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Abstract
Background The scientific activity of neurosurgeons and neurosurgery residents as measured by bibliometric parameters is of
increased interest. While data about academic output for neurosurgeons in the USA, the UK, and Canada have been published, no
similar results for German neurosurgical residents exist. Within this study, we aim to evaluate the academic output of German
neurosurgery residents in 35 academic residency programs.
Methods Data for each resident were collected from the departmental websites, Pubmed, and Scopus. Further analyses evaluated
the relationship between publication productivity, sex, and academic degree (Dr. med.).
Results Data from 424 neurosurgery residents were analyzed. A total of 1222 publications were considered. A total of 355 (29%)
of the 1222 publications were first-author publications. The average number of publications per resident was 2.9; the average h-
index andm-quotient was 1.1 and 0.4, respectively. There was a statistically significant difference in academic output and h-index
among neurosurgical residents with a doctoral degree compared with residents without such degree (5.3 vs. 1.3, p < 0.0001 and
2.0 vs. 0.5, p < 0.0001).
Conclusion This is the very first study evaluating the academic output of neurosurgical residents in academic neurosurgical
departments in Germany.
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Introduction

Research and publishing are key elements to the preservation of
knowledge and the advancement in understanding pathologies,
diagnostics, and therapies in medicine.Moreover, it still remains
one of the important factors for professional academic advance-
ment. Getting in touch with research and publishing are main
steps of an ongoing academic career and are mostly supported
by institutional faculty in university hospitals. Previous pub-
lished studies reported a strong correlation of publication pro-
ductivity as measured by the h-index later academic rank, posi-
tion, and even income [6, 11, 18]. Bibliometric parameters are

known for the evaluation of academic productivity. One such
method is the h-index, which was introduced by Hirsch in 2005
as a method of counting the most highly cited papers by a
particular author [8]. The h- index is not only being used as a
measure of scientific achievement for individual researcher, but
also to measure the scientific output of research groups, scien-
tific facilities and even countries [19]. Nevertheless, the h-index
has also some points of criticism such that the h-index can never
decrease regardless of whether the author continues to publish,
or not. The h-index can also not be used to compare researchers
of different scientific areas [3]. Unlike the h- index, the m-
quotient avoids a bias toward more senior scientists with longer
careers and more publications [4].

Limitation of the h-index, including bias in favor of senior
researchers and neglecting the number of years since first
publication, leads us to consider the period since first publica-
tion and evaluating the m-quotient [12]. The m-quotient: h-
index divided by the number of years since first publication is
another tool, which helps to consider the period from the first
publication.
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The publication productivity of neurosurgeons in the USA
and colleagues from Great Britain has already been published
[7, 9, 10, 13–17, 20, 21]. Until now, no similar data for
German neurosurgeons and neurosurgical residents have been
introduced. Within this study, we aim to evaluate the publica-
tion productivity among neurosurgical residency programs in
35 university hospitals in Germany.

Methods

A list of neurosurgical university hospital departments was
obtained from the website of the German Society of
Neurosurgery (DGNC). An expanded PubMed and Scopus
search was performed from July to August 2018 for each
resident identifying published articles. The h-index and the
number of all published articles were collected.

First-author articles were differentiated from total published
articles. Furthermore, all published articles were categorized into
neurosurgical subspecialties of vascular, tumor, pediatric, spine,
functional, epilepsy, trauma/intensive care medicine, peripheral
nerve, and general neurosurgery. The sum and average number
of total articles per resident were calculated for each resident.

In Germany, the basic medical degree awarded after grad-
uation from medical school is physician (Arzt, MD). The first
academic degree may be awarded for research consisting of a
scientific thesis which then has to be successfully defended.
Successful candidates earn the title of doctoris medicinae, ab-
breviated as “Dr. med.”

Bibliometric tools selected were the h-index as well as the m-
quotient, which is the h-index divided by the number of years
since first publication. The relationship between productivity
and author, sex, and academic degree was also examined.

