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Background: CrossFit is a conditioning and training program that has been gaining recognition and interest among the physically
active population. Approximately 440 certified and registered CrossFit fitness centers and gyms exist in Brazil, with approximately
40,000 athletes. To date, there have been no epidemiological studies about the CrossFit athlete in Brazil.

Purpose: To evaluate the profile, sports history, training routine, and presence of injuries among athletes of CrossFit.
Study Design: Descriptive epidemiological study.

Methods: This cross-sectional study was based on a questionnaire administered to CrossFit athletes from various specialized
fitness centers in Brazil. Data were collected from May 2015 to July 2015 through an electronic questionnaire that included
demographic data, level of sedentary lifestyle at work, sports training history prior to starting CrossFit, current sports activities,
professional monitoring, and whether the participants experienced any injuries while practicing CrossFit.

Results: A total of 622 questionnaires were received, including 566 (243 women [42.9%] and 323 men [57.1%]) that were com-
pletely filled out and met the inclusion criteria and 9% that were incompletely filled out. Overall, 176 individuals (31.0%) mentioned
having experienced some type of injury while practicing CrossFit. We found no significant difference in injury incidence rates
regarding demographic data. There was no significant difference regarding previous sports activities because individuals who did
not practice prior physical activity showed very similar injury rates to those who practiced at any level.

Conclusion: CrossFit injury rates are comparable to those of other recreational or competitive sports, and the injuries show a
profile similar to weight lifting, power lifting, weight training, Olympic gymnastics, and running, which have an injury incidence rate

nearly half that of soccer.
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CrossFit is a conditioning and training program that has
been gaining recognition and interest among the physically
active population. This program was initially developed
for military training and gradually spread among the
civilian population. It is based on a set of complex exer-
cises and includes running, weightlifting, Olympic gym-
nastics, and ballistic movements.? The exercises are
usually combined with high-intensity workout routines
and are performed quickly, repetitively, and with limited
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or no recovery time between sets. Impressive physical
conditioning gains have been reported. Approximately 440
certified and registered CrossFit fitness centers and gyms
exist in Brazil, totaling approximately 40,000 athletes.

Recent studies show that practicing CrossFit improves
metabolic capacity and physical conditioning when asses-
sing the maximal oxygen uptake (VO, max) and body com-
position of athletes with different levels of physical
fitness.!” Another study, conducted by the United States
Army, noted that including CrossFit in the training routine
of soldiers significantly improved their physical condition-
ing.'* However, a different study showed no difference in
the incidence of injuries and wounds in battle and mis-
sions.® There is much concern regarding the high musculo-
skeletal injury rates; however, these data are controversial
in the literature because only 2 studies on the subject using
a civilian population have been published: 1 reporting a
19.4% incidence!'® and another reporting a 73.5% incidence
of injuries.”

The primary objective of this pioneering study in Brazil
is to examine the profile of athletes or regular members of
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CrossFit fitness centers and gyms in Brazil and their his-
tory of sports activities, training routine, and habits and
the incidence of injuries during this practice. Furthermore,
the secondary objective of the study is to identify patterns of
association between the training characteristics, routine,
and incidence of injuries. The identification of risk factors
enables the design of effective strategies to reduce injury
rates.

METHODS

This cross-sectional study was based on a questionnaire
administered to CrossFit athletes from 250 specialized fit-
ness centers in Brazil that were certified and registered in
the CrossF'it database. Data were collected from May 2015
to July 2015 through an electronic questionnaire created
and hosted using an online questionnaire and survey soft-
ware (SurveyMonkey; www.surveymonkey.com). This
study was submitted and approved by the ethics committee
of Santa Casa de Sao Paulo.

This questionnaire included demographic data, such as
age, sex, level of sedentary lifestyle at work, sports training
history prior to starting CrossFit, current training routine,
concurrent practice of other sports activities, professional
monitoring, and whether the participants experienced
some type of injury while practicing CrossFit (Appendix).

