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Defi n iti O n : IOC Research Centre
Exercise Assoclated Skeletal Muscle
Cramp (EAMC)

Painful, spasmodic, involuntary
contractions of skeletal muscle
that occur during, immediately
after, or within 24 (6) hours after
muscular exercise

Schwellnus M et al: J Sports Science, 1997, 15(3); 277-285
Edouard, P: Science & Sports, 2014, 29; 299-305



Definition vs. Diagnosis

Exercise Assoclated Skeletal
Muscle Cramp (EAMC)

« EAMC - collection of symptoms
and clinical signs
« EAMC -is asyndrome and not
a diagnosis
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Causes of Skeletal Muscle Cramps 0C Research Cenire

Autosomal cramping disease, familial nocturnal cramps,
Continuous muscle fibers activity syndrome

Idiopathic

Continuous muscle fibers activity syndrome, Syndrome of
progressive muscle spasm, alopecia and diarrhea (Satayashi’s
syndrome), nocturnal cramps, generalized myokymia, myokymia-
hyperhidrosis syndrome

Motor neuron

Others Muscle cramps in cancer patients

: CNS disease Motorneuron disease, occupational dystonias, Parkinson’s disease,
Sym pto m atlc Tetanus, multiple sclerosis, radiculopathies, plexopathies,
peripheral neuropathies, others
Muscular disease Metabolic myopathies, mitochondrial myopathy, endocrine
myopathy, dystrophinopathies, myotonia, inflammatory myopathies,
others
CVS disease Venous disease, arterial disease, heart disease, hypertension
Endocrine-metabolic Thyroid disease, parathyroid disease, cirrhosis, isolated ACTH
deficiency, Conn’s, Addisons. Ureamia and dialysis
Hydro-electrolyte Generalized dehydration (diarrhea, vomiting), sodium, potassium,
magnesium, “heat”
Toxic/pharmacological Drugs, pesticides, black widow bite, malignant hyperthermia
Psychiatric

Paraphysiological Occasional cramps

Pregnancy
Parisi L, et al, Acta Neurol

Sporting activity Scand 2003, 107: 176-186
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| ecture dedicated to Joost

Van Der Westhuizen

Died Monday 6
February from Motor
Neuron Disease at the
age of 45 years
South African Rugby
Player

89 Test matches
Prolific tri-scorer
Member of the 2005
Rugby World Cup
winning team




Causes of Skeletal Muscle Cramps

Idiopathic

Symptomatic

Paraphysiological

Familial Autosomal cramping disease, familial nocturnal cramps,
Continuous muscle fibers activity syndrome

Sporadic Continuous muscle fibers activity syndrome, Syndrome of
progressive muscle spasm, alopecia and diarrhea (Satayashi’s
syndrome), nocturnal cramps, generalized myokymia, myokymia-
hyperhidrosis syndrome

Others Muscle cramps in cancer patients
CNS disease Motorneuron disease, occupational dystonias, Parkinson’s disease,

Tetanus, multiple sclerosis, radiculopathies, plexopathies,
peripheral neuropathies, others

Muscular disease Metabolic myopathies, mitochondrial myopathy, endocrine
myopathy, dystrophinopathies, myotonia, inflammatory myopathies,
others

CVS disease Venous disease, arterial disease, heart disease, hypertension

Endocrine-metabolic Thyroid disease, parathyroid disease, cirrhosis, isolated ACTH
deficiency, Conn’s, Addisons. Ureamia and dialysis

odium, potassium,

Exercise
Associated
Muscle Cramps

Hydro-electrolyte

Toxic/pharmacological

Psychiatric

Occasional cramps

Pregnancy
Parisi L, et al, Acta Neurol

Sporfing activity Scand 2003, 107: 176-186
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Diagnostic Classification
of EAMC

1. Primary (Exercise as only apparent cause or
precipitant)
 Intensity related, training related, fatigue, non-recurrent
« Episodic (often isolated, single or irregular episode)

2. Secondary (Exercise “unmasking” secondary factor/s)
« Cramping during exercise as a result of injury
« Cramping during exercise “unmasking” underlying other
chronic systemic disease
 Drug associated (skeletal muscle or neurological)
 Recurrent cramping
e Other



e
Severity Classification of EAMC

1. Cramp “prone state” / “Near cramping”
. Onset of heightened neuromuscular excitability
(“cramp prone state”) preceding EAMC (increased
EMG activity, muscle fasciculation)
2. Less severe (“benign”) EAMC
. Localized
. Self limiting if activity stops
. No systemic or CNS symptoms
3. Severe EAMC
. Localized EAMC together with associated systemic

symptoms / signs:
4 Confusion
4 Dizziness
€ Collapse
L 4 Nausea/vomiting
L 4 Dark urine

. Diffuse (generalized) cramping (with or witout
associated systemic symptoms / signs)

wnnuiuoo ¢

Schwellnus M, BJSM, 2009;43;401-408
Schwabe, K, Schwellnhus M; et al: BJSM 2014
Hoffman, MD, Stuempfle KJ: Sports Medicine Open 2: 8; 2016



