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Abstract

This study explored changes in bibliometric variables over the last 30 years for four major musculoskeletal science
journals (BONE®, Calcified Tissue International® (CTI®), Journal of Bone and Mineral Research® (JBMR®), and
Journal of Orthopaedic Research® (JOR®), with a specific focus on author gender. Bibliometric data was collected
for all manuscripts in 1985(BONE®, CTI®, JOR®), 1986(JBMR®), 1995, 2005, and 2015; 2,776 manuscripts met
inclusion criteria. Manuscripts from Europe were more often published in BONE® or CTI®, while those from
North America in JBMR® or JOR®. All journals demonstrated an increase over time in the number of authors (3.67
to 7.3), number of countries (1.1 to 1.4), number of institutions (1.4 to 3.1), and number of references (25.1 to 45.4).
The number of manuscript pages increased (6.6 to 8.9) except for JOR® which showed a decline. CTI® had the
lowest number of authors (4.9 vs. 5.6 to 6.8). There was a change in the corresponding author position from first to
last for all journals; this change was highest for CTI® (35%) and lowest for BONE® (14.0%). All journals
demonstrated an increase over time in female authors; however, CTI® was the highest amongst these four journals.
The percentage of female first authors rose from 24.6 to 44.3% (CTI® 29.1 to 52.3%). The percentage of
corresponding female authors rose from 17.5 to 33.6% (CTI® 22.9 to 40.0%). The proportion of female authors is
increasing, likely reflecting the increasing number of women obtaining doctorates in science, medicine, and

engineering.
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Introduction

In recent years, women have been accepted to undergraduate and graduate education programs at similar
rates as men [1, 2]. The fraction of women gaining doctorates in science has more than doubled in the United States
since 1980 and is now nearing equity. In 2011, 54% of US doctorates in molecular biology were women compared
to 31% in philosophy [3]. In some European countries, women outnumber men in science degrees but there is
significant variation between nations and fields [1]. In Europe, women science and engineering doctorate students
are less likely than men to be employed in highly ranked universities, even after controlling for their research
outputs [4]; women also fail to reach top leadership positions in all of academia compared to the political arena [5].
Female representation among science and engineering faculty members in the US lags behind the gains in graduate
education. Their progression to higher faculty ranks is diminished behind that of their male counterparts, in part
because many women do not apply for tenure-track jobs [2], even though a study of US science departments showed
that women were more successful than men in gaining tenure between 2002 and 2004. In Europe as in the US, the
gender gap is greater among senior compared to junior faculty members [1]. In medicine in the US, women
comprise 47% of medical school enroliment, but only 15% of clinical faculty [6]. Female representation in basic
science departments of medical schools is lower than that compared to other university science departments [7].

Manuscript publications are a major prerequisite for academic advancement. Decisions on admissions,
promotions, and grant funding are often contingent on the researchers’ publication history [8, 9]. A “gender gap” in
authorship in science overall as well as high profile medical journals [10, 11] is well known. There is also a gender
gap in successful research funding across all of academia [12, 13]. However, gender differences in publication rate
and impact are highly variable by discipline across academia [14, 15]. There is little data regarding this topic in
musculoskeletal science research, and how it might be changing over time. This may be due to a bias against such
research [16] or that it has not been done, either of which may explain this lack of information. Information
regarding this question is important to have, which could afford senior faculty/scientists the ability to better guide
and mentor junior learners at the undergraduate, graduate/professional school, and junior faculty levels. For this
reason, we wished to investigate authorship gender trends across four major musculoskeletal science journals:
BONE®, Calcified Tissue International® (CTI®), Journal of Bone and Mineral Research® (JBMR®), and the
Journal of Orthopaedic Research® (JOR®). The detailed data for three of the four journals (BONE®, JBMR®, and
JOR®) has been previously published [17-19]; the reader is directed to those manuscripts for detailed results. That
data is from the same group of researchers and senior authors as the CTI® data; thus, we were able to use the raw
data for comparison purposes in this manuscript. In this manuscript we present the detailed data for CTI® as well as
comparisons between the four journals.

At the same time, efforts are also being made to promote collaboration within the scientific community.
The scientific community has traditionally been guarded due to the competition between institutions for publications,
funding, and scientific discovery. However, advancements in technology and the value in team science [20] have
opened the doors for multiple institutions to contribute to one project or end goal [21]. Utilizing the strengths of
each participating institution or department can result in a product far superior than what would be achieved

individually. It is also known that there have been many changes over time in medical/scientific publications for
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various bibliometric variables, such as the number of authors, manuscript length, and number of references.
Therefore, we wished to also investigate changing trends in bibliometric variables and collaboration over the last 30
years across/between these same four major journals.

