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a  b  s  t  r  a  c  t

Objectives:  CrossFit  is  an  increasingly  popular  high  intensity  work  out  program  geared  towards  high
repetition  and intensity  done  in  short  intervals.  Recently,  documented  cases  of  rhabdomyolysis  (muscle
necrosis  and  extreme  muscle  breakdown)  after  CrossFit  participation  have  become  increasingly  concern-
ing to  physicians  and  participants  alike.
Design:  Retrospective  cohort  study.
Methods:  All  patients  who  presented  to the  main  hospital  at a major  academic  center  complaining  of
an  injury  sustained  performing  CrossFit  between  June  2010  and  June  2016  were  identified  by  the  key
phrases  ‘CrossFit’,  ‘crossfit’,  ‘Crossfit’  or ‘cross  fit’.
Results: 523  patients  incurred  injuries  associated  with  CrossFit  activities.  11  patients  presented  to  our
institution  ultimately  received  a diagnosis  of  rhabdomyolysis  (2.1%).  The  average  age  of  Rhabdomyolysis
patient  was  34.9  years,  with  81.9%  of  patients  being  male.  The  average  BMI  was  24.2,  and  the  average
experience  level  was  beginner  (54.5%).  The  most  common  presenting  symptom  was  dark  urine  (90.9%),
followed  by  upper  extremity  pain  (54.5%).  Average  symptom  duration  was  2.9  days  with  81.8%  of  patients

presenting  initially  to the  ED.  The  average  hospital  stay  was  roughly  2.9  days,  and  patients  had  an  average
of 1.44  clinical  follow  up  visits.
Conclusion:  CrossFit  participation  poses  significant  risks  to participants  including  exercise  induced  rhab-
domyolysis.  Further  study  is  needed  in  order  to  raise  awareness  of  this  issue  and  further  quantify  risk
factors  that  may  promote  injury  during  participation.

©  2019 Sports  Medicine  Australia.  Published  by  Elsevier  Ltd.  All  rights  reserved.
ractical implications

CrossFit is an increasingly popular workout regimen with a high-
risk injury profile.
Rhabdomyolysis may  occur more frequently after CrossFit than
was previously identified and further study on the matter is
needed.
Participating in intense CrossFit may  require appropriate build-
up of stamina to avoid potentially serious complications.
Abbreviations: ERI, exercise related injuries; ED, emergency department; BMI,
ody mass index; CK, creatinine kinase; ALT, alanine amino transferase; AST, aspar-
ate  amino transferase.
∗ Corresponding author.

E-mail address: benjamin.hopkins@northwestern.edu (B.S. Hopkins).

ttps://doi.org/10.1016/j.jsams.2019.01.019
440-2440/© 2019 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserve
1. Introduction

Exercise-related injuries (ERIs) are a common cause of non-fatal
emergency room and hospital visits.1 In the United States alone,
up to 7 million ERIs are treated annually, with over 4.3 million of
these representing visits to the emergency room.2,3 Similarly, the
number of new and creative exercise modalities continues to grow
faster than ever before, with an industry wide revenue of roughly
$24.2 billion yearly.4,5 As such, an appropriate understanding of
ERI is complicated by the constant introduction of new, potentially
high-impact, exercise modalities.1,6–12

Among the most popular and rapidly growing high intensity
style workout routines is CrossFit. With an estimated 2–4 million
participants worldwide, CrossFit has quickly developed a “cult-

like” following and culture that takes special pride in the sport’s
flirtation with near dangerous levels of physical exertion.13,14

The program involves heavy and rapid weight-lifting, gymnas-
tics, pull-ups, and rope climbing combined into short, repetitive,

d.

https://doi.org/10.1016/j.jsams.2019.01.019
http://www.sciencedirect.com/science/journal/14402440
http://www.elsevier.com/locate/jsams
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jsams.2019.01.019&domain=pdf
mailto:benjamin.hopkins@northwestern.edu
https://doi.org/10.1016/j.jsams.2019.01.019


 and Medicine in Sport 22 (2019) 758–762 759

h
C
c
g
p
a
p

r
h
a
t
R
d
t
s

p
a
i
r
m
b
e
a
(
c
p
m

i
a
a
q
a
r
b
t
e
p
p

2

a
C
t
r
s
r
‘
h
m
w
t
t
p
h
t
t
r
i
o
i

Table 1
Distribution of CrossFit related injuries.

