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eccentrically-induced damage to the elbow flexor muscles

Neal B. McKinnon, Mitchell T. Graham and Peter M. Tiidus DX}
Department of Kinesiology and Physical Education, Wilfrid Laurier University, Canada

Abstract

We investigated effects of creatine (Cr) supplementation (CrS)
on exercise-induced muscle damage. Untrained males and fe-
males (N = 27) ages 18-25, with no CrS history in the past 4
months, were randomly assigned to CrS (creatine and carbohy-
drate) (n =9), placebo (P) (carbohydrate only) (n =9), or control
(C) (no supplements) groups (n = 9). Participants followed a 5-
day Cr loading protocol of 40 g-day™, divided for 5 days prior to
exercise, reduced to 10 g g-day™ for 5 days following exercise.
Testing consisted of 5 maximal isometric contractions at 90°
arm flexion with the preferred arm on a CYBEX NORM dyna-
mometer, assessed prior to, immediately following, and 24, 48,
72, and 96 hours post muscle-damaging procedures. Damage
was induced to the elbow flexor muscles using 6 sets of 10
eccentric contractions at 75 °/sec, 90 °/sec and 120 °/sec. Par-
ticipants were asked to rate their muscle soreness on a scale of
1-10. Data was analyzed using repeated-measures ANOVA,
with an alpha of 0.05. No significant differences were found
between muscle force loss and rate of recovery or muscle sore-
ness between groups over the 96 hr recovery period (p > 0.05).
Across all 3 experimental groups an initial decrease in force was
observed, followed by a gradual recovery. Significant differ-
ences were found between baseline and all others times (p =
0.031,0 .022, 0.012, 0.001 respectively), and between the 48
hour and 96 hour time periods (p = 0.034). A weak negative
correlation between subjectively rated muscle soreness and
mean peak isometric force loss (R? = 0.0374 at 96 hours), sug-
gested that muscle soreness and muscle force loss may not be
directly related. In conclusion, 5 days of Cr loading, followed by
a Cr maintenance protocol did not reduce indices of muscle
damage or speed recovery of upper body muscles following
eccentrically induced muscle damage.

Key words: Creatine loading, muscle damage, muscle force,
muscle soreness.

Introduction

Creatine supplementation (CrS) has a well established
role in increasing maximal work output during short,
high-intensity exercises (Balsom et al., 1995; Casey and
Greenhaff, 2000). This is due to the ability of creatine to
act as a rapid energy source in muscles, which supports
rapid ATP resynthesis, and allows for the continuation of
muscular work at a high intensity for a longer period of
time (Koh, 2008; Rawson et al., 2001). CrS has also been
reported to reduce indices of skeletal muscle damage
(Bassit et al., 2010; Cooke et al. 2009) following exercise,
although this result has not been consistently observed
(Rawson et al., 2001).

Unaccustomed bouts of high-force eccentric exer-

cise have been well documented as a causative factor in
muscle damage (Bassit et al., 2010; Clarkson and Sayers,
1999; Cooke et al., 2009; Koh, 2008; Proske and Allen
2005; Rawson et al., 2001). Skeletal muscle damage is
characterized by misaligned Z-discs and a disruption of
the cell and sarcolemmal membrane (Clarkson and Hubal,
2002; Clarkson and Sayer, 1999; Ebbeling and Clarkson,
1989; Koh, 2008; Sayers and Clarkson, 2001). Damage is
also associated with increased intracellular calcium ion
concentrations, which can activate damaging calcium-
dependant degradation pathways (Clarkson and Sayers,
1999; Cooke et al., 2009; Proske and Allen, 2005). These
factors, along with the resultant inflammatory response
combine to decrease the force generating capacity of
injured muscle, as well as increase the perception of mus-
cle soreness (Warren et al. 1999). Thus any dietary sup-
plements or exercise strategies that could potentially re-
duce or limit the deleterious effects of eccentrically in-
duced muscle damage could be of value to athletes.