Methods

A bibliometric analysis of the past 30 years of all four journals publications was performed. The same
method of analysis was performed for all four journals. The most recent year chosen for analysis was 2015, as this
was the first year with complete data available via PubMed as our study began in 2016. Each decade was analyzed
by collecting data in 10-year intervals (1985/1986, 1995, 2005, and 2015) (1986 was used for JBMR® as that was its
first year of publication, and 1985 for the other journals). This bibliometric method of selecting years separated by a
decade has been previously validated [10, 17]. After completing a PubMed search, editorials, letters, and
commentaries were excluded. The citations were downloaded into EndNote X7™ (Clarivate Analytics,
Philadelphia, PA, 2013). Using this software, memorandums, meeting notes, meeting abstracts, and entries without
authors were identified and excluded. Electronically published articles that were not printed until the following year
were also deleted. After the exclusions had been completed, the data was downloaded into a Microsoft Excel™
(Redmond, WA, 2013) file for further manipulations.

The names of first and corresponding authors; corresponding author position (first, second, last, other, as
well as the numerical position in the byline of all authors); country of origin (corresponding author) and state or
province for publications from the US or Canada, respectively; number of institutions, countries, authors, printed
pages, and references were tabulated. Author gender was identified for the first and corresponding authors using the

“Baby Name Guesser” (http://www.gpeters.com/names/baby-names.php) method described by Mimouni et. al. [22].

The author’s first name was entered into the baby name guesser, and a gender along with a gender ratio was
obtained that results in a male/female gender. A ratio at or above 3.0 was chosen as a correct gender [22]. If the
ratio was less than 3.0, a Google search was used to assign gender; if such a search could not ascertain the gender, it
was excluded for any gender-based analyses. Countries were grouped by regions. North America was designated as
the United States of America and Canada; Mexico, Central America, and South America as Latin America; the
European continent including Russia and Turkey as Europe; and Asia as all Asian countries beginning east of
Turkey, including the Middle East and Israel. The other regions were Africa and Australia/New Zealand. The
number of times each publication was cited was analyzed as one proxy of research controversy/popularity. Citation
data was obtained from a Scopus search during August 2016. Since more recent publications have a lesser chance
of being cited, the citation values were recalculated to citations per year of manuscript by dividing the number of
citations by the age in years of the manuscript (1 for 2015, 11 for 2005, 21 for 1995, 30 for 1986, and 31 for 1985).
Statistical Analyses

Continuous data are reported as the mean +1 standard deviation and discrete data as frequencies and
percentages. Analyses between groups of continuous data were performed using non-parametric tests due to the data
having non-normal distributions (Mann-Whitney U — 2 groups; Kruskal-Wallis test — 3 or more groups).
Differences between groups of discrete data were analyzed by the Fisher’s exact test (2 x 2 tables) and the Pearson’s

2 test (greater than 2 x 2 tables). For 2 x k tables the Cochran linear trend test (CLT) was used to assess for an
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ordering effect of the k variables. Logistic regression analysis was used to determine predictor variables of female
first authorship, female corresponding authorship, and both female first and corresponding authorship, with resultant
odds ratios (OR), 95% confidence intervals [CI] of the OR, and associated p values. For all statistical analyses a p <
0.05 was considered statistically significant. Statistical analyses were performed with Systat 10™ (Systat Software,
Chicago, IL, 2000).

Analysis of the corresponding author position were performed using several methods for both continuous
and categorical data. For using continuous data, the simplest analysis is to use the numerical position of the
corresponding author in the byline of all authors. However there has been an increase in author number over time.
This can be adjusted by dividing the author numerical position by the total number of authors creating a
standardized author position. When using categorical data, the location of the corresponding author can be
classified as first, second, last, or other.