Statistical analysis

All statistics were performed using SPSS (version 21, IBM,
Armonk, NewYork). P values of < 0.05 were considered to be
significant. Comparison of important differences between the
study groups was made using Fisher’s exact test for categor-
ical variables. Nonparametric tests included the Mann–
WhitneyU and Kruskal–Wallis test to compare groups of data
that did not follow the normal distribution. Tests for normality
were performed using the Shapiro–Wilk test.

Results

During the study period (July - August 2018), there were 424
current neurosurgery residents identified in 35 university hos-
pital neurosurgery residency programs. Of those, there were
163 (38.4%) female residents, Fig. 1. A total of 1222 publica-
tions, of which 355 (29%) were first-author publications were

analyzed within the study period. The average number of pub-
lished articles per resident was 2.9 and the average h-index
and m-quotient were 1.1 and 0.4, respectively. On average, a
resident published 0.8 first-author papers. Among all resi-
dents, 169 (39.9%) hold the academic degree Dr. med.,
Table 1.

Author sex and publication productivity

Within all programs, there were 163 (38.4%) female residents.
Comparing the overall publication activity, h-index and m-
quotient, there were significant differences between male
and female neurosurgical residents. The average h-index for
a male neurosurgical residentwas 1.2 (standard deviation (SD)
of 2.3) and for female neurosurgical resident 0.8 (SD 1.4), p =
0.2. Comparing average Scopus documents between male and
female residents, 3.3 (SD 6.4) vs. 2.2. (SD 3.6), p = 0.5 no
significant difference was identified, Table 1.

Further, no significant difference was identified for resi-
dents’ first author publications. Male neurosurgical residents
published in average 1.0 (SD 2.3) and female residents 0.6
(SD 1.4) first-author papers, p = 0.3, Table 2. From 1222 pub-
lications, only 11 were last author publications published by 9
male and 2 female residents. The results of co-author publica-
tions revealed a total of 856 co-authorships. Male residents
published on average more co-author publications, 2.3 vs.
1.6, p = 0.6. The only factor that was associated with higher
publication in co-authorship was the possession of a doctoral
degree, 3.6 vs 1.0, p = 0.00001. Gender did not influence the
publication activity focusing on co-authorship. The correla-
tion analyzes as well as the relation first/ non-first authorship
revealed a trend to higher co-authorship especially among
residents without a doctoral degree, whereas the h-index cor-
related more higher with first- as well as co-authorship among
residents with a doctoral degree, Table 3, Figs. 4 and 5.
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Fig. 1 Proportion of female neurosurgical residents in the USA [10] and
Germany



Author higher academic degree and publication
productivity

Almost 40% the current residents hold an academic degree
(Dr. med.). The average h-index for residents with and without
an academic degree was 2.0 (SD 2.7) and 0.5 (SD 1.0), re-
spectively p < 0.001. When comparing residents with an aca-
demic degree to residents without an academic degree, both
the average number of published articles (5.3 (SD 7.5) vs 1.3
(SD 2.5), p < 0.001) and the m-quotient (0.6 (0.6) vs. 0.2 (0.4),
p < 0.001) were significantly higher. Of all residents with an
academic degree, 65 (38.5%) were female residents and 104
(61.5%) were male residents. Further analysis of the residents
with an academic degree stratified by sex revealed a signifi-
cantly higher h-index for male residents with an academic
degree, 2.4 (3.0) vs. 1.4 (1.9), p = 0.02, as well as a higher
average number of publications for male residents with an
academic degree 6.5 (8.6) vs. 3.5 (4.5), p = 0.04. In contrast,
the average m-quotients 0.6 (0.6) vs 0.5 (0.5), p = 0.2 revealed
no significant differences between both groups.

There were no gender-specific differences in mean h-index,
average number of published articles and m-quotient of

residents without an academic degree 0.5 (1.1) vs. 0.5 (0.9),
p = 0.9, 1.2 (2.5) vs. 1.3 (2.4), p = 0.4 and 0.2 (0.4) vs. 0.2
(0.4), p = 0.7, Table 1.

Residents with an academic degree published significantly
more first-author papers than those without an academic degree
(1.7 vs. 0.2, p < 0.001). Moreover, male residents with an aca-
demic degree outperformed their female colleagues concerning
first-author publication, 2.2 vs. 1.0, p= 0.003, Table 2.

