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major disciplines and yet very little direct research 
exists that could be used to support performers in this 
very demanding sport. The need for recovery and re-
plenishment after such a strenuous sport is essential 
in order to get stronger and therefore progress.1

Climbing is an intermittent power endurance exer-
cise and makes use of the whole spectrum of energy 
systems.2, 3 Although as with other activities this will 
depend upon the discipline, the technique and the 
participants fitness levels. Failure to recover from 
more explosive climbing moves in the short-term 
will result in fatigue and a decline in performance 
will occur and in the longer-term exhaustion and 
failure to adapt. This need to recover from the de-
mands of climbing is amplified over two-day compe-
titions where the climber has hours to recover from 
an exhaustive bout of intense climbing, such as that 
used in this study.

There is an abundance of research into the benefits 
of nutrition on sporting performance and a wealth of 
that related to recovery. However, there are currently 
no published findings on supplements that aid recov-
ery after climbing and very little on the use of choco-
late milk. Therefore this work aims to build upon the 
body of work that has explored the potential useful-
ness of chocolate milk as drink to enhance recovery 
and therefore sporting performance,4 many of which 
who have significant improvements in endurance cy-
cling performance with chocolate milk.5-9
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The effectiveness of chocolate milk 
as a post-climbing recovery aid

Aim. Recovery is essential to effective performance in climb-
ing competitions which often involve repeated bouts, and 
sport climbing where climbers may work a route over a num-
ber of days prior to a complete ascent. 
Methods. This study employed a cross-over design to com-
pare water with chocolate milk as recovery aids following 
an exhaustive bout of high intensity endurance climbing. 
Ten male climbers (age: 22±1 years; height: 178.5±7.9 cm; 
mass: 74.7±11.3 kg) climbed a Tredwall (Brewer Ledge M6) 
until volitional exhaustion. The participants consumed ei-
ther water or chocolate milk 20 minutes after the climb and 
then again with their evening meal. The exercise protocol 
was repeated 24 hours after the original climb. The second 
condition was completed 7 days later. Workload indicators 
of heart rate, rate of perceived exertion (RPE), blood lactate 
and muscle soreness scores were recorded alongside climbing 
performance measures of duration and distance of the climb. 
A improved performance was found after the consump-
tion of chocolate milk, with both a greater distance climbed 
(F(1,9)=11.704, P=0.008) and duration (F(1,9) =10.922, P=0.009), 
there were no differences in end of climb heart rate or RPE.
Results. Muscle soreness scores were lower three days after ex-
ercise following chocolate milk (t(8)=3.773, P=0.005). Chocolate 
milk as a recovery drink resulted in further sustained climb-
ing, a decrease in muscle soreness, compared to water. It may 
be pertinent for climbers to consider its use as a recovery aid 
during repeated climbing bouts. Chocolate milk is a relatively 
unexplored recovery aid and warrants further attention.

Key words: �Sports nutritional sciences - Carbohydrates - Pro-
teins.

Climbing as both a recreation and competitive 
sporting activity has gained popularity over re-

cent years. It is a diverse sport with at least seven 
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drink however, the two conditions were not isoca-
loric.9 Later work using an isocaloric control drinks 
also found a significant increase in endurance perfor-
mance and time to fatigue following the consump-
tion of chocolate milk as a recovery drink in cycling,8 
football 6, 7 and endurance sports.5 Although the exact 
mechanisms of some of the observed performance 
benefits have yet to decided Lunn, Pasiakos, Colletto 
et al. (2012) concluded that fat free chocolate milk 
had resulted in some unique benefits to consuming 
chocolate milk in reducing time to exhaustion in 
a 45-minute run at 65% of VO2peak, and through 
muscle biopsy demonstrating positive differences in 
fractional synthetic rate and signalling molecules of 
muscle protein when compared to consumption of a 
non-nitrogenous isocaloric carbohydrate drink.23

This study focuses on short-term recovery after 
a period of intense climbing, in a competition set-
ting on a sustained multi-pitch route, climbers would 
climb all day for consecutive two days or on a climb-
ing trip, in which climbing occurs every day with 
very little time to rest, therefore rapid recovery is im-
portant in this sport. As has been seen in other sports 
it is likely that nutritional strategies could provide 
the advantage needed to succeed in this time frame 
by delaying the onset of factors that would otherwise 
cause fatigue, but currently the use of nutritional 
strategies in climbing is very limited and preliminary 
work to this study revealed that 30% of regular mul-
tipitch climbers did not even consume water after a 
climbing session.

