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Abstract

Purpose The main aim of this study was to conduct a systematic review of the recent research output produced on CrossFit
and to examine the benefits and risks of the high-intensity CrossFit training.

Methods Systematic search of PubMed, ScienceDirect, Scopus and Web of Science was conducted. Thematic analysis of
the research output on CrossFit was performed and each of the included articles was assessed using the Delphi Scale for
quality assessment of individual studies.

Results A total of 25 articles were included in this study. Based on our results, high-intensity CrossFit training incorporates
both aerobic and anaerobic elements, which in turn improve cardiovascular fitness, anaerobic capacity, and body composition
of individuals of all levels of fitness and of both genders. CrossFit has also positive psychological effects on athletes, such
as exercise enjoyment, challenge, satisfaction, and goals achievement, which lead to high levels of retention and adherence
of participants to CrossFit programs. On the other hand, high-intensity CrossFit training includes risks. These are muscu-
loskeletal injuries occurring at different body parts, with most common being shoulder, lower back and knee injuries, and
other more severe but less common injuries, such as exertional rhabdomyolysis.

Conclusions The findings of this study indicate that intense CrossFit training improves the six out of ten general physical
skills of athletes, as proposed by CrossFit Inc., such as cardiovascular/respiratory endurance, stamina, strength, flexibility,
power and balance. The other four physical skills, such as speed, coordination, agility, and accuracy, are yet to be verified.

Keywords Systematic review - CrossFit training - Benefits - Risks - Injuries

Introduction more than 3.5 million athletes are training using CrossFit
fitness programs [3]. In addition, CrossFit is replacing or

Over the past years, CrossFit has gained popularity world-  augmenting traditional physical training methods to increase

wide [1]. The first CrossFit gym opened in 2000 in Califor-
nia, USA, and since then more than 13,000 CrossFit gyms
have been opened in at least 142 countries [2]. At present,
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the physical fitness of lifeguards, fire fighters, police officers,
and army soldiers and leaders [4, 5].

The CrossFit program is a high-intensity power-training
(HIPT) program that is used to improve ten general physical
skills, such as cardiovascular/respiratory endurance, stam-
ina, strength, flexibility, power, speed, coordination, agility,
balance and accuracy in athletes of both genders, as well as
untrained individuals, through the appropriate mixture of
diet, gymnastics, weightlifting, and multiple other aerobic
and anaerobic exercises [2, 6]. In fact, it is useful for many
individuals, as it requires minimal time commitment when
compared with other traditional endurance training programs
[6, 7]. The program incorporates exercises, such as Olym-
pic weightlifting with jerks, squats, deadlifts, snatches, and
overhead press, among others. It also uses traditional gym-
nastic exercises, which include the use of rings, handstands
and parallel bars, and aerobic exercises, such as swimming,
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running and rowing [5]. These exercises are often performed
at a high intensity with little recovery time between exercises
[8].

The CrossFit program uses a “workout of the day” or
WOD, which is posted open access on the CrossFit website.
The WOD incorporates both aerobic and anaerobic train-
ing styles in intervals to improve aerobic fitness and body
composition of athletes. It is performed both as quickly as
possible (for a best time), and for “as many rounds as pos-
sible” (AMRAP) [6]. In a typical CrossFit program, athletes
conduct a warm-up, a skill or strength development segment,
the WOD of the day, and a cool down [9, 10]. The WOD by
design varies from day to day, but typically includes a mix-
ture of high-intensity exercises of 5-20 min [4, 11].

The popularity of the CrossFit program, however, raises
concerns about the benefits of the CrossFit training, and the
possible risks and injuries that may occur from the partici-
pation in such a high-intensity fitness program. This study,
therefore, uses the recent research output on CrossFit pro-
duced by scholars to examine the benefits and risks of Cross-
Fit, and discusses the varying effects of the CrossFit training
on individuals. A detailed analysis of our review strategy
follows in the next section.

