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Background: CrossFit is a popular weightlifting sport, with participants who report significant improvements in physical health;
however, others argue that CrossFit exposes participants to an increased risk and severity of injury. We address this through a
retrospective cohort study.

Purpose/Hypothesis: The purpose of this study was to compare the likelihood of self-reported injury and severity in CrossFit and
traditional weightlifting in the previous 2 years. We hypothesized that CrossFit participants would have a higher 2-year likelihood of
injury and medical care compared with a traditional weightlifting cohort.

Study Design: Cohort study; Level of evidence, 3.

Methods: Anonymous volunteers who participated regularly in CrossFit or traditional weightlifting routines completed a 15-question
survey that queried workout routine, injury history, and medical care due to a weightlifting injury. Inclusion criteria included those older
than 18 years who were active participants in CrossFit and weightlifting. Unpaired t-test analyses were conducted to compare means
of continuous data between participants in CrossFit and traditional weightlifting. A multivariant logistic regression model was used to
assess the association of training routine, sex, and age with those sustaining at least 1 injury within the past 2 years.

Results: A total of 411 participants (122 CrossFit; 289 traditional weightlifting) completed the questionnaire. Those following a
CrossFit routine were 1.30 times more likely to be injured (95% CI, 1.075-1.57; P ¼ .0067) and 1.86 times more likely to seek
medical attention (95% CI, 1.40-2.48; P < .0001). In a multivariant logistic regression analysis adjusting for sex and age, injury was
2.26 times more likely in the CrossFit group (95% CI, 1.42-3.62; P ¼ .0010). In both groups, shoulder injuries were most common
(46.41%), followed by lower back (38.28%) and hip injuries (9.09%).

Conclusion: Athletes participating in CrossFit are more likely to be injured and to seek medical treatment compared with parti-
cipants in traditional weightlifting. Despite these findings, the increased likelihood of injury may have less to do with the exercises
involved with CrossFit and more related to the intensity with which the exercises are performed, and thus increased awareness is
needed to prevent further injuries.
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CrossFit has emerged as a highly popular workout routine
that consists of high-intensity plyometric, gymnastic, and
Olympic weightlifting exercises performed in rapid
succession. Founded in 2000, CrossFit has become a
multi–billion dollar industry, with 11,000 CrossFit gyms
worldwide as of 2015 and more than 200,000 participants
signed up to compete at the 2014 CrossFit games.1,14

Studies have demonstrated that this group-based training
program promotes multiple health benefits, including
improvements in anaerobic capacity, cardiovascular
fitness, and body composition.13,17

Some concern has been raised in the popular media
regarding whether CrossFit routines expose participants
to increased risk of injury.6 Despite these concerns, current
studies have failed to consistently demonstrate an
increased risk of injury among CrossFit participants. To
date, available studies have reported the incidence of
injury during CrossFit training varying from 2.71 to 3.1 per
1000 hours.2,9 These injury rates are similar to published
rates for recreational tennis players (1.6-3.0 injuries per
1000 hours),10,12,19 triathletes (2.5-5.4 injuries per 1000
hours),4,11 and traditional weightlifters (2.7-5.5 injuries per
1000 hours).5,15,16,21 However, no study has directly com-
pared the incidence of injury among CrossFit participants
versus those using a traditional weightlifting routine in a
comparable geographic location and at the same time point,
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and none has investigated the severity of injuries incurred.
This direct comparison is relevant to our patients, as most
weightlifters identify as either primarily following a Cross-
Fit routine or primarily following a traditional weightlift-
ing routine, as well as to clinicians in general whose
patients may present for counseling on popular weightlift-
ing routines.

The purpose of this study was to compare the 2-year
incidence rates and severity of self-reported injury among
CrossFit participants and those using a traditional weigh-
tlifting routine. Secondary aims included determining the
characteristics of injury for each fitness program (ie, loca-
tion of injury and specific activity performed during injury)
and determining whether age, sex, and/or any supplement
types were independently associated with increased rate of
injury. We hypothesized that CrossFit participants would
have a higher 2-year incidence and severity of self-reported
injury compared with the traditional weightlifting cohort.

