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Abstract

Background: Open access (OA) publications are increasingly common in orthopaedic literature. However, whether
OA publications are associated with increased readership or citations among total ankle arthroplasty (TAA) literature
is unclear. We hypothesize that compared with non-OA status, OA status is associated with increased social media
dissemination, and readership, but not with citation count. This study aimed to analyze social media attention, citations,
readership, and cost of TAA OA and non-OA publications.

Methods: Using a PubMed query search, there were 368 publications from 81 journals, with 25% (91/368) being OA articles
and 75% (277/368) non-OA articles from 2016 to 2023. We analyzed the Altmetric Attention Score (AAS), Mendeley
readership score, and citations between OA vs non-OA articles. Citations and cost of OA articles were determined using
an altered timeline and publisher’s website, respectively. Subgroup analysis was performed among articles published in the
top 5 TAA journals (Tables 2 and 3). Negative binomial regression was used while adjusting for days since publication.
Significance was considered at P <.05.

Results: OA publication was associated with a larger mean AAS score (8.7 = 37.0 vs 4.8 =26.3), Mendeley readership
(42.4 =41.6 vs 34.9 =25.7), and Twitter mentions (4.6 =7.4 vs 3.3 =8.1), but not citations (19.7 = 24.8 vs 20.3 = 23.5)
(Table I).

Conclusion: TAA OA publications and top 5 journals were associated with significantly increased social media attention
but not Mendeley readership or citation counts.
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ankle arthroplasty (TAA), which has become an increas-
ingly common procedure in foot and ankle surgery.®

Introduction

The emergence of the “digital age” of academia has
prompted both journals and authors to rethink their

approach in engaging readers. According to the Web of
Science database, OA publications grew by 14.5% from
1998 to 2018 alone.!® These increases are also seen in
orthopaedic OA journals such as BMC musculoskeletal
disorders, which recorded record citations and article
downloads from 2011 to 2020.° The surge of orthopaedic
OA literature has prompted us to assess the benefit, if any,
of publishing articles OA vs non-OA. Specifically, we
chose to examine the impact of OA vs non-OA on total
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Evidently, TAA literature has increased and many advances
have been made in the field over the past decade.”? By
understanding the impact of OA publishing on TAA litera-
ture, it provides many avenues for publishing authors to
potentially gain higher citations and social media attention
for the scientific impact they generate.

The benefits of submitting articles to OA journals are
unique compared to those of non-OA journals. Consumers
often benefit from easier access to submitted research,
which increases visibility and impact. Additionally, open-
access journals often grant authors the right to retain the
copyrights of their work. In contrast, non-OA journals may
in some cases be more well known or prestigious while
retaining the copyrights to a submitted work. In the tradi-
tional model, high-impact non-OA journals charge fees to
interested readers. In OA journals, the cost shifts to the
author as a “publishing fee,” creating a barrier for some
authors to publish in high-impact OA journals."
Collectively, each of these factors should be weighed when
authors are deciding where to publish.

We hypothesize that in TAA literature, OA publica-
tions—compared to non-OA publications—will contribute
a greater level of scientific impact with its potential associa-
tion with increased social media dissemination, cost, and
readership, but not citations. Delving into these four pillars
of our study will provide a better sense of how OA publica-
tions can serve as a better medium for the scientific research
community to invest their time. Therefore, this study aimed
to assess the relationship, if any, between OA peer-reviewed
publications and non-OA peer-reviewed publications in the
TAA literature concerning social media attention, Mendeley
readership, and citations. Additionally, we hope to analyze
the cost associated with publishing articles OA and how that
may influence the author’s choice.

