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Abstract

Background: Team-sport players have a particularly high injury risk. Although female sex is considered a risk factor, it is still unknown whether
female and male team-sport players, in fact, differ in their injury rates. We aimed to compare injury rates between female and male players by
systematically reviewing and meta-analyzing injury surveillance studies of both sexes in order to evaluate sex-specific differences in team-sport
injuries.

Methods: Studies that prospectively collected injury data for high-level female and male players (age >16 years) in basketball, field hockey, football
(soccer), handball, rugby (union and sevens), and volleyball were included. Two reviewers (AZ and ALR) independently assessed study quality and
extracted data for overall, match, training, and severe injuries (>28 days’ time loss) as well as data regarding injury locations and types. Incidence rate
ratios (IRRs) were pooled in a meta-analysis, and meta-regression analysis was performed when 10 or more studies were available.

Results: Of 20 studies, 9 studies reported injury data from football, 3 studies from rugby, 3 studies from handball, 1 study from basketball, 1
study from field hockey, 2 studies from volleyball, and 1 study from basketball and field hockey. For overall injuries, the pooled IRR = 0.86
(95% confidence interval (95%CI): 0.76—0.98) indicated significantly more injuries in male than in female players. For injury location, the
pooled IRR showed higher injury rates in male athletes than in female athletes for upper extremity, hip/groin, thigh, and foot injuries. Female
players had a significantly higher rate of anterior cruciate ligament injuries (IRR =2.15, 95%CI: 1.27—3.62) than male players. No significant
sex-specific differences in IRR were found for match, training, severe injuries, concussions, or ankle sprains.

Conclusion: Our meta-analysis provides evidence for sex-specific differences in the injury rates in team sports. Further epidemiological studies
including both sexes in sports other than football are needed in order to strengthen the evidence.
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1. Introduction interaction with the ball, team-mates, and opponents. The
pooled incidence rates of match injury are about 36 injuries
per 1000 exposure hours in elite male football (soccer)” or 81
injuries per 1000 exposure hours in elite male rugby.” How-
ever, specific injury rates vary according to circumstances,
such as injury definition (time loss or all medical attention),”
age level and type of exposure (match or training, tournament
or season). Numerous studies that include seasonal injury rates
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In recent years, sports injuries have been extensively
researched in terms of their incidence, risk factors, and preven-
tion measures. Team-sport athletes appear to be at particularly
high risk of injury’ due to the complex characteristics of their
games, which usually include varied movements and
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Sex-specific injury rates in team sports

ice and field hockey. Data from the 2012 and 2016 Olympic
Games indicate that the percentages of injured players in hand-
ball (females: 10.7% and 26.3%; males: 17.4% and 18.0%) and
field hockey (females: 9.4% and 17.2%; males: 17.3% and
18.0%) are almost as high as in football (females: 14.8% and
45.0%; males: 13.2% and 27.0%) and rugby (females: 15.3%;
males 21.1% (2016 only)).>°

A frequently overlooked aspect of epidemiological injury
data is sex-specific differences. Systematic reviews and meta-
analyses in recent years’ ~ indicate a higher risk of ankle
sprain,” concussion,” and anterior cruciate ligament (ACL)
injury’ in females. Although these reviews include a large
number of studies, no sport-specific data are reported. Also,
study samples vary, with some including a mixture of profes-
sional, (semi)amateur, collegiate, high school, and recreational
and military athletes from various sports. One recently pub-
lished meta-analysis shows a different risk for running-related
injuries between females and males.'’ However, no such data
exist for team sports. Another problem that may have more
serious consequences for the interpretation of pooled data is
the lack of differentiation among studies with differing injury
definitions or periods of data collection (tournament vs. sea-
son). Comparing pooled data of surveillance studies that were
carried out with males or females only may lead to an
increased risk of bias.*'""'"> As a consequence, it remains
uncertain whether reported sex differences in injury incidence
rates are caused by differences in injury definition, data collec-
tion, and/or sample characteristics.

Epidemiological studies reporting injury rates for both females
and males during a single season using the same methods are
rare,">'* and results are inconclusive. For example, 2 studies on
injuries in elite football'*"'* agreed on a higher overall, training
and match injury incidence in men (7.7 and 8.3 per 1000 h)
compared to women (5.5 and 6.3'* per 1000 h). However,
severe injuries were similar for both sexes in one study (both 0.7
per 1000 h),"* whereas the other study reported a higher incidence
in women (1.42 per 1000 h) compared to men (0.95 per 1000
h)."? In both studies,'*'* the severity of injuries was defined as
time loss of more than 28 days, which raises the question of
whether females may be predisposed to injuries that require a
long-term healing process and/or postoperative recovery period,
such as ACL ruptures.'® It is also mostly unclear whether sex-
specific anatomical or physiological aspects contribute to differ-
ences in joint laxity or sensorimotor control mechanisms' "' and
may, therefore, influence the risk of specific injury characteristics
involving the ligament, tendon, or muscles.

