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ABSTRACT

BACKGROUND AND PURPOSE: The growing number of subspecialties within neuroradiology compete for pages in neuroradiology
journals. We performed a bibliometric analysis of the American Journal of Neuroradiology to identify the virtual Impact Factor of
different journal subsections and article topics.

MATERIALS AND METHODS: Original Research and Review Articles published in American Journal of Neuroradiology during 2010 –2012
were evaluated. The journal section for each article was recorded, and the number of citations was evaluated by using the Web of Science
database. Numbers of citations within the first 2 years after publication were evaluated, normalized to the 2013 journal Impact Factor (for
American Journal of Neuroradiology, 3.675), and used to calculate a virtual Impact Factor for different journal subsections.

RESULTS: One thousand forty-nine Original Research and Review Articles were published during this time, which obtained an average of
6.59 citations each within their first 2 years after publication; 91.8% of articles obtained at least 1 citation. Expedited Publications had the
greatest number of citations, averaging 43.7 citations each (virtual Impact Factor, 24.39), followed by Review Articles averaging 9.39
citations each (virtual Impact Factor 5.23). Virtual Impact Factors for other sections were the following: Interventional, 4.54; Brain, 3.70;
Pediatrics, 2.91; Functional, 2.74; Head & Neck, 2.24; and Spine, 1.86. Virtual Impact Factors for article topics were the following: interven-
tional, 4.75; functional/advanced, 3.79; brain, 3.66; pediatrics, 2.99; head and neck, 2.46; and spine, 2.32.

CONCLUSIONS: Citation patterns of Original Research and Review Articles in American Journal of Neuroradiology varied widely on the
basis of subsections. Understanding the citation patterns of specific topics and subsections of a journal may aid authors and editors in
evaluating the appropriate balance among various topics and allow authors to determine whether their articles are being cited at a level
expected for similar ones in a journal.

ABBREVIATIONS: JIF � journal Impact Factor; VIF � virtual Impact Factor

Citation analysis is an important means of evaluating the per-

formance of journals and of authors, with implications re-

garding promotions, grant funding, advertising sales, and library

selections.1-3 The growing number of subspecialties within neu-

roradiology compete for journal pages, and citation profiles of

these different subsections have not been evaluated. We per-

formed a bibliometric analysis of American Journal of Neuroradi-

ology (AJNR) to identify citation patterns based on subsections

and article topics.

Neuroradiology encompasses evaluation of the brain, head

and neck, spine, and peripheral nervous system, including mini-

mally invasive diagnostic and therapeutic techniques in these ar-

eas. Several journals dedicated to neuroradiology exist; however,

neuroradiologic articles are also included in general radiology

journals and in radiology subspecialty journals such as those ded-

icated to pediatric radiology. While there is a growing body of

bibliometric analyses in the radiology literature,4-7 few studies

have focused on neuroradiology topics to date.8-10

We hypothesized that the citation characteristics of a journal

are heterogeneous among journal subsections and varying topics.

We undertook a bibliometric analysis to evaluate the citation

characteristics of neuroradiology articles within a neuroradiology
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journal. We additionally sought to determine the citation charac-

teristics of neuroradiology articles pertaining to specific

subtopics.

MATERIALS AND METHODS
Article Selection
Only Original Research and Review Articles published in AJNR

from 2010 to 2012 were evaluated. Full-text versions of all articles

were obtained as PDF downloads and reviewed for topic. This

study did not directly involve patient information and met the

criteria for institutional review board exemption.

Journal Section Categorization
The journal section for each article (eg, Brain, Head & Neck, Pe-

diatrics, Spine, Functional) was recorded. Additional journal sub-

categorizations, such as “Fellows’ Journal Club” or “Editor’s

Choice” were also recorded.

Article Topic Categorization
The PDF of each article was evaluated to identify included topics,

regardless of the initial categorization by the journal. While an

article has only 1 category, as designated in the journal, there may

be more than 1 topic that applies. For example, an article in the

Pediatrics section of the journal on a head and neck topic will be

assigned a topic of both pediatrics and head and neck, and a spine

intervention article in the Interventional section would be as-

signed to the spine and interventional topics.

Citation Analysis
Each selected article was evaluated by using the Web of Science

(Thompson Reuters, New York, New York) database for its num-

ber of citations. The number of citations within the first 2 calendar

years after their publication was recorded and normalized to the

2013 AJNR journal Impact Factor (JIF, 3.675). This ratio was used

to calculate a virtual Impact Factor (VIF) for each journal subsec-

tion. For instance, if a journal has a JIF of 5, and the articles

received, on average, 8 citations, then a journal subsection that

received an average of 4 citations would have a VIF of 2.5.