Results

In this study we report the detailed results for CTI® as well as comparisons between all four journals.
There were 2,901 total citations obtained from the PubMed search for all four journals. After review, there were
125 exclusions; 33 for BONE®, 20 for CTI®, 63 for JBMR®, and 9 for JOR®. Thus 2,776 manuscripts met
inclusion criteria: 899 from BONE®, 514 from CTI®, 764 from JBMR®, and 617 from JOR®. The average author
number was 5.8+3.0, number of countries 1.3+0.8, and number of institutions 2.4+1.8 (Table 1). For author number,
CTI® was the lowest (4.9+2.4) compared to JOR® (5.6+2.5), BONE® (5.8+3.0), and JBMR® (6.8+3.5) (p<10F).
This remained consistent by year of publication, author gender (first and corresponding), and region. The number of
authors increased over time, from 3.6£1.7 in 1985/1986 to 7.3+£3.5 in 2015; this trend occurred across all four
journals (all p<10). The number of collaborating countries was the lowest for CTI® and JOR® (both 1.2+0.5)
compared to BONE® (1.3+0.8) and JBMR® (1.4£1.0) (p=0.000001). All journals demonstrated a gradual increase
in the number of collaborating countries over time. Due to the limited number of manuscripts from Africa (5) and
Latin America (26) they were excluded from further analyses unless otherwise indicated. Manuscripts originating
from Europe had the highest number of countries (1.4+1.0) compared to Australia/New Zealand (1.3£0.5), North
America (1.2+0.7), and Asia (1.2+0.6) (p<10). There were no differences in the number of countries by either first
or corresponding author gender. The number of involved institutions was highest for IBMR® (2.7+2.3), followed
by BONE® (2.4+1.7), JOR® (2.3+1.4), and CTI® (2.0+1.4) (p<10%), and remained constant by author gender and
region except for those originating from Australia/New Zealand. There was an increasing number of institutions
over time, moving from 1.4+0.7 in 1985/1986 to 3.1+2.3 (p<10); this pattern was consistent for all four journals.
Manuscripts originating from Europe and Australia/New Zealand had the highest number of institutions (2.5£2.0
and 2.5+1.4 respectively), followed by Asia (2.4+1.6) and North America (2.2+1.8) (p=0.0002).

The average number of number of pages was 7.8+2.6, references 37.8+21.1, and number of citations per
year 3.3+4.3 (Online Resource 1). The number of pages was highest for JBMR® (8.6+2.6), followed by JOR®
(8.0£2.4), BONE® (7.7£2.5), and CTI® (6.7+2.8) (p<10). There was an increase over time in the number of pages
for all journals, from 6.6+2.7 in 1985/1986 to 8.9+2.7 in 2015 (p<10%); this pattern was seen in all of the journals,
except for JOR® where it dropped from 8.6+3.2 to 8.3+2.9 (p=0.000003). Manuscripts with female first or
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corresponding authors had a slightly higher number of pages than those with male first or corresponding authors
(first author 8.1+2.7 vs. 7.7+£2.6, p=0.00004; corresponding author 8.1+2.7 vs. 7.7+2.6, p=0.003), and remained
constant across journals. Those manuscripts originating from Europe had lowest number of pages (7.6+2.6)
compared to North America (8.0+2.4), Asia (8.0£2.8), and Australia/New Zealand (8.0+2.4) (p=0.0007). The same
trend persisted for all of the journals except for BONE®, where the page number was essentially equal for all four
regions (7.7 to 7.9, p=0.48). The number of references was highest for BONE® (41.4+26.6), followed by JBMR®
(40.8+£18.8), JOR® (33.7£14.0), and CTI® (31.7+£18.4). The number of references increased for each decade, going
from 25.1+13.1 in 1985/1986 to 45.4+27.6 in 2015; this increase occurred across all four journals (p<107).
Manuscripts with female first or corresponding authors had approximately three more references than those with
male first or corresponding authors (first author - male 36.6+20.5, female 39.7+22.4; p=0.000009; corresponding
author —male 36.9+21.0, female 40.0+21.8, p=0.000004). This remained true for first authors in BONE® but for
none of the other journals. For corresponding authors, it held true for BONE® and JBMR®, but not CTI® or JOR®.
The number of references was slightly less for manuscripts originating from Asia (35.2+15.3) compared to Europe
(37.4+22.4), North America (38.4+21.6), and Australia/New Zealand (41.0+24.3) (p=0.044). However, when
breaking down by each journal, there were no differences in the number of references by region. The number of
citations per year was highest for JBMR® (4.3£5.6), followed by BONE® (3.4%4.0), JOR® (3.0+3.3), and CTI®
(2.1+2.8) (p<10%). This pattern remained the same when analyzing by year, gender, and region. The number of
citations per year increased over time for all journals from 1995-2005. Within journals there were no differences by
author gender or region in the number of citations per year. The number of citations per year was slightly higher for
manuscripts originating from Australia/New Zealand (3.6+3.5) than from North America (3.5£4.6), Europe
(3.3+4.4), or Asia (2.7£2.8) (p=0.038)
Single Author Manuscripts

