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Impact of Covid-19 on the global
orthopaedic research output
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Homburg, Germany, 2German Research Center for Artificial Intelligence (DFKI), Saarland University,
Saarbrucken, Germany

The pandemic led to a significant change in the clinical routine of many
orthopaedic surgeons. To observe the impact of the pandemic on scientific
output all studies published in the fields of orthopaedics listed in the Web of
Science databases were analysed regarding the scientific merit of the years
2019, 2020, and 2021. Subsequently, correlation analyses were performed
with parameters of regional pandemic situation (obtained from WHO) and
economic strength (obtained from the World Bank). The investigations
revealed that the Covid-19 pandemic led to a decrease in the annual
publication rate for the first time in 20 years (2020 to 2021: -5.69%). There
were regional differences in the publication rate, which correlated
significantly with the respective Covid-19 case count (r=-.77, p<0.01),
associated death count (r=-.63, p<0.01), and the gross domestic product
per capita (r=-.40, p<0.01) but not with the number of vaccinations (r
=.09, p=0.30). Furthermore, there was a drastic decrease in funding from
private agencies (relative share: 2019: 36.43%, 2020: 22.66%, 2021: 19.22%),
and a balanced decrease in publication output for research areas of acute
and elective patient care. The Covid-19 pandemic resulted in a decline in
orthopaedic annual publication rates for the first time in 20 years. This
reduction was subject to marked regional differences and correlated directly
with the pandemic load and was associated with decreased research funding
from the private sector.
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Introduction

The pandemic caused by the Sars-Cov-2 virus, which began in 2020, led to
unprecedented changes in the globalized world (1, 2). In order to at least slow the
spread of the virus and thus take pressure off the medical sector, the affected
countries responded with varying degrees of lockdown and social distancing (3). To
ensure that patient care is maintained, many hospitals have significantly reduced
elective surgeries (4).

The adopted measures also led to a change in working practices in science, as in
most professional fields. In addition to absences due to illness and shortages of raw
materials caused by interrupted supply chains (5), temporary closures of research
facilities led to the work capacity being compromised.

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389&sol;fsurg.2022.962844&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fsurg.2022.962844
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fsurg.2022.962844/full
https://www.frontiersin.org/articles/10.3389/fsurg.2022.962844/full
https://www.frontiersin.org/journals/Surgery
https://doi.org/10.3389/fsurg.2022.962844
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Wolf et al.

In accordance with the recommendations of international
and national medical associations (6), orthopaedics - as a
specialty with a particularly high number of elective
procedures - saw a distinct reduction in the number of
surgical procedures (4, 7-10).

It remains unknown to date if and how the reduction in
clinical activity as well as in scientific resources may have
affected orthopaedic publication performance in the pandemic
years 2020 and 2021.

Bibliometric analyses evaluate the scientific development
in certain fields of research in accordance with scientific
standards. By analysing the baseline data of all
publications, conclusions are drawn about the quantity of
published research papers (number of publications, authors,
institutes, enables
substantiated statements and comparisons to be made

about the different years and different countries the

journals, etc.). This scientifically

research originated from.

We hypothesized that due to the restrictions in the
professional and private environment and changes in the
clinical routine, the global publication behaviour has
changed depending on the pandemic load. This
bibliometric study will use the most reliable and currently
available Covid-19 parameters (number of cases, deaths,
and vaccine doses administered) to examine the impact of
the pandemic on the publication performance of individual

countries.

10.3389/fsurg.2022.962844

Methods and material
Study design

In this study, the publication behaviour in the field of
orthopaedics in recent years was examined. Special attention
was paid to how the publication behaviour has changed due
to the pandemic caused by the Covid-19 starting in 2020. All
publications from 01.01.1945 until 31.12.2021 were enrolled,
analysed, and compared in accordance with the methods for
bibliometrics (11-16). For the years 2019 (control year), 2020
(transition year), and 2021 (pandemic year), analyses were
also performed with special consideration to regional
differences and correlations to the respective infection
situation (Figure 1).

Database and search strategy

The data collection was carried out using the Web of
Science Core Collection of the worldwide established multi-
disciplinary search platform for bibliographic database Web of
Science™ (WoS) (17-20). To include as many orthopaedic
publications as possible, all publications were included in the
Web of Science category: orthopaedics. The assignment is
made according to the subject area of the journal in which

4 ™ 4 4
Database: Web of Science Database: World Health . §
Time span: 1945-2021 Organization (WHO) Database: World Bank
& J - N
4 ™ ' 4
Category: Orthopaedics . Covnd-lQ_cases Gross domestic product
e Covid-19 associated deaths . .
N=409,207 publications . Gross domestic per capita
number of vaccine doses
J . .
Year 2019 Year 2020 Year 2021
IN=20,377) (N=23,518) (N=22,251)

Bibliometric analysis of publication performance, regional differences, impact of pandemic, authors and institutes,
funding agencies, differencesin research areasof acute and elective patient care