Overall injury type (n = 523) Count (%)

Musculoskeletal 426 (81.5%)
Cardiopulmonary complaints 36 (6.9%)
Other neurologic complaintsa 32 (6.1%)
Other injuries/conditionsb 29 (5.5%)

Musculoskeletal injury type (n = 426) Count (%)

Spine 89 (20.9%)
Shoulder 78 (18.3%)
Knee 66 (15.5%)
Gluteal region 27 (6.3%)
Elbow 24 (5.6%)
Leg  24 (5.6%)
Wrist 18 (4.2%)
Ankle 16 (3.8%)
Foot 15 (3.5%)
Hand 12 (2.8%)
Other musculoskeletalc 38 (8.9%)

a Headaches, migraines, weakness, paresthesia.
b Rhabdomyolysis, ocular dysfunction, abdominal pain, pulmonary symptoms,

scrotal inflammation, proteinuria, dehydration.
c Groin, fingers, arm, musculoskeletal chest pain.

Table 2
Patient demographics, CrossFit experience, and clinical presentation (n = 11).

Patient characteristics

Age (years) 34.9 ± 9.7
Sex (male) 9 (81.8%)
BMI  24.2 ± 3.7

CrossFit experience
Beginner 6 (54.5%)
Advanced 1 (9.1%)
Unknown 4 (36.4%)

Presenting symptoms
Dark urine 10 (90.9%)
Fever 2 (18.2%)
Swelling 1 (9.1%)
Thigh and lower extremity pain 2 (18.2%)
Upper extremity pain 6 (54.5%)
Back pain 2 (18.2%)
B.S. Hopkins et al. / Journal of Science

igh-intensity workouts.15,16 Since its commercial release in 2000,
rossFit has grown rapidly and been adopted by many military and
ivilian sport gyms worldwide with an estimated 13,000 affiliate
yms.13 CrossFit’s appeals such as fitness gains, decreased blood
ressure, lower resting heart rates, increased aerobic capacity and
ssociated weight loss, have led to widespread adoption of its
rogram.16–21

While numerous health benefits have been documented, injury
isks have also become a relevant concern.16,22–28 The intensity and
igh-impact nature of CrossFit has led to an injury rate reported
s high as 20–73%16,23 ranging from injuries as minor as muscle
ears to retinal detachment and carotid artery dissection.16,22–27

etrospective studies have even suggested that as many as 7% of
ocumented CrossFit injuries go on to require surgical interven-
ion, with numerous others requiring emergency room visits and
ubsequent hospitalization.16,23

Recently, documented cases of rhabdomyolysis after CrossFit
articipation have become increasingly concerning to physicians
nd participants alike, with reported cases resulting from partic-
pation in as few as one CrossFit exercise session.29 Exertional
habdomyolysis is a rare, yet dangerous condition with an esti-
ated incidence of 29.9 per 100,000 patients.30 Muscle necrosis,

reakdown, and large amounts of leakage of intracellular muscle
nzymes cause complications ranging from dangerous electrolyte
bnormalities to renal solute overload and Acute Kidney Injury
AKI).31 Patients most commonly present with my  myalgias and
ommonly with dark urine.31 In severe cases this condition can
resent with symptomology as severe as muscle ischemia, arrhyth-
ia  or even death.30

While exercise-induced rhabdomyolysis has been documented
n various other exercise populations,32–45 CrossFit’s unique culture
nd emphasis on high-intensity, repetitive exercise lends itself to
n especially high risk profile.14 There remains a need to further
uantify and assess the risks associated with CrossFit participation
nd associated rhabdomyolysis in order to better guide physician
ecommendations and educate participants of their own  high-risk
ehavior. This current case series is the first to attempt to quan-
ify the proportion of patients with CrossFit related injuries that
nd up needing admission due to rhabdomyolysis. This case series
rovides a starting point towards a goal of estimating the resulting
revalence of such injuries.