Single authorship occurred in 70 (2.6%) of the manuscripts and ranged from 1.2% for JOR® to 4.6% for
CTI® (p=0.000003). For these 70 single author manuscripts, the author was male in 57 manuscripts (81.4%)
compared to the multi-author manuscripts where the first author was male in 64.9% (p=0.003). The percentage of
single author manuscripts decreased markedly over time from 6.5% to 0.9% for all four journals (p<10).
Corresponding Author Position/Location

When excluding single author manuscripts, the average actual and standardized corresponding author
position for all four journals was 3.3+2.7 and 0.58+0.38 respectively. There were significant differences by decade,
journal, first and corresponding author gender, and region (Online Resource 2). The actual corresponding author
position increased by decade from 1.7+1.4 in 1985/1986 to 4.7+4.1 in 2015 (p<10%), and the standardized position
from 0.48+0.30 in 1985/1986 to 0.65+0.40 in 2015 (p=0.00002). CTI® had the highest actual position (4.9+2.4)
and BONE®/JOR® the lowest (3.2+3.1, 3.2+2.9) (p<10%). However, there were no differences by journal for the
standardized position. Female first authors had both a higher actual and standardized position (6.2+3.2 and
0.61+0.39, respectively) than male first authors (5.6+3.0 and 0.56+0.38, respectively) (actual: p=0.000005,
standardized: p=0.011). For female corresponding authors there were no overall differences in the actual position,

but females were lower in the standardized position (female: 0.53+0.38, male: 0.60+0.38, p=0.00003). Manuscripts
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originating from Europe had the lowest actual position (2.9+3.2) and from Asia the highest (4.1+3.8) (p<10°%); for
the standardized position, those from Europe had the lowest (0.50+0.38) and North America the highest (0.64+0.38)
(p<109).

There were significant differences in corresponding author location by year, journal, region, and author
gender (all p<0.001) (Fig. 1). Most noticeable was the rapid change over time moving from first to last author.
There were very few second or other positions, and when the data was reanalyzed using only the first or last author
position, as done by others [23], the differences all remained highly significant: year p<10-, journal p=0.00003,
region p<10°8, first author gender p=0.00002, corresponding author gender p=0.0005, and number of authors p<10.

Finally, we studied the corresponding author position relative to the number of authors on the manuscript
[24]. There were 2,684 manuscripts having greater than one author and where the corresponding author position
was known. The number of authors ranged from 2 to 27; however, the vast majority (2,512, or 93.6%) had 10
authors or less. As the number of authors increased, the corresponding author position moved more from first to last
(Fig. 1d) (p<10®). This same phenomenon was seen for North America (p=0.000001), Asia (p=0.0001), BONE®
(p=0.0019), CTI® (p=0.0004), JOR® (p=0.009), male and female first authors (p=0.0003 and 0.00007,
respectively), and male and female corresponding authors (p<10 and p=0.036, respectively). It was not seen for
Australia/New Zealand (p=0.055), Europe (p=0.084), IBMR® (p=0.094), or within any of the year groups (Online
Resource 3). The greatest change from first to last position was for CTI® (35.0%) and the least for BONE®
(14.0%).

Analyses by Region

There were 1,363 manuscripts from North America, 859 from Europe, 397 from Asia, 124 from
Australia/New Zealand, 27 from Latin America, and 5 from Africa. Due to the small numbers from Latin America
and Africa, they were deleted for the purposes of regional analyses. Manuscripts from Europe were more often
published in BONE® or CTI®, while those from North America in JBMR® or JOR® (Fig. 2a). Within Canada, the
four most common provinces were Ontario (47.0%), Quebec (26.9%), Alberta (11.9%), and British Columbia
(11.2%), with significant differences between journals (Fig. 2b). Within the US, the four most common states were
California (15.6%), New York (10.9%), Massachusetts (9.0%), and Pennsylvania (6.9%) with no significant
differences by journal (Fig. 2c). There were no differences over time between these four most common states.
Within Europe, the four most common countries were the United Kingdom (21.3%), France (11.8%), Germany
(11.8%), and Italy (8.7%), with significant differences between journals (Fig. 2d), and over time, with Italy and
Germany publishing more manuscripts in the last two decades (Online Resource 4). Within Asia, the four most
common countries were Japan (54.4%), China (19.5%), Korea (8.4%), and Israel (7.8%), with significant
differences between journals (Fig. 2e). When analyzing only those from Japan and China, there was a significant
change over time in the percentage from each country. In 1985/1986, 6.7% of all the manuscripts originated from
China and 93.3% from Japan. By 2015, the percentages were 47.7% for China and 52.3% for Japan (p<10). This
China/Japan trend persisted for all four journals. For the 27 manuscripts from Latin America, 17 were from
Argentina, 9 from Brazil, and 1 from Chile. All 5 from Africa originated from South Africa. Online Resource 4

