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Abstract

Background: Female representation within athletics has increased as a result of Title IX, rising popularity, demand
for equal compensation, and greater participation in multiple sports. Despite this, gender disparities in sports medicine
research are apparent. This project serves to review the literature available on fifth-metatarsal fractures and assess the
representation of female athletes in current literature.

Methods: We used a standardized protocol to audit the representation of female athletes in sports science and sports
medicine research for fifth-metatarsal fractures. Primary factors included population, athletic caliber, menstrual status,
research theme, sample of males and females, journal impact factor, and Altmetric score.

Results: Thirty articles met the inclusion criteria. A total of 472 fifth-metatarsal fractures were identified, with 373
of 472 fractures (79%) occurring in males and 99 of 472 (21%) in females. The majority of studies (18/30, 60%) were
mixed cohort, followed by 10 male only (33.33%), | female only (3.33%), and | male vs female (3.33%). Out of 831
total patients in the 18 mixed-cohort studies, 605 of 831 patients (72.8%) were male and 226 of 831 patients (27%)
were female. All 18 mixed-sex cohorts investigated health outcomes. Male-only studies evaluated health outcomes
and performance metrics. No studies investigated female performance. The one female-only study investigated health
outcomes and was the only study to account for menstrual status. There was a single metatarsal fracture in this study
population.

Conclusion: Females are underrepresented in research regarding sports science and sports medicine research for fifth-
metatarsal fractures. Research focused on female-only fifth-metatarsal fracture studies exploring the potential impact of
female sex—specific factors such as menstrual status in study design are needed.
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Introduction 'Kansas University Medical Center, Kansas City, KS, USA

Female representation within athletics has risen within 2Department of Orthopedic Surgery and Sports Medicine, University of

recent years across the globe. Participation within the Tokyo
2020 Olympic games had 49% of total competitors being
female, which increased from 45% in Rio in 2016.!7 Since
the enactment of Title IX in 1972, female representation
within athletics has increased at the professional and NCAA
level in the form of popularity, compensation, and participa-
tion in multiple sports.*!!"13% Despite this, female inclusion
in sports medicine research has failed to match the rise in
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participants.’ An audit of 3 major sports medicine journals
conducted by Costello et al® included 1400 studies involv-
ing 6million patients, and found women were 39% of the
total patients, with 4% to 13% of studies focusing on women
as compared to 18% to 34% men within sports participa-
tion. Costello et al® focused on female population in litera-
ture regardless of pathology. Cowley et al® examined 6
journals including 12.5 million patients and reported similar
findings to Costello et al. This gap in research becomes
problematic as applying conclusions drawn from male ath-
letes to female athletes is not adequate because of biological
differences that influence performance, fundamental bio-
mechanics, and physiological responses to exercise, poten-
tially affecting the level of medical care.®'*?

Fracture of the fifth metatarsal is the most common foot
fracture among athletes, with an annual incidence rate of
6.7 per 100000 persons.'*? Fifth-metatarsal fracture is cat-
egorized into distal fracture, which includes the shaft, head,
and neck region, and proximal fracture, which is separated
into 3 zones: zone 1, tuberosity avulsion; zone 2, Jones; and
zone 3, diaphyseal stress.!® Treatment of the fracture
includes immobilization and surgical fixation and depends
on location, displacement, and blood supply to the frac-
ture.!” In a recent systematic review of surgical manage-
ment of proximal fifth-metatarsal base fractures in elite
athletes, a total of 280 patients was found, with only 10
females reported for a representation of 3.57%.'* Another
systematic review performed by Roche and Calder*® had
higher female representation of 154 females of 591 patients,
with a representation of 26.05%. Without proper female
representation within fifth-metatarsal fracture research,
conclusions must be drawn from their male counterparts,
which is problematic given sexual dimorphisms and event-
specific demands such as sport or training.*

Discrepancies within the sports medicine research pool
serve as the driving force behind performing a standardized
audit of the available literature, which will highlight gaps
within the current body of evidence and serve to guide future
studies to better serve the female athlete population. Benefits
of greater female representation within the sports medicine
research field can lead to safer practices and treatment of
female athlete patients, greater parity in access to resources
and opportunities, and an increase in knowledge and exper-
tise according to Smith et al.*? Therefore, the purpose of this
review was to systematically audit the primary literature
available on fifth-metatarsal fractures and assess the repre-
sentation of female athletes in the current literature.