Supplementation with Cr has been shown to play
an important role in muscle damage and recovery. One
mechanism by which Cr may affect muscle damage is
though cell membrane stabilization. The molecular struc-
ture of phosphocreatine (PCr), allows it to bind to the
phospholipid heads of the cell membrane and stabilize the
membrane, reducing membrane fluidity and thus poten-
tially decrease the amount of protein and cellular compo-
nent loss associated with muscle damage (Saks and Stru-
mia 1993). Injections of PCr have also been reported to
increase muscle force recovery in patients with muscle
atrophy (Satolli and Marchesi, 1989). Olsen et al. (2006)
demonstrated that CrS may influence post-exercise mus-
cle recovery by enhancing muscle satellite cell prolifera-
tion. Since satellite cells are myogenic stem cells that
fuse with damaged myocytes to effect repair (Lepper et
al., 2011; Olsen et al., 2006; Shortreed, 2008), increased
satellite cell proliferation could result in an increase re-
covery in muscle fiber integrity.

Rawson et al. (2001) investigated effects of CrS
following eccentric contractions of the biceps brachii. No
significant differences in indices of muscle damage or
recovery between the CrS group and a placebo (P) group
were seen. The researchers suggested that the eccentric
damage induced by their protocol may have been too
severe for the creatine repair mechanisms to overcome.
However more recent studies of CrS following eccentri-
cally-induced muscle damage have reported CrS to not
only reduced the initial amount of muscle damage, but
also increases the rate of muscle recovery (Bassit et al.
2010; Cooke et al., 2009). Cooke et al (2009) using a
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protocol similar to that of Rawson et al. (2001) found that
the CrS group demonstrated significantly less post-
exercise muscle damage (as evidenced by plasma CK and
LDH levels) as well as a significantly more rapid recov-
ery of muscle force. However, Cooke et al. (2009) inves-
tigated the knee extensor muscles where as Rawson et al.
(2001) used the biceps brachii. Additionally Cooke et al.
(2009) included a Cr maintenance protocol, by which
subjects continued to ingest Cr post muscle damage in
order to maintain elevated Cr levels within the muscle
during the post-exercise recovery period, whereas Raw-
son et al. (2001) did not include such a maintenance pro-
tocol. Willoughby and Rosene (2003) have suggested that
continued supplementation of creatine after a bout of
unaccustomed exercise may help to direct gene transcrip-
tion and upregulate protein synthesis. Thus continued
post-exercise CrS may help enhance muscle recovery rate.
The purpose of this investigation was to determine if CrS,
with a post-exercise CrS supplementation protocol, will
reduce indices of muscle damage and increases the rate of
force recovery of the elbow flexor muscles following
eccentrically-induced muscle damage. It was hypothe-
sized that the CrS group will demonstrate a smaller initial
loss of muscle force, as well as a more rapid rate of mus-
cle force recovery, following a bout of unaccustomed
high-force eccentric contractions. Also, the perception of
muscle soreness will be reduced in the CrS group.

Methods

Subjects

All aspects of this study were reviewed and approved by
the Wilfrid Laurier University Human Ethics Research
Committee. A total of 27 male (n = 15) and female (n =
12) participants between the ages of 18-24 completed the
experimental protocol. Subjects were recruited from the
Wilfrid Laurier University community. All participants
had refrained from upper body strength training and diet
supplementation (creatine or protein) for at least 4 months
prior to commencement of the study. Participants were
instructed to maintain a typical activity levels through the
duration of the study. All participants were screened for
health issues precluding physical activity participation
using the PAR-Q questionnaire. Participants were also
asked to complete an additional health questionnaire that
screened out any persons with diabetes or renal dysfunc-
tions that may be at risk due to the increased sugar intake
required of participants in the placebo group. All partici-
pants provided written informed consent to participate in
this study.

Equipment

Testing was completed using the CMSi (Stoughton, MA,
USA) Cybex Humac Norm dynamometer at Wilfrid
Laurier University (Waterloo, ON, Canada). The equip-
ment set up was individualized to account for size varia-
tion in each participant prior to testing. Participants were
given several practice trials to ensure they felt comfort-
able with the equipment, and to eliminate any practice
effects in data collection.

Experimental design

Participants were randomly assigned into one of three
groups containing 9 subjects each. Groups consisted of a
creatine supplementation group (CrS), a placebo supple-
ment group (P), and control (no supplement) (C) group.

