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Abstract

CrossFit is a strength and conditioning program that has gained popularity since its inception approximately 15 years ago. However, little is 
currently known about the level of injury risk associated with this form of training. The aim of this study was to evaluate the injury incidence rate 
associated with CrossFit training and to point out the site most affected by the injuries. The search of articles in the databases resulted in 93 files in 
Portuguese and 476 in English, but only 62 files were selected for analysis, since the others did not address the topic of interest. Of the 62 studies 
included, 15 articles were performed with samples collected from both sexes. Among 6,169 participants, 2,063 injuries were recorded. Articles were 
published between 2015 and 2019. Injury prevalence ranged from 12.8% to 92.5% between studies. According to the meta-analysis of 15 studies, 
the prevalence of injuries was 33.4% (95% CI 32.2% -34.6%). The I2 value of 26.3 revealed low heterogeneity between studies. The prevalence of 
injuries among male crossfit practitioners was 58.5%. The prevalence of shoulder injury was predominant in studies with an average equal to 35.2%. 
It is important to identify the prevalence of musculoskeletal injuries in the Crossfit modality in order to adopt effective preventive measures, since 
musculoskeletal injuries are among the most common complaints in orthopedic care, which occurs in both athletes and non-athletes. The incidence 
rate of injuries associated with CrossFit training was low and comparable to other forms of recreational activities. The incidence rate of injuries 
associated with CrossFit training was low and comparable to other forms of recreational activities. The shoulder was the main joint affected by 
injuries due to CrossFit training. 
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Introduction

CrossFit is recognized as one of the fastest growing modes in 
high intensity functional training. According to CrossFit's official 
website (map.crossfit.com), CrossFit gyms are located in 142 coun-
tries on seven continents, with more than 10,000 affiliates. This 
strength and conditioning program is used to optimize physical 
competence in ten domains of fitness: (1) cardiovascular / respi-
ratory resistance, (2) endurance, (3) strength, (4) flexibility, (5) 
power, (6) speed, (7) coordination, (8) agility, (9) balance and (10) 
precision. CrossFit training is usually performed with high intensity 
functional movements called "workout of the day" (WOD). In these 
training sessions, high intensity exercises are performed quickly, 

repetitively and with little or no recovery time between sets. With 
a focus on functional movements in constant variation, CrossFit 
training uses the main elements of gymnastics (for example, pin 
and ring exercises), weightlifting exercises (for example, squats 
and presses) and cardiovascular activities (for example, running 
or rowing) as exercise tasks. According to Glassman, who is the 
founder of CrossFit, the methodology that drives CrossFit training 
is totally empirical. In addition, Glassman described that "signifi-
cant statements about safety, effectiveness and efficiency, the three 
most important and interdependent facets of any fitness program, 
can be supported only by measurable, observable and repeatable 
facts, that is, data".1-3 CrossFit is also considered an option for high 
intensity interval training (HIIT). Consequently, HIIT has become 
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one of the top 3 global fitness trends since 2013, according to the 
American College Sports Medicine (ACSM) annual survey Notably, 
CrossFit was indicated as the main reason why HIIT's training was 
rated so high.6-9 However, a consensus document produced by the 
Military Health and Performance Consortium (CHAMP) and ACSM 
associated a potential high risk of injury emergency with programs 
like CrossFit.

Although positive influences on body composition and physical 
fitness have been recognized, the consensus highlighted a “dispro-
portionate risk of musculoskeletal injury from these demanding 
programs, especially for beginning participants, resulting in lost 
time in service, medical treatment and extensive rehabilitation”. In 
addition, the consensus suggested the existence of a training para-
digm that requires advanced level technique during maximum rep-
etitions of timed exercises without adequate rest intervals between 
sets, as well as an insufficient recovery time between high volume 
loads and training sessions. This overload situation can lead to ear-
ly fatigue, additional oxidative stress, less resistance to repetitive 
efforts after exercise, greater perception of effort and unsafe execu-
tion of movements.10