Methods

The audit for this project was conducted according to the
methodology outlined by Smith et al.*> A search was con-
ducted within PubMed in May 2023 with the following
terms: athlete OR sport OR healthy AND (“5th” OR

“Metatarsal Fracture” OR “Jones Fracture” OR “Avulsion
Fracture” OR “Stress Fracture” OR “Non-Union" OR
“Delayed Union”) AND (exercise OR performance OR
endurance OR aerobic OR strength OR power OR anaero-
bic OR speed OR skill OR tactics) NOT (“animals” [mesh]
NOT “humans” [mesh]) NOT (“Review” [Publication
Type] OR “Case Reports” [Publication Type]). All results
were uploaded into the software Rayyan for title and
abstract screening by the 2 reviewers P.K. and J.A. All
included articles were extracted into an Excel sheet for data
collection.

Eligibility Criteria

All articles were screened by previously set inclusion and
exclusion criteria. Included articles must have met one of
the following criteria: focus on the fifth metatarsal, patients
must have been male or female, studies must be reported in
the English language, studies must center around humans,
and studies conducted in the United States or another coun-
try offering similar treatment. All levels of evidence were
included within this audit. Articles excluded may have met
one of the following: editorials, animal studies, cadaver
studies, narrative reviews, scoping reviews, systematic
reviews, case reports, studies’ full text not available, popu-
lations with lifestyle diseases, studies where fifth metatar-
sals were not the primary focus of the study, studies failing
to explicitly state sex, studies looking at older women or
postmenopausal population, and biomechanical studies.

Screening and Selection

Studies were screened for inclusion and exclusion criteria
by title and abstract screening by the 2 reviewers. Identified
articles’ reference sections were also screened for additional
studies missed by our search terms. Any conflicts were
resolved by a third reviewer or the overseeing physician.
On selection, all articles were exported to an Excel spread-
sheet for data extraction through manual full-text review.

Data Extraction

Included articles were reviewed by full body text. The data
extracted as described by the Smith et al protocol included
population, athletic caliber, menstrual status, research
theme, journal impact factor, article mean Almetric score,
and sample size. All fifth-metatarsal fractures, regardless of
region or type, were included in this study. Population
looked at the overall participants within each study, includ-
ing male-only, female-only, mixed-sex cohort, male-vs-
female subanalysis, and male-vs-female design features.
Athletic caliber investigated athletics on a 6-tier system
from sedentary tier 0 to world class athletes in tier 5.%8
Menstrual status involved a 2-tiered approach ranking
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studies on 4 categories of menstrual status and then ranking
based on ovarian hormonal profiles provided. Research
theme involved ranking studies based on performance
focus, health focus, or both. Study impact score and
Altmetric score were used to investigate the impact each
study had on the scientific community and highlight dis-
parities within the literature and publishing landscape.
Sample size involved looking at the specific populations
within each study and separating by sex. Our audit also
evaluated healing rate (HR), nonunion rate (NUR), delayed
union rate (DUR), return to sport rate (RTS), or refracture
rate (RFR) to investigate sexual differences in outcomes of
fifth-metatarsal treatment.

Results

The initial search was performed in June 2023, from which
2037 articles were extracted from the PubMed database for
title and abstract screening. All 2037 articles were unique
studies and screened for inclusion and exclusion criteria,
and 1944 articles were excluded. A total of 113 articles went
on to full-text review and data extraction in which 84 arti-
cles were excluded. Twenty-nine articles were included in
this audit. A single article was included from references
within the included articles. These articles were broken
down into categories as outlined by Smith et al including
population, athletic caliber, menstrual status, research
theme, study impact, and sample size as illustrated by the
flowchart in Figure 1.

Population

Within the 30 studies, 10 were male-only representing
33.33% (10 of 30)"20-22:24.25.3843-45. | \yag female-only, rep-
resenting 3.33% (1 of 30)*'; 1 had male-vs-female design
features, representing 3.33% (1 of 30)!%; and 18 were
mixed-sex  cohorts, representing 60% (18 of
30).2378181923.2627.303436373946  There was no male-vs-
female subanalysis available.

