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Abstract  1 

Background Female sex is a significant determinant for ACL injury. It is not understood if sex is a key deter-2 
minant for other sports related injuries. 3 
Objective To identify where differences in injury profiles are most apparent between the sexes in all sports 4 
across the 6-tiered participant classification framework. 5 
Methods This systematic review was conducted in accordance with the Preferred Reporting Items for Sys-6 
tematic Reviews and Meta-Analyses (PRISMA) statement and the 'implementing Prisma in Exercise, Rehabil-7 
itation, Sport medicine and SporTs science (PERSiST) guidance. The databases, PubMed, CINAHL, Web of 8 
Science SPORTDiscus, Medline, Scopus, Cochrane Library and EBSCO were searched from inception to 24 9 
April 2023. Longitudinal, prospective, and retrospective cohort studies, cross sectional and descriptive epi-10 
demiology studies that used standard injury data collection were included. Studies were excluded if injuries 11 
were not medically diagnosed and if injuries were not reported and/or analysed by sex. Two reviewers inde-12 
pendently extracted data and assessed study quality using the Downs and Black checklist. 13 
Results Overall 180 studies were included (8 tier-5, 40 tier-4, 98 tier-3, 30 tier-2, 5 tier-1 studies; one study 14 
included data in two tiers). Of those, 174 studies were of moderate quality and six studies were of limited 15 
quality. In sex comparable sports, there was moderate evidence that female athletes had greater risk of knee 16 
injury (RR 2.7; 95% CI 1.4-5.5), foot/ankle injuries (RR 1.25; 95% CI 1.17-1.34), bone stress injury (RR 3.4; 95% 17 
CI 2.1-5.4) and concussion (RR 8.46; 95%CI 1.04-68.77) than male athletes. Male athletes were at increased 18 
risk of hip/groin injuries (RR 2.26; 95% CI 1.31-3.88) and hamstring injuries (RR 2.4; 95% CI 1.8-3.2) compared 19 
to females, particularly in dynamic sports. Male athletes were 1.8 (1.37-2.7) to 2.8 (2.45-3.24) times more 20 
likely to sustain acute fractures than female athletes, with the highest risk in competition. 21 
Discussion Most studies in all cohorts were of moderate quality (mean/range of scores tier-5 17±2.2{14-20}, 22 
tier-4 16.9±1.9{11-21}, tier-3 16.9±1.5{11-20}, tier-2 16.3±2.2{11-20}, tier-1studies 15.6±1.3{14-17} out of 28 23 
on the Downs and Black checklist), with only six studies of limited quality. Female athletes’ propensity to-24 
wards bone stress injuries highlights opportunities to reinforce development of optimal bone health during 25 
adolescence and to outline the effects of energy availability. Earlier strength development and exposure to 26 
neuromuscular training programmes and modification of skill development in female athletes may be effec-27 
tive strategies in reducing lower limb injury risk. Key components of neuromuscular training programmes 28 
could be beneficial in reducing hip/groin and hamstring injury risk in male athletes. There may be a need for 29 
sex specific prevention and return to sport protocols for sports related concussion in female athletes. 30 
Conclusions Female sex was a key determinant for sports related injuries beyond ACL injury and included 31 
foot/ankle injury, bone stress injury and sports related concussion. Male sex was a key determinant in 32 
hip/groin, hamstring injury and upper limb injury.  33 
 34 
 35 
PROSPERO registration number: CRD42017058806 (last updated on 7th June 2023). 36 
  37 
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1 Introduction 1 

Title IX is the federal civil rights law in the United States that was enacted as part of the Education Amend-2 
ments of 1972. It prohibits sex-based discrimination of any education program that receives funding from 3 
the federal government and was pivotal in increasing the opportunities for females to participate in sport 4 
and exercise [1]. Sport is now a viable career option for female athletes and Tokyo 2021 was the first gender 5 
equal Olympic Games with females comprising 49% of participants and parity of medals available for male 6 
and female athletes[2]. In parallel with increasing participation of females in sport, a disproportionate in-7 
crease in ACL injury has been observed, particularly in sports that involve rapid deceleration, change of di-8 
rection or jump-landing movements [3-6]. Female athletes have 4-10 times increased incidence of non-con-9 
tact ACL injury [5-7]. There is a significant body of evidence supporting the understanding of ACL risk profiles 10 
in female athletes [3-5, 8-10] and the development of effective primary prevention programmes. Alterations 11 
in biomechanics, muscle strength, and neuromuscular control that females experience at the onset of pu-12 
berty are different to those observed in males, these divergent changes may contribute to an increased sus-13 
ceptibility to ACL injury [4, 9, 10]. It is plausible that these and other factors create sex specific injury profiles 14 
across sport, but this has not been thoroughly investigated. Injury is a barrier to participating in training 15 
and/or competition, therefore understanding injury patterns across sport will contribute to the development 16 
of effective, targeted interventions to minimise the risk of injuries and support athletes in maintaining con-17 
sistent participation in sport and exercise. Bittencourt’s [11] complex systems approach for sports injuries 18 
moved risk factor identification to injury pattern recognition. The identified features of complex systems 19 
include relationships (interactions) among determinants, and regularities (profiles) that characterise emerg-20 
ing injury patterns. Sex is considered a contributing unit in the web of determinants. Throughout this review 21 
the term ‘sex’ is used to refer biological sex. That is sex assigned at birth, which is self-reported, and therefore 22 
it is assumed that athletes included in the studies of this review are unlikely to have undergone sex verifica-23 
tion.  24 

The aim of this review was to investigate original studies and identify where differences in injury profiles 25 
are most apparent between the sexes in all sports across the 6-tiered (0-5) athlete classification framework. 26 
[12] For greater accuracy and to avoid recall bias, this review focused on medically diagnosed injuries (i.e., 27 
self-report injuries were excluded). Due to the volume of research in ACL injury mechanisms, risk and pre-28 
vention [3-10, 13-16], ACL injury was excluded from the current review. 29 
 30 
 31 
2 Methods 32 

The protocol for this review was pre-registered on Prospero; CRD42017058806 (last updated on 7th June 33 
2023). 34 
 35 
2.1 Literature Search Methodology 36 

The PRISMA guideline [17] review methodology (literature search; assessment of study quality; data collec-37 
tion of study characteristics; analysis and interpretation of results; recommendations for practice and further 38 
research) and the 'implementing Prisma in Exercise, Rehabilitation, Sport medicine and SporTs science (PER-39 
SiST) guidance was used to evaluate the effects of sex on injury profiles in sport.  40 
 41 
2.2 Search Strategy 42 

PubMed, CINAHL, Web of Science SPORTDiscus, Medline, Scopus, Cochrane Library and EBSCO databases 43 
were searched for terms linked with Boolean operators (‘AND’, ‘OR’): 1. Gender OR Sex OR Male OR Female; 44 
2. Sport* OR athlet* OR player; 3. Injur* OR “overuse injur*” OR “injury prevention” OR intervention; 1 AND 45 
2 AND 3 in full text and English. Searching was from inception to 24 April 2023. Manual searching of reference 46 
lists and the ‘Cited by’ tool on Google Scholar were used to identify additional articles. 47 
 48 
2.3 Study Selection 49 

Titles and abstracts of potentially eligible studies were screened by lead author (NH) with a 10% check by co-50 
authors (PH and SS). Full text of all studies that were not excluded after initial title and abstract screening 51 
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were retrieved and assessed for eligibility by lead author (NH) and independently checked by a co-author 1 
(PH). Disagreements between researchers during full-text screening were resolved through discussion with 2 
a third co-author (SS).  3 
A study was considered eligible if it met the inclusion criteria provided in Table 1. Studies were included if: 4 
(i) injury rate and/or injury incidence was reported or analysed by sex; (ii) injury reporting was standardized 5 
(i.e., there was a consistent system in place for recording/documenting injuries; (iii) injury rate per player or 6 
injury incidence per athletic exposures and/or injury rate ratios were reported. Papers were excluded if: (i) 7 
content was unavailable in English; (ii) content was unavailable in full text format; (iii) data collection was 8 
through self-report and/or injury was not medically diagnosed; (iv) the study did not provide additional in-9 
formation for any of the identified sections and subsections of this review. Figure 1 shows the flow of infor-10 
mation through the systematic review. 11 
 12 
2.4 Injury Definition 13 

Acute and overuse/chronic injuries were included if sustained due to sports participation and if they were 14 
defined as requiring attention from a healthcare professional that resulted in diagnosis. Injuries were re-15 
ported as per original data which included incidence rates (i.e., injuries per training and competition exposure 16 
hours or per total athlete exposures [AEs]) or prevalence (i.e., number of injuries per registered athlete or, 17 
percentage of registered athletes).  18 
 19 
2.5 Athlete Classification 20 

All participants in eligible studies were considered ‘athletes’ and were classified according to the tiered sys-21 
tem presented by McKay et al. [12]. Tier-0 is defined as ‘sedentary’ with criteria “do not meet minimum 22 
activity guidelines and undertake occasional or incidental physical activity” (46% of the global population). 23 
Tier-5 is defined as ‘World class’ with criteria “Olympic and/or world medalists, world-record holders and 24 
athletes achieving within 2% of world-record performance and/or world leading performance, top 3-20 in 25 
world ranking, maximal or near maximal training within the given sport norms and exceptional skill level” 26 
(0.00006% of global population). Within this classification system, data relating to adolescent athletes has 27 
been sub-categorised due to the unique aspects of the developing musculoskeletal system.  28 
 29 
2.6 Data Extraction 30 

Lead author (NH) extracted data from included studies; data were checked by a co-author (PH) and conflicts 31 
resolved after discussion with the third co-author (SS). Data extraction included study design, participant 32 
numbers and characteristics (age, sex, BMI), and study characteristics (data collection methods, type of in-33 
jury, sex differences, type of sport, injury incidence rate [IIR], injury rate [IR], relative risk [RR], incidence rate 34 
ratio [IRR] or injury rate ratio with confidence intervals [CI]). As a result of extracting data, it was clear that 35 
studies reported analysis for fractures and overuse injuries by sex, therefore analyses for fractures and over-36 
use injuries are provided as types of injuries in addition to body site analyses. 37 
 38 
2.7 Assessment of Study Quality  39 

Studies identified for final inclusion were observational in nature and were therefore analysed using the 40 
modified Downs and Black checklist [18] that has good validity, test-retest and interrater reliability for meth-41 
odological quality of randomised control trials [RCT] and non-RCTs. The Downs and Black checklist considered 42 
methodological quality of each study irrespective of the number and type of different outcomes assessed in 43 
each study. The modified Downs and Black checklist of 27 questions (outlined in Supplementary Table S1) 44 
related to quality of reporting (ten questions, with one question carrying 2 points), external validity (three 45 
questions), internal validity–bias (seven questions) and internal validity–confounding (six questions), and sta-46 
tistical power (one question). In the modified version the scoring of item 27 that rates whether the study 47 
performed a power calculation or not was changed from a score out of five to a score out of one to ensure 48 
consistent scoring across studies (zero points awarded if no power calculation was attempted, and one point 49 
awarded if a power calculation was described). On the reporting item the ‘intervention’ in this context was 50 
the data collection method described in studies. Similarly, in item four addressing ‘compliance with the in-51 
tervention’, this was applied to the data collection method. The maximum possible score for the modified 52 
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Downs and Black was 28. Two authors (NH, PH) reviewed all included studies and SS also independently 1 
reviewed a randomly selected 10% of studies. With comparison of scoring between co-authors, any scores 2 
that differed were discussed at the conclusion of the review process and a final designation of the score 3 
agreed by consensus. There were disagreements between researchers (NH and PH) on two papers, which 4 
were resolved through discussion with the third co-author (SS). As there were only two cases of ratings being 5 
different, kappa analysis was not reported. Each study was given a methodological quality index categoriza-6 
tion [18] using the modified Downs and Black questions: poor (<7/28 with <25%), limited (8-13; 25-49%), 7 
moderate (14-21; 50-74%), or strong (21+; 75%+). If a study was of ‘poor’ or ‘limited’ quality; consideration 8 
was given to the direction of the effect reported. Greater weight was placed on moderate quality studies 9 
when drawing conclusions, if a single ‘poor’ or ‘limited’ quality study ran contrary to most of the moderate 10 
quality studies, those data were excluded from the key findings. 11 

Meta-analyses by body site and injury type were conducted to calculate pooled fixed effects (Mantel-12 
Haenszel method for dichotomous data) using RevMan 5.3 software. Analyses were completed where data 13 
collection and reporting methods were similar and allowed RR to be calculated. A pooled estimate for the 14 
IRR was calculated for each outcome with two or more studies and summarized in a forest plot. Heteroge-15 
neity was assessed using the I2 statistic (>60% considered to represent substantial heterogeneity; >75% 16 
considerable heterogeneity). Where an outcome had an I2 value between 30-60%, a random effects model 17 
was used to cope with the moderate heterogeneity. For any outcomes that had an I2 value greater than 18 
75%, the meta-analysis was excluded due to substantial heterogeneity as per the Cochrane guideline [19].  19 
 20 
3 Results 21 

3.1 Studies Extracted 22 

A total of 26,448 studies were identified, 1,438 were duplicates and were removed. A further 23,468 studies 23 
were removed after screening by title and 1,031 removed after screening by abstract. After eligibility assess-24 
ment of 551 full text articles, 375 additional studies were excluded due to: 1) full text not available (n=13); 25 
2) not relevant/did not answer research question (n=141); 3) did not include sex analysis or injury rates 26 
(n=166); or 4) injuries were not medically diagnosed (n=47). A further eight studies were duplicates identified 27 
manually and excluded. Data from 180 studies were included in this review for analysis (Figure 1). Table 2 28 
outlines studies that showed significant, or not, sex differences for overall (all injury types combined) injury 29 
rates across the classification framework. It is to be noted that the total number of studies reported in some 30 
tables adds up to 181 as one study [20] included data for two different tiers. Table 3 reports studies that 31 
showed significant, or not, sex differences by injury location.  32 
 33 
3.2 Study Methodological Quality 34 

Final quality rating (mean modified Downs and Black) scores are reported for studies in Tables 4-8 (individual 35 
criteria scores are in Supplementary Table S2). Quality rating scores (mean±SD; range) were highest for tier-36 
5 (17±2.2; 14-20), followed by tier-4 (16.9±1.9; 11-21), tier-2 (16.3±2.2; 11-20), tier-3 (16.9±1.4; 11-20) and 37 
tier-1 (15.6±1.3; 14-17). All studies clearly described their objectives and outcomes. Studies of limited quality 38 
were included in the results if they reported similar trends to the moderate quality studies. No studies were 39 
excluded on this basis. Risk of bias was initially assessed using the Risk of Bias In Non-randomized Studies - 40 
of Exposure (ROBINS-E) tool. The preliminary analysis questions in the ROBINS-E suggested that all studies 41 
could be considered at “high risk of bias” therefore no further detailed domain based RoB assessment was 42 
carried out. Internal validity scores in the Downs and Black checklist ranged from two to five out of a possible 43 
seven (Supplementary table S1).  44 
 45 
3.3 Injury Data Collection, Definitions and Rates 46 

Injury data collection methods included injury report forms [21-63], clinical records [64-83], insurance 47 
scheme data [84-86] and national online injury surveillance systems [20, 24-26, 87-165]. Data collection pe-48 
riods varied from a single tournament to 20 years.  49 
 50 
 51 
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3.5 Athlete classification 1 

Of 180 studies assessed, eight studies included tier-5 athletes [26, 27, 32, 49-52, 76] (Table 4), 40 studies 2 
included tier-4 athletes [20-26, 28-31, 33, 36, 37, 40, 48, 53-58, 75, 77-79, 102, 110, 111, 113, 134, 135, 137, 3 
138, 166-171] [20, 87-113] (Table 5), 98 studies included tier-3 athletes [20, 34, 35, 42, 44-47, 59-61, 66, 67, 4 
71, 74, 80, 88-109, 112, 113, 118-124, 127-133, 136, 139-152, 172-189] (Table 6), 30 studies included tier-2 5 
athletes [39, 43, 62, 63, 65, 68-70, 72, 81-83, 86, 125, 126, 153-162, 190-194] (Table 7), and five studies 6 
included tier-1 athletes [84, 85, 163-165] (Table 8).  7 
 8 
3.6 Study Participant Characteristics and Sports 9 

Tier-5 studies (Table 4) provided data for rowing, martial arts, aquatic sports, gymnastics, winter sports and 10 
team-based ball sports. All studies presented season data and investigated senior athletes. Sample sizes 11 
ranged from 24 to 2,567 athletes and age ranged from 19-24 yrs. Within these studies, females represented 12 
40-50% of participants and 43% of the total 3,243 athletes across all studies.  13 

Tier-4 studies (Table 5) provided data for tennis, martial arts, athletics, ballet, cricket, triathlon, aquatic 14 
sports, gymnastics, winter sports and team-based ball sports. Data were collected through the season and 15 
during tournaments.  Sample size for tier-4 studies ranged from 42 to 17,101 athletes with age ranging from 16 
11-35 yrs. Within these studies, females represented 35-62% of participants and 46% of the total 45,472 17 
athletes across all studies.  18 

Tier-3 studies (Table 6) provided data for rowing, martial arts, aquatic sports, equestrian, military recruits, 19 
mountain biking, tennis, athletics, badminton, and team-based ball sports. Ninety-four studies presented 20 
through season data and four studies presented tournament data. Forty-three studies investigated senior 21 
athletes, forty-nine studies adolescent athletes and six studies include data combined from adolescent and 22 
senior athletes. Thirty-four studies in tier-3 athletes reported participant characteristics (sample size ranged 23 
from 49 to 358,319 athletes with age ranging from 11-40 yrs. Within these studies, females represented 18-24 
91% of participants and 22% of the total 985,186 athletes across all studies. Studies that did not report sam-25 
ple size did report injury data consistent with methods of this review.  26 

Tier-2 studies (Table 7) reported injury data from running, martial arts aquatic sports [72], gymnastics 27 
[86], winter sports, CrossFit, wrestling, dance, cycling and mountain biking, and team-based ball sports. Tier-28 
2 included data from senior athletes and adolescent athletes. Data were collected through season and during 29 
tournaments. Data from over 45,281 female athletes and 96,027 male athletes (32% female) were included.  30 
Tier-1 data (Table 8) included multiple different recreational sports, and all data were from injuries occurring 31 
throughout the year. Studies included senior athletes and adolescent athletes. Tier-1 studies did not report 32 
sample sizes but reported injury data consistent with methods of this review. Across the tier-1 studies data 33 
for a total of 641,582 injuries were reported with 27% from females.  34 
 35 
3.7 Studies with Sex Specific Injury Location Diagnoses 36 

Analyses in cohorts from ‘sex comparable’ sports (males and females playing by the same rules) revealed sex-37 
specific injury profiles. There was moderate evidence that female athletes were at increased risk of knee (RR 38 
2.7 95% CI 1.4-5.5), foot/ankle (RR 1.25 95% CI 1.2-1.3 to RR 8 95% CI 1-63), bone stress injury (RR 3.4 95% 39 
CI 2.1-5.4) and sports related concussion (RR 1.3 95% CI 1.0-1.8 to RR 8.5 95%CI 1-69). Conversely, male 40 
athletes had 1.4 (95% CI 1.3-1.6) to 2.3 (95% CI 1.3-3.9) times increased risk of hip/groin injuries and 2.4 (95% 41 
CI 1.8-3.2) times greater risk of hamstring injury than female athletes, particularly in sports that are explosive 42 
in nature. Male athletes were also 1.8 (95% CI 1.4-2.7) to 2.8 (95% CI 2.5-3.2) times more likely to sustain 43 
acute fractures than female athletes, particularly in competition. Table 3 outlines studies by injury location 44 
and tier. 45 
 46 
3.7.1 Lower extremity 47 
Three moderate quality studies [25, 74, 167] showed a significantly higher rate and incidence of lower limb 48 
injury in male athletes in athletics (male 22±3.4 v female 16.2±3.2 injuries/1,000 registered athletes) [25] 49 
(tier-4), football (soccer) (male 7.3 v female 5.8/1,000 player hours) [167] (tier-4) and mixed martial arts 50 
(male 8/100 v female 2/100 AE)[74] (tier-3). Ten moderate quality studies [27, 53, 56, 71, 83, 104, 108, 124, 51 
157, 161] across all tiers of the participation pyramid showed that a higher proportion of female injuries are 52 
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to the lower limb and one study across multiple sports in adolescents [173] showed that lower limb injuries 1 
were 1.5 times (RR 1.5, 95% CI 1.12-2.15) more likely to be season ending in female athletes. This was driven 2 
by knee ligament injuries resulting in surgery, particularly in football (knee surgery Injury Proportion Ratio 3 
[IPR] 3.57 [95% CI; 1.20-10.6]).  4 
 5 
Hip/groin 6 
Nine studies [25, 28, 32, 93, 99, 142, 167, 169, 170] of moderate quality showed a significantly higher rate 7 
and incidence of hip/groin injury in male athletes in athletics [25] multiple team based sports [28, 32, 93, 99, 8 
142, 167, 169, 170], gymnastics [93, 99] and tennis [93, 99]. There was moderate quality evidence [28, 93, 9 
133] that in male athletes, a greater proportion of overall injuries were to the hip/groin region; IPR 1.07 (95% 10 
CI, 0.73-1.56)[93], 3.27 (95% CI, 1.70-6.28)[133] and the risk of hip/groin injury in male athletes was 1.41 11 
(95% CI 1.28 to 1.55) [99] to RR 3.01 (95% CI 1.54 to 5.87)[195] greater than female athletes in similar sports. 12 
Five studies [71, 188] reported higher rates of hip/groin injuries in female athletes ([female 6.7% vs male 13 
3.7%], [female 7.1% vs male 3.8%] and female 50% vs male 6.7%]); these data were specifically related to 14 
overuse/gradual onset injuries in adolescent (tier-3) athletes [71, 188] and recreational runners [82] and 15 
acute injuries in basketball (tier-3) [142] and Crossfit (tier-2) [83]. The meta-analysis of 11 studies for 16 
hip/groin showed an overall significant RR of 1.30 [1.21-1.40] for males, however showed considerable het-17 
erogeneity (I2=89%) across studies (Supplementary Figure S1). 18 
 19 
Hamstring 20 
Male athletes were up to 2.42 times [90] more likely to sustain hamstring injury than female athletes. Mod-21 
erate quality evidence across eight studies for team [25, 35, 89-91, 167] and individual sports [38, 89, 174] 22 
consistently showed male athletes to have a higher rate and incidence of hamstring injuries. The highest 23 
incidence and rate of hamstring injury was reported in (tier-4) male football players (male 1.52 vs female 24 
0.79/1,000 player hours) [167] (tier-4) track and field athletes (male 22.4±3.4 vs female 11.5±2.6 inju-25 
ries/1000 registered athletes respectively [38]. No studies reported a higher rate or incidence of hamstring 26 
injury in female athletes. The meta-analysis of five studies for hamstring injuries showed an overall significant 27 
RR of 1.67 [1.48-1.88] for males (Figure 2). 28 
 29 
Knee injury 30 
Dependent on sport, female athletes had up to 2.72 times (RR 2.72 [95% CI 1.35-5.51]) [134] increased risk 31 
of knee injury. Moderate quality evidence across nine studies [81, 85, 108, 121, 122, 128, 134, 167, 188] 32 
showed a significantly higher rate of knee injury in female athletes, with the highest rates reported in elite 33 
skiers (female 10.1 v male 3.7 injuries/100 athletes/season) [134]. Three studies [108, 122, 188] reported a 34 
higher incidence of patellofemoral pain with an incidence rate of up to 19.35/100,000 AEs (vs 14.15 in males) 35 
and the highest prevalence in female outdoor track, field hockey, lacrosse and softball [108]. Knee injuries 36 
accounted for a greater proportion of overall injury burden in (tier-3) adolescent female athletes (IPR knee 37 
1.3, 95%CI; 1.11-1.53) [128] (female 16.7% v male 5.9%)[139] and in higher performance female athletes 38 
(knee ligament injury; male 3%, female 9%; p<0.05) [167]. Further, one study [162] (tier-2) in children and 39 
adolescents highlighted that the relative increase in prevalence of knee injuries from childhood to adoles-40 
cence was greater in females than it was in males. The meta-analysis of 14 studies for knee injuries showed 41 
an overall significant RR of 1.61 [1.39-1.86] for females (Figure 3). 42 
 43 
Foot/ankle injury 44 
The risk of foot/ankle injury was 1.25 (RR 1.25, 95%CI 1.17 to 1.34) [129] to 7 times (RR 7.95, 95% CI 1.00 to 45 
63.1) [26] greater in female athletes compared to male athletes in the same sports. This pattern was con-46 
sistent in 12 moderate quality studies across the participation pyramid [26, 43, 57, 62-64, 110, 129, 137, 141, 47 
182, 192]. Incidence rates were highest in basketball competition (9.45/10,000 AE’s) and gymnastics compe-48 
tition (9.36/10,000 AE’s)[129] and football (2.83/1,000 hrs) [63]. One study specifically highlighted female 49 
non-contact ankle IRR 2.78 (95% CI 1.91–4.02) [63]. Three moderate quality studies [20, 101, 109] reported 50 
significantly higher rates of ankle injury in male athletes specifically in basketball [101, 109], ice hockey [101] 51 
and running [20, 82], in addition, one study [141] across multiple sports reported that foot injuries in male 52 
athletes were more likely to result in surgery (RR 2.43; 95% CI 1.71-3.44) or to be season ending (RR 1.89; 53 
95% CI 1.48-2.41) than was observed in female athletes. One study in taekwondo [52] reported no significant 54 
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sex difference in foot and ankle injuries but there was a trend towards IIR being higher in male athletes. The 1 
meta-analysis of 17 studies for ankle injuries showed an overall significant RR of 1.20 [1.09-1.33] for females 2 
(Figure 4). 3 
 4 
3.7.2 Upper extremity 5 
There was moderate quality evidence in 20 studies [44, 53, 65, 71, 81, 83, 97, 100, 102, 103, 117, 136, 139, 6 
144, 157, 160, 164, 179, 185, 188] of a significantly higher incidence of upper limb injuries in male athletes 7 
in different sports and across all tiers of the participation pyramid. The highest IIR in specific sports were 8 
54.64/1,000 AEs (versus female 42.64) in adolescent judo [44] and 6.40/10,000 AE’s (versus female 2.12) in 9 
NCAA ice hockey [97]. One study in adolescent athletes [136] across multiple sports reported male athletes 10 
to be at 2.38 (95% CI 1.32-4.55) times increased risk of upper limb injuries compared to female athletes. 11 
More specifically, two studies reported that male athletes were at increased risk of shoulder injuries in sex 12 
comparable sports (RR 4.67 [95% CI 3.56-6.14]) [97] and in water polo (RR 3.0 [95% CI 1.3-7.0]) [152]. Four 13 
moderate quality studies [54, 63, 134, 142] reported that female athletes had a higher rate of upper limb 14 
injury. These studies included softball, canoe-kayak, rowing, sailing, swimming, tennis, triathlon, fencing, bi-15 
athlon, judo, snowboarding [54], football (shoulder injuries male 0.04/1000h football vs female 0.16/1000h; 16 
male IRR 0.24 [95% CI 0.09–0.65]; p=0.005) [63], skiing [54, 134] and wrestling (shoulder injury female 62.5% 17 
vs male wrestlers 0.0%) [142]. Only one study [155] in tier-2 wrestling reported no difference in upper limb 18 
injuries between males and females, specifically at the shoulder. Data specifically for shoulder injuries from 19 
11 studies were suitable for the meta-analysis but showed considerable heterogeneity (I2=80%) across stud-20 
ies (Supplementary Figure S2). 21 
 22 
3.7.3 Trunk 23 
Six moderate quality studies reported a higher incidence of trunk injuries in females. There were three stud-24 
ies in senior athletes including; rib stress injuries in Olympic level tier-5 rowers [49] (females 11.94% vs male 25 
6.98%; p<0.05), all trunk injuries in tier-4 tennis (most common injury in female players 41%) [33], and back 26 
(female 13.1%, male 10.2%; p<0.001%) and pelvis (female 4.2%, male 2.9%; p=0.009) injuries in tier-2 snow-27 
boarding [160]. There were three studies in adolescent athletes including; multiple different tier-3 sports 28 
(spine female 11.3%, male 8.2%) spine female 11.3% male 7.7%; p<0.013) [71] and specifically in tier-2 ice 29 
hockey (spine injuries male 9.2%, female 26.9%; female spine OR 3.66 [95% CI, 1.30-10.32])[69]. Eight mod-30 
erate quality studies reported a higher incidence of trunk injuries in male athletes in Australian Rules football 31 
[81], lacrosse [96, 136], weightlifting [125], waterpolo [127, 152], swimming [106], tennis [53] and track run-32 
ning [70]. Male athletes were between 1.73 (95% CI, 1.17-2.54; basketball) [96] and 4.31 (95% CI 2.07-8.96; 33 
lacrosse) [96] increased risk of trunk related injuries. Four moderate quality studies reported no significant 34 
sex difference in the rate or proportion of trunk injuries in Crossfit [83], ice hockey [113], swimming and 35 
diving [50] and skiing [55]. No meta-analysis was conducted due to the lack of sufficient data reporting similar 36 
types of trunk injuries. 37 
 38 
3.7.4 Concussion 39 
Female athletes were reported to be at 1.3 (95% CI 1.03-1.8) (basketball) [120] to 8.46 (95% CI 1.04-68.77) 40 
(football) [66] times greater risk of concussion than male athletes in the same sports. Moderate quality evi-41 
dence across twenty studies [42, 58, 61, 66, 69, 72, 81, 84, 88, 95, 98, 105, 107, 112, 119, 120, 154, 184, 196] 42 
showed a significantly higher incidence of sports related concussion in female athletes in sex comparable 43 
team sports. Four studies [88, 95, 112, 184] more specifically showed that the highest IIR were consistently 44 
seen in competition, with the highest rates reported in football (female 19.38 vs male 9.69/10,000 AE’s) [112] 45 
(female 1.10 vs male 0.69/1000 AEs) [154] and judo (female 1.92 vs 1.18/1000 AE) [154]. Six studies [61, 66, 46 
120, 159, 175, 197] reported injury proportion ratios, in female athletes sports related concussion accounted 47 
for a greater proportion of total injuries than in male athletes. IPR ranged from 1.4 [120] to 2.5 [120, 159, 48 
175]. One study [136] in lacrosse reported a higher incidence of concussion in male athletes (0.29/1,000 AE’s 49 
vs 0.10 in females; RR 2.99, 95% CI 1.65-5.79). One study [155] in wrestling reported a higher incidence of 50 
head/neck injuries in male athletes and one study [113] in ice hockey reported a higher incidence of 51 
head/neck injuries in female athletes but neither study specifically reported on concussion. Two studies [153, 52 
162] reported no sex difference in the rate of concussion in football [153] (tier-2) and basketball [162] (tier-53 
2 adolescent). The highest volume of studies for sports related concussion were from tier-3 athletes. The 54 
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meta-analysis of 14 studies for sport related concussion showed an overall significant RR of 1.84 [1.76-1.92] 1 
for females (Figure 5). 2 
 3 
3.7.5 Fractures 4 
Stress fractures 5 
There was moderate quality evidence that female athletes have 1.75 [115] to 3.37 [166] times greater risk of 6 
bony stress injury than male athletes. Five studies [25, 104, 115, 124, 166] including team and individual 7 
sports from adolescent and senior athletes (tier-3) consistently reported a higher rate and incidence of bony 8 
stress injury in female athletes. Overall, incidence ranged from 2.2/100,000 AE [115] to 9.13/100,000 AE 9 
[104]. In specific sports the highest reported IIR was in cross-country running (female IIR 28.59/100,000 AEs 10 
vs male IIR 16.14/ 100,000 AEs) [104]. The meta-analysis of four studies for stress fractures injuries showed 11 
an overall significant RR of 2.03 [1.77-2.34] for females (Figure 6). 12 
 13 
Acute fracture 14 
Conversely to stress fractures, moderate quality evidence in 15 studies [32, 65, 67, 70, 117, 131, 155-157, 15 
160, 163, 166, 172, 188, 197] highlighted a significantly higher rate of acute fracture in male athletes across 16 
multiple different sports. Three studies [155, 172, 197] reported that acute fracture accounted for a signifi-17 
cantly greater proportion of total injuries in male athletes in football (IPR 1.9, 95% CI 1.11-3.26) [172], bas-18 
ketball (IPR 2.49 [95% CI 1.59-3.91] [172, 197], lacrosse (IPR 21.3% vs. 10.8%; p < 0.01) [157] and wrestling 19 
(male 15.7% [CI 14.-16.7], female 10.6% [95% CI 7.5-13.7]) [155]. Male athletes were 1.8 (RR 1.8, 95% CI 1.37-20 
2.7) [166] to 2.8 (RR 2.8, 95% CI 2.45-3.24) [131] times more likely to sustain acute fracture than female 21 
athletes with the highest risk in competition. Male athletes had an OR of 1.21 (95% CI 1.14-1.27) [163] for 22 
acute fracture across all recreational sports. Acute fracture data were from studies in all tiers of the partici-23 
pant classification framework. The meta-analysis of five studies for acute fractures injuries showed an overall 24 
significant RR (1.43 [1.23-1.67] for males (Figure 7). 25 
 26 
3.7.6 Overuse injuries 27 
Sixteen moderate quality studies [28, 53-55, 62, 71, 80, 91, 108, 115, 124, 127, 151, 171, 187, 188] reflected 28 
a greater burden of overuse injury in female in athletes. Nine of these studies were in adolescent athletes 29 
[71, 80, 115, 123, 124, 127, 139, 150, 188]. Reported injury rates were IR 24.0/100 athletes (95% CI 20.7-30 
27.3) (males IR 10.5 [95% CI 7.4-13.7]) in skiers [55] and 16.8/10,000 AE (males 14.9; p<0.0001) across mul-31 
tiple sex comparable sports [171]. The proportion of overuse injuries in females compared to males varied 32 
by study; female overuse IPR 1.32 (95% CI 1.14-1.52)[124], female 18% vs male 4% [53], female 53.1% vs 33 
male 47.5% [54] female 18% vs male 11% (p<0.006)[28], female 13.3% vs 5.5% male[127], female 62.5% male 34 
41.9% [71, 188], lower leg – male 24.9%, female 31.7%, medial tibial stress syndrome – male 10.1% vs female 35 
18.0% [151]. One study in tier-3 adolescent athletes that had specialised in a single sport reported that fe-36 
males were 1.50 [95% CI, 1.14-1.99]; p<0.004) times more likely than males to sustain an overuse injury [80]. 37 
These studies included tennis [53], skiing [55], sex comparable senior sports [54, 171], water polo [127] ado-38 
lescent athletes that have specialised in a single sport [80] and high school sports [151]. One study highlighted 39 
that the ratio of acute to overuse injury was higher among male athletes (RR 3.67 [95% CI 3.02-4.46]) than 40 
female athletes (RR 1.53 [95% CI 1.28-1.83]) [171]. One tier-4 study[167] in football reported a higher rate of 41 
overuse injury in male players (male 4.19/1000 player hours, female 2.84 p<0.01; RR 1.48 [95% CI, 1.12 1.95]). 42 
Three moderate quality studies in adolescent athletes in swimming[139], cross country [150] and skiing [123] 43 
and one study in senior athletes across multiple sports [142] reported no significant sex difference for over-44 
use injuries. These studies were all in tier-3 athletes. No meta-analysis was conducted due to the lack of 45 
sufficient data by body location for overuse injuries. 46 
 47 
4 Discussion 48 

The focus of this review was to identify where differences in injury are most apparent between the sexes in 49 
sport. There was evidence to support sex specific injury profiles. Injury is rarely the result of one single factor, 50 
rather the interaction of multiple factors. Recent studies [198-201] have highlighted that biological sex inter-51 
acts with gender, social and environmental factors, all of which play a role in how athletes are injured and 52 
must be considered in the overall web of determinants.  53 
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 1 
4.1 Lower extremity injuries 2 

On balance there was higher volume of moderate quality evidence that female athletes were more suscep-3 
tible to lower limb injuries overall than there was for male athletes, which was consistent with recent reviews 4 
[202-204] that highlighted the lower limb injury burden in female athletes. More specifically in this review, 5 
the higher rate of knee and foot/ankle injuries was consistent with other studies [205]. Changes that occur 6 
at the onset of puberty may influence this injury profile in female athletes. Males experience an increase in 7 
strength, neuromuscular performance, and power within one year of peak velocity of growth in height and 8 
weight not typically seen in females[206]. If left unaddressed, this strength deficit and altered biomechanics 9 
may leave female athletes more vulnerable to lower limb injury both during the adolescent period and in the 10 
longer term.  11 