Methods
Search strategy and inclusion criteria

This systematic review conforms to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement [12]. When identifying the articles, the following
electronic databases were used: PubMed, ScienceDirect,
Scopus, and Web of Science. The search term of this study
was «CrossFit». All CrossFit articles included in this review
were peer reviewed, written in English and not limited to
specific years or country, while we excluded any review arti-
cles from the main body of our review, as well as articles
that had no full text.

Study selection and quality assessment

One independent researcher evaluated the articles and
extracted the data, which was later evaluated by a second
researcher. Any disparities on data extraction were resolved
by discussion. More specifically, after the first screening pro-
cess of the articles, duplicate articles and studies with irrel-
evant titles and abstracts were removed. All articles were
written in English, except for one, as it had important practi-
cal applications for athletes and, therefore, included in this
work. In addition, one review article on injuries in CrossFit
was also included, as it was considered to have important
theoretical applications on CrossFit research. After the
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second screening, we excluded further studies, which had
no full text, or due to insufficient data for analyses, if they
had non-exercise interventions or with results that had no
relation to our themes.

Each of the included articles was assessed using a Del-
phi Scale for quality assessment of individual studies (see
Table S1) [13, 14]. This is a scale with nine items to assess
the methodological quality, such as internal validity, external
validity, and statistical considerations of randomized clinical
trials. In this scale, it is not described a calculation of score
and all items have three response options: yes, no, or do not
know. Two independent researchers analyzed the studies and
provided a rating. The discrepancies between the reviewers
were resolved through discussion. In Fig. 1 below, we pro-
vide the search flow diagram for studies related to CrossFit.

Results

The search strategy found 215 articles in total (81 articles
from PubMed, 33 articles from ScienceDirect, 50 articles
from Scopus, and 51 articles from Web of Science). After
the inclusion/exclusion criteria were implemented, 25 arti-
cles were included in this study, whereas 190 articles were
excluded due to unfit title, abstract or full text.

To perform our review on CrossFit research, we care-
fully read the research output produced on CrossFit to
become familiar with the data, and then created two major
themes and then sub-themes [15]. When constructing the
main themes of this review, we were interested in includ-
ing the most important elements of the CrossFit training
that have important theoretical and practical applications
for a great number of sport scientists, coaches and athletes.
These include: (1) the benefits of the high-intensity Cross-
Fit training, which were divided into two sub-themes (1.1)
physical and physiological benefits, and (1.2) psychological
and motivational benefits, (2) the risks and injuries observed
during the high-intensity CrossFit training, which were also
divided into two sub-themes (2.1) musculoskeletal injuries,
and (2.2) other injuries (see Table S2).

Discussion
Benefits of the high-intensity CrossFit training

Scholars have emphasized on the benefits of CrossFit on
individuals in multiple studies [2, 5]. The most common pos-
itive effects of CrossFit include physical and physiological
benefits that improve the physical capability of athletes, and
psychological and motivational benefits, which have positive
impact on the psychology of athletes. In general, physical
capability, including aerobic and anaerobic capacity, as well
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Fig.1 Search flow diagram for studies related to CrossFit

as anaerobic power of athletes, is an important factor that
ensures success in athletic endeavors [16]. Anaerobic power
has to do with the ability of individuals to optimize muscular
power output (P,,,,), which is fundamental for the success-
ful performance of many athletes [17]. It refers to the rate
of anaerobic energy production, whereas anaerobic capac-
ity refers the total amount of anaerobic energy produced.
Aerobic capacity is also an important component of athletic

/ Studies excluded \

(1) Not full text
(2) Insufficient data for
analysis
(3) Non-exercise
interventions
(4) Results not related to our

themes

n= 104

N _/

success, which refers to the maximum amount of oxygen
consumed by the body during intense exercise, in a given
time frame [18].

