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Abstract
Background As the volume of scientific publications increases, the rate of retraction of published papers is also likely to increase.
In the present study, we report the characteristics of retracted papers from clinical neurosurgery and allied clinical and basic
science specialties.
Methods Retracted papers were identified using two separate search strategies on PubMed. Attributes of the retracted papers
were collected from PubMed and the Retraction Watch database. The reasons for retraction were analyzed. The factors that
correlated with time to retraction were identified. Detailed citation analysis for the retracted papers was performed. The retraction
rates for neurosurgery journals were computed.
Results A total of 191 retractions were identified; 55% pertained to clinical neurosurgery. The most common reasons for
retraction were plagiarism, duplication, and compromised peer review. The countries associated with the highest number of
retractions were China, USA, and Japan. The full text of the retraction notice was not available for 11% of the papers. A median
of 50% of all citations received by the papers occurred after retraction. The factors that correlated with a longer time to retraction
included basic science category, the number of collaborating departments, and the H-index of the journal. The overall rate of
retractions in neurosurgery journals was 0.037%.
Conclusions The retraction notice needs to be freely available on all search engines. Plagiarism checks and reference checks prior
to publication of papers (to ensure no retracted papers have been cited) must be mandatory. Mandatory data deposition would
help overcome issues with data and results.
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Introduction

As of 2012, approximately 0.01–0.02% of all published papers
in the biomedical and life sciences had been retracted [7, 9]. The

reasons for the retraction of published papers and the rates of
retraction vary across scientific disciplines. Data fabrication/fal-
sification, plagiarism, research misconduct, and errors in the ar-
ticles have been identified to be common reasons for retraction
[12, 16, 17]. In open-access journals, one of the most common
reasons for retraction is a compromised peer review process [16].
Very often, limited information regarding the reasons for retrac-
tion is available, and thus, it becomes difficult to distinguish
retractions due to genuine errors from those due to misconduct
[17]. The rate of retraction in a specialty can act as an indirect
indicator of the efficacy of the institutional and post-publication
checkpoints in addressing errors and fraud in that specialty. In
clinical disciplines, these mechanisms are of particular impor-
tance, since published results often lead to changes in clinical
practice and thus directly impact patient safety and outcomes.

It thus becomes important to periodically review the number of
retractions and the reasons therefor, in every clinical specialty. An
analysis of retractions in neurosurgery was carried out in 2017;
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however, that study was confined to papers that dealt with clinical
neurosurgery [20]. Moreover, a detailed analysis of the pre- and
post-retraction citations received by the retracted papers was not
carried out in that study. In the present study, we analyzed retrac-
tions in clinical neurosurgery as well as in allied clinical and basic
science specialties. We describe the characteristics of the retracted
papers and identify how widely the information contained therein
was disseminated, by performing citation analysis for the retracted
papers. We also examined what proportion of the citations re-
ceived by the retracted papers occurred after retraction.

Methods

A two-pronged strategy was followed to identify retracted
publications in clinical neurosurgery, allied clinical special-
ties, and basic sciences pertinent to neurosurgery.

Strategy 1

Step 1 TheNLM catalog containing all the journals referenced
in the NCBI database was searched (https://www.ncbi.nlm.
nih.gov/nlmcatalog/journals/) using 4 search strings to
identify journals relevant to neurosurgery. The search strings
were “neurosurgery,” “spine,” “stroke,” and “neuro oncology.
” The results obtained from these 4 searches were collated and
duplicates eliminated, to obtain a list of journals relevant to
neurosurgery and its subspecialties (Fig. 1).

Step 2 The main PubMed database (https://pubmed.ncbi.nlm.
nih.gov) was searched with the names of the journals

identified from step 1 entered in the search field. Two filters,
viz., “Retracted publication” and “Retraction of publication”
were activated to identify retracted papers and retraction
notices published in each of the journals. For instance, the
search strategy for the journal Acta Neurochirurgicawould be

“Acta Neurochir”[Journal] AND (Retracted Publication-
[sb] OR Retraction of Publication[sb]).

The retracted articles from each journal were collated, and a
database of retracted articles from the selected journals was
generated.

Strategy 2

The PubMed database was directly searched for retracted papers
using various search strings (for e.g., “neurosurgery,” “stroke,”
“neuro oncology”) and with two filters, viz., “Retracted publica-
tion” and “Retraction of publication” applied (Fig. 1).