Altogether, the current state of knowledge regarding sex-
specific differences of injuries in team sports is influenced
largely by studies conducted under particular circumstances
and with a particular methodology, often with only one sex or
the other. Therefore, the present study performed a meta-
analysis to compare injury rates of both sexes in elite adult or
youth team sports. To avoid systematic bias in data pooling,
only studies with data for both sexes were included. Potential
moderators in terms of competition characteristics (tournament
vs. season), injury definition, or age level were considered
using meta-regression analysis.
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2. Methods

A systematic review with meta-analysis and meta-regres-
sion was conducted according to the Meta-analyses of Obser-
vational Studies in Epidemiology guidelines.'” A review
protocol is registered at the University of York, Centre
for Reviews and Dissemination PROSPERO database: Regis-
tration No. CRD4201911883 (http://www.crd.york.ac.uk/
prospero/).

2.1. Data search and selection criteria

Systematic database searches were performed through Feb-
ruary 2021 using PubMed, Web of Science, and Google
Scholar. For these, the term “injuries” was combined (AND)
with “football” OR “soccer” OR “basketball” OR “handball”
OR “volleyball” OR “rugby” OR “hockey”. Additionally,
manual searches were performed of relevant systematic
reviews and meta-analyses™’ ° as well as reference lists
within reviewed articles. The literature search was conducted
by 2 researchers (FN and DP) with the assistance of 2 experi-
enced researchers (ALR and AZ).

Studies involving a prospective cohort design were
included if they reported (1) injury and exposure data, (2) the
data for both female and male athletes, and (3) the data in one
of the following Olympic team sports: basketball, field hockey,
football, handball, rugby union or rugby sevens, and volley-
ball. These sports were chosen because they typically include
multiple jump-landing, side-cutting, and change-of-direction
movements, which are thought to be primarily responsible for
noncontact injuries.””*" Studies were considered relevant if
they (1) were published in the English, Spanish, or German
language, (2) appeared in peer-reviewed journals, (3) reported
acute and/or overuse injuries, (4) took place during tourna-
ments or playing seasons, (5) were published after the year
1998, (6) performed a surveillance of players >16 years old,
and (7) reported injuries in a high-level or collegiate league or
in major senior or youth tournaments. Studies with data collec-
tion before 1998 were excluded in order to avoid the issue
of changing physical demands in team sports over the past 2
decades,””*® which could influence the injury rate ratio
between sexes.

Exclusion criteria related to insufficient data reporting
included a lack of sex-specific data on injury and/or exposure,
missing age in collegiate or youth players, and no specific
team sport mentioned. Studies with a retrospective or media-
based data analysis were also excluded. Injury reports from
central databases (e.g., National Collegiate Athletic Associa-
tion) were excluded due to the lack of detailed information
about the study sample (e.g., age) as well as in order to avoid
duplicate injury data from the same surveillance period as
reported in various studies. Studies of nonprofessional, semi-
professional, military, or high-school players under the age of
16 were also excluded. Eligible studies of the same team sport
were carefully checked for potential overlaps in sample and
surveillance period (e.g., same tournaments or seasons). In
cases of overlap,”**° the study with the longer time period or
greater amount of data was chosen.
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2.2. Data extraction

Data were extracted independently by 3 authors (ALR, DP,
and AZ) for football and by 2 authors (AZ and FN) for all other
sports. The following information was retrieved: sample size,
sample characteristics (age level, nationality of players), year
(s) of data collection, exposure data for female and male play-
ers, tournament and/or season, and injury definition (time loss,
all medical attention, or any physical complaint). Extracted
injury data were overall, match, training, severe, head, upper
extremity, trunk, hip/groin, thigh, knee, ankle, and foot injuries
as well as sprains, strains, concussion, ankle sprains, hamstring
injuries, and ACL and Achilles tendon ruptures. Retrieved
exposure data were exposure hours and athletic exposure. Dis-
crepancies between authors were resolved by consensus.
Severe injuries were defined by a time loss of 28 or more
days”® following the injury.

2.3. Assessment of study quality

Two authors (ALR and AZ) independently assessed the
methodological quality of included studies. A rating scale was
developed based on other scales for quality assessment.®?’*
The 19 items with a maximum possible score of 30 points
were: inclusion criteria, participant recruitment, players’ cha-
racteristics, season and/or tournament data, exposure assess-
ment (4 items), frequency of data recording (2 items), injury
definition (2 items), injury data collection (2 items), injury
details (2 times), data reporting (2 items), and drop-out (for
details, see Supplementary Table 1). The scoring for each
study was summed for the total quality score. Disagreements
between raters were resolved by consensus. For discrepancies
that could not be resolved, a third author was consulted (DP
for football, FN for all other sports). Publication bias was
checked by visual inspection of funnel plots (incidence rate
ratios against standard errors).

2.4. Statistical analysis

Injury data were analyzed using R software (Version 4.0.5;
The R Core Team, Vienna, Austria) for meta-analysis and
meta-regression.”’ Injury outcomes were (1) all injuries; (2)
match injuries; (3) training injuries; (4) severe injuries; (5)
injuries of the head, upper extremities, trunk, hip/groin, thigh,
knee, ankle, and foot; (6) sprain and strain; (7) concussion,
ankle sprain, ACL rupture, and Achilles tendon rupture.