CrossFit training incorporates both aerobic and anaero-
bic elements, which in turn improve cardiovascular fitness,
anaerobic capacity, and body mass and composition (e.g.,
reduction in body fat, BMI, waist circumference) of indi-
viduals of all levels of fitness [9, 10, 16, 19, 20]. CrossFit
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exercises are considered to be of moderate to high inten-
sity [21, 22], which lead to moderate to high HR,, scores
(53.5-95%) [19, 21, 22], high RPE scores (7.3/10-19/20)
[11, 19, 22], increased blood lactate (mean values 1.2 to
>10 mmol™") [21, 23], and increased % VO, .. (mean values
56.7-66.2%) [9, 22]. Some CrossFit workouts (e.g., 10-min
AMRAP of 3 burpees, 4 push-ups, 5 squats) have a moder-
ate-intensity impact on individuals [21], while other WODs,
such as Fran (for time reps of 21-15-9 thrusters and pull-
ups) or Murph (for time reps of 100 pull-ups, 200 push-ups,
300 unweighted squats) are considered to be high-intensity
protocols [11, 19, 22]. Finally, CrossFit training has also
psychological and motivational benefits on athletes, such
as exercise enjoyment, challenge, satisfaction, and goals
achievement, which lead to high levels of retention and
adherence of participants to CrossFit programs [2, 10, 24].

Physical and physiological benefits

In relation to the physiological benefits of CrossFit, when
comparing different fitness levels, Bellar et al. [16] tested
in their study the maximum aerobic capacity (VO,,,,,) and
the anaerobic power (Wingate test) of 32 adult males in two
representative CrossFit workouts, who were either naive (11
healthy young men), or have competed in the CrossFit com-
petitions (21 trained men). Linear regression was undertaken
to predict performance on the first workout (time) with age,
group (experienced or naive), VO,,,.., and anaerobic power,
which were all significant predictors in the model. Accord-
ingly, in the second workout (repetitions), only CrossFit
experience was a significant predictor. The results of this
study showed that a history in participation in CrossFit
competition is a key component of performance in CrossFit
workouts, and that in at least one of these workouts, aerobic
capacity and anaerobic power are associated with success.
Accordingly, Butcher et al. [19] examined in their study
57 participants (38 female), comprised of novice (n=35)
and experienced individuals (n=22) who completed cir-
cuit (using resistance exercises) and high-intensity interval
sessions. They found that for the whole study population,
mean heart rate (HR) responses during interval sessions
(76 +7%predmax) were significantly lower than during cir-
cuit sessions (88 + 6%predmax) despite similar perceived
exertion (RPE) scores (17 £2 vs. 18 + 1/20, respectively),
while experienced participants had higher overall HR than
the novice group during both sessions with greater indices
of work performance but no differences in RPE. Rate of
perceived exertion is used to measure the exercise intensity,
which in this study was recorded at the end of each interval
using the Borg category (620 scale). The researchers con-
cluded that both continuous circuit and high-intensity inter-
val CrossFit sessions can be used to elicit a significant HR
response during exercise and are likely appropriate training
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methods for achieving recommended target intensities for
both novice and experienced athletes.

When observing young CrossFit participants, Eather et al.
[10] noticed in a study on 51 physically active, 15-year-old
adolescents, improvements in body mass and composition
(waist circumference, BMI, BMI-Z score), cardiorespiratory
fitness (measured by the shuttle run test), muscle run fitness
(measured by the standing jump test), and flexibility (meas-
ured by the sit and reach test). The findings of this study
demonstrate that CrossFit Teens is a feasible and efficacious
program for improving health-related fitness in adolescents.

In a similar study, Shaw et al. [21] examined the physi-
cal and physiological demands of 12 sedentary college-aged
males taking part in a 10-min single bout of the CrossFit
triplet training session. They observed increased heart rate
(53.5% of aged-perceived maximal HR), increased blood
lactate (5.95+3.24 mmol 17 '), and lack of increase in blood
glucose in individuals following the CrossFit training, which
indicate that the exercise was performed at a moderate to
high intensity. In addition, CrossFit training was found to
cause no significant changes in systolic and diastolic blood
pressure, total cholesterol, and pulse and arterial pressure in
individuals. These findings support the safety for the inclu-
sion of this type of training as a form of physical exercise
and also as a competitive fitness sport.

