribologycal, tribologicaly, 
tribologkal, tribologicai, tribologist, and tribologic

tribosyst* tribosystem and tribosystems

tribo – syst* tribo – system, tribo – systems, andtribo – systern

tribo – 
chem*

tribo – chemical, tribo – chemistry, and tribo – chemically

tribochem* tribochemical, tribochemistry, tribochemically, tribochemicaly, tribochem, 
tribochemische, tribochemischen, and tribochemie

tribotechn* tribotechnical, tribotechnics, tribotechnologies, tribotechnica, tribotechnicality, 
TRIBOtechnic, tribotechnological, and tribotechnology

tribo – 
physi*

tribo – physics, tribo – physical, and tribo – physicochemical

tribophysi* tribophysical, tribophysics, tribophysically, and tribophysicochemical

“front page” only, including the article title, abstract, and keyword section [8]. Articles that 
could be found only through KeyWords Plus were excluded. Finally, 165 articles (0.83% 
of the 19,762 total articles) were selected as top – cited articles. These records were down-
loaded into spreadsheet software, and additional coding was manually performed using 
Microsoft Excel 2010 [37].

Articles published after 1997 from Hong Kong were included in China [9]. Articles 
from Germany and Federal Republic of Germany (Fed Rep Ger) were reclassified as being 
from Germany [6]. As the corresponding author is labeled as reprint author in the SCI – 
EXPANDED database, who is identified as the corresponding author [6]. The author is 
classified as both the first author and the corresponding author for single authored articles 
[6]. Similarly, the institution is classified as both the first author’s and the corresponding 
author’s institution for single authored articles [10]. If one author was assigned as the first 
author of an article, that article was considered a “first – author article” by that author, 
and if one author was assigned as the corresponding author of an article, that article was 
considered a “corresponding – author article” by that author [6]. In terms of country or 
institution, the term “first – author article” was assigned if the first author was from the 
country or institution under analysis, and the term “corresponding – author article” was 
assigned if the corresponding author was from the country or institution under analysis. 
TP, FP, and RP are the numbers of total articles, first – author articles, and corresponding – 
author articles for a country, an institution, or an author, respectively [37].
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3. Results and Discussion
3.1. Distribution of top – cited articles

A total of 165 articles are identified as top – cited articles (articles received greater than 
or equal to 100 citations from its time of publication through 2013) which were published 
between 1971 and 2011. Figure 1 illustrates the number of top – cited articles and citations 
per publication by decades which show that most of the top – cited articles were published 
during 1990s and 2000s. Highest number of top – cited articles was published in 2001. 
There were no top – cited articles in the years 1972 – 84, 1988, 2009, and 2010. One reason 
is that the recent significant growth in numbers of journals and papers which may be con-
tributed to the increase in top – cited articles [38]. As more articles are being published, 
there are more chances to be cited, and hence, a greater likelihood to accumulate citations 
[32]. In total, 543 authorships were responsible for the 165 top – cited articles and an av-
erage number of authors per top – cited article were 3.3 with 18 as the largest number of 
authors. Similarly, small groups of authors were found in highly cited articles in material 
science with 3.6 [28] and in chemical engineering with 3.6 [39]. Totally 6,232 references 

Figure 1
Number of articles and citations per publication by decade
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were appended at the end of top – cited articles with an average of 38. On an average of 9.6 
pages per top – cited article were used to publish the research findings. Furthermore, it is 
observed that there was a wide variation in average pages and references per article.

3.2. Journals and WoS Subject Categories

Top – cited articles were published in 55 journals. Of these 55 journals, 32 (58%) jour-
nals contained only one top – cited article and 10 (18%) journals contained two articles. 
Fifty – three percent of all top – cited articles were published by six core journals (Table 
2). The impact factor (IF2013) of the top six journals lies between 1.572 and 42.351 which 
shows that the leading journals attracted top – cited publications and also maintains the 
high IF2013. The Journal Surface & Coatings Technology (IF2013 = 2.199) published the most 
top – cited articles with 33 articles (20% of 165 articles), followed by Wear (IF2013 = 1.862) 
with 26 articles (16%), Tribology International (IF2013 = 2.124) with 10 articles (6.1%), and 
Diamond and Related Materials (IF2013 = 1.572), Nature (IF2013 = 42.351), and Tribology Letters 
(IF2013 = 2.151), with six articles (3.6%) each. However, top cited articles were also pub-
lished in journals with low impact factors, for example, Journal of Tribology – Transactions 
of the ASME (IF2013 = 0.897), Tribology Transactions (IF2013 = 1.081), and Proceedings of the 
Institution of Mechanical Engineers Part H – Journal of Engineering in Medicine (IF2013 =1.144). 
Moreover, three high – impact factor journals were also published the top – cited articles 
such as Nature (IF2013 =42.351) with six articles, Science (IF2013 =31.477) with two articles, 
and Nano Today (IF2013 =18.432) with one article.

