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Our purpose was to determine if associations exist between titles characteristics and citation numbers in Radiology, American Journal of Roentgenology
(AJR), and American Journal of Neuroradiology (AJNR). This retrospective study is Institutional Review Board exempt. We searched Web of Science for all
original research and review articles in Radiology, AJR, and AJNR between 2006 and 2012 and tabulated number of words in the title, presence of a colon
symbol, and presence of an acronym. We used a Poisson regression model to evaluate the association between number of citations and title
characteristics. We then used the Wald test to detect pairwise differences in the effect of title characteristics on number of citations among the 3 journals.
Between 2006 and 2012, Radiology published 2662, AJR 3998, and AJNR 2581 original research and review articles. There was a citation number increase
per title word increase of 1.6% for AJNR and 2.6% for AJR and decrease of 0.8% for Radiology. For all, P o 0.001. A title colon was associated with citation
increases for AJNR (16%), Radiology (14%), and AJR (7.4%). Title acronym was associated with citation increases for AJNR (10%), Radiology (14%), and AJR
(13.3%). All P o 0.001. AJR had greatest effect for number of words in title vs Radiology and AJNR (P o 0.001), AJNR for presence of colon vs Radiology
(P o 0.001), and AJR for presence of acronym vs AJNR (P ¼ 0.028). Title characteristics investigated here showed a strong association with higher citation
numbers in Radiology, AJR, and AJNR.

& 2016 Elsevier Inc. All rights reserved.
Introduction

Numbers of citations and impact factors are important to
authors, journal editors, and journal publishers as they correlate
with higher amount subscriptions and these in turn with higher
advertisements.1 Faculty hiring and promotion processes are also
intimately linked to the effect of an author's work today measured
at least partly by citation metrics like the H-index.2-4 Several
bibliometric analyses ranging from specialty journals with highly
cited articles to assessing the effect of articles focusing on specific
disease states or therapies are found in the literature.5-14

However, there has been little attention on the effect of
manuscript title characteristics and their association with cita-
tions. What few studies have been published show highly variable
associations between title characteristics, especially title length,
and citation numbers. Recent studies by Jamali and Nikzad13 and
Letchford et al14 have found that shorter titles are associated with
higher citation counts. However, in 2010, Jacques and Sebire
x.doi.org/10.1067/j.cpradiol.2016.03.002
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published such an analysis and they found that 3 distinct title
characteristics were highly associated with high citation numbers
in the journals Lancet, British Medical Journal, and Journal of
Clinical Pathology.15 These were (1) total number of words in the
title, (2) presence of a colon symbol (:), and (3) presence of an
acronym (eg, such as in a clinical trial).

An evaluation of title characteristics in the radiology and
imaging literature has yet to be performed. The purpose of this
study is to determine if similar associations are found in the 2 most
important radiology journals and the radiology subspecialty jour-
nal with the highest impact factor—Radiology, American Journal of
Roentgenology (AJR), and American Journal of Neuroradiology
(AJNR), respectively. We hypothesize that the number of citations
increases with total number of title words, with presence of a
colon, and in the presence of a title acronym.
Materials and Methods

Data Query

This is an Institutional Review Board exempt retrospective
study. We queried Web of Science (Thompson Reuters) for all
original research and review articles published in Radiology, AJR,
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Fig. 2. Frequency of titles that have a colon, per year.
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and AJNR between Jan 1, 2006 and Dec 31, 2012. The article titles
characteristics, (1) total number of words in the title, (2) the
presence of a colon symbol (:), and (3) the presence of an acronym
were tabulated for all three journals. Only original research and
review articles were included in the search to minimize confound-
ing by other types of publication, such as case reports, editorials,
and letters to the editor, etc.

Statistical Analysis

Comparisons Between Different Journals
We calculated and tabulated the (1) mean number of words, (2)

frequency of titles that have a colon, and (3) the frequency of titles
with at least 1 acronym across the 3 journals over different
publication years.