In addition, Fernandez—Fernandez et al. [22] in their
study examined the physiological (heart rate, oxygen
uptake (VO,), blood lactate), and perceptual responses (rat-
ings of RPE) of ten trained individuals during two CrossFit
workouts and if the physical demands of CrossFit met the
American College of Sports Medicine (ACSM) criteria of
cardiovascular fitness in healthy adults. The ACSM recom-
mends engaging in moderate-intensity aerobic activity for a
minimum of 30 min per day, 5 days per week (i.e., 40-60%
of VO,.«; 60-75% of HR ,,) or vigorous-intensity aerobic
activity for a minimum of 20 min per day, 3 days per week
(i.e., 60% of VO,,,.; 75% of HR ,,,) to promote and main-
tain health in adults. The researchers observed fitness and
health improvements from CrossFit exercises that met the
ACSM criteria for energy expenditure and exercise intensity
in healthy adults. They also noticed that CrossFit exercises
are high-intensity workouts (90-95% of HR_,,; LA val-
ues> 10 mmol~!; RPE values > 8/ 10) that lead to maximal
physiological and perceptual responses.

Moreover, Murawska-Cialowicz et al. [9] examined if
CrossFit training can change brain-derived neurotrophic
factor (BDNF) and irisin levels at rest and if it can improve
aerobic capacity and body composition of 12 young, physi-
cally active individuals. The BDNF is a protein that affects
the nervous system of individuals in the brain, is released
from skeletal muscles during exercise and can facilitate the
proper communication between the nervous and muscular
systems. Irisin is an exercise hormone that is also released
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from skeletal muscles and is involved in the oxidation pro-
cesses in the organism, while increasing the energy expendi-
ture. In their study, the researchers used two consecutive
10—15-min CrossFit workouts with a 5-min break. They
observed, after a 3-month CrossFit training program and
after Wingate and progressive tests, improvement in the car-
diovascular fitness and anaerobic capacity of individuals,
improvement in body composition and increase in BDNF
(irisin levels showed no change) showing very high appli-
cation value, especially in a therapeutic process leading to
improving an individual’s wellbeing.

Finally, Tibana et al. [23] investigated in their study
the effects of CrossFit training designed to enhance work
capacity through cardiovascular and muscular exercises
on cytokines, muscle power, blood lactate and glucose in
nine trained men. Two experimental protocols (WODs)
of 10-12 min were used to evaluate the above variables.
Cytokines are proteins secreted by various cell types. When
pro-inflammatory cytokines are administered to humans,
they produce fever, inflammation, and tissues destruction,
while anti-inflammatory cytokines resolve inflammation
and promote healing. Muscle power is the ability to exert a
maximal force in as short a time as possible, which in this
study was measured by a linear position transducer. Previous
research has shown that high-intensity training with short
rest protocol elicits a significant increase in muscle damage,
inflammation, and produced hyper-reactions in metabolic
and adrenal function in men and women with experience
in resistance training. The results of this study showed an
increase in blood lactate and glucose concentration, as well
as increase in pro/anti-inflammatory cytokines of individu-
als after CrossFit training without any impairment in their
muscle power.

Psychological and motivational benefits

With respect to motivational benefits, Partridge et al. [7]
explored the impact of gender and membership time on per-
ceived motivational climate and goals of 144 experienced
CrossFit participants (88 females, 66 males). In their study,
they state that people may set goals related to self-improve-
ment (mastery) or performance improvement (performance)
in comparison with other individuals. Motivational climate
refers to an individual’s perception of being encouraged to
focus on either mastery or performance goals. The results
of their study showed that motivational climate and goals
in CrossFit may vary based on demographic variables. In
that respect, females mostly focus on mastery goals, whereas
males mostly focus on performance goals. In addition, par-
ticipants in their study who were exercising in CrossFit gyms
for less than 6 months reported higher levels of mastery and
performance goals than those who were members for more
than 6 months.