For instance, the search strategy for the search term “neu-
rosurgery” would be

(“neurosurgical procedures”[MeSH Terms] OR
(“neurosurgical”[All Fields] AND “procedures”[All Fields])
OR “neurosurg ica l procedures” [Al l F ie lds] OR
“neurosurgery”[All Fields] OR “neurosurgery”[MeSH
Terms]) AND (Retracted Publication[sb] OR Retraction of
Publication[sb]).

Collation and paper screening

The results generated by search strategies 1 and 2 were
merged and duplicates eliminated to generate a database of
retracted papers. All papers, especially those from allied

Fig. 1 Flow chart showing the
search strategies to identify
retracted papers in neurosurgery,
allied clinical specialties, and
basic sciences related to
neurosurgery
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clinical specialties and the basic sciences, were screened to
ensure that they were germane to neurosurgery as a specialty.
Basic science papers were included only if they pertained to a
topic of direct relevance to neurosurgery, e.g., spinal cord
injury or glioblastoma.

Data extraction

Data regarding the selected papers was extracted from two
sources—PubMed and the Retraction Watch database
(http://retractiondatabase.org/RetractionSearch.aspx). Current
journal citation metrics (2-year cites per document and H-
index) were obtained from the Scimago website (https://
www.scimagojr.com). The level of evidence for each paper
was categorized on the basis of the guidelines published by the
Oxford Centre for Evidence-Based Medicine [22].

The reasons for retraction were extracted from the retrac-
tion notices, accessed either on PubMed Central or on the
journal website. If the full text of the retraction notice was
not available on PubMed or PubMed Central and was behind
a paywall on the journal website, it was categorized as “not
available.” The actual reasons for retraction were sorted into
the following 5 categories: 1—genuine error, paper with-
drawn by authors (GEWA), 2—genuine error, paper with-
drawn by journal (GEWJ), 3—withdrawn by authors, reason
not known (WA), 4—withdrawn by journal, reason not
known (WJ), and 5—misconduct by authors (MA). We then
created 3 collated category reasons for retraction—genuine
errors—GEWA and GEWJ, indeterminate—WA and WJ,
and misconduct—category 5.

Retraction rates for neurosurgery journals

The journals that had published the retracted papers included
in this analysis were screened to identify “pure” neurosurgery
journals, i.e., journals that only published articles relevant to
neurosurgery (clinical papers or basic science and translation-
al research). The total number of indexed articles published in
each “pure” neurosurgery journal was obtained by searching
the PubMed database with the name of the journal. The num-
ber of retracted articles that had been published in each journal
was divided by the total number of indexed articles published
in that journal to obtain the retraction rate for that journal.

Citation analysis

The number of citations (pre- and post-retraction) to each
paper was identified from Google Scholar. Post-retraction ci-
tations were identified by applying the time filter on Google
Scholar, using the year subsequent to the year of retraction.
For instance, if a paper had been retracted in 2017, all citations
to the paper in the year 2018 and subsequently were counted
as post-retraction citations. Factors that correlated with time to

retraction and the number of post-retraction citations were
identified. All analyses were carried out on Stata (v14, Stata
Corp, College Station, Texas) and Microsoft Excel
(v16.16.22, Microsoft Corp, WA).

Results

A total of 191 papers published in 108 journals were included
in the analysis (Fig. 1). The raw dataset for this study has been
deposited in a data repository and can be found at DOI: https://
doi.org/10.5281/zenodo.4091508.

The oldest retracted paper was published in May 1989 and
the most recent in January 2020. Of the 191 retracted papers,
78 (40.8%) were basic science papers of direct relevance to
neurosurgery, 8 papers (4.2%) were from allied clinical spe-
cialties pertinent to clinical neurosurgery, and 105 papers
(55%) were clinical neurosurgery papers (Fig. 2). The year-
wise distribution of retracted papers is displayed in Fig. 3. The
maximum number of retractions have taken place in the past
5 years (2015–2020, n = 127, 66.5%).

