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Abstract

The purpose of this investigation was to determine if creatine
supplementation assisted with reducing the amount of exercise
induced muscle damage and if creatine supplementation aided in
recovery from exercise induced muscle damage. Two groups of
subjects (group 1 = creatine; group 2 = placebo) participated in
an eccentric exercise protocol following 7 and 30 days of
creatine or placebo supplementation (20 gd™” for 7 d followed
by 6g:d” for 23 d = 30 d). Prior to the supplementation period,
measurements were obtained for maximal dynamic strength,
maximal isometric force, knee range of motion, muscle sore-
ness, and serum levels of creatine kinase (CK) and lactate dehy-
drogenase (LDH). Following 7 days of creatine supplementa-
tion, on day 8, subjects began consuming 6 gd” of creatine for
23 days. Additionally on days 8 and 31, subjects performed an
eccentric exercise protocol using the knee extensors to induce
muscle damage. Indirect markers of muscle damage, including
maximal isometric force, knee range of motion, muscle sore-
ness, and serum levels of CK and LDH, were collected at 12, 24,
and 48 hours following each exercise bout. The results indicated
that acute bouts of creatine have no effect on indirect markers of
muscle damage for the acute (7 days) bout. However, maximal
isometric force was greater for the creatine group versus placebo
for the chronic (30 days) bout. This suggests that the ergogenic
effect of creatine following 30 days of supplementation may
have a positive impact on exercise induced muscle damage.
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Introduction

Creatine supplementation has been widely studied as an
ergogenic aid relative to performance in high-intensity
activities (Burke et al., 1996; Casey et al., 1996; Green-
haff et al., 1993; Harris et al., 1992; Kreider, et al., 1998;
Odland et al., 1997; Terjung, et al., 2000; Volek, et al.,
1999; Willoughby and Rosene, 2001). Others have exam-
ined clinical aspects of creatine supplementation such as
potential adverse effects in muscle injury (Krieder, et al.,
1998), thermoregulation (Kern et al., 2001; Rosene et al.,
2004; Volek, et al., 2001), and renal complications (Bos-
well et al., 2003). These studies have led investigators to
examine potential clinical benefits of creatine supplemen-
tation such as with recovery from exercise induced mus-
cle damage (Rawson et al., 2001).

Exercise-induced muscle damage has been shown
to result from strenuous, unaccustomed exercise. The
damage that occurs is primarily due to eccentric muscle

actions and affects the structural composition of muscle
leading to impairments in performance. These structural
changes in muscle include mechanical factors, alterations
in calcium homeostasis due to sarcoplasmic reticulum
disruption, and the inflammatory response (Clarkson and
Sayers, 1999).

As part of the repair process, protein synthesis is
enhanced via several mechanisms including the stress
proteins which have been found to be up-regulated fol-
lowing a bout of eccentric exercise (Willoughby et al.,
2003). Creatine supplementation has also been shown to
impact protein synthesis resulting in alterations in skeletal
muscle composition. Twelve weeks of creatine supple-
mentation (25gd” for 1 wk; followed by 5gd” for 12
wks) resulted in increased muscle fiber cross sectional
area when compared to placebo for type I (35% vs 11%),
type Ila (36% vs 15%), and type IIb fibers (35% vs 6%)
(Volek et al., 1999). Additionally, greater increases were
found for type I, type Ila, and type [lx MHC mRNA ex-
pression for creatine supplemented individuals compared
to placebo. For these changes in MHC mRNA expression,
subjects were supplemented with 6gd” for 90 days with
no loading phase (Willoughby and Rosene, 2001).

Rawson et al. (2001) reported that 5 days of
creatine supplementation (20g'd") did not reduce indirect
markers of muscle damage or reduce recovery time fol-
lowing eccentric exercise. Increased muscular strain as a
result of the eccentric exercise was believed to have
caused structural damage within the muscle thereby limit-
ing creatine’s effects on cellular membrane stability. As
such, sarcolemmal and sarcoplasmic reticulum damage
may have been too extensive for a 5-day supplementation
protocol to have any impact (Rawson et al., 2001).