Athletic Caliber

Within the male-only studies, there were 8 studies looking
at elite/international level (Tier 4) athletes with a rate of
80% (8 of 10), 1 study investigating highly trained/national
level athletes (Tier 3) with a rate of 10% (1 of 10), and 1
study investigating trained/developmental athletics (Tier 2)
with a rate of 10% (1 of 10). In the single female-only study,
they investigated trained/developmental (Tier 2) female
military personnel with a rate of 100%. Within the mixed-
sex cohorts, 1 study investigated world-class athletes (Tier
5) with a rate of 5.56% (1 of 18), 10 studied elite/interna-
tional level athletes (Tier 4) with a rate of 55.56% (10 of
18), 2 studied highly trained/national level (Tier 3) with a

rate of 11.76% (2 of 18), 3 studied trained/developmental
athletes (Tier 2) with a rate of 16.67% (3 of 18), 1 study
focused on a sedentary population (Tier 0) with a rate of
5.56% (1 of 18), and 1 study failed to mention athletic sta-
tus, making the unclassified rate 5.56% (1 of 18). The single
study with male-vs-female design investigated the bone
structures of sedentary populations to assess for stress frac-
ture risk for a rate of 100%.

Menstrual Status

Within the single female-only population, the study
described a mixed menstrual status and was categorized as
silver classification for methodologic control including age
at menarche, delayed menarche, menses during past year,
secondary amenorrhea during past year, and oral contracep-
tion use. All 18 mixed-sex cohorts failed to mention men-
strual status or hormonal contraception use and were
considered unclassified, making them ineligible for further
classification.

Research Theme

Within the male-only studies, there were 5 articles focusing
on performance such as minutes, scoring, and assists in
multiple sports with a representation of 50% (5 of 10). This
was followed by 4 studies investigating health outcomes
such as HR, NUR, and RTS time for a representation of
40% (4 of 10). Finally, there was a singular study with indi-
rect associations with health and performance where
National Football League (NFL) players underwent multi-
ple radiographs that were read by 2 reviewers, and mor-
phology was correlated with proximal fifth-metatarsal
fracture (1 of 10). In the singular female-only study, a focus
was placed on exercise, menstruation, and activities with
comparison to stress fractures suffered by a set military
population. Within the only study with male-vs-female
design properties, indirect associations were made with the
cross sections of male and female metatarsals and hypoth-
esized risk of stress fracture. Within the mixed-sex cohorts,
all 18 studies focused on health outcomes including HR,
DUR, and NUR, and RTS.

Journal Impact Factor

The male-only studies appeared in 6 journals with a mean
4-year journal impact factor (IF) of 3.807. Many of these
studies (80%, 8 of 10) had an Altmetric score, with the
mean being 27.88 (Table 1). The singular female-only study
had a 4-year impact factor of 5.997 appearing in the
American Journal of Sports Medicine and had an Altmetric
score of 9. The study with male-vs-female design appeared
in Bone with a 4-year IF of 4.635; however, as it was pub-
lished in 2005, no Altmetric score was available. Finally,
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Table I. Journal Impact Factor, Altmetric Score if Available, Healing Rate (HR), Delayed-Union Rate (DUR), Nonunion Rate (NUR),

Refracture Rate (RFR), and Return to Sport Rate (RTS).

Author 4-y IF Altmetric HR, % DUR, % NUR, % RFR, % RTS Rate, %
Tu et al® 2.987 - 97.60 0.00 2.40 - -
Begly et al' 3.366 24 81.00 - - 19.00 85.00
Bucknam et al? 2.987 22 100 - — - 100
Chuckpaiwong et al? 2.208 | 93.50 - 6.50 - 100
Deelee et al’ 5.997 - 100 - 0.00 - 100
Demel et al® 0414 - 87.50 - - - 100
Ritchie et al*® 5.997 2 100 - - - 100
Griffin et al'® 4.635 - 100 - - - -
Hulkko and Orava'® 2.661 - 63.60 - 36.40 - 100
Hunt and Anderson'® 5.997 17 100 - - - 100
Japjec et al® 2.801 - 88.00 - 12.00 - 100
Karnovsky et al?' 2.987 2 - - - - 100
Kavanaugh et al?2 4.197 3 47.80 52.20 - - -
Khan et al?** 3.366 132 - - - - 57.10
Kc et al?® 0.536 - 94.10 0.00 5.80 - 100
Lareau et al® 2.987 22 100 0.00 0.00 12.00 100
Lee et al?*® 5.997 - 87.60 0.00 12.30 8.20 100
Lombardi et al?’ 1.55 - 90.00 0.00 10.00 10.00 100
Mindrebo et al*® 5.997 - 100 0.00 0.00 0.00 100
Murakami et al?' 1.55 - 97.40 0.00 2.50 1.30 100
Murawski and Kennedy?? 5.997 - 96.00 4.00 0.00 4.00 92.30
O’Malley et al® 5.997 13 96.00 4.00 0.00 4.00 100
Orava and Hulkko3* 5.997 - 50.00 0.00 50.00 - -
Pecina et al*® 5.997 - - - - - 100
Reese et al*’ 5.997 - 100 6.60 - - 100
Roberston et al*’ 1.707 - - - - - -
Shaffer et al*! 5.997 9 - - - - -
Spang et al* 3.095 25 - - - - -
Stone et al* 5.997 13 100 0.00 0.00 22.20 95.00
Watson et al* 3.095 7 100 0.00 0.00 4.00 100

