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BACKGROUND: The purpose of this study is to deter-
mine and characterize the scientific and nonscientific factors
that influence the rate of article citation in the field of
plastic surgery.

DESIGN: Cross-sectional study.

SETTING: We reviewed all entries in Annals of Plastic
Surgery and Journal of Plastic, Reconstructive, and Aesthetic
Surgery from January 1, 2007 to December 31, 2007; and
Plastic and Reconstructive Surgery from January 1, 2007 to
December 31, 2008. All scientific articles were analyzed and
several article characteristics were extracted. The number of
citations at 5 years was collected as the outcome variable. A
multivariable analysis was performed to determine which
variables were associated with higher citations rates.

RESULTS: A total of 2456 articles were identified of which
only 908 fulfilled the inclusion criteria. Most studies were
publications in the fields of reconstructive (26.3%) or
pediatric/craniofacial (17.6%) surgery. The median number
of citations 5 years from publication was 8. In the multi-
variable analysis, factors associated with higher citations
rates were subspecialty field (p ¼ 0.0003), disclosed conflict
of interest (p ¼ 0.04), number of authors (p ¼ 0.04), and
journal (p ¼ 0.02).

CONCLUSION: We have found that higher level of
evidence (or other study methodology factors) is not
associated with higher citation rates. Instead, conflict of
interest, subspecialty topic, journal, and number of authors
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are strong predictors of high citation rates in plastic surgery.
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INTRODUCTION

The number of citations received by an article is widely seen
as a surrogate of that article’s scientific impact and impor-
tance.1 For instance, if a research article is cited by multiple
sources, the article’s message is more likely to be disseminated
among the scientific community. The dissemination of this
knowledge is more likely to influence the evolution of
scientific thought and patient care. Although the use of
citation rates is not infallible, it has become an accepted
measure to calculate a journal’s impact factor and to assess a
researcher’s academic impact and productivity. In fact, citation
rates have been used as criteria for academic promotions and
selection of individuals for the Nobel Prize.1,2

Given the growing importance of citation rates in
biomedical research, recent studies in the medical literature
have explored the factors that are associated with higher
citation rates. Callaham et al.3 found that the strongest
predictor of citations per year was the impact factor of the
publishing journal. Other studies have found a correlation
between certain study characteristics and increased citations
rates. Numerous studies have found that the number of
authors and institutions, study methodology or design,
sample size, study topic, or funding from a for-profit
company may be associated with higher citation rates.4-9

Although predictors for citations have been explored in
other medical/surgical specialties, they have never been
rectors in Surgery. Published by 1931-7204/$30.00
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examined in plastic surgery. The purpose of this study is to
determine and characterize the scientific and nonscientific
factors (level of evidence, study design, sample size, presence
of conflict of interest (COI), country of study origin,
publication journal, etc.) that influence the rate of article
citation in the field of plastic surgery. We hypothesized that
the level of evidence, largely viewed as a proxy for scientific
validity, would be predictive of higher citation rates in
plastic surgery. Therefore, the aims of this study are the
following: (1) identify studies published in 3 major plastic
surgery journals; (2) extract a list of scientific and non-
scientific study variables that have been previously demon-
strated to influence citation rates from articles that fulfilled
the inclusion criteria; and (3) evaluate whether an associa-
tion exists between level of evidence (and other scientific
and nonscientific variables) and the rate of citation seen 5
years from publication.
MATERIALS AND METHODS