. Materials and methods

All patients who presented to the main hospital at a major
cademic center complaining of an injury sustained performing
rossFit between June 2010 and June 2016 were identified using
he Electronic Data Warehouse (EDW), which is a clinical data
epository. Institutional Review Board approval was  given for retro-
pective review, and a comprehensive query of all archived medical
ecords containing the key phrases ‘CrossFit’, ‘crossfit’, ‘Crossfit’ or
cross fit’ was run. Initially, 955 unique patients were identified
aving 1926 associated medical records all containing one of the
entioned key phrases. Records were reviewed and all patients
ere selected that had sustained injuries associated with the men-

ion of concurrent CrossFit participation. Reports were excluded
hat either had no chief complaint or had complaints unrelated to
articipation in CrossFit exercise. Patients with injuries known to
ave been sustained outside of CrossFit were further excluded. A
otal of 498 patients with 523 injuries sustained from CrossFit met
he inclusion criteria of this study (Table 1). Patient charts were

eviewed for relevant clinical laboratory test values, demographic
nformation and treatment characteristics. Medically, rhabdomy-
lysis is defined by a breakdown of striated muscle causing a rise
n Creatine Kinase (CK) to five times the upper limit of normal. Due
Duration of symptoms (days) 2.9 ± 1.5
ED vs OP (ED) 9 (81.8%)

to the retrospective nature of our study, however, distinguishing
rhabdomyolysis patients from other patients was difficult. As such
for the purposes of our study, rhabdomyolysis was instead defined
by reviewing clinician notes for each admission and was considered
positive when the main reason for admission was  documented as
rhabdomyolysis by the attending physician on staff at the time of
admission. Patient demographics and CrossFit experience are sum-
marized in Table 2. Clinical laboratory values at time of admission
and time of last follow up are noted in Tables 3 and 4. Treatment
characteristics are noted in Table 5.

Microsoft Excel 2011 (Microsoft, Redmond, WA,  USA) was used
to conduct all statistical analysis. Parametric data was given as
mean ± standard deviation. T- tests were run to compare patients
requiring surgical intervention to those not needing intervention.
Variables run include age, sex, duration of symptoms and num-
ber of clinic visits. A value of p < 0.05 was  considered statistically
significant.

3. Results
523 patients incurred injuries associated with CrossFit activi-
ties. The most common presenting injuries were musculoskeletal
(81.5%) (Table 1). Of those, spine, shoulder, and knee- related



760 B.S. Hopkins et al. / Journal of Science and Medicine in Sport 22 (2019) 758–762

Ta
b

le

 

3
La

b 

va
lu

es
.

Pa
ti

en
t 

#

 

C
K

a
C

K
-M

B

 

C
re

at
in

in
e 

A
LT

 

A
ST

 

P 

K

 

C
a 

B
U

N

ED

 

D
C

 

Fo
ll

ow

 

u
p

 

In
it

ia
l 

Fi
n

al

 

In
it

ia
l 

Fi
n

al

 

In
it

ia
l 

Fi
n

al

 

In
it

ia
l 

Fi
n

al

 

In
it

ia
l 

Fi
n

al

 

In
it

ia
l 

Fi
n

al

 

In
it

ia
l 

Fi
n

al

 

In
it

ia
l 

Fi
n

al

Pa
ti

en
t 

1 

11
1,

10
0 

39
,2

00

 

59
16

 

n
/a

 

n
/a

 

1.
77

 

1.
66

 

57
6 

42
6 

22
66

 

12
90

 

n
/a

 

n
/a

 

5.
1 

4.
5 

9.
2 

9.
1 

21
 

24
Pa

ti
en

t 

2 

>2
0,

00
0 

15
,9

76

 

35
30

 

n
/a

 

n
/a

 

1.
21

 

0.
81

 

n
/a

 

44
0 

n
/a

 

26
2 

n
/a

 

4 

4.
1 

4 

9.
2 

8.
8 

15

 

11
Pa

ti
en

t 

3 

>2
0,

00
0 

>2
0,

00
0 

19
15

 

n
/a

 

n
/a

 

0.
87

 

0.
73

 

26
9 

29
8 

92
5 

73
2 

3.
3 

3.
3 

4.
5 

3.
9 

9.
9 

9.
1 

14

 

6
Pa

ti
en

t 

4 

>2
0,

00
0 

12
,0

24

 

n
/a

 