The top – cited articles were published in the 33 Web of Science subject categories in the 
science edition. Among these, one third of categories published each one article and one 
third of categories published the top – cited articles between 2 and 5. Top 11 (33%) categories 
published the top – cited articles between 6 and 61. The five top categories include multi-
disciplinary materials science (61 articles; 37% of 165 articles), mechanical engineering (48; 

Table 2
Six core journals

Journal TP (%) IF2013 Web of Science category

Surface & Coatings Technology 33 (20) 2.199 Coatings & Films Materials Science
Applied Physics

Wear 26 (16) 1.862 Mechanical Engineering
Multidisciplinary Materials Science

Tribology International 10 (6.1) 2.124 Mechanical Engineering

Diamond and Related Materials 6 (3.6) 1.572 Multidisciplinary Materials Science

Nature 6 (3.6) 42.351 Multidisciplinary Sciences

Tribology Letters 6 (3.6) 2.151 Chemical Engineering
Mechanical Engineering

TP: total number of articles; IF2013: impact factor in 2013



COLLNET JOURNAL OF SCIENTOMETRICS AND INFORMATION MANAGEMENT    12(2) DECEMBER 2018 295

Top-cited articles in the field of tribology : A bibliometric analysis

29%), applied physics (48; 29%), coatings and films materials science (39; 24%), and physi-
cal chemistry (15; 9.1%). These five categories published a majority of the total top – cited 
articles (128 articles; 78% of 165 articles). One thing should be noticed that journals may 
be classified in two or more categories in WoS, for instance, Surface & Coatings Technology 
was listed in both categories of “coatings and films materials science” and “applied phys-
ics”. Categories other than engineering and science, such as dentistry, surgery, biology, cell 
biology, and orthopedics are also visible. It shows the multidisciplinary character of this 
research field.

3.3. Most Productive Authors

Among the 425 authors contributing to 165 top – cited articles, 290 authors (68% of 425 
authors) had no first author articles, 306 (72%) authors had no corresponding author ar-
ticles, and only 118 (28%) authors had both first author articles and corresponding author 
articles. Table 3 shows the total top – cited articles (TP), first – author top – cited articles 
(FP), corresponding – author top – cited articles (RP); and single – author top – cited ar-
ticles (SP) of leading authors with at least four top – cited articles. Top three authors of 
top – cited articles are A. Erdemir from Argonne National Laboratory in the USA with 10 
articles, B. Bhushan from Ohio State University in the USA with 7 articles and A. Grill from 

Table 3
Characteristics of the 14 most – productive authors (≥ 4 articles)

Author Rank (TP) Rank (FP) Rank (RP) Rank (SP)
A. Erdemir 1 (10) 3 (4) 4 (4) 2 (2)
B. Bhushan 2 (7) 3 (4) 1 (6) 4 (1)
A. Grill 2 (7) 1 (5) 2 (5) 1 (4)
J.S. Zabinski 4 (6) N/A N/A N/A
W.M. Liu 5 (5) 17 (1) 9 (2) N/A
A. Matthews 5 (5) N/A 15 (1) N/A
A.A.Voevodin 5 (5) 1 (5) 2 (5) N/A
H. Dimigen 8 (4) 8 (2) 9 (2) N/A
C. Donnet 8 (4) 3 (4) 4 (4) 4 (1)
I. Etsion 8 (4) 17 (1) 15 (1) 4 (1)
T.E. Fischer 8 (4) 17 (1) 15 (1) N/A
J. Israelachvili 8 (4) N/A N/A N/A
S. Jacobson 8 (4) N/A 6 (3) N/A
A. Leyland 8 (4) 8 (2) 6 (3) N/A

TP: total top – cited articles; FP: first – author top – cited articles; RP: corresponding – author top – cited 
articles; SP: single – author top – cited articles; N/A: not available
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IBM Corporation in the USA with 7 articles. Among these 14 authors, two authors such 
as A.A. Voevodin and C. Donnett published all the articles with first and corresponding 
author. In addition, A. Grill published the most first author and single – author articles 
respectively.

The recently developed Y – index [11] has been used in numbers of studies to evaluate 
the performance of highly cited authors, for example, the most – cited articles in chemical 
engineering [6], the most – cited research articles in the Science Citation Index Expanded 
[40], the most – cited articles in adsorption research [41], highly cited articles in health care 
sciences and services field [31], and highly cited articles in materials science [28]. The des-
ignation of the first and corresponding author provides a useful method to take account 
of the multiple authorships [41]. The first author is that person who is responsible for 
conducting the research work and writing of the research paper [42]. The corresponding 
author is that person who has substantial contribution to the research in terms of supervi-
sion of the planning and execution of the research work and writing of the research paper 
[43, 44]. The country or institution of the corresponding author might be a home base or 
origin of a concerned study [11]. The Y – index (j, h) was applied to evaluate the character-
istics of authors of top – cited articles. This index is related to the numbers of first – author 
publications (FP) and corresponding – author publications (RP), as defined below [11, 28].