Male athletes appear to have a significantly greater propensity for hamstring injury than female athletes 12 
by as much as 62-64% [28, 89, 90], with high rates of reoccurrence, particularly in sports and playing positions 13 
with explosive physical demands. This was consistent with Zech et al. [207] who reported a higher incidence 14 
of thigh injuries in male athletes. An increasing incidence of hamstring injuries has also been observed in elite 15 
male football players[208], and there is evidence [209] that male athletes are generally more susceptible to 16 
muscular injury than female athletes. There is a growing body of research investigating mechanisms of [210] 17 
and risk factors for hamstring injury [211, 212] and although male sex is not cited as a risk factor the data 18 
predominantly comes from male cohorts. The injury mechanism typically associated with hamstring injury 19 
involves eccentric overloading and/or overstretching with a combination of hip flexion and knee exten-20 
sion[213]. Consistent with other studies [207, 214, 215], data in this review showed that male athletes were 21 
more susceptible to hip/groin injuries. There is evidence of sex differences in groin anatomy and pelvic and 22 
hip joint morphology that may contribute to the higher incidence of hip/groin injuries in male athletes[216]. 23 
Subtle differences in attachment sites of adductor and abdominal musculature alter the line of muscle action 24 
in certain positions and possibly making the tendons more vulnerable to higher tensile forces in male ath-25 
letes[217]. When playing sports in positions that require a combination of kicking and a rapid change of di-26 
rection, the male adductor complex may be put into an ‘at injury risk’ position. 27 

Neuromuscular training programmes with the inclusion of specific components targeting adductor [218] 28 
and hamstring [219, 220] muscles have been effective in protecting against these types of injuries [221, 222], 29 
particularly to the knee in high demand pivoting sports that require rapid change of direction. In female 30 
athletes these programmes are more effective when implemented during adolescence [221-224]. Adoles-31 
cence could therefore be a window of injury prevention opportunity in female athletes. Given the volume of 32 
evidence supporting targeted neuromuscular training programmes in reducing the risk of injuries that affect 33 
both male and female athletes, these programmes should be an integral part of all coach and player educa-34 
tion and training behaviour. Organisations that influence the provision of sport from financial support to 35 
technical development should prioritise neuromuscular training programmes.  36 
 37 
4.2 Upper extremity injuries 38 

There was a higher volume of moderate quality evidence reporting that male athletes across all levels of the 39 
participation pyramid had a greater risk of upper limb injuries than female athletes in both team and individ-40 
ual sports, particularly shoulder injuries. The greatest risk was seen in judo, ice hockey and water polo, all 41 
considered contact collision sports [225] with some demand on the upper limb and shoulder. Those studies 42 
that did report female athletes with a higher incidence of upper limb injury were lower contact/individual 43 
sports that may be categorised as ‘reverse chain’ or ‘above shoulder height with or without throwing’ in 44 
terms of playing demands on the shoulder [225]. These sports typically include repetitive upper limb move-45 
ment patterns and may therefore be more likely to result in overuse injuries, which would be consistent with 46 
the findings is this review relating specifically to a higher rate of overuse type injuries in female athletes. The 47 
Bern consensus statement [225] for shoulder injury prevention in sport provides best practice guidance on 48 
risk factors and considerations for primary and secondary prevention of shoulder injuries in all sport. 49 
 50 
4.3 Trunk injuries 51 

On balance, the incidence of injuries to the trunk in male and female athletes could be considered equivocal 52 
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from the data in this review. Studies that showed a higher incidence in male athletes were from sports that 1 
primarily load the lower limb. Studies that showed a higher incidence in female athletes were more balanced 2 
across sports that primarily load the upper limb or the lower limb. Previous research has shown a bi-direc-3 
tional relationship between lower limb [226, 227] and upper limb [228] characteristics/injury and trunk re-4 
lated pain, injury, mobility or deficit. Dynamic activities that occur during sport and involve any accelera-5 
tion/deceleration movement of the limbs require a stable base in the lumbo-pelvic region to absorb and 6 
transfer load [229]. It is widely accepted that lumbo-pelvic stability is created by appropriate dynamic neu-7 
romuscular control of the trunk musculature. Studies have demonstrated an association between deficien-8 
cies in trunk muscles and incidence of lower limb injuries [230-232]. Studies investigating sex differences 9 
specifically in the fatiguability of anterior and lateral trunk muscles have reported inconsistent results [232-10 
234]. Regardless, the findings in this current review further highlighted the importance of neuromuscular 11 
training programmes which include core strength and balance exercises for both male and female athletes. 12 
 13 
4.4 Sports related concussion 14 

The higher incidence of sports related concussion in females [207, 235, 236] is not well understood. A number 15 
of contributing factors have been cited but not thoroughly investigated, such as more honest reporting in 16 
females [207, 237-239], inadequate neck strength [240, 241], structural differences in the brain [242] and 17 
hormonal profile [235, 243-246]. The limited volume of research investigating concussive injury mechanisms 18 
in female sports has contributed to a lack of evidence informed preventative strategies and physical prepa-19 
ration protocols. Studies identified using our search terms consistently reported that female athletes have 20 
greater symptom severity and take longer to recover from sport related concussion [42, 95, 120, 133, 196, 21 
247]. This highlighted a potential need for specific guidelines for rehabilitation and return-to-play for female 22 
athletes to optimise recovery from concussion. Further, a recent review [248] showed that there is a consid-23 
erable under-representation of female participants (19.9%) in the studies that inform the recommendations 24 
of the most influential concussion consensus and position statements and that 40.4% of the studies include 25 
no female participants at all. There is likely a complex interaction between intrinsic biological sex with extrin-26 
sic, sociocultural or gendered behavioural differences. This is currently a poorly understood area and re-27 
search is needed to advance knowledge and inform prevention and rehabilitation protocols. 28 
 29 
4.5 Fractures 30 

Female athletes were at increased risk of bone stress injuries across multiple sports, a finding consistent with 31 
a review examining sex differences in running related injuries [249]. This sex difference may be underpinned 32 
by the interaction between energy availability, the menstrual cycle and bone health; the female athlete triad 33 
[250], as described within the relative energy deficiency in sport (RED-S) model [251]. Adolescence is widely 34 
accepted as a critical period for achieving peak bone mass [252] and an increasing body of evidence [251, 35 
253, 254] supports the critical role of nutrition and energy availability in developing and maintaining bone 36 
health. Education to reinforce the importance of, and strategies for, achieving optimal bone strength during 37 
adolescent years is a key preventative strategy. Strength training has been shown to promote the develop-38 
ment of bone strength [252, 255] in adolescent female athletes and in older cohorts [256-258]. 39 
 40 
4.6 Overuse injuries 41 

There was moderate quality evidence in this review of a higher incidence of overuse injuries in female ath-42 
letes, particularly in adolescent athletes. One study [80] reported that after controlling for all variables, ath-43 
letes categorized as highly specialized in one sport had 1.46 (95% CI, 1.04-2.04) times greater odds of an 44 
overuse injury than low specialized athletes (p=0.03). 45 

Overuse injuries result from acute micro trauma and repetitive stress and tend to occur when inadequate 46 
time is provided for the body to recover from and adapt to the stress. Previously identified factors associated 47 
with overuse injury include under recovery, excessive loading and under preparedness (or underloading of 48 
the musculoskeletal system) [259]. These factors can compromise an athlete’s ability to tolerate and adapt 49 
to the training load. Athletes who are exposed to sports with repetitive movement patterns either due to the 50 
nature of the sport or the high training volume in a single sport may be at increased risk of overuse injury 51 
due to repeated loading of the same structures. Although risk factors associated with overuse injury could 52 
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be present in both male and female athletes, the previously highlighted sexually divergent changes that occur 1 
during adolescence could make females more susceptible to overuse injury if not considered in the overall 2 
balance of sports participation e.g., strength development to tolerate training loads. 3 

The menstrual cycle is an essential marker of overall health in female athletes; phase of the menstrual 4 
cycle has been cited as a possible risk factor for ACL injury due to the influence of circulating estrogen on 5 
joint laxity and neuromuscular control [260]. A limited number of studies have investigated the overall risk 6 
of injury across the menstrual cycle [261, 262] with inconclusive results. Loss of the menstrual cycle (amen-7 
orrhea) has been shown to put female athletes at increased risk of injury, particularly bone stress injury [251]. 8 
 9 
4.7 Limitations and future research 10 

Although quality assessment was undertaken using the Downs and Black checklist, a detailed domain based 11 
RoB assessment was not carried out on the studies included in this review. Non-randomised study designs 12 
are typically at increased susceptibility to bias and preliminary analysis using the ROBINS-E tool confirmed 13 
that studies in this review were likely at “high risk of bias”. This is an important consideration when inter-14 
preting the findings of the review. 15 

In assigning data to the different tiers across the participant classification framework, where studies did 16 
not explicitly state the level of participation, tier classification was assumed based on the data presented. 17 
There was substantial heterogeneity across the studies included in some of the meta-analyses, somewhat 18 
limiting the generalisability of the results. The findings of this review should therefore be considered care-19 
fully.  20 

Studies in this review did not consistently include training histories and protocols so it was unclear 21 
whether these injury patterns exist in the presence or absence of injury prevention strategies. Future sports 22 
injury epidemiological research should include sex analysis and include more factors outlined in the IOC con-23 
sensus statement [263] to improve consistency of injury data collection. Given the lack of clarity on the im-24 
pact of female physiology on injury, reproductive status and menstrual cycle phase should also be included 25 
as standard in injury and illness data collection as outlined in the ‘Female Athlete Health Domains’ supple-26 
ment to the IOC consensus statement [264].  It should also be noted that there was inconsistent use of 'sex' 27 
(biology) and 'gender' (social construct) within the literature, studies within this review did not report how 28 
participant sex and/or gender information were obtained, and it was assumed that athletes included in the 29 
studies of this review were unlikely to have under-gone sex verification. Therefore, the results may represent 30 
a combination of differences due to biological sex and gender.  31 

Areas for future research include surveillance and analysis of injury mechanisms across female sport and 32 
investigations into the underlying mechanisms in female athletes’ susceptibility to sports related concussion 33 
and prolonged recovery. Increased inclusion of female research participants and female-only studies with 34 
appropriate methodological design will enable sports training and injury prevention recommendations and 35 
strategies to be based on relevant research. 36 
 37 
5 Conclusions 38 

There were clear sex-specific body location injury patterns in sports across the participation pyramid; the 39 
meta-analyses showed that female athletes had a higher risk of knee and foot/ankle injuries, sports related 40 
concussion and bone stress injuries. Male athletes were at higher risk for hamstring, injuries and acute frac-41 
tures than female athletes. Data showed that overall injury rates were generally higher in male athletes 42 
across the participation pyramid, or that there was no significant sex difference. Strength and neuromuscular 43 
training programmes may be effective for both male and female athletes for prevention of musculoskeletal 44 
injuries, particularly to the lower limb, however it is important to be aware of sex specific injury patterns and 45 
tailor approaches accordingly. Sex is only one factor that will determine injury risk, therefore must be con-46 
sidered in combination with other individual risk factors and with the demands of each sport. Further re-47 
search is needed to develop sex specific prevention and return to sport protocols for sports related concus-48 
sion. 49 
 50 



13 
 

Acknowledgements 1 

Thanks are given to the New Zealand Accident Compensation Corporation (ACC) Injury Prevention Group for 2 
funding this study. 3 
 4 
Declarations 5 

 6 
Contributors’ Statement 7 

According to the definition given by the International Committee of Medical Journal Editors (ICMJE), the au-8 
thors listed qualify for authorship based on making one or more of the substantial contributions to the intel-9 
lectual content of the manuscript. Grant funding application [Hume]; Study conception and design [Hume, 10 
Hardaker, Sims]; Acquisition of data [Hardaker], Extraction of data [Hardaker]; Interpretation of data 11 
[Hardaker, Hume, Sims]; Drafting of manuscript [Hume, Hardaker, Sims]; Critical revision of manuscript 12 
[Hardaker, Hume, Sims]. All authors read and approved the final version.  13 
 14 
Authors' Conflicts of Interest 15 

Financial interests: Natalie Hardaker was employed by ACC prior to and throughout the duration of the pro-16 
ject. ACC provided funding for the project. The opinions expressed are those solely of the authors and do not 17 
necessarily reflect those of the Accident Compensation Corporation, New Zealand. Patria A Hume and Stacy 18 
Sims declare that they have no financial interests.  19 
Non-financial interests: The authors declare that they have no non-financial interests. 20 
 21 
Compliance With Ethical Standards 22 

No ethics approval was gained given it was a literature review. 23 
 24 
Funding 25 

The research was funded by the New Zealand Accident Compensation Corporation (ACC) Injury Preven-26 
tion Group, a service group of ACC.  27 
 28 
Provenance And Peer Review  29 

Not commissioned, externally peer reviewed. 30 
 31 
Data Availability 32 

All data are included in the supplementary tables. 33 
 34 
Tables 35 

  36 



14 
 

Table 1 Study inclusion and exclusion criteria. 1 

Population 
Inclusion: Healthy active participants, all levels of sport, up to 65 yrs. 
Exclusion: General population – i.e., not sport or activity related injuries reported, over 
65 yrs. 

Intervention  
Inclusion: Standardized injury data collection intervention. 
Exclusion: Self report measure, not medically diagnosed injury. 

Comparisons 
Inclusion: Analysed and/or reported by sex. 
Exclusion: No sex analysis. 

Outcomes 

Inclusion: Injury rate, injury incidence, injury rate ratio, odds ratio, injury proportion ra-
tios, reported by sex. 
Exclusion: Illness clearly from aetiology other than transfer of kinetic energy (as per def-
inition in IOC consensus statement). 

Study design 

Inclusion: Longitudinal cohort studies, prospective and retrospective cohort studies, 
cross sectional, descriptive epidemiology. 
Exclusion: Systematic or narrative reviews, case reports and case series, commentaries 
and opinion pieces. 

Other limiters 

Inclusion: Full publications in the English language. 

Exclusion: Unavailable in English or in full text format, did not provide additional infor-
mation for any of the identified sections and subsections of this review. 

 2 
  3 
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Table 2 Studies that showed significant, or not, sex differences for acute and overuse combined injury 1 
rates for Tier 1-5 participants. 2 

 3 
Tier Significant sex difference No significant sex difference  Not reported on 
Tier-5: 8 
studies 

Team sports: 1 study [32] 
male athletes higher IIR. 1 
study [49] female athletes 
higher IIR. 

Team sports: 0 studies.  2 studies [50, 51]. 

Individual sports: 0 studies 
male athletes higher IIR. 1 
study [27] female athletes 
higher IIR. 

Individual sports: 3 studies 
[26, 52, 76]. 

  

Tier-4: 40 
studies 

Team sports studies: 5 
studies [28, 79, 102, 167, 
169] male athletes higher 
IIR. 1 study [170] female 
athletes higher IIR. 

Team sports studies: 6 stud-
ies [30, 40, 58, 113, 137, 
166]. 

6 studies: [31, 48, 135, 138, 
168, 171]. 

Individual sports: 9 studies 
[21, 24, 25, 33, 36-38, 53, 
55] male athlete higher IIR. 
5 studies [54, 56, 75, 78, 
134] female athletes higher 
IIR. 

Individual sports: 8 studies 
[20, 22, 23, 29, 57, 77, 110, 
111]. 

  

Tier-3: 98 
studies (*3 
studies in 2 
categories) 

Team sports: 9 studies [66, 
87, 89, 90, 96, 116, 136, 
180]*[143] male athletes 
higher IIR. 8 studies [47, 67, 
92, 140, 148, 151, 172, 
197] female athletes higher 
IIR. 

Team sports: 10 studies [45, 
61, 73, 105, 133, 142, 149, 
152] [93]* [106]*. 

51 studies: [20, 34, 35, 42, 
64, 71, 80, 88, 91, 94, 95, 97-
99, 101, 103, 104, 107-109, 
112, 115, 118-122, 127-132, 
141, 144, 146, 147, 173, 175-
179, 182-185, 187-189, 196]. 

Individual sports: 4 studies: 
[34, 35, 265] [96]* male 
athletes higher IIR. 7 stud-
ies [41, 114, 124, 139, 145, 
181, 186] female athletes 
higher IIR. 

Individual sports: 12 studies 
[44, 46, 59, 60, 74, 100, 123, 
150, 174, 266] [93]* [106]*. 
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Tier-2: 30 
studies (*2 
studies in 2 
categories) 

  Team sports: 7 studies [39, 
62, 63, 153, 162] [154]* 
[190]*. 

18 studies [43, 65, 68, 69, 72, 
81-83, 86, 126, 155-157, 159, 
160, 191-193]. 

Individual sports: 1 study 
[161] female athletes 
higher IIR. 

Individual sports: 6 studies 
[70, 125, 154, 158, 
194]*[190]*. 

  

Tier-1: 5 
studies 

Team sports: 3 studies 
[84]*[163]*[164]* male 
athletes higher IIR. 0 stud-
ies female athletes higher 
IIR. 

Team sports: 0 studies.  2 studies [85, 165]. 

Individual sports: 3 studies 
[84]*[163]*[164]* male 
athletes higher IIR. 0 stud-
ies female athletes higher 
IIR. 

Individual sports: 0 studies.   

*study includes data from both team and individual sports combined 1 
 2 
  3 
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Table 3 Studies that showed significant, or not, sex differences by injury location for Tier 1-5 participants. 1 

Tier Lower extremity Upper extremity Trunk Head/Neck/Concussion 
Tier-5  ADULTS: Willauschus, 

2021 [52]; Engebret-
sen, 2010 [27]; Edou-
ard, 2018 [26] 

Trease, 2020 [51]; 
Engebretsen, 2010 
[27] 

Harris, 2020 
[49]; Kim, 2020 
[50] 

Engebretsen, 2010 [27]; 
Junge, 2006 [32] 

Tier-4  ADULTS: Abadi, 2021 
[53]; Kim, 2021 [56]; 
Mattiussi, 2021 [57]; 
Edouard, 2014 [24]; 
Edouard 2015 [25]; 
Edouard, 2016 [38]; 
Gescheit, 2017 [75]; 
Hagglund, 2009 [28]; 
Hunt, 2017 [137]; Jo-
hansen, 2015 [134]; 
Larruskain, 2018 [167]; 
Moreno-Perez, 2019 
[33]; Toohey, 2019 
[79]; Traneus, 2016 
[170]; Westermann 
[110] 

Abadi, 2021 [53]; 
Chimera, 2022 [54]; 
Gescheit, 2017 [75]; 
Johansen, 2015 
[134]; Traneus, 
2016 [170]; Wester-
mann, 2015 [110] 

Abadi, 2021 
[53]; Fröhlich, 
2021 [55]; 
Moreno-Perez, 
2019 [33] 

Mertz, 2022 [138]; Ve-
dung, 2020 [58]; Hill, 
2019 [31]; Toohey, 
2019 [79] 
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Tier-3  ADULTS: Chan, 2021 
[141]; Comeau, 2023 
[142]; Cross, 2010 
[89]; Cross, 2013 [90]; 
Dalton, 2015 [91]; Eck-
ard, 2017 [92]; Eckard, 
2017 [93]; Fares, 2019 
[74]; Fraser, 2021 
[145]; Fulstone, 2016 
[94]; Harmer, 2008 
[174]; Kerbel, 2018 
[99]Kerr, 2016 [20]; 
Lievers, 2020 [149]; 
Mauntel, 2017 [101]; 
Post, 2022 [151]; 
Roos, 2017 [105]; Sal-
lis, 2000 [267]; Trojan, 
2019 [108]; Tummala, 
2018 [109]; Beynnon, 
2005 [64]; Opar, 2014 
[35]; Vaandering, 2022 
[61]; Rizzone, 2017 
[104]; Trojan, 2019 
[108, 151] 

Comeau, 2023 
[142]; Deckey, 2020 
[144]; Fares, 2019 
[74]; Hibberd, 2016 
[97]; Kerr, 2015 
[100]; Lanzi, 2017 
[179]; Melvin, 2018 
[102]; Owens, 2009 
[103]; Sallis, 2000 
[267]; Schroeder, 
2022 [152] 

Hassebrock, 
2019 [96]; Sal-
lis, 2000 [267]; 
Schroeder, 
2022 [152] 

Covassin, 2003 [88]; Co-
vassin, 2016 [42]; 
Deckey, 2020 [95]; Ges-
sel, 2007 [95]; Hur-
tubise, 2015 [98]; Roos, 
2017 [105]; Schroeder, 
2022 [152]; Simmons, 
2017 [107]; Zuckerman, 
2015 [112]; Zupon, 
2018 [113]; Vaander-
ing, 2022 [61]; Zupon, 
2018 [113] 
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ADOLESCENTS: Belilos, 
2023 [139]; Borowski, 
2008 [197]; Cierna, 
2017 [41]; Collins, 
2008 [116]; Darrow, 
2009 [172]; Fernan-
dez, 2007 [173]; Hin-
ton, 2005 [136]; Kerr, 
2011 [175]; Kerr, 2018 
[177]; Kolstrup, 2016 
[67]; Marshall, 2020 
[150]; Messina, 1999 
[180]; Mitchell, 2015 
[122, 182]; Nelson, 
2007 [183]; O'Connor, 
2020 [60]; Pierpoint, 
2016 [124]; Powell, 
2000 [47]; Rauh, 2000 
[186]; Stracciolini, 
2014 [188]; Straccio-
lini, 2015 [71]; Swen-
son, 2013 [129]; Swen-
son, 2013 [128]; Yard, 
2008 [133] 

Belilos, 2023 [139]; 
Collins, 2008 [116]; 
Hinton, 2005 [136]; 
Kerr, 2011 [176]; 
Kerr, 2018 [177]; 
Maciejewski, 2016 
[44]; O' Connor, 
2020 [60]; Pytiak, 
2018 [185]; Stracci-
olini, 2014 [188]; 
Stracciolini, 2015 
[71] 

Cierna, 2017 
[41]; Hinton, 
2005 [136]; 
Kerr, 2018 
[177]; Straccio-
lini, 2014 [188]; 
Stracciolini, 
2015 [71] 

Belilos, 2023 [139]; Bor-
owski, 2008 [197]; 
Bretzin, 2021 [140]; 
Bretzin 2018 [196]; Ci-
erna, 2017 [41]; Collins, 
2008 [116]; Hinton, 
2005 [136]; Huffman, 
2008 [118]; Kerr, 2011 
[175]; Kerr, 2017 [66]; 
Kerr, 2018 [177]; Lin-
coln, 2011 [119]; Ma-
rar, 2012 [120]; O' Con-
nor, 2017 [184]; Tira-
bassi, 2016 [189]; Yard, 
2008 [133] 

Tier-2  ADULTS: Gill, 2021 
[81]; Hollander, 2021 
[82]; Mintz, 2021 
[158]; Sugimoto, 2020 
[83] 

Gill, 2021 [81]; 
Mintz, 2021 [158]; 
Sugimoto, 2020 
[83]; Rugg, 2021 
[160] 

Gill, 2021 [81]; 
Rugg, 2021 
[160] 

Gill, 2021 [81]; Morris-
sey, 2020 [159] 

ADOLESCENTS: Hosea, 
2000 [43]; Honrado, 
2021 [156]; Khodee, 
2020 [157]; Owoeye, 
2020 [62]; Leppanen, 
2017 [192]; Pasanen, 
2018 [68]; Quatman, 
2009 [125]; Reid, 2012 
[70]; Sokka, 2020 [63]; 
Willick, 2021 [161]; 
Zynda, 2022 [162] 

Khodaee, 2020 
[157]; Quatman, 
2009 [125]; Reid, 
2021 [70]; Robin-
son, 2014 [193]; 
Sokka, 2020 [63]; 
Forward, 2014 [65]; 
Hoge, 2020 [155] 

Sugimoto, 2020 
[83]; Polites, 
2014 [69]; 
Quatman, 2009 
[125]; Reid, 
2012 [70] 

Chatha, 2020 [153]; 
Chun, 2021 [154]; 
Delaney, 2014 [191]; 
Khodaee, 2020 [157]; 
Polites, 2014 [69]; 
Schallmo, 2017 [126]; 
Tsushima, 2019 [72]; 
Zynda, 2022 [162]; 
Hoge, 2020 [155] 

Tier-1  ADULTS: Aman, 2019 
[85] 

Stogner, 2020 [164]   Aman, 2019 [85]; Xiao, 
2022 [165]  

 1 
  2 
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Table 4 Participant characteristics and main findings for the Tier-5 athlete studies. 1 

Reference 
& Quality 
score Focus 

Participants characteristics, age 
(mean±SD) Findings/Comment 

Willauschus 
2021 [52]; 
18, 64% 
Moderate 

Foot & ankle 
injuries in 
taekwondo. 

107 athletes (47% female) from a 
national Olympic taekwondo train-
ing centre were investigated pro-
spectively for training & competi-
tion injuries over 5 yrs (January 1, 
2014–December 31, 2019). Age 
19.3±3.2 (15-27), male 20.9±3.4 (15-
26), female 19.5±3.0 (15-27). yrs of 
experience 9.6±3.3 (6-20), male 
10.3±3.8 (6-20), female 9.1±3.5 (6-
20). 

Overall IIR ankle joint 13.14/1000h (95%CI 
1.5-25.9). No sig. sex diff.; male 14.8 
(95%CI 2.7-17.9), female 12.7 (95%CI 3.6-
21.1). For the foot 4.9 (95%CI 2.0-7.9). No 
sig. sex diff. male 5.3 (95%CI 2.0-7.8), fe-
male 3.9 (95%CI 2.6-7.0). The IIR during 
competition was higher overall for both 
ankle joint (training 2.9 [95%CI 2.0-3.7] 
competition 20.9 [95%CI 15.4-26.5] 
p<0.01)and foot injuries (training 2.7 
[95%CI 2.0-7.9] competition 6.8 [95%CI 
5.4-8.2]; p<0.01). This pattern was evident 
in males & females.  

Harris 2020 
[49]; 16, 
57% Moder-
ate 

Rib stress inju-
ries in 2012–
2016 (Rio) 
Olympiad. 

151 Australian rowing team athletes 
for 88773 athlete days. 85 qualified 
athletes (2013-15) plus 66 'shadow 
squad' athletes seeking qualification 
in 2016. 

Overall IIR 0.2714/1000 athlete days 
(2013-15), shadow squad (2016) 
0.1344/1000 athlete days. Rib injury prev-
alence 9.15%, (4%-15.4% over 2013-2015). 
Shadow squad prevalence 4.27%. Preva-
lence highest among lightweight athletes 
13.04% in first 3 yrs of Olympiad. Overall 
4- year period prevalence for at least one 
rib stress injury 9.9% (incl. all 151 athletes 
monitored from 2013 to 2016) with 2.7% 
having more than one (n=4). Sex diff. in 
prevalence (p=0.05). Prevalence highest in 
females 11.94%, lightweight (13.04%) & 
sweep (11.49%) athletes in 2013–2015 
Australian rowing team & in females 
(8.51%), lightweight (5.88%) & scull 
(8.11%) athletes in 2016 shadow squad. 

Kim 2020 
[50]; 20, 
71% Moder-
ate 

Acute & over-
use injuries in 
aquatic sports. 

241 athletes, trained average of 4.5 
hrs/day, 5 days/wk. For 1 yr, ath-
letes were present at training centre 
for 9.5 months (41.25 wks). Swim-
mers & divers trained 4 hrs/day, 5 
days/wk, for 9 months (39 wks); wa-
ter polo players & artistic swimmers 
trained 5 hrs/day, 5 days/wk, for 10 
months (43.5 wks). Swimming; 30 
males 24.4±4.4 yrs, 1.84±0.03 cm, 
weight (kg) 78.9 (5.6), BMI 23.3 
(1.0), 31 females 23.7±2.6 yrs, 
1.71±0.02 cm, 63.4±1.3 kg, BMI 
21.6±0.6. Diving; 32 males 23.6±0.4 
yrs, 1.67±0.05 cm, 62.0±4.1 kg, BMI 
22.3±0.2, 24 females 22.8±1.7 yrs, 
1.56±0.04 cm, 52.3±0.9 kg, BMI 
21.4±1.1. Water Polo; 73 males 
24.4±3.4 yrs, 1.82±0.05 cm, 
86.5±9.2 kg, BMI 26.0±2.8. Artistic 
swimming; 51 females 19.1±1.9 yrs, 
1.63±0.03 cm, 53.13±4.0 kg, BMI 
19.83±1.1. 

Overall IR 2.74 (95%CI 2.55–2.93)/1000 hrs 
of training. Swimming IR 4.60 (95%CI 4.04-
5.17) (male 4.10, female 5.13 inju-
ries/1000 hrs of training; RR = 1.25, [95%CI 
0.34-4.57]). Diving IR 3.15 (95%CI 2.69-
3.62), (male 2.61, female 3.72; RR = 1.43, 
[95%CI 0.29-6.92]). Overall IIR 13.41 
(95%CI 12.48-14.34)/1000 AEs. Swimming 
IIR 19.37 (95%CI 16.99-21.75)/1000 AEs, 
(male 17.43, female 21.35/1000 AEs; RR 
1.22 [95%CI 0.65-2.29]). Diving IIR 13.32 
(95%CI 11.35-15.28)/1000 AEs, (male 
11.18, female 15.51; RR 1.39 [95%CI 0.65-
2.98]). Injury patterns by site & type - no 
sig. sex diff. (most notable diff. in diving, 
male = lower extremity, trunk & female = 
trunk, upper extremity). 
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Trease 2020 
[51]; 18, 
64% Moder-
ate 

Acute & over-
use injuries in 
rowing. 

153 athletes over London 2012 & 
Rio 2016 Olympic cycles (8 yrs). De-
mographic information available as 
supplementary information online. 

No sig diff. in height or weight of athletes 
in any year studied. Overall IIR for 2 Olym-
pic cycles 4.1–6.4 injuries/Athlete Days 
(AD's). Chest wall injuries female RR 1.4 
(95%CI 1.2-1.7). Low back pain female RR 
0.5 (95%CI 0.4-0.6). Forearm injury female 
RR 1.06 (95%CI 0.8-1.5). Knee injury fe-
male RR 1.10 (95%CI 0.8-1.6). 

Edouard 
2018 [26]; 
19, 68% 
Moderate 

Acute & over-
use injuries in 
gymnastics. 

Not included. Overall IR 84.1±17.5/1000 registered gym-
nasts (54 female (66%, 27 male (33%)). No 
sig. sex diff. (female 86.4±22.0 vs male 
79.9±28.9/1000 gymnasts). Time loss IR 
32.2±11.1/1000 gymnasts. No sig. sex diff. 
(female 27.2±12.8 vs male 41.4±21.2/1000 
gymnasts). Sig. sex diff. for ankle injuries; 
female 27.4±18.7 vs male 3.4±6.7/1000 
gymnasts & training injuries; female 
51.4±25.3 vs male 17.2±15.0/1000 gym-
nasts. Overall female IR RR=1.08; (95%CI 
0.69 to 1.68). Female time-loss RR=0.66; 
(95%CI 0.33 to 1.32). Female ankle injury 
RR=7.95; (95%CI 1.00 to 63.1). Female 
training injury RR=2.98; (95%CI 1.10-8.09). 

Engebret-
sen 2010 
[27]; 17, 
61% Moder-
ate 

Acute & over-
use injuries in 
winter sports; 
skiing, snow-
boarding, skat-
ing, hockey, 
luge, bobsled. 

2567 registered athletes (1045 fe-
males, 1522 males) No further detail 
reported. 

Overall IR; 111.8 injuries/1000 registered 
athletes. Sig. (p=0.003) sex diff. in overall 
IR; female 131.1/1000 athletes, male ath-
letes 93.3. Face, head & cervical spine (fe-
male 19.7%, male 21.4%) & knee (female 
16.1%, male 10.7%) most prominent injury 
locations. followed for females by wrist 
(8.0%) & for male athletes by thigh 
(10.0%). Contusions (female 31.6%, male 
25.5%, ligament sprains (female 19.8%, 
male 10.6%) & muscular strains (female 
8.1%, male 16.3%) most common injury 
types. Female overall injury RR=1.4 (95%CI 
1.1 to 1.8). 

Junge 2006 
[32]; 14, 
50% Moder-
ate 

Acute & over-
use injuries in 
football, hand-
ball, basketball, 
field hockey, 
baseball, soft-
ball, water 
polo, volleyball, 
beach volley-
ball. 

Specifics not included. Sex diff. overall IIR of time-loss injuries 
male 24.7/1000 player matches female 
15.9 (p<0.05). Handball IR higher in female 
145/1,000 player hrs, male 89/1,000 
player hrs. sig. (p< 0.05) more injuries in 
male players than in female players were 
expected to result in time loss male 
40/1,000player hrs, female 36/1,000 
player hrs. No diff. in incidence of time-
loss injuries was observed between male 
& female players. Sig. sex diff. (p<0.05) in 
injury proportions; concussions female 4% 
vs male, 0.5% sprains female 19% vs male 
9%, fractures female 3% vs male 6% & lac-
erations female 5% vs male 11%. Football; 
type of injuries differed sig. (p<0.01), with 
fewer contusions & lacerations & more 
sprains & concussion in females. Basket-
ball; location differed sig. (p<0.05), with 
twice as many head injuries (female 29%, 
Male 15%). 
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Kim 2015 
[76]; 14, 
50% Moder-
ate 

Acute & over-
use injuries in 
judo. 

24 male, 24 female athletes training 
at facilities. 

Total IR 4.1 injuries/year for each athlete; 
4.0 injuries/male athlete (4.5 for light-
weights & 3.5 for heavyweights, 4.2 inju-
ries/female athlete (4.5 for lightweights & 
4.0 for heavyweights). Annual injury inci-
dence 4.2 injuries/1000 h of training/ath-
lete; male 4.1 injuries/1000 h of training 
(4.6 for lightweights vs. 3.6 heavyweights 
(z=4.7893, p<0.001)). Female 4.3 injuries 
/1000 h of training (4.6 for lightweights vs. 
4.2 for heavyweights (z=1.9111, p>0.05)). 
Sig. sex diff. (p=0.0228) for grade III inju-
ries. However, this was sig. only in a com-
parison between male heavyweights vs. 
female heavyweights (p=0.0041) NOT be-
tween male lightweights & female light-
weights 42 (p=0.6347). Weight category 
female OR-1.04 (95%CI; 0.78 to 1.37, & 
the distribution of injury rate in the two 
categories was analogous to each other. 
Sex & weight diff. in IR not statistically sig. 
(p=0.8060). 

 1 
OR: odds ratio; aOR: adjusted odds ratio; CI: confidence interval; HR: hazard ratio; IRR: incidence rate ratio; 2 
RR: relative risk; IQR: interquartile range. 3 
 4 
 5 
  6 
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Table 5 Participant characteristics and main findings for the Tier-4 athlete studies. 1 

 2 
Reference 
& Quality 
score Focus 

Participants characteris-
tics, age (mean±SD) Findings/Comment 

Abadia 
2021 [53]; 
19, 61% 
Moderate 

MSK injuries 
in profes-
sional tennis 
players dur-
ing tourna-
ment play. 

161 tennis players (44%) 
female. Athlete rank; 
singles 742 (27–2668), 
doubles 595 (13–1886). 
Most players (63.4%) 
competed both in sin-
gles & doubles matches. 
Age(yrs) 22.0±4.1, 
Height (cm) 1.74±0.09, 
weight (kg) 68.6±10.4, 
playing experience (yrs) 
15 (6–31). Data collected 
over 5 ITF tournaments 
in 2019. 

Across all tournaments 1167.7 hrs of play caused 36 mus-
culoskeletal injuries. Overall IIR 30.8 injuries/1000 player 
hrs (95%CI 28.2–33.5). Male IIR 35.7 injuries/1000 player 
hrs (95%CI 32.1–39.2), female IIR 23.6 injuries/1000 
player hrs (95%CI 19.7–27.4), male RR 1.4 (95%CI 0.7-2.8; 
p=0.280). 15% female players sustained an injury, 22% 
males sustained an injury. Overall acute IIR 18.8 (95%CI 
16.6–21.1), overuse IIR 2.6 (95%CI 1.7–3.5), recurrent IIR 
9.4 (95%CI 7.7–11.1). 68% male injuries were acute, 4% 
overuse & 25% recurrent. 45% female injuries were 
acute, 18% overuse & 36% recurrent. 32% male injuries 
were to the upper limb, 48% to the trunk & 20% to the 
lower limb. 9% female injuries were to the upper limb, 
18% to the trunk & 64% to the lower limb.  

Chimera 
2022 [54]; 
16, 57% 
Moderate 

MSK injury & 
illness during 
Canada 
Games com-
petitions 
from 2009-
2019. 

Retrospective data anal-
ysis. 8710 male & 8391 
female athletes. Sum-
mer games 10169 (5457 
male; 4712 female), win-
ter games 6932 (3253 
male; 3679 female). 
3160 injuries in male 
athletes, 3272 injuries in 
female athletes. 

Male IIR 362.8/1,000 athletes, female IIR 389.9 (p=0.004). 
Shoulder injuries accounted for highest proportion of in-
juries in male (11.3%) & female (11.8%) athletes. Muscle 
strains accounted for the highest proportion of injury 
type in both male (36.4%) & female (37.8%) athletes. 
Acute injuries accounted for 54.3% injuries in male & 
46.9% in female athletes. Chronic injuries accounted for 
45.7% injuries in male & 53.1% in female athletes. Overall 
injury & illness incidences were sig. higher in Winter, cf. 
to Summer, Canada Games. No sig diff. in overall IIR in fe-
males competing in Winter cf. to Summer Games. In fe-
male athletes, highest IIR freestyle skiing. Female OR in 
softball 3.8 [95%CI 2.9-5.1], canoe-kayak 2.4 [95%CI 1.5-
3.8], rowing 2.2 [95%CI 1.53.2], sailing 5.6 [95%CI 2.8-
11.1], swimming 1.7 [95%CI 1.2-2.6], tennis 2.3 [95%CI 
1.4-3.8], triathlon 3.8 [95%CI 2.0-7.1], fencing 22.0 
[95%CI 6.7-71.9], alpine skiing 2.3 [95%CI 1.5-3.5], biath-
lon 3.1 [95%CI 1.8-5.2], judo 1.8 [95%CI 1.2-2.8], snow-
boarding 2.6 [95%CI 1.5-4.5]. 