Randomization was achieved by having partici-
pants chose containers of supplement that had been num-
bered and recorded by a third party. Control subjects
received no containers. In order to avoid detection of the
supplement, the experimental supplement consisted of a
mixture of creatine monohydrate (20g) and a carbohy-
drate supplement (20g) in order to blend consistency and
taste. For the 5 days leading up to testing commencement,
individuals in the CrS groups ingested powdered creatine
monohydrate mixed in equal proportions with a carbohy-
drate supplement (maltodextrin). Supplementation was
performed at a rate of 40 g of creatine-day™, which was
divided into two equal servings taken once in the morning
(between 8 am and 10 am) and once in the evening (be-
tween 5 pm and 7 pm). Participants in the placebo group
followed the same supplementation protocol consisting of
40 g of maltodextrin only, ingested twice per day. Both
experimental groups were instructed to dilute their given
supplement in 500mL of water. Subjects in the control
group were given no supplementation for the 5 days prior
to the commencement of testing. This creatine loading
protocol has been documented to be an effective means of
enhancing creatine stores within the muscle (Bassit et al.,
2010).

The experimental design is summarized in Figure
1. Subjects attended 6 testing sessions over an 11-day
period. On day 1 of the experiment subjects read and
signed all the necessary forms required for participation in
the study. Participants were then given the opportunity to
familiarize themselves with the procedure and equipment
to eliminate any potential practice effects present in the
study. They were then assigned to one of the 3 experi-
mental groups. If the subject was assigned to either the
CrS or P group they were given instruction on how to
properly ingest their supplement. C subjects did not re-
ceive a supplement. All subjects were then asked to return
to the laboratory 5 days later. On day 7 participants re-
turned to the laboratory to perform their baseline testing.
The measure of peak isometric elbow flexor force was
taken with the arm locked at 90° elbow flexion relative to
their anatomical zero. Peak force output of the elbow
flexor was calculated based on the average of 5 maximal
isometric contractions held for 4 seconds each. All test-
ing was performed on the dominant arm of the subject.
After having given each subject several minutes to rest,
they then performed a muscle-damaging protocol that
consisted of maximal force eccentric contractions. Sub-
jects performed 60 maximal eccentric contractions that
were divided into 6 sets of 10 repetitions, with a 45 sec-
ond rest period between repetitions. The velocity of ec-
centric contractions was varied between sets (2 at 75°/sec,
2 at 90°/sec, and 2 at 120°/sec). This protocol has been
used in previous studies and has been shown to be an
effective means of inducing skeletal muscle damage
(Cooke et al., 2009). The researchers also provided verbal
encouragement to the subjects to help maintain maximal
effort throughout the protocol. Finally on day 7 after
being given adequate rest, participants performed their
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| 27 Participants |

|

| Randomizati

on (Double Blind) |

Group - Creatine Supplement

Loading (5 days prior to testing)
-20 g creatine + 20g
carbohydrate per day
- 2 servings (20 g morning &
20 g —evening
Maintenance (During Testing)
-5 g creatine + 5g

Group 2-Placebo

Loading (5 days prior to testing)
-40 g creatine carbohydrate
per day
- 2 servings (20 g morning &
20 g —evening
Maintenance (During Testing)
-10 g creatine carbohydrate

Group 3-Control

-no supplementation

Damage

Post-Damage Testing

carbohydrate per day per day
- 2 servings - 2 servings
— !
Testing Sessions (Cyhex NORM)
Baseline

-3 ivometric contractions (4 seconds each)
-30 reps x 6 sets maximal eccentric contractions; 40 sec rest

- S isometric contractions (4 sec each); subjective rating of soreness (scale 1-10)

Figure 1. Summary of the experimental design.

first post-test, which was performed in the same manner
as the baseline testing. Subjects were then asked to return
to the laboratory on each of the subsequent 4 days (days
8-11) in order to perform post-exercise testing, which
consisted of 5 isometric contractions held for 4 seconds
each. Subjects in the CrS and P group continued to ingest
the supplement for all 4 days during the post-exercise
testing. Supplementation during post-exercise testing
consisted of 10 g-day” divided into two equal doses as
explained above. This supplementation protocol has been
used in previous studies in order to maintain elevated
creatine levels in muscle (Cooke et al., 2009).

The peak elbow flexor isometric force at times 0,
24, 48, 72, and 96 hours post exercise-induced muscle
damage was compared to the baseline value to indicate
the amount of muscle force attenuation that was initially
induced, as well as the recovery of muscle force. The
average peak torque generated across their 5 contractions
was represented as a percentage of their baseline peak
torque output. Previous literature has demonstrated that
post-damage muscle force recovery is an accurate and
non-invasive measure of muscle damage and recovery in
human subjects (Cooke et al., 2009; Rawson et al., 2001;
Warren et al., 1999) and has often been used as an indica-
tor of the effectiveness of intervention strategies in miti-
gating muscle damage and enhancing muscle recovery
(eg. Dawson et al. 2011).