the mixed-sex cohort studies appeared in 9 journals and had
amean 4-year IF of 3.93, with 6 studies having an Altmetric
score available with a mean score of 10.5.

Sample Size

Within the male-only studies, there were a total of 2590
males included. A total of 285 fifth-metatarsal fractures
were identified and treated at a rate of 11% of the popula-
tion. The mean sample size for the male-only studies was
259 patients. The female-only study had 2962 women
included that were screened for risk of stress fractures, of
which only a single female within the study suffered a fifth-
metatarsal stress fracture at a rate of 0.03% of the study
population. The only study with male-vs-female design fea-
tures included 40 patients with equal representation of male
and female. Within the mixed-sex cohorts, there were a total
of 1155 patients. The mean sample size of the mixed-sex
cohort studies was 64 patients. One study failed to explic-
itly state the sex of its 324 patients; however, this study

included the breakdown of the number of stress fractures
within each sex at 271 males and 97 females.!® These
patients were omitted, leaving the total number of patients
at 831 for statistical analysis. Males made up 72.8% of total
patients (605 males), whereas females represented 27.20%
of total patients (226 females). Within all studies, there
were 620 fifth-metatarsal fractures examined in total. One
study failed to differentiate the sex of the fifth-metatarsal
fracture patients, leaving the total number of fifth-metatar-
sal fractures for statistical analysis by sex to be 472.3° Of
the 472 fifth-metatarsal fractures, 373 were suffered by
males for a representation of 79.03% and 99 were suffered
by females for a representation of 20.97%.

Healing Rate, Nonunion Rate, Return to Sport
Rate

Twenty-six of 34 articles mention HR, NUR, DUR, RTS, and
RFR, which are reported along with 4-year journal impact
factor, and Altmetric score for each individual study (Table 1).
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A single study failed to determine the HR, DUR, and RTS rate
of fifth-metatarsal fractures within its analysis and was
removed from the average within our calculations. The aver-
age HR across the 25 articles was 89.79%. The average DUR
was reported in 14 studies excluding the single study with an
average rate of 4.78%. RFR was mentioned within 10 articles
included within this audit and had an average rate of 8.47%.
The average RTS rate was 97% across a total of 23 articles.
Articles did not differentiate between sex, so we were unable
to analyze male-vs-female secondary outcomes regarding
HR, DUR, NUR, RFR, and RTS.

Discussion

Popularity for female athletics has risen, and the evidence
has supported a necessity for female-specific, evidence-
based research. This audit serves to evaluate whether the
lower representation rate of females within sports medicine
research specifically applied to the science involving fifth-
metatarsal fractures. Costello et al found that females
accounted for 39% of patients within sports medicine
research.® Our audit showed greater disparity with female
representation, with only 20.97% of patients suffering con-
firmed fifth-metatarsal fractures. Although this is greater
than the 3.57% reported by Goodloe et al,'? it is below the
26.05% female representation rate reported by Roche and
Calder® regarding fifth-metatarsal fracture. All studies dif-
ferentiated sex of patients, yet many failed to differentiate
DUR, RFR, and NUR regarding sex. Lack of data within
these key health outcomes makes it difficult to rely on the
research available when treating female patients because of
their biological differences. Combined with the overall lack
of methodological control regarding menstrual status, the
mean complication rates could be overestimated within all
studies. Although there was a single female-only study
within our audit, the overall representation of fifth-metatar-
sal fractures was poor, with a single participant suffering a
fifth-metatarsal fracture.*! This study was performed in
military recruits and may not be generalizable to other
female sport patients. It did include menstrual irregularities,
oral contraception use, and menstrual activity; however, it
failed to run hormone panels and track the menstrual cycle,
therefore being classified in silver tier according to Elliott-
Sale et al.>!2#142 Without proper control for the menstrual
cycle and reporting of negative health outcomes by sex,
medical guidelines cannot be formulated for the benefit of
both male and female athletes.