Fröhlich 
2021 [55]; 
19, 68% 
Moderate 

Acute & over-
use injuries in 
elite compet-
itive alpine 
skiers 
throughout 
an entire sea-
son (i.e. an 
off-season 
preparation 
period & 
competition 
period).  

44 members of Swiss 
National Ski Team, 25 fe-
males & 19 males, com-
peting at different inter-
national levels (i.e. WC, 
EC, FIS races). Overall 
sample 21.4±2.8 yrs, 
172.3±8.7 cm, 72.9±10.7 
kg, BMI 24.4±2.0 kg/m2. 
25 females 21.0±2.7 yrs, 
166.6±5.4 cm, 65.6±6.6 
kg, 23.6±1.9 kg/m2. 19 
males 21.8±3.0 yrs, 
180.0±5.7 cm, 82.5±6.8 
kg, 25.5±1.67 kg/m2. 
Male height, weight & 
BMI sig. [p<0.01], higher 
than females.  

Across entire season; traumatic IR 120.5/100 athletes, 
overuse IR 63.6 & overall IR 184.1. Competition season; 
traumatic IR 77.3/100 athletes, overuse IR 18.2, & overall 
IR 95.5. Across entire season; traumatic injury female RR 
1.031 (95%CI 0.630-1.690), overuse injury female RR 
0.988 (95%CI 0.549-1.779), overall injury female RR 0.971 
(95%CI 0.626-1.507). Sig. sex diff. for overuse injuries in 
competition season; female IR 24.0 (95%CI 20.7-27.3), 
male IR 10.5 (95%CI 7.4-13.7). No sex diff. for traumatic 
injuries (female 52.0 [95%CI 48.1-55.9], male 57.9 [95%CI 
52.8-63.0]). Preparation period; traumatic IR 36.4 (95%CI 
34.2-38.5), overuse IR 43.2 (95%CI 41.1-45.4), overall IR 
70.5 (95%CI 68.4-72.5). Sig. sex diff. for traumatic injuries 
in preparation period; female 44.0 (95%CI 40.1-47.9), 
male 26.3 (95%CI 21.8-30.9). Sig. sex diff. for overuse in-
juries in the preparation period male 52.6 (95%CI 47.5-
57.8), female 36.0 (95%CI 32.2-39.8). Type & body site of 
injury not reported by sex. 
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Kim 2021 
[56]; 19, 
68% Mod-
erate 

Acute & over-
use injuries in 
adolescent 
judo. 10 
months of 
data collec-
tion in 2019 
prospective 
cohort study. 

120 male athletes: 40 
lightweight 18.82±2.31 
yrs, 169.73±3.39 cm, 
69.74±5.33, BMI 
23.41±1.47, 40 middle-
weight 18.77±2.24 yrs, 
177.48±4.21 cm, 
85.11±6.45 kg, 
25.11±1.68 kg/m2; 40 
heavyweight 18.39±2.89 
yrs, 181.24±6.86 cm, 
108.82±12.49 kg, 
33.98±4.95 kg/m2; 120 
female athletes: 40 light-
weight 18.13±2.90 yrs, 
159.58±5.93 cm, 
53.24±5.74 kg, 
21.44±1.30 kg/m2; 40 
middleweight 
18.61±2.22 yrs, 
166.19±3.55 cm, 
67.45±4.57 kg, 
23.94±1.99 kg/m2; 40 
heavyweight 18.38±2.97 
yrs, 172.09±4.32 cm, 
90.11±11.87 kg, 
31.33±6.63 kg/m2.  

Overall IIR 12.60/1000 AEs, & the injury rate was lower in 
male athletes than in female athletes (female 15.66, male 
9.49/1000 AEs; p<0.001). Sex diff. in IIR for all categories; 
Lightweight (male 10.24 [95%CI 8.15–12.71], female 
16.71 [95%CI 14.02–19.77]), Middleweight (male 9.32 
[95%CI 7.34–11.66]), female 15.46 [95%CI 12.91–18.37]), 
heavyweight (male 8.92 [95%CI 6.99–11.22], female 
14.84 [95%CI 12.31–17.73]). Location of injuries was most 
frequent for lower extremity (39.71%), upper extremity 
(36.63%), trunk (16.69%), & head & neck (6.97%), female 
higher injury rate across all areas (p=0.023). Females 
higher rate of bone stress injury & tendinosis. 

Mattiusi 
[57]; 19, 
68% Mod-
erate 

Acute & over-
use injuries in 
ballet. Pro-
spective co-
hort study 
2015-20. 

123 elite professional 
dancers (66 female, 
28.0±8.3 yrs; 57 male, 
27.9±8.5 yrs across ranks 
of apprentice, artist, first 
artist, soloist, first solo-
ist, principal & principal 
character artist. Dancers 
who joined or left com-
pany during study period 
were included for dura-
tion of their time in 
company. 

283,453 individual dancer events (class: 99,733; re-
hearsal: 152,588; performance: 31,132). Scheduled dance 
events represented 417,693 hrs of individual dance expo-
sure (class: 115,772; rehearsal: 209, 529; performance: 
92, 392) over 5 seasons. Sig. main effect of company rank 
observed on medical attention injury incidence rate 
(p<0.001), medical attention IR lower in apprentices 
(2.5/1000 hrs 95%CI 1.9-3.2) than first soloists (4.5/1000 
hrs; 95%CI 3.7-5.5; p=0.003) & principals (4.7/1000 hrs 
95%CI 3.9-5.8; p=0.002). No sig. main effects of sex 
(p=0.031) or sex by rank (p=0.659) for medical attention 
IR or time loss IR (sex; p=0.496), sex by rank; p=0.205). 
Overall, injuries to distal lower extremity & joint/ligament 
tissue had greatest burden across all dancers. Ankle inju-
ries (synovitis, impingement & bursitis) were greatest 
burden in female dancers. In male dancers, stress frac-
tures to foot & lower leg had greatest burden. Nineteen 
of 21 stress fractures in male dancers were attributed to 
jumping & landing activities & 18 were non-traumatic.  
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Mertz 
2022 
[138]; 14, 
50% Mod-
erate 

Maxillofacial 
injuries from 
NCAA Divi-
sion I Ameri-
can Football, 
baseball, 
men’s & 
women’s bas-
ketball, 
men’s & 
women’s wa-
ter polo, 
men’s & 
women’s ten-
nis, men’s & 
women’s in-
door volley-
ball, women’s 
beach volley-
ball, women’s 
lacrosse, & 
women’s 
football. 

Collegiate age (17-24 
yrs) NCAA database 
2015-19. No further de-
mographic info included. 

193 athletes across 13 sports sustained at least 1 maxillo-
facial injury over 4 athletic seasons. In males, American 
Football accounted for 26.4%, basketball 16.1% & water 
polo 14.0%. In females, basketball accounted for 9.8%, la-
crosse 5.7%, & football 5.2%. Across all sports, male ath-
letes experienced 70.5% maxillofacial injuries, while fe-
male athletes experienced 29.5% injuries. Overall inci-
dence of maxillofacial injuries was 2.06/1000 AE hrs. 
Male IIR 1.92/1000AE, female 2.4/1000 AE hrs. Men’s 
basketball (8.30 injuries/1000 AE hrs) & men’s water polo 
(8.15 injuries/1000 AE hrs) highest IIR of all sports. 
Women’s basketball highest IIR of women’s sports (5.79 
injuries/1000 AE hrs). Men’s & women’s tennis & base-
ball had lowest rates, all with fewer than 1/1000 AE hrs. 
Basketball male RR 1.43. Water polo male RR 3.79. Vol-
leyball male RR 1.6. 

Vedung 
2020 [58]; 
18, 64% 
Moderate 

Concussion in 
football. 

51 Swedish elite football 
teams. 959 players, 389 
female 23±4.2 yrs, & 570 
male 25±4.6 yrs.  

Overall concussion game IIR 1.19/1000 hrs of game play, 
male 1.18, female 1.22 (NS). 1st league; concussion game 
IIR 1.27/1000 hrs of game play, male 1.33, female 1.23 
(NS). Semi-pro; concussion game IIR 1.20/1000 hrs of 
game play, male 1.11, female 1.33 (NS). 83% concussions 
occurred during games. Two players sustained two con-
cussions, & 36 concussions were distributed on 34 play-
ers. To compare the SRC IIR between male & female on 
the same level of play; female 1st league cf. to male 2nd 
league (females 0.8/1000 hrs of game play; males 
0.9/1000 hrs of game play; p=0.79). 

Allen 2012 
[21]; 20, 
71% Mod-
erate 

Acute & over-
use injuries in 
professional 
ballet. 

52. 27 female; 25±6 yrs, 
162.2±3.7 cm, 49.2±4.0 
kg & BMI 18.9±1.6 
kg/m2. 27 male; 23±5 
yrs, 179.6±4.3 cm, 
71.7±4.7 kg & 22.2±1.4 
kg/m2. 

Overall IR 6.8 injuries/dancer (females, 6.3; males, 7.3; 
p>0.05). Severity of injury higher (p<0.05) in male danc-
ers (9 days) than in female dancers (4 days). No sig. sex 
diff. for injury incidence due to extrinsic factors; females 
1.49/1000 hrs, male 1.64/1000 hrs greater injury inci-
dence related to intrinsic factors for males (3.12/1000 
hrs) cf. to females (2.65/1000 h). Female had sig. (p<0.05) 
higher incidence of first-episode injuries (49%) than 
males & reported fewer recurrences (40%) & exacerba-
tions (11%) (p<0.05). No correlation between age & inci-
dence (r=-0.20, p=0.16) & age & number of injuries (r=-
0.19, p=0.18). 

Augusti-
cova 2019 
[22]; 16, 
57% Mod-
erate 

Acute & over-
use injuries in 
karate. 

5 weight divisions per 
sex (<60 kg, <67 kg, <75 
kg, <84 kg, & >84 kg for 
male athletes & <50 kg, 
<55 kg, <61 kg, <68 kg, & 
>68 kg for female ath-
letes). All female bouts 
are scheduled for 2 
minutes, all male bouts 
are scheduled for 3 
minutes (real time). 

Sig. sex diff. for IIRAE female 2.46, male 6.98. No sig. sex 
diff. for IIRME female 1.23, male 2.33. (Overall IIRAE & 
IIRME were 5.13 (95%CI, 3.82-6.74) & 1.98 (95%CI, 1.47-
2.60, respectively. Female IIRAE RR, 0.35 (95%CI, 0.17-
0.70). Female IIRME RR, 0.53 (95%CI, 0.27-1.05). 
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Bere 2015 
[40]; 16, 
57% Mod-
erate 

Acute & over-
use injuries in 
volleyball. 

No demographic info in-
cluded. Competitions for 
under-18, under-19, un-
der-20, under-21 & un-
der-23 age categories 
were classified as junior 
events. 

Match IIR 10.7/1000 player hrs (95%CI 9.5 to 12.0); male 
10.5 (95%CI 7.6-13.4, female 7.8 (95%CI 5.5-10.1). No sig. 
sex diff. Time-loss IIR during match play 3.8/ 1000 player 
hrs (95%CI 3.0 to 4.5); male 2.1 (95%CI 0.8-3.3, female 
2.6 (95%CI 1.3-3.9). No sig. sex diff. Overall injury male 
RR: 1.09, (95%CI 0.86 to 1.38). Incidence of time-loss inju-
ries during match play was 3.8/ 1000 player hrs (95%CI 
3.0 to 4.5). Time loss male RR 1.04, (95%CI 0.70 to 1.55). 

Cierna 
2017 [41]; 
17, 61% 
Moderate 

Acute & over-
use injuries in 
karate. 

295 karate athletes (119 
female, 176 male) 

Overall IIRAE, 35.6 (95%CI, 22.8-53.0, & overall IIRME 
10.9 (95%CI, 7.0-16.2). No sig. sex diff.: females had a 
slightly higher IIRME & IIRAE. Female RRME 1.33 (95%CI, 
0.61-2.90). Female RRAE 1.19 (95%CI, 0.54-2.60). Overall 
injury proportion 8.1 (95%CI, 5.2-12.1) 

Edouard 
2014 [24]; 
18, 64% 
Moderate 

Acute & over-
use injuries in 
athletics. 

Not included. Sig. (p=0.001) sex difference in overall IR; Male 
122.0±23.6, female 69.5±15.9/1000 registered athletes. 
Sig. (p=0.03) sex difference in time-loss IR; Male 
56.9±16.5, female 31.5±9.4/1000 registered athletes. 
Male overall injury RR=1.8 (95%CI, 1.2-2.5, males time-
loss RR=1.7 (95%CI, 1.0-2.9). Anatomical location differed 
sig. for location (p=0.03); specifically, groin (8.9% vs. 0%, 
thigh (27.8% vs. 28.6%, knee (17.8% vs. 4.8%, & ankle 
(8.9% vs. 7.1%) injuries were more frequent in males. 

Edouard 
2015 [25]; 
17, 61% 
Moderate 

Acute & over-
use injuries in 
Athletics 

Not included. Sig. sex diff. for overall IR; male 110.3±6.8/1,000 regis-
tered athletes, female 88.5±6.7. Sig. sex diff. for overall 
outdoor IR; male 116.3±7.6/1,000 registered athletes, fe-
male 93.7±7.4. No sex diff. was found for cause & sever-
ity of injury. Sig. sex diff. time loss injury; male, 54.0±5.3, 
female 43.2±5.2. Sig. sex diff.; hip/groin IR male 6.9±1.9, 
female 3.0±1.4, thigh IR male 32.4±4.1, female 19.7±3.5, 
lower leg IR male 22.04±3.4, female 16.2±3.2. Sig. sex 
diff. stress fracture IR male 0.9±0.7, female 2.7±1.3, strain 
IR male 34.1±4.3, female 20.7±3.6. Overall injury male 
RR=1.25 (95%CI 1.13-1.37). Overall outdoor injury male 
RR=1.24 (95%CI 1.12 to 2.51). Male thigh injury RR=1.64 
(95%CI 1.32-2.05, male lower leg RR=1.36 (95%CI 1.05-
1.75) male hip/groin injuries RR=2.26 (95%CI 1.31-3.88), 
male muscle strains RR 1.64 (95%CI 1.33-2.04, male thigh 
strains RR 1.66 (95%CI 1.25-2.19, male stress fractures RR 
0.32 (95%CI 0.12-0.81) than female athletes. Male sprint 
injury RR 1.32 (95%CI 1.06-1.66), middle distance injury 
RR 1.48 (95%CI 1.06-2.06), male race walk injury RR 2.55 
(95%CI 1.27-5.10). Male time loss RR 1.25 (95%CI 1.07-
1.46). 
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Edouard, 
2016 [38]; 
16, 57% 
Moderate 

Acute & over-
use muscle 
injuries in 
athletics. 

Mean age not reported. 
Age groups: <20, 20-22, 
23-25, 26-29, 30-34, 
>35. 3289 injuries in to-
tal. 

1351 hamstring injuries. Overall incidence of muscle inju-
ries sig. sex diff. Male 51.9±6.0 vs female 30.3±5.0 inju-
ries/1000 registered athletes. Overall incidence of ham-
string injuries sig. sex diff.; male 22.4±3.4 vs female 
11.5±2.6 injuries/1000 registered athletes. Hamstring in-
jury incidence in indoor training similar for both sexes; 
Male-0.8±0.3 vs female 0.9±0.3 injuries/1000 registered 
athletes. The proportion of muscle injuries sig. higher 
among male (45.6%) than female athletes (34.7%) 
(χ2=18.1; p<0.001). For male athletes, the proportion of 
muscle injuries was sig. higher among time-loss & in-com-
petition time-loss injuries (about 57%) than among all, 
training & in-competition injuries (about 46%; p<0.05). Of 
1082 injuries during 9 international athletics champion-
ships, there were 185 hamstring injuries, constituting 
17.1% total injuries. Hamstring injury frequencies were 
sig. higher in male (19.3%) than female (13.5%) athletes 
(χ2=6.1; p=0.01); 61.1% (113). Muscle injuries; Male 
RR=1.71; (95%CI 1.45-2.01). Hamstring injuries; Male 
RR=1.94; (95%CI 1.42-2.66). Male hip/groin RR 3.01 
(95%CI 1.54 to 5.87). 

Gescheit, 
2017 [75] 

All injuries 
musculoskel-
etal injuries 
(omitting lac-
era-
tions/abra-
sions & bruis-
ing/ haema-
tomas) in 
Tennis 

Male & female profes-
sional singles ranking of 
singles cohorts were 
84±71 & 81±76, respec-
tively. Junior & wheel-
chair tennis player inju-
ries were excluded. 

Female players overall IR; 201.7/10 000 GE, male 148.6 
(Sig diff not reported). Female players IR 33.6±1.6/Aus-
tralian Open tournament/year, male players 24.8±1.2. 
Most common male injury region; knee 3.5±1.6, ankle 
2.3±1.3 & thigh 2.3±1.5 injuries/year. Most common in 
females; shoulder 5.1±1.1 injuries/year foot 3.2±1.1, 
wrist 3.1±1.5 & knee 3.1±1.1. No sex diff.  

Hagglund 
2009 [28]; 
20, 71% 
Moderate 

Acute & over-
use injuries in 
football. 

239 males (51%), 25±5 
yrs (16-37), 79±6 kg. 228 
females, 23±4 yrs (15-
41), 63±6 kg. 

Sig. sex diff. for overall training IR; Male 4.7 vs female 
3.8/1000 hrs, (p=0.018) & match play male 28.1 vs female 
16.1, p< 0.001). No sex diff. in severe IR (absence > 4 wks) 
(0.7/1000 hrs in both groups). Male players sig. great IR 
for 'muscle strain'; 2.6 vs 1.6/1,000 hrs & 1.0 vs 
0.2/1000h. Greater proportion of hip/groin injuries in 
male players (18% vs 11%; p<0.02). Greater proportion of 
knee injuries (22% vs 16%; p<0.02) in female players (18% 
vs 11%; p<0.02). Greater proportion of meniscal/cartilage 
injury in female players (4% vs 1%; p<0.019). Greater pro-
portion of tendon (11% vs 3%; p=<0.001) & contusion in-
juries (18% vs 11%; p<0.007) in male players. Greater pro-
portion of overuse injuries (18% vs 11%; p<0.006) in fe-
male players. 

Hame 
2004 
[166]; 18, 
64% Mod-
erate 

Acute & over-
use-fractures 
in base-
ball/softball, 
basketball, 
cross-coun-
try/track, 
golf, gymnas-
tics, football, 
swim-
ming/diving, 
tennis, vol-
leyball, water 

No demographic info in-
cluded. Collegiate sports 
in the USA 

Overall IR of all fractures 0.0439/athlete (95%CI 0.039-
0.049). No sig. sex diff. (females 0.04038 & males 
0.0461). Overall IRR=1.041 (CI, 0.917-1.422, p=0.236). Fe-
male stress fracture RR; 3.37 (95%CI, 2.11-5.38; p=0.001). 
Male fracture RR, 1.803 (95%CI, 1.37-2.37; p=0.001). Of 
349 total primary fractures, 269 (77.1%) were fractures & 
80 (22.9%) were stress fractures. 
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polo, Ameri-
can Football. 

Hamid 
2016 [29]; 
18, 64% 
Moderate 

Acute & over-
use injuries & 
illness at 
Asian games. 

276; 167 (60.5%) male, 
109 (39.5%) female. Me-
dian 23±5 yrs.  

Overall IR 30.1/100 athletes. (Athletes in individual 
events had higher proportion of more severe injury 
(37.8% vs. 12.8%)). No sig. sex diff. (p=0.28) in overall IR; 
male 32.9/100 athletes (95%CI 24.8 to 42.9, female 25.7 
(95%CI 17.1 to 37.1). Only sig. sex diff. in IR for hockey 
players (p<0.001). Male hockey RR; 15 (95%CI 2.3-631.5. 
No sex analysis on injury type. 

Harringe 
2007 
[30]17, 
61% Mod-
erate 

All injuries re-
sulting in 
>1wk ab-
sence.  

42. 16 males; 21.8±1.9 
yrs, 178.9±4.1 cm, 
77.1±9.6 kg, gymnastics 
experience 15.1±3.0 yrs, 
training 11.0±2.0 
hrs/wk. 26 females; 
18.0±2.4 yrs, 161.4±7.0 
cm, 54.4±6.4 kg, gym-
nastics experience 
12.8±3.3 yrs, training 
11.0±2.0 hrs/wk. 

Overall IR; 2.2 injuries/1000 gymnastics hrs for males 
(95%CI 1.1-3.4) & females 2.2 (95%CI 1.4-3.0). No sig. sex 
diff. No sex analysis for anatomical location. 

Hill 2019 
[31]13, 
46% Lim-
ited 

Concussion in 
cricket. 

555. In 2015-2016 sea-
son 278; 172 male & 106 
female domestic & inter-
national players. In 
2016-2017 season 277; 
179 male & 98 females. 

Match IR; Male 7.2 head impacts/per 1000 player days 
2.3 concussions/1000 player days. Female 3.7 head im-
pacts/1000 player days, 2.0 concussions/1000 player 
days. No sex analysis. Male; 32% head impacts resulted in 
concussion. Female; 54% head impacts resulted in con-
cussion. 'Inclusion criteria match-only head impacts & 
concussions of elite-level male & female players compet-
ing in Cricket Australia-sanctioned international or do-
mestic matches. Per 1,000 player days. Batters (male & 
female) sustained 75% head (helmet) impacts. Most com-
mon batting mechanism was being struck by ball being 
bowled by fast bowler (67% all impacts, although this 
mechanism did not occur in women’s cricket, likely as re-
sult of comparatively slower bowling. 

Hunt 2017 
[137]; 16, 
57% Mod-
erate 

Acute & over-
use foot/an-
kle injuries in 
NCAA Div I 
sports. 

1076 (580 males, 496 fe-
males). 

Sig. sex diff. Female 4.07 vs male 3.94 injuries/1000 AE's. 
Female athletes sustained foot/ankle injuries at a sig. 
higher rate (53%) cf. with male athletes (47%) (p<0.05). 
Female athletes sustained a sig. higher rate of MTIs than 
male athletes (0.99 vs. 0.72/1,000 AE's; p<0.05). Among 
total injuries, female athletes accounted for a sig. higher 
number of bone stress injuries (23%) than males (10%) 
(p<0.05). Bone stress injuries that resulted in MTI 69% fe-
males vs. 31% males. Tendinopathies; 65% females vs. 
35% males. 

Johansen 
2015 
[134]17, 
61% Mod-
erate 

Acute & over-
use injuries in 
skiing. 

Not reported. Overall absolute IR; 26.4 injuries/100 athletes/season. 
Sig. (p<0.05) sex diff. for overall absolute IR; male 23.2 in-
juries/100 athletes/season, female 34.6. Sig. sex diff. for; 
absolute knee IR female 10.1 injuries/100 athletes/sea-
son, male 3.7 injuries, & shoulder/clavicle injuries fe-
males 6.3 injuries/100 athletes/season, males 2.5 inju-
ries. No sex diff. for other injuries. No sig. sex diff. for rel-
ative IR male 7.5 injuries/1,000 runs, female 9.6. Absolute 
female knee RR 1.49 (95%CI 1.07-2.08). Relative female 
knee RR 2.72, (95%CI 1.35-5.51). Female shoulder/clavi-
cle RR 2.55, (95%CI 1.06-6.14). 
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Kerr 2016 
[20]17, 
61% Mod-
erate* 

Acute & over-
use injuries in 
cross country 
running. 

Age 17-24 yrs. Div I - 
Male: 127 injuries (46%); 
Female: 146 injuries 
(54%) 

Overall practice IR 5.70/1,000 AE (4.69-6.72) Female 6.52 
(5.40-7.64). Overall competition IR 3.41/1,000 AE (0.68-
6.13) Female 9.50 (4.85-14.16). Overall total IR 
5.53/1,000 AE (4.56-6.49) Female 6.75 (5.65-7.84). Sex 
diff. not sig. 

Kirialanis 
2002 
[77]17, 
61% Mod-
erate 

Acute & over-
use injuries in 
Artistic gym-
nastics 

100 male, 13±3.2 yrs, 
38.8±12.8 kg, 144.8±17 
cm; 87 female, 11.5±2.3 
yrs, 32.4±9.6 kg, 
138.2±13.1 cm. 

Overall IR 1.3/gymnast/year. Annual incidence 1.4 inju-
ries/1000 hrs of training. No sig. sex diff. in IR (p=0.770) 
male 139%, female 125.2%.  

Larruskain 
2018 
[167]; 21, 
75% Mod-
erate 

Acute & over-
use injuries in 
football. 

Male 50 Age 25±4yrs, 
Player seasons 127, 
Height 182±6cm, Body 
Mass 76±6kg. Female 35 
Age 25±5yrs, Player sea-
sons 99, Height 
167±6cm, Body Mas 
59±7kg. 

Sig. sex diff. for Total injury incidence; male 8.31/1000 
player hrs, female 6.3 (p<0.01, training; male 4.78, female 
3.43 (p<0.02) & match; male 29.86, female 22.57 (<.04). 
Sig. sex diff. for overuse injury; male 4.19, female 2.84 
(p<0.01). Lower limb injury; male 7.33, female 5.79 
(p<0.02). Hip & Groin; male 1.62, female 1.02 (p<0.05). 
Pubalgia; male 0.44, female 0.04 (p<0.02). Hamstring 
strain; male 1.52, female 0.79 (p<0.01). Quadriceps 
strain; male 0.44, female 0.98 (p<0.01). Muscle contu-
sion; male 1.52, female 0.32 (p<0.01). Total injury male 
RR; 1.32 (95%CI, 1.09-1.59). Training injury male RR; 1.39 
(95%CI, 1.06-1.83). Match injury male RR; 1.32 (95%CI, 
1.01-1.73). Overuse injury male RR; 1.48 (95%CI, 1.12 
1.95). Lower limb male RR; 1.27 (95%CI, 1.04-1.55). Hip & 
Groin male RR; 1.58 (95%CI, 1.00-2.50). Pubalgia male RR; 
11.10 (95%CI, 1.48-83.44). Hamstring male RR; 1.93 
(95%CI,1.16-3.20). Quads male RR; 0.44 (95%CI, 0.24-
0.82). Muscle contusion male RR; 4.82 (95%CI, 2.30-
10.08). IPR quads strain; male 5%, female 16% (p<0.05). 
Knee ligament injury; male 3%, female 9% (p<0.05). 
Pubalgia male; male 5%, female 1% (p<0.05). Contusion; 
male 18%, female 5%. Total, training, & match exposure 
hrs per player-season were 17%-20% higher for men cf. 
to women (p<0.05). Furthermore, the male team had 
35% more training sessions (p<0.01) & 30% more 
matches (p=0.02) per wk, but the match hrs/total hrs of 
exposure ratio similar (p=.94). IPR ACL injury; male 1%, 
female 4%. 

Melvin 
2018 
[102]; 16, 
57% Mod-
erate 

Acute & over-
use upper ex-
tremity inju-
ries in ice 
hockey. 

No demographic infor-
mation reported. Div I, 
620 male injuries (86%) 
& 104 female injuries 
(14%). 

Div I, male overall 231.51/100,000AE (95%CI 213.29-
249.74), competition IR 735.40 (95%CI 668.84-801.95), 
practice IR 74.01 (95%CI 62.20-85.81); female overall IR 
115.22 (95%CI 93.08-137.36), competition IR 307.76 
(95%CI 236.17-379.35), practice IR 49.11 (95%CI 32.36-
65.87). Div I overall male RR 2.01 (95%CI 1.63-2.47). 

Major 
2014 [48]; 
16, 57% 
Moderate 

Acute injuries 
in Snow-
boarders. 

1432; 927 male, 505 fe-
male. 

Overall IR 6.4/1000 runs. No sig. sex diff.; male 6.7 female 
5.9. No sex analysis by discipline or injury type. Data not 
reported by sex for injury type. Overall injury male RR; 
1.3 (95%CI 0.9-1.7). 

McCurdie, 
2017 [78] 

Acute & over-
use injuries in 
tennis. 

Elite players. Age not re-
ported. 700 injuries.  

Overall injury rate 20.7 per 1000 sets played; Male play-
ers (17.7 injuries per 1000 sets played) had a lower injury 
rate than female players (23.4 injuries per 1000 sets 
played).  
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Moreno-
Perez 
2019 [33]; 
16, 57% 
Moderate 

Acute & over-
use injuries in 
tennis. 

162; 119 (73%) male age 
20.7±5.2 yrs, body mass 
73.9±7.3 kg, average 
playing experience 
13.3±6 yrs. 43 female 
(27%) age 17.9±2.7 yrs, 
body mass 62.9±6.8 kg, 
average playing experi-
ence 10.6±3.5 yrs. One 
season. 

Overall IR 1.03/1,000 games played. Overall IR for male 
1.47±3.26 & female 1.18±1.43/1,000 games. Significance 
diff. not reported. Lower limb most common in males 
(38%), Trunk most common in females (41%). Muscle 
strain most common diagnosis in both sexes. Sex analysis 
not done on IR. 

Neidel 
2019 
[168]; 16, 
57% Mod-
erate 

Stress frac-
tures in tri-
athlon. 

86 (47 male (55%) 39 fe-
male (45%)). Age 
17.5±3.3)yrs. BMI 
19.9±1.4). 

OR Female 2.2 0.8-6.0 (p=0.1330).  

Owoeye 
2017 
[169]; 15, 
54% Mod-
erate 

Acute & over-
use injuries in 
football. 

18-32 yr, 756 male: 356 
(54%), 116 injuries. 300 
female (46%), 50 inju-
ries. 

Male players overall incidence 113.4 injuries/1000 hrs 
(95%CI 93.7-136.0) equivalent to 3.7 injuries/match & 
time-loss incidence of 15.6 injuries/1000 hrs. Female 
players had overall injury incidence of 65.9 injuries/1000 
hrs (95%CI 48.9-86.8) equivalent to 2.2 injuries/match & 
time-loss incidence of 7.9 injuries/1000 hrs. Male players 
sig. higher risk of injuries [IRR=1.72 (95%CI 1.23-2.45)].  

Park 2017 
[36]17, 
61% Mod-
erate 

Acute & over-
use injuries in 
fencing. 

Annually, 15 elite fenc-
ers (7 male, 8 female) 
for each weapon cate-
gory (sabre, epee foil); 
total 45, male 21, female 
24. Athletes trained on 
average 4.5 hrs/day, 5 
days a wk. Over the year 
athletes were present at 
training centre for 11 
months (47.7 wks, total-
ling 1073 hrs of training). 

Total IR per athlete was 3.3 injuries/year. For sabre; 3.9 
injuries/year (male 4.4; female 3.5, epee 3.2 (male 3.0; 
female 3.4) & foil 2.7 (male 2.9; female 2.4). Overall IR 
across fencing; 3 injuries/1,000 hrs. Sig. sex diff. for Sa-
bre, overall IR 3.7 injuries/1000 hrs; male 4.1 vs female 
3.3 (p<0.001). Epee, overall IR 3.0 injuries/1000 hrs of 
training; male 2.8 vs female 3.2 (p<0.02). Foil; overall IR 
2.5 injuries/1000 hrs of training; male 2.7 vs female 2.2 
(p<0.004). Injury by exposure-sig. sex diff.; overall IR 13.7 
injuries/1000 AE; male 14.4 vs female 13.1 (p<0.0001). 
Sabre, overall IR 16.5 injuries/1000 AE, male 18.4 vs fe-
male 14.8 (p<0.0001). Epee, overall IR 13.5 injuries/1000 
AE, male 12.5 vs female 14.3 (p<0.002). Foil, overall IR 
11.1 injuries/1000 AE, male 12.4 vs 10.1 (p<0.001). 

Park 2019 
[37]; 18, 
64% Mod-
erate 

Acute & over-
use injuries in 
taekwondo 

283 athletes. Age>18 
yrs. Athletes trained an 
average of 4 hrs/day, 5 
days a wk. Over the 
course of a year, Ath-
letes were present at 
the training centre for 9 
months (39 wks, total-
ling 780 hrs of training 
per year. Athletes partic-
ipated in nine training 
sessions for each period 
of 2 wks (4.5 training 
sessions/wk). 

Total IR per athlete was 4.6 injuries/year, sig. sex diff. 
stated but numbers not reported. Sig sex diff. for feather-
weight & welterweight categories; female higher IR per 
athlete-but numbers not reported. No sig. sex diff. for fly-
weight or heavyweight categories. IR per 1,000 hrs 5.9 in-
juries/1000 hrs of training. No sig. sex diff. across any 
weight categories. Exposure; overall 26.1 injuries/1000 
AE, with lower rates in male athletes (male 20.5 vs fe-
male 31.7 injuries/1000 AE). No sig. sex diff. in the fly-
weight or heavyweight categories. Sig. sex diff. in feather-
weight & welterweight athletes. Per 1,000 hrs of training 
female overall RR 1.54(0.48 to 4.97). Overall IR AE; fe-
male RR=1.55, 95%CI 0.89 to 2.68). By AE-Featherweight; 
female RR=1.82, 95%CI 1.05-3.14; welterweight; female 
RR=2.27, 95%CI 1.41-3.68. Similar distributions of af-
fected body regions in male & female athletes (p=0.98) 
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Steenstrup 
2014[135]; 
16, 57% 
Moderate 

Acute head 
injuries in al-
pine & free-
style skiing, 
snowboard-
ing. 

5247 snowboard, free-
style & alpine skiing ath-
letes during seven sea-
sons (2006-2013, (3203 
male & 2044 female). 

Sig. sex diff. (p<0.05) for overall absolute IR male 3.9 inju-
ries/100 athletes, female 5.8. & in Freestyle male 4.5, fe-
male 7.4 & snowboard male 3.8, female 7.3. women had 
a higher injury incidence cf. with men, while no sig. sex 
diff. in alpine skiing; male 3.4, female 3.6. 1.05 (0.65 to 
1.70). No sig. sex diff. overall or within disciplines for 
head/face injuries/1000 competition runs. Overall abso-
lute female RR 1.48 (1.15 to 1.90). Snowboard female RR 
1.93 (1.27 to 2.91). Freestyle female RR 1.63 (1.07 to 
2.47). Alpine female RR 1.05 (0.65 to 1.70). 

Toohey 
2019 [79]; 
19, 68% 
Moderate 

Acute & over-
use injuries in 
rugby sevens. 

90; (55 male & 35 fe-
male) were under sur-
veillance during 2-year 
period, over which 8457 
on-field player participa-
tion hrs were com-
pleted. From the male 
squad 46 (83.6%) players 
(age 24.0±3.8 yrs) sus-
tained 213 injuries; fe-
male squad 27 (77.1%) 
players (age, 22.9 6 3.1 
yrs) sustained 152 inju-
ries over 2 seasons. 

Overall IR 43.2/1000 player-hrs. Sig. (p<0.05) sex diff. 
overall IR male 45.0/1000 player-hrs, female IR 40.8. 
Overall IRR 1.36; (95%CI, 1.35-1.37). No sig. sex diff. over-
all-male IRR 1.39; (95%CI, 0.38-1.40, female IRR 1.32; 
(95%CI, 1.31-1.34). Female IRR, 0.91; (95%CI, 0.90 0.91). 
Time-loss injuries female IRR, 0.90; (95%CI, 0.89-0.91) & 
non-time loss injuries Female IRR, 0.92; (95%CI, 0.91-
0.94). Trunk region injury female RR, 1.75; (95%CI, 1.28-
2.40; p=0.010). Head/neck region injury female RR, 0.58; 
(95%CI, 0.37-0.93; p=0.011). Hip/groin injury Female RR, 
1.67;(95%CI, 1.22-2.28; p=0.017). Lumbar spine injury fe-
male RR, 1.91; (95%CI, 1.38-2.64; p=0.018). Head injury 
male RR, 0.54; (95%CI, 0.32-0.92; p=0.010). Burden of in-
jury-male: non-anterior cruciate ligament (non-ACL) knee 
injuries (120-day absence/1000 player-hrs, ACL knee inju-
ries (117-day absence, & ankle sprains (106-day absence). 
Female: foot sprains (157-day absence per 1000 player-
hrs, ACL injuries (127-day absence-*note longer than 
male) & ankle sprains (118-day absence). Male hamstring 
strains 103 (vs female 31-day absence per 1000 player-
hrs) & concussion 53 (vs female 9-day absence per 1000 
player-hrs). 

Traneus 
2016 
[170]17, 
61% Mod-
erate 

Acute & over-
use injuries in 
floorball. 