Methods and Materials
Data Set

Initially, we performed a search via a PubMed query for
peer-reviewed TAA literature ranging from January 1,
2016, to July 18, 2023. Throughout the detailed search,
search terms included (Total Ankle Arthroplasty[Title/
Abstract]) OR (total ankle arthroplasty[Title/Abstract]))
OR (Total Ankle Replacement[Title/Abstract])) OR
(total ankle replacement[Title/Abstract])) OR (Total
Ankle Reconstruction[Title/Abstract])) OR (total ankle
reconstruction[ Title/Abstract])) OR (Ankle Arthroplasty
[Title/Abstract])) OR (ankle arthroplasty[Title/Abstract]))
OR (Ankle Replacement[Title/Abstract])) OR (ankle
replacement[Title/Abstract])) OR (Ankle Reconstruc-
tion[Title/Abstract])) OR (ankle reconstruction[Title/
Abstract])) OR (ankle prosthesis)) OR (Ankle
Prosthesis). This search was confirmed for accuracy by

a reference librarian. However, categories such as
books, book chapters, clinical trial records, news sto-
ries, or data sets were not considered. Articles were
manually filtered based on relevance and inclusive cri-
teria. For each respective article, the bibliometric data
aggregated included the article title, journal/collection
title, publication date, OA status, Altmetric Attention
Score (AAS), number of Mendeley readers, number of
Dimensions citations, Twitter mentions, Facebook men-
tions, and news mentions.

Open Access (OA) status allows anyone to freely access
online publications, data, and journals, and by using the
Altmetric Explorer database, the OA status of all corre-
sponding articles can be determined. The Altmetric data-
base is a tool that allows researchers to assess social media
dissemination of specific articles; it was necessary to use
the database to collect the relevant data for all TAA litera-
ture. This database produces an Altmetric Attention Score,
which measures the level of attention that each research
article output produces based on social media attention
volume, the source of attention, and how much the author
mentions the article.! Through an automated algorithm that
calculates the weighted count in various types of sources
such as Facebook, Twitter, and news stories, it provides a
visual of the reach of the journal to the rest of the research
community. Additionally, the Mendeley readership show-
cases the number of unique individuals who have saved a
copy or used the article in some form of their work.
Furthermore, to study the references of publications,
Altmetric relies on “Dimensions” to extract references
from publications, grants, clinical trials, and many patents.
In this specific study, there were a total of 368 publications
analyzed with 25% (91/368) as OA articles and 75%
(277/368) as non-OA articles from 2016 to 2023. Citation
data were analyzed using an altered timeline between
January 2016 and July 2021. See Appendix A for a full list
of included journals.

The top 5 journals in the orthopaedic fields of
“Arthroplasty” and “Foot and Ankle” were identified and
analyzed in a subgroup analysis by using the h5-index in
Google Scholar.” The h5-index produces a number of jour-
nals that were published in the last five years, as well as
providing statistical data on how “h” amount of articles
originating from a specific journal were cited “h” times.
Subgroup analysis was performed on articles with accep-
tance to the “top 5 journals” to better compare correlation
consistency within the subgroup.

OA publication costs associated with top journals were
determined by information accessed on the publisher’s
website in August 2023. Average OA costs for the remain-
ing articles were calculated using data from each non—top 5
journal website. On average, publishing costs for all OA
journals are $2673, and for top journals $1720.67. Finally,
we use measurement metrics to find the cost of each metric
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Table I. Comparison of Citation Rates and Visibility Parameters Between All Articles Analyzed Published With and Without Open

Access.
Open Access, Non—Open Access,
Mean = SD (95% Cl) Mean = SD (95% ClI)
Metric (n=91) (n=277) P
Dimensions citations® 19.70 =24.801 (13.730, 25.670) 20.30 =23.483 (17.537, 23.071) 462
Mendeley readers 42.43 = 41.641 (38.065, 46.795) 34.88 = 25.724 (33.334, 36.426) 31
Altmetric Attention Score 8.65+36.996 (4.772, 12.528) 4.84 +26.345 (3.257, 6.423) .001
Twitter (tweets and retweets) 4.64+7.390 (3.865, 5.415) 3.26 = 8.088 (2.774, 3.746) .009
Facebook mentions 0.25+0.709 (0.176, 0.324) 0.14£0.636 (0.102, 0.178) .039

News mentions

.15+ 8.757 (0.232, 2.068)

0.45 = 4.849 (0.159, 0.741) <.001

2P value calculated using negative binomial regression. Bold values indicate statistical significance.

®Citation calculation followed an altered timeline and “n” selection.

for all articles as well as articles in top journals. Cost per
metric was then calculated by dividing cost by the specified
metric. All associated costs were presented in US dollars.