FIGURE 1
Flowchart of the study design.
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the publication was published. Categorization of journals is
done in consultation with the journals by the WoS, with
assignment being made immediately upon inclusion in the
WoS. Journals can be assigned to additional categories over
time, but the number of 6 categories cannot be exceeded. To
determine whether the sub-areas of acute and elective patient
care within the category orthopaedics were equally affected by
the pandemic, a random sample survey was conducted. The
most clinically relevant search terms “infection”, “septic”,
“fracture”, “sarcoma”, and “cancer” were used and combined
with boolean operators to represent acute patient care
resulting in the query: TI=((infection) OR (septic) OR
OR OR AND WC=
(Orthopedics). For research subfields of elective patient care,

(fracture) (sarcoma) (cancer))
the most clinically relevant search terms “arthroplasty” and
“arthroscopy” were used and combined with boolean
operators resulting in the query: TI=((arthroplasty) OR
(arthroscopy)) AND WC = (Orthopedics).

To provide correlation with the regional infection situation,
Covid-19 cases, Covid-19 associated deaths, and number of
vaccine doses administered were assigned to the publication
trend of the country. The current data were obtained from the
World Health Organization database (21).

To ensure correlation with the countries’ gross domestic
product (GDP), current GDP per capita (GDP/capita) was
taken from the World Bank database (22). The values of
GDP/capita were given in US$.

Analysis

After the search process for the category orthopaedics and
the topics the
corresponding publications from the years 2019, 2020, and

of acute and elective patient care,
2021 were selected in each case. A further analysis was carried
out for the respective years. For this purpose, the integrated
bibliometric Web of Science analysis function was used after
the search process. The total number of publications, the
publications of the individual countries, the institutes, the
authors, and their respective publication numbers as well as
the funding agencies of the publications were identified by the
Web of science analysis function and transferred to an Excel
table Redmond, WA). Further
statistical processing was performed using GraphPad PRISM
v. 9.3.1. (Graphpad Software, Inc, San Diego, CA). To

investigate a possible correlation, Pearson correlation and a

(Microsoft Corporation,

subsequent two-tailed significance test were performed.

Due to the large amount of data and the necessity for a
manual analysis, the top 100 agencies were identified based
on their number of fundings. These agencies were then
assigned to either the private sector (companies) or the non-
private sector (governmental, non-profit organizations, and
non-governmental organizations (NGOs)) according to their

Frontiers in Surgery

03

10.3389/fsurg.2022.962844

economic background. Journals were assigned to a region
according to the Web of Science database.

Results

Changes over time in publication
performance

Since the first record in the database in 1945, the
publication rate has been steadily increasing. In the first
decades, the publication rate was overall increasing, but often
subject to relevant annual fluctuations. Since 1999, there has
been a year-on-year increase in the publication rate in every
single year. In 2021, for the first time since 1988, there was a
decrease in the annual publication rate of more than 5%
compared to the previous year. Specifically, there was a 5.69%
decrease in publication output in 2021 compared with 2020.
If the publication rate had hypothetically increased at the
same rate as in 2020 (2020: 13.36%), 25,392 publications
would have been expectable in 2021. This leads to a
theoretical non-publication of 7,549 publications (Figure 2).
The number of participating journals has changed only
slightly during the period under consideration. In 2019, 127
journals were listed in the Web of Science category
Orthopaedics. In 2020 and 2021, one additional journal was
added to the database (128 journals). The number of journal
publications was heterogeneous at the country level but
decreased overall (-5.37% =+ 26.73).

Due to the constant number of journals, no corresponding
manipulation of the publication rate can be suspected.

Regional differences

In the years 2019 to 2021, the United States achieved the
most publications followed by China, United Kingdom, and
Germany. Among the most relevant publishing countries
than
heterogeneous distribution of the publication rate with a

(more 100 publications annually), there was a
decrease in the publication rate in the pandemic year 2021 in
almost all countries except for some exceptions: China
(+1.76%), Turkey (+0.15%), Spain (+6.49%), Thailand
(+20.57%), Finland (+8.88%), Israel (+6.13%) and Ireland
(+7.74%) were the only countries to increase their annual
publication rate in 2021. Sweden (-35.96%), Norway
(-36.42%) and Greece (-33.05%) showed the largest decrease
in annual publication performance (Figure 3).

In terms of absolute publication output, the largest decrease
in publications from 2020 to 2021 occurred in Europe (EU)
followed by North America (NA), Asia (AS), Oceania (OC),
Africa (AF), and South America (SA) (EU: —813 publications,

NA: =529, AS: =307, OC: —97, AF: —16, SA —11). In relative
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FIGURE 2
Orthopaedic publication rate over the course of time. The graph inside the figure depicts the publication rate in the years 2019, 2020 and 2021;
percentages indicate the comparison with the precedent year.