gives the detailed data and graphs showing changes over time.
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Analyses by Author Gender and Gender Combinations

There was a significant increase in both female first and corresponding authors over time (Figs. 3a and 3b)
which remained constant for all journals (Online Resource 5). Although JOR® showed the greatest increase in
female authors, CTI® consistently had the highest percentage of female authors (Fig. 3). This increase over time
also held true by regions. The greatest increase in female first authors was 25.0% for Australia/New Zealand and
24.6% for Europe, compared to 20.4% for North America and 8.1% for Asia. The greatest increase in female
corresponding authors was 22.1% for Australia/New Zealand, followed by Europe (20.9%), Asia (14.9%), and
North America (14.3%). These changes over time were all statistically significant (p<0.05).

There are four possible gender combinations between the first and corresponding authors; both authors
male (MM), first author male and corresponding author female (MF), first author female and corresponding author
male (FM), and both authors female (FF). Manuscripts where the corresponding and first author were the same
were excluded. There were significant changes in the author gender combinations and all changed significantly over
time (Fig. 4a), by journal (Fig. 4b), and by region (Fig. 4c) (all p<0.0001).

The results of multivariate logistic regression are shown in Table 2. The odds ratio (OR) for a female first
author was highest for CTI® (2.52), followed by JBMR®, (2.23), and BONE® (2.08) with JOR® as the reference;
Australia/New Zealand (2.33), followed by North America (2.22), and Europe (2.21) with Asia as the reference;
and year 2015 (2.91), year 2005 (1.79), year 1995 (1.16) with 1985/1986 as the reference. The OR of a female
corresponding author was highest for CTI® and JBMR® (2.03 and 2.06), Europe and Australia/New Zealand (2.62
and 2.59), and year 2015 (2.66). The OR of both authors being female was highest for CTI® (2.40), Australia/New
Zealand (3.42), and year 2015 (2.16).

Discussion

There are certain limitations to this study. First, journals have different life stages. Some journals are
newer, and others are older and therefore it is difficult to compare them. However, all four of the journals are recent
(CTI® - 1967, BONE® - 1978, JOR® - 1983, JBMR® - 1986), compared to other major science journals (Nature —
1869, Science — 1880, Proceedings of the National Academy of Sciences — 1915). Thus, the effect of different life
stages on our results is likely small. Another limitation is that our study was an analysis of one year per decade, not
analyzing every year. The ideal study would be to include every year; however, such a bibliometric study is
resource intensive and very difficult to carry out. However, the decade approach is a very accurate assessment
giving essentially similar results compared to an every year sampling approach [17]. Another limitation is that not
all corresponding authors are the senior investigator, although that is often true [23, 25-28]. A final weakness might
be that some of the differences are statistically, but not meaningfully, significant (eg. number of collaborating
countries over time). To not bias the reader, all data and statistical analyses are provided so that the reader can
review the data and draw their own conclusion regarding meaningful differences.

It is well known that there has been an increasing number of authors on manuscripts over time [29]. This
can be interpreted different ways. It may represent increased collaboration [30-32] and advancements in technology
[21]. However, it may also represent an inflationary process with other explanations such as honorary authorship or

studies from large teams where many team members are given authorship even though there was little or no
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contribution to the study [33]. The prevalence of ghost/honorary authorship has been estimated to be 21% in even
the most influential medical journals [33]. Using 2-3 authors per article as baseline, 4-6 coauthors increased the
chance of honorary authors 3.5 fold; 7-10 by 7.9 fold, and 11 or more by 10.8 fold [34]. It is postulated that power
asymmetry among co-authors gives rise to this phenomenon. Some senior researchers often simply read the
manuscript of their junior colleagues, and by approving it, feel entitled to be an author [35]. Today most journals
require an ethical statement outlining all authors' contributions to minimize this issue. In this present study the
average author number was 5.8+3.0. CTI® was the lowest (4.9£2.4), followed by JOR® (5.6+2.5), BONE®
(5.8+3.0), and IBMR® (6.8+3.5). However, these numbers are very small compared to other disciplines, such as
high energy physics [36], where there is “hyperauthorship”, often with 200 to 600 authors on a single study. Thus,
the musculoskeletal science research field appears to be less affected by rapid authorship inflation, with CTI®
having the lowest number of authors overall.