The injury incidence rate ratio (IRR) between females and
males with corresponding 95% confidence intervals (95%CIs)
was calculated. The following equation was used for IRR cal-
culation: (number of injuries of female athletes/exposure hours
of female athletes)/(number of injuries of male athletes/expo-
sure hours of male athletes). Only exposure hours were consid-
ered for the calculation because none of the included studies
used other (athletic) exposure quantifications. The IRR resem-
bles a ratio of the sex-specific (female/male) injury incidence
rates. Consequently, a value smaller than 1 indicates a higher
injury risk in males, and the closer the value is to 0, the larger
is the difference in females. Meta-analysis included random

A. Zech et al.

effects based on a Mantel-Haenszel method for dichotomous
data. A pooled estimate for the IRR was calculated for each
outcome with two or more studies and summarized in a forest
plot. Heterogeneity was assessed using the /* statistic.””

Meta-regression analyses were performed via the functions
metainc and metareg from the R package meta®' for each out-
come for which 10 or more studies were available’ in order to
identify moderators that influenced the pooled estimates of the
meta-analyses.” These categorial moderators were methodo-
logical characteristics that could potentially lead to an
increased risk of bias™'? and that were reported consistently in
the studies. They include (1) type of exposure (tournament vs.
season), (2) injury definition (time loss vs. all medical atten-
tion/physical complaints),’ (3) age level (senior vs. collegiate/
youth players), (4) type of sports (football vs. rugby, basket-
ball, handball, volleyball, or field hockey, respectively), and
(5) study quality (=80% vs. <80%, cut-off representing the
approximate median). The moderator “type of sports” had not
2 levels (like the other moderators) but 6 levels (one for each
sport), so the level with the largest number of studies (football)
was defined as the reference level. The reference level was
then compared with each other sport.

3. Results
3.1. Search results

A total of 19,388 references in the 6 team sports were iden-
tified in the database search (Fig. 1). Of those, 4482 duplicates
or noneligible language studies were excluded (21%). Another
14,379 studies were eliminated after reading the title and
abstract. After full-text screening, 507 additional studies were
excluded because they (1) did not report exposure data or
required sample characteristics, (2) had no clear injury defini-
tion, or (3) collected data retrospectively or by using central
databases. Finally, data from the remaining 20 studies were
used for the qualitative and quantitative analyses. Two studies,
from Bere et al.”> and Soligard et al.,’® reported data from
players in different age groups. The groups not meeting our
age limit (>16 years) were excluded. Overlaps in injury data
reporting were observed for Junge et al.”* and Langevoort
et al.,”” resulting in the exclusion of the 2004 Handball Olym-
pics data from Junge et al.”*

3.2. Characteristics of included studies and methodological
quality

Included studies collected injury and exposure data between
1998 and 2017 and were published between 2004 and 2020. Nine
studies reported injury data from football,'*'***~** 3 studies
from rugby union/sevens,” *° 3 studies from handball,”>***" 1
study from basketball,” 1 study from field hockey™, 2 studies
from volleyball,”" and 1 study from basketball and field
hockey.”* Thirteen studies presented in-season
data,'>'*74042730 and 7 studies presented tournament data
(Olympic Games, World Cup, European Championships, and
National Cup).”**>->%*%3%4! The majority of studies investi-
gated senior athletes (n=16 studies), > #>#25-35:37.39 7424550 5
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Fig. 1. PRISMA flow diagram of the identification and selection of the studies
included in this meta-analysis. NCAA = National Collegiate Athletic Associa-
tion; PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-
Analyses.

studies youth™******7** and 2 studies collegiate*** athletes. All
studies collected data for both acute and overuse injuries. Seven-
teen studies'™' 47374345730 collected data from a total of
8855 female and 16,317 male athletes. Three studies®>**** had
no information on the sample size but reported injury rates in a
manner consistent with our methods. Exposure data in all
included studies were presented in hours. The reported exposure
time for match and training together was 391,250 h (match expo-
sure: 107,915 h) for female players and 832,383 h (match expo-
sure: 191,316 h) for male players. Injury was defined by time loss
in 13 studies'>'** 7840743434750 and by medical attention in
the remaining 7 studies.”*>* > Details regarding sample
characteristics, exposure, and injury data for each study are sum-
marized in Supplementary Table 2.

The quality score of the 20 studies ranged between 19 and
28 out of a maximal 30 points, with a mean £ SD score of
24.5 £ 2.7 points. The 9 studies published before 2010 had a
mean quality score of 25.3 points, and the 11 studies published
after 2010 had a mean quality score of 24.0 points. The com-
plete quality scores for each study are presented in Supplemen-
tary Table 1. Visual inspection of funnel plots (Supplementary
Figs. 1 and 2) indicated no publication bias.