The symptoms of delayed onset muscle soreness
which include strength loss, pain, muscle tenderness,
stiffness, and swelling, have been reported to occur within
48 hours of damage and last beyond 5 days. Degradation
of contractile proteins appears to contribute to decreases
in muscular force 5-28 days post eccentric exercise (In-
galls et al., 1998). Therefore, reductions in force output
immediately following a bout of eccentric exercise and up
to 5 days may be related to the inflammatory response
associated with cellular membrane damage (Connelly,
Sayers et al., 2003). Any effects of creatine supplementa-
tion impacting myofibrillar protein content would not be
evident until between the 5 and 28 day time period.

Athletes have also anecdotally reported de-
creased fatigue, decreased muscle soreness, and decreased
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recovery time while supplementing with creatine. With
evidence to support increased myofibrillar protein synthe-
sis, muscular hypertrophy, and muscular strength with
creatine supplementation it is possible that creatine sup-
plementation will have positive effects on indirect mark-
ers of exercise-induced muscle damage (Willoughby And
Rosene, 2001; Volek, et al., 1999). Based on previous
reports of enhanced creatine uptake with exercise and
positive effects on skeletal muscle composition, (Burke et
al. 1996; Casey, et al., 1996; Greenhaff, et al., 1993; Har-
ris et al. , 1992; Kreider, et al., 1998; Odland, et al., 1997,
Terjung, et al., 2000; Volek, et al., 1999; Willoughby and
Rosene, 2001) longer supplementation protocols may also
be helpful in decreasing exercise-induced muscle damage.
Therefore the purpose of this investigation was to deter-
mine the effects of 7 and 30 days of creatine versus pla-
cebo supplementation on indirect markers of muscle dam-
age following a bout of eccentric exercise.

Methods

Subject

Twenty males, were randomly assigned to a creatine (CR)
or placebo (P) group (CR = 10; P = 10). For the CR group
subjects were 21.6 + 1.65 yrs, 1.77 + 0.07 m, 84.0 = 8.3
kg, and 12.95 + 4.76% body fat. For the P group subjects
were 21.60 + 0.70 yrs, 1.753 + 0.06 m, 84.0 + 13.4 kg,
and 11.75 £ 4.72% body fat. The subjects were physically
active (consistent physical activity for 6 months prior to
beginning the study) and free of creatine supplementation
for at least 60 days prior to beginning the study. All sub-
jects were required to read and complete a medical history
form to ensure that eligibility criteria were met. All sub-
jects were informed of the purpose and possible risks
involved in the investigation and were required to read
and sign an informed consent prior to participation. All
procedures were approved by the University Institutional
Review Board.

Blood sampling

For serum creatine kinase (CK) and lactate dehydro-
genase (LDH), blood was drawn from the antecubital vein
into a 10 mL collection tube via a Vacutainer apparatus.
The blood samples stood for 10 min, were centrifuged to
extract the serum and frozen at -20°C for later analysis.
Blood samples were obtained prior to each eccentric exer-
cise bout and also at 12, 24, and 48 hours post-exercise.
Serum CK and LDH were analyzed via reflectance spec-
trophotometry with the dry-chemistry technique utilizing
the DT60 II Chemistry System (Orthoclinical Diagnos-
tics, Raritan, NJ) at 680 nm (CK) and 340 nm (LDH)
following manufacture’s guidelines.

Muscle strength assessment

Maximal dynamic strength (MDS) of the dominant
(acute) and non-dominant (longer-term) thigh was as-
sessed using a Body Masters (Rayne, LA) seated leg
extension machine via a standard one repetition maximum
(1-RM) test prior to the eccentric exercise protocol. The
concentric 1-RM measure was used to determine the
eccentric load of 150% of the concentric 1-RM. A maxi-
mum of four sets was used to determine the 1-RM in

order to counteract muscle fatigue (Willoughby and Pel-
sue, 1998; Willoughby and Rosene, 2001).

