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ABSTRACT
MUJIKA, 1., S. PADILLA, J. IBANEZ, M. IZQUIERDO, and E. GOROSTIAGA. Creatine supplementation and sprint performance
in soccer playersMed. Sci. Sports ExercVol. 32, No. 2, pp. 518-525, 200@urpose: This investigation examined the effects of
creatine (Cr) supplementation on intermittent high-intensity exercise activities specific to competitive $téetterds: On two
occasios 7 d apart, 17 highly trained male soccer players performed a counter-movement jump test (CMJT), a repeated sprint test
(RST) consisting of six maximal 15-m runs with a 30-s recovery, an intermittent endurance test (IET) consisting of forty 15-s bouts
of high-intensity running interspersed by 10-s bouts of low-intensity running, and a recovery CMJT consisting of three jumps. After
the initial testing session, players were evenly and randomly included in a CREATINE (5 g of Cr, four times per day for 6 d) or a
PLACEBO group (same dosage of maltodextrins) using a double-blind research éResigtts: The CREATINE group’s average 5-m
and 15-m times during the RST were consistently faster after the intervention£0083 vs 0.97+ 0.02 s,P < 0.05 and 2.29+
0.08 vs 2.32+ 0.07 s,P = 0.07, respectively). Neither group showed significant changes in the CMJT or the IET. The CREATINE
group’s recovery CMJT performance relative to the resting CMJT remained unchanged postsupplementation, whereas it tended to
decrease in the PLACEBO grouponclusion: In conclusion, acute Cr supplementation favorably affected repeated sprint performance
and limited the decay in jumping ability after the IET in highly trained soccer players. Intermittent endurance performance was not
affected by CrKey Words: HIGH-ENERGY PHOSPHATES, ERGOGENIC AIDS, ENERGY METABOLISM, AMMONIA

ergogenic value of supplementing the athletes’ diet intensity running pattern, players also perform 10-19 tack-
with approximately 20 g~ * of creatine (Cr) mono les and 9-13 headings, most of which involve jumping for
hydrate for 5 to 7 d. It has often been shown that this type aerial possession of the ball (8,19,54). Moreover, a relation-
of acute Cr supplementation can result in increased total ship has been reported between the quality of the soccer play
muscle Cr (5,15,21,24,25,27,29,30,39,49) and phosphocre-and the amount of high-intensity exercise performed during
atine (PCr) (15,21,29,30,52) concentrations. Studies havea match (19).
also shown that this elevated intramuscular PCr can enhance This investigation was thus designed to determine
the rate of ATP and PCr resynthesis after high-intensity whether acute oral Cr supplementation could enhance per-
efforts, causing a delayed onset of muscular fatigue and anformance and recovery in highly trained soccer players
increased performance during repeated bouts of high-inten-performing sport-specific exercise tasks, and to analyze the
sity exercise (1,5,15,18,26,27,35). influence of this intervention on the main metabolic path-
In a recent review of the literature, it was suggested that ways supplying the necessary energy for the completion of
highly trained athletes who participate in sports in which those tasks.
performance relies on repeated efforts could benefit from Cr
ingestion by means of an increased ability to perform inter-
mittent high-intensity exercise bouts either during training METHODS
or competition (38). This would be the case in competitive
soccer. Indeed, it has been reported that, among profession
players, high-intensity running accounts for about 8—18% of ~ Nineteen highly trained male soccer players (three goal-
the total playing time during a soccer match, whereas 70—keepers, five defenders, eight midfield players, and three
80% of the playing time is spent walking or running at a low forwards) agreed to participate in this investigation. A writ-
ten consent was obtained from the subjects after they were