We considered an injury, as defined in a prior study,'® as
any new musculoskeletal pain, feeling, or traumatic event
that results from a CrossFit workout and leads to 1 or more
of the following options: total removal from CrossFit train-
ing and other outside routine physical activities for more
than 1 week; modification of normal training activities in
duration, intensity, or mode for more than 2 weeks; or any
physical complaint severe enough to make the individual
seek a health care professional to diagnose or treat the
injury.

This research study was emailed to owners, managers,
and specialized instructors of CrossFit fitness centers and
gyms so that they would forward the digital link to their
members and clients. Instructors and owners were encour-
aged to forward the questionnaire to other gyms and fitness
centers. A total of 54 centers answered the questionnaire.

The inclusion criterion consisted of athletes of this sport
training in specialized and certified fitness centers and
gyms who completely filled out the study questionnaire.
The exclusion criteria consisted of individuals training in
noncertified fitness centers or on their own, incomplete
questionnaires, and individuals who did not agree to sign
the informed consent form.

Sample Calculation

The sample size needed to assess the injury prevalence
rates among the population of CrossFit athletes was calcu-
lated. The sample size required to perform the study was
591 people, considering approximately 40,000 athletes of
CrossFit and assuming a conservative sample needed to
assess the injury prevalence rates, that is, 50% injury, with
a 95% CI and 4% accuracy of injury prevalence rates.
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Statistical Analysis

The injury prevalence rates were reported based on per-
sonal, sports practice, and behavioral characteristics. The
quantitative variables are described using summary mea-
sures (mean, standard deviation, median, minimum, and
maximum),® and the qualitative characteristics are
described using the absolute, relative, and verified
frequencies.®

Bivariate logistic regressions® were performed for each
characteristic of interest to assess the effect on the injury
prevalence rates and to estimate the odd ratios (ORs) with
the respective 95% CIs, which represented the effect size.
Subsequently, multiple logistic regression models® were
estimated to explain the injury prevalence rates by select-
ing the variables that showed significance levels lower than
0.20 (P < .20) in the bivariate tests in addition to variables
with clinical plausibility for injury occurrence. The tests
were performed at a 5% significance level.

RESULTS

A total of 622 questionnaires were received, including
566 (243 women [42.9%] and 323 men [57.1%]) that were
completely filled out and met the inclusion criteria and
9% that were incompletely filled out. The mean age of
athletes was 31.4 years and ranged from 13 to 58 years;
most athletes were in the 18- to 39-year-old age group
(87.9%). We identified 9 individuals younger than 18
years of age (including one 13-year-old, four 15-year-
olds, two 16-year-olds, and two 17-year-olds). The mean
height was 1.71 m, the mean weight was 74.2 kg, and the
mean body mass index (BMI) was 25.1 kg/m? Most
(58.0%) athletes reported that their work was basically
sedentary, characterized by long hours sitting down and
short periods of time walking without physical exertion
(Table 1).

Regarding prior practice of sports activities, 35 indivi-
duals (6.2%) reported no physical activity before starting
CrossFit, 144 (27.1%) reported activity 1 to 2 times per
week, 194 (34.2%) reported activity 3 to 4 times per week,
and 193 (36.3%) reported practicing physical activities
more than 4 times per week. Among those who practiced
physical activity, most (356, 67.0%) reported performing
physical activities for more than 3 years. Several indivi-
duals (254, 44.87%) reported practicing more than 1 sports
activity. The main sports activity reported was weight
training (383 athletes, 72.1%), followed by running (196
athletes, 36.9%), soccer (102 athletes, 19.2%), and martial
arts (97 athletes, 18.3%). When asked about the level of
practice of these sports activities, 68.4% of athletes
reported that they practiced sports activities at a noncom-
petitive level, 23.9% practiced at a competitive amateur
level, and only 7.7% participated in collegiate or profes-
sional competitions (Table 2).