There appears to be increasing collaboration in the manuscripts published within these four journals over
time. The number of institutions increased from 1.4+0.7 in 1985/1986 to 3.1+2.3 in 2015 and occurred with all four
journals (Fig. 5a). Manuscripts originating from Europe and Australia/New Zealand had the highest number of
institutions (2.5+£2.0 and 2.5x1.4 respectively), followed by Asia (2.4£1.6), and North America (2.2+1.8). The
number of involved institutions was highest for IBMR® (2.7+2.3), followed by BONE® (2.4%1.7), JOR® (2.3+1.4),
and CTI® (2.0£1.4). Manuscripts originating from Europe had the highest number of countries (1.4+1.0) compared
to Australia/New Zealand (1.3+0.5), North America (1.2+0.7), and Asia (1.2+0.6). Surprisingly, even though CTI®
is based in Europe and has “International” in its title, it was tied with JOR® (both at 1.2) for the fewest number of
collaborating countries compared to BONE® (1.3) and JBMR® (1.4). Although mathematically this was
statistically significant, it is likely not meaningfully significant as the differences are so minimal. The percentage
change from 1985/1986 to 2015 was very similar for all four journals with respect to the number of institutions and
number of countries (Fig. 5a).

An overall increase in the number of references and manuscript length in pages was observed. However,
this pattern was not consistent amongst all four journals (Fig. 5b). The increase in the number of references was
highest for BONE® (119.2%), followed by CTI® (67.0%), JBMR® (54.2%), and JOR® (48.0%). There was a very
interesting change in the number of manuscript pages over time. Overall, it increased from 6.6+2.7 to 8.9+2.7 over
the last 30 years. However, the percentage change was negative for JOR® (-3.5%), while positive for BONE®
(44.8%), CTI® (66.7%), and IBMR® (33.3%) (Fig. 5b). Many of these observed changes are likely due to limits
levied by the journals on the number of words, references, tables, and figures.

While being first author on a manuscript has benefits in academia, corresponding authorship may be a
better indicator of career advancement [23, 37]. Corresponding authors are often regarded as those who generated
the research idea or in whose laboratory the research was conducted, and frequently considered the more senior
colleague compared to the first author [25, 37]. In this study, we noted that the corresponding author
position/location has moved more from the first to the last author position over these 30 years. Costas et al. [23]
noted that corresponding author position was also dependent upon the number of authors on a manuscript. This

same finding was seen in this study, where the corresponding author position progressively moved from first to last
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as the number of authors increased. This was seen for North America, Asia, and Australia/New Zealand, but not
Europe. It also occurred when the first author was male or female, as well as for male corresponding authors; such a
change was not seen when the corresponding author was female.

In recent years, women have been accepted to undergraduate and graduate education programs at similar
rates as men [38] and women have made considerable gains in obtaining doctorates in science. Indeed, the number
of women obtaining doctorates has more than doubled in the United States since 1980 and is now nearing equity [1].
Women now comprise one-half of all medical students [6]. These gender shifts in medicine, science and
engineering should theoretically translate into a greater number of female authors in the future. In this study we
found that there was a significant increase in both female first and corresponding authors over time (Figs. 3a and 3b)
for all four journals. CTI® consistently had the greatest percentage of female authors (Fig. 3), with the odds of a
female first author being approximately 2.5 times that of JOR®, a female corresponding author 2.0 times that of
JOR®, and both first and corresponding authors being female 2.4 times that of JOR®. The greatest increase for
female first authors by regions was for Australia/New Zealand (25.0%), followed by Europe (24.6%), North
America (20.4%), and Asia (8.1%). For corresponding author, the greatest increase was 22.1% for Australia/New
Zealand, followed by Europe (20.9%), Asia (14.9%), and North America (14.3%). As CTI® is a European based
journal, the fact that it is the leader in female authorship is likely due to the fact that Europe had some of the greatest
increases in female authorship over time. Conversely, another explanation for differences in female authorship is
that JOR® is more closely related to orthopaedic surgery, and it is well known that there is a significant gender
disparity in that surgical specialty [39].