In addition, this training context associated with inadequate 
progression of the training load increases the risk of injuries from 
overuse. The consensus authors suggested, as a possible solution, 
the individual monitoring of the training load to minimize these 
risks.10 Despite the proposed risks for CrossFit, others have sug-
gested that high-intensity functional training programs, including 
CrossFit, have similar or less potential for injuries than many tradi-
tional physical training activities. However, the authors also stated 
that training volume control should be done to reduce the risk of 
injury to military populations. For an effective training and adapta-

tion process to take place, monitoring, quantifying and regulating 
the training load is necessary. However, managing the training load 
represents a considerable challenge for sports scientists. Despite 
this challenge, managing the training load is critical to achieving the 
goals of reducing the risk of injury and optimizing sports perfor-
mance. Due to the increase in practitioners of the sport around the 
world, there is a mutual interest in the practicing community and 
those interested in the sport, as well as in health professionals, re-
garding the possible injuries developed during the sport. Although 
there are a large number of CrossFit supporters, the evidence 
empirical results that demonstrate the improvements in physical 
fitness that arise from this form of training are far from substan-
tial. Therefore, the objective of the present study is to analyze the 
findings of the scientific literature related to the injury incidence 
rate and the risk factors associated with the practice of CrossFit, 
through a systematic review and analysis.

Material and Methods

Search for items

An author conducted the bibliographic search, gathered the 
abstracts, and applied the initial inclusion criteria. The keywords 
“CrossFit”, “injuries” and “incidence” were used during the elec-
tronic search. The following electronic databases were searched on 
August 18, 2019: PubMed, Bireme/MedLine and SciELO (Figure 1). 
The reporting guidelines for preferred reporting items for system-
atic reviews and meta-analyzes (PRISMA) have been adhered to in 
this manuscript. In the initial analysis, all CrossFit articles included 
in this manuscript were peer-reviewed, limited to the period from 
2015 to 2018 and in Portuguese and English. During the second 
phase of the study selection, two authors reviewed and identified 
the titles and abstracts based on the inclusion criteria.

Figure 1: Flowchart of studies included in the systematic review and meta-analysis.
Source: Elaborated by the authors (2019).
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Inclusion criteria

To meet the inclusion criteria for the meta-analysis, studies 
that investigated human beings “in vivo” and analyzed the effects 
of CrossFit as a training program were considered. The meta-anal-
ysis was performed only on variables from short-term intervention 
studies (that is, ≥3 weeks) with healthy male and/or female par-
ticipants, divided into gender groups (the procedures were consis-
tent with those of another meta-analysis). In addition, the variables 
analyzed were found in more than one study. If the original data 
were not provided by the authors, the mean and standard devia-
tions were extracted from the graphical representation using Ycasd 
or estimated from the median, range, and sample size. Systematic 
review studies, studies carried out with samples of professional 
athletes and triathletes, case report articles and reviews and du-
plicate articles in more than one database were excluded from this 
investigation. When the same sample was used to report the prev-
alence of injuries in more than one study, only the study with the 
largest sample size was included in this research.

Statistical analysis

The data were initially analyzed using descriptive statistics. 
The prevalence estimates and their respective confidence intervals 
(CIs) were obtained from the total sample size of individuals prac-
ticing CrossFit and the number of events (injuries) for each study 
included in the review. Incidence estimates are expressed as per-
centages (proportion×100). For the meta-analysis, the heterogene-
ity of the included studies was assessed by examining the forest-
plots, confidence intervals (CI) and I2 graphs. I2 values   of 25, 50 
and 75 indicated low, moderate and high heterogeneity, respective-
ly. Random effects were analyzed using the DerSimonian and Laird 
approach. The meta-analysis was performed based on the number 
of variables in short-term intervention studies.

Statistical significance was established at p≤0.05, and the mag-
nitude of the differences for each dependent variable was calculat-

ed using the effect size (TE) with a 95% CI 27. The TE classification 
was large>0.80; moderate=0.20-0.80; small<0.20. Subsequently, 
meta-regression analyzes were performed in order to investigate 
the relationship between training characteristics (crossfit frequen-
cy [weekly], crossfit experience [years]) and the onset of injuries, 
to verify the effect of sex on prevalence. lesions, assess the anatomi-
cal sites most affected (for example, hip, knee and ankle) and check 
the most frequent types of injuries (muscle, inflammatory, bone 
and ligament injuries). Some studies claim that CrossFit presents 
an inherent risk of injury, specifically in the shoulder, due to the 
intensity of the training. Currently, there is limited evidence to sup-
port this claim. In summary, the following variables were extracted 
from each study included in the review: total sample size, number 
of events (injuries), training characteristics (crossfit frequency 
[weekly], crossfit experience [years]) and the start of injuries, to 
verify the effect of sex on the prevalence of injuries, the most affect-
ed anatomical sites and the most frequent types of injuries (muscle, 
inflammatory, bone and ligament injuries). All data were analyzed 
using the Review Manager software version 5.3 and the Excel 2016 
spreadsheet (Microsoft, Washington, USA).