One interesting study within this audit was the male-vs-
female study investigating the morphology of male and
female metatarsals regarding bone pressure and cross-sec-
tional area. It was supported within their discussion that
females were at increased risk of stress fracture within all
metatarsals because of the morphology of their bone struc-
ture with CA/BM 0.0063, Zx/(BM*BL) being 0.0087, and

Zy/(BM*BL) being 0.004 in the fifth metatarsal when
comparing male and females."> These statistical ranges
suggest males tend to have greater pressure distribution
across the metatarsal because of a greater surface area
compared with females.'> They hypothesize that in combi-
nation with factors such as bone structure properties and
level of activity, females could be at significantly higher
risk of fracture compared with their male counterparts.
This supports the statement that females have different bio-
logical considerations than their male counterparts, and
without proper evidence-based medicine there could be an
increase in poor outcomes in the treatment of fifth-metatar-
sal fractures within females.*? Investigating the effect of
female differences on health outcomes could serve to better
prevent female athlete injury, and lower overall complica-
tion rate in all populations.

The distinct lack of female-only studies serves as a
reminder that most of the guidelines practitioners use within
their practice are male-based. The single female-only study
included only a single patient with a fifth-metatarsal frac-
ture, whereas 10 of the 30 studies included in this audit
were male-only studies examining almost exclusively the
fifth metatarsal. Additionally, although 18 of the 30 articles
were mixed-sex cohorts, males made up a total of 605 of the
831 patients included within those 18 studies. These results
demonstrate more effort and resources need to be directed
toward female representation within the literature of fifth-
metatarsal fractures. Although increased risk of injury and
negative outcome may not affect all individuals, elite and
international athletes are a different story. Most of the
world-class, international, elite, and national athlete
studies were male only, or included predominantly male
patientS.1’7’21‘24’25’38’43'45

A potential limitation of this study is the lack of focus on
incidence rates of fifth-metatarsal fractures between males
and females in the literature. It is possible that female ath-
letes experience different rates of fifth-metatarsal fractures
than men, which may influence their inclusion in the litera-
ture; however, this point was not discussed within the litera-
ture included in this study. Another potential limitation of
this study is the lack of data regarding vitamin D levels,
calcium levels, bone health status, or comorbidities. These
factors may play a significant role in fracture risk and inci-
dence in any population, but they were not discussed in the
literature. Additionally, the dates of publication for included
articles range from 1978 to 2023. It is possible the lack of
representation could be due to the inclusion of older arti-
cles, as it may be likely that more recent publications focus
more heavily on including female athletes. Further studies
are needed to determine the difference in incidence rates of
fifth-metatarsal fractures and biomechanical and metabolic
differences that could contribute to them.

The purpose of this audit was to highlight the representa-
tion rate of female athletes within the sports medicine research
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community. The limited representation of female athletes sug-
gests further studies must be conducted to better understand
fifth-metatarsal fractures and healing patterns regarding sex.
Although studies between male and female athletes at all lev-
els of competition help us better understand the nuances that
biological differences have on healing potential, more
resources need to be placed on female-only studies to opti-
mize the treatment of fifth-metatarsal fractures within this
population. We also recommend further resources be spent on
methodological menstrual control within female-only studies
to better comprehend the effects it can have specifically on
fifth-metatarsal fractures. Increased mixed-sex cohorts with
improved methodological control would assist in the treat-
ment of female athletes and better investigate their male coun-
terparts based on their biological differences as well.

Conclusion

Despite recent increases in participation of female athletes
in sports, research focused on their athletic performance
and recovery remains limited. This study helps to highlight
the disparity of female vs male representation in sports
medicine literature, specifically female representation in
literature focused on fifth-metatarsal fractures. Female rep-
resentation in fifth-metatarsal fracture-related literature
was found to be lower than that found in previous sports
medicine audits. Because of the heavy male focus in sports
medicine, many guidelines are based on male-dominated
data, which fails to account for biomechanical differences
and has the potential to affect recovery and performance of
female athletes. The results of this study suggest a need for
more research and focus on fifth-metatarsal fracture injury
and recovery.
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