Eligibility Criteria

An initial literature review was performed using the MED-
LINE database for all articles published in the journals
Journal of Plastic, Reconstructive, and Aesthetic Surgery
(JPRAS) and Annals of Plastic Surgery (APS), from January
1, 2007 to December 31, 2007. Articles published in Plastic
and Reconstructive Surgery (PRS), from January 1, 2007 to
December 31, 2008 were also reviewed. An additional year
of articles in PRS were included in order to (1) include a
higher number and higher level of evidence studies in our
analysis and (2) to examine whether the citation predictors
collected were unexpectedly disparate from other years.
These 3 peer-reviewed journals were chosen, as they are
the leading journals in the field of plastic surgery (impact
factor: 1.421, 1.494, and 2.993, respectively) and publish
articles that broadly encompass the discipline of plastic
surgery (esthetic surgery, burns, head and neck reconstruc-
tion, hand surgery, microsurgery, etc.).10 We chose these
dates as we desired to calculate only long-term citation rates
(45 years). Studies met the following inclusion criteria:
(1) presence of an abstract, (2) basic or clinical science
investigations, and (3) clearly defined presence or lack of
conflicts of interest. Review articles or meta-analyses were
not included in our analysis, as they may have included data
from other studies being reviewed, and therefore could bias
the outcome by having data counted multiple times. In
addition, case reports, brief communications, technical
notes, editorials, ethics commentaries, and surveys were
excluded from our analysis.
Data Extraction

The following data were extracted from each study: journal
of publication, number of authors, plastic surgery
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subspecialty, COI from the disclosure statement and the
acknowledgment section, country of study origin, level of
evidence, number of institutions involved in study, study
design, study timing (retrospective vs prospective), and
sample size. This extensive list of variables was chosen
because they have previously been shown to be predictive of
citation rates in the medical literature.11 For the variable
“sample size,” each study was categorized into the following
groups based on guidelines used in previous studies5: (1) less
than 25 patients, (2) between 25 and 100 patients, and
(3) greater than 100 patients. For the variable “level of
evidence,” each study was categorized into the following
groups: (1) levels of evidence 1 and 2, (2) levels of evidence
3 and 4, and (3) level of evidence 5. These levels of evidence
groupings were determined based on preliminary power
calculations. For the variable “plastic surgery subspecialty,”
each article was classified into the following types: breast,
cosmetic, experimental, hand/peripheral nerve, pediatric/
craniofacial, and general reconstruction. Self-reported con-
flicts of interest disclosures were reviewed and categorized as
present or not present. All types of conflicts of interest were
considered including consultancy/employee status, royalties,
and stock options. The number of previous publications in
plastic surgery by first author was obtained by querying the
following plastic surgery journals: PRS, APS, Burn, Clinics
in Plastic Surgery, Journal of Burn Care & Rehabilitation,
Journal of Hand Surgery/American, British Journal of Plastic
Surgery, Journal of Reconstructive Microsurgery, Microsurgery,
Journal of Hand Surgery/British and European, Scandinavian
Journal of Plastic and Reconstructive Surgery and Hand
Surgery, Aesthetic Plastic Surgery, Journal of Craniofacial
Surgery, Cleft Palate Craniofacial Journal, and European
Journal of Plastic Surgery in July 2015.
Number of Citations

To determine the rate of citation within 5 years after
original publication, the Science Citation index online
database was used.10 Maintained by ISI Web of Science,
the Science Citation Index records citation information on
articles published in over 10,000 scholarly journals. This
database was specifically chosen, as it has been previously
accessed and verified for use in this capacity.3,7

The Science Citation Index database was queried in July
2015. The initial query was performed by 2 investigators
(N.C. and A.D.) by using the year of publication and the
first author’s first and last name. All articles were identified
in this fashion. If articles were absent from the database,
they were classified as having zero citations.
Data Analysis

For the descriptive statistics, the mean and standard
deviation or the median and interquartile range, depending
on the normality of a given variable’s distribution, were
urgical Education � Volume 74/Number 2 � March/April 2017



calculated for continuous variables. The frequency and the
proportion for all dichotomous, categorical, and ordinal
variables were also calculated. A multivariable linear regres-
sion model was used to determine which factors were
significantly associated with the number of citations (the
following factors were included: subspecialty, COI, country,
institution, study design, number of authors in the study,
prior number of publications, journal, and institution
affiliation). A preliminary analysis showed that the number
of citations was skewed to the right (outliers where some
publications had a large number of citations). To account
for this, the variable was transformed using the log (number
of citations þ 1) as our dependent variables in the multiple
linear regression models. After performing this transforma-
tion, all assumptions of the linear model were met. All
statistical tests and descriptive statistics were computed
using SAS v 9.3 (SAS Inc. Cary, NC) with a level of
significance of 0.05.
RESULTS