122 male, 25±4.6 yrs, 
floorball experience 
12.7±4.6 yrs, exposure 
floorball preseason 
5.3±0.9 hrs/wk, expo-
sure floorball game sea-
son 
6.3±0.9 hrs/wk. 116 fe-
male 22±4.2 yrs, floor-
ball experience 10.9±3.2 
yrs exposure floorball 
preseason 5.0±0.6 
hrs/wk, exposure floor-
ball game season 
6.0±0.6. 

Injury incidence; male 2.6/1000 exp hrs & 3.9 female. Of 
238 floorball players, 34 players (14%) sustained 38 inju-
ries during preseason & 101 players (42%) sustained 148 
injuries during game season. In total; 0.8 injuries/player. 
Higher proportion in female 57% than male 43% (p=0.02). 
Male ACL 2 injuries (1%, 11 female (6%) (p=0.02). No sig. 
sex diff. in injury location in pre-season. No sig. sex diff. 
for overuse injuries. During season sig. sex diff. in the % 
ankle (male 10, female 15.5; p=0.0004) knee (male 4, fe-
male 11; p=0.008) & shoulder (4 male, 0.5 female; 
p=0.04) injuries. Across full season, sig. sex diff. in % an-
kle (7.5 male, 20 female; p=0.0003) & knee injuries (male 
7, female 15.5; p=0.007). Sig. sex diff. for traumatic inju-
ries in % ankle (5.5 male, 15 female; p=0.001) & knee (3 
male, 11 female; p=0.001). 

Wester-
man 2015 
[110]; 16, 
57% Mod-
erate 

Acute & over-
use injuries in 
gymnastics. 

119, male 64, fe-
male=55. No further de-
mographic info included. 

Overall IIR female 9.37/1,000 AE male 8.78. No sig. sex 
diff. Sig sex diff. for; Neck clavicle-male 0.59, female 0.14, 
Wrist/hand/finger/thumb-male 2.12, female 0.61, 
Hip/groin/thigh-male 0.07, female 0.65, An-
kle/Foot/heel/toe-male 1.54, female 3.64. Neck clavicle-
female RR 0.24. Wrist/hand/finger/thumb-female RR 
0.29. Hip/groin/thigh-female RR 8.92. An-
kle/Foot/heel/toe-female RR 2.37. Symptom resolution 
for all symptoms was categorized as 1 hour, 0.1 hour to 1 
day, 0.1 day to 3 days, 0.3 days to 1 wk, 0.1 wk to 2 wks, 
0.2 wks to 4 wks, & 0.4 wks. We classified SRCs that had a 
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symptom resolution time over 4 wks as having a long 
symptom resolution time. 

Wolf 2009 
[111]17, 
61% Mod-
erate 

Acute & over-
use injuries in 
swimming. 

94 swimmers; 44 male, 
50 female. Divs. I college 
swimmers. 

Overall IIR male-4.00 injuries/1000 AEs vs. female 3.78 in-
juries/1000 exposures not sig. No sig. sex diff. by injury 
location or discipline (Sprint vs. distance) or stroke (free-
style, fly, breaststroke, backstroke). Overall male RR, 1.33 
(0.81-1.37). 

Yang 2012 
[268]; 18, 
64% Mod-
erate 

Acute & over-
use injuries in 
baseball, bas-
ketball, cross-
country & 
track & field, 
football, 
gymnastics, 
swimming & 
diving, wres-
tling, rowing, 
football, soft-
ball, volley-
ball. 

573 injured athletes; 319 
male & 254 female. 

Sex comparable sports sig. sex diff. overall; acute IR male 
30.4 vs female 27.3/10 000 AE's (p<0.0001). Overuse IR 
female 16.8 vs male 14.9 per 10 000 AE's (p<0.0001). The 
highest overuse IR was in female field hockey 70.5/10 
000 AEs. The highest acute IR across sports was in female 
football, with 190.0/10 000 AEs. No sex diff. in types of 
overuse injuries in 10 sex-comparable sports. RR for 
acute vs overuse injury higher among male athletes; 3.67 
(95%CI=3.02, 4.46) than female athletes; 1.53 
(95%CI=1.28, 1.83). Male athletes had a lower proportion 
of sprains & strains (60.1% vs. 66.6%, p=0.0465) & a 
higher proportion of open wounds (8.1% vs. 3.5%, 
p=0.0044). Male athletes sustained more major injuries 
(34.0% vs 26.8%) & fewer no-time-loss injuries (27.2% vs 
45.9%) (p=0.0021). Sex diff. in injury severity for overuse 
injuries; proportion of major injuries incurred by male 
athletes almost twice that of females (45.9% vs 23.1%, 
p<0.0001) in 16 study sports & 10 sex-comparable sports 
(49.0% vs 29.4%, respectively, p=0.0002). 

Zupon 
2018 
[113]; 15, 
54% Mod-
erate 

Back, neck & 
spine injuries 
in ice hockey. 

College age 17-22 yrs. 
Demographic data not 
included. Men’s ice 
hockey data: 39 Division 
I programmes provided 
87 team-seasons. 
Women’s ice hockey 
data: 13 Division I pro-
grammes provided 31 
team-seasons. 

Male competition IR 1.22 (95%CI 0.95–1.50), practice IR 
0.23 (95%CI 0.16–0.30), overall IR 0.47 (95%CI 0.39–0.55). 
Female competition IR 0.84 (95%CI 0.44–1.24), practice 
IR 0.24 (95%CI 0.11–0.37), overall IR 0.40 (95%CI 0.26–
0.54). No sig. sex diff. 

 1 
OR: odds ratio; aOR: adjusted odds ratio; CI: confidence interval; HR: hazard ratio; IRR: incidence rate ratio; 2 
RR: relative risk; IQR: interquartile range. 3 
 4 
  5 
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 1 

Table 6 Participant characteristics and main findings for the Tier-3 athlete studies. 2 

Reference & 
Quality 
score Focus 

Participants 
characteristics, 
age (mean±SD) 

Findings/Comment 

ADULTS       
Chan 2021 
[141]; 17, 
61% Moder-
ate 

Severe foot in-
juries in 25 
NCAA sports. 

NCAA data: 
2004-2005 to 
2008-2009 & 
2009-2010 to 
2013-2014. 
3,607 injuries in-
cluded. College 
age 17-22yrs. 
Demographic 
data not in-
cluded. 

Overall IIR 30.62/100,000 AEs. Among all foot injuries, the op-
erative rate was 4.6%, the season ending rate 6.9%, & the ca-
reer-ending rate 1.0%. Male sports with the highest foot IIR 
football 56.20, cross-country 38.91, basketball 38.77, & Amer-
ican Football IIR 34.98. Female sports with the highest foot IIR 
gymnastics 88.58, cross-country 52.88, football 46.48, & out-
door track 46.28. Overall severe IIR; female (5.89), male 
(5.64). Male sports with highest severe foot IIR basketball 
10.71, indoor track 7.16, & American Football 7.08. Female 
sports with highest severe foot IIR cross-country 17.15, gym-
nastics 14.76, & outdoor track 14.65. Sex diff. in operation 
rate for severe foot injury (male RR 2.43; 95%CI 1.71-3.44). 
Sex diff. in season ending injuries (male RR 1.89; 95%CI 1.48-
2.41). Severe injuries sustained by male athletes were more 
likely to be due to contact than in female athletes (RR 2.23; 
95%CI 1.76-2.83). Male sports contact (v non-contact) injuries 
RR 1.56 (95%CI 1.39-1.75). Female sports contact (v non-con-
tact) injuries 0.43 (95%CI 0.34-0.55). 

Chandran 
2016 [87]; 
15, 54% 
Moderate 

Acute & over-
use injuries in 
football. 

18,239 injuries 
included. College 
17-22 yrs. Demo-
graphic data not 
included. 

Over 2004-09; Overall IR female 7.3, male 7.6/1,000 AE’s 
(p<0.05). New injuries IR female 6.3, male 6.7/1,000 AE’s 
(p<0.05). Contact injuries (no significant difference). Non-con-
tact IR female 2.7, male 2.9/1,000 AE’s (p<0.05). Game IR fe-
male 14.3, male 17.1/1,000 AE’s (p<0.05). Practice IR female 
5.0, male 5.0/1,000 AE’s (no significant difference). Short 
term IR female 4.1, male 4.5/1,000 AE’s (p<0.05). Long term 
injuries (no significant difference). Injuries requiring surgery 
IR female 0.19, male 0.12/1,000 AE’s (p<0.05). Overall female 
RR 0.95. New injuries female RR 0.94. Non-contact injuries fe-
male RR 0.91. Game injuries female RR 0.84. Short term inju-
ries female RR 0.91. Injuries requiring surgery female RR 1.63. 

Comeau 
2023 [142]; 
20, 71% 
Moderate 

Acute & over-
use injuries in 
ice hockey, 
basketball, 
football, wres-
tling, & volley-
ball, American 
Football (male 
only) & rugby 
(female only). 

295, 182 male & 
113 female var-
sity athletes at-
tending a single 
Canadian Univer-
sity. Males 
21.0±2.3 yrs, 
184.2±8.2 cm, 
90.5±17.6 kg, 
BMI 26.6±4.6 
kg/m2. Female 
20.1±2.2 yrs, 
169.6±7.3 cm, 
69.9±10.6 kg, 
24.3±3.1 kg/m2. 

Total proportion of athletes reporting one or more injuries, 
male 68.7%, females 68.1% (NS). Greater proportion female 
wrestlers (100%) with at least one acute injury cf. to male 
wrestlers (40.0 %) (p<0.05). No sex diff. for chronic injuries 
across sports. Greater proportion of athletes sustained an 
acute injury cf. to chronic injury within each sex overall. Over-
all IR no sex diff.; female 1.4 injuries/athlete, male 1.4/ath-
lete. Hockey; male 2.1, female 1.5 (p<.05), basketball; female 
2.4, male1.5 (p<.05) & football; male 1.6, female 0.6 (p<.05). 
Most common injury locations were hip, groin, or thigh & 
lower leg, ankle or foot for both male & female athletes. Sig. 
higher proportion of female wrestlers experienced shoulder 
injury (62.5%) cf. to male wrestlers (0.0%). Sig. higher propor-
tion of female basketball players experienced an injury to hip, 
thigh, or groin (50.0%) cf. to male players (6.7%). Male foot-
ball players (40.0%) reported a higher proportion of hip, 
thigh, or groin injuries cf. to female football players (4.5%). 
Sig. higher proportion of male football players (50.0%) sus-
tained a muscle/tendon injury cf. to female football players 
(18.2%). Overall, male & female athletes did not differ sig. in 
mean number of events a player missed due to injury 
(male=4.8, female=5.4). When cf. on sport-by-sport basis, 
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female athletes missed more events cf. to respective male 
team in hockey (female=11.1, male=2.1, p<0.05), basketball 
(female=6.4, male=3.1, p>0.05) & volleyball (female=9.3, 
male=4.3, p>0.05). Mean time to injury as percentage of com-
petitive season overall male 32.3%, female 28.9 % (NS), bas-
ketball male 42.6 % or 67 days, female 17.9 % or 28 days 
(p<.05), & volleyball male 41.2% or 65 days, female 8.8% or 
14 days (p<.05). Time to concussion or head trauma differed 
between males & females (collapsed across sport) where fe-
males had sig. shorter time to concussion cf. to males (p<0.5). 

Covassin 
2003 [88]; 
17, 61% 
Moderate 

Concussion in 
football, la-
crosse, basket-
ball, soft-
ball/baseball & 
gymnastics. 

College age 17-
22yrs. Demo-
graphic data not 
included. 

Concussions accounted for 6.2% all reported injuries. Highest 
percentage of concussion: female lacrosse players (13.9%) in 
game followed by female football (11.4%), male ice hockey 
(10.3%), male lacrosse (10.1%), football (8.8%), female bas-
ketball (8.5%). Male incidence of concussion higher in prac-
tice, female concussion incidence higher in games. Football 
game injuries - Female 2.04/1,000 AE vs. Male 1.10/1000AE. 
Lacrosse game injuries - Female 1.37/1000AE vs. Male 
1.41/1000AE. Basketball game injuries - Female 0.54/1000AE 
vs. Male 0.29/1000AE. Softball/baseball game injuries - Fe-
male 0.34/1000AE vs. Male 0.43/1000AE. Gymnastics compe-
tition injurie - Female 0.11/1000AE vs. Male 0/1000AE. Fe-
male concussion higher (p<0.01) in games than practice in; la-
crosse (IDR 3.26), football (IDR 14.57), basketball (IDR 2.35), 
field hockey (IDR 1.59). Male concussion higher (p<0.01) in 
games than practice in; hockey (IDR 17.35), lacrosse (IDR 
10.07), football (IDR 13.75), basketball (IDR 2.07), baseball 
(IDR 5.38). 

Covassin 
2016 [42]; 
18, 64% 
Moderate 

Concussion in 
football, bas-
ketball, ice 
hockey, la-
crosse, soft-
ball, baseball.  

Male: 779 con-
cussions (46%) 
Female: 903 con-
cussions (54%). 
Some athletes 
and multiple 
concussions. Col-
lege age 17-24 
yrs. Actual num-
ber of athletes 
not reported. 

In sex comparable sports, sex diff. (p<0.05) in; softball/base-
ball female IR 2.34/10,000AE's, male IR 1.20, basketball fe-
male IR 4.67, male IR 3.34, football female IR 6.45, male IR 
4.19. No sig. diff. in ice hockey female IR 6.57 male IR 5.94 or 
lacrosse female IR 4.99, male IR 5.44. Baseball/softball female 
RR=1.95, (95%CI=1.45-2.65), Basketball female RR=1.4 
(95%CI=1.17-1.67), Football female RR=1.54 (95%CI=1.31-
1.83), Ice hockey female RR=1.1 (95%CI=0.84-1.30), Lacrosse 
male RR 1.1 (95%CI=0.832-1.43). Females typically had 
greater time loss from sport following concussion than male 
athletes in both training & competition related injuries. In this 
study only by 1-3 days. 

Cross 2010 
[89]; 16, 
57% Moder-
ate 

Acute & over-
use hamstring 
injuries in 
Football, field 
hockey, Ameri-
can Football, 
tennis, cross 
country 

NCAA athletes 
Age 17-24 yrs. 
Specific age not 
reported. Male: 
1277 injuries 
(81% injured) Fe-
male: 299 inju-
ries (19%) 

Overall hamstring strain male IRR = 1.62 (95%CI 1.28-2.05). 
Highest IR in male sports; football (6.91 injuries/10,000 ath-
lete-exposures [AEs]) & American Football (6.04/10,000 AEs). 
Highest IR in female sports; football 3.81 injuries/10,000 AEs 
& field hockey 3.79/10,000 AEs. 
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Cross 2013 
[90]; 17, 
61% Moder-
ate 

Acute & over-
use hamstring 
injuries in 
football. 

519 injured ath-
letes. 309 male 
injuries (59%), 
210 female inju-
ries. 

Sex diff. (p<0.05) in; overall IR male 0.58/1,000 AE's, female 
0.37, game IR, male 1.2, female 0.5, practice IR, male 0.41, fe-
male 0.31 & during in-season males 0.49, female 0.25. No sig. 
sex diff. in injury rates during preseason. Male athletes had 
higher proportion of recurrent hamstring strains than female 
athletes (Male, 22%, female 12%; p=0.003). Overall Male IRR 
1.64 (95%CI 1.37-1.96), game male IRR 2.42 (95%CI 1.82-
3.23), practice male IRR 1.34 (95%CI 1.06-1.68), in-season 
male IRR 1.98 (95%CI 1.56-2.52). Preseason male IRR 1.04 
(95%CI 0.79-1.37). 

Dalton 2015 
[91]; 17, 
61% Moder-
ate 

Acute & over-
use hamstring 
injuries in 
American 
Football, wres-
tling, volley-
ball, field 
hockey, gym-
nastics, ice, 
hockey, foot-
ball, basket-
ball, lacrosse, 
baseball/soft-
ball, indoor & 
outdoor track, 
cross country, 
tennis, swim-
ming & diving. 

No demographic 
info. reported. 
1142 injuries re-
ported 

Overall IR 3.05/10,000AE's. Overall competition IR 
5.24/10,000AE's, overall practice IR 2.56/10,000AEs. Overall 
competition RR = 2.05 (95%CI, 1.81-2.32). American Football, 
men’s football & women’s football contributed greatest num-
ber of hamstring strains (35.3%, 9.9% & 8.3% respectively). 
Sex analyses: football overall male RR=1.60 (95%CI 1.22-2.11), 
male competition RR=1.96 (95%CI 1.29-2.98), male practice 
RR=1.46 (95%CI 1.02-2.10). In women’s football, preseason 
rate higher than in-season/postseason (RR=2.01 [95%CI 1.33-
3.04]). No sig. diff. found in males across the season. Basket-
ball overall female RR=2.05 (95%CI 1.19-3.53) practice female 
RR=2.56 (95%CI 1.30-5.05). In women’s basketball, preseason 
rate higher than in-season/postseason (RR=3.07 95%CI 1.61-
5.86). No sig. diff. found in males across the season. Base-
ball/softball overall male RR = 1.66 (95%CI 1.07-2.59), compe-
tition male RR=4.51 (95%CI, 2.90-6.12). Indoor track overall 
male RR=1.88 (95%CI, 1.26-2.78) practice male RR=2.37 
(95%CI, 1.46-3.85). 

Deckey 2020 
[144]; 18, 
64% Moder-
ate 

Hand & wrist 
injuries in bas-
ketball. 

NCAA database 
2009-14. College 
age 17-22yrs. 
Demographic 
data not in-
cluded. 

Hand & wrist injuries IIR female 4.20/10,000 AEs, male 7.76. 
Female competition (cf. to practice) IRR 2.40 (95%CI 1.54-
3.72) male competition (cf. to practice) IRR 3.31 (95%CI 2.45-
4.47). Female preseason IPR (cf. with male) 0.47 (95%CI 0.26-
0.85); female in-season IPR (cf. to male) 0.59 (95%CI 0.44-
0.80). Guards had the highest IIR. Female guards IRR 1.19 
(95%CI 0.83-1.72). Female centres IRR 0.89 (95%CI 0.41-1.92) 
female forwards IRR 0.61 (95%CI 0.36-1.06). Contact injuries 
were the most common injuries in females (96.0%) & males 
(90.1%) (NS). 

Deckey 2020 
[143]; 15, 
54% Moder-
ate 

Neck & cervi-
cal spine inju-
ries. 

NCAA data from 
2009-14. Across 
22 sports. 

Overall IIR 7.05/100,000 AEs. In sex-comparable sports, male 
IIR 2.66/100,000 AEs, female IIR 1.95/100,000 AEs. In male 
sports, American Football had the highest IIR 29.09/100,000 
AEs. In female sports, ice hockey had the highest IIR 
11.51/100,000 AEs. Overall IIR was higher during competition 
(17.90) than practice (4.54) per 100,000 AEs). Competition RR 
3.94 (95%CI 3.27-4.75). In sex comparable sports, male com-
petition (v practice) RR 3.34 (95%CI 2.04-5.46), female compe-
tition (v practice) RR 5.57 (95%CI 2.96-10.49). Gymnasts fe-
male competition (v practice) RR 29.81 (95%CI 2.70-328.75). 
Contact comprised the largest proportion of neck & cervical 
spine injuries (n = 9576, 83.2%) in all sports. Among sex-com-
parable sports, contact mechanism was evident in male 
sports 63.1%, & female sports 84.6%. In sex-comparable 
sports, female contact RR 1.34 (95%CI 0.88-2.05), male non-
contact RR 4.25 (95%CI 1.06-16.98). In sex comparable sports, 
73.4% male athletes (n=1,147) returned to play within 24 hrs, 
& 53.2% female athletes (n=613) returned to play within the 
same time frame. Male athletes 1.38 times more likely than 
female athletes to return to play within 24 hrs of injury (IPR 
95%CI 0.79-2.41). In sex comparable sports, 
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strains/contusions were most common in both male & female 
athletes (71.7% & 96.1%, respectively). 

Eckard 2017 
[92]; 16, 
57% Moder-
ate 

Quadriceps 
strain in Amer-
ican Football, 
wrestling, field 
hockey, gym-
nastics, volley-
ball, base-
ball/softball, 
basketball, 
cross country, 
ice hockey, la-
crosse, foot-
ball , swim-
ming & diving, 
tennis, track. 

414, Collegiate 
age athletes. 116 
male (28%), 298 
female.  

Overall IIR 1.07/10,000 AE's. In sex-comparable sports; overall 
IIR female 1.97/10,000 AEs vs male 0.65 (p<0.05); RR 3.03 
(95%CI 2.45-3.76). Sig. diff. (p<0.05) in sex comparable sports; 
pre-season female 4.46/10,000AE vs male 1.08/10,000AEs; fe-
male RR 4.32 (95%CI 3.12-5.99), the regular season female 
1.08/10,000AE vs male 0.53/10,000AEs, in competition fe-
male 1.79/10,000AE vs male 1.11/10 000 AEs; RR 1.61 (95%CI 
1.08-2.41) & in practice female 2.02/10,000AE vs male 
0.53/10 000 AEs; Practice female IRR 3.81 (95%CI 2.94-4.94). 
Sport specific; regular season IIR baseball/softball female 
1,19/10,000AE vs male 0.35/10,000AE's & indoor track female 
2.19/10,000AE vs male 0.69/10,000AE's. Sport specific; regu-
lar season baseball/softball female RR 3.41 (95%CI 1.25-9.30) 
& indoor track female RR 3.18 (95%CI 1.17-8.62). 

Eckard 2017 
[93]; 16, 
57% Moder-
ate 

Acute & over-
use hip/groin 
injuries in 
American 
Football, wres-
tling, volley-
ball, field 
hockey, gym-
nastics, ice, 
hockey, foot-
ball, basket-
ball, lacrosse, 
baseball/soft-
ball, indoor & 
outdoor track, 
cross country, 
tennis, swim-
ming & diving. 

No demographic 
info. reported. 

Overall hip flexor IR 1.60/10,000 AEs. The sports with the 
highest rates of hip flexor strains were men’s (3.77/10,000 
AEs) & men’s ice hockey (2.47/10,000 AEs). Overall adductor 
IR 1.29/10,000 AEs. The sports with the highest rates were 
men’s (3.15/10,000 AEs) & men’s ice hockey (2.47/10,000 
AEs). Sex-comparable sports; no sig. sex diff. for hip flexor IR; 
male 1.81, female 1.59/10,000 AEs. Hip adductor IR sig. 
higher in male (1.71) than female (1.15/10,000 AEs). Hip 
flexor; overall male IRR 1.14 (95%CI 0.96-1.36); male IRR 1.68 
(95%CI 1.19-2.37); baseball/softball male IRR 0.44 (95%CI 
0.20-0.98). Hip adductor; overall male IRR 1.49 (95%CI 1.22-
1.81); ice hockey male IRR 1.83 (95%CI 1.13-2.96) & football 
male IRR 1.83 (95%CI 1.25-2.69). Noncontact mechanism hip 
flexor strain male IPR 1.03 (95%CI 0.88-1.21, hip adductor 
strain male IPR 0.99 (95%CI 0.85-1.16). Overuse represented 
the second-largest proportion of injuries among hip flexor 
strains (23.4%, 180) & hip adductor strains (18.4%, 114). 
Overuse hip flexor strain female IPR 1.45 (95%CI 1.10-1.92). 
Overuse hip adductor strain male IPR 1.07 (95%CI 0.73-1.56). 

Fares 2019 
[74]; 18, 
64% Moder-
ate 

Acute & over-
use injuries 
(sustained in 
fight but not 
resulting KO or 
TKO were ex-
cluded) in 
mixed martial 
arts & ultimate 
fight champi-
onship. 

285 UFC matches 
included 291 in-
juries docu-
mented from all 
nine weight divi-
sions. Of 285 
matches, 249 
(87%) involved 
male fighters, 36 
(13%) involved 
female fighters. 

Decision was the most common way a match ended in both 
male (48%) & female (50%) fights. KO/TKOs were sig. (P = 
0.0007) higher in matches involving male fighters (36%) (fe-
male fighters 14%). Submissions were sig. (p=0.001) higher in 
matches involving females (36%) (males 16%). Overall injury 
rate 51/100 AE. Head injuries were the most common; overall 
head IR rate 34/100 AE (male 28/100AE, female 29/100AE), 
lower limb overall IR 9/100 AE (male 8/100AE, female 
2/100AE; p<0.001), upper limb 8/100 AE (male 6/100AE, fe-
male 19/100AE; p<0.0003). Male IR 54/100 AE, female IR 
30/100 AE (sig not reported). 
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No further info. 
reported. 

Fraser 2021 
[145]; 18, 
64% Moder-
ate 

Lateral ankle 
sprains in mili-
tary athletes. 

Injury data for 
272,970 enlisted 
male tactical ath-
letes, 56,732 en-
listed female tac-
tical athletes, 
24,534 male of-
ficers, & 6020 fe-
male officers in-
cluded from 
2006-15. 

Overall IR male tactical athletes 27.9/1000 person-yrs, female 
tactical athletes 34.5/1000 person-yrs, male officers 
12.6/1000person-yrs, & female officers 16.4/1000 person-yrs. 
Female enlisted RR 1.24 (95%CI 1.23-1.25; p < 0.01). Female 
officers RR 1.30 (95%CI 1.27-1.34; p < 0.01). 

Fulstone 
2016 [94]; 
15, 54% 
Moderate 

Acute knee In-
jury in foot-
ball. 

8116 athletic in-
juries; 1,083,752 
AE's. 556,558 fe-
male AE's, 
527,194 male 
AE's. No demo-
graphic data re-
ported. 

11% Division I teams, 5% Division II & 8% Division III teams 
participated. To preserve statistical power, Division II & III 
teams pooled for analyses. Division I athletes contributed 
467360 AEs & Division II/III athletes contributed 616, 393 AEs. 
Overall IR 7.5/1000 AEs (all injuries), overall knee injuries 
1.06/1000 AEs. Sex diff. (p<0.05) overall; female 1.19/1,000 
AE's & male 0.91/1,000 AE's. Overall female RR 1.31, (95%CI 
1.16-1.47). Overall female OR 1.61 (95%CI 1.00-2.58). Time 
lost from participation sig. higher in females (p<0.05). Female 
OR 1.44 (95%CI 1.27-1.63). Rate of knee injuries in Division I 
players higher than in Division II/Division III players (RR 1.20 
95%CI 1.07-1.35). After adjusting for contact & level of com-
petition, female OR 1.44 (95%CI 1.27-1.63). Contact (v non-
contact) also a sig. predictor of knee injury OR 1.20 (95%CI 
1.05-1.37), event type & level of competition did not.  

Gessel 2007 
[95]; 18, 
64% Moder-
ate 

Concussion in 
American 
Football, foot-
ball, volleyball 
(excl. from dis-
cussion, bas-
ketball, wres-
tling, base-
ball/softball). 

14-24 year olds. 
396 high school 
concussions; 482 
collegiate con-
cussions 

Overall concussion IIR 0.23/1000AE's. Practice IIR 
0.11/1000AE's, competition IIR 0.53/1000AE's. Highest IIR-
Collegiate American Football 0.61/1000AE & collegiate girls’ 
football 0.63/1000AE. Football; female IIR 0.36/1000 AEs, 
male 0.22/1000 AEs (p=0.03), RR 1.68 (95%CI 1.08-2.60). Bas-
ketball; females IIR 0.21/1000 A-Es vs males 0.07/1000 A-Es 
(p=0.01), RR 2.93 (95%CI 1.64-5.24). Football concussion as 
proportion of total injuries; females 15.1% vs. male 9.4%; IPR 
1.61 (95%CI 1.59-1.64). Basketball concussion as a proportion 
of total injuries female 11.7% vs. male 3.8%; IPR 3.09 (95%CI 
2.98-3.20). Male symptom resolution & return to play quicker 
than female in high school basketball. Greater proportion 
baseball players males returned within 6 days than softball 
players females.  

Haines 2022 
[146]; 14, 
50% Moder-
ate 

Acute & over-
use injuries in 
equestrian.  

327,912 
(91.51%) female, 
30,407 (8.48%) 
male athletes. 
148,530 
(33.47%) junior 
equestrian ath-
letes, 295,200 
(66.53%) senior 
athletes. Data 
from 2015-19. 
No other 

Overall IIR across all equestrian disciplines 780 injuries/100 
000 AE. IR per discipline was less than 1.2%; 3-day eventing 
1.18%, hunter–jumper 1.11%, western 0.06%. Most common 
injury types in 3-day eventing & hunter jumper were ‘possible 
head injury’ & ‘fractures & bone injuries,’ followed by ‘muscle 
& tendon’ injuries. These were also the most common injury 
types over all disciplines. 779 injury reports (23%) that had no 
injury type filled out on the form that were filed into the ‘un-
categorized’ injury type. Male IR 0.84% & Female IR 0.97% 
(p<0.001). 23.8% participants did not have a sex specified, so 
these results are only based on 76.2% participants. Senior IR 
0.70%, junior IR 0.91% (p<0.001). 
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demographic 
info included. 

Harmer 
2008 [174]; 
16, 57% 
Moderate 

Thigh, knee & 
ankle acute & 
overuse inju-
ries in fencing. 

78,223 competi-
tors 
(male=60.7%; fe-
male=39.3%). 
Age 8-70+, par-
ticipated in vari-
ous events in the 
targeted compe-
titions. Over 5 
seasons; 184 
time-loss injuries 
were recorded. 

Overall IIR 0.3/1,000 AE's. No sig. sex diff. in overall IIR-male 
0.27 (95%CI=0.22-0.32) vs female 0.36 (95%CI=0.29-0.44). Fe-
male time loss injury overall RR=1.35; (95%CI=1.01-1.81). Fe-
male fracture RR 2.6 not sig. No sig. sex diff. for any injury by 
anatomic location. Similar profiles for most common type-by 
location injuries: thigh strains (Female 14%, male 14.3%) & 
ankle sprains (Female 11.6%; male 13.3%). Acute & overuse 
not reported separately. 

Hassebrock 
2019 [96]; 
17, 61% 
Moderate 

Acute & over-
use lower back 
& lumbar 
spine injuries 
in American 
Football, wres-
tling, baseball; 
women’s vol-
leyball, field 
hockey, gym-
nastics, & soft-
ball; & men’s 
& women’s ice 
hockey, foot-
ball, basket-
ball, lacrosse, 
indoor track & 
field, outdoor 
track & field, 
cross-country, 
swimming & 
diving, & ten-
nis. 

No demographic 
info included. 
NCAA athletes; 
age 17-23 

Overall IR 6.01/1000AE's (95%CI 5.62-6.39). In sex-compara-
ble sports, males had sig. higher IR overall than females (4.94 
vs 3.94/1000 AEs). In specific sports; males sig. higher IR than 
females in lacrosse (8.02 vs 1.86) & basketball (4.58 vs 2.64). 
In sex-comparable sports, male IRR 1.25 (95%CI, 1.05-1.48). 
Within specific sports; male IRR in Lacrosse 4.31 (95%CI 2.07-
8.96) & basketball, 1.73 (95%CI 1.17-2.54).  

Hibberd 
2016 [97]; 
17, 61% 
Moderate 

Shoulder-AC 
joint injury in 
American 
Football, wres-
tling, baseball; 
women’s vol-
leyball, field 
hockey, gym-
nastics, & soft-
ball; & men’s 
& women’s ice 
hockey, foot-
ball, basket-
ball, lacrosse, 
indoor track & 
field, outdoor 
track & field, 

No demographic 
info included. 
College age ath-
letes 17-23 yrs 

AC joint sprain overall IIR 1.72/10,000 AEs. Sig diff in sex-com-
parable sports; overall IIR male 1.85 vs. female 0.40. In soc-
cer; overall IIR male 1.19 vs. female 0.52 & competition male 
3.86 vs. female 1.83. Ice Hockey IIR male 6.40 vs female 2.12. 
Lacrosse overall IIR male 1.57 vs female 0.14, competition IIR 
male 4.3 vs. female 0.36, practice IIR male 1.03 vs. female 
0.08. In sex-comparable sports; male RR 4.67 (95%CI 3.56-
6.14). In football overall male, RR 2.30; (95%CI 1.18-4.46) & 
male competitions RR 3.14; (95%CI 1.34-7.34) & No sig. male 
practice RR 1.58 (95%CI 0.53-4.69). Ice Hockey-overall male 
RR 3.01 (95%CI 2.08-4.37), competition male RR, 3.11 (95%CI 
2.09-4.64) & male practice RR 4.08 (95%CI 1.47-11.32). La-
crosse-overall male RR 11.61 (95%CI 2.79-48.37) male compe-
tition RR 12.08 (95%CI 1.60-91.42) male practice RR 12.30 
(95%CI 1.64-92.12). In sex-comparable sports; Injuries due to 
player contact; male IPR 1.50 (95%CI 1.06-2.13), surface con-
tact; female IPR, 1.55 (95%CI 1.01-2.38).  
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cross-country, 
swimming & 
diving, & ten-
nis. 

Hurtubise 
2015 [98]; 
16, 57% 
Moderate 

Acute severe 
injury in Amer-
ican Football 
(m) rugby (f) 
basketball, 
volleyball, , ice 
hockey, cross 
country/track 
& field. 

NCAA athletes-
typically aged 
17-24 yrs. 1,155 
male injuries 
(70% injured), 
502 female inju-
ries 

Overall female OR; 1.40 (CI 1.05-1.86). Female concussion OR 
1.85 (CI 1.28-2.67). Sig. greater proportion of all injuries are 
concussion in female athletes 11% vs. male 6.2% (p<0.001). 
Female had sig. higher proportion of severe injuries (17.7%) 
than males (13.3%) (p=0.02). 

Hopkins 
2022 [147]; 
18, 64% 
Moderate 

Recurrent inju-
ries in track & 
field. 

NCAA database 
2009-14. College 
age 17-22yrs. 
Demographic 
data not in-
cluded. 

Overall, 474 injuries, 13.1% classified as recurrent injuries. 
T&F athletes missed average 15.6 days following initial injury 
& 24.2 days following recurrent injury. T&F athletes missed 
55% (95%CI 17-107; p<0.01) more time following recurrent in-
jury than initial injury. When stratified by sex, diff. was 
greater in women’s T&F; recurrent injuries 75% (95%CI 16-
167; p<0.01) more time loss than initial injuries cf. to men’s 
T&F; recurrent injuries 34% (95%CI 9-96; p=0.14) more time 
loss than initial injuries. No sex diff. in proportion of injuries 
classified as recurrent (IPR 0.96 [95%CI 0.7-1.3]), however, 
women’s T&F athletes experienced 27% (95%CI 5-55; p=0.02) 
more time loss across all injuries than men’s T&F athletes. Re-
current injuries (cf. to new injury) time loss RR 1.50 (95%CI 
1.13-1.98; p<0.01), female (cf. to male) time loss RR 1.15 
(95%CI 0.96-1.41; p=0.18). (i.e., time loss is due to recurrence 
not sex). 

Kerbel 2018 
[99]; 16, 
57% Moder-
ate 

Acute & over-
use Hip/groin 
Injuries in 
football, ice 
hockey, cross 
country, bas-
ketball, tennis, 
track, gymnas-
tics, lacrosse. 

No demographic 
info included. 

Overall hip injury rate of 53.06/100,000 AE's. Sports with 
highest hip IR/100,000 AE's; male football (110.84, male ice 
hockey (104.90, female ice hockey (76.88). Sig. sex diff.; over-
all male 59.53/100,000AE's female 42.27. Proportion of inju-
ries due to player contact male 17.0% vs female 3.6% 
(p<0.05); Overuse/gradual female 29.1% vs male 16.7% 
(p<0.05). NTL injuries; female 62.5% vs male 54.2% (p<0.05). 
Overall Game RR, 2.18 (95%CI, 1.99-2.39). Overall male RR, 
1.41 (95%CI, 1.28-1.55). Female practice RR, 1.00 (95%CI, 
0.82-1.21) conversely male competition RR 3.14 (95%CI, 2.82-
3.50). Player contact male IPR, 4.80 (95%CI, 3.10-7.42). Over-
use injury female IPR, 1.74 (95%CI, 1.46-2.06). NTl female IPR, 
1.15 (95%CI, 1.07-1.25).  

Kerr 2015 
[100]; 16, 
57% Moder-
ate 

Acute & over-
use injuries in 
swimming & 
diving. RIO da-
tabase 2008-
19. 

9 male & 13 fe-
male swim-
ming/diving pro-
grammes in-
cluded. No other 
demographic 
info included. 

No sig. sex diff. for Overall IIR-training, competition, swim-
ming or diving injuries. Sig. sex diff. for overuse injuries in 
swimming; female 1.04/1000 AEs, male 0.66/1000 AEs. Male 
divers sustained a greater proportion of shoulder injuries 
(32.0%) than female divers (5.4%). Swimming overuse female 
RR 1.58; (95%CI 1.14 to 2.19). Diving shoulder injury male IPR 
5.92 (95%CI 1.37-25.59). 
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Kerr 2016 
[20]; 17, 
61% Moder-
ate* 

Acute & over-
use injuries in 
cross country 
running. 