Ratings of perceived muscle soreness were also
taken immediately following damage induction, as well as
all 4 post-testing days. Perceived soreness was indicated
on a scale ranking 1-10, 1 corresponding to “not sore at
all” and 10 representing “extremely sore”. This measure
are a subjective indication of delayed onset muscle sore-
ness (DOMS), which has also been used in previous hu-
man studies to quantify muscle damage and repair (War-

ren et al., 1999).

Statistical analyses

All data was analyzed using SPSS version 19 for Win-
dows. Raw data was first normalized and expressed as a
percentage of the individuals’ baseline (pre-muscle dam-
age) values for each of the subsequent days of testing.
Data was collapsed across groups, and a repeated measure
analysis of variance (ANOVA) was conducted in order to
find a main effect of time and ensure damage was induced
in all subjects. All data was considered statistically sig-
nificant at an alpha level of P< 0.05.

A split-plot ANOVA was then conducted to iden-
tify any potential interaction effects between experimental
group and muscle force over time. A Tukey’s Post Hoc
test was performed for any values that achieved statistical
significance.

A repeated measures ANOVA was used to analyze
ratings of perceived muscle soreness of experimental
groups over time. Pearson correlations were utilized to
compare perceived soreness ratings to the percentage of
muscle force loss at each post-testing time. Since muscle
force loss is indicative to muscle damage, an increased
loss of force production in the muscle could correlate with
DOMS perceived by the subject.

Results

Subject characteristics

Table 1 depicts the characteristics of all 27 subjects
whose data was reported in this study, in their randomly
assigned groups.

Isometric muscle force measures
Results for peak isometric elbow flexor force, collapsed
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across groups, are depicted in Figure 2. All subjects ex-
perienced a significant main effect of time (p < 0.01),
indicating a significant decrease in isometric force follow-
ing a bout of eccentric exercise. These results confirm that
muscle damage (as indicated by loss of muscle force) was
induced by our protocol. The greatest deficit in force
production was experienced at time 0 post-damage. This 0
time result is indicative of fatigue as well as actual muscle
damage (Proske and Allen, 2005). Isometric muscle force
gradually recovered over the 4 post testing days: however,
even at 96 hours post-damage isometric muscle force was
still significantly (p < 0.05) decreased from baseline el-
bow flexor torque values.

Table 1. Participant characteristics. Data are means (SD).

n__ Age (yrs) Body Weight (kg)
Creatine 9 21.00(1.00)  84.52(21.02)
Male 5  21.50(.55) 96.32 (20.42)
Female 4 20.50(1.29) 69.78 (10.03)
Placebo 9 20.78(1.20)  70.51 (14.43)
Male 6 20.50(1.38)  76.87(10.96)
Female 3 21.30(.58) 57.80 (13.00)
Control 9 20.78 (.83) 65.14 (10.06)
Male 4 20.50 (1.00) 72.12 (9.91)
Female 5 21.00(.71) 59.56 (6.42)

Results of peak isometric muscle torque across
groups are depicted in Figure 3. There was no significant
difference (p > 0.05) between any of the experimental
groups (CrS, P, or control) in recovery of elbow flexor
muscles strength following a bout of high-force eccentric
contractions.

Force (%of Baseline)

Time (hours)

Figure 2. Mean peak isometric force of all participants
measured at baseline (pre-injury), 0, 24, 48, 72 and 96 hours
post damage represented as a percentage of baseline force.
There is a significant main effect of time (p < 0.01). Across
all 3 experimental groups an initial decrease in force was
observed, followed by a gradual recovery. * indicates a signifi-
cant decrease in muscle force compared to baseline measure. Significant

differences were found between: 0 h and all others times (p = 0.031,
0.022,0.012, 0.001) and between 48 h and 96 h (p = 0.034).

Soreness measures

Results of perceived soreness measures are depicted in
Figure 4. A significant main effect of time was reported
(p < 0.01), however there was interaction effect between
experimental groups (p = 0.289). The greatest perception
of muscle soreness was experienced at 48 hours post-
injury. Pearson correlations between perceived muscle

soreness and muscle force loss for each of the post-test
times ranged between -0.193 and 0.138 and non-
significant (p > 0.05) at each of the post-test times, indi-
cating that perception of muscle soreness, rated on a 10-
point scale, is not directly or temporally associated with
muscle force loss.