@
Epidemiology of EAMC QS)

1. Lifetime prevalence:

21km distance runners: 14%
42km marathon runners: 39%
56km ultra-marathon runners: 30%
Tri-athletes: 78%
Cyclists: 60%
Elite football players 46%

2. Incidence

Marathon runners (42km): 18% of runners in a marathon (1 in 4 runners)

161-km running race: Cramping (14%), Near cramping (27%) (1in 3
runners)

21km running race: Serious EAMC (1 in 4000)

56km running race: Serious EAMC (1 in 526)

Club Rugby (seasonal): 52%

3. Prevalence (% admissions) after an event:

Marathon: 10-22% of admissions
Ultra-marathon: 29% of admissions
[ronman: 55% of admissions

Manjra S, Schwellnus M, 1991; Grundling C, Schwellnus M, 1994; Sulzer N, Schwellnus M, 2001,
Tindall R, Schwellnus M, 2003; Schwellnus M et al, 2012; Sumemrs K, et al, 2013; Schwabe, K, et al:
2014; Hoffman M D, et al (2016), Schwellnus, et al, 2016 (in preparation)



Etiology and risk factors - EAMC

Debate over the past 20 years

Physical
exercise

Abnormal sweating
response
(increased sodium and
Increased fluid loss)

Abnormal
neuromuscular control

Skeletal

muscle

cramping
Schwellnus M, BJSM, 2009;43;401-408

Minetto M, et al; 2012, Exerc Sport Sci Rev, 2013; 41(1); 3-10

Edouard P; Sci & Sport, 2014; 29: 299-305
Nelson N et al: Muscle Nerve; 2016: 54: 177-185
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Electrolyte deficit / dehydration hypothesis

Physical exercise with resultant

sweating
A 4
Abnormally high sodium sweat
concentrations (20-80 meq/L) s v N
Abnormally high sweat volume (sweat is
Ve ~ hypotonic)
Sodium loss from plasma and has been suggested \. J
to cause hypotonic hyponatremia (tends to ¢
i e N
(. decrease osmolality) J Contracting (decreasing) plasma
¢ (intravascular) volume (tends to increase  [<
e N .
Fluid movement from the intravascular space to the N plasma osmolality) J
L interstitial space )
T
|
| ? \ 4
Schwellnus M, BJSM, S » | Fluid moves from interstitial space into the
intravascular space

2009;43;401-408

( Decreased interstitial fluid
compartment volume

“Certain” motor neuron axon terminals become hyper excitable by, 1) mechanical deformation, 2)
exposure to increased levels of excitatory extracellular constituents such as acetylcholine,
electrolytes, and exercise-related metabolites in the surrounding extracellular space

. I

“Certain” nerve terminals are at greater risk of spontaneously Restoration
discharging of plasma
* volume

Starts as localized muscle ? 500ml bolus of ] /

: oral fluid
cramping Treatment by
¢ fluid intake

[ Generalized muscle cramping } $

628’
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Dehydration hypothesis

Physical exercise with resultant

A

sweating
A 4
Abnormally high sodium sweat
concentrations (20-80 meq/L) - v ~
Abnormally high sweat volume (sweat is
e ~ hypotonic)
Sodium loss from plasma and has been suggested S J
to cause hypotonic hyponatremia (tends to ¢
i '
- decrease osmolality) J Contracting (decreasing) plasma
¢ (intravascular) volume (tends to
e N . .
Favors fluid movement from the intravascular space U lisrEese plas e o el )
L to the interstitial space to )
T
|
| ? v
1 . . . .
b e e e e e Fluid moves from interstitial space into the
>
Schwellnus M’ B‘JSM' [ intravascular space ]

2009;43;401-408

( Decreased interstitial fluid
compartment volume

“Certain” motor neuron axon terminals become hyper excitable by, 1) mechanical deformation, 2)
exposure to increased levels of excitatory extracellular constituents such as acetylcholine,
electrolytes, and exercise-related metabolites in the surrounding extracellular space

e

“Certain” nerve terminals are at greater risk of spontaneously

discharging

v

Starts as localized muscle

Cramping oral fluid

? 500ml bolus of ]

y

[ Generalized muscle cramping }

<

——

Restoration
of plasma
volume

/

Treatment by
fluid intake

*

>
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Evidence that athletes suffering from EAMC
are more dehydrated compared with controls

Ultra-marathon runners (n=43) Ironman Tri-athletes (n= 18)

EEAMC ®Control

- 2 _ ®EAMC = Control

o 7 - Ironman Tri-athletes (n=203) .. )

e 0 3 1 -
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Schwellnus M, Nicol J, et al: Br J o= -3
Sports Med, 2004, 38: 485492 .::Cu -4 1 Sulzer N, Schwellnus M, et al:

; 5 MSSE, 2005, 37(7): 1081-1085

Body weight

Schwellnus, M, Drew N, et al Br J
Sports Med 2011 45(8); 650-6



Evidence that athletes suffering from EAMC QLS
are more dehydrated compared with 10C Research Centre
controls: 2016 study

160-km Ultra-marathon runners (n=181)

= Control

m Near Crampers

m Crampers

m Crampers and Near Crampers

"
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Hoffman, MD, Stuempfle KJ: Sports Medicine Open 2: 8; 2016



Is more serious dehydration (4.7% BW loss)
associated with EAMC susceptibility?