Maximal isometric force (MIF) was determined us-
ing the Biodex System 2 (Shirley, NY) isokinetic dyna-
mometer. Subjects were seated with the leg positioned at
approximately 45° of knee flexion. The Biodex was set at
0° per second or in isometric mode and the subject per-
formed 3 maximal isometric contractions with 1 minute
rest between trials. The average score was used as the
criterion.

Knee range of motion and muscle soreness
Knee range of motion (KROM) was assessed using stan-
dard goniometric techniques with the subject in the prone
position (Norkin and White, 1995). The evaluator pas-
sively moved the involved knee into the flexed position
(heel moving towards the buttocks) while the hips were
maintained in neutral. The position of the knee at which
the subject attempted to lift the hips off the table or indi-
cated maximal knee motion was used as the measurement.
Perceived muscle soreness (SOR) was assessed by
each subject placing a mark along a 25.4 cm continuum,
with 0 indicating no muscle soreness and 25.4 cm indicat-
ing very, very sore (Willoughby et al., 2003)

Testing protocol
Two groups of subjects (group 1 = creatine; group 2 =
placebo) participated in an eccentric exercise protocol
following 7 and 30 days of creatine or placebo supple-
mentation. Prior to the supplementation period, baseline
measures were obtained for MDS, MIF, KROM, SOR,
and serum levels of CK and LDH.

Following the 7 days of creatine supplementation
(20 gd™), on day 8 (acute effect), subjects began consum-
ing 6 gd™! of creatine for 29 days. Additionally on day 8,
subjects performed a knee extension eccentric exercise
protocol to induce muscle damage of the knee extensors.
The eccentric exercise protocol consisted of a warm-up
bout of 1 set of 10 repetitions at 50% of the previously
determined concentric 1-RM. Subjects then performed 7
sets of 10 repetitions at 150% of the concentric 1-RM
using eccentric contractions, with each repetition lasting
2-3 seconds and 15 seconds rest between each repetition.
A 3 min rest was employed between each set (Willoughby
et al, 2003). Subjects were required to refrain from
strenuous exercise 3 days prior to the exercise bout. Indi-
rect markers of muscle damage including MIF, KROM,
SOR were assessed at 12 hours post-eccentric exercise
and every 24 hours thereafter for 5 days (Rawson et al.,
2001). Blood samples were obtained prior to each eccen-
tric exercise bout and also at 12, 24, and 48 hours post-
exercise. After 30 days of supplementation, on day 31
(longer-term effect), subjects repeated the knee extension
eccentric exercise protocol on the non-dominant leg to
counteract the repeat bout effect. To determine the correct
eccentric load, the concentric 1-RM of the non-dominant
leg was assessed on day 21 of the supplementation period,
in addition to all other measures, following procedures
previously described. Measurements for indirect markers
of muscle damage on the non-dominant leg were repeated
at 12 hours post-eccentric exercise and every 24 hours
thereafter for 5 days (Rawson et al., 2001). Blood samples
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Figure 1. Changes over time for MIF during the acute condition. MIF for hour 12 was significantly less (*)

than days 3, 4, and S.

were obtained prior to each eccentric exercise bout and
also at 12, 24, and 48 hours post-exercise. Subjects were
instructed to consume a normal mixed diet throughout the
duration of the study. During the 36 day study period,
subjects completed four, 3-day dietary recalls for analysis
of nutrient intake. Additionally, subjects were required to
refrain from any additional strenuous activity (increasing
exercise duration, intensity, beginning a new exercise
regimen, etc). Normal daily activities and/or exercise
were permitted.