MaxISO Force recovery

110

e ECrS 4Pl wint

100 i

095 T I |

Force (% of max)
o
o
e

2 =

9 0O

s &
|

I3

o

&
|

8

a 24

48
Time (hours)

Figure 3. Mean peak isometric biceps muscle torque meas-
ured at baseline (pre-injury), 0, 24, 48, 72 and 96 hours post-
damage. Mean isometric force is represented as a percentage
of baseline force output. No significant differences between groups
at any time point (p > 0.05) were noted.
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Figure 4. Participants perceived soreness ratings (scale of 1-
10) with respect to time post exercise-induced muscle dam-
age. A significant main effect of time was reported p < 0.01. However
no significant interaction effect was found p = 0.289 indicating no
significant differences between groups at any time point.

Discussion

Creatine supplementation failed to significantly influence

indices elbow flexor muscle damage or rate of muscle
recovery following eccentric muscle contractions. Follow-
ing a bout of unaccustomed eccentric exercises with the
elbow flexor muscles no significant differences were seen
between muscle force loss and rate of recovery or muscle
soreness between control, placebo or creatine supple-
mented groups over the 96 hr recovery period. These
results suggest that creatine supplementation even with
the inclusion of a creatine maintenance protocol, did not
significantly reduce indices of muscle damage or rates of
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recovery in the elbow flexors following damaging exer-
cise. It was also demonstrated that measures of perceived
soreness did not significantly differ between groups. Ad-
ditionally muscle soreness measures did not correlate with
muscle force loss, and therefore may be indicative of
unrelated post-damage physiological processes.

Following repeated bouts of eccentric contractions,
all participants showed a significant decrease in peak
isometric force, followed but a progressive recovery of
force over the subsequent 4 days (Figure 3). These results
are in accordance with previous studies (Brown et al.,
1996; Cooke et al., 2009; Rawson et al., 2001), demon-
strating that the protocol used was successful in inducing
muscle damage.

A study by Rawson et al. (2001) found similar re-
sults to those of the present study and proposed that the
eccentric exercise employed in their protocol may have
been too extensive for CrS to have an influence on dam-
age or recovery rates. They suggested that the damage
induced by repeated eccentric contractions may have
overwhelmed any protective mechanisms of creatine
suggested by other research (eg. Olsen et al., 2006; Saks
and Strumia, 1993; Satolli and Marchesi, 1989). However
more recent research involving CrS have demonstrated
significant reductions in muscle damage indices in sub-
jects supplemented with creatine (Bassit et al., 2010;
Cooke et al., 2009). Specifically Cooke et al. (2009) used
an eccentric exercise protocol very similar to the protocol
used by Rawson et al. (2001) and found that the CrS
group had a significantly more rapid recovery as well as
demonstrated attenuated indices of muscle damage when
compared to a placebo supplementation group. Neverthe-
less, two fundamental differences existed between the
experimental design of the present study and that of those
that demonstrated positive effects of creatine supplemen-
tation on post-exercise muscle recovery which may ac-
count for these differing results. The present study and
that of Rawson et al. (2001) used the biceps brachii mus-
cle, whereas Cooke et al. (2009) used the knee extensor
muscles. Further, Cooke et al. (2009) included a creatine
maintenance protocol in order to retain elevated creatine
levels in the muscle post-damage, whereas Rawson et al.
(2001) did not. The present study included a post-exercise
CrS protocol to determine if the differing results of these
studies could be explained by differing CrS protocols.
Previous work by Willoughby and Rosene (2003) had
suggested elevated creatine content during the days fol-
lowing muscle damage may help to alter gene transcrip-
tion and upregulate protein synthesis in the myofibril.
However, since the present study used the elbow flexors
while including a maintenance protocol and found no
significant differences between CrS groups and other
unsupplemented groups, we propose that conflicting re-
sults being reported by Rawson et al. 2001 and Cooke et
al. 2009 may be primarily due to differences in the muscle
groups being tested.

The knee extensor muscles represent significantly
more mass than the elbow flexors. Brault and Terjung
(2003) investigated Cr uptake in muscles tissue and con-
cluded that a greater amounts of creatine uptake occurs in
muscle fibers with lower creatine content, and conse-

quently a larger capacity to store creatine. The knee ex-
tensor muscles, with a larger mass and more muscle fibers
would potentially have a greater total capacity to store
and exploit ingested Cr, and thus may have a greater po-
tential to respond to CrS related protective effects.