Data Analyses

Articles were defined based on OA status. After creating
OA and non-OA groups, negative binomial regression anal-
yses were performed to detect the significance of OA status
on media mentions, citation number, AAS, and Mendeley
readers while controlling for days since publication. This
was done to factor in the increased probability of older arti-
cles receiving higher citations when compared to newer
articles simply because of longer social media exposure.
Published subgroup analyses of articles published in the top
5 orthopaedic journals were also performed to control for
individual journal influence. Descriptive statistics of this
subset were calculated using independent t-tests. All statis-
tics were performed using IBM SPSS software 2023 for
Macintosh (IBM Corp. Released 2023. IBM SPSS Statistics
for Macintosh, Version 29.0. Armonk, NY: IBM Corp).
Significance was determined at P <<.05.

Results

All Articles

The average AAS for all OA and non-OA articles studied
was 5.8, and the average Mendeley readers and average cita-
tions were 36.7 and 16.7, respectively. The mean AAS for
OA articles was significantly higher compared to the mean
AAS fornon-OA articles, as well as the SD values (8.7 = 37.0
vs 4.8 226.3, P=.001). Correspondingly, the mean number
of Mendeley readers and SD values for OA articles was
higher compared to the mean number of Mendeley readers
for non-OA articles but lacked statistical significance
(42.4*£41.6 vs 34.9 =25.7, P=.131). The mean number of
citations for OA articles was less than the mean number of
citations for non-OA articles; however, this was also not

significantly different (19.7 =24.8 vs 20.3 = 23.5, P=.462).
The SD values for OA articles were slightly higher than
non-OA articles, respectively (24.8 vs 23.5). Our calcula-
tions for citations were determined based on a modified
range between January 1, 2016, and July 18, 2021.
Additionally, the OA articles delineated a greater number of
Twitter mentions (4.6 = 7.4 vs 3.3 £8.1, P=.009), Facebook
mentions (0.3 =0.7 vs 0.1 0.6, P=.039), and news men-
tions (1.2 8.8 vs 0.5+4.9, P<.001) when compared to
the non-OA statistics (Table 1).

Articles in Top Orthopaedic Journals

Actotal of 212 (57.6%) of all articles studied belonged to the
top 5 orthopaedic journals according to the H5-index in
Google Scholar. These top 5 journals included Journal of
Bone and Joint Surgery (H-Index 290), The Bone and Joint
Journal (H-Index 190), Foot & Ankle International
(H-Index 120), Journal of Foot and Ankle Surgery (H-Index
74), and Foot & Ankle Specialist (H-Index 19). Based on
the published articles throughout the top orthopaedic jour-
nals, OA publication was associated with a larger AAS
score and corresponding SD values (21.3*+81.3 wvs
4.0 £ 10.6) and the number of Mendeley readers (38.0 == 26.3
vs 35.5+24.2), but not the number of Twitter mentions
(1.8%£2.8 vs 3.6+9.0) or the number of citations
(20.8 £36.8 vs 22.1 £23.2) (Table 2). While analyzing the
number of citations and AAS score against the article’s OA
status, only the Foot & Ankle International showed a statis-
tically significant difference in AAS whereas Foot & Ankle
Specialist showed a statistically significant number of cita-
tions (Table 3). Nonetheless, it is important to consider the
reduced sample size of the top 5 journal articles retrieved
from the Altmetric database when assessing significance.

Cost of Open Access Publication

The mean cost of OA publication for all articles was
$2673.00, as mentioned above. For all articles, the average
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Table 2. Comparison of Citation Rates and Visibility Parameters Between Articles Published in Top Orthopaedic Journals With and

Without Open Access.

Open Access,
Mean = SD (95% ClI)

Non—Open Access,
Mean = SD (95% Cl)

Metric (n=18) (n=194) P

Dimensions citations® 20.80 = 36.794 (15.547, 32.893) 22.10+23.245 (16.481, 19.819) 235
Mendeley readers 38.00 =26.295 (31.802, 44.198) 35.49 = 24.154 (33.756, 37.224) .552
Altmetric Attention Score 21.28 =81.342 (2.108, 40.452) 3.96 = 10.637 (3.196, 4.724) .001
Twitter (tweets and retweets) 1.78 £2.756 (1.13, 2.43) 3.58 +8.980 (2.935, 4.225) .029

?P value calculated using negative binomial regression. Bold values indicate statistical significance.

bCitation calculation followed an altered timeline and “n” selection.