Publication development from
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FIGURE 3
Heat map indicating the change in publications from 2020 to 2021. The colour gradient reflects alterations in the publication rate from decrease (red)

to increase (blue). Countries that are marked white did not compete in orthopaedic research in the years 2019, 2020, and 2021. The legend at the
bottom depicts the gradient, whereby the dotted line to the right of the centre represents no change in the publication rate.
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terms (publication trend/total number of publications), the
largest decrease in publications in 2021 occurred in Oceania
(OC: —10.10%, EU: —9.13%, NA: —6.12%, AF: —4.04%, AS:
—3.98%, SA: —1.66%).

According to the World Health Organization (21),
298,956,196 infections occurred in all countries involved in
orthopaedic research, with 5,403,062 consecutive deaths. In
addition, 8,887,127,085 vaccinations have been given (January
15, 2022).

Pandemic load and the publication
performance

When considering all participating countries, there was a
strong correlation between the number of Covid-19 cases and
Covid-19-associated deaths with the decrease in publications
(Covid-19 cases: r=—.77, p<0.01, Covid-19 deaths: r=—.63,
p<0.01). In addition, there was a moderate correlation
between GDP/capita and publication rate (r=—.40, p <0,01).
There was no significant correlation between the number of

10.3389/fsurg.2022.962844

Among the most relevant countries (regularly over 100
publications per year, n= 30 countries), there was a similar
Covid-19 associated effect on publication rate (Covid-19 cases:
r=—.74, p<0.01, Covid-19 deaths: r=-.62, p<0.01; GDP/
capita: r=.33, p =0.08; vaccine: r = —.04, p=0.85).

Among the 10 countries with the highest publication rates,
these relationships were even more pronounced, and in
additional there was a weak correlation between vaccine doses
administered and publication rates (Covid-19 cases: r=—.94,
p<0.01, Covid-19 deaths: r=-.93, p <0.01; GDP/capita: r=
—.78, p <0.01**; vaccine: r=.29, p=0.41) (Figure 4).

Related to the publications of the journals, there was a
moderate correlation related to the publication rate of
countries and a low correlation to the number of Covid-19
cases (Covid-19 cases: r=—.21, p=0.39, publication rate of
countries: r=.54, p=0.01).

Authors and institutes

In 2020, most institutes and authors participated in
orthopaedic research (institutes: 2019: 20,377, 2020: 23,518,

applied vaccines and publication rate (r=.09, p =0.30). 2021: 22,251; authors: 2019: 57,254, 2020: 63,309, 2021:
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FIGURE 4
Correlation analysis between pandemic load and publication rate. The first column represents all involved countries. The second column represents
the most relevant countries (annually publication rate above 100, n = 30). The third column represents only the top 10 countries (measured by the
publication rate in 2021). The first line depicts the correlation with Covid-19 cases, the second line with Covid-19 deaths, the third line with
administered Covid-19 vaccinations, and the fourth line with the country’s gross domestic product per capita (GDP/capita).
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TABLE 1 Development of participating authors, institutes, and private
funding between 2019 and 2021.

Number of Number of Private
authors institutes funding
2019 57,254 20,377 36.43%
1 49.59% 1 +13.59% 1 —13.77%
2020 63,309 23,581 22.66%
1 -0.11% 1 +5.98% 1 —3.44%
2021 63,242 22,251 19.22%

The first column shows the history of the authors involved. The second column
depicts the course of the participating institutes. The third column indicates the
course of the funding by private companies. The percentages between the
years show the rate of year-to-year changes.

63,242). In proportion to the absolute publication output,
however, there was no relevant difference in participating
institutes (institutes/publication: 2019: 0.59, 2020: 0.57, 2021:
0.61; authors/publication: 2019: 2.81, 2020: 2.69, 2021: 2.84)
(Table 1).

Funding agencies

In the three years under consideration, there was no relative
change in the number of funding agencies involved (funding
agencies/publication: 2018: 0.27, 2020: 0.26, 2021: 0.26). The
analysis of the 100 most relevant funding agencies (measured
by the number of fundings made in 2021) showed a
significant decrease in funding by private agencies since 2019
(share of funding from the private sector: 2019: 36.43%, 2020:
22.66%, 2021: 19.22%) (Table 1).

Change in research areas of acute and
elective patient care

The two research areas of acute and elective patient care each
experienced a decrease in publication output, although this
decrease was below the overall decrease in orthopaedic research
(publications of acute patient care: 2019: 2,973; 2020: 3,575,
2021: 3,507, decrease of 1.90% from 2020 to 2021; publications
of elective patient care: number of publications: 2019: 2,350;
2020: 2,876, 2021: 2,823, decrease of 1.84% from 2020 to 2021)

Discussion

In this study, we were able to show for the first time the
impact of the Covid-19 pandemic on the orthopaedic
publication performance. In 2021, for the first time in over 20
years, there was a significant decline in annual publications
compared to the respective previous year. This decline in
publication output varied by region and was dependent on
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the number of Covid-19 infections and Covid-19 associated
deaths and was associated with reduced funding by private
agencies (companies).