Time to retraction

The lag period between publication to retraction ranged from
0 to 252.6 months (0–21 years). The median time to retraction
was 16.2 months (IQR 5.1–36.5). Fourteen papers (7.3%) had
a time to retraction of 0 months, which possibly meant either
that errors in the paper were detected soon after publication or
that the papers were withdrawn by the authors soon after pub-
lication. The median time to retraction varied significantly by
group—17.25 months (IQR 30.4) for basic science papers,
28.9 months (IQR 35) for allied clinical science papers, and
10.2 months (IQR 28.3) for clinical neurosurgery papers (p =
0.006). There was no significant correlation between the num-
ber of authors (Pearson’s r = 0.015, p = 0.8) or the number of
institutions involved (r = − 0.077, p = 0.29) and the time to
retraction. In single-institute studies, the number of collabo-
rating departments correlated with the time to retraction (r =
0.22, p = 0.033). The H-index of the journal correlated posi-
tively with the time to retraction (r = 0.21, p = 0.0027). The
time to retraction was not significantly different between
open-access (OAJ) and hybrid model journals (HMJ) or be-
tween free to publish (FP) and pay to publish (PP) model
journals.

The median time to retraction varied significantly by the
collated category reasons for retraction (vide supra,
“Methods”). The median time to retraction was 7.13 months
(IQR 20.27) for genuine errors, 7.1 months (IQR 16.17) for
the indeterminate category, and 22.33 months (IQR 31.4) for
retractions due to misconduct (χ2 = 26.1, p = 0.001).
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Manuscript characteristics

Ninety-eight (51.3%) of the retracted papers were multi-
institutional collaborations. The median number of collaborat-
ing institutions involved in multi-institutional papers was 2
(range 1–22). In single-institution studies, the median number
of collaborating departments was 1 (range 1–4). One-third of
all retracted papers (n = 60, 31.4%) were single-institute and
single-department papers. The median number of authors was

5.5 (range 1–37); only 8 of the retracted papers (4.2%) were
single-author papers.

The median number of countries of origin of the authors
involved in the retracted papers was 1 (range 1–8). One hun-
dred eighty papers originated from a single country (94.2%).
Overall, retracted papers originated from 31 countries
(Table 1). Since some of the papers originated frommore than
one country, overall, 208 country attributions were responsi-
ble for the 191 retracted papers. The countries associated with

Fig. 3 The year-wise distribution of retracted papers is displayed

Fig. 2 The distribution of the
retracted papers across categories
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the highest number of retractions were China (n = 93, 44.7%),
the USA (n = 39, 18.8%), and Japan (n = 9, 4.3%). The max-
imum number of retracted papers pertained to neuro-oncology
(30.9%), followed by spine (22.5%) and neuro-trauma
(18.8%) (Table 2).

Reasons for retraction

The full texts of the retraction notices were available on
PubMed or PubMed Central for 71 papers (37.1%) and on
the journal website for 169 papers (88.5%). The full texts of
the retraction notices (and thus the reasons for retraction) were
not available for 21 papers (11%). Nine of these 21 papers had

been withdrawn either by the authors or by the journal and
were categorized as WA or WJ and as “indeterminate reason
for retraction” in the collated category list. Thus, for 12 papers
(6.3%), absolutely no information regarding the reason(s) for
retraction was available, whereas the remaining 179 could be
categorized.

The median number of reasons for retraction was 1 (range
1–3). Overall, 199 actual reasons for retraction were given for
170 papers (Table 3). The most common reasons for retraction
overall were plagiarism (18.59%), duplication of articles
(14.59%), and compromised peer review (12.56%)
(Table 3). The 3 most common reasons for retraction for pa-
pers published before 2010 were duplication of the article
(26.1%), plagiarism (17.4%), and concerns regarding the data
and outright fabrication/falsification of data (13.04% each).
The 3 most common reasons for retraction for papers pub-
lished after 2010 (2010–2020) were plagiarism (18.9%), com-
promised peer review (16.3%), and authorship issues (12.4%).
The distribution of the retracted papers across the collated
category reasons was genuine errors—15.1%, misconduct—
67.6%, and indeterminate reason—17.3% (Table 4).