The hypothesis is that chocolate milk will aid re-
covery, in a way that water will not, after an exhaust-
ing climbing session to enable individuals to climb 
harder, covering greater distances in shorter time 
frames and for longer on subsequent days.

Materials and methods

Participants

A criterion sample of 10 male climbers (age; 22±1 
year, height; 178.5±7.9 cm, mass; 74.7±11.3 kg) 
with a minimum of two years regular climbing ex-
perience, agreed to participate in this study. Partici-
pants completed a health history questionnaire and 
gave their informed consent. University of Chiches-
ter ethics committee gave permission for this study, 

Chocolate milk contains many of the elements 
already known to be key in effective recovery from 
exercise; water, electrolytes, carbohydrates and pro-
tein. It also has those other key ingredients to suc-
cessful employment in sports science, good taste, 
easily palatable, readily available and inexpensive.

The effectiveness of sports drinks for the replen-
ishment of water, electrolytes and carbohydrates is 
very well established.10, 11 The need for the consump-
tion of essential amino acids post-training to meet the 
demands of the anabolic state to repair and replenish 
is also know.12 The benefits of using combined car-
bohydrate and protein, as in chocolate milk, are less 
well understood but may offer a specific advantage. 
Consumption of carbohydrate and protein combined 
has the potential to maximize recovery through the 
stimulus of a larger insulin response resulting in a 
greater uptake of both substrates into the muscle.13 
When used pre and post-exercise, a combined car-
bohydrate and protein supplementation may provide 
a more anabolic environment and promote glycogen 
resynthesis and tissue remodelling to a greater de-
gree than either carbohydrate or protein supplemen-
tation alone.14-16 Although the benefits of combin-
ing carbohydrate and protein remains controversial 
with studies generating inconsistent or inconclusive 
results,17, 18 performance effects have been demon-
strated.

Chocolate milk which contains water, electrolytes, 
carbohydrate and protein, may prove to be very ef-
fective for postclimbing recovery, where the replen-
ishment of glycogen and repair of tissue is key to 
adaptation and improved performance. Milk consists 
of the desirable 4:1 carbohydrate and protein ratio.19 
Milk-based proteins promote muscle accretion to 
a greater extent than soy-based proteins after exer-
cise 20 and its slower rate of gastric emptying means 
that it is effective at replacing sweat losses and main-
taining hydration.21 However, in 2008 Lee et al. did 
not find a difference in endurance capacity when 
milk, water and carbohydrate-electrolyte beverages 
were consumed, but different endurance results were 
found when chocolate flavouring was added to the 
milk.22

Karp et al. (2006) were the first to explore 
chocolate milk as a post-exercise recovery aid and 
found that total work done, when cycling at 70% 
VO2max, was 57% greater when chocolate milk was 
consumed compared to a carbohydrate replacement 
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recorded by stopwatch, and the speed of the climb 
calculated.

Post-climbing procedure

The post-exercise blood sample was recorded 
immediately after the climber reached volitional 
exhaustion and again after 2, 4 and 6 minutes post 
(Lactate Pro 48107, Arkray, Japan). Immediately 
post-exercise participants drank either 500 mL of 
“For Goodness Shakes” Chocolate Milk or water, 
followed by 500 mL with their evening meal 2 hours 
after finishing the climb. Participants were instructed 
to maintain consistency of food and drink consump-
tion and verbally confirmed this.

After the short recovery period of 24 hours to rep-
licate climbing competitions, participants repeated 
the protocol and the same measures were taken, and 
given the same recovery drink as on day one. Af-
ter this bout the participants then recorded muscle 
soreness in the flexor muscles of the forearm, muscle 
soreness was scored using a 5 point Likert Scale with 
1 being no soreness and 5 being extreme soreness. 
Muscle soreness was recorded each day for a period 
of three days.