Since the beginning of the database in use in 1945, there has
been a steady increase in annual publications. Causes for the
increase in orthopaedics as well as in other specialties are
inter alia increasing cooperation possibilities, new technical
possibilities and increased publication pressure (“publish or
perish”) (23-25). Considering the consistently increasing
publication rate in the last 21 years, the decrease of more
than 5% compared to the previous year is indeed remarkable.
An exact cause for the decline cannot be determined by this
study, although it is highly likely that such decrease is
multifactorial in cause. The reduction in inpatient as well as
outpatient procedures (26) inevitably led to reduced feasibility
of clinical trials. The work capacity released by reduced
surgical procedures (4, 8, 9, 27) was often used to support
care (28, 29), and thus was not available for research to a
large extent. The working group of Staniscuaski was also able
to show that the pandemic significantly delayed even the
submission of already completed work (30). Here, the authors
mainly presented private reasons (care of the children and
other domestic duties) that led to the delays. A large number
of other studies were also able to show increased
psychological stress due to the pandemic and consequent
isolation among clinically active physicians (31-33), which
inevitably affects individual research capacity.

The number of authors participating in orthopaedic research
changed only slightly (-0.11%) during the pandemic. In fact,
more authors participated in publications relative to the absolute
number of publications. This suggests that the decrease in
publications is rather due to a lower number of research
projects. Studies have already shown that the pandemic led to a
significant decrease in new Covid-19 independent research
projects (34, 35), mainly caused by a reduced possibility of data
acquisition (36). Furthermore, there was understandably an
increase in Covid-19 related research (37). This may have also
led to a shift in resources, which may further disadvantage
orthopaedic research. Our work did not address differences of
race, gender, or sociocultural nature. However, profound changes
can be expected in these areas as well, because in other fields of
research, the Covid-19 pandemic aggravated pre-existing gaps in
this regard notably (34, 35, 38-41).

We identified in this study direct correlations between the
number of Covid-19 cases and Covid-19-related deaths and the
number of publications. In most cases, the increased pandemic
burden caused more extensive regional restrictions. Thus, higher
Covid-19 cases and deaths led to a more prominent reduction in
publications in 2021. Interestingly, this observation was not true
for all countries and in particular, Spain, Thailand, Finland,
Israel, and Ireland were able to increase their publication
performance compared to the previous year. China was also able
to increase its publication rate, although the growth compared to
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the previous year was significantly lower (29.65% vs. 1.76%). The
partly pronounced differences in the publication rate are probably
also based on the different approaches of the individual countries
(42, 43). In terms of health care policy, in addition to these
differences in the regional strategy, the respective chronological
course of the restrictions or their level of severity might also
play a role. A sufficiency correlation would certainly be useful to
shed more light on these crucial aspects but is currently not
feasible due to the partly heterogenous data situation.

Notably, there has been a decline in publication performance
in both research areas of acute and elective patient care. Although
the pandemic and the resulting restrictions in everyday life (e.g.
commuting, decreased sports activities, and other leisure
activities) (44, 45)
hospitalizations, elective patient care came to an almost
complete standstill at times (10, 46). Thus, the subject-related
workload does not seem to have had a relevant effect on

resulted in fewer traumatological

publication performance. Nevertheless, there was a difference
between the relative decrease in publications of acute and
elective patient care and the absolute publication rate in
orthopaedics. This indicates that there are important research
areas within orthopaedics with a particularly stronger decline in
publications, such as basic science or health service research.

In addition to the marked impact of the pandemic on the
publication output, this bibliometric study also reveals its
impact on global economics. The epidemic resulted in a
pronounced decrease in research funding by private
companies. This is most likely to be explained by the financial
pressures caused by pandemic (47). Governmental funding is
often long-term and can be accessed over a long period of
time, whereas private companies mostly provide short- and
addition,
companies usually support clinical projects that can be

mid-term  project-related funding. In private
expected to have a certain added value for the interests of the
companies. The significant reduction of clinical activities in
orthopaedics leads not only to increased financial pressure but
also to reduced private research funding. The corresponding
near 50% decrease of the private sector’s participation in
financial research support inevitably leads to a reduced
number of clinical and experimental studies, some of which
are cost intensive. Further ccontributing factors to the decline
in publication rates may be increased psychosocial stress, the
reduced number of Covid-19 independent research projects, a
reduced opportunity for data acquisition du to contact
restrictions and a break in the supply chain.

In addition to the above-mentioned factors at the researcher
level, there has also been a decline in the number of publications
in the individual journals. The editors and reviewers of the
journals are also suffering from the effects of the pandemic.
This inevitably leads to longer internal processes and delays in
the time it takes for an article to be accepted.