Age 17-24 yrs. 89 
male injuries 
(44%), 114 fe-
male injuries 
(56%) (Div II & III) 

Div II - overall practice IR male 1.62/1,000AAE (0.77-2.47), fe-
male IR 1.96 (0.85-3.07). Overall competition IR male 
2.82/1,000 AE (0.00-6.74), female IR 6.41 (0.00-13.66). Total 
overall IR male 1.71/1,000 AE (0.87-2.55), female 2.28 (1.13-
3.43). Div III - overall practice IR male 5.14 (3.88-6.40), female 
6.13 (4.85-7.40). Competition IR male 5.77/1,000 AE (2.00-
9.53), female 5.77 (2.19-9.34). Total overall IR male 
5.21/1,000 AE (4.01-6.41), female 6.09 (4.89-7.29). Sig. sex 
diff. for hip/groin IR female 0.65/1000AE, male 0.15/1000 AE; 
RR 4.32 (95%CI 1.89-9.85). Ankle IR male 0.60/1000AE, female 
IR 0.29; RR 2.07 (95%CI 1.07-3.99). Overall female RR 1.25 
(95%CI 1.05-1.50). Largest proportion of severe injuries male: 
trunk (16.7%), hip/groin (14.3%), & lower leg (13.2%); Female: 
trunk (22.7%), foot (22.5%) & thigh (18.4%). Largest propor-
tion of severe injuries; male stress fractures (30.0%), strains 
(11.6%) & spasms (11.1%); female fractures (60.0%), stress 
fractures (58.3%) spasms (11.1%). 

Kronisch 
2002 [178]; 
20, 71% 
Moderate 

Acute frac-
tures in moun-
tain biking. 

93; (71 male, 22 
female). Male 
mean age 28.4 
yrs (range 15-
59), height 181 
cm (range 156-
195), & weight 
72.9 kg (range 
54-100). Female 
mean age 30.8 
yrs (range 22-
52), height 167 
cm (range 151-
182), &weight 
58.3 kg (range 
51-66). Females 
with fractures 
had a mean age 
of 30.8 yrs, & 
those without 
fractures had a 
mean age of 30.8 
yrs. Males with 
fractures had a 
mean age of 31.2 
yrs, & those 
without fractures 
had a mean age 
of 27.6 yrs. 

For all events combined, female IR; 0.77% vs. male 0.40% 
(p=0.01). Female downhill IR; 0.76% vs. male 0.40% not sig. 
Female DS IR; 1.61% vs. male 0.40% (p=0.02). No sig. sex diff. 
in CC race over the 8-year study period. Female fracture IR 
downhill; 0.51% vs. male 0.11%, (p<0.02, Female dual slalom 
0.96% vs. male 0.10%, (p<0.02, female overall fracture IR 
0.35% vs. male 0.08%, (p<0.001). The diff. between the fe-
male fracture IR CC, downhill, dual slalom (0.17% vs 0.51% vs 
0.96%, p 0.04). Overall Injury female OR; 1.94 overall female 
fracture OR; 4.17. Female fracture downhill OR; 4.78. Female 
fracture dual slalom OR; 9.64. Fractures sustained by higher 
percentage of females than males (45.5% vs 21.1%, p<0.03).  

Lacasse 
2021 [148]; 
11, 339% 
Limited 

All injuries in 
college foot-
ball. 

One season 
(2019) College 
age (17-24 yrs). 
No other demo-
graphic info in-
cluded. N=27 
male players, 
n=34 female 
players. 

69.35% injuries female players, 30.65% male players 
(p=0.031). 
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Lanzi 2017 
[179]; 15, 
54% Moder-
ate 

Shoulder-pos-
terior gleno-
humeral insta-
bility injuries 
in rugby, wres-
tling, track, 
judo, swim-
ming, gymnas-
tics, American 
Football, ski, 
baseball, 
handball, la-
crosse, fenc-
ing, paintball, 
cheerleading. 

No specific de-
mographic info 
reported. Retro-
spective cohort 
study (2006-
2012) within the 
population at the 
US Military Acad-
emy using Cadet 
Illness & Injury 
Tracking System 
(CIITS). Data 
from 113 poste-
rior instability in-
juries analysed 
(105 male, 8 fe-
male). 

Overall IR 4.28/1000 person-yrs or 0.08/1000AE's. Sig. sex 
diff. overall; male IR of 4.67/1000 person-yrs, female IR 
2.04/1000 person yrs (p<0.05). Intercollegiate athletes overall 
IR; male 9.01/1,00py, female 4.18 (p<0.04) IR; male 
0.08/1,000 AE's, female 0.04 (p<0.06). Overall male IRR 2.29 
(95%CI 1.11-4.69). Intercollegiate; population based male IRR 
of 2.3 (95%CI 1.04-5.08; p=0.04), exposure based IRR of 2.14 
(95%CI 0.97-4.74; p=0.06). 

Lievers 2020 
[149]; 18, 
64% Moder-
ate 

Foot injuries in 
multiple NCAA 
sports. 

College age 17-
22yrs. Demo-
graphic data not 
included. 2009-
15. 

Overall highest foot IIR in gymnastics (10.62/10,000AE), low-
est IIR were in female (0.70) & male (0.61) swimming & div-
ing. In sex comparable sports, sex diff. in Track & field female 
4.92/10,000AE, male 3.29; male foot injury RR 0.67 (95%CI 
0.50-0.89; p=.0039). No sex diff. in injury types across or 
within sports (foot/toe contusion, midfoot injury, plantar fas-
cia, turf toe, metatarsal fracture, forefoot extensor/flexor 
tear). 

Marchena-
Rodriguez 
2020 [59]; 
18, 64% 
Moderate 

Acute & over-
use injuries in 
badminton. 

150 players, 
69.33% male. 
Overall 
50.18±10.72 yrs, 
male 
50.18±10.72, fe-
male 
51.58±12.95, 
BMI 25.56±3.36 
kg/m2, male 
25.56±3.36, fe-
male 23.78±3.87. 
Mean duration 
playing experi-
ence 27.2 yrs. 

Injuries suffered by male & female players in ratio 2.07:1.99 
(p=0.130: F=2.31). Overall IR 0.134±0.1/1000 hrs training, 
male 0.138±0.1, female 0.131±0.08 (p=0.981). 

Mauntel 
2017 [101]; 
16, 57% 
Moderate 

High ankle 
sprain in 
American 
Football, wres-
tling, baseball; 
women’s vol-
leyball, field 
hockey, gym-
nastics, & soft-
ball; & men’s 
& women’s ice 
hockey, foot-
ball, basket-
ball, lacrosse, 
indoor track & 
field, outdoor 
track & field, 
cross-country, 
swimming & 

No information 
reported. 

Overall high ankle sprain IIR 1.00/10,000 AEs. Higher IIR dur-
ing competitions than practice (p<0.05). Similar trends were 
observed between competitions & practices for males (comp 
1.78, practice 0.35) & females (comp 1.02, practice 0.19) in 
sex comparable sports. Sig. sex diff. for; overall IIR male 
0.64/10,000Aes vs female 0.36, competition IIR male 1.78 vs 
female 1.02, practice IIR male 0.35 vs female 0.19. Sport-spe-
cific sex diff.; ice hockey competition IIR male 3.36/10,000AE 
vs female 1.27; basketball practice IIR male 0.68/10,000AE vs 
female 0.11. In sex-comparable sports; overall male RR, 1.77; 
(95%CI, 1.28-2.44) competition male RR, 1.75 (95%CI, 1.15-
2.68) practice male RR, 1.87 (95%CI, 1.13-3.09). Sport-specific 
sex diff. male ice hockey competitions (RR, 2.64; 95%CI, 1.03-
6.78, male basketball practice RR, 6.20 (95%CI, 1.42-27.12). 
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diving, tennis, 
cross country. 

Melvin 2018 
[102]; 16, 
57% Moder-
ate 

Acute & over-
use upper ex-
tremity inju-
ries in Ice 
hockey. 

No demographic 
information re-
ported. Div II&III, 
684 male injuries 
(79%) & 185 fe-
male injuries 
(21%). 

Sig. sex diff. for overall IR; male 235.97/10,000AE’s, female 
124.61 (p<0.05), competition IR; male 733.23, female 303.33 
(p<0.05). Preseason IR; male 149.09, female 52.67 (p<05), In 
season IR; male 256.94, female 142.96 (p<0.05), Postseason 
IR; male 142.73, female 49.01 (p<0.05). Overall male RR; 1.89 
(CI 1.67-2.15). Preseason male RR; 2.83 (CI 1.69-4.74), In sea-
son male RR; 1.80 (CI 1.57-2.05), Postseason male RR; 2.91 (CI 
1.33-6.38). No sig. diff. by player position, upper extremity re-
gion injured or injury type. Mechanism of injury: contact with 
player, male IPR; 1.54 (CI 1.24-1.90), contact with playing sur-
face, male IPR; 1.54 (CI 1.24-1.90). Div II male overall IR 
167.69/100,000AE (95%CI 135.31-200.08), competition IR 
540.85 (95%CI 420.82-660.88) practice IR 53.19 (95%CI 32.34-
74.04); female overall IR 148.23/100,000AE (95%CI 100.47-
195.99), competition IR 316.80 (95%CI 181.30-452.30), prac-
tice IR 87.28 (95%CI 44.51-130.04). Div III male overall IR 
260.07/100,000AE (95%CI 238.93-281.22), competition IR 
784.38 (95%CI 707.99-860.78), practice IR 102.47 (95%CI 
87.33 to 117.60); female overall IR 126.82/100,000AE (95%CI 
106.38-147.25), competition IR 296.74 (95%CI 234.38-
359.09), practice IR 69.81 (95%CI 52.29-87.32). Div II overall 
male RR 1.13 (95%CI 0.78-1.65). Div III overall male RR 2.05 
(95%CI 1.71-2.46). 

Owens 2009 
[103]; 16, 
57% Moder-
ate 

Glenohumeral 
instability in 
American 
Football, wres-
tling, volley-
ball, field 
hockey, gym-
nastics, ice, 
hockey, foot-
ball, basket-
ball, lacrosse, 
baseball/soft-
ball, indoor & 
outdoor track, 
cross country, 
tennis. 

17,799 shoulder 
injuries, 4080 
(23%) of which 
were gleno-
humeral instabil-
ity. 

Overall GH IIR 0.12/1000AE's. Highest Male sport-Football 
0.4/1,000 AE's. Highest female sport 0.18/1,000 AE's. 60% oc-
curred during practice (0.9/1,000 AE's) (comp IR 
0.31/1000AE's). Overall Male IIR 0.15/1,000 AE's (95%CI 0.14-
0.15, Female IIR 0.06/1000AE's (95%CI 0.05-0.06). No sig. diff 
in sex comparable sports. Sig. sex diff. in competition football, 
male-0.17, female 0.09/1,000 AE's. Practice RR 3.5(95%CI 
3.29-3.73). Overall male RR 2.67 (95%CI 2.43-2.93). In football 
competition, male RR 1.99 (95%CI 1.28-3.12). 

Post 2022 
[151]; 14, 
50% Moder-
ate 

Overuse inju-
ries in multiple 
high school 
sports (2014-
19). (12 sports; 
baseball/soft-
ball, basket-
ball, cross-
country, 

RIO high school 
injury database. 
2014-19. No de-
mographic info 
reported. 

Overall IIR 5.3/10 000AEs (95%CI 5.1-5.7). NTL overuse IIR 
3.4/10 000 AEs (95%CI 3.1-3.6), TL overuse IIR 2.0/10 000 AEs 
(95%CI 1.8-2.2). Overall overuse female IRR 1.9 (95%CI 1.7-
2.1). Highest IIR, female cross-country 19.2/10 000 AEs (95%CI 
15.0-24.2), female track & field 16.0/10 000 AEs (95%CI 13.5-
18.8), female field hockey 15.1/10 000 AEs (95%CI 10.2-21.6). 
Overuse injury rates were higher for the lower extremity than 
the upper extremity (IRR 5.7 [95%CI 4.9-6.7]). In male & fe-
male sports, most injured anatomical locations - lower leg 
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American 
Football, ice 
hockey/field 
hockey, la-
crosse, foot-
ball, swim-
ming, tennis, 
track & field, 
volleyball, 
wrestling, 
gymnastics). 

(male 24.9%, female 31.7%), knee (male 20.5%, female 
20.1%); most common diagnoses - medial tibial stress syn-
drome (male 10.1%, female 18.0%), patellar tendinitis (male 
9.1%, female 8.3%). 

Rizzone 
2017 [104]; 
16, 57% 
Moderate 

Stress frac-
tures (lumbar 
spine, pelvis, 
lower limb) in 
all NCAA 
sports 

College age 17-
22yrs. Demo-
graphic data not 
included. 

Overall IIR5.70/100 000 AEs. Highest IIR; female cross-country 
28.59/100 000 AEs, female gymnastics 25.58/100 000 AEs, & 
female outdoor track 22.26/100 000 AEs. Highest male stress 
fracture IIR cross-country-16.14/ 100 000 AEs. Sex-compara-
ble sports; female higher overall IIR-9.13/100 000 AEs vs. 
male 4.44/100 000 AEs; female RR=2.06 (95%CI=1.71, 2.47). 
Specifically, female basketball 14.04 (vs. 8.29); RR 1.69 (95%CI 
1.26, 2.28, cross-country 28.59 (vs. 16.14); RR 1.77 (95%CI 
1.05-2.98, football 7.38 (vs. 4.37); RR 1.69 (95%CI 1.09-2.63, 
indoor track 11.63 (vs. 4.6); RR 2.53 (95%CI 1.18, 5.42), & out-
door track 22.26 (vs. 7.2); RR 3.09 (95%CI 1.765 5.80). Among 
sex-comparable sports; proportion of stress fractures occur-
ring in the lower back/lumbar spine/pelvis higher in male (23, 
12.8%) than female (22, 6.9%). The proportion of stress frac-
tures at the femur higher in female (39, 12.2%) than male (8, 
4.4%).  

Roos 2017 
[105]; 17, 
61% Moder-
ate 

Acute & over-
use injuries in 
football. 

No specific de-
mographic data 
included. 44 
male & 64 fe-
male football 
programmes 
(104 & 167 team 
seasons of data, 
respectively). 
1554 male & 
2271 female in-
juries. 

No sig. sex difference in overall IIR; male 8.07/1,000 AE's, Fe-
male 8.44, Competition IIR; male 17.53 vs female 
17.04/1000AE, Practice IIR male 5.47 vs female 5.69/1000AE. 
47.2% (733) male injuries & 47.5% (1079) female injuries were 
non-time loss. Concussion IIR; female 0.59 vs male 
0.34/1000AE. Sig. sex diff. IIR; preseason practices, female 
10.10 vs male 8.57/1000AE, severe injuries female 9.2% vs 
male 5.1%. Hip/groin competition male 1.86 vs female 
0.84/1000AE, Upper leg male 3.01 vs female 1.98/ 1000AE, 
hip/groin practice male 0.80 vs female 0.57/1000AE. 
Head/face in competition female 3.06 vs male 2.19/1000AE. 
Knee in competition female 3.44 vs male 2.15/ 1000AE. Knee 
practice female 0.89 vs male 0.70/1000AE. IIR strains in com-
petition male 3.88 vs female 2.58/1000AE. Lacerations in 
competition male 0.60 vs female 0.28/1000AE. Contusions in 
practice male 0.68 vs female 0.45/1000AE. Concussion in 
competition female 1.83 vs male 0.94/1000AE. Overuse IIR 
practice female 1.31 vs male 1.01/1000AE. cf. with women, 
men had a higher hip/groin strain rate than women (0.78 vs 
0.46/1000AE; RR 1.69 (95%CI 1.33 to 2.14). Overall concus-
sion female 0.59 vs male 0.34/1000AE & knee sprain female 
0.66 vs male 0.42/1000AE. Male competition RR 1.03 (95%CI 
0.94 to 1.13). Male practice RR 0.96 (95%CI 0.88-1.05). Con-
cussion female RR 1.76 (95%CI 1.32-2.35). Preseason practice 
female RR 1.18 (95%CI 1.04-1.34). Severe injury female IPR 
1.78 (95%CI 1.39-2.28). Hip/groin male RR 2.20 (95%CI 1.56-
3.11). Upper leg male RR 1.52 (95%CI 1.19-1.95). Hip/groin 
practice male RR 1.41 (95%CI 1.09-1.82). Head/face female RR 
1.39 (95%CI 1.09-1.78). Knee competition female RR 1.60 
(95%CI 1.25-2.05). Knee practice female RR 1.28 (95%CI 1.01 
to 1.63). Strain male RR 1.51 (95%CI 1.21 to 1.87). Comp lac-
eration male RR 2.18 (95%CI 1.19-4.00). Practice contusion 
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male RR 1.51; (95%CI 1.14 to 2.00). Concussion comp female 
RR 1.94; (95%CI 1.35 to 2.79). Overuse practice female RR 
1.30 (95%CI 1.07 to 1.59). Overall concussion female RR 1.76 
(95%CI 1.32 to 2.35). Overall knee sprain female RR 1.59 
(95%CI 1.22 to 2.07). Concussions caused by ball contact fe-
male RR 2.43 (95%CI 1.37 to 4.33). 

Sallis 2000 
[267]; 18, 
64% Moder-
ate 

Acute & over-
use injuries. 

3767 partici-
pants; 18-22 
year-old male & 
female college 
athletes. Divs. III. 

Male athletes; 1018 injuries (54.3%) female athletes; 856 
(45.7%). Overall IR, female athletes, 52.5/100 participant-yrs 
male athletes, 47.7/100 participant-yrs-not statistically sig. 
Sig. sex diff. in swimming-female 47.08 vs. male 12.37 & wa-
ter polo-female 18.38 vs. male 7.10 (p<0.001) in pattern of in-
jury. Swimming; back/neck-female 8.19/100partcipant yrs vs. 
male 1.45, shoulder-female 21.05 vs. male 6.55, hip-female 
2.34 vs. male 0.00, knee-female 5.85 vs. male 1.45. Water 
polo; shoulder-female 8.09 vs. male 3.40. Football; lower leg-
female 10.48 vs. male 4.51. Sig. sex diff. overall for hip-female 
4.17 vs. male 2.25, lower leg-female 5.39 vs. male 3.61, Shoul-
der-female 6.92 vs. male 3.09, thigh-female 4.53 vs. male 
6.79. 

Schroeder, 
2022 [152]; 
15, 54% 
Moderate 

All injuries in 
water polo. 

NCAA database. 
3 male, 4 female 
teams were ob-
served for 2016-
21. 1 male, 1 fe-
male team ob-
served 2018-21. 
729 injuries in-
cluded. 

No sex diff. in overall IIR, male RR 1.0 (95%CI 0.9-1.2). Sex 
diff.; weight room injuries male RR 2.6 (95%CI 1.3-5.2), 
spine/neck injury male RR 2.1 (95%CI 1.2-3.5), muscle 
spasm/cramp/soreness male RR, 2.3 (95%CI 1.4-4.0), fracture 
male RR 3.1 (95%CI 1.3-7.7), visceral damage/trauma male RR 
(3.8; 95%CI 1.3-11.3). Shoulder tendinopathy male RR 3.0 
(95%CI 1.3-7.0), lumbar spine muscle spasm/cramps/soreness 
male RR 3.7 (95%CI 1.4-9.9). Concussion - injury mechanism in 
males; contact with another player (57.8%), contact with a 
playing device (28.9%), in females; contact with a playing de-
vice (42.1%), contact with another player (23.7%). Offseason 
practice concussion male RR 3.25 (95%CI 1.2-8.8), concussion 
via contact with another player male RR 2.9 (95%CI 1.3-6.4). 

Simmons 
2017 [107]; 
17, 61% 
Moderate 

Acute injuries 
(head, neck, 
facial) in ice 
hockey. 

No demographic 
info. included. 

Overall IIR sig sex diff.; male 1.75/1,000 AE's vs female 
1.16/1000 AE's. Competition IIR; male 5.86 vs female 2.95. 
Time loss IIR competition male 2.56/1000 AEs vs female 2.21. 
Time loss IIR practice male 0.28/1000 AEs vs female 0.32. Pro-
portion cervical spine/neck female 25.6% male 11.5%. Most 
common HFN injury was concussion in both sexes. The pro-
portion of competition HFN injuries that were concussion fe-
male 68.2% male 42.5%. Concussion IIR; practice-male 
0.25/1,000 AE's vs female 0.30. Competition-male 2.49/1,000 
AE's vs female 2.01. No sex analysis done. Overall male RR 
1.51 (95%CI 1.25-1.84). Competition male RR; 1.99 (95%CI 
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1.58-2.50). Non time-loss injury male IPR 2.37 (95%CI 1.59-
3.51). Cervical spine/neck female IPR 2.23 (95%CI 1.05-4.75). 
Competition female concussion IPR 1.60 (95%CI 1.34-1.93). 

Trojan 2019 
[108]; 16, 
57% Moder-
ate 

Knee-patello-
femoral pain 
in all NCAA 
sports 

College age 17-
22yrs. Demo-
graphic data not 
included. 

Overall IIR; male 14.15/100,000 AEs vs female 19.35/100,000 
AEs. Lacrosse practice male RR 0.32 (95%CI 0.13-0.79), foot-
ball practice male RR 0.53 (95%CI 0.29-0.96). Basketball com-
petition male RR 2.41 (95%CI 1.11-5.24). Football overall male 
RR 0.51 (95%CI 0.31-0.84). Sex comparable sports; practice 
male RR 0.70 (95%CI 0.55-0.89), overall male RR 0.77 (95%CI 
0.63-0.95). Patellar tendinitis accounted for 100% patellofem-
oral injuries in women’s outdoor track, 85.7% patellofemoral 
injuries in men’s swimming, & 83.3% patellofemoral injuries 
in men’s outdoor track. PFPS was the most prevalent injury in 
female field hockey, lacrosse & softball, accounting for 50.0%, 
29.4% & 29.4% injuries, respectively. 

Tummala 
2018 [109]; 
16, 57% 
Moderate 

Acute & over-
use ankle inju-
ries in basket-
ball. 

College age 17-
22yrs. Demo-
graphic data not 
included. 1,388; 
(1298 male, 90 
female) ankle in-
juries.  

Male IR 1.49 injuries/1000 AEs, female IR 1.21/1000AEs. Male 
competition IR; 2.51/1000 AEs, Male practice IR; 1.23/ 1000 
AEs. Male preseason IR 2.00/ 1000 AEs vs. in-season IR; 
1.37/1000 AEs & postseason IR; 0.84/1000 AEs. Female IR 
1.21 injuries/1000 AEs. Female competition IR; 2.00/1000 AEs 
vs. practice IR; 0.98/1000 AEs. Female preseason IR; 
1.45/1000 AEs vs. in-season IR; 1.18/1000 AEs & postseason 
IR; 0.45/1000 AEs. Females have a sig. lower rate of ankle in-
juries overall; IPR 0.81 (95%CI, 0.75-0.88). Female were sig. 
more likely to be injured during season; IPR 1.08 (95%CI 1.02-
1.14) & less likely to be injured during preseason; IPR, 0.87 
(95%CI 0.77-0.99). Female sig. greater acute noncontact 
mechanisms; IPR 1.20 (95%CI 1.06-1.35), less often because 
of contact; IPR 0.88 (95%CI 0.81-0.95). Female sig. more likely 
to have a recurrent injury; IPR 1.77 (95%CI 1.22-2.57). Male 
injuries 37.3% resulted in a time loss of less than 7 days & 
56.7% lasted longer than 7 days. Female injuries 67.2% re-
sulted in a time loss of less than 7 days & 29.0% lasted longer 
than 7 days. Female IIR lower but a greater proportion of fe-
male injuries are at the ankle. 

Zuckerman 
2015 [112]; 
18, 64% 
Moderate 

Concussion in 
American 
Football, wres-
tling, baseball; 
women’s vol-
leyball, field 
hockey, gym-
nastics, & soft-
ball; & men’s 
& women’s ice 
hockey, foot-
ball, basket-
ball, lacrosse, 
indoor track & 
field, outdoor 
track & field, 
cross-country, 

No Demographic 
info included. 
NCAA athletes. 
2009-14 

Overall concussion IIR 4.47/10,000 AE. Overall competition IIR 
12.81/10,000 AEs & practice IIR 2.57/10,000 AEs. Highest IIR 
wrestling 10.92/10,000 AEs. Sig. sex diff. in; Basketball overall 
IIR f 5.95/10,000AE vs. m 3.89 & competition IIR f 10.92 vs. m 
5.6; Female basketball overall RR=1.53; (95%CI, 1.16-2.03) & 
competition RR=1.95; (95%CI, 1.21-3.13). Football overall IIR f 
6.31 vs. m 3.44 & competitions IIR f 19.38 vs. m 9.69; Football 
overall female RR=1.83; (95%CI, 1.34-2.51) & competition fe-
male RR=2.00; (95%CI, 1.35-2.96). Lacrosse overall IIR f 5.21 
vs. m 3.18; Lacrosse overall female RR 1.64 (95%CI 1.12 2.40). 
Softball overall IIR f 3.28 vs. m 0.90, & competition IIR f 5.61 
vs. m 1.20 & practice IIR f 1.75 vs. m 0.72; Softball overall fe-
male RR=3.65; (95%CI, 2.09-6.39, competitions female RR 
4.66 (95%CI 2.17-10.03), & practice female RR 2.44 (95%CI 
1.05-5.65). 
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swimming & 
diving, tennis, 
cross country. 

Zupon 2018 
[113]; 15, 
54% Moder-
ate 

Back, neck & 
spine injuries 
in ice hockey. 

College age 17-
22yrs. Demo-
graphic data not 
included. Men’s 
ice hockey data: 
27 Division III 
programmes 
provided 60 
team-seasons. 
Women’s ice 
hockey data; 16 
Division III pro-
grammes pro-
vided 36 team 
seasons. No divi-
sion II institu-
tions included 
due to playing in 
a different 
league. 

Male competition IR 1.49 (95%CI 1.10–1.89), practice IR 0.46 
(95%CI 0.33–0.58), overall IR 0.47 0.71 (95%CI 0.58–0.85). Fe-
male competition IR 1.50 (95%CI 0.96–2.05), practice IR 0.71 
(95%CI 0.48–0.93), overall IR 0.92 (95%CI 0.70–1.14). No sig. 
sex diff. in proportion of NTL injuries, severe, recurrent, or re-
quired surgery injuries. Overall male IRR 0.85 (95%CI 0.67-
1.08), competition male IRR 1.13 (95%CI 0.81-1.59), practice 
male IRR 0.67 (95%CI 0.48-0.94). No sig. sex diff. in proportion 
of NTL injuries (IPR 1.08 95%CI 0.90-1.30), severe (IPR 1.93 
95%CI 0.43-8.77), recurrent injuries (IPR 1.02 95%CI 0.60-
1.74) or injuries that required surgery (IPR 0.86 95%CI 0.08-
9.36). 

ADOLES-
CENT 

      

Baugh 2016 
[114]; 15, 
54% Moder-
ate 

Acute & over-
use injuries in 
Rowing 

Demographic 
info not in-
cluded. High 
school age. The 
number of pro-
grams providing 
data varied by 
sport & year. 
2011-2012 
through 2013-
2014 academic 
yrs. Eight boys’ 
rowing programs 
provided 13 
team-seasons of 
data. Eleven 
girls’ rowing pro-
grams provided 
17 team-seasons 
of data. 

Boys’ & girls’ rowing IR of 2.39/1000 AEs (95%CI 1.78-3.00) & 
8.60/1000 AEs (95%CI 7.38-9.82). No diff. existed in injury dis-
tributions by body part or diagnosis in boys’ & girls’ rowing. 
Overall rate in girls was 3.60 times that of boys (95%CI 2.69-
4.82). Competition rates were higher than practice rates in 
boys (RR 2.01 95%CI 1.12-3.62) but not in girls (RR 1.06 95%CI 
0.72-1.56). 
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Belilos 2023 
[139]; 17, 
61% Moder-
ate 

Acute & over-
use injuries in 
swimming & 
diving. RIO da-
tabase 2008-
19 

High school ath-
letes. No further 
demographic in-
formation in-
cluded.  

Overall IIR 2008-19 across swimming & diving a 0.26/1000 
AEs, (95%CI 0.24- 0.28), male 0.20/1000 AE, female 0.31/1000 
AE. IIR higher in practice than competition (P=0.051). Overall 
female RR 1.57 (95%CI 1.32-1.86; p<0.05), practice female RR 
1.53 (95%CI 1.27- 1.85; p<0.05), competition female RR 1.81 
(95%CI 1.15- 2.84; p<0.05). There were no sig. diff. in the pro-
portion of injuries among classes (freshmen 23.1%, sopho-
mores 27.2%, juniors 26.6%, & seniors 23.1%). The shoulder 
was the most commonly injured anatomic location in males 
(43.0%) & females (39.9%). There was no sig. diff. between 
overuse injuries in males (48.5%) & females (48.2%). In diving, 
injury to the head accounted for 47% injuries in males & 29% 
in females. A greater proportion of injuries in females were to 
the knee (16.7%) than in males (5.9%). 

Beis 2007 
[266]; 20, 
71% Moder-
ate 

Acute & over-
use injuries in 
Taekwondo 

2739 young & 
adult males & fe-
males participat-
ing in the na-
tional champion-
ships of Hellenic 
Federation of 
Taekwondo. The 
adult men & 
women were age 
>18yrs, junior 
boys & girls were 
14-17yrs, boys & 
girls, 11-13 yrs.  

No sig. sex diff. Overall IR female 11.36/1,000 A-E, male 
7.40/1,000 AE's or for age groups; Adult (age> 18yrs) male 
6.85/1,000 AE's, female 2.43, junior (age 14-17yrs) male 
8.97/1,000 AE's, female 17.01, child (age 11-13 yrs) male 
6.16/1,000 AE's, female 9.37. Across age groups no sig. sex 
diff. adult male OR 2.861 (95%CI 0.350-23.395, Junior boys OR 
0.532 (95%CI 0.207-1.362). Child boys OR 0.668 (95%CI 0.256-
1.745). Overall male OR 0.703 (95%CI 0.383-1.293). No sig. 
sex diff. across mechanism of injury or body part. 

Borowski 
2008 [197]; 
17, 61% 
Moderate 

Acute & over-
use injuries in 
Basketball 

No demographic 
info included. 
High school 
sports in the USA 

Overall IR; 1.94/1,000 AE's. IR greater (p<0.05) during compe-
tition (3.27) practice (1.40). IR was sig. (p<0.05) greater 
among girls (2.08) than among boys (1.83). IR greater during 
competition than practice RR 2.33 (95%CI 2.10-2.57). IR was 
sig. greater among girls RR 1.14 (95%CI1.03-1.26). Female 
basketball players sustained a greater proportion of concus-
sions (IPR 2.41 95%CI 1.49-3.91) & knee injuries (IPR 1.71 
95%CI 1.27-2.30). Boys more frequently sustained fractures 
(IPR 1.87 95%CI 1.27-2.77) & contusions (IPR 1.52 95%CI 1.00-
2.31). The ankle/foot (39.7%), knee (14.7%), head/face/neck 
(13.6%), arm/hand (9.6%), & hip/thigh/upper leg (8.4%) were 
most commonly injured. Most frequent injury diagnoses were 
ligament sprains (44.0%) muscle/tendon strains (17.7%), con-
tusions (8.6%), fractures (8.5%), & concussions (7.0%). 

Bretzin 2018 
[196]; 18, 
64% Moder-
ate 

Concussion in 
Male sports in-
cluded basket-
ball, baseball, 
American 
Football, ice 
hockey, la-
crosse, foot-
ball, swimming 
& diving & 
wrestling. Fe-
male sports in-
cluded basket-
ball, competi-
tive cheer, la-
crosse, foot-
ball, softball, 

No specific de-
mographic info. 
In the 2015-2016 
school year, 
there were a to-
tal of 755 Michi-
gan high schools 
(i.e., 9th-12th 
grades) that par-
ticipated in this 
study. 

Overall clinical incidence for all sports was 1.7/100 player-sea-
sons (95%CI=1.6-1.8); 1.9 (95%CI=1.8-2.0) for male sports & 
1.5 (95%CI=1.4-1.6) for female sports. Female athletes were 
at a 1.9 (95%CI 1.8-2.2) times greater risk for enduring SRCs 
than male athletes in sex-comparable sports, with a greater 
risk in baseball/softball (RR 2.7 [95%CI=1.9-3.8]), basketball 
(RR 2.5 [95%CI 2.1-2.9]) & football (RR 1.6 [95%CI 1.4-1.9]). 
Female student-athletes had sig. (p<0.001) longer time loss 
(days) than male student-athletes (13.8±12.9 vs. 12.0±12.1). 
Sig. sex diff. in RTP (days) in Basketball (p=0.024); Male 
12.7±10.5 Female 15.1±13.5. Mean number of missed school 
days did not differ between sexes (p=0.70).  
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swimming/div-
ing & volley-
ball. 

Bretzin 2021 
[140]; 18, 
64% Moder-
ate 

Concussion in 
football 

n= 43,741 male 
& 39,637 female 
soccer players 
(2016-19). 

1507 football related SRCs (37.0% male). A greater proportion 
of female athletes than male athletes were in lower grades in 
school 9th grade; female 308 (32.4%), male 117 (21.0%) 
(p<0.001), junior varsity soccer; female 337 (35.5%) male 141 
(27.1%) (P =0.004) or had a prior history of concussion; fe-
male 199 (21.0%), male 78 (14.0%) (p<0.001). Most docu-
mented SRC occurred during competition in both male (813 
[85.5%]) & female (476 [85.6%]) athletes (p=0.55). Overall IIR 
1.8 (95%CI 1.72-1.90)/100 athletes per season. Female RR 
1.88 (95%CI 1.69-2.09; p <0.001). 

Changstrom 
2015 [115]; 
19, 68% 
Moderate 

Overuse Inju-
ries-stress 
fractures in 
American 
Football, boys’ 
& girls’ foot-
ball, volleyball, 
basketball, 
wrestling, 
baseball & 
softball, la-
crosse, track & 
field, swim-
ming & diving, 
cross country, 
girls’ field 
hockey, girls’ 
gymnastics, 
boys’ ice 
hockey, girls 
cheerleading. 

Age 15.8 (±13-
19) yrs (median 
age 16 yrs), BMI, 
22.7(±15.6-41.5) 
(female-21.3 & 
male-24.0). 

Overall IR 1.54/100,000 AE's. Sig. sex diff. (p<0.05) between 
overall in sex comparable sports; female 2.22/100,000 AE's, 
male 1.27/100,000 AE's. Track & field; female, 4.76, male 1.79 
(p<0.05) & basketball female, 2.71, male 1.05 (p<0.05). No sig. 
diff. for lacrosse female 2.8 male 1.5, cross country female 
10.62, male 5.42, football female 2.3, male 1.69 or base-
ball/softball female 0.23, male 0.75. Sex comparable sports; 
Female RR, 1.75 (95%CI 1.38-2.23). Track & field Female RR 
2.66 (95%CI, 1.63-4.36), Basketball Female; RR 2.58 (95%CI 
1.59-4.20). No sig. diff. for Lacrosse Female RR; 2.54 (95%CI 
0.94-6.86), Cross country female RR 1.96 (95%CI 0.77-4.98), 
football female RR 1.36 (95%CI 0.84-2.19) or baseball/softball 
female RR 0.31 (95%CI 0.09-1.10). Rate ratios for volleyball & 
swimming & diving could not be calculated because no stress 
fractures were reported for boys’ volleyball & girls’ swimming 
& diving. 

Cierna 2017 
[41]; 19, 
68% Moder-
ate 

Acute & over-
use injuries 
(competition 
only) in Karate 

246; 160 male, 
86 female. Age 
12-17 yrs. 

Overall IIR-AE 45.2/1000AE (95%CI 38.78-52.58, IIR-ME 
35.88/1,000ME (95%CI 30.70-41.68). Injury Propor-
tion/100athletes (IP) 9.87 (95%CI 8.44-11.46). No sig. sex diff. 
in overall IP, IIR-AE or IIR-ME. Overall girls RR-AE 1.71 (95%CI 
1.01-2.91), Overall girls RR-ME 1.69 (95%CI 1.00-2.86). Most 
frequently injured site; Male Head/neck (66%) & lower limb 
(21%), female Head/neck (56%) & trunk & lower limb (12% 
each). Most common injury type; male-contusion (79%) & 
fracture (4%), female-contusion (84%) & epistaxis (15%). 

Cierna 2018 
[265]; 18, 
64% Moder-
ate 

Acute & over-
use injuries in 
Karate 

Junior (age 16-
18yrs) 948 male, 
604 female. U21, 
738 male, 522 fe-
male. Total, 
1,686 male, 
1,126 female. 

Sig. sex diff. for overall IR-male=10.74/100 athletes, female 
6.75, IIR male 48.69/1,000 AE's, female 30.28 & male 
20.06/1,000ME's, female 14.12. Overall IIR female RR 0.6 
(95%CI 0.5-0.8) (AE, female RR 0.7 (95%CI 0.5-0.9) (ME). 
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Collins 2008 
[116]; 18, 
64% Moder-
ate 

Acute & over-
use injuries in 
Rugby Union 

n=594, age 
16.5±1.2yrs, 
height 
175.26±8.64cm, 
weight 
76.77±14.36kg. 
517 males age 
16.5±1.2yrs, 
height 
176.53±8.13cm, 
weight 
78.62±13.59. 77 
females, age 
16.3±1.2yrs, 
height 
165.61±6.86cm, 
weight 
62.19±11.88kg. 