Additionally, the knee extensor muscles differ
from the elbow flexor muscles in muscle fiber type com-
position. Previous literature has determined that the knee
extensor muscles (specifically the vastus lateralis) typi-
cally contain approximately 55% type I muscle fibers
(Froese and Houston, 1985), whereas the elbow flexors
(specifically the biceps brachii) contains approximately
40% type I muscle fibers (Klein et al., 2003). Casey and
Greenhaff (2000) reported that PCr utilization during
muscle contractions can be up to 33% higher in fast
twitch (Type 1Ix) muscle fiber relative to slow twitch.
Thus it may be possible that the elbow flexor muscles,
with a larger proportion of type II muscle fibers, may
transiently turn over their stored supply of PCr during the
eccentric contractions to a greater extent, and for at least a
few potentially critical minutes following exercise have
less PCr available to provide energy for potential recovery
related effects such as satellite cell activation. The knee
extensor muscles, by comparison, could have a larger Cr
storage capacity and may turn over relatively less stored
Cr during the eccentric contractions leaving a greater
potential for PCr generated therapeutic effects. Differ-
ences in the utilization of Cr by different fiber types may
be of particular importance immediately following eccen-
tric exercise. Since PCr is better conserved in type I mus-
cle fibers (Casey and Greenhaff, 2000), and PCr has been
shown to have a membrane stabilizing effect in cardiac
muscle tissue (Saks and Strumia, 1993), it is also possible
that elevated levels of PCr in skeletal muscle fibers im-
mediately following eccentric damage may help to stabi-
lize the cell membrane and reduce the loss of protein and
other cellular components. This may in part account for
the more rapid increase in muscle force recovery in stud-
ies that investigated CrS in the quadriceps muscles (Bassit
et al., 2010; Cooke et al., 2009), than the current study
and others (Rawson et al., 2001) that used the biceps
brachii muscle. Future research is needed in order to fur-
ther delineate the mechanism by which CrS may affect
specific muscle fiber types or muscle groups.

There were also no significant differences in
changes in perceived muscle soreness between the groups
over the muscle damage and recovery time course (Figure
4). It was also noted that when collapsed across the
groups and time, there were no significant positive corre-
lations between muscle force or muscle soreness over the
course of the post-exercise recovery period (Table 1).
This suggests that changes in post-exercise muscle sore-
ness and muscle force may be indicative of different as-
pects of muscle damage that are not temporally corre-
lated. Nevertheless, neither of these indices of muscle
damage or recovery indicated any influence of CrS.

These results suggest that, as also reported by
Rawson et al. (2001), CrS may not aid recovery from
damaging muscular exercise, particularly in smaller upper
body musculature. Hence despite other performance re-
lated benefits (McNaughton et al. 1998), competitors in
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sports with a high proportion of upper body muscular
demand such as kayakers, and others may not benefit
from CrS to enhance recovery of muscle force or amelio-
rate muscle soreness after intense damaging arm muscle
training.

Conclusion

In summary, creatine supplementation had no effect on
muscle force loss, muscle strength recovery or muscle
soreness following eccentric exercise of the elbow flexor
muscles, in young healthy subjects relative to placebo and
control subjects. This suggests that supplementing
creatine at a rate of 20/day for 5 days leading up to a
muscle damage protocol does not reduce indices of mus-
cle damage, or rates of subsequent muscle force recovery
even with the inclusion of a creatine maintenance protocol
(5 g-day™) for the 4 days following damage. Thus, CrS
does not reduce the amount of damage, or increase the
rate of recovery following eccentrically-induced muscle
damage specifically to the elbow flexor muscles.
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Key points

e Creatine supplementation has been suggested as a
means to diminish exercise induced muscle damage
and speed post-damage muscle recovery but previ-
ous results have been contradictory

e Creatine supplementation followed by a creatine
maintenance period failed to alter the degree of
post-eccentric exercise muscle force loss or rate of
recovery or muscle soreness in untrained young
adult males or females

e These findings suggest that in accordance with other
studies, arm muscles may not benefit from creatine
supplementation as a prophylactic for exercise in-
duced muscle damage or an enhancer of post-
damage muscle recovery.

e Hence athletes may not benefit from creatine sup-
plementation in order to diminish effects of over-
training on upper arm muscle function
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