Finally, in a study on 23 physically inactive, overweight
and obese participants, Heinrich et al. [24] observed that
they spent significantly less time on high-intensity CrossFit
training per week, yet they were able to maintain exercise
enjoyment, while also intending to continue. In addition,
participants were able to maintain their body composition or
even lose weight. Drop out rates in this study were 25% for
high-intensity training participants, which were lower than
the average 45% for other exercise interventions. Accord-
ingly, in a study with 51 physically active CrossFit teens,
Eather et al. [10] observed high levels of retention (82.3%)
and high levels of satisfaction (scores ranged from 4.2 to
4.6 out of 5) in adolescents after CrossFit training. Table 1
below presents studies, which describe the benefits of the
high-intensity CrossFit training.

Risks and injures observed in CrossFit training

Despite the benefits of the CrossFit training, scholars have
also observed multiple injuries occurring in different body
parts from CrossFit, with most common being shoulder,
lower back and knee injuries [2, 8, 20, 25-28]. The most
common injury types include musculoskeletal injuries,
whereas there are also other more severe but less common
injuries, such as exertional thabdomyolysis [28, 29]. A small
number of CrossFit athletes has also cardiopulmonary com-
plaints and other neurologic complaints, such as headaches,
migraines, weakness, and paresthesia [28].

However, as the definition of an injury is different in mul-
tiple studies, the comparison of injury incident rates among
studies is difficult. For example, Hak et al. [27] defined an
injury as “any injury sustained during training that prevented
the participant from training, working or competing in any
way and for any period of time”, with sports medicine phy-
sicians to report that 1 week is the time needed to differ-
entiate the discomfort as soreness or injury [8, 30]. On the
other hand, Weisenthal et al. [8] defined an injury as “any
new musculoskeletal pain, feeling, or traumatic event that
results from a CrossFit workout and leads to one or more of
the following options: total removal from CrossFit training
and other outside routine physical activities for more than
1 week; modification of normal training activities in dura-
tion, intensity, or mode for more than 2 weeks; or any physi-
cal complaint severe enough to make the individual seek
a health care professional to diagnose or treat the injury”.

Another issue that occurs when comparing studies is the
method of how the data are collected. For example, Mehrab
et al. [30] in their study collected data on injuries directly
from athletes, while other researchers use data that come
from physicians or physical therapists [8, 28]. Therefore,
to eliminate some of the disparity observed when compar-
ing injury incidence rates in studies on CrossFit, a common
definition of injury is needed, while also the source (athletes
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or physicians) and the time frame (e.g., last 6 or 12 months)
must be clearly defined. In that respect, there should be a
differentiation between new injury caused by CrossFit and
exacerbation of a previous injury sustained prior to starting
CrossFit.

Finally, according to researchers, injury rates in CrossFit
are similar with those observed in sports such as Olympic
weightlifting, power lifting, weight training, running and
gymnastics and lower than those observed in sports such as
soccer, ice hockey, rugby union and rugby league [25-27,
31-33]. In addition, men are more frequently injured than
women, and injuries are more prevalent during training,
where supervision is not always available to athletes, so
that the exercises are correctly executed [8, 25, 30-32, 34].
Finally, researchers observed an increased risk of injury
from CrossFit training in the area that has been injured
before [5, 32, 34, 35]. For example, Chachula et al. [34]
observed that 54 trained individuals (40 males, 14 females)
in their research with a history of joint injury (i.e., ankle
sprains, etc.) were 3.75 times as likely to sustain an exacer-
bation of a previous injury during CrossFit training.

Musculoskeletal injuries

In relation to musculoskeletal injuries, Grier et al. [33]
in their study on extreme conditioning programs, such as
CrossFit, distinguished injuries as overuse injuries, trau-
matic injuries, and overall injury. Overuse injuries include
injuries such as stress fractures and reaction, tendinitis, shin
splits, and general musculoskeletal pain. Traumatic injuries
are those that result from a sudden force or forces applied
to the body. Overall injury is defined as the total number of
injuries occurring to the body [25].