10 euhydrated, unacclimated
males exercised with their

non-dominant limb on a cycle

ergometer every 15 min at a
moderate intensity until 5%
body mass loss or volitional
exhaustion

Dominant limb flexor hallucis
brevis cramp threshold
frequency, cramp EMG
amplitude and cramp
Intensity were measured
Cramp variables were re-
assessed pre- and post-
hypo-hydration (11% PV
reduction)

Threshold frequency to

Cramping (Hz)

628’

IOC Research Centre

m Control (Euhydrated)
m Dehydrated

20

15 -

10 -

5 N

O |

Braulick K, Miller K, et al; BJSM, 2013; 47: 710-714



Electrolyte deficit hypothesis e %

IOC Research Centre

Physical exercise with resultant

sweating
A 4
Abnormally high sodium sweat
concentrations (20-80 meqy/L) - v N
Abnormally high sweat volume (sweat is
™ hypotonic)
Sodium loss from plasma and has been suggested N J
to cause hypotonic hyponatremia (tends to ¢
i e N
A\ e D) ) Contracting (decreasing) plasma
¢ (intravascular) volume (tends to increase  [<
c N i
Fluid movement from the intravascular space to the N plasma osmolality) J
L interstitial space )
I
|
: ? v
Schwellnus M, BJSM, S » | Fluid moves from interstitial space into the
intravascular space

2009;43;401-408

( Decreased interstitial fluid
compartment volume

“Certain” motor neuron axon terminals become hyper excitable by, 1) mechanical deformation, 2)
exposure to increased levels of excitatory extracellular constituents such as acetylcholine,
electrolytes, and exercise-related metabolites in the surrounding extracellular space

. I

“Certain” nerve terminals are at greater risk of spontaneously Restoration
discharging of plasma
* volume
Starts as localized muscle 2 500ml bolus of ] /

: oral fluid
cramping Treatment by
¢ fluid intake

[ Generalized muscle cramping } $




Evidence for serum electrolyte abnormalities
associated with EAMC in athletes

Marathon runners (n=43)

Crampers Controls

(n=21) (n=22)

Na* (mmol/L) 140 (3) 142 (2)
K* (mmol/L) 4.9 (0.6) 4.7 (0.5)
Ca** (mmol/L) 2.3(0.2) 2.2(0.1)
Mg** (mmol/L) 0.7 (0.1) 0.7 (0.1)
Osmolality (mosmol/L) 280 (16) 284 (10)
Glucose (mmol/L) 6.8 (1.9) 6.5 (2.0)

Schwellnus M, Nicol J, et al: Br J Sports Med,
2004, 38: 488-492

Ironman triathletes (n=18)

Crampers Controls

(n=9) (n=9)

Na* (mmol/L) 140 (2) 143 (3)
K* (mmol/L) 4.4 (0.6) 4.2 (0.5)
Mg** (mmol/L) 0.9 (0.2) 0.8 (0.1)

Chloride (mmol/L) 101 (3) 104 (4)
Glucose (mmol/L) 6.8 (1.9) 6.5 (2.0)

Sulzer N, Schwellnus M, et al: MSSE, 2005, 37(7): 1081-

1085

Ironman triathletes (n=209)

Crampers Controls
(n=43) (n=166)

Pre-race Na* (mmol/L) 139.8 (1.8) 139.8 (1.5)
Post-race Na* (mmol/L) 140.2 (3.4) 139.6 (2.5)
Pre-race K* (mmol/L) 4.17 (0.31) 4.12(0.21)
Post-race K* (mmol/L) 4.29 (0.46) 4.20 (0.37)
Pre-race Cl- (mmol/L) 101.7 (1.7) 101.6 (1.9)
Post-race Cl- (mmol/L) 100.7 (2.5) 100.5 (2.1)

Schwellnus, M, Drew N, et al Br J Sports Med 2011
45(8); 650-6

Q68>
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Post-race serum sodium

Post-race serum sodium concentration is not OQSD

(mmol/L)

IOC Research Centre

associated with EAMC in runners

Ultra-marathon runners

181 runners completing a 161km ultra-marathon race

160
140
120
100
80
60
40
20

m Control ®m Near Cramping
m Cramping ® Near Cramping and Cramping
140 140 138 139

Hoffman, MD, Stuempfle KJ: Sports Medicine Open: 2(8); 2016



Laboratory study evidence:
Does oral ingestion of a high Na+ and electrolyte solution
(“pickle juice”) alter cramp duration and EMG activity?

m Control (Water) mExperimental (Pickle juice)

180
160 151.9 153.2
140
120
100
80
60
40
20

Cramp duration (sec)

Pre-ingestion Immediately
Post-ingestion

Miller K, et al; MSSE, 2010:; 42: 953-961

628’
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Q
2017: EAMC and electrolyte ,OCResmhfo
abnormalities or dehydration

Five reviews (2009, 2013, 2014, 2016 X2)
all conclude that evidence supporting

the “serum electrolytes and
dehydration” hypothesis for EAMC is
poor

irils
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Novel finding from Laboratory study:

Does oral ingestion of a high Na+ and electrolyte solution
(“pickle juice”) alter cramp duration and EMG activity?