Characteristics of publishing journals and rates of
retraction

The current median 2-year citations per document (2y-CPD)
statistic (equivalent to Impact Factor®) of the journals in
which the 191 retracted papers were published was 2.9 (range
0.18–25). The current median H-index of these journals was
90 (range 16–1159). The list of journals that had published the
retracted articles is displayed in Supplementary Table 1. The
majority of the retracted papers had been published in HMJ
(n = 126, 66%). Similarly, the majority of the articles were
published in journals that were of the FP model (n = 130,
68.1%). The rate of retractions due to compromised peer re-
view was not different between the OAJ and HMJ or between
the PP and FP journals. Similarly, there was no significant
difference in the rate of papers withdrawn due to misconduct

Table 1 Countries of origin of the 191 retracted papers. Note that since
several papers were of multi-country origin, the number of country attri-
butions was 208 (for 191 papers). The percentage is expressed as a frac-
tion of 208 countries involved

Country of origin Number of papers Percentage

China 93 44.7

USA 39 18.8

Japan 9 4.3

Korea 6 2.9

Germany 6 2.9

Iran 5 2.4

Egypt 5 2.4

India 4 1.9

Italy 4 1.9

Taiwan 4 1.9

Switzerland 3 1.4

Netherlands 3 1.4

Austria 2 1.0

Brazil 2 1.0

Finland 2 1.0

Mexico 2 1.0

Singapore 2 1.0

South Africa 2 1.0

UK 2 1.0

Spain 2 1.0

Australia 1 0.5

Belgium 1 0.5

France 1 0.5

Greece 1 0.5

Israel 1 0.5

Serbia 1 0.5

Tunisia 1 0.5

Turkey 1 0.5

Denmark 1 0.5

Canada 1 0.5

Indonesia 1 0.5

Table 2 Subspecialty
distribution of retracted
papers

Subspecialty N %

Oncology 59 30.89

Spine 43 22.51

Trauma 36 18.85

Vascular 19 9.95

Others 8 4.19

Peripheral nerve 8 4.19

Functional 7 3.66

Infection 5 2.62

Skull base 4 2.09

Pediatric 2 1.05
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between the OAJ and HMJ or between the PP and FP journals
(Table 5).

Twenty-two journals were identified to exclusively publish
papers of relevance to neurosurgery, and were categorized as
“pure” neurosurgery journals (Table 6). The journal Cureus
was included even though it is a multi-specialty journal, since

it has a separate channel for neurosurgery and the number of
papers pertaining to neurosurgery could easily be identified.
Thus, the retraction rate was computed for these 23 journals.
The rates of retraction ranged from 0.013 (European Spine
Journal) to 0.25% (Cureus). The median rate of retractions
was 0.037% (IQR 0.67). Six journals had a retraction rate
lower than the average computed rate for biomedical sciences,
which was 0.02% in 2012 [9]. These were European Spine
journal, Child’s Nervous System, Spine, Neurosurgery,
Journal of Neurosurgery, and Acta Neurochirurgica
(Table 6). The median rate of retractions for OAJ was higher
(0.16%, IQR 0.1) than for HMJ (0.026%, IQR 0.04); this
difference was significant (z = − 2.43, p = 0.015). The median
rate of retractions did not differ on the basis of the payment
model (PP vs FP). The rate of retractions did not correlate with
the 2y-CPD or the H-index of the journals.

As of May 2012, PubMed contained 19,974,272 citations
and 2047 retracted papers, amounting to an overall retraction
rate of 0.01% [9]. Compared with this, the 55 retractions
across the 150,051 papers published in the 23 “pure” neuro-
surgery journals selected for this analysis amounted to an
overall retraction rate of 0.037% (Table 6). The rate of retrac-
tions in neurosurgery journals was significantly higher than
that for life sciences as a whole (χ2 = 28.95, p < 0.0001).

Levels of evidence—level 1 papers

The types of retracted papers are displayed in Table 7.
Laboratory/basic sciences studies formed 44% of the retracted

Table 3 The actual reasons for
retraction of papers Reasons for retraction Papers published

prior to 2010 (n)
Percent Papers

published 2010
and after (n)