Seven days later the whole procedure was repeated, 
with participants being given the alternative recov-
ery drink (water instead of chocolate milk and vice 
versa). The groups were randomly selected through 
a name draw with 5 participants in each group.

Statistical analysis

Microsoft Office SPSS version 20 was used to 
complete a series of repeated measures ANOVA’s 
(condition) to explore the impact of chocolate milk 
consumption as compared to water on the perfor-
mance measures of distance climbed, duration of 
climbing and speed of the climb and physiological 
measures of heart rate, blood lactate, and self-report-
ed muscle soreness scores. An alpha level of 5% was 
chosen to indicate significance.

Results

The purpose of this work was to consider the po-
tential of chocolate milk as a recovery aid from an 
exhaustive bout of climbing in experienced climbers.

and the research was undertaken in compliance with 
the Helsinki declaration.

Protocol

Pre-climbing procedure

Participants were asked to refrain from vigorous 
exercise and maintain consistency with food and bev-
erage consumption the day before, the day of, and 
the day after the testing. Participants were instructed 
to refrain from taking protein supplements or sports 
drinks during the two-week testing period. Partici-
pants were given a written explanation of the testing 
procedure.

Warm-up

A set warm-up was completed before each test; 
followed by climbing specific dynamic and static 
stretches, followed by one minute of slow climbing 
on the Treadwall (Brewer Ledge M6) set at a 60o an-
gle.

Exhausting climb

In pilot work participants got off the Treadwall 
prior to exhaustion through tedium therefore in 
order to decrease the amount of time spent on the 
Treadwall and to maximize muscle fatigue the ex-
ercise stage began with straight arm pull-ups until 
volitional exhaustion followed by shake-out and a 
further bout of pull-ups. This continued until they 
deteriorated to 75% of their initial number of pull-
ups. After a two-minute rest participants climbed 
on the Treadwall set to vertical (90o angle) at a 
self-determined pace, which was used for each test. 
Participants drank water ad libitum during the ex-
ercise.

Every minute the participants were asked to step 
off the wall for a 30-second rest in which HR and 
RPE 24 were recorded. If the participants slipped or 
fell off for any reason other than fatigue, the minute 
was reset and they were asked to step back on. The 
participants climbed until volitional exhaustion 
(1 minute on, 30 seconds rest until unable to com-
plete more than 20-seconds climbing). The distance 
climbed was recorded in feet and inches and convert-
ed to metric units (m), the duration of the climb was 
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m/min and 15.3±11.0 m/min with water, indicating 
that it is endurance rather than speed that has been 
impacted upon by the differing recovery drinks.

Heart rate

A significant interaction was found for aver-
age HR; F(1,9)=5.515, p=0.043. Showing a 3.5±5.3 
b.min-1 increase (2%) in mean heart rate during the 
climb after chocolate milk consumption and a de-
crease of 2.7±5 b.min-1(1.6%) after water as the re-
covery drink.

There was no significant difference in maximum 
HR. Maximum HR in the first climb with water 
was 182.2±9.9bpm and in the climb after recovery 
186.6±9.3bpm. With the chocolate milk the maxi-
mum HR in the initial climb was 184.3± 13.6bpm 
and 185.7± 13.9bpm in the post-recovery climb. 
Maximum heart rate values indicate that participants 
reached maximum exertion in all tests, which was 
supported by an RPE of 20 (Borg Scale) for every 
participant by the end of each test (Figure 3).

Blood lactate

Blood lactate changes between conditions and 
climbs were not found to be significantly differ-
ent. In the water condition lactates went from 
2.3±0.6mmol.L-1 to 6.7±3.6 mmol.L-1 at the end 
of the first climb, an increase of 4.4±3.0 mmol.L-1 
(66%). In the climb after recovery with water blood 
lactate went from 2.7±1.2 mmol.L-1 to 6.0±4.1 
mmol.L-1 an increase of 3.3.± 4.0 mmol.L-1 (55%). 
In the chocolate milk condition lactates went from 

Performance measures, endurance, distance and 
speed

The baseline values for distance climbed were 
different, greater distances were covered when wa-
ter only was consumed (233.17±160.02 m) as the 
recovery drink rather than drinking chocolate milk 
(159.41±112.47 m), which is surprising given that 
this was a cross over study (Figure 1).