When questioned about all possible motivations to start
practicing CrossFit, 410 respondents (72.4%) answered
that they started this activity to improve physical condi-
tioning, 327 (57.8%) reported seeking a better quality of life,
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TABLE 1
Demographic Data and Profile
(N = 566 participants)

Sex, n (%)

Female 243 (42.9)

Male 323 (57.1)
Age group, n (%)

<18y 9 (1.6)

18-29y 230 (40.6)

30-39 y 268 (47.3)

40-49 y 48 (8.5)

>50y 11 (1.9)

Mean = SD 3137

Median (range) 31 (13-58)
Type of physical exertion at workplace, n (%)

Sedentary 328 (58)

Standing and walking, without physical 109 (19.3)

exertion
Standing and walking, lifting and loading 125 (22.1)
weights

Heavy lifting 4(0.7)
Height, cm

Mean + SD 171.5+9.1

Median (range) 171 (146-197)
Weight, kg

Mean * SD 742+ 154

Median (range) 74 (46-165)
Body mass index, kg/m?

Mean + SD 25.1+3.8

Median (range) 24.6 (17.2-63.7)

233 (41.2%) reported curiosity, and 196 (34.6%) reported
esthetic gains.

Regarding their current physical activity, 179 athletes
(31.6%) reported practicing CrossFit for less than 6 months,
164 (29.0%) reported practicing CrossFit from 6 months to 1
year, and 233 (39.4%) reported practicing CrossFit for more
than 1 year. No participant reported practicing CrossFit
only 1 time per week, 30 (5.3%) reported practicing 2 times
per week, 294 (51.9%) reported practicing from 3 to 4 times
per week, and 242 individuals (42.8%) reported practicing
more than 4 times per week. Approximately one-third of
respondents (185, 32.7%) reported participating in CrossFit
competitions.

A total of 328 respondents (58%) reported performing
other physical activities in addition to CrossFit. Among
these respondents, 72.6% (238 respondents) practiced
these other activities 1 to 2 times per week. The majority
of respondents (404, 71.4%) reported that they rested 1
to 2 times a week, in which they did not practice any
other sport. When asked about which other sport they
practiced, 156 individuals (47.6%) reported running, 73
(22.3%) reported various other activities (the most cited
activities included surfing, yoga, and Pilates), 58 (17.7%)
reported weight training, and 51 (15.5%) reported
cycling.

When asked about monitoring performed by a health
care professional, 319 individuals (56.4%) reported hav-
ing professional monitoring and 247 (43.6%) reported
having no monitoring whatsoever. The vast majority of
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TABLE 2
Sports Training History Prior to Practicing CrossFit®

Any sports participation before starting CrossFit?
No 35(6.2)
Yes 531 (93.8)
Practice frequency®

1-2 times/wk 144 (27.1)
3-4 times/wk 194 (36.5)
>4 times/wk 193 (36.3)
Practice time®
<ly 78 (14.7)
1-3y 97 (18.3)
>3y 356 (67)
Type of sport practiced®
Soccer 102 (19.2)
Basketball 21 (4)
Volleyball 22 (4.1)
Running 196 (36.9)
Cycling 73 (18.7)
Swimming 80 (15.1)
Weight training 383 (72.1)
Bodybuilding 4(0.8)
Climbing 13 (2.4)
Martial arts 92 (18.3)
Mixed martial arts (MMA) 12 (2.3)
Rowing 3(0.6)
Tennis 22 (4.1)
Other 96 (18.1)
Level of sport practiced®
Noncompetitive 363 (68.4)
Competitive, amateur 127 (23.9)
Competitive, collegiate 19 (3.6)
Competitive, professional 22 (4.1)

“Data are reported as n (%).
®Only applicable to those who previously practiced sports.

participants who gave a positive response regularly
attended appointments with a nutritionist (254 respon-
dents, 79.6%).

Injuries

Overall, 176 individuals (31.0%) mentioned having experi-
enced some type of injury while practicing CrossFit. Among
these, 74 (42.0%) reported seeking a health care profes-
sional to diagnose or treat the injury; 59 (33.5%) reported
having to modify their normal training in length, intensity,
or any other characteristic for more than 2 weeks, although
without requiring any specialized treatment; and 42
(24.0%) reported having to completely refrain from practic-
ing CrossFit or any other physical activity for more than 1
week, also without any specific treatment.