Total 594 injuries (103 practice, 488 competition, 3 unspeci-
fied). Overall IIR 5.2/1000 total AE. Sig. sex diff.; male 
5.5/1000 total AE, female 4.1/1000AE. Practice IIR 
1.3/1000AE (male 1.3 vs. female 1.0; not sig., match IIR 
15.2/1000AE, (sig sex diff; male 14.8 vs. female 19.5). Overall 
injury male RR1.3 (95%CI 1.1-1.7; p=0.02). Practice (vs. match) 
RR 12.1 (95%CI 9.8-14.9; P.001). Match injury female RR 1.3; 
(95%CI 1.0-1.7; p=0.048). Male time loss RR1.5 (95%CI 1.1-
2.0; p=0.005). Overall, most commonly injured body sites 
were head (21.7%, ankle (13.3%, shoulder (12.8%) & knee 
(11.1%); most common diagnoses-fractures (16.0%, concus-
sions (15.8%) & ligament sprains (incomplete tears) (15.7%). 
87.0% injuries were in male athletes. Patterns of injury; head 
(male 22.1%, female 19.5%, ankle (male 13.2%, female 14.3%, 
shoulder (male 13.2%, female 10.4%) & knee (male 10.6%, fe-
male 14.3%). Male time-loss injuries (>10 days) 52.3% (vs. fe-
male 35.1%). All career ending injuries were in male athletes 
(11) 4 fractures, 2 complete dislocations, 2 nerve injuries, 1 
concussion, 1 torn cartilage & 1 unknown shoulder injury. In-
juries were most commonly a new injury (86.4%) rather than 
a recurrence or complication of a previous injury. 

Darrow 2009 
[172]; 18, 
64% Moder-
ate 

Acute & 
chronic inju-
ries (severe 
time loss inju-
ries) in Foot-
ball, Basket-
ball, Volley-
ball, Wrestling, 
Baseball/soft-
ball 

1378 severe inju-
ries. No demo-
graphic info. 
High school age 
in USA 

Overall, 0.39 severe injuries/1000AE's. Football had highest IR 
(0.69, wrestling (0.52, girls’ basketball (0.34) & girls’ football 
(0.33). Sig. sex diff. overall (0.45 male, female (0.26). Sex com-
parable sports sig. sex diff.; female 0.29/1,000 AE's vs. male 
0.23. More specifically, female basketball (0.34) male basket-
ball (0.24) (RR,1.43 95%CI 1.10-1.86; p=0.009). The severe in-
jury rate sig. greater in competition (0.79) than practice 
(0.24). Overall Male RR 1.74 (95%CI 1.54-1.98; p<0.001). Sex 
comparable sports, female RR 1.28 (95%CI 1.08-1.52; 
p=0.006). Female Basketball RR 1.43 (95%CI 1.10-1.86; 
p=0.009). Overall competition RR 3.30 (95%CI 2.97-3.67; 
p<0.001). Female football knee IPR 2.14 95%CI 1.30-3.53; 
p=0.001). Male football fracture IPR 1.90 95%CI 1.11 3.26; 
p=0.016). Female football ligament sprains (complete tear) 
IPR 2.88 95%CI 1.26-6.57; p=0.005). Female basketball IPR 
2.17 (95%CI 1.38-3.41; p<0.001). Male basketball foot/toe in-
juries; IPR 5.33 (95%CI 1.22-23.35 p=0.012). Male basketball 
fracture IPR 2.49 (95%CI 1.59-3.91; p<0.001). Female basket-
ball IPR 1.95 (95%CI, 1.88-2.02; p<0.001).  

Fernandez 
2007 [173]; 
17, 61% 
Moderate 

Acute lower 
extremity in-
jury in Base-
ball, American 
Football & 
wrestling; 
Softball & vol-
leyball; boys’ 
& girls’ basket-
ball & football 

No demographic 
info included. 
High school 
sports in the USA 

LESRI rate 1.33/1,000 AEs across all sports. Highest male IR; 
2.01/1,000 in football & Highest female IR; 1.59/1,000 in foot-
ball. Female with ligamentous knee injuries were 2 times 
more likely to require surgery than males (67% vs. 35%; 
p<0.01). Female had 1.5 times proportion of season-ending 
LESRIs of males (12.5% vs. 8%; p<0.01). Among high school 
athletes in 2005, 2,298 of 4,350 injuries (52.8%) were LESRIs. 
IPR for surgery in football 3.57 (95%CI=1.20 to 10.61) times 
higher in Female players (7.3% vs. 2.0%); p=0.014. IPR of fe-
male surgeries for ligamentous tears of knee (e.g., anterior 
cruciate ligament [ACL] tears) were 1.90 (95%CI 1.24 to 2.93) 
higher (67.4% vs. 35.4%) p=0.005. Overall, season ending 
LESRI 1.55 (95%CI 1.12 to 2.15) more likely in females. (12.5% 
vs. 8%) p=0.008. 
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Hinton 2005 
[136]; 16, 
57% Moder-
ate 

Acute & over-
use injuries in 
Lacrosse 

2259 male & 
1141 female par-
ticipants. Most 
participants 
were upper-level 
high school play-
ers aged 15 to 18 
yrs who aspired 
to play collegiate 
lacrosse. No spe-
cific demo-
graphic info re-
ported 

Sig. sex diff. in overall IR; male 2.89/1,000 AEs, female 
2.54/1,000 AE's, Ankle IR; male 0.47/1,000 AE's, female 0.64, 
neck IR; male 0.08, female 0.02, shoulder IR; male 0.24, fe-
male 0.10, upper leg IR; male 0.22, female 0.10, back/trunk 
IR; male 0.22, female 0.10, concussion IR; male 0.29, female 
0.10. Overuse IR male 0.24, female 0.36 *Not sig. Overall 
male IRR 1.14 (95%CI 1.00-1.30). Game male IRR 3.00 (95%CI 
2.26-4.05). Ankle injury male IRR 0.73 (95%CI 0.55-0.98), neck 
injury male IRR 3.89 (95%CI 1.13-20.73), shoulder injury male 
IRR 2.38 (95%CI 1.32-4.55), upper leg injury IRR 2.15 (95%CI 
1.18-4.14), back/trunk injury male IRR 2.11 (95%CI 1.15-4.06), 
concussion male IRR 2.99 95%CI (1.65-5.79), overuse injuries 
male IRR 0.69 (95%CI 0.46-1.03). 

Huffman 
2008 [118]; 
15, 54% 
Moderate 

Rare injuries & 
conditions in 
American 
Football, Foot-
ball, Volley-
ball, Base-
ball/softball, 
Basketball, 
Wrestling 

Demographic 
info not in-
cluded. High 
school age. 
2005-07 data an-
alysed 

Overall, RIC IRs were higher among boys (12.4/100,000AE's) 
than girls (2.51/100,000AE's) & higher in competition (15.9) 
than in practice (6.32). Eye injuries IR of 1.10/100 000 AEs. IRs 
higher in boys (1.27) than girls (0.75) not sig. Neck & cervical 
IRs were higher in boys (7.99) than girls (0.92). Dehydration & 
heat illness IRs were higher in boys (2.34) than girls (0.42). 
Overall, RIC-RR 4.93 (95%CI 3.39-7.18) & higher in competi-
tion than in practice (6.32) RR 2.52 (95%CI 2.02-3.14). Eye in-
juries RR 1.69 (95%CI 0.80-3.57) not sig. Neck & cervical-RR 
8.69 (95%CI 4.73-15.96). Dehydration & heat illness RR 5.59 
(95%CI 2.24-13.97).  

Jayanthi 
2020 [80]; 
19, 68% 
Moderate 

Injuries associ-
ated with 
sport speciali-
sation - multi-
ple sports 

n=1208 partici-
pants at base-
line. Final study 
sample n=579 
participants. By 
18-month fol-
low-up survey 
n=308 (53%) par-
ticipants re-
mained in the 
study. By 3-year 
follow up study 
n=61 (11%) com-
pleted the sports 
participation. 
Mean age at 
baseline 
14.05±2.26 yrs, 
injured partici-
pants 14.41±2.08 
yrs, uninjured 
participants 
13.03±2.46 yrs 
(p<.001). (more 
detailed charac-
teristics included 
in the paper). 

Univariate analysis; female OR 1.28 (95%CI 1.01-1.62; P=.04). 
(increasing chronological age OR, 1.11 (95%CI 1.05-1.17); 
p<.001, higher BMI OR 1.04 [95%CI 1.12-1.27]; P=.05, in-
creased wkly hrs of physical activity OR 1.19 per 5 h/wk 
(95%CI 1.02-1.05; p <.001) & organized sports OR 1.39 per 5 
h/wk (95%CI 1.27-1.52; p<.001). Highly specialized (cf. to low 
specialised) athletes OR 1.72 (95%CI 1.35-2.20) & 1.52 times 
greater odds of an injury than moderately specialized athletes 
(95%CI 1.18-1.96). Highly specialized athletes RR 1.41 (95%CI 
1.06-1.87; p=.02) (after adjusting for sex, age, time from base-
line, BMI, & wkly hrs in organized sports). Overuse injuries Fe-
male OR 1.50 (95%CI, 1.14-1.99; P =.004). Multivariate analy-
sis for overuse injuries consisted of the following variables: 
sex, time, BMI, total wkly hrs of physical activity, wkly sports 
hrs, exceeding the wkly hrs of organized sports by the age rec-
ommendation, & degree of sport specialization. Female OR 
1.43 (95%CI 1.05-1.96; p=.02) cf. to males. After controlling 
for all variables, athletes categorized as highly specialized had 
1.46 (95%CI 1.04-2.04) times greater odds of an overuse in-
jury than low specialized athletes (P=.03). 

Kerr 2011 
[175]; 16, 
57% Moder-
ate 

Acute Injuries 
(contact) in 
American 
Football, , Vol-
leyball, Basket-
ball, Wrestling, 
Baseball/Soft-
ball 

9010 player-
player contact in-
juries. (46% all 
injuries). 

Overall IIR-11.6/10 000 AEs (practice rate=6.2/10 000 AEs, 
competition rate=26.1/10 000 AEs). In football; A larger pro-
portion of females had knee injuries (25.1%) than males 
(16.9%; p=0.003). In Basketball; player-player contact injuries 
represented a greater portion of total injuries among males 
(45.7%) than females (35.3%; p<0.001). A larger proportion of 
females had knee injuries (14.1%) than males (7.5%; p=0.002), 
a larger proportion of females had concussions (17.5%) than 
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males (6.9%; p<0.001). In football; female knee IPR 1.48 
(95%CI 1.14-1.93). In Basketball; male player-player contact 
IPR 1.29 (95%CI 1.16-1.44), female knee IPR 1.87 (95%CI 1.24-
2.83, female concussion IPR 2.53 (95%CI 1.71-3.74). 

Kerr 2011 
[176]; 19, 
68% Moder-
ate 

Acute injury-
Disloca-
tion/separa-
tion injuries in 
American 
Football, foot-
ball, wrestling, 
baseball/soft-
ball, basket-
ball, volleyball 

No demographic 
info included. 
High school age 
14-18yrs. 2005-
09 

Overall males sig. higher IR (1.30/10,000AE's) vs. female 
(0.33). In gender-comparable sports, no sig. sex diff. (m 0.39 
vs. f 0.34; p=0.406). Football, no sig. sex diff. Male overall RR 
3.91 (95%CI 3.12-4.89; p=0.001). Driven by wrestling & foot-
ball. Football male IPR 2.09 (95%CI 1.09-4.01; p=0.024). Only 
2% injuries, male shoulder dislocations/separations IPR 3.23 
(95%CI 1.04-10.00; p=0.021). 

Kerr 2017 
[66]; 16, 
57% Moder-
ate 

Concussion in 
Football , bas-
ketball, soft-
ball/baseball, 
American 
Football, 
Track, wres-
tling, cheer-
leading, volley-
ball 

No Demographic 
info included. 
Middle school 
age. 

57 game & practice concussions across 76,384 AEs; IR 
0.75/1,000 AEs. American Football (2.61/1,000 AEs) & female 
football (1.30) had highest concussion rate. Sex-comparable 
sports overall sig. sex diff.; female 0.66 vs male 0.18/1,000 
AE's. Findings were retained in sport-specific analyses, but 
only found sig. in football. Female football IR 1.30 vs. male 
football 0.15/1,000 AE's. Overall concussion rate higher in 
games than practices (1.15 vs 0.63/1,000 AEs). This finding 
was retained per sport, although only girls’ basketball re-
ported a sig. finding. In games, female basketball had higher 
concussion rate than female football (2.61 vs. 2.47/1,000 
AE's). Game IRR 1.83 (95%CI 1.06-3.15). Sex-comparable 
sports; female IRR3.73 (95%CI 1.24, 11.23). Female football 
IRR 8.46 (95%CI 1.04-68.77). Overall games IRR 1.83 (95%CI 
1.06-3.15). 

[177]; 20, 
71% Moder-
ate 

Acute & over-
use injuries in 
Lacrosse 

1498; 1098 male, 
408 female. Age 
divisions U9-U15. 
No specific de-
mographic info 
included. 

Sig. sex diff. for overall IIR; male 12.7/1000AE (95%CI 11.1-
14.3) game/practice, female 8.7(95%CI 6.5-10.9) & in game 
IIR; male 30.2/1000AE (95%CI 25.3-35.1, female 17.1(95%CI 
11.1-23.1) & time-loss IIR in game male 4.5/1000AE (95%CI 
2.6-6.4, female 3.3(95%CI 0.7-6.0). No sig. sex diff. in practice 
IIR; male 6.6/1000AE (95%CI 5.2-7.9, female 5.6 (95%CI 3.5-
7.7). Overall male RR; 1.5 (95%CI 1.1-1.9), Game male RR 1.8 
(95%CI 1.2-2.6). Trunk IPR male IPR 4.2 (95%CI 1.0-16.8). 
Head female IPR; 2.3 (95%CI 1.2-4.5). Highest proportion of 
body parts injured; male knee (14.5%), trunk (14.1%)*, ankle 
(9.5%), female head/neck (20.3%)*, ankle (15.3%, hand/wrist 
(10.2%). *=sig sex diff. No sig. for diagnoses-contusion & 
sprain similar in both. 

Kolstrup 
2016 [67]; 
20, 71% 
Moderate 

Acute & over-
use injuries in 
football 

45,606 children 
& adolescents 
played, (71% 
boys & 29% 
girls). 1831 in-
jured players 
(60% male & 
40% female). 
Mean age in-
jured male was 
15.1 (1.8) yrs, 
mean age injured 
female 14.7 (1.5) 
yrs, p<0.001. 

Overall IR 15.3 (14.6;16.0)/1,000 player hrs. Overall sig. sex 
diff.; female 20.3 (18.9;21.8)/1000 player hrs vs. male 13.1 
(12.3;13.9) p<0.001. IR ankle & foot injuries in higher in fe-
male 7.02, than male 3.75 p<0.001. IR of knee & lower leg 
higher in female 4.30 than male 2.30 p<0.001. *diff. aug-
mented in 11-15 year olds. When comparing genders only in 
the 11-15-year olds, all incidences were highest among girls. 
Conversely, in the group of 16-19-year olds, all sig. gender 
diff. reveal a higher incidence in the group of boys. Female RR 
1.5 (p<0.001). Female higher proportion of injuries to 
knee/lower leg-23.8%, (vs. male-19.0%, p<0.01). Male higher 
proportion of fracture-6.8%, (3.3% female, p<0.001). Male; 
higher proportion hip & thigh injuries, 14.6% (12.4;16.9, than 
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Players from Eu-
rope (89%), 
North America 
(4%, Asia (3%, 
Africa (2%) & 
South America 
(2%). 

girls, 7.4% (5.5;9.7, p<0.001). *Youngest females have higher 
IR than any other group. *IR decreased with age.  

Lincon 2011 
[119]; 17, 
61% Moder-
ate 

Concussion in 
Football, bas-
ketball, la-
crosse, soft-
ball, baseball, 
American 
Football, wres-
tling, field 
hockey, cheer-
leading.  

No demographic 
info included. 
High school 
sports in the USA 

Girls had sig. higher rate (per 1,000 AE's) of concussion in sex 
comparable sports. Basketball IR-f 0.16, m 0.10; Football IR-f 
0.35, m 0.17; Softball/baseball IR f 0.11, m 0.06. Basketball RR 
1.7 (95%CI 1.3-2.2), Football RR 2.1 (95%CI 1.6-2.6) & Soft-
ball/baseball 1.9 (95%CI 1.2-3.0). 

Maciejewski 
2016 [44]; 
19, 68% 
Moderate 

Acute & over-
use injuries in 
Judo 

4 major divi-
sions: 76 junior 
men (17.67±1.08 
yrs), 52 junior 
women 
(17.64±1.13 yrs), 
52 boys 
(11.97±2.40 yrs), 
12 girls 
(11.88±2.60 yrs). 

No sig. sex diff. in IR. Boys 84.03 (47.20-120.86, girls 37.03 
(14.29-88.37). Jnr male 106.56 (73.11-140.00), Jnr female 112. 
40 (71.49-153.31). Sig. sex diff. for upper body IR Jnr men 
54.64 (30.70-78.59) Jnr female 42.64 (17.44-67.83). Boys OR 
3.13 (95%CI 0.62-15.76). Jnr female OR 1.20 (95%CI 0.59-
2.43). Upper body injury Jnr male OR 4.17 (95%CI 1.57-11.08).  

Marar 2012 
[120]; 18, 
64% Moder-
ate 

Concussion in 
Baseball/soft-
ball, Basket-
ball, Cross-
country & 
track & field, 
American 
Football, Gym-
nastics, Swim-
ming & diving, 
Wrestling, 
Hockey, Foot-
ball, Volley-
ball, Lacrosse 

No demographic 
info included. 
High school 
sports in the USA 

Overall injury rate of 2.5 per 10,000 AEs. The injury rate sig. 
higher in competition (6.4) than practice (1.1). Football had 
highest concussion rate (6.4, followed by boys’ ice hockey 
(5.4) & boys’ lacrosse (4.0). In sex comparable sports, girls had 
sig. higher concussion rate (1.7) than boys (1.0). In football 
girls had sig. higher IR (3.4/10,000 AEs) than boys (1.9). Bas-
ketball girls had sig. higher rate of concussion (2.1) than boys 
(1.6). Softball players had sig. higher rate of concussion (1.6) 
than baseball players (0.5). Overall competition to practice RR 
5.7 (95%CI 5.2-6.3). Concussions represented a greater pro-
portion of total injuries among boys’ ice hockey (22.2%) than 
all other sports studied (13.0%) (injury proportion ratio [IPR], 
1.7 (95%CI, 1.4-2.1; p<0.01). In sex comparable sports; girls to 
boys RR 1.7 (95%CI 1.4-2.0). In football  girls to boys RR 1.8 
(95%CI 1.4-2.3) & concussions represented a greater propor-
tion of total injuries among girls (15.4%) than boys (11.1%); 
IPR 1.4 (95%CI=0.96-2.0; p=0.08). Basketball girls to boys RR 
1.3 (95%CI 1.03-1.8; p<0.03). Softball players to baseball RR 
3.2 (95%CI 2.1-5.4; p<0.001). Concussions represented a sig. 
greater proportion of total injuries among softball players 
(13.4%) than baseball players (5.4%) (IPR 2.5 95%CI 1.6-3.9; 
p=<0.001). Majority of concussions resulted from participa-
tion in football (47.1%, 912, followed by girls’ football (8.2%, 
159, boys’ wrestling (5.8%, 112, & girls’ basketball (5.5%, 
107). In more than 40% athletes in sports other than girls’ 
swimming & girls’ track, concussion symptoms resolved in 3 
days or less. Athletes most commonly returned to play in 1 to 
3 wks (55.3%, with 22.8% returning in less than 1 wk & 2.0% 



53 
 

returning in less than 1 day. In basketball; boys had quicker 
symptom resolution times & return-to-play outcomes than 
girls; however, neither diff. was sig.  

Marshall 
2020 [150]; 
16, 57% 
Moderate 

All injuries in 
cross country 
(high school).  

N=681 patient 
cases (415 fe-
males, age 
15.2±1.2 yrs, 266 
males, age 15.4 
2±1.3 yrs). The 
number of ex-
posed clinical 
practice sites 
(i.e., high schools 
with student-
athletes partici-
pating in cross-
country & at risk 
for injury) was 
not different be-
tween sexes for 
each academic 
year (female 
19.2±14.9, male 
18.0±14.0; 
p=.86). 2009-19. 

No sex diff. in injury type by anatomical location or diagnosis. 
There was a trend towards a greater proportion of female in-
juries being to the ankle & hip & a diagnosis of tendinopathy. 

Messina 
1999 [180]; 
17, 61% 
Moderate 

Acute & over-
use injuries in 
Basketball 

973 male ath-
letes. 890 female 
athletes. 75 of 
the 100 boy’s 
schools com-
pleted the study, 
80 of the 100 
girls’ schools 
completed the 
study with an ad-
ditional. The av-
erage number of 
players per team 
was 13 for the 
boys & 11 for the 
girls. The aver-
age number of 
games per 

Overall Male IR 0.56/athlete/season. Female IR 0.49/ath-
lete/season (p<0.0015). Overall Male IR 3.2/1,000 plyr hrs, Fe-
male IR 3.6 (not sig.). Practice Male IR 1.8/1,000 plyr hrs, Fe-
male IR 2.0 (p<0.09). No sig. diff. for type of injury. Lower ex-
tremity IR higher in females (p<0.003, knee IR females 
0.1/athlete/year, male 0.06 (p<0.0001). Face IR higher in 
males (p<0.023). Rate of severe injury; male 0.027/ath-
lete/year, female 0.038 (not sig.). Based on exposure time, 
risk of knee injury was 2.3 times greater in female athletes 
than in male athletes (p<0.001). 
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season was 31 
for the boys’ 
teams & 29 for 
the 
girls’ teams. The 
average number 
of practices per 
season was 77 
for the boys’ 
teams & 67 for 
the girls’ teams. 

Mitchell 
2015 [122]; 
16, 57% 
Moderate 

Knee-Patello-
femoral insta-
bility injury 
(PFII) in Ameri-
can Football, 
Football, Vol-
leyball, Basket-
ball, track & 
field, Base-
ball/softball, 
field hockey, 
gymnastics, 
Lacrosse, Ice 
Hockey, swim-
ming & diving, 
cross country 

No demographic 
info reported. 
High school sport 

Overall IR 1.95/100,000 AEs. Highest rates; girls’ gymnastics 
(6.19/100,000 AEs, boys’ football (4.10). Overall IR; female 
1.66, male 2.15. In sex-comparable sports females; 1.47, 
males 0.88. Football IR female 2.92, male 1.22 (p<0.05). Over-
all female RR 0.77; (95%CI, 0.62-0.94). In sex comparable 
sports; female RR 1.67 (95%CI 1.19-2.34). Football female RR 
2.40 (95%CI 1.39-4.24). Sex-comparable sports showed similar 
proportions of PFIs relative to total knee injuries overall. PFIs 
accounted for a larger proportion of total knee injuries in 
baseball (12.6%) vs girls’ softball (4.8%); IPR, 2.63 (95%CI 
1.06-6.55). Contact injuries male IPR 1.53 (95%CI 1.24-1.88). 
Player-player contact, male IPR 2.45 (95%CI, 1.70-3.55). Non-
contact injuries female, IPR 1.56 (95%CI, 1.23-1.98). 

Mitchell 
2016 [121]; 
16, 57% 
Moderate 

Acute knee In-
juries in Amer-
ican Football, 
Football, Vol-
leyball, Basket-
ball, track & 
field, Base-
ball/softball, 
field hockey, 
gymnastics, 
Lacrosse, Ice 
Hockey, swim-
ming & diving, 
cross country, 
cheerleading. 

No demographic 
info reported. 
High school sport 

Overall IR 5.1/100,000 AE's. Overall IR; males 5.9, females 4.4 
(p<0.05). Sex comparable sports overall IR; female 5.5, male 
2.5 (p<0.05). Overall male, RR 1.4 (95%CI 1.2-1.5). Sex compa-
rable sports overall female RR 2.2 (95%CI 1.8-2.7). Player-
player contact male IPR 1.7 (95%CI 1.4-2.1). Non-contact 
mechanisms female IPR 1.4 (95%CI 1.2-1.6). 
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Miyake 2016 
[181]; 19, 
68% Moder-
ate 

Acute & over-
use injuries in 
Badminton 

133 (94 male, 39 
female) badmin-
ton players in 
junior high 
school (18 male, 
age 13.4±0.7yrs, 
height 
161.7±7.9cm, 
weight 
49.5±7.6kg; 16 
females, 
13.8±0.8yrs, 
159.4±6.1cm, 
49.9±6.8kg), high 
school; 26 male 
(age 16.2±0.5yrs, 
169.1±5.2cm, 
58.0±5.6kg); 16 
female (age 
16.1±0.7yrs, 
162.3±5.7cm, 
54.7±5.0kg), or 
university; 50 
male (age 
20.0±1.2yrs, 
172.5±6.4cm, 
65.7±6.6kg); 7 
female (age 
20.7±1.1yrs, 
163.4±3.1cm, 
59.6±5.3kg). 

Practice IR (/1000 hrs) higher in females than males & in-
creased with age. Sex diff. in practice IR (1000 hour) (Junior 
male 0.9/1,000 hrs female 1.3/1,000 hrs. High School male 
1.5/1,000 hrs female 2.4/1,000 hrs. University male 2.5/1,000 
hrs 5.1/1,000 hrs) (p< 0.001). No sig. diff. (p=0.527) in match 
or practice in IR by AE's.  

Monfort 
2015 [182]; 
16, 57% 
Moderate 

Acute lower 
limb Injuries in 
Basketball & 
football 

No demographic 
info reported. 
Data included 
from High School 
RIO tool for aca-
demic yrs 2005-
2006 to 2011-
2012. 9 sports, 
including basket-
ball & football, 
from 100 schools 
strategically cho-
sen to provide a 
nationally repre-
sentative sam-
ple. 6,431,032 
football & bas-
ketball AEs. 

Female IR sig higher for both ball-handling & defending ac-
tions for both sports (p<0.05). Female knee IR & all-NC IR 
across sports & activities (p<0.05). Female higher ankle IR 
when ball handling in football (p<0.001). Football defending 
to ball-handling IR between competition & practice; female 
OR 1.88 (95%CI 1.01-3.48; p=0.047). Male No sig. Comp vs. 
Practice. Non-contact ankle injuries female basketball RR 1.58 
(95%CI 1.01-2.50; p=0.045). 

Muller 2017 
[123]; 17, 
61% Moder-
ate 

Acute & over-
use injuries in 
(elite) Skiing 

51 male, age 
11.6±1.5yrs, 
height 
153.4±9.0cm, 
weight 
42.3±8.1kg, BMI 
17.8±1.9, APHV 
13.7±0.5yrs. 31 
female, age 
11.8±1.3yrs, 

Acute IR 0.63/athlete, acute II 0.86/1,000 hrs (males, 
0.9/1,000 hrs of training; females, 0.79/1,000 hrs of training). 
No sig. sex diff. in traumatic injuries between males & females 
(p=0.617, or the three groups of maturity (p=0.643; Figure 3, 
or the four relative age quartiles (p=0.3). Overuse IR rate 0.21 
overuse injuries/athlete II 0.28/1,000 hrs of training (males, 
0.4/1,000 hrs of training; females, 0.09/1,000 hrs of training). 
No sig. sex diff. in overuse injuries (p=0.81), the three groups 
of maturity (p=0.696), or among the four relative age quar-
tiles (p=0.22). 42.7% athletes (35, 14 females, 21 males) had 
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height 
154.9±7.7cm, 
weight 
43.8±7.9kg, BMI 
18.1±2.2, APHV 
12.0±0.5yrs. 

acute injuries. 10.7% athletes had overuse injuries (13, 2 fe-
males, 11 males). 

Nelson 2007 
[183]; 17, 
61% Moder-
ate 

Acute & over-
use ankle Inju-
ries-Boys’ 
American 
Football, foot-
ball, basket-
ball, wrestling, 
& baseball; 
girls’ football, 
volleyball, bas-
ketball, & soft-
ball 

905 injuries. No 
demographic 
info included. 
High school 
sport. 

Overall, ankle injury rates were higher in competitions than in 
practices (RR 2.58; 95%CI 2.26, 2.94; P.001). Overall, girls had 
an ankle injury rate that similar to boys (5.39 vs. 5.15/10 000 
A-Es). In sports played by both sexes (football, basketball, & 
baseball or softball, boys had higher rates of practice-related 
ankle injuries, but girls had higher rates of competition-re-
lated ankle injuries. Proportion of ankle injuries higher female 
athletes (32.5%) than male athletes (18.4%). Football; injuries 
to the ankle were most frequent injury in both sexes, but the 
proportion of ankle injuries to total football injuries higher 
among female (31.5%) than male (23.5%). Basketball; male 
basketball had highest ankle IIR of all sports studied 
(7.74/10,000AE's) (vs. female 6.93, No sig. sex diff., slightly 
higher proportion in male than female basketball (39.7% vs. 
36.5%, more male injuries sustained by forwards (the primary 
rebounding position) than female (46.2% vs. 26.0%, con-
versely in females greater proportion of ankle injuries tended 
to occur to guards (49.2% vs. 41.8%). Overall competition in-
jury RR 2.58 (95%CI 2.26, 2.94; p<0.001). Female ankle IPR 
1.77 (95%CI 1.53-2.05; p< 001). Football accounted for 33.6% 
all ankle injuries (boys 15.7%, girls 17.9%). Football female IPR 
1.35 (95%CI 1.00, 1.81; p<05). Basketball playing position ‘for-
wards’ male IPR 1.78 (95%CI 1.21-2.62; p<01), basketball 
‘guards’ female IPR 1.18 (95%CI 0.88-1.58; p<0.29). No sig. 
but in football male injuries from contact with another player, 
in females contact with equipment/apparatus. 

O’ Connor 
2017 [184]; 
16, 57% 
Moderate 

Concussion in 
27 American 
high school 
sports 

Demographic 
info not in-
cluded. High 
school age. 2004 
sports related 
concussions ana-
lysed 

Overall SRC rate 3.89/10 000 AEs all sports. Overall SRC rate 
highest American Football (9.21/ 10 000 AEs, followed by 
boys’ lacrosse (6.65/10 000 AEs) & girls’ football (6.11/10 000 
AEs). During competitions, American Football (19.87/10 000 
AEs, boys’ lacrosse (17.51/10 000 AEs) & girls’ football (17.16/ 
10 000 AEs) had highest SRC rates. During practice, American 
Football (6.78/10 000 AEs), boys’ wrestling (4.75/10 000 AEs) 
& girls’ lacrosse (3.44/10 000 AEs) had highest SRC rates. Sex 
comparable sports overall SRC rate significantly higher in girls 
than in boys (2.64 vs. 1.69/10,000AEs) & in competition (girls-
7.07, boys-4.86) & practices (girls-1.49, boys-0.85). Within 
specific sex-comparable sports, girls had increased SRC rates 
cf. with boys for softball (3.57/10,000AEs) or baseball 
(0.86/10,000AEs, basketball (4.44 vs. 2.52/10,000AEs, football 
(6.11 vs. 3.98/10,000AEs, & indoor track & field (0.52 vs. 
0.14/10,000AEs). Overall SRC rate higher in competition than 
in practice (RR 3.30 [95%CI 3.02-3.60]). Collective overall SRC 
rate higher in girls than in boys (RR 1.56 [95%CI 1.34-1.81]). 
During competition, girls RR1.46 (95%CI 1.20-1.77) times SRC 
rate of boys, increasing to RR 1.75 (95%CI 1.39-2.20) times 
SRC rate during practices. Distributions of number of symp-
toms reported between male & female in sex comparable 
sports No sig. diff. (p=0.09). Most athletes with SRCs reported 
symptom resolution < 7 days (40.7%, 814) or 8 to 14 days 
(21.7%, 234). Among sex-comparable sports, the proportion 
of SRCs with symptom resolution time within 7 days was sig. 
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higher in boys than in girls (44.4% [142] vs 32.2% [122]; IPR 
1.38 (95%CI 1.14-1.67). In contrast, the proportion of SRCs 
with symptom resolution time greater than 14 days was sig. 
higher in girls than in boys (33.0% [125] vs 24.4% [n78]; IPR 
1.35 (95%CI 1.06-1.72). The proportion of SRCs with symp-
tom-resolution time greater than 28 days was also higher in 
girls than in boys No sig. (14.8% [56], vs 10.3% [33]; IPR 1.43 
(95%CI 0.96-2.15). Overall, 211 (10.5%) players RTP time less 
than 7 days. Among sex-comparable sports, proportion of 
athletes with SRCs RTP less than 7 days was sig. higher in boys 
than in girls (14.1% [45] vs 8.4% [32]; IPR 1.67 (95%CI 1.09-
2.56). Conversely, 23.0% (461) of all athletes & more girls 
than boys (28.2% [107] vs 14.7% [47]; IPR 1.92 (95%CI 1.41-
2.62) RTP greater than 28 days. 

O' Connor 
2020 [60]; 
16, 57% 
Moderate 

All injuries in 
junior tennis 

Injuries in Irish 
national junior 
tennis program 
(n=82) over two 
yrs were col-
lected in a pro-
spective cohort 
study. Age 8-
22yrs. 

54% players sustained an injury over the study period. No sex 
diff. in injury rates IRR 1.05 (95%CI 0.72-1.5). Trend towards 
females having a greater proportion of shoulder injuries (fe-
male 23.5%, male 10.9%), males having a greater proportion 
of knee injuries (male 29.1%, female 7.8%). 

Olsen 2006 
[45]; 18, 
64% Moder-
ate 

Acute & over-
use injuries in 
youth Hand-
ball 

90 teams; 75 fe-
male teams (900 
players) & 15 
male teams (180 
players). The 
players on these 
teams were all 
amateurs, de-
pending on abil-
ity & ambition, 
they practiced 1-
5 times/wk & 
played between 
20 & 50 matches 
during season. 
Injured players 
mean age 
16.4±0.5yrs 
(range 15-17). 

No sig. sex diff. in overall injury rate (female 14.5, male 8.3 in-
juries per 1,000 player hrs). No further sex analysis. Female 
RR 1.8 (95%CI 0.9-3.4). 

Pierpoint 
2016 [124]; 
16, 57% 
Moderate 

Acute & over-
use injuries in 
high school 
Track & Field 

1317 female in-
juries reported. 
1168 male inju-
ries reported. No 
further demo-
graphic info 

Sig. sex diff. in IIR; overall-Female 0.99/1,000 AE's male 0.72 & 
in practice-female 0.93/1,000 AE's male 0.58. (No sig. in com-
petition IIR). Stress fractures & shin splits accounted for 2.1% 
& 3.3% boys’ injuries, respectively. Stress fractures & shin 
splits accounted for 4.6% & 4.8% girls’ injuries, respectively. A 
sig. greater proportion of female injuries were chronic/over-
use in nature (~40%, male ~30%). Female overall RR 1.37; 
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reported. High 
school sport. 

(95%CI 1.27-1.48). Female practice RR 1.60 (95%CI 1.46-1.76). 
Female competition RR 0.93 (95%CI 0.80-1.07). Female 
chronic/overuse IPR 1.32 (95%CI 1.14-1.52). 

Pieter 2010 
[46]; 17, 
61% Moder-
ate 

Acute & over-
use injuries in 
Karate 

302; 218 male, 
84 female. Ages 
7-15yrs. 

No sig. sex diff. in IIR 1000 AE or 100 ME; male 99.74/1000AE, 
female 115.11 & male 13.30/100ME, female 15.35. No sig. sex 
diff. in overall IR male 34.86/100 athletes, female 38.10. Fe-
male were not considered to be at a higher risk of injury. No 
sig. sex diff. on anatomic location or type of injury. Overall fe-
male RR 1.093 (95%CI 0.788-1.516, p=0.596). 

Powell 2000 
[47]; 16, 
57% Moder-
ate 

Acute & over-
use injuries in 
Baseball/Soft-
ball, Basketball 
& football 

8988 reportable 
injuries: 4559 
male (50.7%) & 
4429 female 
(49.3%). High 
school sport. 

Sig. sex diff. in overall injury for Softball 16.7/100p plyrs, 
Baseball 13.2 (p< 0.001). Baseball players, shoulder/arm cate-
gory accounted=19.7%; Softball players, the shoul-
der/arm=16.3% injuries. Baseball injuries evenly divided be-
tween practice (49.4%) & games (50.6%, Softball, practices ac-
counted for 55.9% injuries (p<0.001). Player position & injury 
category similar between Softball/Baseball. No sig. overall in 
Basketball. Girls’ basketball a higher proportion of major inju-
ries than did the boys’ teams (p<0.05). Female basketball 
more surgeries (p<0.02). Female basketball had a higher pro-
portion of game-related injuries (46.8%) than did the boys’ 
teams (42.0%) (p<0.01). Sig. sex diff. in football; general 
trauma injuries & fractures male (29.9%, female (24.9%) 
(p<0.01, reinjuries in female (10.4%, male (8.4%) (p<0.04), in-
juries requiring surgery female (3.09%, male (2%) (p<0.001). 
Overall Softball IDR 1.27 (95%CI 1.15-1.39). Female overall 
football IDR 1.14 (p<0.001). Female knee Basketball IDR 1.44. 
Female knee surgery Basketball knee surgery IDR 2.65. Fe-
male Basketball ACL surgery IDR 4.15. Female football knee 
injuries IDR=1.46, Female football knee surgeries IDR 3.66 & 
female football ACL surgeries IDR 3.41. 