Citations from noncategorized

items, including letters to the editor, ed-

itorials, and errata, were not included in

the VIF calculation. Each article selected

for analysis was reviewed in the Web of

Science database to determine how

many citations it received. While we

could find no existing bibliometric re-

ports formally documenting this meth-

odology, we believe that using the aver-

age number of citations for each journal

subsection is a valid extension of the re-

ported methodology of the JIF.11-14

Statistics
Data were collected in a spreadsheet

(Excel; Microsoft, Redmond, Washing-

ton), and statistics were calculated by us-

ing SPSS Version 21 (IBM, Armonk,

New York) and Excel. Discrete variables

(number of articles with zero versus greater than 1 citation) were

compared using the Fisher exact test. Continuous variables (num-

ber of citations, VIF) were compared with a Student t test when

there was a Gaussian distribution of data and otherwise with the

nonparametric Wilcoxon rank sum test. P values � .05 were con-

sidered significant.

RESULTS
One thousand forty-nine Original Research and Review Articles

were published in AJNR during the 3 years evaluated. An addi-

tional 77 uncategorized items, including editorials, letters to the

editor, and errata, were excluded from analysis. The 1049 catego-

rized articles accumulated 6.59 � 8.53 (range, 0 –116; median, 4)

citations within their first 2 years after publication, and 91.8% of

articles had at least 1 citation. On the basis of a JIF of 3.675, the

VIF for a given section was determined as (Number of Citations /

(6.59 / 3.675).

Citations by Journal Section
Expedited Publications had the most citations with 11 articles

averaging 43.7 � 31.9 (range, 13–116; median, 36) citations each

(VIF, 24.39). Review Articles had the next highest number of ci-

tations, with 53 articles averaging 9.38 � 7.95 (range, 0 –38; me-

dian, 7) citations each (VIF, 5.23), and 52 (98.1%) of these articles

received at least 1 citation within 2 years of publication. VIFs for

other sections ranged from 4.54 for Interventional (the highest) to

1.86 for Spine (the lowest) (Table 1). Articles selected as “Editor’s

Choices” had a VIF of 5.14, and those selected for the “Fellows’

Journal Club” had a VIF of 3.83.

Citations by Article Topic
When we evaluated the citation characteristics by article topic as

opposed to journal-assigned categories, interventional articles

had the highest citation numbers, averaging 8.52 � 12.54 (range,

0 –116; median, 5) citations with a VIF of 4.75, which was similar

to the journal category of Interventional (P � .69) (Table 2).

Articles related to the spine were cited 4.16 � 3.69 (range, 0 –19;

Table 1: Citation characteristics of journal sections (2010 –2012) based on the first 2 years of
citations

Journal
Category No. Mean SD Minimum Maximum Median

% with Citations
in First 2 Years VIF

Expedited Pub 11 43.73 31.94 13 116 36 1.000 24.38
Review 53 9.38 7.95 0 38 7 0.981 5.23
Interventional 232 8.13 9.91 0 83 5 0.948 4.54
Brain 321 6.64 6.18 0 61 5 0.941 3.70
Extracranial

Vascular
9 6.33 5.96 0 19 5 0.889 3.53

Pediatrics 98 5.22 4.99 0 36 4 0.949 2.91
Othera 68 5.12 6.18 0 31 3 0.868 2.85
Functional 34 4.91 3.75 0 17 4 0.941 2.74
Head & Neck 131 4.02 4.63 0 34 3 0.824 2.24
Spine 92 3.33 3.13 0 15 3 0.848 1.85
Noncategorizedb 77 1.91 3.92 0 19 0 0.403 1.06

Note:—Pub indicates Publication.
a Other includes Patient Safety (n � 31), Pharmacology Vignette (n � 10), Research Perspectives (n � 9), Practice
Perspectives (n � 7), Health Care Reform Vignette (n � 6), and Methodologic Perspective (n � 5).
b While the citation characteristics for these noncategorized items (editorials, letters to the editor, and so forth) are
presented here, they were not considered in the formula for determining the VIF correction factor.
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median, 3) times, with a VIF of 2.32, which was higher than the

Spine category of the journal (P � .074). The percentage of arti-

cles having at least 1 citation within 2 years of publication ranged

from 82.4% for Head & Neck articles (108 of 131) to 100% for

Expedited Publication (11 of 11).

Number of Articles Receiving at Least 1 Citation
The number of publications receiving at least 1 citation within 2

years was statistically lower for the Head & Neck category com-

pared with Review Articles (P � .003), Interventional (P � .0003),

Brain (P � .0003), and Pediatrics (P � .0042). The number of

publications receiving at least 1 citation within 2 years was statis-

tically lower for the Spine category than Review Articles (P �

.0103), Interventional (P � .0053), Brain (P � .0075), and Pedi-

atrics (P � .028).

DISCUSSION
Citation patterns of Original Research and Review Articles in

AJNR varied widely on the basis of subsections, with Review Ar-

ticles accumulating the greatest number of citations within the

first 2 years after publication. Understanding these citation pat-

terns for specific topics and subsections of a journal may aid edi-

tors in evaluating the appropriate balance between topics and

allow authors to determine whether their articles are being cited at

levels expected for similar topics in a journal.

The highest number of citations was for articles classified as

“Expedited Publication,” which is not unexpected because these

are presumably important and timely topics. Thus, encouraging

the submission of such articles has the potential to influence the

Impact Factor of a journal. Expedited peer review and waived fees,

such as those for color figures or article length, may be ways to

encourage such submissions as AJNR does.