METHODS

A survey consisting of 15 questions was developed to query
physically active individuals regarding injury history and
supplement use during the past 2 years (see the Appendix).
In addition to providing demographic data, individuals
were asked to define themselves as participants in either
traditional weightlifting or CrossFit. Participants were
instructed to self-determine whether an event should be
considered an injury; no defined qualifiers were provided
to participants. Individuals were also asked to list the body
region injured, activity being performed at time of injury,
and whether medical treatment was sought. The total com-
position of each workout during which an injury occurred
was not requested. Participants listed the use of any sup-
plements, including vitamins, anabolic steroids and their
precursors, creatine, protein and amino acid powders and
bars, and energy drinks. This study met the criteria for
exempt research according to the policies of our institution
and the provisions of applicable federal regulations.

From August 2015 through January 2016, the
15-question survey was distributed to 7 consenting fitness
centers in the state of Pennsylvania (4 traditional fitness
clubs and 3 CrossFit clubs) and 5 hospital and medical
school email mailing lists hosted within our institution.
These data were aggregated and subsequently maintained
in a blinded manner. Volunteers at each facility anony-
mously completed the questionnaire. Study data were col-
lected and managed through use of REDCap (research

electronic data capture) tools hosted at our institution. This
specific program was chosen for its secure, web-based appli-
cation designed to support data capture for research studies
and assist with analysis.

Data were collected through questionnaires in both
paper and electronic form. The electronic forms were stored
in REDCap. All responses were collected anonymously. The
paper questionnaires were distributed at 7 gymnasiums
within a 100-mile radius of the study area, and the elec-
tronic REDCap questionnaires were emailed to 5 mailing
lists of our institution, which included the hospital and the
college of medicine. We obtained written permission from
the gymnasiums and email mailing list operators to distrib-
ute the questionnaires.

Study participants had to be 18 years or older and to
identify as active weightlifters. Respondents were excluded
if they were unable to consent or if they completed the
questionnaire incorrectly or incompletely. The study popu-
lation included those who self-identified as either CrossFit
participants or traditional weightlifters. In our question-
naire, we defined traditional weightlifting as any action
that involves the participant using free weights consis-
tently. Although many CrossFit participants may fall into
our definition of traditional weightlifting, participants of
the survey were instructed to select only 1 group: CrossFit
or traditional weightlifting.

Surveys distributed at gymnasiums were placed on a
table near the entrance of the gym. A Summary Explana-
tion of Research Document was provided with both elec-
tronic and paper surveys. Individuals who chose to
participate in the study completed the paper questionnaire
and placed it through the slit of a closed container adjacent
to the recruitment flyer. Surveys that were completed elec-
tronically were automatically stored in REDCap after sub-
mission. Completion of the questionnaire implied voluntary
consent to participate in the study.

If the questionnaire was completed incorrectly or
incompletely, the survey was discarded and excluded from
analysis. All data that were collected from the paper ques-
tionnaires were manually entered into the REDCap online
questionnaire by a single investigator (J.L.E.) throughout
the length of the study.

Data analyses were performed with SAS 9.4 software.
The chi-square test, univariable relative risk, multivar-
iant logistic regression, and 95% CIs were used to calcu-
late the statistical significance between differences in
injury likelihood between 2 groups. Statistical analyses
involving comparison of means of continuous data were
performed through use of unpaired t-test analyses.
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A multivariant logistic regression analysis was fit to
assess the association of training routine, sex, and age
with those sustaining at least 1 injury within the past 2
years and was used to estimate the relative risk of a
dichotomous outcome. Statistical significance was set
with a P value of less than .05.

RESULTS

A total of 454 questionnaires were submitted. Of these, 43
(9.91%) were excluded based on inclusion and exclusion
criteria. Of the 411 participants included, 122 (29.68%)
self-identified as practicing a CrossFit routine whereas
289 (70.32%) followed a traditional weightlifting routine.
The total included participants exceeded our desired sam-
ple size (400) to be representative of active weightlifters in
the United States. The CrossFit respondents were signifi-
cantly older on average (37.45 years) than those respon-
dents participating in traditional weightlifting (31.62
years) (P < .0001). A significantly higher percentage of
women comprised the CrossFit group (56.60%) compared
with the traditional weightlifting group (30.10%) (P <
.0001). Those participating in CrossFit reported exercising
4.40 days per week, whereas traditional weightlifters par-
ticipated in a workout routine 4.50 days per week. Both
groups reported training 1 to 2 hours per day.