Can

Rapid inhibition of the realy CURE
electrically induced cramps
reflects a neurally mediated
reflex that originates in the

oropharyngeal region and acts
to inhibit the firing of alpha
motor neurons of the cramping
muscle

Miller K, et al; MSSE, 2010; 42: 953-961
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Introducing TRP (Transient
Receptor Potential) channels

Membrane receptors contributing to the
transduction of noxious signals on free
nerve ending

Sub-populations (TRPV1, TRPA1, and | S— |
TRPMS) are primary extrinsic afferent =
nerves in the GIT (mouth, esophagus,
stomach, intestine, and colon)

Act as afferent nociceptors for thermal and -
'Oho:d_itympammn)

chemical stimuli (pungent irritants from \ T =
mustard, onion and garlic, as well as \d :\},

volatile environmental toxins)

Seminars Immunopath; 2016 ; 38 (3)



TRP channels and possible

628’
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role EAMC — novel mechanism?

Transient receptor potential (TRP)
agonists (e.g. chemical compounds
in “pickle juice”) may have a role in
the treatment of acute EAMC
Stimulation of oral/esophageal TRP
lon channels may the the
mechanism for the observed
reduction in laboratory induced
muscle cramps (electrical
stimlation) by “pickle juice”

Clincial trials of TRP agonists in the
management of prevention of
EAMC are under way

Beware of treating the symptoms
and not the cause!

Dorsal root RP channe)
ganglion neuron | BENE

o
e“\..‘?‘. S
"\\e ,.-\'\( :\ " ,‘\
*rt W (\\\
A L0
CAPA
= LT NP
( g
‘% Action potential
production
Peripheral

terminal,

Dorsal

< L-Glutamate
y |release increase
e
o°°c Central 0
terminal
Spinal cord_

Ventral

R : TRP channel

TRPV1 : > 43 °C, H*, capsaicin
TRPMS : < 25 °C, menthol
TRPA1 | <17 *°C, aliyl isothiocyanate



Alternate hypothesis
for the etiology and
pathophysiology of EAMC: 1997

“Exercise associated muscle
cramping occurs as aresult of an
Imbalance between the excitatory

and inhibitory input to the alpha
motor neuron”

Schwellnus M et al: J Sports Science, 1997, 15(3): 277-285



Hypothesis that EAMC is related

to abnormal neuromuscular
control

1997

Hypothesis that EAMC is

caused by sustained
abnormal spinal reflex

activity, which appears to

be secondary to muscle
fatigue

Tenrpal of Spori: Scienees, 1997, 15, 277-285

Actiology of skeletal muscle ‘cramps’ during exercise:
A novel hypothesis

M.P. SCHWELLNUS.® EW. DEEMAN and T} NOAKES

MACACT Hioesiersciids of Erdreiic Moicarch Let, Dasiesiy of Qope Tines Modivo! Schond, Noorrs Yidomde
Tmeimera af Bowrk Afréca, MO Dax [15, Wondands 7725, Sourh Afaa

Accepred § Seprember 1606

The mericlegy ol cwsrcie-aasaciaicd moscle campa (EAMO,
controcticns of skelerol muscle during or immediotely afier physical exercise’, has not besn well mvestgored
ond is therefore oot well undersiood. This review focuses on the physiolopical bosis for skelerol muscle
vl lien, a histarics] peeips
abwoir EARML i proguosed as {13
imherited abnormalities of substrore merpbelism Cmetabolic theory's, 20 obnormaolines of fluid balance
C'debydroden theory'), 31 abnormalicies of serum elecowlrte concencrations Celectrolyre theary™ and (33

exlrenss cnvisanmenial condini

wel wx Cpainlal, apazmodic, involusiary

v g amalyeis ol the commenly pasiulaied cavacs e EAMOL, ard koswn Bele

M A

rrical studics. Histarically, the cavacs of EAMO have I

cital thears™), Theailed analyses of the availsble

Hie Hreranere incloding darta Tram recent studies doo ol aupport these yporhesss e he causes of

mazict

Ea:uc I:l o recent !1.I.I.d'|-'| e]zu:mn:.‘-:l:ru'n':m' I“'r!.G'l |1u|:u obmined from runners ﬁurjng EAMC revenled thax

g acule EAMO rhe EMOr acrivire s b
srectehing s elfccrive in seducing EMOT activing a relicvea rhe cramp probahly By inveking the inverac
siretch reflex. In vwo aoimaol stodies, abmormaol refex acovicy of the muscle spindle Onereased actdvity] ond the
Golgi tenden cogn (decreased aoiviegd bos been observed in fatigued muscle.