Pytiak 2018 
[185]; 18, 
64% Moder-
ate 

Acute & over-
use injuries in 
Baseball/Soft-
ball  

299 injuries; 
male=214, fe-
male=75. High 
school sport. 

Overall IIR softball 1.22/1000AEs, baseball 1.01/1000AEs 
(p<0.05). Sex diff. in elbow IIR; Baseball 0.92/10,000AE's, Soft-
ball 0.43 (p<0.05). Greater proportion baseball injuries (9.2%) 
than softball injuries (3.6%). Elbow injuries were sig. more 
likely to occur in competition than practice in baseball; this 
was not shown for softball. Baseball injuries were more likely 
to require surgery than softball injuries (6.2% vs 0.0%; 
p=0.02). Overall Softball RR 1.21 (95%CI 1.15-1.29). Elbow 
Baseball RR 2.12 (95%CI 1.64-2.77). Baseball elbow IPR 2.58 
(95%CI 1.99-3.33). Baseball competition elbow injury RR 2.24 
(95%CI 1.71-2.93). Softball competition elbow injury RR 1.14 
(95%CI 0.71-1.81). Baseball ligament sprains; IPR 1.70 (95%CI 
1.02-2.84). Softball tendinitis IPR 0.62 (95%CI 0.40-0.96). If all 
injuries occurring during pitching were removed from both 
baseball & softball; no sex diff. (non-pitching baseball RR 1.19 
[95%CI, 0.88-1.62]). 
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Rauh 2000 
[186]; 17, 
61% Moder-
ate 

Acute & over-
use injuries in 
cross country 

n=3,233. 1,202 
females (from 99 
teams). 2,031 
males (from 100 
teams). Age 14-
18. From 23 high 
schools. 

Overall IIR 13.1/1,000 athletic exposures (AEs). Sig sex diff. for 
overall IIR; females 16.7/1,000 AEs, males; 10.9/1,000 AEs (p 
< 0.0001). Female had sig. (p < 0.0001) higher IIR for initial in-
jury (10.4/1,000 AEs v 7.6) & subsequent injuries (48.5/1,000 
AEs v 35.5), particularly at same body location (44.1/1000AEs 
v 32.2). New injury highest overall IIR was at the shin 
(1.9/1,000 AEs) & highest reinjury at the same body location 
(53.9/1,000 AEs). Female had sig. higher initial IIR than males 
for shin (2.8/1,000 AEs v 1.4), hip (0.7/1,000 AEs v 0.4), & foot 
injuries (1.0/1,000 AEs v 0.5), & higher reinjury rates for knee 
(50.8/1,000 AEs after initial injury v 33.5), calf (75/1,000 AEs v 
13.6), & foot (84.1/1,000 AEs v 29.2) injuries. Overall, higher 
IIR during practices (9.2/1,000 AEs) than meets (7.8/1,000 
AEs) IRR 1.2 (95%CI 1.0-1.4). In males, injuries in practice sig. 
greater than in meets RR; 1.5 (95%CI 1.1-2.0). No sig. diff. be-
tween practice & meet in among females. Female had higher 
rates of injuries than males for meets; IRR 2.1 (95%CI 1.5-3.1) 
& practices IRR 1.4 (95%CI 1.2-1.6). 

Schroeder 
2015 [127]; 
14, 50% 
Moderate 

Overuse Injury 
in American 
Football, Boys 
wrestling, 
Boys ice 
hockey, Girls 
field hockey, 
Girl’s gymnas-
tics, Cheer-
leading, La-
crosse, Swim-
ming, Track & 
Field, Football 
, Volleyball, 
Basketball, 
Baseball/soft-
ball 

No demographic 
info reported. 
High school 
sport. 

Sports with highest % all injuries that were overuse; male & 
female swimming (55.7 & 44.7%), track & field (28.5 & 
36.8%). Sports with lowest % all injuries that were overuse 
male ice hockey (1.4%), male volleyball (2.4%). Overuse inju-
ries more likely in practice than competition. When all 20 
sports were evaluated, IIR higher in females (1.88/10,000AE's) 
than males (1.26). Sex-comparable sports IIR higher in female 
(2.08) than male (1.44). Practice IIR higher in female (2.27) 
than in male (1.34). Across all sports overall injury; female RR 
1.50 (95%CI 1.39-1.61). Sex comparable sports overall injury; 
female RR 1.45 (95%CI 1.32-1.58). Sex comparable sports, fe-
male RR 1.69 (95%CI 1.56-1.83). Overall, overuse injuries rep-
resented 13.3% all injuries in girls but only 5.5% all injuries in 
boys. 

Stracciolini 
2014 [188]; 
16, 57% 
Moderate 

Acute & over-
use injuries 

n=2133. 1151 fe-
males, 982 
males. 

Sig. sex diff.; overall overuse female 62.5% male 41.9%, trau-
matic female 37.5%, male 58.2%; lower extremity female 
58.8% overuse, males 56.2% traumatic; hip/pelvis female 
90.9% overuse, males 58.3% traumatic; spine female 93.9% 
overuse, males 18.8% traumatic. Injury location differed by 
sex; females 65.8% lower extremity injury, 15.1% upper ex-
tremity, 6.7% hip/pelvis & 11.3% spine, male 53.7% lower ex-
tremity injury, 29.8% upper extremity, 3.7% hip/pelvis & 8.2% 
to the spine. Sig. sex diff. for injury diagnosis; fracture male 
19.5%, female 8.2%, PFPS male 4%, female 14.3%, OCD male 
8.6%, female 4.3%, instability male 4.3%, female 7.3%, SH 
fracture male 7%, female 4.1%. On average, male & female 
patients participated in a total of 2.4 activities. A higher pro-
portion of male patients played contact/collision sports 
(68.9%, female 43.3%; p<0.001). Data between sexes not ad-
justed for sport type; therefore, some patterns observed 
likely due to demand of sport e.g. female spine overuse in 
gymnastics. 
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Stracciolini 
2015 [71]; 
18, 64% 
Moderate 

Overuse Injury 
in multiple 
team & indi-
vidual sports 

1614; mean 
age=14.2, BMI z 
score 0.5. 872fe-
males; mean 
age=14.2, BMI z 
score 0.4. 742 
males; mean 
age=14.2, BMI z 
score 0.6. 

Sig. sex diff. for all injury sites; Head male 3.4%, female 0.7% 
(p<0.001), Chest male 2.4%, female 0.6% (p<0.002), Upper ex-
tremity male 30.5% female 14.2% (p<0.001), Lower extremity 
male 53.4% female 66.8% (p<0.001), Hip/pelvis-male 3.8% fe-
male 7.1% (p<0.004), Spine male 7.7% female 11.3 (p<0.013). 
45.9% sex diff. can be accounted for by distribution of back-
ground & characteristics (age, BMI, prior injury, type of sport). 
Team sports increased odds of being seen for overuse (vs 
traumatic) injury in both males (OR 5.329 [95%CI 3.026-
9.383]; p=0.001) & females (OR 1.27 [95%CI 0.824-1.979]; 
p<0.274). 63% females had overuse injuries vs. 40% males 
(p<0.001). Analyses accounted for participating in sports that 
are associated with high overuse injury rate. 

Swenson 
2009 [132]; 
16, 57% 
Moderate 

All recurrent 
injuries in 
Baseball/soft-
ball, Basket-
ball, American 
Football, Foot-
ball, volleyball, 
Wrestling 

High school ath-
letes. No specific 
demographic 
data included. 
RIO - from 2005-
2008, 13 755 in-
juries during 5 
627 921 AEs 

Overall IR 24.4/10 000AE's. Recurrent injuries accounted for 
10.5% all injuries. American Football players had highest rate 
of recurrent injury (4.36/10 000 AE's). Sig. sex diff. for recur-
rent injuries in football; female 2.55 male 1.83. cf. with the 
other 7 sports, Basketball had greater proportion of recurrent 
injuries: Male (IPR 1.24 [95%CI 1.03-1.50]) & Female (IPR 1.53 
[95%CI 1.27-1.86]). In sex comparable sports sig. diff. only in 
football, female; RR 1.39 (95%CI, 1.07-1.82). In 6/9 sports, re-
current injuries sig. more likely to occur in competition than 
practice, especially in American Football; RR 4.69 (95%CI 4.02-
5.46) & female football; RR 3.89 (95%CI 2.69-5.60). 

Swenson 
2010 [131]; 
20, 71% 
Moderate 

Acute frac-
tures in Ameri-
can Football, 
volleyball, bas-
ketball, foot-
ball, wrestling, 
baseball, soft-
ball. 

No demographic 
information. RIO 
from 2005–2009, 
18,316 total inju-
ries during 
7,740,400 AEs. 

Fractures were 4th most common diagnosis after ligament 
sprains, muscle strains, contusions. The highest rate of frac-
tures was in American Football (4.61/10 000AE's) & the low-
est in volleyball (0.52). Basketball boys 1.86/10,000AE's, girls 
1.39. Football boys 2.17, girls 1.62. Baseball (15.4%) & softball 
(13.4%) had highest proportion of injuries that were fractures. 
Basketball boys RR 1.35 (95%CI 1.06-1.72) football boys RR 
1.34 (95%CI 1.05-1.71). Overall competition (vs. practice) RR 
3.21 (95%CI 2.93-3.52). This held for every sport except vol-
leyball RR; 0.84 (95%CI, 0.40-1.77). In sex comparable sports 
boys practice RR (1.39; 95%CI 1.09-1.78); competition RR 1.17 
(95%CI 0.97-1.41). 

Swenson 
2012 [130]; 
19, 68% 
Moderate 

Sports related 
fractures in 
American 
Football, vol-
leyball, foot-
ball, basket-
ball, base-
ball/softball, 
wrestling. 

No demographic 
info included. 
High school 
sports in the 
USA. RIO - during 
2008-09 to 2010-
11, ATs from the 
11,625 injuries 
during 5,640,505 
AEs. 2103 Frac-
tures reported. 
9% all injuries 
over the report-
ing period. 

Overall rate of 1.82 fractures/10,000 AEs. Highest IR-football 
(4.37, male ice hockey (3.08, & male lacrosse (2.59). Overall 
male had significantly higher IR in competition (5.59 vs. 1.98) 
& practice (1.98 vs. 0.56). Male sustained 79.1% all fractures. 
Overall male competition RR 2.82 (95%CI 2.45-3.24) & prac-
tice RR 2.43 (95%CI 2.07-2.86). Using linear regression, we 
found the proportion of all injuries that were fractures was in-
versely correlated with the athlete’s age (p=0.02) but not with 
Athletes’ age-and gender-adjusted BMI. Overall Male IPR 
1.57; (95%CI 1.42-1.74), Male lacrosse IPR 2.38 (95%CI 1.47-
3.85), & Male football IPR 1.81 (95%CI, 1.42-2.30). No sig. sex 
diff. for basketball baseball/softball, track & field or volleyball. 
Recurrent fractures no sig. sex diff. overall or in gender-com-
parable sports. 
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Swenson 
2013 [129]; 
16, 57% 
Moderate 

Acute ankle in-
jury in Ameri-
can Football, 
volleyball, 
football, bas-
ketball, swim-
ming, base-
ball/softball, 
wrestling, field 
hockey, ice 
hockey, gym-
nastics, track 
& field. 

No demographic 
info included. 
From RIO - dur-
ing 2005/06 to 
2010/11, 7807 
ligament sprains 
(30.5% all inju-
ries) of which 
4108 were ankle 
sprains. 

Overall rate 2005-11 3.13/10 000 AE's (Boys IR 3.14/10 000 
AEs & girls 3.11/10 000 AE). Sports with the highest IR; boys’ 
basketball (5.16/10 000 AEs, girls’ basketball (5.03) & girls’ 
gymnastics (4.88). The highest competition IR boys’ football 
(15.01/10 000 competition AEs, girls’ basketball (9.45, girls’ 
football (9.41, & girls’ gymnastics (9.36). Highest practice IR 
boys’ volleyball (3.83/10 000 AEs, girls’ gymnastics (3.82, girls’ 
volleyball (3.79, & boys’ & girls’ basketball (3.79 & 3.13, re-
spectively). Rates were higher for girls than for boys RR 1.25 
(95%CI 1.17-1.34) in sex-comparable sports. Rates were 
higher in competition than practice for boys RR 3.42 (95%CI 
3.20-3.66) & girls RR 2.71 (95%CI 2.48-2.95). Girls were sig. 
more likely to sustain ankle sprains than boys in football (RR 
1.46 95%CI 1.29-1.66), softball/baseball (RR 1.65 95%CI 1.29-
2.12), track & field (RR 2.18 95%CI 1.44-3.31). Overall, ankle 
sprain rates were higher in competition than in practice for 
boys’ RR 3.42 (95%CI 3.20-3.66) & girls’ RR, 2.71 (95%CI 2.48-
2.95) sports.  

Swenson 
2013 [128]; 
16, 57% 
Moderate 

Acute & over-
use knee inju-
ries in Ameri-
can Football, 
football, gym-
nastics, volley-
ball, basket-
ball, base-
ball/softball, 
lacrosse, 
swimming & 
diving, & track 
& field. 

No demographic 
info included. 
RIO – during the 
2005/06–
2010/11, 5116 
knee injuries re-
ported during 
17,172,376 AEs. 

Overall rate of 2.98 knee injuries/10,000 AE. Highest IR in 
American Football 6.29/10,000 AE’s, female football (4.53) & 
female gymnastics (4.23). Most commonly involved structure 
was the MCL (36.1%), patella/patellar tendon (29.5%), ACL 
(25.4%), meniscus (23.0%), LCL (7.9%), & PCL (2.4%). Ameri-
can Football & girls’ football had highest rate of ACL injury 
(1.17/10,000 AEs) female gymnastics (1.14) & female basket-
ball (1.07). American Football only sport with meniscal IR over 
1/10,000 AEs & highest MCL IR (2.42/10,000 AE). Overall com-
petition RR 3.53 (95%CI 3.34-3.73). In sex comparable sports 
female RR 1.52 (95%CI 1.39-1.65). Female ACL injury RR 2.38 
(95%CI 1.91-2.95). Female IPR 1.30 (95%CI 1.11-1.53). Foot-
ball female RR 1.71 (95%CI 1.50-1.95), basketball female RR 
1.89 (95%CI 1.62-2.20, baseball/softball female RR 1.68 
(95%CI 1.28-2.21, track & field female RR 1.49 (95%CI 1.08-
2.06). Overall ACL female RR 1.01 (95%CI 0.87-1.17). In sex 
comparable sports ACL female RR 2.38, (95%CI 1.91-2.95). 
ACL softball female RR 4.99 (95%CI 1.86-13.36), basketball fe-
male RR 4.54 (95%CI 2.99-6.89) & football female RR 2.33 
(95%CI 1.67-3.26). Not including ACL in this paper analysis or 
discussion. 

Tirabassi 
2016 [189]; 
16, 57% 
Moderate 

Acute &over-
use injuries in 
wrestling, 
American 
Football, foot-
ball, gymnas-
tics, volleyball, 
basketball, 
baseball/soft-
ball, ice 
hockey, la-
crosse, swim-
ming & diving, 
& track & field, 
cross country. 

No demographic 
info included. 
RIO - 2005/6-
2013/14 

Overall MDQ IIR 11.8/100,000AEs. MDQ IIR Competition 
28.0/100,000AEs, Practice 6.3/100,000AE's. In sex compara-
ble sports sig sex diff; overall male MDQ 14.4 vs. female 8.0. 
Highest MDQ IIR; American Football 26.5/100,000 AEs, gym-
nastics (18.6) wrestling. Other sports with IIR above 
10/100,000 AEs; female football (16.5), male lacrosse (15.8), 
male ice hockey (12.3), & female basketball (11.2). MDQ IIR 
higher in female basketball 11.2 (male 6.9), cross-country 5.6 
(male 2.1), football 16.4 (male 10.5) & track & field 4.8 (male 
1.8). Competition (vs. training) RR 4.4 (95%CI, 4.1-4.7). Overall 
MDQ male RR 1.8 (95%CI, 1.7-1.9). MDQ basketball female RR 
1.6 (95%CI 1.3-2.0), female cross-country RR 2.6 (95%CI 1.0-
7.5), female football RR 1.6 (95%CI 1.3-1.9), & female track & 
field RR 2.6 (95%CI 1.7-4.0). In football; proportion of all MDQ 
injuries that were concussion 12% in female athletes & 6% in 
male athletes. In male athletes, fracture was the most com-
mon diagnosis in 3 sports, sprain/strain most common diag-
nosis in 6 sports. In female athletes; sprain/strain most com-
mon diagnosis in 9 sports. 
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Yard 2008 
[133]; 16, 
57% Moder-
ate 

Acute & over-
use injuries in 
football. 

No demographic 
info included. 
RIO - 2005-07 
1524 football in-
juries during 
637446 AEs. 

Overall study injury rate 2.39/1000 AEs. Higher in competition 
(4.77) than practice (1.37). No sig. sex diff. in overall IIR (fe-
male-2.44 & male-2.34). Female sig higher competition IIR 
(5.34 vs. 4.26). Male sig. higher practice IIR (1.51 vs. 1.21). 
During competition, females sustained complete knee liga-
ment sprains requiring surgery at a rate of 26.4/100 000 AEs 
(male 1.98/100 000 AEs) (RR 13.3 [95%CI, 3.15-56.35]) & 
higher than female practice (2.34/100 000 AEs). Competition 
(vs. practice) RR=3.49; (95%CI, 3.15-3.87). Female (vs. male) 
competition RR=1.25; (95%CI, 1.10-1.42). Male (vs. female) 
practice RR 1.24 (95%CI 1.06-1.46). Male sustained a larger 
proportion of contusions than females (IPR 1.60 [95%CI 1.19-
2.15]), while females sustained a larger proportion of com-
plete ligament sprains (IPR 2.72 [95%CI 1.33-5.60]). Male hip 
injuries (vs. female) IPR 3.27 (95%CI 1.70-6.28). Female (vs. 
male) knee injuries IPR 1.42 (95%CI 1.09-1.84). Female (vs. 
male) knee ligament sprains IPR 3.41 (95%CI 1.39-8.39). Fe-
male (vs. male) competition knee ligament sprain RR 13.3 
(95%CI 3.15-56.35). Female competition (vs. female practice) 
competition knee ligament sprain RR 11.3 (95%CI 4.31-29.58). 
Overall, females accounted for 51.6% football-related injuries. 
Most frequent injuries=incomplete ligament sprains (male 
24.2% & female 29.2%) & incomplete muscle strains (male 
18.8% & female 17.1%). Concussions-similar proportions 
(male 9.3% & female 12.2%). Overall, males & females sus-
tained ankle (22.0% & 24.7%, respectively, knee (15.4% & 
21.8%, respectively, head/face (13.2% & 14.5%, respectively, 
& thigh/upper leg (14.6% & 11.7%, respectively) injuries most 
often. Similar rates between sexes of time loss injuries for 
<1wk, 1-3 wks & >3 wks. Male injuries resulting in >3 wks’ 
time loss; concussions (11.0% all male >3 wks’ time loss, in-
complete ankle ligament sprains (9.3%), complete knee liga-
ment sprains (8.1%), foot fracture (5.9%), shoulder fracture 
(5.8%), & arm fracture (5.6%). Female injuries >3 wks’ time 
loss-complete knee ligament sprains (28.4%), ankle fracture 
(9.0%), incomplete knee ligament sprains (8.3%), concussions 
(7.4%), & incomplete ankle ligament sprains (5.1%). Males & 
females sustained a similar proportion of concussions (9.3% & 
12.2%, respectively) (IPR 1.31 95%CI 0.91-1.88). 

COMBINED 
AGE 
GROUPS 

      

Achenbach 
2018 [73]; 
17, 61% 
Moderate 

Acute & over-
use injuries in 
handball. 

Twenty U17 
teams (8 female, 
21 male) from 16 
different nations. 
200; age 
16.3±0.8yrs 
played 7.1±0.6 
matches in 3 
days; injury data 
from 200 u-17 
players (120 
Male, 80 Female) 
were evaluated. 
Ten senior teams 
from 16 different 
nations. 100; age 
26.1±6.2yrs 

Overall (Senior & U17) 77 (26%) players sustained 87 injuries 
yielding; overall IIR 286.1 injuries/1000h. U-17 players 
205.7/1000h (v senior 395.5/1000h). Male athletes 330.2 in-
juries/1000h & Female athletes 234.9/1000 hrs (not sig.). Sen-
ior players OR 0.29 (95%CI 0.17-0.50; p<0.01). Male athletes 
OR 0.76 (95%CI 0.45-1.28, n.s). 63.2% resulted from non-con-
tact mechanism, 16.1% from overuse injuries. Thigh was body 
site most affected by contact injuries (66.7%), & ankle was 
body site most affected by non-contact injuries (83.3%). Sex 
analysis not done within age group, injury type or body site. 
(Overall, 82 injuries (82.8%) required medical attention. Fif-
teen (17.2%) injuries were time-loss injuries; incidence 
49.3/1000 hrs.  
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played 11.1±1.6 
matches in 5 
tournament 
days; injury data 
of 100 senior 
players (40M, 
60F) evaluated. 

Beynnon 
2005 [64]; 
18, 64% 
Moderate 

Acute ankle in-
jury in foot-
ball, basket-
ball, lacrosse 
& field hockey. 

663 high school 
(416 female), 
238 college (128 
female) athletes. 
Female athletes 
mean age 16.5 
yrs (range, 13-22 
yrs), height 
166.1cm (range, 
149.9-200.7 cm) 
& weight 59.0 kg 
(range, 40.5-85.5 
kg). Male ath-
letes mean age 
17.2 yrs (range, 
13-24 yrs), 
height 178.6cm 
(range, 152.4-
203.2 cm) & 
weight 73.6 kg 
(range, 45.0-
121.5 kg). 

Overall, 29 female athletes (5.3%) & 14 male athletes (3.9%) 
sustained injuries. Female IR 0.97/person days (95%CI 0.65-
1.39) & male IR 0.68/person days (95%CI 0.37-1.13) No sig. 
(p=0.20), Female RR 1.51 (95%CI 0.79-2.86). Overall high 
school IR 0.80 (95%CI 0.53-1.14), college IR 0.99 (95%CI 0.54-
1.65), College RR 1.16 (95%CI 0.61-2.21). High school: Female 
IR 0.90 (95%CI 0.55-1.40), male IR 0.63 (95%CI 0.29-1.19), fe-
male RR 1.53 (0.69-3.41). College: female IR 1.15 (95%CI 0.53-
2.19), male IR 0.78 (0.25-1.82), female RR 1.50 (0.50-4.48). 
Sport specific IRs (no sig se diff.); Basketball - female 1.90 
(95%CI 0.95-3.40), male 0.42 (95%CI 0.05-1.54), football fe-
male 0.73 (95% 0.24-1.70), male 1.15 (95%CI 0.50-2.26), La-
crosse female 0.62 (95%CI 0.23-1.37), male 0.44 (95%CI 0.12-
1.13). Overall female RR 1.51 (95%CI 0.79-2.86). Female bas-
ketball RR 4.11 (95%CI 0.91-18.60; p=0.046), female football 
RR 0.69 (95%CI 0.23-2.14; p=0.52) female lacrosse RR 1.40 
(95%CI=0.39-4.96; p=0.60). College RR 1.16 (95%CI 0.61-2.21; 
p=0.64). Sex analysis within high school & college athletes no 
sig. diff. reported (specific data not included). 

Opar 2014 
[35]; 16, 
57% Moder-
ate 

Acute ham-
string injury in 
track & field. 

48,473 athletes 
registered to 
participate in the 
Penn Relays Car-
nival (2002-04 in-
clusive). Male = 
25,232 (junior 
912, high school 
14,514, college 
9113, masters 
693), female = 
23,241 (junior 
912, high school 
14,372, college 
7915, masters 
42). Competition 
levels; junior 
high school, 
age≤13 yrs; high 
school, age 14–
18 yrs; col-
lege/elite (in-
cluding pre- 

Overall IR, male=3.0/1,000 participants, female IR=1.7. High 
school IR male=2.9/1,000 participants, female IR=1.7/1,000. 
Overall male HSI OR 1.79 (95%CI 1.23-2.63; p=0.002). Exclud-
ing masters athletes, male HSI OR 1.68 (95%CI 1.14-2.47; 
p=0.009). No junior high school or masters women reported 
HSIs during study period. High school female HSI OR 0.55 
(95%CI 0.33-0.92; p=0.021). No junior high school athletes 
were diagnosed with HSI. Masters HSI (v high school) OR 4.26 
(95%CI 1.95–9.33; p< 0.001). Masters HSI (v college/elite-
level) OR 3.55 95%CI 1.60–7.89; p=0.001). High school HSI (v 
college/elite-level athletes) OR 0.83 (95%CI 0.57–1.22; p= 
0.342). 
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Olympic/profes-
sional athletes) 
age 19–40 yrs; or 
masters age >40 
yrs. 

Opar 2015 
[34]; 16, 
57% Moder-
ate 

Acute & over-
use injuries in 
track & field 

48,473 athletes 
registered to 
participate in the 
Penn Relays Car-
nival (2002-04 in-
clusive). 25,232 
males (junior 
912, high school 
14,514, college 
9113, masters 
693), 23,241fe-
males (junior 
912, high school 
14,372, college 
7915, masters 
42). Competition 
levels; junior 
high school, 
age≤13 yrs; high 
school, age 14–
18 yrs; col-
lege/elite (in-
cluding pre- 
Olympic/profes-
sional athletes) 
age 19–40 yrs; or 
masters age >40 
yrs. 436 injuries 
sustained from 
competing ath-
letes. (Medical & 
orthopaedic inju-
ries reported, 
medical injury 
data not consid-
ered within this 
review). 

Minor orthopaedic injuries; 5.71/1,000 participants, major or-
thopaedic injuries 0.18/1,000 participants. Minor orthopaedic 
injuries male OR, 1.36 (95%CI 1.06-1.75; p=0.017). Secondary 
analysis excluding all masters athletes; overall male OR 1.10 
(95%CI, 0.91-1.33; p=0.303), major orthopaedic injuries male 
OR 0.71 (95%CI 0.16-3.17; p=0.651). Minor orthopaedic injury 
male OR 1.32 (95%CI 1.02-1.69; p=0.032). College/elite fe-
male athletes (ref high school female athletes) OR 0.71 
(95%CI, 0.52-0.98; p=0.036). College male athletes (ref college 
female athletes) OR 1.77 (95%CI 1.13-2.79; p=0.012). Col-
lege/elite athletes (ref high school) injuries OR 0.81 (95%CI 
0.66-0.99; p=0.041). College athletes injuries (ref masters) OR 
0.49 (95%CI 0.27-0.88; p=0.001). High school athletes major 
orthopaedic injury (reference group masters) OR 0.05 (95%CI 
0.00-0.56]; p=0.003). High school athletes minor orthopaedic 
injury OR 0.43 (95%CI 0.22-0.85; p=0.012) (reference group 
masters). 
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Roos 2015 
[187]; 17, 
61% Moder-
ate 

Overuse inju-
ries in base-
ball/softball, 
basketball, 
American 
Football, foot-
ball, cross 
country, track 
& field, swim-
ming & diving, 
tennis, volley-
ball. 

Collegiate (17-
23yrs) & High 
school (14-16yrs) 
age athletes. No 
demographic 
info. included. 

In sex-comparable sports females had higher rates of overuse 
injury than males. College females highest rate of overuse in-
jury (7.32/10,000 AEs), & HS boys lowest rate of overuse in-
jury (1.42/10,000 AEs). Rate of overuse injury higher in col-
lege athletes (5.36/10,000 AEs) than in HS athletes 
(1.64/10,000 AEs) (p<0.05). Among sex-comparable sports, 
High School athletes female RR 1.55 (95%CI 1.43-1.68). Col-
lege athletes female RR 1.25 (95%CI 1.16-1.35). College ath-
letes overuse RR 3.28 (95%CI 3.12-3.44) (ref High School). 
Highest rates of overuse injury (expressed as injuries/10,000 
AEs) were female cross country (college, 19.59; HS, 6.73), 
male cross country (college, 13.67; HS, 4.02), female outdoor 
track & field (college, 15.76; HS, 3.82), & male outdoor track 
& field (college, 13.53; HS, 2.13). College football only sport 
where male overuse injury rate higher than female (5.10 vs 
4.19 per 10,000 AEs). Among sex-comparable sports female 
RR slightly higher in HS athletes (1.55 [95%CI 1.43-1.68]) than 
college athletes (RR 1.25 [95%CI 1.16-1.35]).  

Vaandering 
2022 [61]; 
17, 61% 
Moderate 

All injuries in 
volleyball. 

2018 Canadian 
Youth National 
Volleyball Tour-
nament 65re-
quiring65 players 
in all age catego-
ries (U14, U15, 
U16, U17, & 
U18) & divisions 
of play (Division 
1-5) were invited 
to participate 
(9616 players). 
Participants 
n=1,876 players 
[466 males, 1391 
females, mean 
age 16.2 
yrs±1.26)] con-
sented to partici-
pate (19.5%). 

IIR female 6.78 injuries/1000 AEs (95%CI 5.27-8.72), male 4.30 
(95%CI 2.55-7.24), female IRR 1.47 (95%CI 0.80-2.69); point 
estimate suggests clinical relevance. Highest proportion of in-
juries in females head (40.96%), ankle (15.66%), knee 
(14.85%). Highest proportion of injuries in males finger 
(33.33%), head (16.67%), knee (16.67%). Overall concussion 
IIR 1.58 concussions/1000 AEs (95%CI 1.06-2.36). Females had 
a higher proportion of concussion diagnosis, female 27.71%, 
male 16.67%. Concussion female RR 2.62 (95%CI 0.76-9.04); 
point estimate suggests clinical relevance. 

 1 
OR: odds ratio; aOR: adjusted odds ratio; CI: confidence interval; HR: hazard ratio; IRR: incidence rate ratio; 2 
RR: relative risk; IQR: interquartile range. 3 
 4 
 5 
  6 
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Table 7 Participant characteristics and main findings for the Tier-2 athlete studies. 1 

Reference & 
Quality score 

Focus 
Participants characteristics, age 
(mean±SD) 

Findings/comments 

ADULT       
Dane, 2004 
[190]; 11, 39% 
Limited 

Acute & over-
use injuries – 
not reported 
separately. 
Football, bas-
ketball, volley-
ball (Team). 
Running, wres-
tling (Individ-
ual). 

329 males (72%); 127 females 
(28%). 17-28 yrs. Male; 106 foot-
ball, 58 basketball, 62 volleyball, 
45 runners, 58 wrestlers. Female; 
55 basketball, 47 volleyball, 25 
runners. 

No sig. sex diff. in any sport in percent-
ages of injured athletes. Basketball: male 
IR 84.5% vs female 78.2%. Volleyball: male 
IR 80.7% vs female 74.5%. Running: male 
IR 60% vs female 52%. No sex analysis for 
anatomical location of injury. 

Gill, 2021 [81]; 
13, 46% Lim-
ited 

Acute & over-
use injuries in 
Australian 
Rules football. 

1635 patients attending ED study 
site during 10-month study; (242; 
14.8% female). Age 20.2±7.8) yrs 
(49.1% patients <18 yrs old). Fe-
males 20.7±8.1 yrs, males 
20.1±7.8 yrs. 

68.9% game injuries. Sprain/strain inju-
ries; female 50.4% all injuries, male 38.8% 
(p<0.05). Skin lacerations female 1.7%, 
male 8.0% (p<0.05). Hand or finger inju-
ries; female 34.3%, male 23.4% (p<0.05). 
Cervical spine injuries; female 6.6%, male 
2.5% (p<0.05). Shoulder injuries; female 
5.8%, male 11.5% (p<0.05). Thorax/abdo-
men/pelvic injuries; female 2.1%, male 
5.7% (p<0.05). Concussion was diagnosed 
in 14.1% patients, females 15.7%, males 
13.8% (NS). Knee injuries; female 9.9%, 
males 7.0% (NS). Patellofemoral disloca-
tions female 2.9%, male 0.6% (p<0.05). 
ACL injuries, female & male (not sig.). 

Hollander, 
2018 [39]; 16, 
57% Moder-
ate 

Acute & over-
use injuries – 
not reported 
separately. In-
door & outdoor 
hockey. 

232; 68% 157 male, 75 female. 
190 played both seasons; some 
players exclusively played during 
outdoor (36) or indoor season (6). 
Mean age±SD of players was 
20.7±4.7 yrs with sig. diff. be-
tween male (20.0±4.8 yrs) & fe-
male (22.0±4.3 yrs) (p<0.01). BMI 
(female 22.8±2.3, male 23.1±2.8 
not sig.). 

Overall IIR: male 3.8/1000 hrs (95%CI 3.1-
4.5) vs female 3.5/1000 hrs (95%CI 2.9-
4.2) not sig. Match IIR: male 9.8 (95%CI 
7.9-11.6) vs female 9.6 (95%CI 7.8-11.4) 
not sig. Practice IIR: male 2.7 (95%CI 2.2-
3.2) vs female 2.7 (95%CI 2.2-3.2) not sig. 
Indoor IIR: male 2.7 (95%CI 2.15-3.2) vs fe-
male 5.00 (95%CI 4.1-5.9) & outdoor IIR: 
male 4.5 (95%CI 3.7-5.4) vs female 2.8 
(95%CI 2.3-3.4). More male players in-
jured than female players (40.5% vs 
27.0%, p<0.01). Data collected over 12 
months. 

Hollander 
2021 [82]; 19, 
68% Moder-
ate 

Running inju-
ries. 

550 injured recreational runners: 
49.6% women; 37.0±12.8 yrs; 
23.3±3.0 kg/m. 

141 knee (25.7%), 119 lower leg (21.6%), 
85 foot/toes (15.5%), 71 hip/groin (12.9%) 
injuries. Strongest associations between 
risk factors & injury locations for sex (fe-
male) with hip/groin & thigh injuries, & 
midfoot striking with Achilles tendon inju-
ries. Hip female RR 2.22 (95%CI 1.43–
3.45). Thigh female RR 2.65 (95%CI 1.45–
4.87). Achilles tendon injury male RR 1.92 
(95%CI 1.09–3.38). Individuals with mid-
foot strike pattern RR 2.27 (95%CI 1.17–
4.41). 
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Mintz 2021 
[158]; 14, 50% 
Moderate 

All injuries in 
track & field. 

NEISS (ED) database 2004-15. Age 
>18 yrs. 2004-15. 42,947 ED visits 
for track & field-related injuries in 
the US, with an estimated 23,509 
(54.7%) male, & 19,438 (45.3%) 
female. Most ED visits for 18–22 
year olds, male 12,288 (52.3%), fe-
male 9,441 (48.6%). 

No sig. sex diff. overall or by severity, 
mechanism of injury or anatomical loca-
tion of injury. Trend towards higher pro-
portion of male injuries 67requiring hospi-
talisation (male 2.9%, female 1.7%; 
p=0.32). Trend towards higher proportion 
of female injuries to the lower limb (fe-
male 70.8%, male 63.7%). Trend towards 
higher proportion of male injuries to the 
upper limb (male 15.7%, female 8.7%). 

Morrissey 
2020 [159]; 
15, 54% Mod-
erate 

All injuries in 
adult ice 
hockey.  

NEISS (ED) database 2007-16. Age 
>18 yrs. 2007-16. 1,653 ED visits 
for ice hockey injuries in US. Pa-
tients represented an estimated 
68,786 total ice hockey related in-
juries, male 62,990 males (92%), 
5,796 females (8%). Most com-
monly injured age group was 
youngest cohort studied, aged 
19–25 yrs old (31,385, 46%). 

Female head injury IPR 2.4 (95%CI 1.7–
3.3, p < 0.001)(female 32%, male 13.3%). 
Male facial injury IPR 3.7; 95%CI 2.0–13.3, 
p < 0.01) (male 19.3%, female 5.2%). Male 
laceration injuries IPR 3.5 (95%CI 2.3–6.2; 
p < 0.001) (male 28.1%, female 8.1%). Fe-
male concussion IPR 2.3 (95%CI 1.3–3.5; p 
< 0.001) (female 14.3%, male 6.3%). Pri-
mary injury mechanisms for females; falls 
(29.5%), puck contact (24.3%) & player 
contact (11.1%), for males; falls (19.3%), 
player contact (17.3%) & puck contact 
(14.7%). Although not a top injury mecha-
nism, male stick injuries IPR 3.9 (95%CI 1–
169; p=0.07). (n = 4,712, 7.5%) than fe-
males (n = 110, 1.9%). 

Rugg 2021 
[160]; 18, 64% 
Moderate 

Snowboarding 
injuries. 

National registry data – snow-
board related emergencies 2005-
18. 