Article Characteristics

Of the 2456 abstracts that resulted from our initial search,
908 fulfilled the inclusion criteria for our study. The most
common study topic was general reconstruction (26.3%),
and the least common study topic was hand/peripheral
nerves (8.3%). Most of the articles were from PRS (68.9%),
whereas 18.4% were from APS and 12.7% from Journal of
Plastic, Reconstructive, and Aesthetic Surgery. The level of
evidence was the following: Levels I and II (12%), Levels III
and IV (82.9%), and Level V (5.2%). The presence of a
COI was noted in only 7.6% of the articles. First authors
having no previous publications in plastic surgery were least
common (22.0%) and those with Z1 but o10 publica-
tions were most common (52.1%) (Table 1).
Five-Year Citation Rates

The median number of citations 5 years from publication
was 8 (interquartile range: 4, 15) (Table 1). Only 21 (2.3%)
articles had no citations and only 85 articles (9.4%) had
more than 25 citations (Fig). When analyzing the citation
rate by study design, the mean and median citation rate
ranged from 11.0 to 15.6 and 7 to 15, respectively
(Table 2).
Relationship Between Subspecialty Field,
Disclosure of COI, Journal, the Number of
Authors, and 5-Year Citation Rates

In the multivariable analysis, 5-year citation rates were
reported proportionally higher in studies in which any of
the authors disclosed a COI (p ¼ 0.04, 95% CI: 0.01,
0.43) after adjusting for all predictors. Additionally, studies
Journal of Surgical Education � Volume 74/Number 2 � March/Ap
with over 4 authors (p ¼ 0.04, 95% CI: 0.01, 0.25) and
published in the journal, PRS (p ¼ 0.02), had significantly
higher number of citations after adjusting for all other
variables. Lastly, 5-year citation rates were reported propor-
tionally higher in studies in the subspecialty field of breast
surgery (p ¼ 0.0003, 95% CI: 0.05, 0.41) (Table 3). The
R2 for the multivariable analysis was 5.3%.
DISCUSSION

The citation of studies published in peer-reviewed journals
has become an important measure of article quality. Articles
that are more highly cited are thought to be a reflection of
the scientific direction and evolution of scientific thought in
medicine.11,12 More importantly, highly cited clinical
articles drive health care delivery practice patterns and
evidence-based medicine practices.13,14 Furthermore, cita-
tions rates are also currently used to calculate a journal’s
impact factor, which is indirectly viewed as a proxy of a
journal’s prestige.15 The impact factor of a journal is
calculated by averaging the number of citations per year
for all articles published in that particular journal in the
previous 2 years, and this is used as a metric to compare
impact among scientific journals. Lastly, in addition to
being critical in calculating the impact factor of journals,
citation rates are also commonly used in criteria for
academic promotions in conjunction with other recently
developed bibliometrics.12,16,17 Although the use of citation
rates to measure relative effect has its limitations, they are
currently the preferred measure of an article’s exposure and
has become an essential currency in the evolution of
scientific knowledge.18,19

Over the last decade, several studies in the medical
literature have explored those variables that are predictive
of higher citation rates. In a review of 204 emergency
medicine articles published in various medical journals,
Callaham et al.3 found that the impact factor of the
publishing journal was the strongest predictor of citations
per year. Other subsequent studies have found slightly
different results. In a review of the leading medical journals
including Lancet, JAMA, and NEJM, Kulkarni et al.8 found
that large sample size, group authorship, and industry-
funding were variables associated with higher citation rates.
Other studies have found similar results citing level of
evidence and study design as important predictors of
citation.20,21

In the realm of plastic surgery, no study to date has
explored as to which variables are associated with higher
citation rates. To further investigate these factors, our study
evaluated an extensive list of both scientific and non-
scientific variables to determine which of these were
associated with greater subsequent citations. We hypothe-
sized that similar to previous studies in other specialties,
level of evidence would be associated as a predictor of
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TABLE 1. Characteristics of Included studies