However, this trend was notably reversed post-re-
covery with a distance of 170.38±108.2 meters after 
water and 217.93±116.74 meters reached after choc-
olate milk consumption, showing an improvement 
on the second day of 43.59±30.48 meters (+27%) 
with chocolate milk and a deficit of 63.17±251.82 
meters (-27%) after water as the recovery drink. 
Resulting in a significant interaction F(1,9)=11.704, 
P=0.008.

The second performance measure of duration 
climbed revealed similar results with longer times 
were achieved when water was consumed (19.9±12.7 
minutes) prior to recovery than when drinking choc-
olate milk (14.4±7.7 minutes) but again notably re-
versed the post-recovery performance with a time 
of 14.0±8.3 minutes with water a decrease of 30% 
and 17.9±8.9 minutes an improvement of 20% with 
chocolate milk (Figure 2).

With chocolate milk there was an increase in en-
durance capacity of 3.5±2.5 minutes in the post-re-
covery climb whereas there was a deficit of 5.9±6.8 
minutes after water, resulting in a significant inter-
action F(1,9)=10.922, P=0.009. Speed (m/min) was 
consistent for the two conditions; the post-recovery 
climb speed with chocolate milk averaged 15.8±11.7 

Figure 1.—Group mean±SD distance (metres) climbed for the 
initial and post-recoveries climb for chocolate milk and water.

Figure 2.—Group mean±SD duration (minutes) climbed for the 
initial and post-recoveries climb for chocolate milk and water.
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Discussion

The purpose of this study was to examine if choc-
olate milk is an effective post-climbing recovery 
aid, allowing individuals to climb as hard and for as 
long the day after an exhaustive bout of climbing as 
the previous day, a scenario that occurs in climbing 
competitions. The evidence found supports the hy-
pothesis; that chocolate milk will aid recovery, in a 
way that water will not, after an exhausting climbing 
session to enable individuals to climb harder, cover-
ing greater distances in shorter time frames and for 
longer on subsequent days.

The observed increase on the second climbing day 
in both the distance (43.6±30.5 meters) and dura-
tion (3.5±2.5 minutes) climbed following chocolate 
milk as a recovery drink was substantial. This is par-
ticularly notable when compared to the decrease in 
performance 61.3±79.9 meters and 5.9±6.8 minutes 
following recovery with water. A decrease in perfor-
mance the day after an exhausting climb might be 
expected but it appears that the consumption of the 
chocolate milk has ameliorated this anticipated de-
crease and water consumption has not.

This study considers climbing endurance after 
recovery from an exhaustive bout of climbing and 
found not only a reduction in the deficit on the fol-
lowing climb but a 51% increase in duration climbed 
following chocolate milk compared to water. These 
findings are line with those of others who have also 
observed significant improvements in time to fatigue 
in sporting performance when compared with other 
recovery drinks.5-9

3.9±1.9mmol.L-1 to 8.9±4.5 mmol.L-1 at the end 
of the first climb, an increase of 4.9±4.7 mmol.L-1 
(56%). In the climb after recovery with chocolate 
milk blood lactate went from 3.0 ±1.2 mmol.L-1 to 
8.0±5.0 mmol.L-1 an increase of 5.1.± 5.5 mmol.L-1 
(63%).

Muscle soreness

Postexercise muscle soreness scores were self-re-
ported as a measure of recovery after the two bouts 
of exercise and the different drinks. After the second 
bout muscle soreness was recorded for 3 days and is 
shown in Figure 4.