Recent investigations have focused on the possible intensity (8,45,53,54). In addition to the intermittent high-

a?ubjects

0195-9131/00/3202-0518/0 thoroughly informed of the purpose and potential risks of
MEDICINE & SCIENCE IN SPORTS & EXERCISE participating in the study. All experimental procedures were
Copyright © 2000 by the American College of Sports Medicine approved by the Ethics Committee of the Universidad del
Submitted for publication November 1998. Pds Vasco. All subjects were members of the same team
Accepted for publication May 1999. and were competing at a national level at the time of the
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study. None of the participating players was vegetarian or  CMJT RST IET

ate unusually large quantities of meat. Because of illness . . | l
L o ) Best of 8

and injury, only 17 of the initial 19 subjects completed the 3Je1fm(;)s 3 min min :

study. Physical characteristics of the subjects are presente

. 6 x 15 m Runs
in Table 1. 30 s Recovery 7
40 x 15 s Runs
Performance Testing 10 s Recovery
The experimental procedures startd d after the last 0 min

match of the competitive season. Subjects did performance
tests twice 7 d apart. Because all subjects were members of 3 mi
min

the same team, they performed similar training programs 1 Jump <2ﬂ 1Jump |-@—— 1Jump
during the experimental period. All subjects were familiar

with the experimental procedures. Both testing sessions < Recovery CMJT -
started by weighing the subjects (Seca 708, Hamburg, Ger- _. _ _ _

. Figure 1—Schematic design of the performance testing protocol.
many) and were carried out afte d of complete rest, at the CMJT, counter-movement jump test; RST, repeated sprint test; IET,
same time of the day, and under the same experimentalintermittent endurance test.
conditions. Only one player was tested at a time, and each
player was instructed and verbally encouraged to give a
maximal effort for each performance test. Performance test- players follow an outlined circuit around the penalty area of
ing (Fig. 1) was initiated after a standardized 10-min a soccer field, running 40 m forward, 8.25 m backwards,
warm-up that included low-intensity forward, sideways, and 95.25 m forward and through a slalom, 8.25 m sideways
backward running, several acceleration runs, jumping at awhile facing away from the center of the circuit, and 8.25 m
progressively increased intensity, and stretching exercises.sideways while facing the center of the circuit. During the

Counter-movement jump test (CMJT). The resting  low-intensity periods, players jog to the center of the circuit
CMJT consisted of three maximal vertical jumps performed and back to the position they reached during the previous
on an Ergojump contact platform (Newtest OY, Oulu, Fin- high-intensity period. The test result is the distance covered
land), which were initiated from a standing position, al- during the 40 periods of high-intensity running.
lowed a preparatory counter-movement, and were inter- Recovery CMJT. After completion of the IET, subjects
spersed with approximately 30 s of rest. Subjects were were instructed to run to another Ergojump contact platform
required to keep their hands on their waist throughout the situated by the penalty area where the IET had been com-
jump. Flight times were measured by means of a digital pleted and immediately perform a maximal counter-move-
timer connected to the platform; these times were used toment jump, followed by two more jumps, 3 min and 5 min
calculate the height of the jump (14). The best of the three into recovery, respectively.
jumps was retained for each player.

Repeated sprint test (RST). Three minutes after com-
pletion of the CMJT, subjects performed six maximal 15-m
sprints that were interspersed by 30 s of recovery. Each A 20-uL capillary blood sample was taken from an ear
sprint was initiated from an individually chosen standing lobe 3 min after completion of the RST. Samples were
position. Upon initiation of each run, subjects passed immediately assayed for ammonia concentration using a
through a photocell gate (Newtest OY, Oulu, Finland) reflectometrical method (Ammonia Checker Il, Kyoto Daii-
placed 0.4 m above the ground, which started a digital timer. chi, Kagaku Co., Ltd., Japan; Menarini Diagnostics, Italy).
Additional photocell gates were placed mm and 15 m,
which recorded elapsed and final times, respectively. Blood Lactate

Intermittent endurance test (IET). Eight minutes af- )
ter the RST, the field players but not the 3 goalkeepers took Ear lobe blood samples (34.) were also taken 3.5 min
a previously described IET (6,7). Briefly, this test lasts 16.5 &fter completion of the RST and 3.5 min after the IET.
min, during which players alternate between forty 15-s Whgle—blooq lactate concentrations were measured.enzy—
bouts of high-intensity exercise and thirty-nine 10-s low- Matically using a YSI 2300 STAT Plus (Yellow Springs
intensity exercise bouts. During the high-intensity periods, Nstruments, Yellow Springs, OH).