Article Characteristics (n ¼ 908) Type
Number of Articles

(% of Total) or Mean (Std)

PRS subspecialty Breast 133 (14.7%)
Cosmetic 136 (15.0%)
Experimental 166 (18.3%)
Hand/peripheral nerve 75 (8.3%)
Pediatric/craniofacial 159 (17.6%)
Reconstructive 239 (26.3%)

COI No 839 (92.4%)
Yes 69 (7.6%)

Country of origin Not US/Canada 467(51.4%)
US/Canada 441 (48.6%)

Level of evidence* 1 and 2 86 (12.0%)
3 and 4 596 (82.9%)
5 37 (5.2%)

Number of institutions associated with study 1 Institution 382 (42.1%)
41 Institution 526 (57.9%)

Study design Cohort 170 (18.7%)
Cross-sectional 8 (0.9%)
Case-control 18 (2.0%)
RCT 22 (2.4%)
Basic science 216 (23.9%)
Case series 474 (52.2%)

Timing† Prospective 236 (34.1%)
Retrospective 457 (65.9%)

Sample size‡ o25 265 (38.2%)
25-100 262 (37.8%)
4100 166 (24.0%)

Number of authors 1-3 authors 293 (32.3%)
4 or more authors 615 (67.7%)

Number of prior publications in plastic surgery by first author 0 200 (22.0%)
1-10 473 (52.1%)
410 235 (25.9%)

Journal APS 167 (18.4%)
JPRAS 115 (12.7%)
PRS 626 (68.9%)

Number of citations at 5 years after publication§ 8 (IQR: 4, 15)

As shown, all the subspecialties in plastic surgery were fairly evenly represented. The level of evidence was generally low with level III or IV studies
comprising the most of the studies. There was a propensity for retrospective studies, as well as for case series. Most studies featured 4 or more
authors, and more than one institution. Interestingly, the presence of a conflict of interest was noted in only a small minority of articles. IQR,
interquartile range; JPRAS, Journal of Plastic, Reconstructive, & Aesthetic Surgery; N/A, not applicable; RCT, randomized controlled trial; Std,
standard deviation.
*Excludes articles with level of evidence categorized as N/A (N ¼ 122).
†Excludes experimental studies or articles with no reported sample size (N ¼ 215).
‡Excludes experimental studies or articles with no reported sample size (N ¼ 215).
§The mean was skewed owing to the number of articles with a large number of citations. Therefore, a median and IQR was used.
citation rates. In our review of 908 articles published in 3
major plastic surgery journals, our analysis instead found
that “conflicts of interest,” “subspecialty field,” “journal,”
and “number of authors” were variables associated with
higher citation rates 5 years from publication. Although this
result may just be a reflection of the few number of high-
quality studies published in the plastic surgery literature (as
described in Table 1, only 12% of the studies in our cohort
were level 1 or 2 evidence studies), it may also suggest that
these variables are important when disseminating the
findings of research studies.
Numerous studies in the medical literature have previ-

ously shown that the “number of authors” and “journal
194 Journal of S
impact factor” are 2 variables associated with higher
citations.22-24 These studies have demonstrated that there
is an inherent bias in the biomedical sciences for studies that
are interdisciplinary, collaborative, and therefore have a
higher number of authors. Furthermore, these studies have
also logically found that articles published in higher impact
journals are more likely to be highly cited. However, only a
few studies have found an association between COI
acknowledgment in an article and higher citation rates.4,5

This finding was very surprising given that only 7% of
the studies included in our analysis disclosed a conflict
of interest. The fact that even after correcting for
study methodology, study topic, and other study-specific
urgical Education � Volume 74/Number 2 � March/April 2017



FIGURE. Distribution of 5-year citation rates. As shown, the median
number of citations 5 years from publication was 8 (IQR: 4, 5). Only
21 (2.3%) articles had no citations, 887 (97.7%) had at least 1
citation, and 92 had at least 25 citations. Lastly, only 85 articles (9.4%)
had more than 25 citations. Data from Science Citation Index. IQR,
interquartile range.