Percent All
retracted
papers

Percent

Plagiarism 8 17.39 29 18.95 37 18.59

Duplication of article 12 26.09 17 11.11 29 14.57

Compromised peer
review

0.00 25 16.34 25 12.56

Authorship issues 5 10.87 19 12.42 24 12.06

Issues with results 2 4.35 15 9.80 17 8.54

Concerns regarding data 6 13.04 9 5.88 15 7.54

Concerns regarding
figures

2 4.35 9 5.88 11 5.53

Falsification/fabrication
of data

6 13.04 4 2.61 10 5.03

Errors in methods 0.00 9 5.88 9 4.52

Copyright infringement 2 4.35 4 2.61 6 3.02

Error by
journal/publisher

0.00 5 3.27 5 2.51

Ethical concerns 2 4.35 3 1.96 5 2.51

Errors in text 0.00 4 2.61 4 2.01

Withdrawn by author 0.00 1 0.65 1 0.50

Location of study not
known

1 2.17 0.00 1 0.50

Table 4 Category
reasons for the retraction
of neurosurgical papers

Category n %

Main categories

1—GEWA 18 10.06

2—GEWJ 9 5.03

3—WA 21 11.73

4—WJ 10 5.59

5—M 121 67.6

Collated categories

Genuine errors 27 15.08

Indeterminate 31 17.32

Misconduct 121 67.6

5 categories were defined: 1—genuine er-
ror, paper withdrawn by authors, 2—
genuine error, paper withdrawn by journal,
3—withdrawn by authors, 4—withdrawn
by journal, and 5—misconduct by authors.
Collated categories—categories 1 and 2
were classified as genuine errors, catego-
ries 3 and 4 were indeterminate, and cate-
gory 5 was indicative of definite miscon-
duct by authors
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papers. Among the clinical papers to be retracted, cohort stud-
ies and case series formed the largest group. The distribution

of the papers across the levels of evidence is displayed in
Fig. 4.

Table 6 Characteristics of the
“pure” neurosurgery journals and
the rates of retractions for each

Journal Number
of
retracted
papers

Indexed
papers on
PubMed

Rate of
retraction
(%)

Open
access/
hybrid

Pay to
publish

2-year cites
per document
(current)

H-index
(current)

European spine
journal

1 7538 0.013 H No 2.771 128

Child’s nervous
system

1 7153 0.014 H No 1.402 80

Spine 3 18,318 0.016 H No 3.024 243

Neurosurgery 3 18,119 0.017 H No 3.734 192

J Neurosurg 4 24,114 0.017 H No 3.828 200

Acta
neurochirurg-

ica

2 10,928 0.018 H No 1.936 91

The Spine
Journal

1 4749 0.021 H No 2.041 102

Br J Neurosurg 1 4654 0.021 H No 1.323 62

Neuro-Chirurgie 1 4229 0.024 H No 0.97 28

J Neurosurg
Spine

1 3791 0.026 H No 3.109 93

Acta Neurochir
Suppl

1 2930 0.034 H No 3.076 65

Surgical
Neurology
International

1 2671 0.037 O Yes 1.027 30

J Neuroint Surg 1 2517 0.040 H No 3.386 49

J Neurosurg Sci 1 2189 0.046 H No 1.579 34

J Korean
Neurosurg

Soc

1 2043 0.049 H No 1.308 32

World
neurosurgery

8 14,262 0.056 H No 1.65 90

Neurosurgical
review

2 2466 0.081 H No 2.261 58

J Neurooncol 6 7035 0.085 H No 3.397 111

Neuro-oncology 3 2615 0.115 H No 9.393 113

J Spinal Disord
Tech

2 1567 0.128 H No 3.3 79

Asian Spine J 2 1238 0.162 O No 1.376 24

Neurosurgical
Focus

6 3711 0.162 O No 2.808 90

Cureus 3 1214 0.247 O No

Table 5 Category reasons for
retraction and their distribution
across the classes of journals.OAJ
open access, HMJ hybrid model
journals, PP pay to publish, FP
free to publish

Model Genuine error (%) Indeterminate (%) Misconduct (%) Total (n = 179) (%)

Review model

HMJ 21 (17.65) 23 (19.33) 75 (63.03) 119 (100)

OAJ 6 (10) 8 (13.33) 46 (76.67) 60 (100)

Payment model

FP 19 (15.57) 22 (18.03) 81 (66.39) 122 (100)

PP 8 (14.04) 9 (15.79) 40 (70.18) 57 (100)
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Fourteen papers (7.3%) presented level 1 evidence; one of
these was a systematic review of randomized controlled trials
(RCTs) and the others were individual RCTs. The median
time to retraction of these papers was 18.2 months (range 0–
92 months). The reasons for retraction were available for all
but one of the level 1 papers. The most common reasons for
retraction of these papers were falsification of data and errors
in the methods of the study. The category reasons for retrac-
tion of these papers were genuine errors (n = 1, 7.1%), mis-
conduct (n = 9, 64.3%), and indeterminate (n = 4, 28.6%). The
median number of authors for these papers was 6, and the
median number of participating institutes was 2.5. All but 4
of these studies were multi-institutional; however, all the

papers in this category were of single-country origin. The
most common countries of origin of these retracted studies
were China and the USA with 6 papers (42.8%) each. The
median number of authors, institutes, and countries involved
was not different between level 1 and other papers.