3.3. Injury incidence, meta-analyses, and meta-regression

3.3.1. Overall injuries

The reported incidence of overall (match and training) inju-
ries varied between a minimum of 2.4 (females)’’ and 3.8
(males)’” per 1000 h in volleyball and a maximum of 40.8
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(females)”® and 45.0 (males)”” per 1000 h in rugby. Six
studies' " 784142 of football players reported overall injury
rates between 4.6 and 9.9 per 1000 h for female players and
between 6.4 and 9.5 overall injuries per 1000 h for male play-
ers. Two studies™™** of rugby reported overall injury rates of
20.1 and 40.8 per 1000 h for females and 17.7 and 45.0 per
1000 h for males. No multiple overall injury data were avail-
able for any of the other sports.*’ "

The overall injury IRR between females and males was 0.86
(95%CI: 0.76—0.98; I*=73%), indicating a higher injury rate in
male players (Fig. 2). The meta-analysis of subgroups showed
that this effect was statistically significant for football
(IRR=0.75, 95%CI: 0.71—0.80; F=0%) and handball
(IRR =0.76, 95%CI: 0.61—0.96; I =0%) but not for the other
team sports.

The meta-regression confirmed that the pooled IRR is par-
tially moderated by the type of sport. Basketball (regression
coefficient estimate =0.835, 95%CI: 0.562—1.109; z=15.99;
p < 0.001) and rugby (estimate = 0.255, 95%CI: 0.028—0.482;
z=2.20; p=0.028) significantly differed from football in the
sex-specific distribution of injury rates (reference level in the
model). Moreover, no significant moderators of the IRR
between females and males were found for tournament vs. sea-
son (estimate =—0.263, 95%CI: —0.660 to 0.134; z=—1.30;
p=0.194), age level (estimate=—0.025, 95%CI: —0.334 to

0.283; z=-0.161; p=0.872), and study quality (esti-
mate =—0.030, 95%CI: —0.165 to 0.105; z=-0.440;
p=0.660).

3.3.2. Match injuries

Seventeen  studies reported
match injury incidences with a range of 4.2°° to 110.5* per
1000 h for females and 3.8°" to 113.0> per 1000 h for males.
The lowest incidences in both sexes were found in volleyball>’
and the highest in handball.”> Seven studies'®"'**° %! of
football players reported between 13.9°7 and 91.8%° match
injuries per 1000 h for female players and between 22.1°” and
83.4°” match injuries per 1000 h for male players. In 3 studies
of handball,”>***” the match injury incidences were between
13.0"" and 110.5%° per 1000 h for females and 17.2*7 and
113.0%° per 1000 h for males. In 2 rugby studies,***** the match
injury incidences were 17.0** and 55.6" per 1000 h for
females and 16.9"* and 46.4™ per 1000 h for males. In 2 vol-
leyball studies,’”*" the match injury incidences were 4.4°° and
12.2*° per 1000 h for females and 3.8 and 11.7°7 per 1000 h
for males. In 2 field hockey studies,”**” the match injury inci-
dences were 9.6"” and 14.5** per 1000 h for females and 9.5*
and 46.8”" per 1000 h for males. In 2 other basketball
studies,”**® reported injuries per 1000 h were 55.3"° and
100.1°* for females and 46.8"% and 96.5°* for males.

The pooled IRR (0.90, 95%CT: 0.78—1.03; I> = 80%) for all
sports showed no significant differences between sexes
(Fig. 3). Furthermore, the subgroup analysis identified no sig-
nificant sex-specific differences in the match injury rates in
any single team sport. No significant moderators were found
for the match injury IRR between females and males in the
meta-regression analysis.

13,14,24,25,35-39,41,43,44,46—50
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Female Male

Study Events
Football

Ekstrand et al. (2011)*’ 223 48404.00

Hagglund et al.(20092)* 43 4749.00 38  3872.00
Hagglund et al.(2009b)"* 209 5415600 548 71.361.00
Larruskain et al. (2008)" 160 25394.00 323 38878.00
Waldén et al. (2007)*' 18 1820.00 45 4742.00
Waldén et al. (2011)*2 637 104777.00 2607 32.9846.00

Random effects model
Heterogeneity: P= 0%, t?=0, p = 0.66

Basketball

Cumps et al.(2007)* 98
Random effects model

Heterogeneity: not applicable

Field hockey

Hollander et al.(2018)*° 29
Random effects model

Heterogeneity: not applicable

Handball

Maller et al.(2012)* 95 14688.00 88 11211.00
Maller et al. 2012/ 50 10705.00 67

Random effects model

Heterogeneity: 2= 0%, =0, p = 0.42

Rugby

Toohey et al.(2019)* 152 372550 213

Armstrong and Greig (2018)* 34  1693.40 38

Random effects model
Heterogeneity: 2= 0%, ©=0, p = 0.39

Volleyball

Verhagen et al. (2004)*°
Random effects model
Heterogeneity: not applicable

Random effects model
Heterogeneity: /% = 73%, 2= 0.0319, p <0.01

Time Events Time

1269 198071.00

7034.00 128 16002.00

8182.90 79 20708.70

9742.00

4733.30
2145.70

56 23245.00 44 14867.00

A.Zechetal.
IR IRR  95%Cl  Weight()
—_— 072 (062-083) 11.0
e 092 (0.60-1.43) 50
= 072 (0.62-0.83) 11.1
—a 076 (0.63-0.92) 99
—®———— 104 (060-180) 37
= 077 (0.71-0.84) 12.1
> 075 (0.71-0.80)  52.8
—=— 174 (134-227) 82
——— 174 (134-227) 82
— w 093 (061-1.42) 52
—_— 093 (0.61-142) 52
e 082 (062-1.10) 76
e 068 (0.47-0.98) 6.1
_ 076 (0.61-0.96) 13.7
—_ 091 (074-1.12) 95
— L& 113 (071-180) 47
_— 094 (0.78-1.14) 142
— = 081 (055-1.21) 57
— 0.81 (0.55-1.21) 5.7
- 086 (0.76-0.98) 100.0
[ 1
05 1 2