1

(1)

tan (2)

j FP RP
RPh
FP

−

= +

 
=  

 
An author with a higher j has more first – or corresponding – author articles, playing a 

leadership role. h differentiates the nature of that leadership role. Values of h > 0.7854 indi-
cate more corresponding – author articles, and values of h < 0.7854 indicate more first – au-
thor articles. When h = 0.7854, the author has the same number of first – author articles and 
corresponding – author articles. When h = 0, j = the number of first – author articles, and 
when h = p/2, j = the number of corresponding – author articles. Among the top – cited 165 
articles, there was no information about corresponding author for 15 (9.1%) articles. We 
analyzed 387 authors contributing to 150 top – cited articles (91% of 165 articles) with both 
first – and corresponding – authors’ names in the Web of Science Core Collection.

Figure 2 displays the distribution of the top 15 authors (j ≥ 3) with Y – index. These 15 
authors were considered to be the main contributors to the top – cited articles in tribology 
research, who made the most contribution including conception and design, analysis and 
interpretation of data and the drafting or reviewing of the article [45, 46]. In the Fig. 2, 
each dot represents one value that could be one author or many authors when they had 
the same publication intensity and characteristics. The authors who contributed the most 
to tribology research were B. Bhushan, A. Grill, and A.A. Voevodin (j = 10), followed by C. 
Donnett and A. Erdemir (j = 8). Publication character h could help to obtain the different 
proportion of first author articles to corresponding author articles. It is helpful especially 
when j of authors is too close to distinguish the different contribution of authors. Within 
these 15 authors, only four authors: B. Bhushan (j = 0.9828), A. Leyland (j = 0.9828), J. Klein 



COLLNET JOURNAL OF SCIENTOMETRICS AND INFORMATION MANAGEMENT    12(2) DECEMBER 2018 297

Top-cited articles in the field of tribology : A bibliometric analysis

(j = 1.107), and W.M. Liu (j = 1.107) had more corresponding author articles than the first 
author articles. Only two authors: K. Frederich and M. Grischke had more first author arti-
cles than corresponding author articles with j = 0.4636. Seven authors on the boundary line 
owning the same quantity of first author articles and corresponding author articles with 
h = 0.7854. Only one author S. Jacobson (h = p/2) has only corresponding author articles 
and no first author articles. S. Jacobson, J. Klein, W.M. Liu, K. Friedrich, and M. Grischke 
had the same values of j = 3. Their h values show different publication characters and show 
Jacobson published more corresponding author articles. Even though, B. Bhushan and A. 
Leyland had the same values of h = 0.9828, the higher value of j shows that B. Bhushan had 
higher publication intensity.

3.4. Distribution of Institutions

Among the 165 top – cited articles, ten articles had no corresponding author affiliation 
information and only one article has no any affiliation information in Web of Science. Of 
the 164 top – cited articles with author affiliations, 101 (62% of 164 articles) were single 
institution articles and 63 (38%) were inter – institutionally collaborative articles. A small 

Figure 2
Distribution of the top 15 authors with their Y – index values (j ≥ 3)
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proportion of institutions accounted for a high proportion of top – cited articles which is 
consistent with earlier studies such as pain research [32]. Table 4 provides the character-
istics of top 12 most productive institutions using six indicators [38]: total number of top 
– cited articles (TP), single institution top – cited articles (IP), inter – institutionally collab-
orative top – cited articles (CP), first author top – cited articles (FP), corresponding author 
top – cited articles (RP), and single author top – cited articles (SP). The list was led by IBM 
Corporation of the USA (12 articles), Argonne National Laboratory of the USA (8 articles), 
and Ohio State University of the USA (8 articles). Among the top 12 most productive insti-
tutions, six are located in the USA followed by Israel (2 institutions) and each one to China, 
France, the UK, and Germany. IBM Corporation was ranked top in all the indicators except 
for inter – internationally collaborative articles. The 8th position United States Air Force 
ranked 3rd in SP and 24th in CP, which suggested that the scientists affiliated to this organi-
zation willing to contribute top – cited articles without collaboration. The institutions Tech-
nion – Israel Institute of Technology and University of Hull are ranked 4th in CP. However 
these two institutions were ranked 21st in IP which indicates that the scientists affiliated to 
these institutions prefer to contribute articles with inter – institutional collaboration.

Table 4
Characteristics of the 12 most productive institutions

Institution TP TP R 
(%)

IP R 
(%)

CP R 
(%)

FP R 
(%)

RP R 
(%)

SP R 
(%)

IBM Corporation, USA 12 1 (7.3) 1 (6.9) 2 (7.9) 1 (4.9) 1 (5.2) 1 (17)

Argonne National Laboratory, USA 10 2 (6.1) 7 (2.0) 1 (13) 2 (3.7) 2 (3.9) 2 (8.7)

Ohio State University, USA 8 3 (4.9) 2 (5.9) 9 (3.2) 2 (3.7) 2 (3.9) 4 (4.3)