There are differences in collaboration patterns by discipline and gender [32], with female scientists having
a lower probability of repeating previous co-authors compared to males. Sharing of science is more likely with male
scientists [40]. In the US, being highly connected with collaborators correlates with greater success for women than
for men in the field of science [41]. Previous studies have shown that women often prefer to be mentored by other
women [42]. Assuming that the first author is the learner and the corresponding author the mentor, then the gender
combinations we defined can be used to study this question. In this study 59.8% of the manuscripts had both first
and corresponding male authors and 21.2% had both female authors, likely corroborating the finding of Cullen and
Luna [42]. A female first author and male corresponding author accounted for 13.4% of manuscripts, likely
indicating that females are less likely to select a male mentor or that male mentors may be less likely to take on a
female mentee. Only 5.6% of the manuscripts had male first authors and female corresponding authors, perhaps
indicating that males rarely choose female mentors in musculoskeletal science, or that fewer senior female mentors
exist. When analyzing by journal, JOR® again had a much higher percentage of both authors being male,
confirming the known gender disparity in orthopaedic surgery. The other three journals were very similar in gender
combinations with more female gender combinations. It has been previously noted that female faculty members in
the sciences have a slightly larger number of collaborators than men [43]. In this study, we noted that the number of
authors was higher for female first authors, but not corresponding authors (Table 1), supporting the study of
Bozeman and Gaughan [43].

Conclusions
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Publication in peer reviewed journals is important for tenure, career advancement, and funding in academia
[8, 9, 44]. Our study analyzed authorship and collaboration trends in CTI® over the last three decades and
compared CTI® to three other major musculoskeletal science journals: BONE®, JBMR®, and JOR®. With the
limitations noted above in mind, all journals demonstrated an increase in the number of authors, number of countries,
number of institutions, and number of references over time. All demonstrated an increase in manuscript length
except for JOR®, which declined. CTI® showed the greatest change in the corresponding author moving from the
first to last position over time. All the journals demonstrated an increase in women as both first and corresponding
authors, similar to other medical journals [45]; however, CTI® had the highest proportion of women authors. Filardo
et. al. [45] noted that the proportion of women first authors has increased significantly in high impact medical
journals over the past 20 years, but has plateaued in some journals, and even declined in others. This does not
appear to be the case within the field of musculoskeletal science. The gender shifts seen with women receiving
more doctorates in science, engineering, and medicine [1-3] has resulted in more women authors in musculoskeletal

science.
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Legends for Figures
Fig. 1 Differences in corresponding author location a by year, b by journal, ¢ by region (AusNZ = Australia/New

Zealand, N Am = North America), d by author number, e by first author gender, f by corresponding author gender

Fig. 2 Differences by journal for a general geographic region (AusNZ = Australia/New Zealand, N Am = North
America), b within Canada for the four most common provinces, ¢ within the US for the four most common states, d
within Europe for the four most common countries and e within Asia for the four most common countries. The

corresponding p values were: a p<10% b p=0.008, ¢ p=0.051, d p=0.0002 and e p=0.003

Fig. 3 Changes in first and corresponding author gender over time, for all journals as well as by individual journals

a for first author, b for corresponding author

Fig. 4 Differences in the percentage of manuscripts published based on gender combinations of the first and
corresponding authors by a year of publication, b by journal and ¢ by region (AusNZ = Australia/New Zealand, N

Am = North America). These differences were all statistically significant (all p<0.0001)

Fig. 5 Percent change from 1985 to 2015 in a the number of authors, number of countries, and number of

institutions between the four different journals and b the number of references and manuscript length in pages
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Table 1 Author number, number of countries, and number of institutions between the four musculoskeletal science journals

Author number

Number of countries

Variable n All

n 2776
All 2776 5.8 +£3.0
By Year

1985/1986 293 3.6+ 1.7

1995 798 4.7+2.2

2005 757 6.0+2.6

2015 928 7.3+35

pvalue® -  <10°
By 1st Author Gender

M 1766 5.6 + 3.0

F 939 6.2+3.2

p value™ - 0.000005
By Corresponding Author Gender
M 1983 5.7 +2.9
F 733 6.0+3.3
p value™ - 0.11
By Region
North Americal363 55+ 3.1