TABLE 2. Citation Rate Stratified by Study Design

Study Design N Mean (Std) Median (IQR)

RCT 22 15.5 (10.8) 15 (4, 23)
Basic science 216 11.7 (13.7) 7 (4, 13)
Case-control 18 13.1 (10.4) 9.5 (6, 21)
Case series 474 11.0 (11.0) 8 (5, 13)
Cohort 170 13.1 (12.1) 10 (4, 18)
Cross-sectional 8 15.6 (15.7) 9 (5, 23.5)

As shown, the mean and median number of citations at 5 years did not
differ by study design. IQR, interquartile range; RCT, randomized
controlled trial; Std, standard deviation.
variables, studies with COI were more likely to have more
citations than those without COI, suggesting that there may
be several mechanisms that facilitate the dissemination of
study results from conflicted studies. First, studies with
support from industry may be more likely to have the
financial capacity to invest greater resources toward funding
future similar studies, and therefore increasing the profile of
the primary article.25 Second, industry is more likely to
support favorable review articles or promotional materials
that increase the market penetration of a study.26 Third,
industry-funded studies may be selectively propagated by
“Key-Opinion Leaders” (KOLs) that are thought to be
better able to disseminate new practice patterns and
innovations.27,28 Finally, previous studies have demon-
strated that studies with COI are associated with an
increased likelihood of publishing a proindustry conclu-
sion.29-34 These same industry relationships may lead to
selective citations of studies favoring the biomedical indus-
try. Whatever the mechanism, the plastic surgery commun-
ity should be aware of the potential for industry-funded
study results to have a greater effect on the scientific debate
and the evolution of scientific thinking in plastic surgery
and patient care practice patterns.
Another interesting outcome from our study was the

focus on the subspecialty field of breast surgery, which
emerged as a highly significant predictor of higher citations.
The drivers behind this finding are unclear. It may relate to
the fact that there are no breast-focused plastic surgery
journals unlike other plastic surgery subspecialties that have
Journal of Surgical Education � Volume 74/Number 2 � March/Ap
multiple subspecialty-specific journals (e.g., Microsurgery,
Journal of Hand Surgery, and Burns). Additionally, it may
also be related to the number of surgeons who practice in
this subspecialty and the volume of research being con-
ducted in this specialty relative to other plastic surgery
subspecialties. For example, given that a large portion of the
plastic surgery literature may be devoted to breast recon-
struction, one would expect the breast reconstruction
research articles to be more highly cited than hand surgery
articles (8.4% of articles in our cohort) that have a smaller
readership and research audience. If this result is proven to
be true, correcting for subspecialty field may be necessary
when citation rates are used to compare scientific produc-
tivity, research funding selection (e.g., National Institutes of
Health funding), or journal impact factors. To determine
whether COI was a potential driver for the association
between breast surgery articles and higher citation rates, we
performed a subanalysis to calculate whether the rate of
COI differed by specialty topic. Our analysis revealed that
at baseline, articles within the subspecialty field of breast
surgery disclosed similar rates of COI when compared to
other subspecialty fields (p ¼ 0.27, unpublished data).
Our study does have several limitations that merit

consideration. First, given that COI are self-reported, it is
possible that COI may have been underreported. Previous
studies in the orthopedic literature suggest that under-
reporting of COI is a common phenomenon.35-37 Second,
we chose not to control for self-citation as prior research
suggests that rates of self-citation do not correlate signifi-
cantly with overall citation rates.38,39 Additionally, our
analysis used level of evidence as an imperfect surrogate
for methodologic quality. Although previous studies have
used this metric as a proxy for scientific value, objective
methodologic quality scores may be more useful.40 Fur-
thermore, our analysis attempted to correct for research
productivity by quantifying the number of publications by
the first author. However, this is limited owing to the fact
that the first author does not always represent the senior
author. Moreover, to perform our analysis, several variables
had to be defined arbitrarily. For example, the variable,
subspecialty topic, was defined using the subspecialty head-
ings in the journal, Plastic & Reconstructive Surgery, and
using these definitions may have affected our final results.
ril 2017 195