Citation analysis of retracted papers

The median number of citations received by retracted papers
in this study was 6 (IQR 18). The number of citations received
by each paper was normalized to the number of years since
publication (citations per year). The median cites per year
(CPY) were 0.91 (IQR 2.23) per retracted paper. Several pa-
pers continued to receive citations even after they were
retracted. The median number of post-retraction citations re-
ceived by these papers was 4 (IQR 8). Post-retraction citations
formed a median of 50% of the total number of citations re-
ceived by the retracted papers. The median post-retraction
CPY was 0.39 (IQR 1.24).

The median post-retraction CPY varied by the category of
the paper—0.54 (IQR 1.37) for basic sciences, 1.38 (IQR
3.42) for allied clinical specialty papers, and 0.23 (IQR 0.98)
for clinical neurosurgery paper; these differences were signif-
icant (χ2 = 9.3, p = 0.0096). The time to retraction correlated
with the total number of citations received (r = 0.3364,
p < 0.001) and the proportion of post-retraction citations (r =
− 0.34, p < 0.001). The median number of citations received
post-retraction was higher for level 1 papers (9.5, IQR 45)

Table 7 The types of papers that were retracted

Type of paper Number of papers %

Lab study 84 44.0

Cohort study 22 11.5

Case series 18 9.4

Review 17 8.9

Case control study 14 7.3

RCT 13 6.8

Case report 11 5.8

Systematic review 8 4.2

Opinion 3 1.6

Letter 1 0.5

Fig. 4 The levels of evidence
generated by the retracted papers
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than for other papers (median 3, IQR 8); this difference was
significant (z = − 3.2, p = 0.002). The median CPY post-
retraction was also higher for level 1 papers (1.9, IQR 3.4)
than for other papers (median 0.33, IQR 1.1); this difference
was significant as well (z = −3.4, p = 0.0007). The post-
retraction CPY was not different between HMJ and OAJ
(p = 0.15) or between PP and FP journals (p = 0.7). The other
factors (besides level of evidence) that correlated with the
post-retraction CPY were the 2y-CPD for the journal (r =
0.17, p = 0.02) and journal H-index (r = 0.16, p = 0.024).

Discussion

As the volume of scientific literature increases exponentially,
the number of retractions is likely to increase. Erosion of sci-
entific integrity and author misconduct are becoming major
concerns in the current milieu. In a survey, 1.97% of authors
admitted to misconduct (fabrication, falsification, or modifi-
cation of data or results), and up to 33.7% admitted to other
questionable practices [8]. This is an alarming statistic by any
measure. Even more alarming is the fact that in surveys that
sought information regarding the behavior of respondents’
colleagues, admission rates were 14.12% for falsification
and 72% for other questionable research practices [8].

Review process, checkpoints

Formal mechanisms to detect malpractice and to prevent com-
promised data from being published are thus of great impor-
tance. The first checkpoint in the publication process is the
editorial review, where many compromised manuscripts are
rejected even prior to peer review and before plagiarism
checks are carried out. However, this study found that despite
the existence of many plagiarism-check software services,
plagiarism remains one of the most common reasons for re-
traction of neurosurgical articles, even for those published
after 2010. This could imply that several “low-impact”
journals do not routinely use such services, and this is a lacuna
that requires to be addressed.

The next checkpoint in the publication cycle is the
peer review process. However, this is far from being
foolproof. A compromised peer review process was re-
sponsible for 12.6% of all the retractions analyzed in
this study and for 16.3% of the retractions that occurred
after 2010. The rates of retractions due to compromised
peer review did not vary between HMJ and OAJ or
PP and FP model neurosurgical journals. It is
notable thereore, that even the “standard” HMJs had a
significant incidence of compromised peer review.
Compromised or inadequate peer review processes can
lead to disastrous consequences. Possibly, the most in-
famous example of the global and lasting impact of