Fig. 2. Forest plot with the pooled incidence rate ratios (IRRs) and 95% confidence intervals (95%CI; lower limit to upper limit) of the female vs. male compari-

sons for overall injuries.

3.3.3. Training injuries

The injury incidence rates during training in all team sports
ranged between 1.5°" and 5.8" per 1000 h for females and
1.3°% and 5.3" per 1000 h for males. Five studies''**7-*%4!
of football players reported between 2.3*' and 3.8'" training
injuries per 1000 h for female players and between 1.3°* and
4.7°% training injuries per 1000 h for male players. Two
studies*®*” with data on training injuries in handball reported
an incidence of 2.1%7 and 4.1*° training injuries per 1000 h for
females and 3.2%° and 3.4"" per 1000 h for males. No multiple
training injury data were available for any of the other
SpOI‘tS.43’48750

The meta-analysis (Fig. 4) resulted in a pooled random
effect IRR of 0.87 (95%CI: 0.75—1.00; I*=32%). In the meta-
regression analysis, injury definition was the only significant
moderator (estimate =—0.57, 95%CI: —1.12 to —0.01;
z=-2.00; p=0.045) of sex-specific differences in training
injuries.

3.3.4. Severe injuries

Eight studies'®'*?*2>3537:3841 reported data for severe
injuries. The incidence rate ranged from 0.6°’ to 3.6*" per
1000 h for female players and from 0.7'**” to 7.2** per 1000 h

for male players. The pooled IRR among all team sports was
0.96 (95%CI: 0.77—1.20; I* = 0%). Most included studies with
severe injury data concerned football players and showed an
average incidence of 0.8 in both sexes (female: 0.6°'—1.6"'
per 1000 h; male: 0.7°'—2.5"" per 1000 h). No subgroup analy-
sis or meta-regression was performed for the other sports
because of the low number of studies.

3.3.5. Location of injuries

Nine studies'®'##422:3741:444599 renorted the incidence of
thigh and foot injuries, and 10 studies'?'*?*2537:4143 74549
reported head, upper extremity, trunk, hip/groin, knee, and
ankle injuries. The IRR and meta-regression data for the vari-
ous body locations in all team sports are shown in Table 1.
The pooled IRR showed significantly more injuries in male
players than female players for the upper extremity (IRR =
0.75, 95%CI: 0.57—0.99; I* =30.3%), hip/groin (IRR = 0.60,
95%CI: 0.41—0.88; I*=41.5%), thigh (IRR = 0.69, 95%CTI:
0.58—0.81; Iz=0%), and foot (IRR = 0.64, 95%CI:
0.46—0.88; I* =0%).

The meta-regression identified age level (senior vs. youth/
collegiate) as a significant moderator for the hip/groin IRR
(estimate = —2.00, 95%CI: —-3.72 to —0.20; z=-2.18;
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Female Male

Study Events Time Events Time
Football

Ekstrand et al.(2011)*” 105 7540.00 682 30878.00
Hagglund et al. 2009a)*® 31 1512.00 35 1498.00
Hagglund et al. (2009b) " 124 7687.00 254 9046.00
Larruskain et al. (2008)"® 80 3544.00 161 5391.00
Soligard et al. (2012 147 3036.00 175 6028.00
Waldén et al. (2007)*' 15 507.00 38 1048.00
Junge and Dvorak (2013)*° 436 6666.00 881 12,457.50
Junge and Dvorak (2013)*° 680 7425.00 1671 20,047.50

Random effects model
Heterogeneity: 7= 91%, 2 = 0.0853, p <0.01

Basketball

Cumps et al.(2007)*® 43 778.00 51 1090.00
Junge et al. 2006)** 28  280.00 27  280.00
Random effects model

Heterogeneity: P=0%, =0, p=0.70

Field hockey

Junge et al.(2006)** 8 552.00 36 770.00
Hollander et al. (2018)*° 10 1042.60 31 3274.00
Random effects model

Heterogeneity: = 80%, v? = 0.5692, p = 0.03

Handball

Giroto et al. 2017 77 4291.00 73 3102.00
Langevoort et al. (2009)* 171 1547.00 159 1407.00
Maller et al. 2012)* 26 1452.00 31 977.00
Maller et al. 2012* 11 845.00 14 815.00

Random effects model
Heterogeneity: P= 34%, > = 0.0189, p = 0.21

Rugby

Kerr et al.(2008)** 269 15.780.00 313 18544.00

Armstrong & Greig(2018* 27  486.00 30 647.00
Random effects model

Heterogeneity: = 0%, 2 =0, p = 0.54

Volleyball

Verhagen et al. (2004)*° 27 6392.00 15 3974.00
Bere etal.(2016% 94 7718.00 85 7294.00
Random effects model