Blood Ammonia

Urinary Creatinine
TABLE 1. Physical characteristics of the participating subjects (N = 17).

Twelve-hour overnight urine samples were collected in

Age (yr 203+14 . : :
Hgig;(% 2cm) 179.9 + 5.5 containers each day of performance testing. After collection,
Mass (kg) 748 £55 all samples were measured for urinary volume, and mixed
Body fat (%) 79+16

v o samples were immediately analyzed for urinary creatinine
alues are mean = . . .

Body fat was estimated from seven skinfold measurements as described by concentration by spectrophotometry using a SynChron CX7
Jackson and Pollock (32). apparatus (Beckman Instruments Inc., Brea, CA).
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Creatine or Placebo Supplementation 100

Il Before Creatine
[ After Creatine

Il Before Creatine
[ After Creatine

After the initial baseline control session, players were 0%
assigned to either a Cr monohydrate supplementation group
(CREATINE, N = 8) or a placebo group (PLACEB®M =
9). Groups were matched for physical characteristics, play-
ing positions, and level of performance on the different tests.
A double-blind research procedure was followed to admin-
ister the Cr and placebo treatments. The CREATINE group  ose
ingested four 5-g doses of Cr monohydrate (CREATINA - R
ENERVIT) per day for 6 d, whereas the PLACEBO group O] After Placebo
ingested the same dosage of maltodextrins. The supplemen-;
tation was initiated 1 d after the control session and ended
1 d before the second performance testing session.

(s)

5 m Sprint Time
15 m Sprint Time (s)
18]
&8

Il Before Placebo
[ Atter Placebo

5 m Sprint Time (;
15 m Sprint Time (s)

Statistical Analysis

Values are expressed as meanSD unless otherwise 050 .
stated. All reported values are from the 17 subjects who U i Nember | D SprintNember AT
completed the study. A studentgest for unpaired samples _ _ _
indicated that there were no baseline differences betwe_enF'jf;t're‘fj g&ﬁi"tz'sr?ﬁﬁgrznfnji}t”;r’iﬁgzrrr:;?ncf Otr'”;gsce%lg'ggp;?gn:;_
groups. Presupplementation versus postsupplementationation period. * Denotes a significant difference between presupple-
comparisons within groups were performed using a one-way mentation and postsupplementation. Values are meart: SE.

ANOVA for repeated measures. The level of statistical
significance was defined @ < 0.05.
times over the six sprints. The improvements were statisti-
cally significant at the 5-m distance of sprint 1 and at the
RESULTS 15-m distance of sprint 2 and were slightly above the level
Side Effects of statistical significance at the 5-m distance of sprir®2

o ] ) 0.07) and at the 15-m distance of sprints 1 ané 3-(0.07
None of the participating subjects complained about gas- gpqp = 0.06, respectively). Improvements were also ob-

trointestinal distress, muscular problems, or any other sup-gerved in the sum of times (5.8% 0.14 vs 5.68+ 0.17 s,

plementation-associated side effects. P < 0.05 and 13.88 0.41 vs 13.74= 0.47 sP = 0.05 for
5-m and 15-m distances, respectively) and the average times
Body Mass (0.97 = 0.02 vs 0.95+ 0.03 s,P < 0.05 and 2.32+ 0.07

The CREATINE group significantly increased body mass VS 2-29* 0.08 s,P = 0.07, for 5-m and 15-m distances,
from 73.8 = 5.7 to 74.4+ 6.0 kg P < 0.05) during the respectlvely)_ of_ the six sprmts, with all but one of the
supplementation period. Six of the eight players included in SUPIECtS achieving faster times. The PLACEBO group ran
this group increased their body mass between 0.4 and 1.4consistently faster postsupplementation in the first three
kg, whereas one subject maintained and one subject deSPrints (Fig. 2). However, statistical significance was only
creased body mass by 0.6 kg. The body mass of the PLA- reached at the 15-m distance of sprint 3, whereas the 5-m
CEBO group, on the other hand, remained unchanged!Mes of sprints 1 and 3 tended to be faster< 0.08).
throughout the experimental period (75:75.4 and 75.9+ Neither the sum of times (5.79 0.14 vs 5.72+ 0.16 s for