Table 3. Comparison of Top Orthopaedic Journals.

Non—Open Access Open Access Non—-Open
Non—Open Articles Dimensions Articles Dimensions Altmetric Open Altmetric
Access  Open Access Citations,? Citations,? Attention Score, Attention Score, Altmetric
Avrticles, Atrticles, Mean = SD Mean = SD Dimension Mean = SD Mean = SD Attention
Journal n (%) n (%) (95% ClI) (95% ClI) Citations P° (95% Cl) (95% ClI) Score P
Journal of Bone 21 (91.30) 2 (8.696) 31.44 + 20.895 34.78 £ 47.256 256 11.29+28.961 0.50+0.707 611
and Joint (21.498, 41.390) (14.06, 55.486) (4.97, 17.61) (0.000, 1.000)
Surgery
The Bone and 10 (90.91) 1 (9.090) 33.77+ 29.260 20.00 = 0.000 .642 10.30 = 14.499 7.00 = 0.000 .833
Joint Journal (14.663,52.891) (5.715, 14.885)
Foot & Ankle 118 (90.77) 12 (9.230) 21.82+ 26.568 36.85£55.243 613 2.88 £3.061 31.08 £99.537 .002
International (16.578, 27.078) (3.968,77.682) (2.598, 3.162) (2.346, 59.814)
Journal of Foot & 24 (96.00) | (4.000) 15.94+ 12.402 9.00 = 0.000 .842 2422620 0 375
Ankle Surgery (10.227, 21.667) (1.885, 2.995)
Foot & Ankle 21 (91.30) 2 (8.696) 7.35+6.873 25.00=22.213 .001 1.48 = 1.806 1.00 = 0.000 719
Specialist (3.98, 10.728) (6.32,54.421) (1.086, 1.874)

2Citation calculation followed an altered timeline and “n” selection.

®P value calculated using negative binomial regression. Bold values indicate statistical significance.

cost per citation and AAS point were $174.02 and $309.01
respectively. The mean cost for OA publication in top jour-
nals was $1720.67 with costs ranging from $862 to $2300,
using data provided on each journal’s website. The average
cost per citation and AAS point in top journals were $46.77
($47.14 to $191.18) and $21.15 ($55.36 to $1720.67),
respectively.

Discussion

As the scope of OA publishing continues to proliferate
with its available options, the path to publishing literature
will become more difficult because of the existence of
additional publishing costs. With the benefit of providing
free access for readers to tune into the scientific literature,
the tradeoff is that the publication fees fall on the respon-
sibility of the author(s) or the institutions affiliated with
the literature. In most cases, authors may be willing to pay
publication fees if it provides higher readership and acces-
sibility, but other factors like number of citations and
social media attention are vital to recognize as well. The
purpose of this TAA literature study was to understand the
relationship between OA publications and increased

dissemination when compared to non-OA articles. In our
investigation that revolved around peer-reviewed TAA lit-
erature—including OA and non-OA privileges—results
showed that although OA publication was generally asso-
ciated with increased social media attention, it was not
associated with increased readership or citations. In fact, a
similar trend of OA articles producing greater social media
attention was observed in the top orthopaedic journals as
well. With these findings, we encourage researchers to
weigh the different options for article interaction when
publishing OA literature related to TAA.