In the 2 years prior to completing the questionnaire,
50.85% of respondents sustained a workout-related injury:
60.67% of those participating in CrossFit reported being
injured during training compared with 46.71% of tradi-
tional weightlifters (P ¼ .0098). Among the injured,
64.86% of CrossFit participants reported seeking medical
care for the injury, whereas 34.81% of traditional
weightlifters sought medical treatment (P < .0001). Those
following a CrossFit routine were 1.30 times more likely to
be injured and were 1.86 times more likely to seek medical
attention following the injury compared with those using a
traditional weightlifting routine. In a multivariant logistic
regression analysis adjusting for sex and age, injury was
2.26 times more likely in the CrossFit group compared with

the traditional weightlifting group (95% CI, 1.42-3.62; P ¼
.0010).

The mean ± SD age of those injured within the past 2
years (32.82 ± 11.55 years) was not statistically different
from the age of those who were not injured (33.90 ± 12.83
years) (P¼ .37). In a multivariant logistic regression analy-
sis adjusting for training routine and sex, the injury risk
was decreased by 13% for every 10-year increase in age.

Although a higher proportion of males reported being
injured (54.51% of males vs 44.87% of females), no signifi-
cant difference existed between sex and reported injury (P
¼ .058). In a multivariant logistic regression analysis
adjusting for training routine and age, the injury in the
past 2 years was 1.80 times higher among males than
females (95% CI, 1.17-2.75; P ¼ .0070).

In both groups, the shoulder was the most common site of
injury (46.41%), followed by lower back (38.28%) and hip
(9.09%). CrossFit participants most commonly reported
being injured while performing clean and jerk movements
(18.90%), deadlift movements (18.90%), and snatch move-
ments (16.20%), whereas traditional weightlifters were
most commonly injured while performing barbell and
dumbbell bench press movements (23.70%), deadlift move-
ments (21.50%), and back squat movements (17.0%).

Most participants in each group (91.8% CrossFit, 88.2%
traditional weightlifting; P¼ .29) reported supplement use.
No significantly increased incidence of injury was found for
respondents who reported supplement use compared with
those who denied supplement use (39.78% vs 38.64%, P ¼
.88). A breakdown of injury rate comparison of various sup-
plements is presented in Table 1.

DISCUSSION

In the early 2000s, CrossFit emerged as a trendy and highly
publicized exercise program. The workout uses a mixture of
aerobics, calisthenics, and free weights in order to accom-
plish the “workout of the day.” CrossFit describes its pro-
gram as highly intense and claims that it can be tailored to
any fitness level.8 CrossFit engenders a camaraderie and
competition that energize its participants and can push

TABLE 1
All-Subject Overall Injury Rates of Supplement Users Versus Nonusers

Injury Rate, % (n/N)

Users Nonusers w2 (P Value)

Multivitamin 53.03 (140/264) 46.94 (69/147) 1.40 (.24)
Protein powder 54.30 (164/302) 41.28 (45/109) 5.43 (.020)
Protein bars 56.67 (119/210) 44.78 (90/201) 5.81 (.016)
Branched chain amino acids 61.22 (60/98) 47.60 (149/313) 5.54 (.019)
Creatine 71.58 (68/95) 44.62 (141/316) 21.24 (<.001)
Preworkout energy 59.85 (76/127) 46.83 (133/284) 5.95 (.015)
Dehydroepiandrosterone (DHEA) 61.54 (8/13) 50.50 (201/398) 0.61 (.043)
Anabolic steroids 83.33 (5/6) 50.37 (204/405) 2.57 (.11)
Caffeine 51.52 (17/33) 50.79 (192/378) 0.0063 (.94)
Fat burner 53.49 (23/43) 50.54 (186/368) 0.13 (.71)
Other 61.76 (21/34) 49.87 (188/377) 1.77 (.18)
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individuals to their personal limits. There is no doubt that
adherence to the program leads to decreased body fat per-
centage, increased aerobic endurance, and increased lean
body mass.13,17 CrossFit’s culture of strenuous exercise,
however, leads to a more rapid rate of muscle fatigue than
other weightlifting routines. Some experts claim that com-
bining this muscle fatigue with the complex movements
associated with Olympic weightlifting leads to an increased
rate of injury among CrossFit participants compared with
their general weightlifting counterparts.9 However, scien-
tific data supporting this claim are limited.