5.8 kg before and after the supplementation, respectively). @ "M distance, and 13.79 0.27 vs 13.74* 0.32 s for a
15-m distance) nor the average times (0:9%.02 vs 0.96+

0.03 s for a 5-m distance, and 2.300.04 vs 2.29+ 0.05 s

for a 15-m distance) changed significantly in this group.
CMJT. Neither group showed significant changes in the  IET. Presupplementation and postsupplementation IET

CMJT after the supplementation period. The CREATINE performance values were statistically unchanged in the

group jumped 47.4t 6.0 and 46.8+ 6.0 cm before and  CREATINE (1747+ 61 vs 1751+ 61 m, respectively) and

after the intervention, respectively. Two of the subjects the PLACEBO (1743+ 49 vs 1760+ 47 m,P = 0.09)

included in this group improved, one maintained, and five groups.

decreased the height of their counter-movement jump. Val- Recovery CMJT. Even though both groups decreased

Performance

ues for the PLACEBO group were 474 4.5 and 47.1+ performance in this test after the supplementation (average
4.8 cm, respectively, with five of the subjects improving and heights of the three jumps preintervention and postinterven-
four decreasing their performance in this test. tion were 47.1+ 4.4 vs 45.0£ 55 cm,P < 0.05 for

RST. Group performance values attained in the RST are CREATINE and 45.7+ 3.7 vs 42.4+ 2.9 cm,P < 0.05 for
illustrated in Figure 2. The CREATINE group showed con- PLACEBO, respectively), the CREATINE group’s post-
sistently faster posttreatment 5-m and 15-m performancelET jumping performance relative to the resting CMJT
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Figure 3—Recovery counter-movement jump test (CMJT) perfor-
mance, expressed as a percentage of the performance attained in the
resting CMJT, before and after the creatine or placebo supplementa-
tion period. * Denotes a significant difference between presupplemen-
tation and postsupplementation. Values are mearx SE.

remained statistically unchanged postsupplementation (Fig.
3), whereas the PLACEBO group showed a tendency to-
ward worsened performanc® = 0.07 andP < 0.05 for
jumps 1 and 2P = 0.07 for the average of the three jumps).

Blood Ammonia

Blood ammonia concentration values measured after the

RST are shown in Figure 4. These values decreased post-

supplementation in both the CREATINE (from 119:5
44.8 to 81.1+ 17.6 umokL %, P < 0.05) and PLACEBO
(from 103.1+ 27.9 to 66.0= 17.0 umolL "%, P < 0.01)
groups.

CREATINE AND PERFORMANCE IN SOCCER

Blood Lactate

No significant difference was observed when comparing
post-RST and post-IET blood lactate concentrations before
and after the Cr or placebo supplementation period (Fig. 5).

Urinary Creatinine

Urinary creatinine excretion tended to increase post-
supplementation in the CREATINE group (215:169.9 vs
262.8 + 60.4 mgdL™*, P = 0.09), whereas it remained
unchanged in the PLACEBO group (1652 45.2 vs
176.8 = 52.9 mgdL Y. Urinary volume did not change
with the treatment in either group: 46# 9.0 mLh™?*
presupplementation and 398 13.4 mLh~ ! postsupple
mentation in the CREATINE group and 677 23.4 pre-
supplementation and 558 18.4 mL:h~* postsupplemen
tation in the PLACEBO group.

DISCUSSION

The results of this investigation indicate that highly
trained soccer players can benefit from an acute “Cr load-
ing” strategy (20 @i * for 6 d) because this intervention
resulted in an improved repeated sprint performance and
limited the decay in jumping ability after an exhausting
intermittent endurance exercise. Additionally, the present
results show that Cr supplementation reduces postexercise
blood ammonia concentration but does not alter blood lac-
tate concentration.