22
.8

 

10
.5

 

0.
69

 

0.
55

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

3.
1 

3.
8 

3.
8 

9.
1 

8.
3 

12

 

7
Pa

ti
en

t  

5 

>2
0,

00
0 

63
00

 

n
/a

 

n
/a

 

n
/a

 

1.
14

 

0.
98

 

19
2 

10
5 

59
2 

16
9 

n
/a

 

n
/a

 

4.
4 

4.
1 

9.
8 

8.
9 

18

 

12
Pa

ti
en

t  

6 

49
53

 

17
94

 

n
/a

 

n
/a

 

n
/a

 

1.
1 

0.
82

 

43

 

41

 

11
8 

67

 

n
/a

 

n
/a

 

5.
2 

3.
5 

10
.3

 

10

 

15

 

8
Pa

ti
en

t 

7 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

Pa
ti

en
t 

8 

70
,2

80

 

56
,0

00

 

61
4 

n
/a

 

n
/a

 

0.
89

 

0.
83

 

19
7 

23
5 

76
5 

73
1 

n
/a

 

n
/a

 

4.
3 

4.
2 

9.
6 

8.
2 

27

 

9
Pa

ti
en

t  

9 

81
10

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

0.
78

 

n
/a

 

10

 

n
/a

 

15

 

n
/a

 

n
/a

 

n
/a

 

3.
1 

n
/a

 

9.
1 

n
/a

 

13

 

n
/a

Pa
ti

en
t 

10

 

>2
0,

00
0 

>2
0,

00
0 

n
/a

 

n
/a

 

n
/a

 

1.
22

 

0.
87

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

n
/a

 

4.
2 

4.
2 

9.
9 

8.
5 

35

 

9
Pa

ti
en

t 

11

 

>2
0,

00
0 

43
80

 

87
0 

n
/a

 

n
/a

 

0.
8 

0.
7 

16
5 

17
2 

69
1 

19
7 

n
/a

 

n
/a

 

4.
1 

3.
4 

8.
6 

8.
8 

12

 

11

A
ve

ra
ge

 

va
lu

es

 

39
,1

95
a

12
,0

24
a

19
15

a
22

.8

 

10
.5

 

1.
05

 

± 

.3
2 

0.
88

3 

± 

0.
31

 

20
7 

± 

18
6 

24
5 

± 

15
2 

76
7 

± 

74
1 

49
2 

± 

44
2 

3.
3 

3.
46

 

± 

0.
47

 

4.
28

 

± 

0.
60

 

3.
95

 

± 
0.

35

 

9.
47

 

± 

0.
35

 

8.
86

 

± 

0.
53

 

18
.2

 

± 

7.
5 

10
.7

 

± 

5.
3

a
C

K

 

va
lu

es

 

w
er

e 

an
al

yz
ed

 

u
si

n
g 

d
if

fe
re

n
t 

la
bo

ra
to

ri
es

 

ov
er

 

th
e 

ye
ar

s 

in
cl

u
d

ed

 

in

 

th
e 

st
u

d
y.

 

A
s 

su
ch

, s
om

e 

of

 

th
e 

C
K

 

la
b 

va
lu

es

 

h
ad

 

u
p

p
er

 

li
m

it
s 

p
re

se
t 

at

 

20
,0

00

 

an
d

 

th
er

ef
or

e 

re
gi

st
er

ed

 

20
,0

00

 

as

 

th
e 

h
ig

h
es

t 

p
os

si
bl

e 

re
co

rd
ed

C
K

. M
ed

ia
n

 

va
lu

es

 

in
st

ea
d

 

of

 

av
er

ag
es

 

ar
e 

re
p

or
te

d

 

fo
r 

C
K

 

on
ly

 

d
u

e 

to

 

th
es

e 

d
is

cr
ep

en
ci

es
.

Table 4
Average lab values.