Our study cohort of 411 individuals demonstrated that
CrossFit participants carry 1.30 times higher risk of injury
(95% CI, 1.075-1.57; P ¼ .0067) and were 1.86 times more
likely to seek medical attention following the injury than
those using a traditional weightlifting routine (95% CI,
1.40-2.48; P < .0001). When the comparison of injury was
adjusted for sex and age, the likelihood of sustaining an
injury in the past 2 years was 2.26 times higher in the
CrossFit group. Both groups appeared to exercise the same
number of hours per week. According to our results, Cross-
Fit participants were more likely to be women and were
older than our cohort of traditional weightlifters. However,
those who reported injury were significantly more likely to
be male and younger than those who were not injured. The
body region most likely to be injured was the shoulder.

These results parallel those reported by Weisenthal
et al,20 who studied injury rates and patterns among 386
CrossFit athletes. Those authors similarly found that males
were more likely to sustain injuries than females (P ¼ .03)
and that shoulder and lower back were the most common
locations of injury. However, the injury rate in that study
was 19.4% compared with the injury rate of 60.67% found in
our CrossFit cohort. In the Weisenthal et al20 study, injury
was more rigorously defined to occur within the past 6
months (as opposed to 2 years in our study) and to include
at least 1 of the following criteria: (1) total removal from
CrossFit training or other outside routine physical activities
for more than 1 week; (2) modification of normal training
activities in duration, intensity, or mode for more than 2
weeks; or (3) any physical complaint severe enough to war-
rant a visit to a health professional.20 In our study, injury
was not defined in a comparable manner due to the subjec-
tive nature of injury and subsequent pain; if a participant
recalled an injury within the past 2 years, we deemed this
significant enough to be included. Furthermore, in the study
by Weisenthal et al,20 injury rate was significantly decreased
when a trainer was involved (P ¼ .028). The use of a trainer
was not investigated in our study. Furthermore, previous
injury to the same area of reported injury was not queried
in our study even though 1 study of CrossFit athletes indi-
cated that 33.3% of reported injuries sustained were exacer-
bations of a previous injury.18

Overall, supplement use did not predispose individuals
to an increased risk of injury. However, almost all supple-
ments engineered for muscle building (protein powder and
protein bars, branched chain amino acids, and creatine)
and those marketed as preworkout energy drinks were
associated with a significantly increased risk of injury. This
finding may be a result of more consistent attendance or

more strenuous activities attempted by those who used sup-
plements for muscular gains as opposed to the general pub-
lic. In addition, participants who used anabolic steroids and
dehydroepiandrosterone (DHEA) had much higher rates of
injuries, but comparisons with nonusers did not reach sig-
nificance. This result is likely a result of the small sample
size of those who reported anabolic steroid and DHEA use.

No data may be extracted from this study directly, but con-
sidering the combination of these findings, we surmise that
even though CrossFit was associated with increased likelihood
and severity of injury, the increased likelihood and severity of
injury may had less to do with the exercises involved in Cross-
Fit (many of the same exercises and body regions accounted for
a similar percentage of injury in both CrossFit and traditional
weightlifting groups) and more related to the intensity with
which the exercises were performed. We defend this conclu-
sion because, at its core, CrossFit provides an environment of
“natural camaraderie, competition, and fun of sport or game”8

that combats the boredom that contributes to nonadherence to
exercise routines. Specifically, an individual’s motivation to
achieve his or her personal goals may increase when that per-
son is exposed to a perceived obligation to either outperform
othersor to liveupto theexpectationsofotherscheering for the
participant. This situation may lead CrossFit participants to
push themselves beyond their own physical fatigue limit and
may ultimately lead to technical form breakdown, loss of con-
trol, and injury. Perhaps a CrossFit trainer would be able to
identify any alteration in form and, thus, protect the athlete
from injury. These are certainly areas for further research.