TABLE 3. Multivariable Analysis

Variable Multivariable Regression Coefficient* p Value 95% CI

Subspecialty field
Breast 0.23 0.0003* (0.05, 0.41)
Cosmetic �0.01 (�0.19, 0.17)
Experimental �0.35 (�0.61, �0.09)
Hand/peripheral �0.20 (�0.41, 0.02)
Pediatric/craniofacial �0.09 (�0.26, 0.07)
Reconstructive†

Conflict of interest disclosure
Yes†
No 0.22 0.04 (0.01, 0.43)

Study location
United States†
Non-United States

Number of institutions 0.10 0.08 (�0.01, 0.22)
1†

2 or more �0.06 0.25 (�0.18, 0.05)
Study design
RCT 0.07 0.68 (�0.60, 0.74)
Case-control �0.11 (�0.79, 0.58)
Case series �0.14 (�0.72, 0.44)
Cohort �0.12 (�0.70, 0.47)
Basic science 0.02 (�0.59, 0.63)
Cross-sectional†

Number of authors
1-3 0.13 0.04 (0.01, 0.25)
4 or more†

Number of prior publications
0 �0.11 to 0.03 0.38 (�0.26, 0.05)
1-10 (�0.16, 0.09)
410†

Journal
APS �0.21
JPRAS �0.08 0.02 (�0.35, �0.06)
PRS†

As shown, 5-year citation rates were reported proportionally higher in studies that disclosed a conflict of interest. Furthermore, studies in the plastic
surgery subspecialty of breast reconstruction, published in PRS, and had more than 4 authors, were statistically more likely to have higher citation
rates at 5 years from publication. JPRAS, Journal of Plastic, Reconstructive, & Aesthetic Surgery; RCT, randomized controlled trial.
*Significant at the p r 0.05 level.
*A positive regression coefficient indicates factors associated with higher citation rates. Conversely, a negative regression coefficient indicates
factors associated with lower citation rates.

†Reference category.
Additionally, our final analysis included an additional year
of publication from PRS to capture a higher number and
higher level of evidence studies. The wider selection of PRS
articles had a minimal effect on our results given that the
proportion of input variables was no different between the
journals. Lastly, although our results demonstrate an
association between certain factors and citation rate, our
study does not prove causation.
To our knowledge, this is the first study that has assessed

those variables that are associated with higher citation rates
in plastic surgery. As the most extensive literature review to
date (over 900 studies reviewed), our study proves that the
level of evidence (or other study methodology factors) is not
predictive of higher citation rates. Therefore, an article’s
citation rate may not be best surrogate to evaluate an
article’s scientific validity in plastic surgery. Instead, our
196 Journal of S
results suggest that other factors, more specifically, COI,
study topic, journal impact factor, and number of authors,
are used by plastic surgeons as potential metrics of value/
quality to evaluate research. However, our results may also
suggest that better metrics of scientific “value” are needed in
plastic surgery. Recently, several newly developed biblio-
metrics (e.g., h-index) aim to better assess not only the
quantity but also the “quality” of academic productivity of
researchers.41 In the United Kingdom, the new Research
Excellence Framework REF has recently moved away from
using citation rates as a metric for assessing the quality of
research.42 Experimenting with other objective outcome
metrics, the Research Excellence Framework and others are
currently working on developing equitable and unbiased
metrics that not only quantify the scientific validity of an
article but also evaluate its potential clinical impact/
urgical Education � Volume 74/Number 2 � March/April 2017



utility.43,44 Lastly, future studies should also assess whether,
as a specialty, we may need to improve at the editorial or
research level on the propagation of findings from previous,
high methodologic quality studies. Building on the results
of previous high-quality studies irrespective of study topic,
conflicts of interest, or number of authors is important to
advance the scientific agenda and evidence-based practices
of any discipline.
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