Lab values

CPK
ED 31,444 ± 33,131
DC  19,519 ± 17,697
Follow up 2569 ± 2194

CK-MB
Initial 22.8
Final 10.5

Creatinine
Initial 1.05 ± 0.32
Final 0.883 ± 0.31

ALT
Initial 207 ± 186
Final 245 ± 152

AST
Initial 767 ± 741
Final 492 ± 442

P
Initial 3.3
Final 3.46 ± 0.47

K
Initial 4.28 ± 0.60
Final 3.95 ± 0.35

Ca
Initial 9.47 ± 0.35
Final 8.86 ± 0.53

BUN
Initial 18.2 ± 7.5
Final 10.7 ± 5.3

Table 5
Treatment and characteristics.

Treatment

Treatment
Fluids 11 (100%)
Bicarbonate 1 (12.5%)

Duration of treatment (days) 2.25 ± .83

Length of hospital stay (days) 2.87 ± 2.1
Number of clinic visits 1.44 ± .73

injuries encompassed more than half of musculoskeletal injuries
(54.7%) 11 patients presenting to our institution were diagnosed
and admitted for rhabdomyolysis (2.1%). The average age of rhab-
domyolysis patient was 34.9 years, with 81.9% of patients being
male. The average BMI  was  24.2, and the average experience level
was beginner (54.5%) (Table 2). The most common presenting
symptom was dark urine (90.9%), followed by upper extremity
pain (54.5%) (Table 3). Overall musculoskeletal complaints (upper
and lower extremity pain, as well as back combined) were seen
in 90.9% of patients who  presented to the emergency department
after CrossFit activities. Fever was only present in 2 patients (18.2%).
Average symptom duration was  2.9 days with 81.8% of patients pre-
senting initially to the emergency department (Table 3). CK lab
values averaged at over 1000× the upper limit of normal CK values
and remained elevated through follow up appointment (Table 3).
Alanine and Aspartate amino transferase, ALT and AST respec-
tively, were also well above the upper limit of the normal range
for patients who  presented with rhabdomyolysis with values of
207 IU/L (range 10–576 IU/L) and 767 IU/L (range 15–2266 IU/L)
on admission respectively. This corresponds to 83.3% and 100% of

patients having ALT and AST values above the normal range, indi-
cating high sensitivity. BUN and Creatinine were similarly elevated
at an average of 18.2 mmol/L (range 12–21 mmol/L) and 1.05 g/24 h
(range 0.69–1.77 g/24 h) respectively, both of which decreased by
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he end of their hospital stay. Other lab abnormalities associated
ith cell injury or renal injury, namely potassium, were generally

n the higher end of normal with an average of 4.28 mmol/L (range
.1–5.2 mmol/L). All patients were treated with fluids (100%) with
nly 1 patient requiring bicarbonate. The average hospital stay was
oughly 2.87 ± 2.1 days, and patients had an average of 1.44 ± 0.73
linical follow up visits (Table 4).

. Discussion

To this date only a handful of cases have been documented of
habdomyolysis after CrossFit.46,47 To the best of our knowledge,
ur study is the first to document a case series of patients present-
ng with rhabdomyolysis after CrossFit workouts. Of all presenting
rossFit related injuries at our institution, 11 (2.1%) presented with
habdomyolysis. Rhabdomyolysis is a condition constituted by the
reakdown of striated muscle tissue, and the subsequent release
f intracellular contents into circulation. It is defined by a rise in
K five times the upper limit of normal, ranging from 1500 to over
00,000 IU/L. Although not included in diagnostic criteria, many
atients, including those that participate in CrossFit, also experi-
nce myoglobinuria as demonstrated by dark urine.46,48

This condition is typically treated without complications. Fac-
ors associated with this condition include high intensity, little
xercise experience, eccentric muscle contraction, hot environ-
ent, history of electrolyte imbalances, male sex, low protein

iets, statin use, alcohol and creatine supplementation.48 However,
erious complication such as acute renal failure, compartment syn-
rome, hyperkalemia, and disseminated intravascular coagulation
an occur.44,47 The most common clinical manifestations of rhab-
omyolysis are extremity pain and dark urine. Acute kidney injury
emains the most prevalent organ system complication, thought to
e caused by the accumulation of myoglobin with dehydration as a
recipitating factor.52 Dehydration is also a notable factor in rhab-
omyolysis as is commonly associated with rhabdomyolysis and is
ommonly observed in CrossFit.49