Chinese Academy of Science, China 7 4 (4.3) 3 (3.0) 3 (6.3) 6 (2.4) 5 (2.6) N/A

ÉcoleCentrale de Lyon, France 5 5 (3.0) 7 (2.0) 4 (4.8) 4 (3.0) 4 (3.2) 2 (8.7)

Universityof California Berkeley, USA 5 5 (3.0) 3 (3.0) 9 (3.2) 4 (3.0) 5 (2.6) 4 (4.3)
Universityof California Santa 
Barbara, USA 5 5 (3.0) 3 (3.0) 9 (3.2) 7 (1.8) N/A N/A

Technion – Israel Institute of 
Technology, Israel 4 8 (2.4) 21 (1.0) 4 (4.8) 13 (1.2) 11 (1.3) 4 (4.3)

Universityof Hull, UK 4 8 (2.4) 21 (1.0) 4 (4.8) 7 (1.8) 7 (1.9) N/A
Universityof Kaiserslautern, 
Germany 4 8 (2.4) 7 (2.0) 9 (3.2) 7 (1.8) 7 (1.9) N/A

United States Air Force (USAF), USA 4 8 (2.4) 3 (3.0) 24 (1.6) 7 (1.8) 7 (1.9) N/A

Weizmann Institute of Science, Israel 4 8 (2.4) 7 (2.0) 9 (3.2) 13 (1.2) 11 (1.3) N/A

TP: total top – cited articles; IP: single – institution top – cited articles; CP: inter – institutionally collaborative 
top – cited articles; FP: first – author top – cited articles; RP: corresponding – author top – cited articles; SP: 
single – author top – cited articles; R: rank; N/A: not available
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3.5. Distribution of Countries

Of the 164 top – cited articles with author affiliations, published by 20 countries, 135 
(82% of 164 articles) were single country articles and 29 (18%) were internationally collab-
orative articles. The countries were ranked according to the number of total top – articles 
published and provided in Table 5. Rank includes the total number of articles (TP), single 
country articles (IP), internationally collaborative articles (CP), first author articles (FP), 
corresponding author’s articles (RP), single author articles (SP) (Ho and Kahn, 2014). The 
leading country was the USA with 86 articles, accounting for 52%, followed distantly by 
the UK with 20 articles, China with 16 articles and Germany with 16 articles, and France 
with 12 articles. The G7 countries (the United States, the UK, Canada, Germany, France, It-
aly, and Japan) had high productivity in top – cited articles, which included 132 (80% of 164 
top – cited articles with affiliations). Domination by mainstream countries in publication is 
not surprising, as this pattern has been occurred in many related fields such as materials 

Table 5
Characteristics of the contributing countries

Country TP TP R (%) IP R (%) CP R (%) FP R (%) RP R (%) SP R (%)
USA 86 1 (52) 1 (50) 1 (62) 1 (47) 1 (45) 1 (57)
UK 20 2 (12) 2 (11) 4 (17) 2 (10) 2 (11) 3 (8.7)
China 16 3 (9.8) 4 (5.9) 2 (28) 4 (6.7) 4 (7.1) N/A
Germany 16 3 (9.8) 3 (8.1) 4 (17) 3 (7.9) 3 (8.4) N/A
France 12 5 (7.3) 5 (4.4) 3 (21) 5 (6.1) 5 (6.5) 2 (17)
Israel 9 6 (5.5) 5 (4.4) 7 (10) 6 (4.9) 6 (5.2) 4 (4.3)
Japan 7 7 (4.3) 9 (2.2) 6 (14) 9 (1.8) 9 (1.9) N/A
Sweden 6 8 (3.7) 7 (3.0) 10 (6.9) 7 (3.0) 7 (3.2) N/A
Switzerland 5 9 (3.0) 7 (3.0) 12 (3.4) 7 (3.0) 7 (3.2) 4 (4.3)
Finland 4 10 (2.4) 11 (1.5) 10 (6.9) 9 (1.8) 9 (1.9) 4 (4.3)
Australia 3 11 (1.8) 9 (2.2) N/A 9 (1.8) 12 (1.3) N/A
India 3 11 (1.8) 11 (1.5) 12 (3.4) 9 (1.8) 9 (1.9) N/A
Netherlands 3 11 (1.8) N/A 7 (10) 13 (1.2) 12 (1.3) N/A
Russia 3 11 (1.8) N/A 7 (10) N/A N/A N/A
Belgium 1 15 (0.61) N/A 12 (3.4) N/A N/A N/A
Belarus 1 15 (0.61) 13 (0.74) N/A 14 (0.61) 14 (0.65) N/A
Canada 1 15 (0.61) N/A 12 (3.4) 14 (0.61) N/A N/A
Italy 1 15 (0.61) 13 (0.74) N/A 14 (0.61) 14 (0.65) 4 (4.3)
Spain 1 15 (0.61) 13 (0.74) N/A 14 (0.61) 14 (0.65) N/A
Turkey 1 15 (0.61) N/A 12 (3.4) N/A N/A N/A

TP: total top – cited articles; IP: single – country top – cited articles; CP: internationally collaborative top – 
cited articles; FP: first – author top – cited articles; RP: corresponding – author top – cited articles; SP: single 
– author top – cited articles; R: rank; N/A: not available.
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Figure 3
Citation life cycles of the top seven articles (TC2013 ≥ 400)

Figure 4
Citation life cycles of the top eight articles (C2013≥40)
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science [28], thermodynamic research [29], and nanotribology [47]. In terms of internation-
ally collaborative articles, 62% were contributed by the USA; and as for non – collaborative 
independent articles, 57% were published by the USA. Moreover the USA ranked top for 
all the six indicators. There is a fluctuation in the ranks for all the six indicators among the 
top five contributing countries (the USA, the UK, China, Germany, and France). However 
China and Germany had no single author articles.