Model
We fit a Poisson regression model to investigate the association

between the number of citations (y) and the title characteristics
including the number of words (x1), the presence of a colon
symbol (x2), and the presence of an acronym (x3). We also adjusted
for the potential confounders year (x4). Specifically, we used the
following model.

y� Poisson m
� �

, log m
� �¼ b0 ¼ b1x1þb2x2þb3x3þb4x4:

Effects on Citations
We analyzed the data for the 3 journals—Radiology, AJR, and

AJNR. We then computed the estimates of regression coefficients,
standard errors and assessed the coefficient significance using the
Wald test. We used the statistical software R (Vienna, Austria) to
perform all the analyses.16

We used the Wald test to detect the pairwise difference in the
effect of the title characteristics on the number of citations among
the 3 journals—Radiology, AJR, and AJNR. Namely, we compared
Radiology vs AJR, Radiology vs AJNR, and AJR vs AJNR. For all
analyses, a P ¼ 0.05 or less was considered statistically significant.
Results

Comparisons Between Different Journals

From 2006-2012, published original research and review
articles counts were as follows: AJR 3998, AJNR 2581, and
Radiology 2662. In this period, the mean number of words in
titles (Fig 1) ranged from (1) 13.88-15.13 for AJNR, (2) 12.06-13.30
Fig. 1. Mean number of words in titles, per year.
for Radiology, and (3) 13.13-14.94 for AJR. The frequency of titles
that have a colon (Fig 2) ranged from (1) 0.63-0.80 for AJNR,
(2) 0.45-0.57 for Radiology, and (3) 0.35-0.47 for AJR. Lastly, the
frequency of titles with at least 1 acronym (Fig 3) ranged from
(1) 0.098-0.144 for AJNR, (2) 0.316-0.392 for Radiology, and
(3) 0.051-0.100 for AJR.
Effects on Citations

For AJNR, if one word increases in title, citation numbers
tended to increase (1.6%) (Fig 4). The presence of a colon in AJNR
titles was associated with a 14.8% increase in citations. The
presence of an acronym in a title was associated with a 9.8%
increase in citations.

For AJR, if one word increases in title, then the citations tended
to increase (2.6%) (Fig 5). Presence of a colon in a title was
associated with a 7.1% increase in citations. Presence of an acronym
in a title was associated with a 12.5% increase in citations.

For Radiology, if one word increases in title, citations numbers
tended to decrease (0.8%) (Fig 6). Presence of a colon in a title was
associated with a 14% significant increase in citations. Presence of
an acronym in a title was associated with a 12.8% increase in
citations. Table 1 outlines the preceding results.

When we evaluated the differences in the 3 characteristics
between the 3 journals, the number of title words in AJR had the
strongest effect on higher citation numbers. Next, AJNR was
stronger than Radiology. All differences were significant (P o
0.001). For the presence of a colon, Radiology had the strongest
and AJNR the next strongest associations with higher citation
numbers compared to AJR (P o 0.001), however, statistical
significance was not reached when comparing the effects of
Radiology vs AJNR (P ¼ 0.321). Finally, if a title had an acronym,
Fig. 3. Frequency of titles with acronyms, per year.



Fig. 4. Association of number of word and citations for AJNR.
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AJR had a stronger effect on higher citation numbers than AJNR
(P ¼ 0.028), but there were no significant differences between
Radiology and AJNR (P ¼ 0.169) and as well as Radiology and AJR
(P ¼ 0.442). Please see Table 2 for further details.
Discussion

We have confirmed our hypothesis by evaluating 3 title char-
acteristics in the 2 major specialty journals in radiology (AJR and
Radiology) and a high impact factor subspecialty journal, AJNR.
Our results mimic those of Jacques and Sebire,15 however, contra-
dict the results found by Jamali and Nikzad13 and Letchford et al14

In our study the number of title words, the presence of a colon
Fig. 5. Association of number of

Fig. 6. Association of number of wo
symbol, and the presence of an acronym are all significantly
associated with higher number of citations in all 3 journals.

We realize that other confounding factors are likely involved in
determining or at least are associated with variations in citation
numbers. These factors include the actual content of the study and
its level of evidence base medicine (eg, case series vs randomized
controlled trial) and tendency for certain topics to be highly
covered and coveted (eg, cancer vs esoteric diseases). Nonetheless,
as Jacques and Sebire15 discussed in their article, a vast majority of
literature searches are carried out using PubMed and Google
Scholar (and nowadays just Google), so a longer, more compre-
hensive title may help in such searches to increase the chances of
finding the study that is relevant to their research. This observa-
tion is important as Smith et al17 suggested that many manuscript
word and citations for AJR.

rd and citations for Radiology.