Creatine kinase (CK) is an enzyme which has peak activity in
triated muscle, cardiac tissue, and the brain. Therefore, testing
he levels of this enzyme is an integral tool in examining damage
o any of the related organ systems.45 Upon laboratory testing in
habdomyolysis cases, creatine kinase levels are typically elevated.
lthough there are no set guidelines in the diagnosis of rhabdomy-
lysis, a common clinical feature is CK levels greater than five times
he upper limit of normal values.51 72% of patients who  presented
o the ED with CrossFit related Rhabdomyolysis had a CK level of
20,000 IU/L, as seen in Table 3. The median CK level in admit-
ed patients, 39,195 IU/L, is roughly 1200 times the upper limit
f normal CK levels (the normal range of CK values is from 45 to
60 IU/L). While CK levels are typically elevated after any intense
xercise, it is important to always consider such values in appro-
riate context.44 A strong positive correlation has been observed
etween peak CK levels, and length of hospital stay.48

The dangers of CrossFit and exercise related injuries are
xtremely relevant, as the popularity and prevalence of CrossFit
as grown immensely in the past decade. CrossFit currently has an
stimated 2–4 million participants globally.13,14 With an average
njury rate of about 19%, and an unofficial mascot designated as
Uncle Rhabdo”,49 roughly 380,000–760,000 CrossFit participants
re at risk for injury.47 This is very problematic, given that many
rossFit participants are beginners, and have not been thoroughly
rained in the proper techniques and exercises involved in a Cross-
it workout. The majority (54%) of patients who presented to the

D with CrossFit induced rhabdomyolysis had a beginner level of
raining, as seen in Table 2.

The result of this growth has been an increased incidence of
rossFit induced rhabdomyolysis and injuries overall. The most
edicine in Sport 22 (2019) 758–762 761

common injuries associated with CrossFit are sprains and strains
that led to pain and imflammation.47 The risk of CrossFit induced
rhabdomyolysis is more worrisome than other common injuries,
due to the possibility of life-threatening complications, such as
organ failure. Although a small portion (2.1%) of patients present-
ing to the clinic with CrossFit associated injuries were diagnosed
with rhabdomyolysis, the overall prevalence of the sport makes this
finding worrisome.

CrossFit participants should be aware of the common symptoms
associated with rhabdomyolysis and be informed of the warn-
ing signs and symptoms so he or she may  receive timely care.
If one experiences soreness or pain that is beyond what is rea-
sonably expected after an intense workout, they should consider
going to the hospital. This is especially true if observed in con-
junction with dark urine, which itself is a worrisome symptom
that may  require medical attention. Although the clinical presen-
tation of rhabdomyolysis varies between individuals, the common
symptoms are characteristic of the majority of CrossFit induced
rhabdomyolysis cases. Participants of CrossFit should make sure to
receive proper training before participating in CrossFit. Beginners
should physically prepare for high intensity workouts with exer-
cise and should increase exercise intensity in a stepwise fashion to
avoid injury. Participating in warm-up activities each workout is
also an important step in avoiding injury.46,48

Currently, there are no set guidelines in the treatment of
rhabdomyolysis.49 Because acute kidney injury is the most com-
mon  complication, immediate intravenous fluid administration
is a very important treatment modality associated with better
outcomes, as well as effectively preserving renal function.50, 52

Statin and other lipid lowering agents are known risk factors in
rhabdomyolysis.50, 52 If clinical suspicion for this diagnosis exists,
these agents should be immediately discontinued.

Our study has several limitations. Due to its retrospective
nature, this study is subject to bias. As there is no control group in
our study, our study was  descriptive, and cannot identify predictors
of injury. Furthermore, the specific mechanism of injury is a rele-
vant but absent variable that would enhance our understanding of
the problem. Loss to follow up was also high, with specific relevant
variables often absent in follow up medical records. This made it dif-
ficult to determine return to participation time, whether patients
were compliant with recommended treatment or even whether
participants continued to participate in CrossFit after injury. Next
steps may  include case-control series that can identify risk factors,
including specific workout routines and baseline physical condi-
tioning that are specifically associated with the development of
injuries.

5. Conclusion

CrossFit participation poses significant risks to participants
including exercise induced rhabdomyolysis. Further study is
needed in order to raise awareness of this issue and further quantify
risk factors that may  promote injury during participation.
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