OA publications have found a surprising niche among
publishers in the 21st century. Social media has become a
critical tool in maximizing interaction, and it is no surprise
that publishers are trending to OA with powerful platforms
like Twitter and Facebook at their disposal.’ In addition,
removing the paywall for consumers may help those who are
interested but not willing to pay to view the article. In our
study, we observed a pronounced increase in social media
attention when comparing OA and non-OA articles. This
could be due to more engagement with those outside of aca-
demia via social media. Significant correlations were made
between OA and Twitter (tweets, retweets) and Facebook



mentions when compared to non-OA. This trend can be seen
in studies investigating articles outside of orthopaedics.*’ In
the context of both above-mentioned studies, it should be
noted that neither was controlled for days since publication.
This inherently leads to articles published at an earlier time
frame, garnering more social media dissemination as
opposed to literature published later. To our knowledge,
there has been no orthopaedic literature investigating the
direct relation between OA TAA literature and increased
social media attention. Thus, publishing authors should con-
sider the benefit of increased social media dissemination
when choosing to publish OA TAA literature.

Conflicting data exist on the correlation between social
media exposure and number of citations. Although our
study noted a pronounced difference in social media atten-
tion between OA and non-OA, we did not see the same rela-
tionship when viewing citations. This could support the
idea that OA publications may lead to scientists sharing
more articles on social media, but the academic discourse
may not be reflected in citation counts. Throughout various
literature topics, there is a suggestion that the largest indica-
tor for the number of citations is the time since publishing
the article.'>'* Although this correlation has been minimally
studied in orthopaedic literature, some studies emphasize
the lack of correlation of citations with social media expo-
sure in orthopaedic literature,'®!® whereas others suggest a
strong relationship.'>!'7 These articles may be limited in
scope, however, because of their subspecialty nature. The
wide variation of citations among subspecialties should be
taken into account when assessing the success of social
media exposure. In the context of the above literature, it is
clear that more research is needed on the relationship
between citations and social media exposure in orthopaedic
literature. Although OA articles did depict a larger social
media presence, this did not translate into higher citation
rates. Many factors, including the scope of the study, the
popularity of the posting author, the timing of the social
media post, and the impact of the study may have affected
our findings. Our study concluded that no significant rela-
tionship exists between OA articles that received increased
social media attention and a number of citations. Despite
that, more research should be conducted on orthopaedic lit-
erature to clarify any misconceptions.

Traditionally, large academic institutions are the highest
producers of academic literature. These institutions, along
with their staff, likely have a subscription to both OA and
non-OA literature. Out of the total non-OA articles studied,
40 articles were from academic centers whereas 160 arti-
cles of the OA articles were from academic centers.
Academic centers were determined based on a review of
author sources for each article. Although faculty subscrip-
tion rates have not been studied in orthopaedic literature, it
is known that research output and involvement positively
correlate with faculty ranking and status.® This presents an
interesting perspective in viewing the relationship between

academic centers and publication resources. Although we
only briefly discussed the costs associated with top aca-
demic journals, it can be assumed that these costs would be
more difficult to overcome for those with fewer resources.
These are likely authors who are not attached to major aca-
demic centers and, thus, do not have robust research cen-
ters and financial resources. It is difficult to account for the
myriad of reasons an author may choose OA over non-OA,
but we suspect that this could play a vital role when com-
paring. In the context of our study, this idea may explain
the pronounced increase of social media attention attached
to OA articles. With the primary consumers of orthopaedic
literature being those with knowledge of the field and in
academia, it points to the limited social media dissemina-
tion attached to non-OA articles.'>!> Published articles
may not be accessible to those who are not directly affili-
ated with an academic institution or who cannot afford
non-OA fees.'? To confirm this speculation, more research
should be conducted. However, it does provide more con-
text to the pronounced difference in social media dissemi-
nation between OA and non-OA articles.

In terms of cost analysis, we calculated the cost per cita-
tion ($174.02) and the cost per social media attention
($309.01) for all articles. We conducted the same analysis
for top orthopaedic journals and found the average cost per
citation ($46.77) and the average cost per social media atten-
tion ($21.15). This was calculated using the data described
in our Results section. The costs associated with these 2 met-
rics varied widely among the journals analyzed. This has not
been reported but may be helpful to authors wishing to gain
a broader understanding of the benefits of OA publishing.