Male injuries per season declined sig. 
across seasons (p=0.001), female injuries 
remained stable, therefore proportionally 
increased (p=0.035). Contusions, strains or 
sprains more prevalent in females (45.5%, 
male 37.4%; p<0.001), males more fre-
quently sustained fractures (26.3%, fe-
males 23.5%; p=0.017), wounds (17.1%, 
females 11.4%; p<0.001) & dislocations 
(5.2%, females 3.6%; p=0.006). Head inju-
ries most prevalent in both genders (21%), 
but shoulder & chest injuries more com-
mon in males (15.1%, females 9.2%; 
p<0.001% & 6.8%, females 4.4%; p<0.001) 
& in females back (13.1%, males 10.2%; 
p<0.001%) & pelvis (4.2%, males 2.9%; 
p=0.009) injuries were more prevalent. 

Sugimoto 
2020 [83]; 19, 
68% Moder-
ate 

Crossfit related 
injuries.  

Chart review at Sports Medicine 
clinic 2003-16. N=115. 55 male, 
24.4±10.8 yrs, 173.9±10.7 cm, 
77.1±17.2 kg, 25.2±4.4 kg/m2. 60 
female, 26.0±10.1 yrs, 164.8±7.6 
cm, 65.7±14.4 kg, 24.3±5.4 kg/m2. 

Injury proportion; upper extremity male 
32.7%, female 21.7% (p<0.182), 
trunk/spine injury male 30.9%, female 
20.0% (p<0.178). Lower extremity injury 
male 34.5% female 58.3% (p<0.011); fe-
male OR 2.65 (95%CI 1.25-5.65). Specific 
body parts/joints; knee male 23.6% fe-
male 30.0% (p<0.442), spine male 47.8% 
female 20.0% (p<0.257) hip/pelvis male 
5.5% female 13.3% (p<0.151). Shoulder 
joint male 23.6% female 10.0% (p<0.049); 
male OR 2.79 (95%CI 0.98-7.95). When 
considering age; athletes aged <19 yrs & 
younger had greater trunk/spine CrossFit 
injury proportions (<19 yrs 37.5%, over 19 
yrs 18.7%; p<0.027), OR 2.61 (95%CI 1.10-
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6.21). Athletes aged <19 yrs & younger 
had greater spinal CrossFit injury propor-
tions (<19 yrs 37.5%, over 19 yrs 17.7%; 
p<0.027), OR 2.86 (95%CI 1.19-6.87). No 
sex analysis by age group. There were no 
statistically sig. BMI diff. between any in-
jured & uninjured athletes. 

ADOLESCENT    
Chatha 2020 
[153]; 12, 43% 
Limited 

Concussion in 
football. 

NEISS database. Concussion inju-
ries occurring during football in 
paediatric patients (2-18 yrs old) 
from 2008-16. 3,285 injuries in-
cluded 45% (1469) occurring in fe-
male players 49% (1617) in male 
players. Average age of the cohort 
was 13.5 yrs. 

Based on national estimates, the football -
related concussion rate was 2.51%/year. 
An average of 202 concussions occurred in 
male players each year & an average of 
184 concussions in female players each 
year. No sig. sex diff. in overall prevalence 
or incidence. 

Chun 2021 
[154]; 18, 64% 
Moderate 

Concussion in 
high school 
sports. 

92,966 athletes from 63 schools. 
High school athletes. No further 
demographic information in-
cluded. 2011-17. 

6.4% all participants sustained a concus-
sion. The pooled concussion rate for boys’ 
sports was higher overall (1.00/1,000 AE, 
95%CI 0.97-1.03) than for girls’ sports 
(0.91/1,000 AE 95%CI 0.87-0.95) (p< 0.01). 
In sex matched sports girls had a higher 
rate of concussion than boys. Judo; boys 
1.18 (95%CI 1.02-1.33), girls 1.92 (95%CI 
1.68-2.17) (p< 0.01), football; boys 0.69 
(95%CI 0.66-0.77), girls 1.10 (95%CI 1.01-
1.19) (p< 0.01), basketball; boys 0.57 
(95%CI 0.50-0.64), girls 1.09 (95%CI 0.98-
1.19) (p< 0.01), & volleyball; boys 0.15 
(95%CI 0.11-0.19), girls 0.54 (95%CI 0.47-
0.60) (p< 0.01). The diff. in concussion 
rate between girls & boys participating in 
wrestling over the 6-year study period 
was not statistically sig. (P = 0.21). 

Delaney 2014 
[191]; 19, 68% 
Moderate 

Concussion in 
American Foot-
ball, ice hockey 
& football. 

170; Female 47 (ice hockey 19, 
football 28, male 123 American 
Football 76, ice hockey 22, foot-
ball 25). Mean age; American 
Football 21.1±1.1, ice hockey 
21.3±1.0, football 20.5±1.2 yrs). 

Sex diff. in injury mechanisms. In hockey; 
males more blow from an elbow (FE test 
p=0.02, Conversely, females more contact 
with the boards (FE test p=0.03). In foot-
ball, females were more likely to suffer a 
concussion after contact with the ball (FE 
test p=0.02). No sig. sex diff. for injury 
mechanisms among different positions 
within the same sport. No sig. sex diff. for 
time lost. Across sport, males lost a me-
dian of 11 days (IQR, 7-18, females lost a 
median of 14 days (IQR, 10-21). In hockey, 
males lost median 10 days (IQR, 8-18, fe-
males lost a median of 14 days (IQR, 10-
21). Football, males lost median 11 days 
(IQR, 7-21, females lost median 14 days 
(IQR, 10-21). 

Deloes 1995 
[86]; 15, 54% 
Moderate 

Acute injury in 
ice hockey, 
basketball, 
handball, wres-
tling, hiking, al-
pine skiing, 
athletics, 

16,120 injuries; 77% male 
(12,412). 14-20 yrs. 

Sig. sex diff. across all sports; male 
4.6/10,000 hrs & female 2.6. In sex com-
parable sports; male 4.9/10,000 hrs & fe-
male 3.2. Standardised for exposure; male 
4.3/10,000 hrs & female 4.5. Sig. sex diff. 
in 5 sports; Basketball-female 4.9/10,000 
hrs & male 3.5, Alpine Skiing-female 3.9 & 
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fitness training, 
judo, football, 
alpinism, vol-
leyball, appa-
ratus gym. 

male 3.0, Volleyball-female 3.8 & male 
3.0, Apparatus Gymnastics-female 2.9 & 
male 1.5, Hiking-female 2.5 & male 3.6. 

Forward 2014 
[65]; 19, 68% 
Moderate 

Acute injuries 
(assumed due 
to data from 
hospital data-
base) in ice 
hockey. 

Overall, 33,233; female=2,637 
(7.9%) & male=30,596 (92.1%). 
Age 13.7±2.1yrs. Adolescent-Fe-
male 558 11-12yrs, 916 13-14yrs, 
845 15-17yrs, total=2319. Male 
6756 11-12yrs, 10,888 13-14yrs, 
9435 15-17yrs, total=27,079. 12 
females & 53 males left ED with-
out being seen.  

No sig. sex diff. for proportion of injured 
players overall. Top 3 injury types; female-
soft tissue, sprain/strain & fracture, male-
soft tissue, fracture & sprain/strain. Sig. 
sex diff. for proportion of soft tissue inju-
ries; female 39.8%, male 32.6%. Sig. sex 
diff. for proportion of fractures; female 
18.2%, male 27.1%. Sig. sex diff. for pro-
portion of upper extremity injuries; fe-
male 39.2%, male 45.2%. Sig. sex diff. for 
proportion of injuries from checking; fe-
male 25.7%, male 42.8% & from falling; fe-
male 25.3%, male 14.8%. Admission to 
hospital in 2.6% female players, 3.1% 
males (p=0.18). Age specific break down 
of sig. sex diff.: Proportionately more soft 
tissue injuries in female players 11-12yrs 
(female 40%, male 34%, 13-14yrs (female 
42%, male 32%, 15-17yrs (female 39%, 
male 31%). Proportionately more 
sprains/strain in female players 15-17yrs 
(female 26%, male 17%). Proportionately 
more fractures for male players 11-12yrs 
(female 22%, male 27%, 13-14yrs (female 
17%, male 33%, 15-17yrs (female 16%, 
male 24%). No sig. sex diff. for concussion 
but pattern observed; male players even 
number across age grps with downward 
trend in older age. Female increased 11-
17 with peak 13-14yrs. 

Hoge 2020 
[155]; 17, 61% 
Moderate 

Wrestling inju-
ries presenting 
to ED.  

NEISS database 2005-19. Annually, female patients presenting to 
US Eds increased sig. (p< 0.001) from 2005 
(N = 1,500; 95%CI 923-2,078) to 2019 (N = 
3,404; 95%CI 2,296-4,513). 50.1% (CI 44.1-
56.2) of females sustaining wrestling-asso-
ciated injuries were 14-18 yrs. Injury char-
acteristics, including body parts affected & 
final diagnoses for patients 14-18 yrs of 
age, are stratified by patient gender. 
Males sustained greater proportions of 
head & neck injuries 24.6% (95%CI 23.2–
26.0), female 18.5% (95%CI 13.2-23.9) (P = 
0.018). Diagnoses: females sustained 
greater proportions of sprains & strains 
48.8% (95%CI 41.2-56.3), males 34.4% 
(95%CI 31.6-37.1) (p< 0.001), no sex diff. 
by location of sprain/strain, shoulder most 
common in both female (17.1% [95%CI 
12.8-21.5%]) & male (20.3% [95%CI 19.0-
21.7]) wrestlers. Males sustained greater 
proportions of fractures 15.7% (CI 14.-
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16.7) females 10.6% (95%CI 7.5-13.7) (P = 
0.003). 

Hosea 2000 
[43]; 16, 57% 
Moderate 

Acute ankle In-
juries in bas-
ketball. 

6840 males (504 collegiate, 6336 
scholastic players) 4940 females 
(364 collegiate & 4576 scholastic 
players). 

Overall ankle injury, female RR 1.25. 
Grade I ankle sprains female RR 1.26 
(p=0.0001). Collegiate ankle injuries fe-
male RR 1.33 (p=0.059). Scholastic ankle 
injuries female RR 1.24 (p=0.0006). The 
relative risk for an ankle injury doubled in 
both genders from scholastic to collegiate 
level, 2.19 for females & 2.05 for males. 
An injury was defined as a traumatic event 
suffered by the athlete that required eval-
uation & treatment by the athletic trainer, 
team physician, or both. 

Honrado 2021 
[156]; 14, 50% 
Moderate 

Dance related 
injuries. 

NEISS ED database 2014-18. 
N=4152 patients with a dance-re-
lated injury (83% female). 76% 
age 10-18yrs, 12.8% age 19-30yrs, 
7.7% 31-60yrs, 3.3% 61+yrs. 

The injuries occurred most commonly at 
the knee (22.5%; n = 935), ankle (15.7%; n 
= 650), & foot (10.2%; n = 424) & were di-
agnosed as sprain/strain (42.6%; n = 
1767), fracture (10.3%; n = 428), & contu-
sion (8.1%; n = 336). Diagnosis by body 
area, most common injuries were ankle 
sprain/strain (12.7%; n = 527), knee 
sprain/strain (10.4%; n = 431), & knee dis-
location (4.3%; n = 179). Male patients 
had more fractures (13.6%, n = 94) than 
female patients (9.7%; n = 33.4), & male 
patients had fewer sprain/strains (34.9%; 
n = 242) than their female counterparts 
(44.1%; n= 1525). Overall IR female 
12.4/100,000 people, male 3.0. 

Khodaee 2020 
[157]; 16, 57% 
Moderate 

Acute lacrosse 
injuries. 

NEISS ED database 1997-2015. 
Overall, 7,587 lacrosse-related in-
juries included. Males accounted 
for 75.5% injuries. The overall av-
erage age was 16.0±5.0 (range 5 
to 71) yrs (males 16.1±5.2; fe-
males 15.7±4.1). 

75% injuries were from males. Upper ex-
tremity injuries accounted for a larger 
proportion of injuries males than in fe-
males (IPR; 41.6% vs. 26.0%; p < 0.001). 
Lower extremity injuries accounted for a 
larger proportion of injuries in females 
than males (IPR; 34.7% vs. 21.9%; p < 
0.001). Shoulder (including the clavicle) in-
juries accounted for a larger proportion of 
injuries in males than females (IPR; 12.3% 
vs 3.5%; p < 0.001). Females sustained 
larger percentage of knee (IPR; 10.5% vs 
6.4%; p < 0.001) & ankle injuries (IPR; 
17.0% vs 7.1%; p < 0.001) cf. to males, re-
spectively. Females sustained a higher 
proportion of sprains/strains than males 
(IPR; 36% vs 21.9%; p < 0.01), males sus-
tained a higher proportion of fractures 
(IPR; 21.3% vs. 10.8%, p < 0.01). Concus-
sion diagnosis similar proportion between 
sexes (IPR; 6.1% male & 6.2% female; p > 
0.05). There were also sex diff. in the rate 
of trunk injury (male 9.2%, female 7.2%; 
p<0.05), Head & neck injury (male 17.1%, 
female 19.2%; p<0.05) & face (male 
10.2%, female 12.9%; p<0.05). 
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Owoeye 2020 
[62]; 20, 71% 
Moderate 

Acute & over-
use injuries in 
basketball. 

N= 518 players (16±1.4 yrs; 38.6% 
females), from 63 teams. N=200 
females age 16±1.1 yrs (range: 13-
18). N=318 males 16±1.5 yrs 
(range 11-18). Prospective cohort 
study. Players were observed 
through one competitive high 
school or club basketball season. 

Overall IR 14.4 (99% CI 12.2-17.0) inju-
ries/1000 h, female 13.8 (99% CI 11.2-
16.8), male 14.8 (99.% CI 11.7-18.8); Fe-
male IRR 0.93 (95%CI 0.68-1.26). No sig. 
sex diff. in injury location, diagnoses or 
type. Trend towards higher incidence 
overuse injuries in male athletes 7.3 
(99%CI 5.3-10.0), female 5.4 (99%CI 4.0-
7.4) & higher incidence of acute injuries in 
female athletes 8.3 (99%CI 6.1-11.4), male 
7.5 (99%CI 5.8-9.9). Trend towards higher 
incidence of acute (male 2.3 [99%CI 1.4-
3.5], female 1.8 [99%CI 0.8-4.0]) & over-
use (male 5.2 [99%CI 3.6-7.6], female 3.2 
[2.1-4.9]) knee injuries in male athletes & 
a higher incidence of acute (female 4.7 
[99%CI 3.3-6.7], male 3.7 [99%CI 2.8-6.7]) 
& overuse (female 1.5 [99%CI 0.8-2.7], 
male 1.3 [99%CI 0.8-2.2]) ankle injuries in 
female athletes. 

Leppanen 
2017 [192]; 
17, 61% Mod-
erate 

Overuse inju-
ries in basket-
ball & floorball. 

387 (male=211, female 176). 101 
female basketball players; mean 
age 14.5±1.4yrs, height 168.4±6.6, 
weight 60.9±9.5kg, BMI 21.4±2.9, 
menarche onset=91. 100 male 
basketball players; mean age 
15.2±1.6yrs, height 179.3±9.5, 
weight 68.9±13.2kg, BMI 
21.3±3.1. 75 female floorball play-
ers; mean age 16.1±1.5yrs, height 
166.5±5.6, weight 60.3±6.6kg, 
BMI 21.8±2.1, menarche on-
set=73. 111 male floorball players; 
mean age 16.9±1.3yrs, height 
178.6±6.5, weight 70.1±8.7kg, 
BMI 22.0±2.3. 56 players dropped 
out across the 3 yrs. 

Overall study IIR-1.51/1,000 hrs (95%CI 
1.35-1.78). Most common knee IIR-0.54 
(95%CI 0.42-0.67, lower back IIR-0.32 
(95%CI 0.22-0.42). Sig. sex diff. for overall 
IIR-female 1.94 (95%CI 1.59-2.29, male 
1.23 (95%CI 0.96-1.49). Foot IIR female-
0.27 (95%CI 0.14-0.41, male 0.10 (95%CI 
0.03-0.18). Shin/calf IIR female-0.24 
(95%CI 0.12-0.37, male 0.03 (95%CI 0.00-
0.07). Muscle/tendon injuries were most 
common amongst both sexes (56%). Fe-
male players sig. higher joint/ligament IIR-
female-0.39 (95%CI 0.23-0.54, male 0.09 
(95%CI 0.02-0.16). Overall female 
IRR=1.58 (95%CI 1.20-2.09). Foot injuries 
female IRR=2.69 (95%CI 1.14-6.94). 
Shin/calf injuries female IRR=8.30 (95%CI 
2.17-53.62). Joint/ligament injuries female 
IRR=4.43 (95%CI 1.88-11.87). Basketball 
female IRR=1.61 (95%CI 1.07-2.46). Floor-
ball female IRR=1.55 (95%CI 1.06-2.27). In-
jury classifications across the study; 44% 
all injuries were severe. 31% were moder-
ate. 

Pasanen 2018 
[68]; 18, 64% 
Moderate 

Acute injuries 
in floorball. 

186 players (75 female, 111 male). 
F age 16.1±1.5) yrs, height 
166.5±5.6)cm, weight 59.4(range 
45.5-80.0)kg, BMI 21.5(range 
17.8-27.2, Menarche, no/yes 
2/73. M age 16.9±1.3)yrs height 
177.5 (range 164.5-199)cm, 
weight 68.3 (range 52.4-98.5)kg. 
BMI 21.7(range 17.2-29.8). 

Sig. sex diff. for overall IIR; female 
2.40/1,000 hrs male 1.70, Game IIR; fe-
male 36.46/1,000 hrs male 19.42 & 
joint/ligament injury IRR; female 
1.39/1,000 hrs, male 0.82. (Most common 
site of injury; ankle-37%, knee-18% & 
thigh-14%). Game (cf. to practice) IRR 
21.21, (95%CI 15.30-29.82). Female over-
all IRR; 1.41 (95%CI 1.01-1.98). Female 
Game IRR; 1.88 (95%CI 1.12-3.19). Female 
joint/ligament IRR; 1.70 (95%CI 1.07-2.73). 
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Polites 2014 
[69]; 18, 64% 
Moderate 

Acute injuries 
in ice hockey. 

168 injuries; female=26 (15%), 
male=142. Age <12=30(18%), 13-
14=46(27%, 15-18=92(55%). 

Sig. sex diff.; extremity injuries-male 
50.7%, female 11.5%, TBI-male 16.9%, fe-
male 53.9% & spine injuries-male 9.2%, 
female 26.9%. Male players were most 
commonly injured by intentional contact 
(40.9%) & female players by unintentional 
contact (42.3%). Extremity injury male 
OR=7.89; (95%CI, 2.27-27.45). TBI female 
OR=5.46; (95%CI, 2.26-12.21). Female 
spine OR=3.66; (95%CI, 1.30-10.32). 

Quatman 
2009 [125]; 
16, 57% Mod-
erate 

Acute & over-
use injuries in 
weightlifting. 

3,713 (3,102 male 611 female). 
Age 14-30. (High school injuries 
reported independently) 

No sig. sex diff. in fracture injuries from 
strength training (p=0.37). Accident-re-
lated injuries female OR=1.69; 
(95%CI=1.37 to 2.08). Accidental foot inju-
ries Female OR=2.44; (95%CI=1.75, 3.45). 
Accidental hand injuries male OR=2.14; 
(95%CI=1.49, 3.07). Trunk injuries male 
OR=1.55; (95%CI=1.25 to 1.96). Foot injury 
female OR=2.63; (95%CI=2.04 to 3.45). 
Leg injury female OR=1.54; (95%CI=1.05 
to 2.22). 

Reid 2012 
[70]; 17, 61% 
Moderate 

Acute & over-
use injuries in 
track running. 

4496; male 2012, female 2486. 
Age groups; 10-12yrs=770, 13-
14yrs=1552, 15-18 yrs=2174 

There was no sig. increase in the annual 
rate of track-related injuries over the 
study period (p=0.717). Elementary school 
age-Male laceration OR, 2.29 (95%CI, 
1.49-3.52, male fractures/dislocations OR, 
1.31 (95%CI, 1.07-1.60). Female 
sprain/strain OR, 1.32 (95%CI, 1.11-1.57). 
Elementary school age-Male trunk injury 
OR, 2.04; 95%CI, 1.65-2.53, male upper 
extremity OR, 1.30 (95%CI, 1.07-1.58). Fe-
male lower extremity OR, 1.63 (95%CI, 
1.41-1.90). High school age-Male pelvic in-
jury OR, 2.43; (95%CI, 1.92-3.07). Female 
ankle injury; OR, 1.80 (95%CI, 1.48-2.18). 

Robinson 
2014 [193]; 
16, 57% Mod-
erate 

Acute & over-
use shoulder 
injuries in 
American Foot-
ball, football, 
basketball, 
wrestling, & 
baseball; vol-
leyball, & soft-
ball. 

2798 injuries. High school ath-
letes. No demographic info in-
cluded. 

Shoulder injuries=8.4% all injuries over 
study period. Overall, Shoulder IIR across 
all sports 2.15/10,000AE's. No sig. sex diff. 
in the number of injuries requiring sur-
gery; over 90% total sample did NOT re-
quire surgery. Over 40% male & 45% fe-
male athletes returned to sport within 1 
wk. Boys basketball (10.6%), boys Ameri-
can Football (10.5%) & Girl’s football 
(25.1%) resulted in >3wks medical disqual-
ification. Across all sports, boys had dou-
ble risk of injury during competition vs 
practice as cf. with girls (RR: 3.75 [95%CI: 
3.46-4.05] vs 1.78 [95%CI:1.41-2.24]). In 
sex comparable sports competition as cf. 
with practice 
was equal (male RR: 2.68 [95%CI: 2.16-
3.32] vs female RR 2.86 [95%CI: 2.17-
3.78]). When comparing all 9 sampled 
sports; male fracture IPR=2.20 [95%CI: 
1.05-4.59]. No sig. sex diff. in sex compa-
rable sports only. Injury mechanism in all 
9 sports; male contact with another per-
son IPR=3.07 [95%CI: 2.35-4.01], female 
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contact with the playing apparatus 
IPR=4.84 [95%CI: 2.77-8.48], female non-
contact IPR=4.14 [95%CI: 3.32-5.16]. No 
sig. sex diff. in sex comparable sports. 

Schallmo 2017 
[126]; 19, 68% 
Moderate 

Concussion in 
American Foot-
ball, football , 
volleyball, bas-
ketball, wres-
tling, baseball, 
softball. 

Injured student-athletes had a 
mean age (and standard devia-
tion) of 15.9±1.2 yrs. 

In sex-matched sports, girls IR sig. (p<0.05) 
higher than boys. During the 2005-2006 
academic year, boys’ American Football 
players (rate ratio, 3.26 [95%CI, 2.67 to 
3.99]; p<0.0001) & girls’ football players 
(rate ratio, 1.75 [95%CI, 1.30 to 2.34]; 
p=0.0002) demonstrated the highest con-
cussion rates cf. with all other sports. 

Sokka 2020 
[63]; 19, 68% 
Moderate 

Acute injuries 
in youth (9- to 
14-year-old) 
football (foot-
ball) players.  

Ten football clubs. 730 players. 
567 males 12.3±1.1 yrs, 
151.7±10.0 cm, 41.2±8.7 kg, age 
at starting football 5.4±1.3 yrs; 
163 females 12.4±1.1 yrs, 
151.6±9.2 cm, 41.6±7.7 kg, age at 
starting football 6.7±1.5 yrs partic-
ipated in 20-wks follow-up study 
(January–June 2015). 

278 players sustained a total of 410 inju-
ries: 22 % (n = 89) females, 78 % (n = 321) 
males. Overall IIR 6.47(95 % CI 5.84–
7.01)/1000h football. 25.91(95%CI 22.41– 
29.40)/1000h football  in games & 3.60 
(95 %CI 3.10–4.10) in practices. Female 
overall IIR 7.20 (95 %CI 5.71–8.70), male 
6.29 (95 %CI 5.60–6.98). Male IRR 0.86 
(95%CI 0.64–1.17). Sex diff. in injury loca-
tion: Ankle injuries, male 1.68, female 
2.83, male IRR 0.58 (95%CI 0.35–0.96; 
p=0.033). Female ankle IRR 1.85 (95 %CI 
1.18–2.91; p=0.007), female non-contact 
ankle injury rate IRR 2.78 (95%CI 1.91–
4.02; p < 0.001). Shoulder injuries male 
0.04, female 0.16, male IRR 0.24 (95%CI 
0.09–0.65; p=.005). 

Tsushima 
2019 [72]; 20, 
71% Moder-
ate 

Concussion in 
American Foot-
ball, football, 
volleyball, bas-
ketball, wres-
tling/martial 
arts, baseball, 
softball, cheer-
leading, water 
polo, tennis, 
track & field & 
cross country. 

5,938 males & 4,396 females, 
grades 8-12. 15.5 ±1.3 yrs. Partici-
pants 250 male & 262 female 13-
year-olds, 1,295 male & 1,057 fe-
male 14-year-olds, 1,414 male and 
1,063 female 15-year-olds, 1,456 
male & 1,014 female 16-year-olds, 
1,148 male & 796 female 17-year-
olds, & 375 male & 204 female 18-
year-olds. 

In sports played by both sexes, girls had 
sig. higher concussion risks than boys in 
three comparable sports: basketball 
(14.8% vs. 9.1%, football (13.3% vs. 7.7%) 
& softball (12.8% vs. 6.5%). ARR for girls in 
all sports, including comparable sports, 
was 1.5 times greater than boys 
(ARR=1.50, p<0.0001). Female football 
RR=1.72 (CI=1.27, 2.32, p=0.0003. Female 
basketball RR 1.62 (CI=1.20, 2.19, 
p=0.0018. Softball RR 1.97 (CI=1.31, 2.97, 
p=0.0004. 

Ursej 2019 
[194]; 17, 61% 
Moderate 

Acute & over-
use injuries in 
hip hop dance. 

Hip hop dancers from Slovenia 
(129, 114 females, 17.95±4.15 
yrs).  

Each dancer suffered 0.78 injuries (95%CI: 
0.61-0.97) over 3 months. No sig sex diff. 
(F-0.76 [95%CI: 0.60-0.95] vs. M-0.93 
[95%CI: 0.75-1.13]) (Mann-Whitney Z-
value: 0.68, p=0.52). 3.12 injuries per 
dancer per year. 8.7 injuries/1000 hrs 
(95%CI: 6.9-1.1); M-10.33 (95%CI: 5.1-
14.2, F-8.44 (95%CI: 3.5-15.1). Separating 
MSK-injuries (OSTRC scores >40) from 
MSK-problems (OSTRC: 1-40, 17% dancers 
suffered an MSK-injury, while an addi-
tional 33% reported MSK-problems, with 
no sig. sex diff. between (Chi square: 0.62, 
p=0.73). Injury that occurred during pe-
riod of 6-months before study baseline 
was a strong predictor of MSK-injury & 
MSK-problem during study. Previous in-
jury increased risk for occurrence of MSK-
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problem over the course of study by more 
than 2.5 times (OR: 2.62, 95%CI: 1.61-
4.58, & risk for occurrence of MSK-injury 
by more than 3.5 times (OR: 3.76, 95%CI: 
1.87-4.59). 

Willick 2021 
[161]; 16, 57% 
Moderate 

MTB injuries. Injury surveillance data from Na-
tional Interscholastic Cycling Asso-
ciation (NICA) 2018 & 2019 sea-
sons. Injuries tracked in 41,327 
student-athlete-yrs, identifying 
1,750 unique injuries during 1,155 
injury events. 

1,155 injury events in 41,327 student-ath-
lete-yrs (79.7% male, 20.3% female), re-
sulting in injury event proportion 2.8%. 
1.52 unique injuries/injury event (1,750 
unique injuries in 1,155 injury events). In-
jury event proportion higher in female rid-
ers than male riders (female 3.21%, male 
2.69%; p=0.009). Sex diff. lower limb in-
jury; 37.8% injuries female riders, 28.3% 
male riders (p=0.003). 

Zynda 2022 
[162]; 15, 54% 
Moderate 

Basketball inju-
ries. 

NEISS database. 2012-18 patients 
aged 7-11 yrs (childhood) & 12-17 
yrs (adolescence).  

Females higher finger IIR (child female 
13.8 [95%CI 10.5-17.1]/100,000 athlete 
days, male 8.0 [95%CI 6.4-9.6]; p=0.002) 
(adolescent female 17.4 [95%CI 14.3-
20.5], male 11.5 [95%CI 9.1-13.9]; 
p=0.0032). Female higher rate of ankle 
strain/sprain IIR in child basketball play-
ers; 6.1 (95%CI 4.9-7.3), male 3.4 (95%CI 
2.6-4.2), no sex-diff. in adolescents. No 
sex-based diff. in concussion or knee 
strain/sprain among childhood group; 
however, prevalence of each increased 
from childhood to adolescence, & the rate 
of increase for head injuries & knee inju-
ries was sig. higher in female cf. with male 
athletes (p<0.0001 for both). 

 1 
OR: odds ratio; aOR: adjusted odds ratio; CI: confidence interval; HR: hazard ratio; IRR: incidence rate ratio; 2 
RR: relative risk; IQR: interquartile range. 3 
 4 
 5 
  6 
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Table 8 Participant characteristics and main findings for the Tier-1 athlete studies. 1 

 2 

Reference & 
Quality score Focus 

Participants characteris-
tics, age (mean±SD) 

Findings/comments 

Meixner 2020 
[163]; 15, 54% 
Moderate 

Fractures & dislocations 
in sports & recreation. 

NEISS-AIP data for 2005 to 
2013. 18 sports & recrea-
tional activities in United 
States; American Football, 
baseball, basketball, soft-
ball, football, volleyball, ice 
hockey, ice skating, snow 
skiing, toboggan/sledding, 
inline skating, skateboard-
ing, gymnastics, racquet 
sports, swimming, water-
ski/surfing, track & field, & 
combative sports. 

Est total ED visit incidence 
7.35/1000 people, 20.6% frac-
tures, 3.6% dislocations. Annual 
ED visit incidence 1.51 fractures 
& 0.27 dislocations/1000 people. 
Sex diff. in fracture incidence 
overall, male OR 1.21 (95%CI 
1.14-1.27), with bimodal peaks at 
10 to 14 & >84 yrs. Highest inci-
dence of fractures American 
Football (22.5%). Majority of frac-
tures occurred in arm/hand 
(55.9%; 2,326,129). Sex diff. in 
dislocation incidence overall, 
male OR 1.50 (95%CI 1.38-1.62). 
Highest incidence of dislocations 
in basketball.  

Stogner 2020 
[164]; 17, 61% 
Moderate 

Hand injuries in 42 dif-
ferent sports. 

364 injuries - retrospective 
analysis. No other demo-
graphic info included. 
Sports categorised ball 
sports with a bat, ball 
sports without a bat, gym-
nastics, martial arts, climb-
ing, outdoor sports, preci-
sion sports, cycling, eques-
trian sports, skating, water 
sports, winter sports & 
miscellaneous. 

364 hand injuries, caused by 42 
different types of sport. Highest 
prevalence in cycling (101, 28%), 
American Football (66, 18%) & 
equestrian sports (46, 13%). 
Highest prevalence category “ball 
sports without a bat” (114, 31%), 
cycling (101, 28%) & equestrian 
sports (46, 13%). Overall, males 
affected more often than females 
(118 females, 32%; 246 males, 
68%). Sex diff. in equestrian 
sports, 84% (n=39) of equestrian-
related hand injuries affected fe-
male study population (p< 0.001) 
& 33% equestrian sports ac-
counted for most of female hand 
injuries. Sex diff. in ball sports 
without a bat (101 males, 89%; 
p< 0.001)*. *Due to American 
Football-associated injuries. No 
sex diff. for LOS or the need for 
operation respectively (p=0.306; 
p=0.703). 

COMBINED ADOLESCENT & ADULT DATA     
Xiao 2022 [165]; 
14, 50% Moder-
ate 

Nasal bone fractures in 
sports & recreation. 

158,979 nasal fractures 
(25% female) over 10 yrs 
(2009-2018). Age 20.4 
(SD12.3). Age groups; 0-12 
(19.3%), 13-18 (36.2%), 18-
65 (43%), >65 (1.5). 

Ball sports account for 64% nasal 
bone fractures. Bicycles account 
for 5% the overall cohort. The 
most common causes of fracture 
in adults’ basketball (n = 18 653, 
26%) & in children baseball (n = 
22 129, 25%). In males basketball 
accounted for highest proportion 
(25%) of nasal bone fractures, in 
females softball accounted for 
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highest proportion (25%) of inju-
ries. No further sex analysis. 

Aman 2016 [84]; 
19, 68% Moder-
ate 

Acute injury in motorcy-
cle, handball, squash, 
floorball, hockey, golf. 

Insurance company data. 
Mean number of licensed 
athletes was 1,162658 per 
year, 27% licensed athletes 
females. Mean±SD age for 
injured athletes in all 
sports during 4 yrs was 
21.7±8.6 yrs. Mean age in-
jured males 22.2±8.6 yrs & 
injured females 20.3±8.6 
yrs. 

Mean number of injuries 11,868 
per year, 47,470 in total over 4 
yrs. 10.2 injuries/1000athlete yrs. 
females 8.4, males 10.9. Female 
had sig. higher incidence of injury 
in; motorcycle (females 109.1, 
males 65), handball (females 
71.1, males 57.2), Rugby (females 
48, males 28.4), floorball (fe-
males 11.6, males 8.3), squash 
(females 28.6, males 3.4), golf 
(females 0.2, males 0.1). Male 
had sig. higher incidence of injury 
in ice hockey (females 29.4, 
males 48.7), basketball (females 
5.0, males 6.1). Overall male RR 
1.3. Among popular sports with 
high numbers of licensed athletes 
& with more than 200 injuries 
per year; automobile sports fe-
male RR 2.1, motorcycle female 
RR 1.7, floorball female RR 1.4, 
handball female RR 1.2). Ice 
hockey male RR 1.7 & basketball 
male RR 1.2. 

Aman 2019 [85]; 
15, 54% Moder-
ate 

Acute injury in ice 
hockey, floorball, hand-
ball, football. 

Insurance company data. 
92,162 registered injuries 
in total for all four sports 
(70,538 male injuries & 
21,624 female injuries) 
during study 2006-2015, & 
in ice hockey (2006-2012). 
Males 21±7 yrs, females 
19±6 yrs. 

Highest IR (/1000 player yrs); 
Floorball female knee injury 4.8; 
Football female knee injury 7.8; 
Handball male hand/finger injury 
9.4, male knee injury 10.5, fe-
male knee injury 20.7; Ice hockey 
male dental injury 9.3. Highest IR 
of concussion in Handball (male 
1.3, female 2.0) & ice hockey 
(male 2.3, female 3.1). Females 
higher injury RR overall in floor-
ball (1.4) & handball (1.1). Fe-
males higher RR for; knee injury 
in floorball (2.2), football (1.5) & 
handball (2.0), Cspine injury in 
floorball (1.9), football (1.9, 
handball (1.3) & ice hockey (1.3), 
SRC in floorball (2.1), football 
(1.2), handball (1.5) & ice hockey 
(1.3). 

 1 
OR: odds ratio; aOR: adjusted odds ratio; CI: confidence interval; HR: hazard ratio; IRR: incidence rate ratio; 2 
RR: relative risk; IQR: interquartile range. 3 
 4 
  5 
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Figure 1. Flow diagram of identification, screening, eligibility and study inclusion of previously published 1 
studies. 2 
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25,050 records after duplicates removed. Ti-
tles screened for eligibility 

23,468 records excluded 

551 full-text articles assessed for eligibility 

375 full-text articles excluded  
No full text (n=13) 

Not relevant to review (n=141) 
No sex analysis (n=166) 

Injuries not medically diagnosed 
(n=47) 

Manual duplicates (n= 8) 
  

1,031 abstracts excluded 
  

176 studies included plus 4 studies from man-
ual searching. 

180 studies total 
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 1 
 2 
Figure 2. Meta-analysis for hamstring injuries in males 3 
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 5 
 6 
Figure 3. Meta-analysis for knee injuries in females 7 
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Figure 4. Meta-analysis for foot/ankle injuries in females 11 
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Figure 5. Meta-analysis for sport related concussion in females 1 
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Figure 6. Meta-analysis for stress fractures in females 5 
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Figure 7. Meta-analysis for acute fractures in males  9 
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Supplementary tables and figures 1 

 2 
 3 
Supplementary Table S1. Modified Downs And Black Rating Questions For Methodological Quality Index 4 
Categorisation 5 

See ST 1 DB questions.xls 6 
 7 
 8 
Supplementary Table S2. Modified Downs and Black methodological quality index categorisation individ-9 
ual criteria scores for studies  10 

See ST 2 DB individual ratings.xls 11 
 12 
 13 
Supplementary Figure S1. Meta-analysis for hip/groin injuries in males 14 

See SFA HipGroin Meta-analysis.pdf 15 
 16 
 17 
Supplementary Figure S2. Meta-analysis for shoulder injuries in males 18 

See SFB Shoulder Meta-analysis.pdf 19 
 20 
 21 
 22 
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 24 
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 37 
 38 
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