Results

The search for articles in the databases resulted in 93 files in 
Portuguese and 476 in English, however only 62 files were selected 
for analysis, since the others did not address the topic of interest. Of 
the 62 studies included, 15 articles were performed with samples 
collected from both sexes. Among 6,169 participants, 2,063 injuries 
were registered. The articles were published between 2015 and 
2019. Table 1 shows that all studies provided a definition of inju-
ry and 13 studies did not provide enough data to extract informa-
tion about the prevalence of injuries in relation to the participants' 
sex. The prevalence of injury varied from 12.8% to 92.5% between 
studies. According to the meta-analysis of 15 studies, the preva-
lence of injuries was 33.4% (95% CI 32.2% -34.6%). The I2 value 
of 26.3 revealed low heterogeneity between the studies (Figure 2).

 3

Figure 2: Funnel plot of standard error by event rate (n=15).
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Table 1: Injury incidence rate in crossfit practitioners, by study included in the systematic literature review.

Article Authors Year N Injuries (n) Incidence

A01 Xavier; Lopes30 2017 137 77 56.20%

A02 Mehrab31 2017 449 252 56.10%

A03 Montalvo32 2017 191 50 26.20%

A04 Sprey33 2016 566 176 31.10%

A05 Chachula, Cameron, Svoboda34 2016 54 24 44.40%

A06 Lisboa35 2015 95 52 54.70%

A07 Weisenthal36 2015 386 75 19.40%

A08 Summitt37 2016 187 44 23.50%

A09 Aune, Powers38 2017 247 85 34.40%

A10 Feito, Burrows, Tabb39 2018 3049 931 30.50%

A11 Elkin40 2019 122 74 60.70%

A12 Hopkins41 2017 426 89 20.90%

A13 Soares42 2016 50 33 66.00%

A14 Porse, Rodrigues43 2018 93 86 92.50%

A15 Moran44 2017 117 15 12.80%

Source: Data resulting from the research.

The prevalence of injuries among male crossfit practitioners 
was 58.5%. The prevalence of shoulder injury was predominant in 
studies with a mean of 35.2%. One way of avoiding heterogeneous 
results is to include in the systematic review only methodological-
ly similar studies by performing the heterogeneity test. To identify 
the heterogeneity in the findings, statistical techniques are applied 
in order to verify whether the differences observed in the results 
can be explained or not by chance. The chi-square test is one of the 
most used to assess the significance of heterogeneity, with a more 
conservative level of significance of p<0.10, instead of the usual 
p<0.05. The magnitude of the heterogeneity is ascertained mainly 
by calculating the I2, which ranges from 0 to 100%. An I2 greater 
than 50% indicates substantial heterogeneity and, above 75%, con-
siderable heterogeneity. The greater the heterogeneity, the greater 
the question about the validity of combining results. In the pres-

ence of heterogeneity, it is recommended to investigate its causes 
through sensitivity analysis and meta-regression.

The data selected to compose the meta-analysis may be influ-
enced by the publication bias. Publication bias means the tenden-
cy for published results to be systematically different from reality. 
In systematic reviews, the presence of this bias can be identified 
by means of the funnel graph and statistical tests. The use of these 
techniques is recommended for meta-analyzes with ten studies or 
more and is based on questions of estimation and precision. Inac-
curate studies, usually performed with small sample sizes, may find 
positive or negative results (statistically significant or not) due to 
the influence of chance. They would be distributed symmetrically 
over the widest part of the funnel. Higher precision studies, gen-
erally in smaller numbers, would be closer to the real value and 
located in the narrowest part of the funnel (Figure 2) (Table 2 & 3).

Figure 3: Forest Plot of the meta-analysis of the prevalence of injuries and their respective confidence intervals in Crossfit practitioners, by 
study included in the Systematic Literature Review.
Source: Data resulting from the research.

 4

https://www.stephypublishers.com/
https://www.stephypublishers.com/sojor/
file:///C:\Users\Dell\Desktop\New Microsoft Office Excel Worksheet.xlsx#RANGE!A28
file:///C:\Users\Dell\Desktop\New Microsoft Office Excel Worksheet.xlsx#RANGE!A30
file:///C:\Users\Dell\Desktop\New Microsoft Office Excel Worksheet.xlsx#RANGE!A33
file:///C:\Users\Dell\Desktop\New Microsoft Office Excel Worksheet.xlsx#RANGE!A34


 Stephy Publishers | http://stephypublishers.com Volume 1 - Issue 1  

 SOJ Orthopaedics and Rehabilitation | SOJ Ortho Rehab

Table 2: Injury incidence rate in crossfit practitioners, by study included in the systematic literature review.