First-author publication and subspecialties

The most common subspecialties among all residents first-
author publications were oncology and scull base (33.8%),
followed by vascular (20.8%), general neurosurgery (11%),
spine (7.9%), functional (7.0%), trauma (5.1%), pediatrics
(3.7%), hydrocephalus (3.7%), epilepsy (3.4%), nerve
(1.4%) ,and miscellaneous (2,2%), Fig. 2. Among all first-
author publications there were 333 (93%) original articles, 9
(2.5%) reviews, and 13 (3.7%) case reports.

First-author publication and impact factor

From 355 first-author publications 43 (12.1%) were published
in journals with an impact factor 5 and higher and only 10
(2.8%) higher than an impactor factor of 8.

First-author publications stratified by journals

Journals in which more than four first-author papers were
published were (in order of descendance) World
Neurosurgery followed by Acta Neurochirurgica, Journal of
Neuro-oncology, Neurosurgical Review, Journal of
Neurosurgery, Clinical Neurology, and Neurosurgery as
shown in Fig. 3.

Table 1 Overall publication metrics for neurosurgical residents (∑ = sum; μ = average)

Characteristics No. ∑h-
index

∑ doc. μ h-index p value μ Doc. p value μ m-quotient p value

Overall 424 459 1222 1.1 2.9 0.4

Male overall 261 324 863 1.2 3.3 0.4

Female overall 163 135 359 0.8 0.2 2.2 0.5 0.3 0.3

Dr. med. 169 335 902 2.0 5.3 0.6

No Dr. med. 255 124 320 0.5 < 0.001 1.3 < 0.001 0.2 < 0.001

Male Dr. 104 245 673 2.4 6.5 0.6

Female Dr. 65 90 229 1.4 0.02 3.5 0.04 0.5 0.2

Male without Dr. 157 79 190 0.5 1.2 0.2

Female without Dr. 98 45 130 0.5 0.9 1.3 0.5 0.2 0.9

All data in boldface are significant

Table 2 First-author publications data for German neurosurgical
residents (∑ = sum; μ = average)

No. ∑ 1st author μ 1st author p value

Male 261 262 1.0 0.3

Female 163 93 0.6

Overall 424 355 0.8

Dr. med. 169 295 1.7 < 0.001

No Dr. med. 255 60 0.2

Male Dr. med. 104 228 2.2

Female Dr. med. 65 67 1.0 0.003

Male w/o Dr. med. 157 34 0.2 0.9

Female w/o Dr. med. 98 26 0.3
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Publication activity and department size

Analyzing the relationship between size of department and
research productivity, measured by the existing beds, it is
striking that the research productivity is not related to the size
of the hospital, number of hired physicians, and number of
annually treated patients, p > 0.05.

Discussion

Bibliometric research has grown in many medical specialties
over the past years. Data about publication productivity among
neurosurgeons and residents in neurosurgery, especially in the
USA, UK, and Canada have been published, as well as [9, 10,
13–15, 17, 20, 21].Within this study, we wanted to elucidate the
academic output of German neurosurgical residents. Previously
published data already underlined the positive correlation be-
tween publication productivity, h-index during residency and
later academic career after board certification [5, 25].

To the best of our knowledge, this is the first study evaluating
whether a higher research degree is associated with publication
productivity of neurosurgical residents. The total number of pub-
lications authored by these 424 German residents was 1222 (2.9/
resident) and was substantially lower when compared with

residents in the USA (9.2/ resident). The same finding was ob-
served for the average h-index (1.1/resident vs. 2.4/ resident) [10].

Gender differences

In recent time, many investigations have been undertaken to
evaluate the role of women in medicine and especially in surgi-
cal disciplines [1, 2, 6, 22–24]. In contrast tomany other surgical
disciplines, such as general surgery and urology, female resi-
dents in neurosurgery are significantly underrepresented [1]. In
addition, current studies show that, on average, women in aca-
demic medicine continue to earn at least 10% less than their
male counterparts [23, 24]. In contrast to neurosurgical residents
in the USA, the proportion of female residents in Germany is
significantly higher (17% in USAvs. 39% in Germany), Fig. 1.