3.6. Citation Life Cycles

Total citations of articles were widely applied in most studies. Three kinds of citations: 
C2013, TC2013, and C0 were employed to characterize the top – cited articles in tribology re-
search. The articles with the highest TC2013 can be considered as the most popular articles 
in this research field. The total number of times an article was cited from its time of pub-
lication to the end of 2013 (TC2013) was used [8, 35]. The advantage of this indicator is its 
invariance, not updating with time [7]. The citation lives of the top seven articles (TC2013 > 
400) are shown in Fig. 3. Of seven articles, five were published before 2000. The three of the 
top seven articles in TC2013 were also found in the top seven in C2013 such as Leyland and 
Matthews [48], Armstronghelouvry et al. [49], and Grill [50]. Among the seven articles, the 
top article “On the significance of the H/E ratio in wear control: a nanocomposite coating 
approach to optimized tribological behavior” [48] by Leyland and Matthews published in 
2000 showed a continual and sharp increase in citations in all years since its time of publi-
cation. This article is also top ranked one in C2013 = 91.

Earlier publications such as Haddon et al. [51], Granick [52], Veprek and Reiprich [53], 
and Hertel [54] had a long impact history, but much less impact in the recent years (e.g. 
C2013), these four articles were published during 1990s. Top ranked article in TC2013 by 
Armstronghelouvry et al. [49] surveyed the contributions from the tribology, wear and 
physics literatures as well as the controls literature which are important for the under-
standing and compensation of friction in servo machines. A set of models and tools for fric-
tion compensation was provided which is useful to both research scientists and application 
engineers. In which servo – control techniques was also demonstrated.

Since TC2013 is an accumulative number that may reach a large value as long as the 
time span is long enough, it is necessary to study the citations of an article cited within 
every single year (2013) to interpret the research focus transfer in recent years. The citation 
life curves of the top eight articles (C2013 ≥ 40) are shown in Fig. 4. All these articles were 
published in 2000s except one article which had published in 1994. One earlier article “A 
survey of models, analysis tools and compensation methods for the control of machines 
with friction” by Armstronghelouvry et al. [49] had a long impact history since its publica-
tion. Top ranked article in the recent year (C2013) by Leyland and Matthews [48] discussed 
the concept of nanocomposite coatings with high hardness and low elastic modulus, which 
can exhibit improved toughness, and are therefore better suited for optimizing the wear 
resistance of “real” industrial substrate materials.
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Articles with higher citations in the publication year (C0) were likely to cite in recent 
years. Figure 5 shows the citation life of the top six most cited articles in their publication 
year (C0 ≥ 4). Among them, two articles were published in 1991 and 1995 respectively. 
Each one article was published in 2008 and 2011. Top – cited article in its publication year 
(C0) “Conducting films of C60 and C70 by alkali – metal doping” by Haddon et al. [51] was 
also the second top – cited article in TC2013. Haddon et al. [51] reported the preparation 
of alkali – metal – doped films of C60 and C70 which have electrical conductivities at room 
temperature that are comparable to those attained by n – type doped polyacetylene. All the 
articles had increasing trend of citations after their publications then showed decreasing 
trends in the following years.

3.7. Distribution of words in titles, author keywords, and KeyWords Plus

In last decade, Ho and co – workers presented that the distribution of words in article 
titles, author keywords, and KeyWords Plus to evaluate trends in research topics [37, 55, 56]. 
Detection of certain words in the abstracts of papers has also been used as information to 
determine research trends [57]. The words in titles and author keywords supply reason-
able details of the article subjects and include the information which author would like to 
express to their readers [58]. Only 97 top – cited articles had author keyword information 
in Web of Science. Author keywords that appeared at least three times in top – cited articles 
are listed in Table 6. The most frequently used author keywords are “friction”, “wear”, 
and “tribology”. We also analyzed all the single words in the titles of top – cited articles in 

Figure 5
Citation life cycles of the top six articles (C0 ≥ 4)
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tribology research. Some prepositions for example “of” and “in”, were discarded, as they 
are meaningless for further study [57]. The most used single words in titles were “tribologi-
cal” which appeared in 35 articles followed by “wear” (29), “coatings” (27), “carbon” (25), 
“properties” (25), and “friction” (24). Some words such as carbon, coatings, DLC, ceramic, 
materials, and composites were frequently used titles and it shows that this research area 
is based on the materials. “Tribological” is the most frequently used word both in titles and 
abstracts as it was used as searching keyword to retrieve the bibliographic records related 