Bibliometric studies are generally subject to certain limitations.
Even though the Web of Science databases are among the most
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comprehensive databases, not all publications are represented
and there are deficits especially with regard to non-English
publications (18). To include more publications, different
databases (e.g. Embase and Medline) would have to be used,
which requires the use of external software, which in turn are
subject to their own limitations. Affiliations to nations are
determined by the nationality of the first author, possibly
reducing multicentre studies to this one nation. Due to the large
amount of data and the need for manual analysis, the evaluation
was limited to the 100 most influential funding organizations.
This allows a good overview but no absolute statements. The
research area of elective and acute patient care was examined
using a selection of common keywords that represent the
subfields well but do not fully cover them. Despite these
limitations, this bibliometric study allows the analysis of all
publications in the field of orthopaedics and thus provides an
all-encompassing overview and comparison of the pandemic years.

Conclusion

The Covid-19 pandemic resulted in a decline in the annual
publication rate for the first time in over 20 years. The reduction
was subject to marked regional differences and correlated
directly with the number of Covid-19 cases and consecutive
deaths. The change in publication behaviour was equally
pronounced in acute and elective patient care research areas
and was further associated with a decline in research funding
from the private sector.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material, further

inquiries can be directed to the corresponding author/s.

Author contributions

All authors contributed to the study conception and design.
Material preparation, data collection and analysis were
performed by MW. The first draft of the manuscript was
written by MW and all authors commented on previous
versions of the manuscript. All authors read and approved the
final manuscript. All authors contributed to the article and
approved the submitted version.

Acknowledgments

We  acknowledge  support by  the  Deutsche
Forschungsgemeinschaft (DFG, German Research Foundation) and

frontiersin.org


https://doi.org/10.3389/fsurg.2022.962844
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Wolf et al.

Saarland University within the, Open Access Publication Funding
programme.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. von Soest T, Kozdk M, Rodriguez-Cano R, Fluit DH, Cortés-Garcia L, Ulset
VS, et al. Adolescents’ psychosocial well-being one year after the outbreak of the
COVID-19 pandemic in Norway. Nat Hum Behav. (2022) 6(2):217-28. doi: 10.
1038/s41562-021-01255-w

2. Khetan AK, Yusuf S, Lopez-Jaramillo P, Szuba A, Orlandini A, Mat-Nasir N,
et al. Variations in the financial impact of the COVID-19 pandemic across 5
continents: a cross-sectional, individual level analysis. EClinicalMedicine. (2022)
44:101284. doi: 10.1016/j.eclinm.2022.101284

3. World Health Organization. Overview of public health and social measures in
the context of Covid-19: Interim guidance. Technical Documents. Geneva: World
Health Organization (2022).

4. Barnes CL, Zhang X, Stronach BM, Haas DA. The initial impact of COVID-
19 on total hip and knee arthroplasty. J Arthroplasty. (2021) 36(7S):S56-61.
doi: 1041016/j4arth.2021.014010

5. Queiroz MM, Ivanov D, Dolgui A, Fosso Wamba S. Impacts of epidemic
outbreaks on supply chains: mapping a research agenda amid the COVID-19
pandemic through a structured literature review. Ann Oper Res. (2020) 16:1-38.
doi: 10.1007/s10479-020-03685-7

6. Sarac NJ, Sarac BA, Schoenbrunner AR, Janis JE, Harrison RK, Phieffer LS,
et al. A review of state guidelines for elective orthopaedic procedures during the
COVID-19 outbreak. ] Bone Joint Surg Am. (2020) 102(11):942-5. doi: 10.2106/
JBJS.20.00510

7. Tay K, Kamarul T, Lok WY, Mansor M, Li X, Wong J, et al. COVID-19 in
Singapore and Malaysia: rising to the challenges of orthopaedic practice in an
evolving pandemic. Malays Orthop J. (2020) 14(2):7-15. doi: 10.5704/M0J.2007.001

8. Decruz J, Prabhakar S, Ding BTK, Kunnasegaran R. The COVID-19
pandemic in Singapore: what does it mean for arthroplasty? Acta Orthop.
(2020) 91(5):551-5. doi: 10.1080/17453674.2020.1774138

9. Bedard NA, Elkins JM, Brown TS. Effect of COVID-19 on hip and knee
arthroplasty surgical volume in the United States. J Arthroplasty. (2020) 35(7S):
$45-8. doi: 10.1016/j.arth.2020.04.060

10. Wong JSH, Cheung KMC. Impact of COVID-19 on orthopaedic and trauma
service: an epidemiological study. ] Bone Jt Surg - Am. (2020) 102(14):E80. doi: 10.
2106/JBJS.20.00775

11. Joyce CW, Kelly JC, Sugrue C. A bibliometric analysis of the 100 most
influential papers in burns. Burns. (2014) 40(1):30-7. doi: 10.1016/j.burns.2013.
10.025