Fig. 2 Resident research productivity and subspecialty

Table 3 Co-authorship data for
German neurosurgical residents
(∑ = sum; μ = average)

No. ∑ co- author μ co- author *1st author/non-1st author p value

Male 261 592 2.3 0.5 0.6

Female 163 264 1.6 0.4

Overall 424 856 1.8 0.4

Dr. 169 585 3.6 0.5 < 0.00001

No Dr. med. 255 260 1.0 0.2

Male Dr. med. 104 436 4.3 0.5 0.1

Female Dr. med. 65 160 2.5 0.4

Male w/o Dr. med. 157 156 1.0 0.2 0.6

Female w/o Dr. med. 98 104 1.1 0.3

*Relation first + last authorship / non-first or last authorship

1972 Acta Neurochir (2019) 161:1969–1974

Fig. 3 Resident first-author publications stratified by journals



In Germany, we see a different development toward gender
equity. Until now, no other data are published describing such
a high proportion of female neurosurgical residents as in
Germany. This finding mirrors the increasing number of female
medical students in recent years.

In contrast to the published data from the USA, we see no
significant difference in publication productivity between
male and female neurosurgical residents regarding the overall
number of publications. The distinguishing factor for higher
research activity and resulting in higher publication activity in
Germany is the possession of a doctoral degree (Dr. med.).
Male as well female residents with a “Dr. med.” are publishing
significantly more than their colleagues without a “Dr. med.”
Here, we identified a gender difference in publication activity,
as well. Male neurosurgical residents with an academic degree
published more often scientific paper than female neurosurgi-
cal resident with an academic degree.

Despite the increasing proportion of female neurosurgical
residents, the male counterparts are still outperforming their
female colleagues by h-index, number of documents and the
m-quotient, when having a doctoral degree. A reasonmight be
that residents with an academic degree already got in touch
with research and were successfully awarded an academic
degree. They then continue research and produce publications
afterwards. Similar data were published by Wilkes et al.
reporting about research and academic output of neurosur-
geons in Great Britain. They found similar results, the posses-
sion of anMD or PhDwas in their analysis an important factor
of higher publication activity as reflected by a higher h-index
and higher number of published papers [21].

Co-authorship and first-authorship

Our analysis revealed a trend tomore co-authorship publications
as well as higher number of publications in journals with a lower
impact factor than 5. Nevertheless, residents with an academic
degree either male or female publish more first-author publica-
tions compared with residents without an academic degree,
Figs. 4 and 5.

Study limitation

Despite maximal efforts to provide accurate publication
information attributing to each resident, some data, infor-
mation may have been provided insufficiently or have
been missed.

The residents’ specific data included in our analysis were
obtained from the departmental websites. As such, data accu-
racy was dependent on having websites that contain accurate
and up-to-date information. Research activity and productivi-
ty is an ongoing process that can only be depicted as a “snap-
shot” to a specific timepoint; therefore, the publication indices
and even the position of residents, which were investigated
within this study, may have changed during the process of
production for this paper. It seems to be interesting to know
in how far the publication productivity of other department
members influence the academic output of the residents.
Until now we cannot answer this question because no data
exist describing the publication productivity of neurosurgeons
in Germany. Further investigations are necessary to consider
the publication productivity of board-certified neurosurgeons
to elucidate the influence on residents’ academic output. Here,
the academic status of the specific university could also be
investigated as factor for publication productivity of higher
academic publication.

Conclusion

This study represents for the very first time a detailed
analysis about the academic output of German neurosur-
gical residents during training. Our results show, when
compared with other countries, a significantly higher
proportion of female residents, which reflect the in-
crease of female gender in medicine. The most impor-
tant factor for higher academic output is the possession
of a doctoral degree.

Fig. 4 Correlation between h-index, first-authorship and co-authorship of
residents with doctoral degree (Dr. med.)

Fig. 5 Correlation between h-index, first-authorship and co-authorship of
residents without doctoral degree (Dr. med.)
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