compromised data published in a “high-impact” journal
is the paper postulating a link between vaccines and
autism in children [23]. Similarly, several high-profile
retractions have occurred during the ongoing COVID
pandemic as well [14, 15]. The Lancet retracted a paper
that wrongly raised concerns about the safety of
hydroxychloroquine in the treatment of Covid-19 [15].
On the same day, the New England Journal of Medicine
retracted a paper that falsely concluded that angiotensin-
converting enzyme (ACE) inhibitors and angiotensin-
receptor blockers (ARBs) were safe in patients with
Covid-19 [14]. Although the papers were retracted rela-
tively early, the fallout had already occurred. Based
on the findings reported in these papers, the World
Health Organization prematurely suspended the
hydroxychloroquine arm of the SOLIDARITY trial over
safety concerns. This arm of the trial was restarted once
the papers were retracted, but there was unnecessary
delay in the completion of the trial. The urgent need
for information regarding a novel pathogen, and thus
the pressure to publish any paper related to the ongoing
pandemic, has possibly led to compromised peer review
processes across journals. The number of retracted pub-
lications related to COVID now stands at 32 [1].

While these examples indubitably emphasize the need for
effective peer review processes, they also highlight the need
for active post-publication scrutiny by the scientific commu-
nity at large. The Lancet and the New England Journal of
Medicine papers were retracted when post-publication re-
views detected that the entire database on which the papers
had been based was possibly fabricated [14, 15]. Post-
publication review also led to the retraction of a paper that
found that cloth masks were as efficacious as surgical masks
in preventing the spread of the novel coronavirus from the
cough droplets of infected individuals [4]. Dissemination of
wrong data from this paper could have had disastrous conse-
quences for healthcare workers across the world. One of the
cardinal requirements for an effective post-publication review
process is the ability to replicate all the experiments and anal-
yses in a published paper. This would be dependent on the
availability of datasets for every published research paper, as
well as a detailed description of the experimental and statisti-
cal methodologies employed.

However, relying entirely on post-publication peer review,
as some new journals do, could lead to poor quality control of
the papers prior to publication, resulting in unacceptably high
rates of retraction. For instance, the present study found that
the neurosurgery channel of the journal Cureus, which largely
relies on post-publication peer review for quality control, had
the highest rate of retraction among neurosurgical journals
(0.25%). Thus, a combination of effective editorial-, peer-
and post-publication-review mechanisms is required for opti-
mum quality control.
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Time to retraction and citation analysis

The median time to retraction for neurosurgery articles
was 16.2 months (IQR 5.1–36.5). Basic science and
allied specialty papers, as well as multi-department col-
laborative studies, had a longer time to retraction.
Journals with a higher H-index took longer to retract
compromised papers. This is of concern, since the
“high-impact” journals are also the ones from which
articles are heavily referenced and cited. Thus, a longer
time to retraction for papers in these journals would
lead to wide dissemination of false data. The time to
retraction was much higher when the reason for retrac-
tion was misconduct (22.33 months) than when papers
were retracted due to genuine errors (7.13 months).

The lag-time to retraction correlated with the number
of citations that the paper received and thus with how
widely the compromised findings were disseminated. A
median of 50% of citations to retracted neurosurgery
papers occurred after they were retracted. Moreover,
papers that reported level 1 evidence and are more like-
ly to change clinical practice received more post-
retraction citations than other papers. The issue of com-
promised information continuing to be cited and dissem-
inated after retraction is of concern [13]. For instance,
despite the well-publicized retraction of the compro-
mised Wakefield vaccine-autism paper in 2010, a study
in 2019 found that 8.2% of papers that had cited the
retracted paper reported attempts to replicate the
discredited findings. Of equal importance is the fact that
28.2% of the papers that were published after 2010 and
that had cited the retracted paper did not mention the
retraction in relation to the citation [19]. Thus, it is
imperative to reduce the time to retraction and expedi-
tiously complete independent reviews once a paper has
been flagged. It is also essential to prominently display
the retracted status of the paper in all search engines
and reference management software.

Manuscript characteristics and reasons for retraction

The country from which the highest number of retracted
papers in neurosurgery originated was China (44.7%),
followed by the USA (18.8%) and Japan (4.3%).
Previous studies have also found that China, the USA,
and Japan have been associated with the highest num-
bers of retractions in various scientific disciplines [3, 9].
The reasons for retraction varied by country. China, the
United States, Germany, and Japan accounted for the
majority of retractions because of fraud or suspected
fraud, whereas the USA, Japan, China, and India
accounted for most cases of plagiarism [9]. In countries
such as China and India, there could be enormous

institutional pressure to publish so as to demonstrate
returns on the investment in science as well as for ca-
reer advancement [5, 10, 18]. Similar pressures could
exist in countries such as the USA and Japan, owing
to a competition for grants and tenured positions.