Under this view, Weisenthal et al. [8] in a study with
386 trained participants observed a 19.4% overall injury
rate from the high-intensity CrossFit training. Shoulder was
the most commonly injured area during gymnastic move-
ments, while lower back was mostly injured during power
lifting movements. In the same vein, Montalvo et al. [26]
observed a 26.1% injury rate (calculated as the number of
injuries/1000 training hours in the preceding 6 months) in
their study of 191 trained individuals, with taller and heavier
athletes, and those participating in competitions being more
likely to experience injury, while Sprey et al. [31] referred an
overall injury incidence rate of 31% in 622 trained CrossFit
participants in their research.

Much higher injury incident rates were found in the stud-
ies of Mehrab et al. [30], where 56.1% of 449 trained par-
ticipants sustained an injury in the preceding 12 months,
and Hak et al. [27], where 73.5% of 132 trained participants
sustained an injury during CrossFit training, with 7% requir-
ing surgical intervention. Differences in sample size and

response bias may explain some of the disparity observed
in all the above studies [25].

In a more specialized study, Summitt et al. [32] reported
that 23.5% of the 187 trained individuals in their research
experienced a shoulder injury over the previous 6 months,
of whom 38.6% stated that this injury was an exacerbation
of a previous injury sustained prior to starting CrossFit. The
most commonly stated reasons for the shoulder injury, which
was the most frequently injured body region, were improper
form of movement and exacerbation of a previous injury.
Most of the athletes stated that they needed 1 month or less
of training reduction due to injury to return to their previous
healthy state. Accordingly, Montalvo et al. [26] observed in
their research with 191 trained individuals that depending
on the severity of injury, in acute cases, athletes stated that
after being injured, they either stop performing an exercise
or cease activity completely, while in more severe cases they
seek medical attention for their injury.

In a study with exercise-related injuries, Hopkings et al.
[28] examined 498 patients (all fitness levels) who pre-
sented to the main hospital at a major academic center due
to CrossFit-related injury between 2010 and 2016. In their
study, injuries were classified by the anatomical location.
The researchers observed that 20.9% of the patients pre-
sented spine injuries, which were the most common injuries
identified, with 6.7% requiring surgical intervention. Of the
spine injuries, 83.1% were lumbar spine injuries. The aver-
age symptom duration for all the injuries in their study was
approximately 6 months.

In a recent study, Fisker et al. [36] observed the acute
tendon changes in intense CrossFit workouts in 34 trained
participants. Previous research has shown that chronically
overloaded tendons thicken, a fact that can increase the risk
of tendinopathy. However, it remains unknown if acute
overload caused by high-intensity exercise leads to changes
in tendons and if these changes can be detected through
ultrasonography. The researchers observed in their study
using ultrasonography that indeed high-intensity CrossFit
training leads to a significant increase in the thickness of
tendons (patellar and Achilles), which in turn may cause
tendinopathy.

Finally, Lichtenstein and Jensen [37] observed that 5%
of 603 trained individuals in their study were addicted to
exercise; an addiction which was more prevalent in young
athletes and in males. Due to this addiction, they tended
to exercise despite injury, as they were feeling guilty when
unable to exercise, while also taking medication to continue
training.