Statistical analysis

Before analyses of the dependent variables, independent
group f-tests were performed to ensure that the creatine
and placebo groups were similar across diet. Analyses
were preformed individually for the acute and chronic
conditions. For both conditions, 2 X 7 ANOVAs with

time as the repeated factor were computed to examine
interactions or differences among the independent vari-
ables. The independent variables included the treatment
groups (creatine or placebo) and time (pre to day 5). The
dependent variables were MIF, KROM, and SOR. In
addition, 2 X 4 ANOVAs with time as a repeated factor
were computed for LDH and CK for both acute and
chronic phases. The levels for time included pretest up to
48 hr. The alpha level was set at 0.05 and when post hoc
analyses were performed, the Bonferroni adjustment was
used to adjust for multiple analyses.

Results

The independent group t-tests for dietary intake of
carbohydrate, protein and fat was not significantly differ-
ent (p > 0.05) for the two groups. It was therefore deter-
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Figure 2. Changes over time for SOR during the acute condition. Pretest SOR scores were significantly less (*) than
SOR scores at hours 12, 24, and 48. Hour 12 scores were significantly higher (**) than days 4 and 5. Hour 48 scores
were significantly higher (***) than days 3, 4, and 5. Day 3 scores were significantly higher (#) than days 4 and 5.
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Figure 3. Changes over time for SOR scores during the chronic condition. Pretest scores were significantly less (*)
than hours 12, 24, and 48. Hour 24 scores were significantly higher (**) than day 5. Hour 48 and day 3 scores were

significantly higher (***) than days 4 and 5.

mined that the groups were similar for dietary intake.

Acute condition: No significant (p > 0.05) differ-
ence or interaction was found for KROM. For MIF and
SOR only significant (p < .05) time differences were
found. With respect to MIF, 12 hr was significantly less
than days 3, 4, and 5 (Figure 1). For SOR, pre test scores
were significantly less than hr 12, 24 and 48; 12 hr was
significantly greater than days 4 and 5. In addition, 48 hr
was significantly greater than days 3, 4, and 5; and lastly,
day 3 was significantly greater than days 4 and 5 (Figure
2). LDH and CK were not significantly different across
time or group (p > 0.05).

Chronic condition: KROM, and LDH were not
significantly (p > 0.05) different with respect for group or
time. SOR was significantly (p < 0.05) different across
time. Pre test scores were significantly less than hours 12,
24, and 48. Hour 24 was significantly greater than day 5;
and hr 48 and day 3 were significantly greater than days 4

and 5 (Figure 3). CK was significant (p < 0.05) across
time. Pre test scores were significantly less than hours 12,
24, and 48 (Figure 4).

For the chronic MIF data, one subject was elimi-
nated for the analyses. Values for the subject were not
considered within normal values for MIF. For MIF there
was a significant (p < 0.05) time and treatment effect. For
the time effect, MIF scores were significantly lower at 12
hours versus hours 24 and 48 and days 3, 4, and 5. Hour
24 MIF scores were significantly lower than days 3, 4,
and 5. At 48 hours MIF scores were significantly greater
than at 12 hours and days 4 and 5. On day 3 MIF scores
were significantly greater than at 12 and 24 hours. On
days 4 and 5 MIF scores were significantly greater than
12, 24, and 48 hours (Figure 5). For the treatment effect,
MIF scores for the creatine group were significantly
greater versus the placebo group (Figure 6).
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Figure 4. Changes in creatine kinase (CK) over time during the chronic condition.

significantly less (*) than hours 12, 24, and 48.

Pretest CK values were
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Figure 5. Changes in MIF scores during the chronic condition. Hour 12 scores were significantly lower (*) than hours
24, 48 and days 3, 4, and 5. Hour 24 scores were significantly lower (**) than days 3, 4, and 5. Hour 48 scores were
significantly higher (***) than hour 12 and days 4 and 5. Day 3 scores were significantly higher (#) than at hours 12
and 24. Day 4 and 5 scores were significantly higher (##) than hours 12, 24, and 48.