Europe 859 59+3.0

Asia 397 6.7+3.0
Australia/New Zealand 124 5.7+2.4
pvalue® - <108

BONE® CTI®

899

514

JBMR® JOR® p value*
746 617 -

58+3.049+2468+3556+25 <10°

36+1633+1841+16 3.7+15 0.0092
44+2145+2154+25 45+1.8 0.00006
59+2355+2471+3252+20 <10°

7.1+3665+2785+56 6.9+27 0.000001

<10°

<10

<10% <10°

54+2946+2467+3455+25 <10°
6.3+3252+2569+37 57+22 <10°

0.00002

0.023

0.56 0.32

56+2948+2467+3356+26 <10°
6.1+3.150+£266.9+3.9 5.2+2.1 0.000001

0.023

0.46

0.032 0.15

54+3240+2165+3553+24 <10°

59+3051+2471+3556+22 <10°

64+2658+2479+40 6.9+3.0 0.0087
51+2266+2664+25 43+1.0 0.0016

0.00001

<10

0.0068 0.000001

All

1.3+0813+081.2+05

1.1+0312+0411+0.3
12+0612+0423+£16
14+0914+1013+0.6

14+0915+09 14+0.6
0.0003 0.0018

<10

1.3+£0.713+£0.712+05
13+£0.714+0812+05

0.95

1.3+.0713+£0.712+05
13+0914+1012+04

0.52

1.2+0.712+0512+04

14+1015+1113+£0615 +12

1.2+06 1.3+0.712+04
13+0512+0411+02

<10

899

0.46

0.60

0.0003

514

0.39

0.90

0.098

BONE® CTI® JBMR®

746
1.4+10

1.1+£0.3
1.2+0.38
15+11

16+1.2
<10

15+1.0
1.3+09
0.011

14+10

1.3+10
0.016

14+10

1.3+05

1406
0.062

JOR® pvalue* All BONE®
617 - 899
1.2+0.50.000001 24+1824+1.72

1.1+02 0088 14%0715+071
1.1+03 038 19+1218+081
1.2+04 0.00027 24+17 24172

1.3+0.6 0.0072 31+2329+202
0.00036 <10% <10°

12+05 <10 23+1722+151
12+04 0.082 25+2026+162
0.91 0.00001 0.00001

1.2+0.50.000001 23+1.7 23+152

12+04 0088 26+2126+192
0.79 0.0002 0.0003

1.2+04 0.0004 22+1822+141

14+06 74 25%+2026%212

11+03 024 24%1624%142
12+06 008 25%£1424+122
0.0007 0.0002  0.045

* = p value for the row, ~ = p value for the column
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Table 2
Predictors of author gender from multivariate logistic regression analysis
Female 1st Author Female Corresponding Both Authors Female
Author

Variable OR | 95% Cl | pvalue | OR| 95% CI pvalue | OR| 95% ClI p value
Journal

CTI®| 252 3.33,1.90 | <10% |2.03| 2.74,1.50 | 0.000004 |2.40| 3.56,1.72 | <10

BONE®|2.08| 2.65,1.63 | <10% [1.82| 2.36,1.40 | 0.000007 |1.92| 2.59, 1.43 | 0.00002

JBMR®| 2.23| 2.86,1.74 | <10° |2.06| 2.68,1.58 | <10% |2.29]3.09,1.70 | <10°

JOR®| R - - R - - R - -

Region

North America|2.22 | 2.93,1.67 | <10® |2.12| 2.90,1.55 | 0.000002 |2.25| 3.21, 1.58 | 0.000008
Europe|2.21| 2.94,1.66 | <10° |2.62| 3.60,1.90 | <10® |[3.09| 4.42,2.16 | <10°
Australia/New Zealand|2.33| 3.65,1.49 | 0.0002 |2.59| 4.17,1.61 | 0.00009 |3.42| 5.69, 2.05 | 0.000002
Asial R - - R - - R - -

Year

2015(2.91| 3.99,2.12 | <10% |2.66| 3.77,1.88 | <10% |2.16] 3.12,1.49 | 0.00004
2005(1.79| 2.47,1.29 | 0.0004 |1.83| 2.61,1.28 | 0.0009 [1.38| 2.02,0.94 0.10
1995/1.16| 1.60,0.84 | 0.35 |1.36| 1.93,0.95 | 0.091 |1.29| 1.88,0.89 0.18
1985/86| R - - R - - R - -
OR = odds ratio, Cl = confidence interval, R = reference value
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