12. Kim HJ, Yoon DY, Kim ES, Lee K, Bae JS, Lee JH. The 100 most-cited
articles in neuroimaging: a bibliometric analysis. Neuroimage. (2016)
139:149-56. doi: 10.1016/j.neuroimage.2016.06.029

13. Zhang W, Tang N, Li X, George DM, He G, Huang T. The top 100 most
cited articles on total hip arthroplasty: a bibliometric analysis. /] Orthop Surg
Res. (2019) 14(1):412. doi: 10.1186/s13018-019-1476-3

14. Zhang Y, Wumaier M, He D, Xiao B, Zhang J. The 100 top-cited articles on
spinal deformity: a bibliometric analysis. Spine (Phila Pa 1976). (2020) 45
(4):275-83. doi: 10.1097/BRS.0000000000003247

15. Dong F, Fan M, Jia Z. Fifty top-cited fracture articles from China: a
systematic review and bibliometric analysis. J Orthop Surg Res. (2016) 11(1):71.
doi: 10.1186/s13018-016-0408-8.

16. Lum ZC, Pereira GC, Giordani M, Meehan JP. Top 100 most cited articles in
orthopaedic surgery: an update. J Orthop. (2019) 19:132-7. doi: 10.1016/j.jor.2019.
11.039

Frontiers in Surgery

08

10.3389/fsurg.2022.962844

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the
editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the
publisher.

17. Li K, Rollins J, Yan E. Web of Science use in published research and review
papers 1997-2017: a selective, dynamic, cross-domain, content-based analysis.
Scientometrics. (2018) 115(1):1-20. doi: 10.1007/S11192-017-2622-5

18. Zhu J, Liu W. A tale of two databases: the use of Web of Science and Scopus
in academic papers. Scientometrics. (2020) 123(1):321-35. doi: 10.1007/S11192-
020-03387-8

19. Scholz SS, Dillmann M, Flohr A, Backes C, Fehlmann T, Millenaar D, et al.
Contemporary scientometric analyses using a novel web application: the science
performance evaluation (SciPE) approach. Clin Res Cardiol. (2020) 109
(7):810-8. doi: 10.1007/s00392-019-01568-x

20. Web of Science. The world’s largest publisher-neutral citation index and
research intelligence platform. Accessed February 1, 2020. http://apps.
webofknowledge.com/WOS_GeneralSearch_input.do?product=WOS&search_
mode=GeneralSearch&SID=E3hsNfMGbhg6itKsgK7&preferencesSaved=

21. Geneva: World Health Organization. WHO COVID-19 Dashboard.
Published 2022. https:/covid19.who.int/

22. World Bank. GDP per capita, The World Bank Data. Published 2022.
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD

23. Angell M. Publish or perish: a proposal. Ann Intern Med. (1986) 104
(2):261-2. doi: 10.7326/0003-4819-104-2-261.

24. Lei ], Yu P, Xu B, Wang R, Shen Z, Jia Z, et al. Worldwide research
productivity in nuclear medicine literature. Nuklearmedizin. (2018) 57
(6):234-41. English. doi: 10.3413/Nukmed-0995-18-08

25. Cvetanovich GL, Fillingham YA, Harris JD, Erickson BJ, Verma NN, Bach Jr
BR. Publication and level of evidence trends in the American Journal of Sports
Medicine from 1996 to 2011. Am ] Sports Med. (2015) 43(1):220-5. doi: 10.
1177/0363546514528790

26. Ranuccio F, Tarducci L, Familiari F, Mastroianni V, Giuzio E. Disruptive
effect of COVID-19 on orthopaedic daily practice: a cross-sectional survey.
] Bone Jt Surg - Am Vol. (2020) 102(14):E77. doi: 10.2106/JBJS.20.00604

27. Lee LS, Chan PK, Fung WC, Cheung A, Chan VWK, Cheung MH, et al.
Lessons learnt from the impact of COVID-19 on arthroplasty services in Hong
Kong: how to prepare for the next pandemic? Arthroplasty. (2021) 3(1):36.
doi: 10.1186/s42836-021-00093-5

28. Mo AZ, Mont MA, Grossman EL, Rahman OF, Murray DP, Hershman EB,
et al. The effect of the COVID-19 pandemic on orthopedic practices in New York.
Orthopedics. (2020) 43(4):245-9. doi: 10.3928/01477447-20200624-01

29. Konda SR, Dankert JF, Merkow D, Lin CC, Kaplan DJ, Haskel JD, et al.
COVID-19 response in the global epicenter: converting a New York City level 1
orthopedic trauma service into a hybrid orthopedic and medicine COVID-19
management team. J Orthop Trauma. (2020) 34(8):411-7. doi: 10.1097/BOT.
0000000000001792