Discussion

This investigation examined the acute and longer-term
(chronic) effects of creatine supplementation on exercise-
induced muscle damage. Anecdotal reports have indicated
that individuals supplementing with creatine have a de-
creased recovery time during and following exercise,
subsequently these individuals report greater/more effec-
tive exercise sessions. The consequences of exercise-
induced muscle damage particularly that of eccentric
exercise, include a myriad of events that lead to reduc-
tions in muscle force, increased soreness, and impaired
muscle function (Thompson et al.,, 2001). Therefore
strategies utilized to reduce the negative effects of exer-
cise-induced muscle damage would have great benefit to
those wishing to maximize performance.

As a result of exercise-induced muscle dam-
age,there is injury to the cell membrane which triggers the
inflammatory response leading to the synthesis of pros-

taglandins and leukotrines (Connolly et al., 2003). Addi-
tionally, alterations in sarcolemmal and sarcoplasmic
reticulum membranes are evident. This damage may re-
sult in increased intracellular calcium levels which may
be associated with muscle degradation. As such, ingestion
of exogenous creatine may provide protective effects via
increased phosphocreatine synthesis which may aid in
stabilizing the sarcolemmal membranes and thereby re-
ducing the extent of damage (Rawson et al., 2001).

In the current investigation only MIF following the
chronic condition resulted in creatine having greater MIF
versus placebo. This suggests that the creatine supplemen-
tation may reduce the extent of muscle damage when
supplementing for more than 30 days. However, since no
other indices of muscle damage resulted in differences
between creatine and placebo, it is plausible that since
these subjects were active males, that an ergogenic effect
of creatine supplementation may have occurred. Previous
investigators have reported increases in muscle fiber size
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Figure 6. Difference in MIF scores between creatine and placebo groups for the chronic condition. The
creatine group had significantly higher MIF scores (*) than the placebo group.
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and molecular changes with 12 weeks of creatine supple-
mentation (Volek et al., 1999; Willoughby and Rosene,
2001). These investigations incorporated a resistance
training program that contributed to the resultant changes.
In the present investigation subjects were not required to
refrain from training, therefore there was the potential for
similar ergogenic effects. The resultant muscle force
differences in the chronic condition support an ergogenic
benefit, while the results from the acute condition are
similar to previous reports with short-term supplementa-
tion (Rawson et al., 2001).

Neural factors such as enhanced neural recruitment
patterns, enhanced motor unit synchronization and in-
creased excitability of the o-motor neuron have been
attributed to strength gains early in a training program, the
first 6-8 weeks. In addition, there appear to be intramus-
cular structural adaptations, including muscular hypertro-
phy and fiber type conversion (type IIb converts to type
I1a) that occurs during 6 weeks of training (Staron et al.,
1994). Creatine supplementation has been found to en-
hance intramuscular adaptations to strength training both
at the fiber and molecular level (Volek et al., 1999; Wil-
loughby and Rosene, 2001).

In the present investigation, it is plausible to expect
that increased MIF scores resulted in part due to neural
adaptations. However, the creatine group exhibited a
greater increase in MIF versus the placebo group in the
chronic condition. Therefore an ergogenic benefit of
creatine supplementation is the most plausible explanation
for differences in MIF. Ingalls, Warren, and Armstrong
(1998) reported that decreased muscle force following
muscle damage is a result of proteolysis at days 14 and 28
post damage. Early decrements in force (within 5 days of
damage) were not attributed to proteolysis. The MIF dif-
ferences between Cr and P conditions at 30 days post
damage may be explained by enhanced protein synthesis
versus degradation, most likely within the MHC as previ-
ously reported (Ingalls et al., 1998; Willoughby and
Rosene, 2001).