Table 6
Distribution of author keywords

Author keyword TP Rank %

Friction 25 1 26

Wear 22 2 23

Tribology 20 3 21

Diamond – like carbon 11 4 11

Adhesion 5 5 5.2

Lubrication 5 5 5.2

Contact mechanics 4 7 4.1

Atomic force microscopy 3 8 3.1

Biocompatibility 3 8 3.1

Coating 3 8 3.1

Deposition 3 8 3.1

DLC 3 8 3.1

Lubricant 3 8 3.1

Mechanical properties 3 8 3.1

Mems 3 8 3.1

Nanocomposite 3 8 3.1

Piston rings 3 8 3.1

Polymers 3 8 3.1

Silicon nitride 3 8 3.1

Stiction 3 8 3.1

Surface texturing 3 8 3.1

Tribochemistry 3 8 3.1

Wear resistance 3 8 3.1

TP: total number of articles
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to tribology research. All together 146 top – cited articles had KeyWords Plus information in 
Web of Science. Analysis results shows that the keywords “behavior”, “films”, “friction”, 
“wear”, “thin – films”, and “surface” are highly visible. Distribution of words show that 
some keywords were appeared among the top ranks in all the forms of words analysis 
such as “tribology”, “tribological”, “wear”, “friction”, “diamond – like carbon”, “carbon 
or DLC”, “coatings”, “materials”, and “composite”.

4. Conclusion

In total, 165 top – cited articles were published between 1971 and 2011 in the field of 
tribology in SCI – EXPANDED. Most of the top – cited articles were published in the 1990s 
while none was published during the years 1972 – 84. Authorship with a small group was 
found in the top – cited articles. Most articles published in six core journals, such as Surface 
& Coatings Technology, Wear, Tribology International, Nature, Tribology Letters, and Diamond and 
Related Materials. There was no focus on any special subject categories but scattered across 
to materials science, mechanical engineering, and applied physics fields. From the distri-
bution of Y – index results, A.A. Voevodin and B. Bhushan had the most publication poten-
tial. K. Friedrich and M. Grischke published more first authored articles while S. Jacobson 
published only corresponding authored articles. Non – academic institutions such as IBM 
Corporation of the USA and Argonne National Laboratory of the USA were most active on 
top – cited articles in tribology. The USA published more than half of top – articles followed 
distantly by the UK. Citation life cycles (an article’s publication year, in the most recent 
recorded year, and total citations from publication to the end of 2013) showed different 
rankings of top – cited articles. Results of keywords analysis show that this research field 
is bounded to materials especially to carbon.

References

 [1]  Smith, D.R., Citation indexing and highly cited articles in the Australian Veterinary Jour-
nal. Aust. Vet. J., Vol. 86, 2008, 337 – 339.

 [2]  Robinson, J.K., Callen, J.P., The best of the best: A new section led by Henry W. Lim, M. 
Arch. Dermatol., Vol. 146, 2010, 554

 [3]  Garfield, E., Journal citation studies. 8. Some highly cited articles from highly cited general 
medical and clinical journals. Curr. Contents, Vol. 27, 1974, 5 – 12.

 [4]  Garfield, E., Highly cited articles. 26. Some classic papers of late 19th and early 20th cen-
turies. Curr. Contents, Vol. 21, 1976, 5 – 9.

 [5]  Garfield, E., Which journals attract most frequently cited articles – here’s a list of 15. Curr. 
Contents, Vol. 39, 1973, 5 – 6.

 [6]  Guimaraes, J.A., Carlini, C.R., Most cited papers in Toxicon. Toxicon, Vol. 44, 2004, 345 – 
359.



COLLNET JOURNAL OF SCIENTOMETRICS AND INFORMATION MANAGEMENT    12(2) DECEMBER 2018 305

Top-cited articles in the field of tribology : A bibliometric analysis

 [7]  Ho, Y.S., Top – cited articles in chemical engineering in Science Citation Index Expanded: 
A bibliometric analysis. Chin. J. Chem. Eng., Vol. 20, 2012, 478 – 488.

 [8]  Ho, Y.S., Untitled. Adsorpt. Sci. Technol., Vol. 28, 2011, 465.
 [9]  Fu, H.Z., Wang, M.H., Ho, Y.S., The most frequently cited adsorption research articles in 

the Science Citation Index (Expanded). J. Colloid Interface Sci., Vol. 379, 2012, 148 – 156.
[10]  Chuang, K.Y., Wang, M.H., Ho, Y.S., High – impact papers presented in the subject cat-

egory of water resources in the Essential Science Indicators database of the Institute for 
Scientific Information. Scientometrics, Vol. 87, 2011, 551 – 562.

[11]  Ho, Y.S., Classic articles on social work field in Social Science Citation Index: A bibliomet-
ric analysis. Scientometrics, Vol. 98, 2014, 137 – 155.