30. Staniscuaski F, Kmetzsch L, Soletti RC, Reichert F, Zandona E, Ludwig
ZMC, et al. Gender, race and parenthood impact academic productivity during
the COVID-19 pandemic: from survey to action. Front Psychol. (2021) 12:1640.
doi: 10.3389/FPSYG.2021.663252/BIBTEX

31. Castioni D, Galasso O, Rava A, Mass¢ A, Gasparini G, Mercurio M. Has the
COVID-19 pandemic changed the daily practices and psychological state of
orthopaedic residents? Clin Orthop Relat Res. (2021) 479(9):1947-54. doi: 10.
1097/CORR.0000000000001728

32. Matsuo T, Kobayashi D, Taki F, Sakamoto F, Uehara Y, Mori N, et al.
Prevalence of health care worker burnout during the coronavirus disease 2019

frontiersin.org


https://doi.org/10.1038/s41562-021-01255-w
https://doi.org/10.1038/s41562-021-01255-w
https://doi.org/10.1016/j.eclinm.2022.101284
https://doi.org/10.1016/j.arth.2021.01.010
https://doi.org/10.1007/s10479-020-03685-7
https://doi.org/10.2106/JBJS.20.00510
https://doi.org/10.2106/JBJS.20.00510
https://doi.org/10.5704/MOJ.2007.001
https://doi.org/10.1080/17453674.2020.1774138
https://doi.org/10.1016/j.arth.2020.04.060
https://doi.org/10.2106/JBJS.20.00775
https://doi.org/10.2106/JBJS.20.00775
https://doi.org/10.1016/j.burns.2013.10.025
https://doi.org/10.1016/j.burns.2013.10.025
https://doi.org/10.1016/j.neuroimage.2016.06.029
https://doi.org/10.1186/s13018-019-1476-3
https://doi.org/10.1097/BRS.0000000000003247
https://doi.org/10.1186/s13018-016-0408-8
https://doi.org/10.1016/j.jor.2019.11.039
https://doi.org/10.1016/j.jor.2019.11.039
https://doi.org/10.1007/S11192-017-2622-5
https://doi.org/10.1007/S11192-020-03387-8
https://doi.org/10.1007/S11192-020-03387-8
https://doi.org/10.1007/s00392-019-01568-x
http://apps.webofknowledge.com/WOS_GeneralSearch_input.do?product=WOS&amp;search_mode=GeneralSearch&amp;SID=E3hsNfMGbhg6itKsgK7&amp;preferencesSaved=
http://apps.webofknowledge.com/WOS_GeneralSearch_input.do?product=WOS&amp;search_mode=GeneralSearch&amp;SID=E3hsNfMGbhg6itKsgK7&amp;preferencesSaved=
http://apps.webofknowledge.com/WOS_GeneralSearch_input.do?product=WOS&amp;search_mode=GeneralSearch&amp;SID=E3hsNfMGbhg6itKsgK7&amp;preferencesSaved=
http://apps.webofknowledge.com/WOS_GeneralSearch_input.do?product=WOS&amp;search_mode=GeneralSearch&amp;SID=E3hsNfMGbhg6itKsgK7&amp;preferencesSaved=
https://covid19.who.int/
https://covid19.who.int/
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD
https://doi.org/10.7326/0003-4819-104-2-261
https://doi.org/10.3413/Nukmed-0995-18-08
https://doi.org/10.1177/0363546514528790
https://doi.org/10.1177/0363546514528790
https://doi.org/10.2106/JBJS.20.00604
https://doi.org/10.1186/s42836-021-00093-5
https://doi.org/10.3928/01477447-20200624-01
https://doi.org/10.1097/BOT.0000000000001792
https://doi.org/10.1097/BOT.0000000000001792
https://doi.org/10.3389/FPSYG.2021.663252/BIBTEX
https://doi.org/10.1097/CORR.0000000000001728
https://doi.org/10.1097/CORR.0000000000001728
https://doi.org/10.3389/fsurg.2022.962844
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Wolf et al.

(COVID-19) pandemic in Japan. JAMA Netw open. (2020) 3(8):¢2017271. doi: 10.
1001/jamanetworkopen.2020.17271

33. Dzau V], Kirch D, Nasca T. Preventing a parallel pandemic - a national
strategy to protect clinicians’ well-being. N Engl ] Med. (2020) 383(6):513-5.
doi: 10.1056/NEJMP2011027

34. Palayew A, Norgaard O, Safreed-Harmon K, Andersen TH, Rasmussen LN,
Lazarus JV. Pandemic publishing poses a new COVID-19 challenge. Nat Hum
Behav. (2020) 4(7):666-9. doi: 10.1038/S41562-020-0911-0

35. Gao J, Yin Y, Myers KR, Lakhani KR, Wang D. Potentially long-lasting
effects of the pandemic on scientists. Nat Commun. (2021) 12(1):6188. doi: 10.
1038/541467-021-26428-7Z