Table 2
Effect of journal on association between title characteristics and citation numbers

Characteristics AJNR vs
Radiology

Radiology vs AJR AJR vs AJNR

Z P Value Z P Value Z P Value

Number of words 15.079 o0.001 �23.896 o0.001 6.436 o0.001
Presence of colon 0.465 0.321 4.744 o0.001 �5.412 o0.001
Presence of acronym �0.959 0.169 0.146 0.442 1.91 0.028
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titles might be misleading or inaccurate and lead to inadequate
search results.

In our study, an interesting finding was that citation numbers
actually decreased by 0.8% per additional title word in the journal
Radiology. This was unexpected and is difficult to explain. One
hypothesis is that manuscripts published in Radiology may have
more specific topic focus, thereby leading to titles that are highly
specific for the content of the study being published and thus
appear less often in searches which in turn leads to them not
been cited.

Also, as we hypothesized, the presence of a colon and acronyms
were associated with increased citation numbers. These title
additions may be making searching for a paper easier by joining
topics such as that of a trial (eg, ACRIN) with specific imaging
sequence (eg, IDEAL or SPACE) as the acronym. This may indicate
that a title that contains more information is likely to appear more
often in searches and be cited more.

We also showed that there are effects of the journal on the
association of title characteristics and citation numbers. The total
number of title words seems to have the greatest effect in AJR
compared to AJNR and Radiology. For the presence of a colon,
Radiology and AJNR had stronger associations with higher citation
numbers compared to AJR. Finally, if a title had an acronym, AJR
had a stronger effect on higher citation numbers than AJNR,
however, no significant differences were seen between Radiology
and AJNR and as well as Radiology and AJR.

Likely, there is no single reason for such observations of journal
and title effects. One reason may be the variation in audiences
each journal attracts. Radiology and AJR are both the 2 major
specialty journals, however, Radiology may attract more articles
and readers in academics who conduct research using trials and
more fundamental and transitional research, compared to AJR
which has been traditionally regarded as a more clinically oriented
journal and thus geared toward individuals in clinical practice.
Thus, AJR may attract articles and readers interested in other
topics outside of traditional imaging science or translational
research, such as health policy and health services research. AJNR
is a subspecialty journal with content directed at neuroradiologists
and other neuroscientists and manuscript content varies from
translational studies, to retrospective cohort studies, to clinical
trials, and practice perspectives.

We hypothesize that the difference in our results compared to
Jamali and Nikzad13 may be because of the significantly different
journal types studied. The PLoS family of journals studied by
Jamali and Nikzad13 is for a highly variable author and readership
audience than radiology journals. Accordingly, Letchford et al14

examined 20,000 articles from Scopus published between 2007
and 2013. They found that shorter titles were associated with
higher citations. Differences between their results and ours may
stem from the significant difference in breadth of disciplines they
Table 1
Title characteristics associated with higher citation numbers

Journal Characteristics Estimate Standard Error P Value

AJNR Number of words 0.016 0.001 o0.001
Presence of colon 0.148 0.012 o0.001
Presence of acronym 0.098 0.022 o0.001

Radiology Number of words �0.008 0.001 o0.001
Presence of colon 0.14 0.01 o0.001
Presence of acronym 0.128 0.012 o0.001

AJR Number of words 0.026 0.001 o0.001
Presence of colon 0.071 0.01 o0.001
Presence of acronym 0.125 0.01 o0.001
included compared to the relatively narrow scope of radiology
journals we used. This difference may translate to as yet unidenti-
fied discipline-specific biases toward certain title characteristics,
such as longer or shorter titles.

Our study has the strength of large sample sizes and focused
statistical evaluation of the variables stated in the methods section,
however, we have identified some limitations. We acknowledge
that we did not evaluate original research and review articles
separately, rather than in bulk as we think that this better reflects
the overall content of a journal. We did not review the contents of
all the articles in the analysis but rather focused on 3 title
characteristics and their citation numbers. Additionally, we did
not assess the effect of time after publication on citation numbers
but we presume that there is a relationship between a longer time
after publication and accumulating citations. Finally, we realize that
the association between these title characteristics and citation
numbers is correlative and not causative.
Conclusions

In summary, the title characteristics of number of words,
presence of a colon symbol, and presence of an acronym are
associated with higher citation numbers in AJNR, AJR, and Radiol-
ogy. Authors and editors may wish to consider title formulation
and its possible effects with increasing scrutiny to potentially
maximize their articles' citations.
Acknowledgment

Falgun H. Chokshi, MD, MS, is an AUR GERRAF Fellow, 2015-
2017. This work is supported, in part, by an AUR General Electric
Radiology Research Academic Fellowship award.
References

1. Salinas S, Munch SB. Where should I send it? Optimizing the submission
decision process. PLoS One 2015;10(1):e0115451.