W hepatheaize thar EAML & caosed by sustained abaosmsl spinal refles acriviry which appears e be
secnndiry roomuscle Tangoe. Lecal imoscle farigee & therstae responsible for inoeassd muscle apindle afferen:
ond decreased Golg tendon orgon afferent acuviey. Muscles which cooss vao jomts con more ensly be placed
in shertened positens during exervise and would therefore decrease the Golgi tenden copan aHerent scrivicy,
I addizion, sustamed abnurmal cefles actvige would explain inore azed baseliome EMOG avtivity between avuie
bt of crmping. Finallv, pesaive sreetching invekes afferenr acrivine from the Gralgl tenden organ, therehy
relleving the cramp and decreasing EMOE acrhlre

Eaywords; Exervise, fatigue, moscle crumps
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Evidence for the “altered
neuromuscular control”
hypothesis (1997 - 2017)

Historical data

Animal studies

628’
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Neurological literature (muscle stimulation) g s

EAMC in athletes - laboratory studies:
EMG activity during fatiguing exercise in runners

Repetitive muscle contraction causes cramping

EAMC in athletes - field studies: EMG activity In
runners with acute EAMC

EAMC in athletes — Risk factors (epidemiological
studies)




Localized repetitive
muscle exercise

| |
1 1
1 1
1 Ve N 1
| ( | q ‘se intensit ) Hot and/or humid !
| L nereased exercise intensity ) environmental conditions !
1 - J 1
1 1
1 'd )\ 'd )\ 1
! Increased exercise duration Inadequate conditioning !
1 (. J (. J 1
| e _ R |
I ( D d | ¢ Contraction of amusclein a I
| L ecreased muscie energy stores shortened position (inner |
1 1
i p < L range) ) |
N ? Muscle | |
. R I T Ty 1
A injury/damage J Altered !
| X T . Central .
o v . | Development of localized Nervous i
11 . .
o ? Reflex contraction muscle fatigue System |
HEEAN J function !
1 \/\ 1
|
H < v !
1 1 . . i
1o Increased excitatory afferent Decreased inhibitory |
H activity (e.g. muscle spindle) afferent activity (e.g. Golgi !
H tendon organ) !
|
I 1 |
I 1 1
I 1 1
I 1 L ~N .
I 1
. . Altered neuromuscular  |¢--------———~——~—~—-___
! ? Genetic | inal <
; predisposition J/ control (spinal)
1
I ,/ ¢
. y - N Reflex
] ,/ Increased alpha motor neuron inhibition
I 7 . .
: J/ L activity (spinal) ) T
N/ !
? Chronic y s a Treatment
disease Increased muscle cell membrane by passive
activity stretching
N\ J 'y

v

[ Localized muscle cramping
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? Agonist
of TRP ion
channels in
GIT
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Risk factors for EAMC during 10C Research Centre

exercise —risk model

Inherent risk

i Exposure
proflle Predisposed E p . <k
(Intrinsic risk individual (Extrinsic ris
factors)

factors)

InCiting Susceptible
event/s Individual




Risk factors for History of EAMC

ORIGINAL RESEARCH

Factors Associated With a Self-Reported History of
Exercise-Associated Muscle Cramps in [ronman
Triathletes: A Case—Control Study

Gavin Shang, MBBCh, MPhil,* Malcolm Collins, PhD,*71f
and Martin P Schwellnus, MBBCh, MSc(Med), MD*f

Factors associated with a history of EAMC in
Ironman triathletes were:

a. Exercising at a higher intensity
b. Positive family history
c. History of a soft tissue injury

Shang G, Collins M, Schwellnus M, Clin J Sport Med, 21 (3) May 2011

SaTe %

IOC Research Centre



Risk factors for EAMC

Prospective cohort study in ultra-distance
runners

Original article

Increased running speed and pre-race muscle
damage as risk factors for exercise-associated
muscle cramps in a 56 km ultra-marathon:

a prospective cohort study

Martin P Schwellnus,2 Siddieg Allie," Wayne Derman,'-2 Malcolm Collins'-3

Risk factors associated with EAMC in ultra-distance

runners.
a. Exercising at a higher intensity (increased speed)
b. Pre-race muscle damage

Schwellnus M, Allie S, Collins M, Derman W, BJSM, June 2011

68>
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Independent Risk Factors for

EAMC in Ironman triathletes
Prospective cohort study

Original article

Increased running speed and previous cramps rather
than dehydration or serum sodium changes predict
exercise-associated muscle cramping: a prospective
cohort study in 210 lronman triathletes

Martin P Schwellnus,2 Nichola Drew,! Malcolm Collins'~3

Two independent risk factors for the development of self-
reported EAMC in Ironman triathletes were:

a. past history of muscle cramping (in particular the
number of EAMC reported in the last 10 races)
b. overall faster race time during the Ironman triathlon