Levels of muscle soreness were very similar, the 
day after, to those of the pre-test (water 2.7±1.2, 
chocolate milk 3.0±1.4) suggesting participants be-
gan the post-tests in similar states of muscular pain 
and exhaustion. After the post-recovery climb mus-
cle soreness scores changed over time F(1,9)=12.114, 
P=0.004 (Figure 3), a greater level of muscle sore-
ness was reached after water (4±1.8) than after choc-
olate milk consumption (3.2±1.8) resulting in a sig-
nificant interaction F(1,9)=5.557, P=0.031.

In summary the physiological results of maxi-
mum heart rate and RPE indicate that participants 
did climb to volitional exhaustion in each case. How-
ever, in the post-recovery climb they were found to 
climb for longer and thus cover a greater distance 
after they had chocolate milk as opposed to water, 
despite the fact that mean heart rate was lower after 
water. The level of muscle soreness reported was less 
after chocolate milk.

Figure 3.—Group mean±SD for mean heart rate for chocolate 
milk and water.

Figure 4.—Group mean±SD for self-reported muscle soreness af-
ter the recovery climb and consumption of either chocolate milk 
and water.
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of post-exercise blood lactate found; 3 mmol.L-1 to 
16 mmol.L-1. The least experienced climbers had the 
highest lactate levels and climbed shorter distances. 
It appeared that improved technique and fitness lev-
els in the most experienced climbers allowed them 
to climb efficiently and rest effectively; giving them 
better performance scores, but there was no signifi-
cant difference between the climber’s abilities and 
the impact of chocolate milk as a recovery drink. 
This suggests that chocolate milk is an effective re-
covery aid for this range of ability levels and various 
types of climbing, involving both powerful and en-
durance elements to their performance.

The participants provided evidence that they were 
consistent with their diet from one testing week to the 
next. Evidence supports the fact that all participants 
reached fatigue, therefore it appears that “For Goodness 
Shakes” Chocolate Milk has had a significant impact on 
climbing performance over a 24-hour period, not only 
reducing the impact of an exhausting climb the previous 
day but actually improving endurance (distance) and 
work intensity (mean heart rate). As the type of climb-
ing explored during this experiment involved a mixture 
of power and endurance, it is likely that chocolate milk 
could be an effective recovery aid for all climbing disci-
plines, including the sustained multi-pitch route used in 
this study but also bouldering, and although it is a more 
powerful and explosive form of exercise than explored 
in this experiment, it requires the use of resistance train-
ing and fine muscular tuning to achieve the hardest 
moves possible. Hartman et al. (2007) have suggested 
that milk consumption aided a twelve-week resistance 
programme 27 and from the evidence provided here it 
is probable that if climbers adopted chocolate milk as 
a recovery strategy when training for bouldering, their 
performance could be enhanced.

Recovery nutrition in the form of a drink is par-
ticularly advantageous for climbers as drinks as op-
posed to an appropriately constituted carbohydrate 
and protein meal afford the advantage of being quick, 
convenient and easily transported. This could be par-
ticularly important if the climbing route was a part 
of a longer journey or expedition where convenience 
was of utmost importance.

Conclusions

This study examined the influence of chocolate 
milk consumption on climbing performance, explor-

It appears as though chocolate milk will aid recov-
ery, in a way that water will not, after an exhausting 
climbing session to enable individuals to climb hard-
er, covering greater distances in shorter time frames 
and for longer on subsequent days. This suggests that 
muscular damage was minimised following choco-
late milk suggesting muscle fibre repair, allowing 
participants to feel less muscular pain on subsequent 
days following exercise, this would be supported by 
previous indicating that there were positive changes 
to muscle protein turnover in response to chocolate 
milk as a recovery drink.23 Previous studies 8, 9 have 
not found reduced muscle soreness during short-term 
recovery, but the 24-hour rest period allowed in this 
study was longer than four and 6 hours used in these 
studies on chocolate milk, and appears to have been 
sufficient to exhibit an attenuated response to the dam-
aging exercise. Previous studies have however, found 
reduced creatine kinase (CK) levels, often used as a 
marker off muscle damage, after the consumption of 
chocolate milk 4, 7 and others have noted lower CK lev-
els after consuming carbohydrates with protein after a 
12- to 15-hour rest period,14 while other works using 
longer training periods found that consuming carbo-
hydrates with protein significantly decreased muscle 
soreness.25, 26 A decrease in muscle soreness follow-
ing a tough training session, day of climbing multiple 
routes on a trip, or even on a two-day competition, 
will undoubtedly impact on performance outcomes. 
Muscle soreness is likely to increase the perception 
of effort and potentially reduce both the intensity and 
duration of the performance. As high intensity climb-
ing, like bouldering, is such a powerful sport, mak-
ing use of all muscles in unusual and maximal ways, 
soreness can prevent technical moves being achieved 
and muscle soreness may affect the supple feeling of 
flexibility needed to complete the route.