Previous research has shown positive effects of
creatine supplementation on muscle protein synthesis
(Willoughby and Rosene, 2001). In the event that there is
increased protein synthesis, and therefore reduced prote-
olysis, then creatine supplementation may have a positive
influence on performance when muscle damage occurs.
Traditional supplementation protocols have been utilized
to rapidly increase muscle creatine levels (Harris et al.,
1992; Hultman et al., 1996) and then maintain these levels
(Robinson, 2000). Therefore, the protocols have been
divided into a loading and maintenance phase. The load-
ing phase is incorporated to rapidly increase muscle
creatine levels by as much as 20%.(Harris et al.,1992).
The maintenance phase allows for these increased muscle
creatine levels to remain for the duration of supplementa-
tion. Any positive effects of creatine on the attenuation of
muscle damage may be found under such supplementa-
tion conditions.

Indices of muscle damage, other than MIF, did not
differ between the creatine and placebo conditions. How-
ever, the resultant time effects were consistent with the
progression of recovery from muscle damage. It has been

shown that muscle creatine levels show increases in just 2
days (Vandenderghe et al. 1999) and that signs and symp-
toms of muscle damage present within 48 hours of the
event (Connolly et al., 2003). In the present investigation
under both acute and chronic conditions there was evi-
dence of symptoms of muscle damage within the 48 hour
period, particularly SOR. These findings are similar to
Rawson et al. (2001) who reported symptoms of muscle
damage however, no difference between creatine and
placebo groups following 5 days of creatine supplementa-
tion at 20 gd™.

The elevations of CK during the chronic condition
may be indicative of using the non-dominant leg for the
subsequent muscle damage bout. Increased CK in blood is
a result of eccentric exercise which is unfamiliar to the
muscle or muscle group, (Clarkson and Tramblay, 1992;
Rawson et al., 2001) therefore CK elevations in the non-
dominant compared to the dominant leg would be ex-
pected. Additionally, the CK elevations in the chronic
condition suggest increased sarcolemmal or sarcoplasmic
reticulum membrane damage. Since the non-dominant leg
was used to induce muscle damage in the chronic condi-
tion, increased CK is most likely due to greater sar-
colemmal and sarcoplasmic reticulum membrane instabil-
ity as a result of mechanical stress from the eccentric
exercise (Rawson et al., 2001).

Conclusion

In summary, short-term creatine supplementation did not
appear to attenuate the effects of exercise induced muscle
damage when compared to placebo treatments. However,
the long-term effects appeared to have had an ergogenic
effect on muscle when muscles were subjected to isomet-
ric force development. Anectdotal reports of attenuation
of muscle damage and decreased recovery time may be
associated with the increased energy availability of PCr
associated with creatine supplementation, as well as the
possible molecular changes in muscle. The eccentric
protocol utilized in the current investigation and that of
Rawson et al. (2001) were designed to create situations of
significant muscle damage. Therefore the possibility ex-
ists that creatine’s ergogenic effects on muscle may re-
quire greater than 7 days to positively impact muscle
damage. Future studies may need to focus on lesser
amounts of exercise induced muscle damage, such as may
occur with regular weight-bearing athletic type activity,
for short-term creatine supplementation protocols to see a
potential benefit of creatine supplementation in decreas-
ing recovery time and attenuating exercise induced mus-
cle damage. In addition, longer-term supplementation
protocols should investigate additional muscle perform-
ance measures, such as dynamic strength, to determine if
muscle damage is attenuated or is recovery time de-
creased due to the ergogenic effects of creatine supple-
mentation.
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Key points

e Eccentric muscle actions highly associated with exercise
induced muscle damage.

o Creatine supplementation has ergogenic effect to increase
protein synthesis.

e Creatine supplementation does not attenuate exercise in-
duced muscle damage with short term supplementation (7
days).

e Increased maximal isometric force seen with creatine sup-
plementation after 30 days following exercise induced
muscle damage.

e Ergogenic effect of creatine supplementation may contrib-
ute to reduced exercise induced muscle damage.
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