Schwellnus, M, Drew N, et al Br J Sports Med 2011 45(8); 650-6



Risk Factors for EAMC in Rugby QLS

L eag ue PI ayers IOC Research Centre
Prospective cohort study over one season

Predictors of EAMC (logistic regression modeling)

Competition level
Age

Ethnicity

Playing position
History of cramping
Pre-cramping

Low back pain

Foot orthotic usage,
Foot posture

Foot strike

Muscle flexibility
Calf girth

Hydration status
Number of games played

e
o N

Odds Ratio of EAMC

O N B~ OO O

m Control

m History of cramping

mLow back pain (missed min)
® Lower level of competition

*: p<0.05

10.85

Summers K, et al: 2014, J Strength Cond Res, 28(3, 774-783)



% runners with past

history of EAMC
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Prior history of EAMC is associated with the
development of EAMC

Ultra-marathon runners

181 runners completing a 161km ultra-marathon race

100
90
80
70
60
50
40
30
20
10

m Control ®m Near Cramping
m Cramping ®m Near Cramping and Cramping
82.7 80 81.7
P<0.0001
52.1

Hoffman,

MD, Stuempfle KJ: Sports Medicine Open: 2(8); 2016



. . _ O
Genetic Risk Factors for History Q§>

of Exercise Associlated Muscle
Cramping (EAMC) In triathletes

. The COL5A1 gene is a potential marker for the
development of EAMC

. COL5A1 BstUI RFLP is associated with history of
EAMC

. The CC genotype may be “protective” against a
history of developing EAMC

. These effects may be mediated through the effects
that type V collagen exerts on collagen fiber
diameter and strength in the endo- and perimysium

K O’Connell, M Posthumus, M Schwellnus, M Collins; CISM 2012 (in review)
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Risk factors associated with a serious EAMC In

recreational 56km distance runners

Prospective cohort study in 26 354 runners presenting with
serious EAMC

Two independent risk factors

Age group Running pace
Incidence (per 1000 starters) Incidence (per 1000 starters)
4 3.72 4
3 3 2.89
1.96 2.07
2
1 0.87
o I [ . [ 1 . . .
<30yrs 31-40yrs 41-50yrs >50yrs <6 min/km  6-7 min/km  >7 min/km

(Faster) (Slower)

Schwabe K, Schwellnus M, Derman W, Swanevelder S, Jordaan E: Br J Sports Med 2014,;48:891-897
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Past history of arunning injury as a risk factor

for EAMC in recreational distance runners
Cross sectional study in 15 778 runners with history of EAMC

Prevalence Risk Ratio of history of EAMC

1.34

Control Past history of a running injury

Schwellnus M, Swanevelder S, Derman W, Jordaan E; 2017 (in review)
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Medication use as arisk factor for EAMC In

recreational distance runners
Cross sectional study in 15 778 runners with history of EAMC

Prevalence Risk Ratio of history of EAMC

-7
O/

(WA

1.55

Control Use of regular Medication use during
medication racing

Schwellnus M, Swanevelder S, Derman W, Jordaan E; 2017 (in review)
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Cardiovascular disease as arisk factor for

EAMC In recreational distance runners
Cross sectional study in 15 778 runners with history of EAMC

Prevalence Risk Ratio of history of EAMC

1.78

1.16

Control Risk factor for CVD Symptoms of CVD

Schwellnus M, Swanevelder S, Derman W, Jordaan E; 2017 (in review)
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Other chronic disease as a risk factor for EAMC

In recreational distance runners
Cross sectional study in 15 778 runners with history of EAMC

Prevalence Risk Ratio of history of EAMC

1.39
1.21 1.2
1 I E
Control Any GIT disease  Any kidney / bladder Allergies

siease

Schwellnus M, Swanevelder S, Derman W, Jordaan E; 2017 (in review)



Summary - Risk factors for EAMC

Inherent risk profile

(Intrinsic risk factors)
Male
Older age
Past history of EAMC
Past history of injury (muscle,
lower back)
Pre-race muscle damage
Past history of chronic disease
(CVD, risk factors for CVD,
symptoms of CVD, kidney disease,
GIT disease, allergies)
Use of medication (regular use,
during races)
Positive family history
Genetic: CC genotype of COL5 Al
(protective)(past history of EAMC)

G —

during exercise

Predisposed
individual

Inciting event/s

« Fatigiung exercise

*  Hot, humid

environmental

conditions

Injury (? Muscle

damage)

« Acute medication (or
supplement) intake

+ Other......

Exposure

O
N

IOC Research Centre

(Extrinsic risk factors)
 Exercise
Longer duration
Higher intensity

(pace)

« Poor race preparation

<

Susceptible
Individual

)




Review of evidence that EAMC
IS related to abnormal
neuromuscular control

2009

Whilst it is clear that further
evidence to support the “altered
neuromuscular control”
hypothesis is also required
research data are accumulating
that support this as the principal
pathophysiological mechanism for
the aetiology of EAMC
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Cause of Exercise Associated Muscle Cramps
(EAMC) — altered neuromuscular control,
dehydration or electrolyte depletion?