2. Adam D. The counting house. Nature 2002;415(6873):726–9.
3. Smith R. Commentary: The power of the unrelenting impact factor—Is it a force

for good or harm? Int J Epidemiol 2006;35(5):1129–30.
4. Rad AE, et al. The H-index in academic radiology. Acad Radiol 2010;17

(7):817–21.
5. Uthman OA, Okwundu CI, Wiysonge CS, et al. Citation classics in systematic

reviews and meta-analyses: Who wrote the top 100 most cited articles? PLoS
One 2013;8(10):e78517.

6. Stern RS, Arndt KA. Top-cited dermatology authors publishing in 5 “high-
impact” general medical journals. Arch Dermatol 2000;136(3):357–61.

7. Li Z, Wu FX, Yang LQ, et al. Citation classics in main pain research journals. J
Anesth 2012;26(1):85–93.

8. Pagni M, Khan NR, Cohen HL, et al. Highly cited works in radiology: The top 100
cited articles in radiologic journals. Acad Radiol 2014;21(8):1056–66.

9. Andersen JP, Bogsted M, Dybkaer K, et al. Global myeloma research clusters,
output, and citations: a bibliometric mapping and clustering analysis. PLoS One
2015;10(1):e0116966.

10. Mahon NA, Joyce CW. A bibliometric analysis of the 50 most cited papers in
cleft lip and palate. J Plast Surg Hand Surg 2015;49(1):52–8.

http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref1
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref1
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref2
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref3
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref3
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref4
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref4
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref5
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref5
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref5
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref6
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref6
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref7
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref7
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref8
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref8
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref9
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref9
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref9
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref10
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref10


F.H. Chokshi et al. / Current Problems in Diagnostic Radiology 45 (2016) 356–360360
11. Zyoud S, Al-Jabi SW, Sweileh WM, et al. Scientific research related to calcium
channel blockers poisoning: Bibliometric analysis in Scopus, 1968-2012. Hum
Exp Toxicol 2015.

12. O'Neill SC, Butler JS, McGoldrick N, et al. The 100 most cited papers in spinal
deformity surgery: A bibliometric analysis. Orthop Rev (Pavia) 2014;6(4):5584.

13. Jamali HR, Nikzad M. Article title type and its relation with the number of
downloads and citations. Scientometrics 2011;88(2):653–61.

14. Letchford A, Moat HS, Preis T. The advantage of short paper titles. R Soc Open
Sci 2015;2:8.
15. Jacques TS, Sebire NJ. The impact of article titles on citation hits: An analysis of
general and specialist medical journals. JRSM Short Rep 2010;1(1):2.

16. Dean CB, Nielsen JD. Generalized linear mixed models: A review and some
extensions. Lifetime Data Anal 2007;13(4):497–512.

17. Smith J, Dunstone M, Elliott-Rudder M. Health professional knowledge of
breastfeeding: are the health risks of infant formula feeding accurately
conveyed by the titles and abstracts of journal articles? J Hum Lact 2009;25
(3):350–8.

http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref11
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref11
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref11
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref12
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref12
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref13
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref13
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref14
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref14
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref15
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref15
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref16
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref16
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref17
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref17
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref17
http://refhub.elsevier.com/S0363-0188(16)00036-0/sbref17

	Bibliometric Analysis of Manuscript Title Characteristics Associated With Higher Citation Numbers: A Comparison of Three...
	Introduction
	Materials and Methods
	Data Query
	Statistical Analysis
	Comparisons Between Different Journals
	Model
	Effects on Citations


	Results
	Comparisons Between Different Journals
	Effects on Citations

	Discussion
	Conclusions
	Acknowledgment
	References