Heterogeneity: = 0%, 2 =0, p =0.85

Random effects model

Heterogeneity: /2 = 80%, 2 = 0.0582, p < 0.01
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Fig. 3. Forest plot with the pooled incidence rate ratios (IRR) and 95% confidence intervals (95%Cls; lower limit to upper limit) of the female vs. male compari-

sons for match injuries.

p=0.029). The type of sport was a significant moderator for
upper extremity (football vs. field hockey: estimate=1.08,
95%CIL: 0.04—2.11; z=2.04; p=0.041), trunk (football vs.
rugby: estimate = 1.42, 95%CI: 0.37—2.46; z=2.67; p=10.008),
and hip/groin injuries (football vs. rugby: estimate=1.57,
95%CI: 0.67—2.47; z=3.43; p=0.001) (Table 1). No volleyball
studies were included in the meta-regression analysis.

3.3.6. Injury types and diagnosis

Data on sprains were available in 9
studies'#**7>3 741794 and on strains in 8  studies.
14:24,25,37.41.43.4999 The injury rate for both sexes was reported
for concussion in 9 studies,'*2#2337-40:41.43.44.99 40 ACL rate
in 3 studies,'*'*** ankle sprains in 2 studies,’’*** and Achilles
tendon injuries in 2 studies.'”*' Hamstring injuries were not
included in the meta-analysis because they were reported in
only 1 study.”” The pooled IRR indicates a significantly higher
rate of ACL injuries (IRR =2.15, 95%CI: 1.27—3.62; I* = 0%)

in female compared to male athletes (Table 2). No significant
differences between sexes were identified for the other injury
types. In the meta-regression analyses (Table 2) for sprains
and concussions, no significant moderators for the IRR
between females and males were found. No volleyball studies
were included in the meta-regression analysis.

4. Discussion

This meta-analysis compared the injury incidence between
female and male players in 6 team sports. Only studies with
injury data for both sexes were included, and their IRRs were
used for data pooling. All of the 20 studies finally included
had moderate to high methodological quality. The results
emphasize the presence of sex-specific differences and, impor-
tantly, the direction of these effects differs depending on injury
characteristics. Male team-sport players have a higher rate of
overall, upper extremity, hip/groin, thigh, and foot injuries
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Female Male
Study Events Time Events Time IRR
Football :
Ekstrand et al.(2011)% 118 40864.00 587 167.193.00 —
Hagglund et al.(2009a)*® 12 3237.00 3 2373.00 T
Hagglund et al.(2009b)" 175 46469.00 294 62315.00 B
Larruskain et al.(2008)"® 752185000 160 33.487.00 =
Waldén et al.(2007)"" 3 1314.00 7 3694.00 —_—
Random effects model <
Heterogeneity: P=21%, 12 = 0.0062, p = 0.28 :
Basketball :
Cumps et al.(2007)*® 15 6256.00 30 14912.00 —e—
Random effects model -
Heterogeneity: not applicable
Field hockey
Hollander et al. (2018)*° 19 7099.30 47 17434.70 ——
Random effects model _
Heterogeneity: not applicable
Handball
Giroto et al. (2017)%¢ 99 24,076.00 63 19.694.00 -
Maller et al. (2012)*7 35 13,236.00 35 10.234.00 —
Moller et al. (2012)*" 21 9860.00 29  8927.00 —
Random effects model =
Heterogeneity: = 65%, 72 = 0.0944, p = 0.06
Rugby :
Armstrong and Greig(2018)*® 7 1207.00 8  1499.00 S
Random effects model —_—
Heterogeneity: not applicable i
Volleyball
Verhagen et al. (2004)*° 271833100 28 12193.00 —
Random effects model -
Heterogeneity: not applicable
Random effects model <3
Heterogeneity: /2 = 32%, T = 0.0175, p = 0.13 ! J J |
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Fig. 4. Forest plot with the pooled incidence rate ratios (IRRs) and 95% confidence intervals (95%Cls; lower limit to upper limit) of the female vs. male compari-
sons for training injuries.

compared to female players. There is also a trend showing
more match and training injuries in males compared to
females, although the IRR was not significant. Female athletes
showed a 2.15 times higher rate of ACL injury than males, but

no significant sex differences were found for sprains, strains,
concussions, ankle sprains, or Achilles tendon injuries. To
date, almost no meta-analytic data exist for sex-specific differ-
ences of sports injuries. For running injuries, a meta-regression

Table 1
Pooled IRR, 95%ClI, I, and meta-regression p values for specific body locations.