Other injuries

Other more severe but less common injuries observed
in CrossFit are rhabdomyolysis, ocular dysfunction,
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abdominal pain, pulmonary symptoms, scrotal inflamma-
tion, proteinuria, and dehydration [28]. With respect to
rhabdomyolysis, it is the result of the muscular tissue dam-
age that leads to the release of different cell contents into
the bloodstream. These cell contents disrupt homeostasis
that is important for the stable state of an organism and
of its internal environment. The most important factors
related to rhabdomyolysis include heat stress, dehydra-
tion, dietary supplements or the use of medication, and
intense training. Rhabdomyolysis occurring from exer-
cise is called exertional rhabdomyolysis (ER). Research
has shown that even though the presence of severe post-
exercise symptoms was high in the CrossFit program for
excessive fatigue, muscle soreness, muscle swelling, short-
ness of breath, muscle pain to touch and limited muscle
movement during workouts, still scholars have observed
only two incidents of ER in three studies, while examining
1, 132, and 157 trained individuals, respectively [11, 27,
38]. Table 2 below presents studies, which describe the
risks and injuries that may occur from the high-intensity
CrossFit training.

Limitations and future directions

This study is not without limitations. As the thematic
analysis is an inherently interpretive technique, which
includes judgments and biases, it may have affected the
reliability of our data presentation. In addition, generaliza-
tions of some of the results on CrossFit were difficult. For
example, when comparing injury incident rates of CrossFit
with other exercise interventions, some studies presented
mixed results about which sports have higher or lower
injury rates than CrossFit. In addition, studies with larger
samples, which include in their methods training sessions
(e.g., single efforts, couplets and triplets) with different
exercise intensities and duration in exercise execution, are
still needed to better investigate the benefits of CrossFit
and draw more reliable conclusions, while also reducing
the risk of bias. More studies are also needed with respect
to the proper coaching of CrossFit athletes or the coopera-
tion with other sport experts (e.g., weightlifting coaches,
etc.) to avoid injuries, as well as research on the different
training methods is needed that include intense interval
exercises (e.g., Tabata protocol, EMOM protocol, etc.).
More research is necessary on ER and how it is compared
with other intense exercise interventions (e.g., running,
etc.), and finally more studies are required on the elite
level about how severe are the effects of the intense train-
ing of CrossFit on athletes that take part in competitions.

@ Springer

Conclusion and practical applications

This review reveals that high-intensity CrossFit training has
physiological impact on athletes, as it incorporates both aero-
bic and anaerobic elements, which in turn improve cardio-
vascular fitness, anaerobic capacity and body composition
of individuals of all levels of fitness and of both genders.
Accordingly, high-intensity CrossFit training has also psy-
chological effects on athletes, as it contributes to exercise
enjoyment, challenge, satisfaction, and goals achievement,
which in turn leads to high levels of retention and adher-
ence of participants to CrossFit programs. The findings of our
study show, therefore, that CrossFit training improves the six
out of ten general physical skills of athletes, which are cardio-
vascular/respiratory endurance, stamina, strength, flexibility,
power and balance, whereas the other four physical skills,
such as speed, coordination, agility, and accuracy, are yet to
be verified. Finally, CrossFit training also includes risks and
may cause injuries to athletes. Our review reveals that Cross-
Fit may lead to multiple musculoskeletal injuries occurring
in different body parts, with most common being shoulder,
lower back and knee injuries, as well as other more severe
but less common injuries, such as exertional rhabdomyolysis.

In practice, CrossFit athletes and especially novice,
untrained individuals should be in close cooperation with
experienced coaches, so that the exercises are correctly exe-
cuted, the movements are controlled, the load is low, and thus
the risks of injuries are diminished, as some of the exercises
demand not only the appropriate technique, but also consider-
able skill, balance, and strength (e.g., kettlebells, suspended
rings, or hand-stand push-ups). Accordingly, elite athletes
should adhere to individualized training methods with clearly
defined objectives, periodicity in training with rest periods,
while hydrating at regular intervals and implementing a proper
nutrition protocol to avoid severe homeostatic imbalances.
Finally, the improvement of the exercise technique is also an
important factor in the reduction of injury risk. In that respect,
in many CrossFit gyms, at least one session per week is used
to increase the exercise technique, which improves the efficacy
of movements and reduces the risk of injuries. Using such
guidelines, therefore, sport experts will help elite CrossFit ath-
letes, as well as novice individuals to ensure optimal, safe, and
progressive development of physical and functional readiness.
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