Article
Injury rate

Middle Ages Male Feminine
anatomical sites

p/ 1000 hours most affected

A01 - 31,1±6,1 54 23 Shoulder (27; 35,1%)

A02 - 31.9±8.3 157 95 Shoulder (87; 28,7%)

A03 2.3 31.42±8.34 30 20 Shoulder (14; 22,6%)

A04 - 31.3±7 109 67 -

A05 - - - - -

A06 - 25.6 35 17 Shoulder (11; 44%)

A07 2.4 - 54 21 Shoulder (21; 28%)

A08 1.94 - - - -

A09 2.71 38.9±8.9 64 21 Shoulder (38; 50.7%)

A10 - - 495 436 -

A11 - 32,82±11,55 40 34 Shoulder (46,41%)

A12 - 37.2±6 8.9 51 38 Spine (20,9%)

A13 - 33,9±7,4 14 19 Shoulder (10; 52,6%)

A14 - 31.42±1.10 55 31 Shoulder (20; 23,3%)

A15 2.1 35±10 - - -

Total   1.158 (58,5%) 822 (41,5%) 35,2%

Table 3: Approach to heterogeneity in meta-analysis on the prevalence of injuries in crossfit practitioners.

Model
effect size Test of null

Heterogeneity
e IC 95% (2-Tail)

 N
Point

Inferior Superior Z P-valor Q Gl P-valor I2

Estimated

Fixed 15 0.334 0.322 0.346 -24.54 0 377.5 14 0 26.30%

Random effects 15 0.404 0.326 0.487 -2.27 0.023     

Tau2: 0.404; Standard Error: 0.259; variance: 0.067; Tau: 0.635.

Discussion

CrossFit is a form of exercise that incorporates high-intensity, 
rapid and successive ballistic movements. As CrossFit is an increas-
ingly popular fitness option, it is important to determine injury 
incidence rates among exercise practitioners. This review was car-
ried out to check the incidence of injury with CrossFit in the past 
five years. Although high-intensity interval exercise is not a new 
concept, the CrossFit model of combining several high-intensity 
functional movements is a relatively recent fashion. CrossFit is an 
exercise program that uses high intensity functional movements 
with limited amounts of rest to increase strength and endurance 
using a combination of cardiovascular exercises, weightlifting 
(Olympic and power) and gymnastics. Given the novelty of Cross-
Fit training, there is currently limited research on injury rates.11-35 
However, the 15 articles retrieved for this review revealed that the 
injury rate with CrossFit is comparable to or less than the injury 
rate with Olympic weightlifting, distance running, military condi-
tioning, athletics, rugby or gymnastics.36-38

Each article defines injuries differently, with Weisenthal et 
al.,36 describing it as “pain, sensation or musculoskeletal injury as 
a result of CrossFit training that led to at least one of the follow-
ing situations: total removal of CrossFit or other physical activity 
for more than 1 week.39-44 A comparison of the existing literature 
helps to understand this high incidence of injuries. A recent study 
by Sprey et al.4 in Brazil found an injury incidence rate of 31.1% for 
CrossFit athletes. Previous studies that examined injuries at Cross-
Fit found injury incidence rates of 19.4% 36 and 92.5%.43 However, 
the definition used in these epidemiological studies of "injury" cer-
tainly influences the results. We used a strict definition, which was 
in line with the definition used in the studies by Weisenthal et al.,36 
and Sprey et al.4 defined an injury as “any injury suffered during 
training that prevented the participant from training, working or 
competing in any way and for any period of time”. This broad and 
nonspecific definition may explain the high incidence rate of inju-
ries of 92.5% reported in that study.

In addition, in a study investigating only shoulder injuries in 
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CrossFit athletes, Summit et al.,29 found that the incidence of new 
shoulder injuries was 1.94/1000 hours of training for athletes. This 
was more than double the reported incidence. However, Summit et 
al.,29 specifically targeted CrossFit athletes with shoulder injuries.