Head Upper extremity Trunk Hip/Groin Thigh Knee Ankle Foot
Study (n) 11 11 11 11 10 11 11 10
Meta-analysis
IRR 1.00 0.75 1.02 0.60 0.69 0.95 0.91 0.64
95%Cl 0.81—1.22 0.57—0.99 0.65—1.61 0.41-0.88 0.58—0.81 0.77—-1.16 0.76—1.07 0.46—0.88
P (%) 5.4 30.3 52.6 41.5 0 20.4 0 0
Meta-regression (p)
Tournament vs. season 0.863 0.369 0.681 0.980 0.672 0.374 0.907 0.458
Injury definition 0.082 0.577 0.276 0.468 0.723 0.817 0.714 0.266
Age level 0.138 0.249 0.834 0.029 0.860 0.637 0.676 0.172
Quality score 0.885 0.706 0.182 0.338 0.178 0.336 0.744 0.625
Type of sport
Fvs. B 0.116 0.860 0.117 0.915 0.807 0.243 0.626 0.301
Fvs. FH 0.248 0.041 0.527 0.730 0.332 0.282 0.662 0.101
Fvs. H 0.236 0.125 0.120 0.635 0.655 0.862 0.617 0314
Fvs. R 0.563 0.360 0.008 0.001 0.972 0.777 0.471 0.488

Note: An IRR below 1 indicates a higher injury incidence in males.
Abbreviations: 95%CI =95% confidence interval; B = basketball; F = football; FH = field hockey; H =handball; IRR = incidence rate ratio; R = rugby.
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Table 2
IRR, 95%ClI, I, and meta-regression p values for specific injury types.
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Sprain Strain Concussion ACL injury Ankle sprain Achilles tendon injury
Studies (n) 10 9 10 3 2 2
Meta-analysis
IRR 0.90 0.88 1.23 2.15 1.00 1.07
95%Cl 0.78—1.05 0.65—1.18 0.84—1.81 1.27-3.62 0.71-1.39 0.46—2.50
P (%) 0 51.5 17.0 0 0 40.1
Meta-regression (p)
Tournament vs. season 0.487 — 0.375 — — —
Injury definition 0.952 — 0.226 — — —
Age level 0.844 — 0.531 — — —
Quality score 0911 — 0.583 — — —
Type of sport — — — —
Fvs.B 0.470 0.815
Fvs. FH 0.707 0.191
Fvs. H 0.730 0.573
Fvs. R 0.915

Notes: An IRR below 1 indicates a higher injury incidence in males. No meta-regression was performed if fewer than 10 studies were available.
Abbreviations: 95%CI =95% confidence interval; ACL = anterior cruciate ligament; B = basketball; F = football; FH = field hockey; H =handball; IRR = incidence

rate ratio; R =rugby.

analysis' showed significantly more bone-stress injuries in
females, whereas male runners were at higher risk for Achilles
tendinopathies. This emphasizes our findings that suggest a
different distribution of specific injury types and locations
between sexes. However, contrary to Hollander et al.,'" we
also found significant differences between females and males
in other injury categories.

4.1. Overall, match, and training injuries

The results show a significantly higher incidence of total
injuries in male than in female players. Although there was a
tendency toward higher rates in male players for match and
training injuries, the rate ratio did not reach statistical signifi-
cance. Not all included studies reported data on overall, match,
and training injuries, which may have contributed to the diffe-
rent findings. Sixteen studies reported match injuries, but only
10 studies were available for training and overall injuries.
Potential reasons for the higher overall injury rate in male
team-sport players include multiple modifiable and nonmodifi-
able risk factors.”'*” One explanation could be a difference in
risk-taking behavior between sexes. In adolescent sports,
female athletes have shown higher levels of perceived risk but
lower levels of actual risk than male athletes.”’ In particular,
the perceived risk (but not the actual risk) seems to be nega-
tively associated with an increased rate of injury in sports.”'>
Another possible explanation could be different loads in
match/training or a different sport-specific performance of
female and male players. For example, male football players
were reported to cover more distance at higher speed thresh-
olds than female players during a match.”

When taking a look at the sex-related rate ratio of the spe-
cific sports, the greater overall injury rate in male players com-
pared to female players was confirmed for football and
handball but not for the other team sports. However, because
of the limited number of included studies, the data presented

in the nonfootball sports should be viewed with caution.’*>*

For basketball, volleyball, and field hockey, only 2 or fewer
studies were available, indicating a limited generalizability of
the injury rate ratios. Data of single epidemiological studies
depend heavily on the surveillance methods and/or circum-
stances and are of limited comparability. The methodological
heterogeneity in injury surveillance studies and low compara-
bility of data have been critically discussed elsewhere. "'

4.2. Injury types and diagnoses

The significantly higher ACL injury rate in female players
supports previous findings.” Possible explanations are greater
neuromuscular-control deficits in females; an imbalance of
muscle agonists, antagonists, and/or synergists; proprioceptive
deficits;” or hormonal status.’®>’

We found no significant differences between sexes for con-
cussion rates. This is different from other studies and reviews
that have reported a higher rate in females.*”® This may be
explained by our restrictive study-selection criteria and the
inclusion of only high-level team-sport athletes. The concus-
sion risk seems to depend on sport-specific situations, such as
tackling in male professional rugby,”” and is associated with
poor sleep quality and insomnia.®” No plausible explanation
exists for potential sex-specific differences.”’ However, it
should be noted that greater concussion-reporting intentions in
female athletes than in male athletes could influence study
findings.®

The absence of sex differences in ankle sprains is in agree-
ment with the literature review articles of Beynnon et al.®’ and
Delahunt and Remus;®* yet it contradicts the findings of the
systematic review and meta-analysis done by Doherty et al.,’
who showed that pooled incidence rates were twice as high in
females as in males. These meta-analyses (ours and that of
Doherty et al.”), however, are hard to compare due to the dif-
ferent study-inclusion criteria. Doherty et al.” included all
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available ankle-sprain studies, without a clear focus on a spe-
cific (sports) population. In our meta-analysis, only 2 studies
with ankle sprain incidence rates’’***—in football and rugby
players, specifically—met the narrow inclusion criteria.