Within our study, there may have been potential limita-
tions that are important to address as readers assess the quan-
titative data. One of the main limitations was the database
itself: the Altmetric Explorer. The platform only allows
searches through PubMed databases. Although this may be a
limitation, a past large-scale study that chose about 50000
articles from another database, by the name of Cochrane,
delineated that PubMed covers 82.8% of the included studies
from the original database.® The Altmetric Explorer platform
may also have missed certain data points like mentions and
retweets. In Tables 1 and 2, there are only a few rows present
that describe data from sources such as Twitter, Facebook,
and news mentions because of the lack of statistical signifi-
cance in the other mediums. Additionally, the database search
limited TAA articles to only publications from 2016 to 2023
because prior publications before 2016 may not be the best
candidates for this study. Also, articles were not stratified
based on the year of publication. This may have introduced a
bias when reporting our conclusion because of articles pub-
lished longer possibly accruing more social media attention.
We included negative binomial regression to adjust for days
since publication as well as an altered timeline for citation
calculation. Still, authors should keep this possible limitation
in mind when viewing our results.
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Moreover, Mendeley readership played a key role in our
study; however, the correlation between readership num-
bers and actual reads may not be completely accurate.
Despite this limitation, a recent survey shed light on how
most Mendeley readers have read their respective articles or
had the pure intention to read it, which may reduce this
limitation.'” The database restricted our knowledge of the
quality of the study and the relationship between OA publi-
cation, our study, and its applicability to other social media
mediums and metrics. Our findings when comparing cita-
tions and readership in OA to non-OA may have been con-
founded by outside factors. In many cases, authors of
breakthrough articles prefer to submit to exclusive non-OA
journals. This is due in part to the prestige associated with
non-OA journals. It is worth considering that the disparity
of citations and readership could be partly due to OA jour-
nals receiving less impactful work. Moreover, many non-
OA journals have “cascade” OA counterparts that may
receive less impactful work if articles are deemed unfit for
non-OA publication. Inherently, more impactful work for
the orthopaedic community will likely receive higher cita-
tions than less impactful work. This leads to a higher chance
of non-OA articles receiving more citations and/or reader-
ship. Our study found no significance in citations between
the 2 groups; it should be noted that several factors may
contribute to our findings that could serve as confounders as
mentioned above. Despite these factors, our study provides
publishing authors valuable insight when comparing OA
and non-OA journals. Finally, when stratifying articles
included in top journals, we used the “h-index” from Google
Scholar as a guiding metric. These metrics were calculated
based on how many articles met a predetermined citation
threshold. Another common manner of gauging journal dis-
semination is the impact factor. The impact factor is deter-
mined as the mean number of citations each article within a
journal receives. By not including impact factors of journals
in our study, the top 5 journals may be skewed to those with
higher h-indexes but not necessarily a higher impact factor.
Furthermore, the h-index values of the top 5 included jour-
nals vary widely. Therefore, it is difficult to make a compre-
hensive comparative assessment of the top 5 articles, mainly
because of the wide variation in journal impact. We under-
stand the limitations this may bring to our study when gen-
eralizing our data. Despite this, the h-index remains reliable
in terms of gauging journal impact and guiding authors on
where to publish. Our study provides valuable data and
insight to authors seeking to maximize their research out-
reach and dissemination.

Conclusion

OA publications have increased in prevalence tremen-
dously in orthopaedic literature. Despite the increased
accessibility of OA publications to readers, it is not known

if it translates to higher social media attention, citations, or
readership among peer-reviewed publications in TAA.
This study compared OA TAA literature to non-OA TAA
literature in hopes of establishing trends of dissemination
associated with OA status. Our results showed OA publi-
cations were associated with greater AAS (social media
attention), but not Mendeley readership or number of cita-
tions. In the subgroup analysis of the top 5 orthopaedic
journals, similar trends were highlighted with results
showcasing the same link of greater social media atten-
tion, but no impact on citations or readership. On further
analysis across top orthopaedic journals, only 1 journal
showed a significant difference in AAS score, and 1 jour-
nal showed a significant difference in citation count,
which is the minimum error interval. In hopes of under-
standing the impact of dissemination and the scale of ben-
efits compared to the consequences of publishing an OA
article—including career advancement, research impact,
costs, author recognition, and resource allocation—this
study emphasizes how authors of TAA literature may wish
to consider their objectives before publishing an article in
OA or non-OA format.
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