We found no significant difference in injury incidence
rates regarding sex or age group. In addition, no significant
difference regarding the anthropometric data, including
weight, height, and BMI, was observed. There was no signif-
icant difference regarding previous sports activities because
individuals who practiced no prior physical activity or prac-
ticed at various levels showed very similar injury rates.
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Injury Rate Analysis

Sustained an Injury While Practicing CrossFit

Variable No Yes Total Responses Odds Ratio (95% CI) P

Sex, n (%) .105
Female 176 (72.4) 67 (27.6) 243 1
Male 214 (66) 109 (34) 323 1.35 (0.939-1.942)

Age,y .361
Mean + SD 31.1(7.3) 31.7(6.3) 31.3(7) 1.012 (0.987-1.037)
Median (range) 31 (13-56) 31 (19-58) 31 (13-58)

Height, cm .287
Mean + SD 171.2 (9.2) 172.1 (8.9) 171.5 (9.1) 1.011 (0.991-1.031)
Median (range) 171 (146-193) 172 (150-197) 171 (146-197)

Weight, kg 212
Mean + SD 73.7 (14.9) 75.4 (16.4) 74.2 (15.4) 1.007 (1.996-1.019)
Median (range) 73 (47-163) 74 (46-165) 74 (46-165)

Body mass index, kg/m? .355
Mean + SD 25 (3.7) 25.3 (3.9) 25.1(3.8) 1.022 (1.976-1.069)
Median (range) 24.6 (17.6-63.7) 24.6 (17.2-53.3) 24.6 (17.2-63.7)

CrossFit frequency, n (%) .581
<3 times/wk 22 (73.3) 8(26.7) 30 1
>3 times/wk 368 (68.5) 168 (31.5) 536 1.263 (0.551-2.895)

Length of training sessions, n (%) 126
<lh 23 (82.1) 5(17.9) 28 1
>1h 367 (68.1) 171 (31.9) 538 2.156 (0.806-5.767)

CrossFit competitions, n (%) .006“
No 277 (72.5) 105 (27.5) 382 1
Yes 113 (61.1) 72 (38.9) 185 1.681 (1.16-2.436)

Rest frequency, n (%) .809
<3 times/wk 288 (69.1) 129 (30.9) 417 1
>3 times/wk 102 (68) 47 (32) 149 1.051 (0.704-1.569)

Practice another sport, n (%) 673
No 166 (69.7) 72 (30.3) 238 1
Yes 224 (68.1) 104 (31.9) 328 1.081 (0.753-1.55)

Frequency of other sports, n (%) 637
<3 times/wk 330 (39.2) 146 (30.8) 476 1
>3 times/wk 60 (66.7) 30 (33.3) 90 1.122 (0.695-1.813)

Sports participation before CrossFit, n (%) 978
No 24 (68.6) 11 (31.4) 35 1
Yes 366 (68.8) 165 (31.2) 531 0.99 (0.474-2.068)

Level of sport practiced, n (%) .837
Noncompetitive 271 (68.1) 127 (31.9) 398 1
Competitive, amateur 89 (69.5) 38 (30.5) 127 0.935 (0.607-1.439)
Competitive, collegiate 13 (68.4) 6 (31.6) 19 0.985 (0.366-2.651)
Competitive, professional 17 (77.3) 5(22.7) 22 0.628 (0.227-1.739)

Monitored by a health care professional to improve performance, n (%) .086
No 180 (72.6) 67 (27.4) 247 1
Yes 210 (65.8) 109 (34.2) 319 1.374 (0.956-1.974)

Practice time, n (%) .004%
>6 mo 138 (77.1) 41 (22.9) 179 1
<6 mo 252 (64.9) 135 (35.1) 387 1.816 (1.21-2.727)

“When analyzed alone, participation in competitions and length of
(P < .05).

No significant difference in injury rates was found with
respect to the length of training sessions, weekly training
frequency, concurrent practice of other physical activities,
and resting frequency (Table 3).