Although this study had a crossover design it was 
not possible to disguise the chocolate milk and thus 
make the trial blind and consequently there may 
have been a psychological effect. The physiological 
data does not suggest that this was the case. Maxi-
mum heart rate, end RPE and blood lactate increases 
indicate that maximal exertion was achieved in all 
of the trials indicating that all climbs were done to 
maximal effort and consequently do not explain the 
performance outcomes.

Although lactate levels were not different be-
tween the two conditions, there was a broad range 
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ing its benefits in comparison to water following an 
exhaustive bout of high intensity endurance climb-
ing. It can be concluded that participants were able 
to climb significantly further and for a longer dura-
tion, indicating a superior climbing performance; 
they also indicated less muscular soreness following 
chocolate milk consumption as compared to water 
as a recovery drink following an exhaustive bout of 
climbing. This apparent rapid recovery from a bout 
of exhaustive climbing could give a good advantage 
in competitions, as well as general training regimes, 
allowing higher training levels.

The study could have been enhanced further 
through. More rigorous diet control to ensure no oth-
er nutritional advantages could influence the results; 
an in-depth exercise diary should also be kept to en-
sure participants expended the same amount of en-
ergy before each test and the employment of a sleep 
record and psychological aspects such as motivation 
and arousal could be useful.

Future research should consider other types of re-
covery drink as well as exploring more nutritional 
support possibilities for climbers who as a sport have 
very little specific sport science research support.

References

  1.	 Soles C. Climbing: training for peak performance. Second edition. 
Seattle: The Mountaineers Books; 2008.

  2.	 Bertuzzi RCM, Franchini E, Kokubun E. Kiss MAPDM. Energy 
system contributions on indoor rock climbing. Euro J App Physiol 
2007;101:293-300.

  3.	 Watts PB, Daggett M, Gallagher P, Wilkins B. Metabolic response 
during sport rock climbing and the effects of active versus passive 
recovery. Int J Sports Med 2000;21:185-90.

  4.	 Pritchett K, Bishop P, Pritchett R, Green M, Katica C. Acute ef-
fects of chocolate milk and a commercial recovery beverage on post 
exercise recovery indices and endurance cycling performance. Appl 
Physiol Nutr Metab 2009;34:1017-22.

  5.	 Pritchett K, Pritchett R. Chocolate milk: a post recovery beverage 
for endurance sports Med Sci Sports Exer 2012;59:127-34.

  6.	 Spaccarotella KJ, Andzel WD. The effects of low fat chocolate milk 
on post-exercise recovery in collegiate athletes. J Strength Cond 
2011;25:3456-60.

  7.	 Gilson SF, Saunders MJ, Moran CW, Moore RW, Womack CJ, Todd 
MK. Effects of chocolate milk consumption on markers of muscle 
recovery following soccer training: a randomized cross-over study. 
J Int Soc Sports Nutr 2010;7:19.

  8.	 Thomas K, Morris P, Stevenson E. Improved endurance capacity 
following chocolate milk consumption compared with two commer-
cially available sports drinks. App Phys, Nutr Metab 2009;34:78-
82.

  9.	 Karp JR, Johnston JD, Tecklenburg S, Mickleborough TD, Fly D, 
Stager JM. Chocolate milk as a post-exercise recovery aid. Int J 
Sports Nutr Ex Metab 2006;16:78-91.

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.


	Cop J Sport Med 12 2015.pdf
	04-5158-JSM.pdf COLORE