There are several reasons why scientific papers are
retracted. In a study of 134 retraction notices issued
on the open-access platform BioMed Central, the major-
ity were due to misconduct (76%). This included com-
promised peer review (33%), plagiarism (16%), and data
falsification/fabrication (7%). “Honest” errors accounted
for only 13% of the total [16]. In an analysis of the
reasons for retraction in human studies overall, miscon-
duct (51%), errors (14.4%), and duplication (12.6%)
accounted for the highest number [12]. A similar trend
was seen in anesthesiology where misconduct (specifi-
cally fraud or data fabrication) accounted for nearly
50% of all retractions [17]. This pattern was replicated
across surgical specialties as well; plagiarism, data fal-
sification, and duplication were the most common rea-
sons for retraction in surgery, orthopedics, and obstet-
rics and gynecology [6, 11, 21]. In congruence with
published data, the present study found that plagiarism
(18.59%), duplication of articles (14.59%), and compro-
mised peer review (12.56%) were the most common
reasons for retraction of neurosurgical papers. When
categorized, genuine errors accounted only for 15% of
the retracted neurosurgery papers, whereas misconduct
accounted for 67.6% of all retractions. Despite the wide
availability of plagiarism and reference-check software,
the continued high incidence of retractions due to pla-
giarism could only imply that these resources are not
universally employed.

The reasons for retraction were not available for 11% of
neurosurgical papers. This is a serious issue that needs to be
addressed. Ideally, full texts of all retraction notices must man-
datorily be made available.

Characteristics of the journals and retraction rates

The majority of retracted papers in neurosurgery had been
published in hybrid model (HM) journals (n = 126, 66%).
The majority of the publishing journals did not levy manda-
tory publication or article processing fees. The numbers of
neurosurgery papers retracted due to compromised peer re-
view and misconduct were not different between open-
access (OA) and HM journals or between the PP and FP
journals. However, when retractions in “pure” neurosurgery
journals were examined, the median rate of retractions for
OAJ was higher (0.16%) than for HMJ (0.026%). Thus, al-
though the eventual reasons for retraction may not differ be-
tween the HMJ and OAJ, a higher rate of retractions in OAJ
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emphasizes the need for better quality control in neurosurgical
OAJs.

The present analysis estimated the overall rate of retrac-
tions in neurosurgery journals at 0.037%, vis-a-vis that for life
sciences as a whole (0.01%). The rate of retractions in neuro-
surgery was lower than the rate for some basic science disci-
plines, such as genetics (0.15%), and higher than that for some
allied medical branches such as nursing (0.029%) [2, 7]. The
data regarding the number and rate of retractions are not avail-
able for several scientific and medical disciplines. It is critical
for periodic analyses to be periodically undertaken for each
specialty, so as to monitor the state of the science that is being
published in that specialty.

There is, thus, an urgent need for standardization when
reporting the reasons for retraction. Standard categories would
ensure that uniformity is maintained in communications re-
garding retracted papers. Citations to retracted papers should
be minimized; for this reason, we have avoided citing any of
the retracted papers included in this study. When necessary,
the retraction notice rather than the actual retracted paper
could be cited.

Conclusions

The major reasons for retraction in neurosurgery and al-
lied specialties were plagiarism, duplication of articles,
and compromised peer review. The majority of retractions
occurred due to misconduct. The median time to retrac-
tion was more than a year. Basic science papers, the num-
ber of collaborating departments, and a higher H-index of
the journal were all associated with a longer time to re-
traction. Papers continued to accrue citations even after
retraction; the category of paper, level 1 papers, the 2y-
CPD, and the H-index of the journals and time to retrac-
tion correlated with the post-retraction CPY statistic. The
rate of retractions in open-access journals was higher than
that in hybrid model journals for neurosurgery journals.
The rate of retractions in neurosurgery journals overall
appears to be higher than the rate in the life sciences as
a whole. There is an urgent need to address the issues of
standardization of communications regarding retraction
and to prevent the accrual of post-retraction citations.
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