We also separated participants according to length of
practice, and those who practiced CrossFit for more than
6 months (35.1%) showed significantly (P = .004) higher

CrossFit practice significantly increased injury frequency rates

injury rates than those who practiced for less than 6
months (22.9%). We observed a 44.9% injury incidence rate
among athletes with more than 2 years of practice. Partic-
ipation in CrossFit competitions is also an injury risk fac-
tor, but not when it is analyzed separately, as people who
compete tend to have practiced CrossFit for more time
(Table 4).
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TABLE 4
Isolated Injury Risk Factors

Variable Odds Ratio (95% CI) P

Male sex 1.31(0.904-1.899) .154
Age 1.009 (0.983-1.035) .505
Length of training sessions >1h 2.216 (0.819-5.992) .117
Participation in CrossFit competitions  1.02 (0.705-1.475) .917
Professional monitoring 1.306 (0.901-1.892) .159
CrossFit practice time >6 mo“ 1.697 (1.12-2.572)  .013

“Only length of practicing CrossFit significantly affected injury
frequency rates, and individuals who have practiced the sport for
more than 6 months are 70% more likely to have suffered an injury,
regardless of the other characteristics assessed. P value in boldface
indicates statistical significance.

Table 4 shows that only the length of practicing CrossFit
significantly affects injury frequency rates and that indivi-
duals who have practiced the sport for more than 6 months
are 70% more likely to have suffered an injury, regardless
of the other characteristics assessed.

DISCUSSION

CrossFit is defined as “functional, constantly varied, and
high-intensity training,” and no aspect is more important
than the capacity to quickly move heavy loads over long
distances.? The CrossFit workout routine consists of a com-
bination of multiple synchronic exercises, including Olym-
pic gymnastics, weight lifting (Olympic and standard),
short-distance running, jumps, and exercises performed
using the participant’s own bodyweight (push-ups and
chin-ups). These movements are often performed at high
intensity with little or no rest between sets. Thus, studies
have predicted high injury rates among CrossFit athletes,
given the highly complex, high-intensity, repetitive
movements.'

In the present study, we observed an overall injury inci-
dence of approximately 31% in CrossFit participants. Sim-
ilar injury rates have been reported®®1%1° when comparing
CrossFit to other physical activities with similar move-
ments, including weight lifting, power lifting, and Olympic
gymnastics. We also found injury rates similar to those of
CrossFit when comparing CrossFit to other activities
related to physical conditioning and fitness,'® including
weight training, running (short, middle, and long dis-
tance),'? and triathlon.!?

When comparing CrossFit to the most popular physical
activity in our country, soccer, we observed much higher
injury rates in soccer (from 57% to 61.8%, almost twice the
incidence of CrossFit injuries); however, the 2 referenced
studies only analyzed 1 training season in both amateur
and professional athletes.!®18

The practice of CrossFit by individuals younger than 18
years may present a greater risk for injuries, although a
recent study showed that this training routine is feasible
and safe and effectively improves physical conditioning and
health in children.?
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The need to perform sports movements and gestures cor-
rectly, thus minimizing the possibility of injuries, must be
emphasized because this is a complex workout routine that
is performed while the participant experiences muscle
fatigue. Another key issue is the presence of an instructor
because the lack thereof is associated with a greater inci-
dence of injuries.'®

The present study has limitations because the question-
naire was distributed electronically, with the aim of reach-
ing a larger audience, which may generate a selection bias
because people who have experienced some type of injury
may feel more inclined to answer the questionnaire. Fur-
thermore, we were dependent on the athlete for injury
interpretation. Delayed muscle pain may be misinterpreted
as injury, and such pain is extremely common in high-
intensity activities.

In general, CrossFit athletes are usually young indivi-
duals with prior sports experience, and most are physically
active. They find themselves drawn to this dynamic train-
ing routine to improve their physical conditioning and, as
many reported, because they find conventional training
methods, including weight training and other fitness center
activities, monotonous.

To our knowledge, this report is the first Brazilian study
and the largest sample worldwide to examine this new
training method. Further studies are required to expand
the knowledge of injuries associated with CrossFit and
their prevention. Future studies will provide more detail
on the injuries sustained by examining the injury location,
number of injuries, required treatment, and movements
and exercises that caused them. These reports will use the
database created for this study.