M P Schwalinus
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Review of evidence that EAMC
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IS related to abnormal
neuromuscular control

2013

Recent experimental findings have
proved unambiguously the
relevance of spinal mechanisms in
the generation and development of
muscle cramps

These findings are important for
identifying the most effective and
safe medications for managing
(preventing or reducing the
occurrence of) cramps

ARTICLE

Origin and Development of Muscle Cramps

idarne Alsssandn Minefto”, Ales Holobar”, Albero Softer ", and Dana fanng™

iy oot Endoctinakogy, Tia "\eH-:l";g. nd kdetazolisom, Department of Internal Medicine, University of Tud
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st Eﬁ'f& Enzinesarn n; cﬁhn:— \.e TOMLE u:ular sh-sbem :lepaﬂ'ne t af Elects aAnics and Tekecommunications,
Prll T IT 1, Turim, Ikl |:, 1 “Cerpartreent of e militadinn Fnigiresrive, Borrstein Focus
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Review of evidence that EAMC Is (0C Research Centre

related to abnormal
neuromuscular control

2014

The “Altered neuromuscular control

A AN I sar SEyIET 3
Sciencelirect M
——CeTetTe A T e -

theory” seems to be the most

scientifically acceptable theory, and —

Suggests that EAMC are caused by an Exercise associated muscle cramps: () o
imbalance between increased afferent — proossion on causes, prevention and

activity (e.g. muscle spindle, la) and et st o oot 245507 5
decreased inhibitory afferent activity P. Edouard "

(e.g. Golgi tendon organs, Ib) which
leads to increased alpha-motor neuron
activity and muscle cramping, especially
with muscle contraction in a shortened
position

Edouard P: Science and Sports; 2014: 29: 299-305
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Review of evidence that EAMC Is e
related to abnormal neuromuscular
control

2016

EAMC is multifactorial in nature and stems from an imbalance between
excitatory drive from muscle spindles and inhibitory drive from Golgi
tendon organs to the alpha motor neurons rather than dehydration or
electrolyte deficits. This imbalance is believed to stem from
neuromuscular overload and fatigue.

INVITED REVIEW

A NARRATIVE REVIEW OF EXERCISE-ASSOCIATED MUSCLE CRAMPS:
FACTORS THAT CONTRIBUTE TO NEUROMUSCULAR FATIGUE AND
MANAGEMENT IMPLICATIONS

NICOLE L. NELSON, MSH, LMT, and JAMES R. CHURILLA, PhD, MPH

Clinical and Applied Movement Sciences, Brooks College of Health, University of North Florida, 1 UNF Drive, Jacksonville,
Florida 322242673, USA

Nelson N et al: Muscle Nerve: 2016: 54: 177-185



muscle exercise

___________________ { Localized repetitive }————————————————————.

Hot and/or humid
L environmental conditions

—

Decreased muscle energy stores ]—

[

\ 4
[ ? Reflex contraction ]

e il 3

Altered
Central
Nervous
System
function

&

control (spinal)

v

Increased alpha motor neuron
activity (spinal)

{ Altered neuromuscular

[ Localized muscle cramping
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Clinical investigation of the
athlete with EAMC

« EAMC Is not a diagnosis (it i1s a clinical
syndrome)
* Not every athlete with EAMC has 1° or
“benign” EAMC
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Clinical investigation of the (0C Research Centre

athlete with EAMC

Who should be investigated for secondary causes?

* Recurrent cramping

 Cramping associated with collapse, confusion, coma

 Cramping associated with “dark” urine (? myoglobinuria or
hematuria)

» History of cramping/spasms at rest

» History of cramping in “non-exercising” muscles

« Cramping associated with other muscle symptoms (fatigue,
weakness, swelling, pain)

 Cramping associated with other neurologic or systemic
symptoms

« History of generalized (systemic) cramping

« Strong family history of cramping



Clinical investigation of the exercising
individual with EAMC

Neurological history (motor, sensory, co-ordination)
Injury history

Systematic medical history

Drugs and medication

{amily history

/Cramping (onset, duration, muscles, relation to exercise, precipitants)\

~

o

General medical examination
Neurological examination

Musculoskeletal examination (muscle pain,
stiffness, swelling, weakness)

Systematic comprehensive examination

)

» Medical history

SaTe %

IOC Research Centre

* Clinical examination

630

Activity markers

Renal function

Thyroid function

Muscle strength / fatigue

post-exercise CK)
Skeletal muscle biopsy

Qhers as indicated

Muscle damage (resting and

~

4

» Special
investigations



Non-pharmacologic treatment
1.