Articles that received the designation of “Editor’s Choice” and

“Fellows’ Journal Club” were cited more often than others in their

given journal categories. These designations are chosen by the

Editor-in-Chief, and it is possible that the assigned designations

improved recognition of the articles and resulted in increased

citations. In addition, the articles chosen for these categories are

usually those with state-of-the-art topics, clinically important,

and of higher evidence-based levels, which may also contribute to

their increased citations. Articles related

to spine intervention trended toward a

higher number of citations than diag-

nostic spine articles overall, probably

because they are viewed and cited by

specialists outside of just imaging.

Limitations in our study include the

inability to determine the exact parame-

ters that compose the official JIF because

this is a proprietary algorithm that is

modified with time. Additionally, the

JIF changes with time, and we only used

a single JIF for this investigation, the

2013 JIF, which was the most recent one

available at the time of analysis. As with

all citations, it is not possible to deter-

mine citations when the original article

serves as a foundation for future work or when it is criticized or

refuted. Many articles are well-received by readers, becoming

popular reading but are not cited. One of the reasons many jour-

nals have decreased or eliminated case reports, despite their pop-

ularity among readers, is the negative effect on the JIF. We created

our VIF on the basis of citations in the first 2 years after publica-

tion, mirroring the methodology of the JIF. The JIF also can be

calculated for other periods of citations, in particular the 5-year

JIF, which may give additional information about the longevity of

impact of an article; however, we chose to perform a 2-year anal-

ysis because the 2-year JIF is the most commonly used metric.

The resultant quality of articles in a journal is a factor of the

quality of work being performed in a given area, the alternative

outlets for publication that a given author may choose, and the

quality of the editorial review process. It is possible that areas such

as interventional, in which many reviewers practice for a large

percentage of their careers, receive higher quality reviews because

the reviewers want to simultaneously select the best articles and pro-

vide the best feedback to the authors during the review process to

improve the articles. In contrast, a smaller number of radiologists

have most of their practice in head and neck and likely even fewer

have their practice and academic interests primarily in spine.

Beyond neuroradiology journals, there are spine-focused

journals in neurosurgy and orthopaedic surgery (eg, Journal of

Neurosurgery–Spine, and Spine). These 2 journals have JIFs of

2.355 and 2.447, respectively, very similar to the 2.319 VIF for

articles with a spine topic in AJNR. Comparisons such as this may

help determine whether subsections and/or topics are being cited

like those in journals with a potentially overlapping focus.

Knowledge of subsection VIF may allow prediction of the in-

fluence on the JIF, with reallocation of journal pages between

sections. Page allotment limitations from print journals may be

mitigated as they shift toward on-line publications.

Because the financial and logistic barriers for creating larger

new journals has decreased, it may be tempting for physicians

with a narrow area of interest to contemplate creation of a focused

journal on a given topic, and understanding citation trends may

provide evidence that a narrowly focused journal may or may not

have the ability to survive. For example, it is clear from our inves-

tigation that for subspecialties such as spine and head and neck

Table 2: Citation characteristics by topic and other designations

Topic No. Mean SD Minimum Maximum Median
% with Citations
in First 2 Years VIF

Interventional 317 8.52 12.54 0 116 5 0.927 4.753
Functional/advanced 199 6.80 5.49 0 36 6 0.965 3.791
Brain 484 6.57 6.28 0 61 5 0.940 3.663
Pediatrics 115 5.36 5.12 0 36 4 0.930 2.987
Head and neck 189 4.42 4.46 0 34 3 0.868 2.463
Spine 145 4.16 3.69 0 19 3 0.883 2.319
Editor’s Choicea 83 9.22 9.75 0 61 6 0.976 5.139
Fellows’ Journal Cluba 82 6.87 5.72 0 31 6 0.902 3.828
Nonvascular

interventional
122 6.07 5.78 0 34 4.5 0.918 3.387

Peds head and neck 17 4.94 3.42 0 11 4 0.941 2.755
Spine interventional 64 4.14 3.37 0 15 7 0.891 2.309

Note:—Peds indicates Pediatics.
a “Fellows’ Journal Club” and “Editor’s Choices” are journal designations that are independent of the journal-selection
category.
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imaging, creating their own freestanding journals may be difficult

and physicians are better served by remaining within a larger jour-

nal with a higher JIF than they would in independent journals

dedicated to their specialty. In addition, authors of articles with a

given topic may be able to better recognize the expected citations

of their article and whether submitting to a specific journal such as

AJNR is best for them. For instance, the author of a diagnostic

spine imaging article in AJNR, which will have fewer citations

than the average article in the journal, may be less discouraged if

they know their article has been cited more than other diagnostic

spine articles in the same or other journals. Thus, encouraging all

journals to calculate and publish their virtual JIF by sections may

be useful to prospective authors.

CONCLUSIONS
Understanding the citation expectations of specific topics and

subsections of a journal may aid editors in evaluating the appro-

priate balance among various topics and allow authors to deter-

mine whether their article is being cited at a level expected for

similar topics in a journal.
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