CONCLUSION

CrossFit is a training method that is becoming increasingly
popular in both competitive and noncompetitive forms and
is focused on physical conditioning. With a gradual increase
in the number of athletes, the absolute number of injuries
will consequently increase. Orthopedists and sports physi-
cians should be familiar with this new type of exercise so
that they can properly counsel and treat their patients.

CrossFit injury rates are comparable to those of other
recreational or competitive sports, and the injuries show
a profile similar to weight lifting, power lifting, weight
training, Olympic gymnastics, and running, which have
an injury incidence rate nearly half of that of soccer.
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APPENDIX
CrossFit Questionnaire

CrossFit Questionnaire

Name

Gender

Age

Height

Weight

Email

What kind of physical effort does your work involve: Do you practice another sport in addition to CrossFit?

i ?
[ Basically sedentary If so, which one? (Check all that apply)

] Many hours of standing and walking but 7 No

no physical exertion 1 Soccer
[l Many hours of standing and walking, and also [l Basketball
lifting and carrying weights [ Volleyball
0 Heavy lifting [ Running
- ) ) Cycling
For how long have you been practicing CrossFit? 0 Swimming
[l Less than 1 month [ Triathlon
] 1 to 3 months I Weight training
[l 3 to 6 months 1 Bodybuilding
[l 6 months to 1 year [ Climbing
[0 1 yearto 1 and a half years [l Martial arts
0 1 and a half years to 2 years Which one?
| More than 2 years 1 Mixed martial arts (MMA)
[J Rowing
On average, how many days a week you practice [ Tennis
CrossFit? [ Other
01

How many times a week practice other physical activity

]‘ g in addition to CrossFit?
04 0o
05 01
06 02
07 03
04
On average, what is the length of your workout? 05
0 15 minutes 06
0 30 minutes o7
0 45 minutes . . .
" 60 minutes H0\_/v_n_1any days per V\{eek did you practice physical
. activities before starting CrossFit?
0 75 minutes
] 90 minutes 10
] 105 minutes 01
0 120 minutes 02
[J More than 120 minutes E i
Do you participate in CrossFit competitions? 05
0 Yes ue
0 No o7

How long had you practiced physical activities before
starting CrossFit?

[l 0-6 months

[l 6-12 months

1 1 year—1 and a half years

[} 1 and a half years—2 years
[1 2 years—2 and a half years
[1 2 and a half years—3 years
1 More than 3 years

On average, how many days a week you rest
(ie, no physical activity)?

oo

OooCoooo
oo WN =
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0
0
0
0
]
]
0

s s |

0
[
[

0
0
0
0

0

0

Which sports did you practice before starting CrossFit?
(Check all that apply)

Did not practice
Soccer
Basketball
Volleyball
Running
Cycling
Swimming
Triathlon
Weight training
Bodybuilding
Climbing
Martial arts
Which one?
Mixed martial arts (MMA)
Rowing

Tennis

Other

At what level did you practice these sports?

Noncompetitive
Competitive amateur
Competitive collegiate
Competitive professional

For better standardization. consider “sports injury” as ONLY situations that have resulted in one or more of the
following:
» Any physical complaint severe enough to make the individual seek a health care professional to diagnose or

treat the injury;

» Modification of normal training activities in duration, intensity or mode for more than 2 weeks;
* Total removal from CrossFit training and other outside physical activity routine for more than 1 week.

Given this definition, have you had any injuries during CrossFit practice?
[ Yes

No

If you sustained an injury during CrossFit, did you require (check all that apply):

[J Total removal from CrossFit training and any other outside physical activity routine for more than 1 week
1 Modification of normal training activities in duration, intensity or mode for more than 2 weeks
1" A health care professional to diagnose or treat the injury

None of the above

Why did you start practicing CrossFit? (Check all that
apply)

[ Aesthetics

[l Fitness gain

0 Quality of life

[0 Medical recommendation

[l Recommendation of coaches, physical trainers

[ Recommendation of other athletes

[ Curiosity

[J Other

Do you have follow-up with any health care professional?

' No

0 Nutritionist

1 Sports physician

[ Nutrologist physician
[l Physical trainer

[l Other
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