[12]  Joyce, C.W., Kelly, J.C., Carroll, S.M., The 100 top – cited classic papers in hand surgery. J. 
Plast. Surg. Hand Surg., Vol. 48, 2014, 227 – 233.

[13]  Lipsman, N., Woodside, D.B., Lozano, A.M., Trends in anorexia nervosa research: An anal-
ysis of the top 100 most cited works. Eur. Eat. Disord. Rev., Vol. 22, 2014, 9 – 14.

[14]  Tao, T.Z., Zhao, X.H., Lou, J.S., Bo, L.L., Wang, F., Li, J.B., Deng, X.M., The top cited clinical 
research articles on sepsis: A bibliometric analysis. Crit. Care, Vol. 16, 2012, Article Num-
ber: R110.

[15]  Moed, H.F., New developments in the use of citation analysis in research evaluation. Arch. 
Immunol. Ther. Exp., Vol. 57, 2009, 13 – 18.

[16]  Wohlin, C., An analysis of the most cited articles in software engineering journals – 2001. 
Inf. Softw. Technol., Vol. 50, 2008, 3 – 9.

[17]  Brinjikji, W., Klunder, A., Kallmes, D.F., The 100 most – cited articles in the imaging litera-
ture. Radiology, Vol. 269, 2013, 272 – 276.

[18]  Sharma, B., Lawrence, D.W., Top – cited articles in traumatic brain injury. Front. Human 
Neurosci., Vol. 8, 2014, Article Number: 879.

[19]  Anonymous., Tribology for all. Nature, Vol. 210, 1966, 338
[20]  Jost, H.P., Tribology – Origin and future. Wear, Vol. 136, 1990, 1 – 17.
[21]  Czichos, H., Tribology and its many facets: From macroscopic to microscopic and nano – 

scale phenomena. Meccanica, Vol. 36, 2001, 605 – 615.
[22]  Roberts, W.H., Tribology in nuclear power generation. Tribol. Int., Vol. 14, 1981, 17 – 28.
[23]  Spikes, H., Tribology research in the twenty – first century. Tribol. Int., Vol. 34, 2001, 789 – 

799.
[24]  Anonymous, More tribology. Nature, Vol. 212, 1966, 112.
[25]  Tung, S.C., McMillan, M.L., Automotive tribology overview of current advances and chal-

lenges for the future. Tribol. Int., Vol. 37, 2004, 517 – 536.
[26]  Zhang, S.W., Green tribology: Fundamentals and future development. Friction, Vol. 1, 

2013, 186 – 194.



 COLLNET JOURNAL OF SCIENTOMETRICS AND INFORMATION MANAGEMENT    12(2) DECEMBER 2018306

B. Elango and Y. S. Ho

[27]  Nosonovsky, M., Bhushan, B., Green tribology: Principles, research areas and challenges. 
Philos. Trans. R. Soc. A – Math. Phys. Eng. Sci., Vol. 368, 2010, 1929 – 4694.

[28]  Ho, Y.S., A bibliometric analysis of highly cited articles in materials science. Curr. Sci., Vol. 
107, 2014, 1565 – 1572.

[29]  Fu, H.Z., Ho, Y.S., Top cited articles in thermodynamic research. J. Eng. Thermophys., Vol. 
24, 2015, 68 – 85.

[30]  Khan, M.A., Ho, Y.S., Top – cited articles in environmental sciences: Merits and demerits 
of citation analysis. Sci. Total Environ., Vol. 431, 2012, 122 – 127.

[31]  Hsu, Y.H.E., Ho, Y.S., Highly cited articles in health care sciences and services field in Sci-
ence Citation Index Expanded: A bibliometric analysis for 1958 – 2012. Methods Inf. Med., 
Vol. 53, 2014, 446 – 458.

[32]  Chuang, K.Y., Ho, Y.S., A bibliometric analysis on top – cited articles in pain research. Pain 
Med., Vol. 15, 2014, 732 – 744.

[33]  Long, X., Huang, J.Z., Ho, Y.S., A historical review of classic articles in surgery field. Am. 
J. Surg., Vol. 208, 2014, 841 – 849.

[34]  Elango, B., Rajendran, P., Bornmann, L., A scientometric analysis of international collabo-
ration and growth of literature at the macro level. Malays. J. Libr. Sci., Vol. 20, 2015, 41 – 50.

[35]  Garfield, E., KeyWords Plus: ISI’s breakthrough retrieval method. Part 1.Expanding your 
searching power on Current Contents on Diskette. Curr. Contents, Vol. 32, 1990, 5 – 9.

[36]  Wang, M.H., Fu, H.Z., Ho, Y.S., Comparison of universities’ scientific performance using 
bibliometric indicators. Malays. J. Libr. Sci., Vol. 16, 2011, 1 – 19.

[37]  Li, Z., Ho, Y.S., Use of citation per publication as an indicator to evaluate contingent valu-
ation research. Scientometrics, Vol. 75, 2008, 97 – 110.