The injury rate at CrossFit was lower than that reported by 
Winwood et al. in strong competitive men (5.5 injuries/1000 
hours). This finding is interesting because the results of Montal-
vo32 suggest that taller and heavier athletes are more likely to suf-
fer injuries. In the study by Winwood et al. reported that the mean 
height and mass of their strongest respondents were 1.83±0.07m 
and 113±20kg, respectively. Respondents were considerably larger 
than respondents who reported injury (1.72±0.09m, 78.2±16.9kg). 
In addition, Chachula et al.,34 suggest that it is the nature of the 
movements that can result in a higher injury rate in strong male 
athletes.

Although Crossfit incorporates elements of strong men, they 
may not be the elements that put athletes at the greatest risk of 
injury. These elements include stones, tire rotation and log press, 
among others.38 Overall, we found that the incidence of injuries in 
CrossFit athletes was similar to related sports.38 Considering the 
popularity of this training program and the differences found be-
tween men and women, as well as between levels of experience, it is 
important to describe injuries in a way that can be compared across 
studies. As such, it is important to compare injury rates rather than 
simply the incidence of injuries, as exposure to training (ie, how 
often) will have an impact on the likelihood of an injury occurring. 
Although we have provided participation-based injury estimates, 
our overall findings are well below the previously reported injury 
rates. In CrossFit, Weisenthal et al.36 observed that female partic-
ipants were more likely to seek help from a trainer. Thus, female 
participants may be more likely to use appropriate loads and/or 
correct movement patterns, which can subsequently reduce the 
risk of injury compared to men. Related to this, it has been re-
ported that men who participate in CrossFit have higher levels of 
'performance approach objectives' compared to women, who are 
more likely to prioritize the technique domain; 40,44 an emphasis 
on performance over the domain of technique can also explain the 
higher injury rate seen in male CrossFit participants.

For example, Aune et al.38 reported 247 participants (38.9±8.9) 
and calculated an injury rate of 2.71 per 1,000 hours. Meanwhile, 
Weisenthal et al.36 reported 486 participants in CrossFit training 
and reported a 19.4% injury incidence, without a specified injury 
rate. However, this injury rate was later reported as 2.4 injuries 
per 1,000 hours of training.36 More recently, Mehrab et al.,31 sur-
veyed 449 Dutch CrossFit athletes and reported an incidence of 
56.1% injuries and, although did not provide an injury rate, they 
reported that athletes with less than 6 months of experience had 
an almost four times higher risk of injuries compared to those with 

more than 24 months of experience. According to the findings of 
Chachula et al.,34,42 CrossFit participants who had suffered a previ-
ous injury in the last six months had a substantially higher risk of 
injury when compared to those who had not suffered a previous 
injury. The increased risk of injury due to previous injuries has 
been well documented in sporting environments.33,35 and in recre-
ational activities.30 The reasons offered to explain the role of the 
previous injury as a risk factor include imbalance and impaired 
muscle strength, decreased flexibility, flexibility and functionality 
or mechanical instability and the presence of scar tissue.45 Howev-
er, it is also possible that a previous injury simply acts as a 'marker' 
for participants with a higher risk of underlying injury, rather than 
actually increasing the risk of underlying injury within a given par-
ticipant. The shoulder was the main joint affected by injuries due to 
CrossFit training.30-32 According to studies, this result is related to 
the execution of some exercises that have been considered harmful 
in the practice of Crossfit, as they have a high range of motion of 
the shoulder complex, a characteristic that can increase the risk of 
injury, since movements above the shoulder joint line predispose to 
injuries due to the reduction of the subacromial space.

In addition to exercises derived from gymnastics, the character-
istic exercises of Olympic weightlifting that make up CrossFit, such 
as overhead squat, require the placement of the shoulder joint in 
positions of extreme flexion, abduction and internal rotation, which 
increase the risk of injury.40 Due to the high incidence of shoulder 
injuries found in the studies, greater caution is suggested about 
gymnastic exercises and Olympic weightlifting by practitioners and 
professionals who supervise the execution of these movements, fo-
cusing on factors such as excessive and technical effort inadequate, 
factors pointed out by athletes as causing injuries in 35 and 20% of 
cases, respectively.38

Conclusion

It is important to identify the prevalence of musculoskeletal 
injuries in the Crossfit modality, so that effective preventive mea-
sures can be adopted, because musculoskeletal injuries are among 
the most common complaints in orthopedic care, which occurs in 
both athletes and non-athletes. The injury incidence rate associated 
with CrossFit training was low and comparable to other forms of 
recreational activities. The shoulder was the main joint affected by 
injuries due to CrossFit training.
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