4.3. Moderators of sex differences in injury rates

The type of sport, injury definition, age level, competition
(tournament vs. season), and methodological quality score
were considered to be potential moderators of sex differences
in injury rates in our meta-regression analysis. The results
show that the type of team sport significantly influences the
rate ratio of overall, upper-extremity, trunk, and hip/groin inju-
ries. For example, in contrast to the pooled data, Cumps et al.*®
showed a far higher overall injury incidence rate in female
than in male basketball players. Furthermore, the sex differen-
ces were not present in the studies of rugby players, whereas
the majority of other studies included football players and sup-
ported the higher injury rate in male athletes. Although some
team sports were clearly under-represented in this meta-analy-
sis, the results indicate that sex should not be considered a
general risk factor®® for overall sports injuries but should be
viewed in interaction with the type of sport. Nonetheless, more
surveillance studies are needed in sports other than football
and rugby in order to strengthen the evidence.

The age level played no role in sex differences in most of
the injury outcomes except for hip/groin injuries. Only 2 rugby
studies™*** of collegiate athletes contributed to the differences
in the sex-specific rate ratio for hip/groin injuries, so more
research is needed in order to confirm or refute this finding.
The training injury rate was significantly moderated by the
injury definition, with more time-loss injuries in males and
more physical complaints in females. One possible reason may
be found in different reporting intentions. Female players
seem to be more motivated to report minor (no time-loss) inju-
ries than males.®> Another explanation for the reported number
of time-loss injuries could be the influence of the higher total
training exposure for males compared to females. However,
more studies are needed in order to strengthen these assump-
tions.

The observed sex-specific distribution of injuries in all ana-
lyzed categories did not differ between tournaments vs. sea-
sons, nor were they influenced by the methodological quality
of the studies.

4.4. Limitations

Although the narrow inclusion criteria (e.g., the inclusion of
studies involving both sexes) helped to reduce the risk of bias, it
produces a certain limitation at the same time. Numerous sur-
veillance studies of various team sports that had large study
samples and comprehensive data had to be excluded because
they examined males or females exclusively or did not report
sufficient data. This reduced the data in our meta-analysis,
thereby weakening the evidence base, especially in nonfootball
team sports. Some comparisons had only a single study for 1
team sport. This problem was addressed by displaying
all-team-sports IRR alongside the sport-specific IRR. The low
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number of included studies also limits the findings on specific
injury types, such as ankle sprains or Achilles tendon injuries.
Moreover, only football studies were included in the meta-anal-
ysis for ACL injuries, which reduces the comparability of find-
ings.

In almost half of the included studies, football dominated
our meta-analysis and the reported findings. This may bias the
conclusions for team sports in general and indicates the strong
need for further studies with both female and male participants
in nonfootball sports.

Another limitation is the heterogeneity of some estimates.
Even though the influence of methodological specifications
was reduced, and no strong moderator of risk ratio data other
than type of sport was identified, the degree of inconsistency
of the results across studies was substantial for overall
(I*=73%) and match injuries (/* =80%). For the other injury
outcomes, a nonrelevant or moderate heterogeneity was
identified.”"*”

Furthermore, although a number of moderators were tested
for their potential influence on sex-specific differences, there
might have been other influencing factors not considered in
our meta-regression due to lack of information. For example,
Ekstrand et al.”” showed a different injury rate between female
and male football players on different playing surfaces.

It should also be noted that the proportion of match to total
exposure hours was slightly higher for females than males (27%
vs. 23%), which may have influenced the overall injury inci-
dence. Other limitations include the use of a nonvalidated scale
for the methodological quality assessment. However, most of the
categories were adopted from the standardized rating scales™” """
and adapted for use in epidemiological injury studies.

5. Conclusion

The IRRs of our meta-analysis provide evidence for
sex-specific differences in injury rates in team sports. Male
players show higher rates for overall, upper extremity,
hip/groin, thigh, and foot injuries compared to female players,
whereas females have more ACL injuries. The overall, upper
extremity, trunk, and hip/groin injury IRRs between sexes are
moderated by type of team sport, indicating that sex should not
be considered a general risk factor but be viewed in interaction
with the specific sport. No or minor influence on the rate ratio
was found for the age level, injury definition, or type of compe-
tition (tournament vs. season). Further epidemiological studies
including both sexes in team sports other than football are
needed in order to strengthen the evidence. Future research
should also focus on sex-specific differences in other age groups
(e.g., high school players), different playing level (e.g., recrea-
tional or military populations), and individual sports.
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