[38]  Ho, Y.S., Kahn, M., A bibliometric study of highly cited reviews in the Science Citation 
Index Expanded™. J. Assoc. Inf. Sci. Technol., Vol. 65, 2014, 372 – 385.

[39]  Chuang, K.Y., Wang, M.H., Ho, Y.S., High – impact papers published in journals listed in 
the field of chemical engineering. Malays. J. Libr. Sci., Vol. 18, 2013, 47 – 63.

[40]  Ho, Y.S., The top – cited research works in the Science Citation Index Expanded. Sciento-
metrics, Vol. 94, 2013, 1297 – 1312.

[41]  Fu, H.Z., Ho, Y.S., Top cited articles in adsorption research using Y – index. Res. Evaluat., 
Vol. 23, 2014, 12 – 20.

[42]  Riesenberg, D., Lundberg, G.D., The order of authorship: Who’s on first. Jama – J. Am. 
Med. Assoc., Vol. 264, 1990, 1857

[43]  Burman, K.D., “Hanging from the masthead”: Reflections on authorship. Ann. Intern. 
Med., Vol. 97, 1982, 602 – 605.

[44]  Mattsson, P., Sundberg, C.J., Laget, P., Is correspondence reflected in the author position? 
A bibliometric study of the relation between corresponding author and byline position. 
Scientometrics, Vol. 87, 2011, 99 – 105.



COLLNET JOURNAL OF SCIENTOMETRICS AND INFORMATION MANAGEMENT    12(2) DECEMBER 2018 307

Top-cited articles in the field of tribology : A bibliometric analysis

[45]  Davidson, F., Smith, R., Squires, B.P., Lundberg, G., Glass, R., Horton, R., Van Der Weyden, 
M., Utiger, R., Robinson, R.G., Nylenna, M., Colaianni, L.A., Clever, L.H., Woolf, P., Uni-
form requirements for manuscripts submitted to biomedical journals. Jama – J. Am. Med. 
Assoc., Vol. 277, 1997, 927 – 934.

[46]  Wren, J.D., Kozak, K.Z., Johnson, K.R., Deakyne, S.J., Schilling, L.M., Dellavalle, R.P., The 
write position – A survey of perceived contributions to papers based on byline position 
and number of authors. Embo Rep., Vol. 8, 2007, 988 – 991.

[47]  Elango, B., Rajendran, P., Bornmann, L., Global nanotribology research output (1996 – 
2010): A scientometric analysis. PLoS One, Vol. 8(12), 2013, Article Number: e81094.

[48]  Leyland, A., Matthews, A., On the significance of the H/E ratio in wear control: A nano-
composite coating approach to optimized tribological behaviour. Wear, Vol. 246, 2000, 1 
– 11.

[49]  Armstrong-Hélouvry, B., Dupont, P., Dewit, C.C., A survey of models, analysis tools and 
compensation methods for the control of machines with friction. Automatica, Vol. 30, 
1994, 1083 – 1138.

[50]  Grill, A., Diamond – like carbon: State of the art. Diam. Relat. Mat., Vol. 8, 1999, 428 – 434.
[51]  Haddon, R.C., Hebard, A.F., Rosseinsky, M.J., Murphy, D.W., Duclos, S.J., Lyons, K.B., Mill-

er, B., Rosamilia, J.M., Fleming, R.M., Kortan, A.R., Glarum, S.H., Makhija, A.V., Muller, 
A.J., Eick, R.H., Zahurak, S.M., Tycko, R., Dabbagh, G., Thiel, F.A., Conducting films of C60 
and C70 by alkali – metal doping. Nature, Vol. 350, 1991, 320 – 322.

[52]  Granick, S., Motions and relaxations of confined liquids. Science, Vol. 253, 1991, 1374 – 
1379.

[53]  Veprek, S., Reiprich, S., A concept for the design of novel superhard coatings. Thin Solid 
Films, Vol. 268, 1995, 64 – 71.

[54]  Hertel, T., Walkup, R.E., Avouris, P., Deformation of carbon nanotubes by surface van der 
Waals forces. Phys. Rev. B, Vol. 58, 1998, 13870 – 13873.

[55]  Ho, Y.S., Satoh, H., Lin, S.Y., Japanese lung cancer research trends and performance in Sci-
ence Citation Index. Intern. Med., Vol. 49, 2010, 2219 – 2228.

[56]  Fu, H.Z., Wang, M.H., Ho, Y.S., Mapping of drinking water research: A bibliometric analy-
sis of research output during 1992 – 2011. Sci. Total Environ., Vol. 443, 2013, 757 – 765.

[57]   Zhang, G.F., Xie, S.D., Ho, Y.S., A bibliometric analysis of world volatile organic com-
pounds research trends. Scientometrics, Vol. 83, 2010, 477 – 492.

[58]  Wang, M.H., Yu, T.C., Ho, Y.S., A bibliometric analysis of the performance of Water Re-
search. Scientometrics, Vol. 84, 2010, 813 – 820.