68>
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Management of 1° acute EAMC

Reduce intensity (running speed) —
“cramp prone” state

Stop activity

Passive stretching

Drinking ad libitum

Other proposed non-pharmacologic treatment

methods
1. Hyperventilation / re-breathing

2. lIce/ice massage
3. Walking

Edouard P: Science and Sports; 2014: 29: 299-305
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Management of 1° acute EAMC

Proposed pharmacologic treatment

1. Stimulation of the TRP ion channels (also known
as the wasabi receptor) in the oral and
esophageal mucosa

—  Clinical trials under way
— ?Usein 1°and 2° EAMC
— ? Not treating the cause

Other proposed pharmacological
Interventions (poor evidence)

1. Sodium
2. Magnesium
3. Quinine

Edouard P: Science and Sports; 2014: 29: 299-305
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Prevention of 1° (“benign’) EAMC

Identify the possible secondary cause and treat it

Prevent premature fatigue

« Training

 Racing at appropriate exercise intensity
* Nutrition (? carbohydrate)

* Other methods

Prevent muscle damage

« Tapering

« Appropriate conditioning
Prevent injury (muscle)
Stretching regularly

Fluid intake (? avoid too much)
Avoid use of drugs

? Thermoregulation
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SAFER - EAMC intervention Study

2012 - 2015

EAMC prevention intervention:

Be well trained for the race

Avoid running too fast (faster than your
normal training pace) particularly in the
earlier parts (first half) of the race

Make sure your have recovered fully from
injuries (including muscle rehabilitation)
Regular stretching of muscles in which you
previously experienced cramping may help
Enquire about increased risk of cramping
when your doctor prescribed any new
medication

Slow down at the first sign of any twitching
In muscles

Stop and stretch muscles as they start
twitching and then start walking/jogging
slowly if the twitching stops

Do not try to run through muscle cramping

628’
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2014 Two Oceans Medical Newsflash 6

Avoiding medical complications on race day 6: Muscle
cramps: What 15 muscle cramping, what causes it, and
how can you avoid it during the Two Oceans races?

What are minscle cramps and whal causes thew ?

Musche erammpe are comstant, uniantoslled mascls aomiesetions (qusmes) thit o during or
iz Ilv Sler cwervise. T:n., usually J'l.vll:n.l.ou\z_'lmbmubq:l.\.,b-l; alg, harr_ul.rm,.,.
quadriveps, groin ar foot). The mast commen causes of coamping are musche fotigoo {runoing
Lo At I'ns:.l.*w:n: ar & disrance thar is woa long - mot well tmamed) lndividool predisposicion,
wmiderlyimg inyury, smad e ol cerisn mahmiiene may alus play g orale, S8k runners ane al a
higher risk of devclopiog ru_dc}cc,m'npsm'npumd rith 21k mumners . Divhydration and
mn‘nhd imbalances {o.g. salt loss, maegnesium loss) do no: play a role o muescls coomping
during nusming,

How common is muscle cramping in runners?

Misele eresnping is very eosnmos in endumnes achletes, bt ahoue 1 e every 1000 ranners
whie wisrt the: Twa Cheezars races develop meo: serious musele crmmping thal secds it be ween

by asscssed and treated by the medical doctors al the race medical Zsclity.
Tips fo decrease the risk of developing mascle cramping during ruaning

The casserl ways to avoid muscle cramping during the rsee are as Dlowss 1) be well mined
for the race, 2) svoid rurming too fast (faster than wour normal craiming pace P_m-ular]:.- [
the _:.d 2 parts {first ho I'] F1J o o, ‘i] mmsmneynu r hove recavened ﬁ.'.ll:.-f ariss
(meluding resele rehabilitation], 43 regular sretching of mascles in wiich you previousty
1mr.l.l.‘d CRDIping may h.l.lp. ] -..tqum.- saaul :ml.:n.u:l.‘d rigk of crmping when vour
dector preseribed sy new meedication, & slow down & the firse sign of amy twitching in
migicdes, 71 stogand sreteh moscles o they start racichivg aod then ston welkivgosaing
alenwly 11 the: lwitchmmgy stope, B D00 KEOVT by 1o rum Ikreasgh rose: | cramping,

Thienk you very much and kawe o safe mape!?!
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Pre- vs. post EAMC educational

Intervention
Incidence of serious EAMC
M Pre intervention (2008-2011) M Post intervention (2012-2015)

2 1.9
1.8

1.6

1.4 :
19 54% reduction

1 0.91

0.8 -
0.6 -
0.4 -
0.2 -

69% reduction
0.58

Aqe 0.32
0.25

il

All races 56 Km race 21km race

Incidence per 1000 runners

Schwellnus M,, et al, 2016 (in preparation)
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Summary

EAMC is common —still under researched

Etiology and pathophysiology — multifactorial
Accumulating and strong evidence that final common
pathway in pathophysiology of EAMC is a
neuromuscular control abnormality

EAMC is a syndrome — not a diagnhosis (many 2°
causes)

Investigation of recurrent cramping requires careful
and comprehensive medical assessment for
secondary causes

Acute treatment — diagnosis, rest and stretching (?
role of TRP ion channel agonists)

Prevention — ? Different for primary and secondary,
role of education is important
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