36. Bratan T, Aichinger H, Brkic N, Rueter ], Apfelbacher C, Boyer L, et al.
Original research: impact of the COVID-19 pandemic on ongoing health
research: an ad hoc survey among investigators in Germany. BMJ Open. (2021)
11(12):2049086. doi: 10.1136/BMJOPEN-2021-049086

37. Gazendam A, Ekhtiari S, Wong E, Madden K, Naji L, Phillips M, et al. The
“Infodemic” of journal publication associated with the novel coronavirus disease.
J Bone Joint Surg Am. (2020) 102(13):e64. doi: 10.2106/JBJS.20.00610

38. Carr RM, Lane-Fall MB, South E, Brady D, Momplaisir F, Guerra CE, et al.
Academic careers and the COVID-19 pandemic: reversing the tide. Sci Transl
Med. (2021) 13(584):eabe7189. doi: 10.1126/SCITRANSLMED.ABE7189

39. Deryugina T, Shurchkov O, Stearns J. COVID-19 Disruptions
disproportionately affect female academics. AEA Pap Proc. (2021) 111:164-8.
doi: 10.1257/PANDP.20211017

Frontiers in Surgery

09

10.3389/fsurg.2022.962844

40. Giurge LM, Whillans AV, Yemiscigil A. A multicountry perspective on
gender differences in time use during COVID-19. Proc Natl Acad Sci U S A.
(2021) 118(12):e2018494118. doi: 10.1073/PNAS.2018494118

41. Myers KR, Tham WY, Yin Y, Cohodes N, Thursby JG, Thursby MC, et al.
Unequal effects of the COVID-19 pandemic on scientists. Nat Hum Behav. (2020)
4(9):880-3. doi: 10.1038/s41562-020-0921-y

42. Chen YY, Assefa Y. The heterogeneity of the COVID-19 pandemic and
national responses: an explanatory mixed-methods study. BMC Public Health.
(2021) 21(1):e835. doi: 10.1186/s12889-021-10885-8

43. Lu G, Razum O, Jahn A, Zhang Y, Sutton B, Sridhar D, et al. COVID-19 in
Germany and China: mitigation versus elimination strategy. Glob Health Action.
(2021) 14(1):1875601. doi: 10.1080/16549716.2021.1875601

44. Monfort SS, Cicchino JB, Patton D. Weekday bicycle traffic and crash rates during
the COVID-19 pandemic. ] Transp Heal. (2021) 23:101289. doi: 10.1016/].JTH.2021.
101289

45. Zaccagni L, Toselli S, Barbieri D. Physical activity during COVID-19
lockdown in Italy: a systematic review. Int | Environ Res Public Health. (2021)
18(12):6416. doi: 10.3390/IJERPH18126416

46. DiFazio LT, Curran T, Bilaniuk JW, Adams JM, Durling-Grover R, Kong K,
et al. The impact of the COVID-19 pandemic on hospital admissions for trauma
and acute care surgery. Am Surg. (2020) 86(8):901-3. doi: 10.1177/
0003134820939904

47. Nicola M, Alsafi Z, Sohrabi C, Kerwan A, Al-Jabir A, Iosifidis C, et al. The
socio-economic implications of the coronavirus pandemic (COVID-19): a review.
Int ] Surg. (2020) 78:185-93. doi: 10.1016/].1JSU.2020.04.018

frontiersin.org


https://doi.org/10.1001/jamanetworkopen.2020.17271
https://doi.org/10.1001/jamanetworkopen.2020.17271
https://doi.org/10.1056/NEJMP2011027
https://doi.org/10.1038/S41562-020-0911-0
https://doi.org/10.1038/S41467-021-26428-Z
https://doi.org/10.1038/S41467-021-26428-Z
https://doi.org/10.1136/BMJOPEN-2021-049086
https://doi.org/10.2106/JBJS.20.00610
https://doi.org/10.1126/SCITRANSLMED.ABE7189
https://doi.org/10.1257/PANDP.20211017
https://doi.org/10.1073/PNAS.2018494118
https://doi.org/10.1038/s41562-020-0921-y
https://doi.org/10.1186/s12889-021-10885-8
https://doi.org/10.1080/16549716.2021.1875601
https://doi.org/10.1016/J.JTH.2021.101289
https://doi.org/10.1016/J.JTH.2021.101289
https://doi.org/10.3390/IJERPH18126416
https://doi.org/10.1177/0003134820939904
https://doi.org/10.1177/0003134820939904
https://doi.org/10.1016/J.IJSU.2020.04.018
https://doi.org/10.3389/fsurg.2022.962844
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Impact of Covid-19 on the global orthopaedic research output
	Introduction
	Methods and material
	Study design
	Database and search strategy
	Analysis

	Results
	Changes over time in publication performance
	Regional differences
	Pandemic load and the publication performance
	Authors and institutes
	Funding agencies
	Change in research areas of acute and elective patient care

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