We would expect that younger male bodybuilders partici-
pating in traditional weightlifting would carry similar
increased injury risks. Therefore, we caution those who par-
ticipate in CrossFit and traditional weightlifting and attempt
to add muscle mass with muscle-building or preworkout
energy supplements. This cohort should be especially careful
when performing clean and jerk, deadlift, and snatch move-
ments during CrossFit training and barbell and dumbbell
bench press, deadlift, and back squat movements during tra-
ditional weightlifting. Undoubtedly, many of those who
reported an injury concluded that the gains obtained from
their workout routine outweighed the injury risk.

This study has several weaknesses. First, this study, like
other survey studies, is subject to sampling and selection
bias. Furthermore, the study may have underreported the
total number of injuries because some individuals may
have stopped exercising because of the injury. Second, all
of the survey respondents were located within a 100-mile
radius of the study site and may not be representative of
other geographical areas. For example, our CrossFit group
contained significantly more women and was significantly
older than the traditional weightlifting group. This rela-
tionship may not represent the CrossFit population in other
regions and may have skewed our data. Additionally, ques-
tionnaires sent to the earlier mentioned email lists did not
contain unique links; the survey relied on integrity of its
respondents to not complete multiple surveys. Third, we
did not gauge the experience of the participant or the use
of a trainer. Both a preparticipation training session and
use of a trainer have been associated with decreased injury
rates among CrossFit participants.20 Fourth, we did not
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determine whether the injury was a new injury or a rein-
jury of a preexisting condition. Fifth, the study used a broad
definition of injury and, as such, injury numbers may have
been over- or underreported attributable to participants
not classifying an injury correctly due to lack of a proper
definition. Additionally, although “seeking medical
attention” may be viewed as a proxy for injury severity,
we made no validated measure to quantify the extent of
injury. Even though many participants reported sustaining
an injury within the past 2 years, the injuries sustained
were not severe enough to prevent these athletes from
returning to physical activity or they would not have com-
pleted the survey, which was distributed only to those who
were still exercising. Sixth, our definition of traditional
weightlifting may encompass those within the CrossFit
cohort; however, survey participants were asked to classify
themselves into only 1 group. A combination group was inten-
tionally excluded as an option, so as to discretely characterize
outcomes based on what routine type participants identified
with the most. Seventh, the recall accuracy may have intro-
duced further bias into the study. Our inclusion criteria of
injury held a longer time interval for recall than most other
studies. Although the longer time interval allowed us to cap-
ture more injury data, it likely subjected the study to
increased recall bias. One study7 of Australian football
players who were asked to recall injury within the past year
demonstrated that only 80% accurately recalled the number
of injuries and body regions injured; however, all were able to
recall the presence of an injury during that time period.

CONCLUSION

The study findings are summarized as follows:

� Participants following a CrossFit routine were 1.30
times more likely to self-report an injury and were
1.86 times more likely to seek medical attention than
those using a traditional weightlifting routine.

� Among both CrossFit and traditional weightlifting partici-
pants, self-reported shoulder injuries were most common,
followed by lower back injuries and hip injuries.

� After adjustment for training routine and age, males
were more likely to sustain a self-reported injury during
CrossFit or traditional weightlifting.

� After adjustment for training routine and sex, the like-
lihood of sustaining at least 1 self-reported injury dur-
ing CrossFit or traditional weightlifting decreased by
13% for every 10-year increase in age.

CrossFit, the most well-known and frequently used high-
intensity training program in weightlifting, is associated with
an increased risk of injury compared with traditional weigh-
tlifting. As with participants in traditional weightlifting,
CrossFit participants, especially those taking bodybuilding
supplements and energy drinks, should “recognize their own
limitations and challenges”3 to limit potential risk of injury.
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APPENDIX

Study Questionnaire

(continued)
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(continued)
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