The Cr supplementation protocol used in the present study
has been repeatedly shown to be a useful strategy to Cr load
human skeletal muscle (5,15,21,24,25,27,29,30,39,49,52).
Several authors have also shown that this intervention is often
accompanied by increases in body mass of approximately
0.4-2.1kg (1,2,5,20,24,25,37,51). In the present investigation,
a 0.6-kg average increase in body mass was observed in the

1 150 7 Il Before Supplementation
é [ After Supplementation
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Figure 4—Post-repeated sprint test (RST) blood ammonia concentra-
tions before and after the creatine or placebo supplementation period.
* Denotes a significant difference between presupplementation and
postsupplementation. Values are mear: SE.
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81 B . the available body of data. In fact, the above-mentioned authors
efore Supplementation o i .

[ After Supplementation _re_p_orted a marke_d reduction in urinary volume during the
initial 2—3 d of Cr intake, and a return to normal levels by the
end of the supplementation period (30).

6 It has been shown that Cr supplementation can improve
repeated sprint performance in subjects of various training
conditions performing different non—weight-bearing exer-
cise tasks, such as cycling, swimming, or isokinetic knee
47 extensions (1,5,15,26,28,35,43). To the best of the authors’
knowledge, however, the present study is the first to show
the ergogenic value of Cr for highly trained athletes per-
2 forming repeated running sprints lastirg2.5 s. In the first
three sprints of the RST, both groups attained faster post-
supplementation times. This initial improvement could be
attributed to a tapering effect because the investigation took
place immediately after the last match of the season and
CREATINE PLACEBO there was a drastic reduction of the training load during the
intervention week. However, only the CREATINE group
maintained faster sprint times in the remaining three sprints.
12 7 [l Before Supplementation Considering that ATP production during sprint exercise
[] After Supplementation lasting 6 s orless relies almost exclusively on anaerobic
10 4 energy sources (22,31,47) and Cr ingestion increases anaer-
| obic capacity and maximum accumulated oxygen deficit
(33), and assuming, based on the measured post-RST blood
8- lactate values, that the glycolytic contribution to energy
provision was relatively low, the present results suggest an
increase in ATP resynthesis rate from PCr in the CREAT-
INE group during the second half of the RST. It should also
be pointed out that Cr-supplemented subjects performed a
higher amount of work resulting in a similar blood lactate
concentration because they ran faster despite their increased
24 body mass. The observed improvement could represent a
substantial performance advantage in competitive soccer
because each player usually perform60-90 sprints per

Post-RST Blood Lactate (mmol-1-1)

Post-IET Blood Lactate (mmol.1-1)
[~
i

CREATINE PLACEBO match anq travels an average distance of 15-25 m in each of
_ _ _ _ those sprints (45,54). Indeed, the average 0.02-s improve-
Figure 5—Post-repeated sprint test (RST) _and post-intermittent en- ment over 5 m, and 0.03-s over 15 m would translate into
durance test (IET) blood lactate concentrations before and after the . . .
creatine or placebo supplementation period. Values are meas: SE. distances of 10.3 and 19.3 cm, respectively, which would be

more than enough to outrun an opponent and, for example,

CREATINE group, which suggests that a Cr loading was attain possession of the ball. _ _

attained in this group of soccer players. Moreover, it has been  These results are in contrast with those previously re-
suggested that the rate of creatinine formation is directly pro- Ported concerning highly trained subjects. Redondo et al.
portional to the muscle Cr concentration (30), and an elevated(44) reported no Cr-induced improvements in field hockey

urinary creatinine excretion was measured after the Cr inges-and soccer players performing three 60-m races with a
tion period. Some authors have suggested that the increased-min rest between runs. In a recent study, Smart et al. (48)
body mass after Cr supplementation may be attributed to afound that highly trained soccer players did not improve

positive nitrogen balance, which causes an increase in proteinPerformance over thirty 20-m sprints interspersed with 30-s

synthesis rate (1,4,55). This possibility, however, seems to berest periods. The discrepancy between these and the present
more plausible as a result of longer periods of Cr intake results could be related to the difference in the amount of

simultaneous ~ with  resistance  training  programs repetitions, which could affect the relative contribution of

(9,18,34,35,42). Based on their observation of a decline in the energy sources to the ATP provision. Indeed, it has been
urinary volume occurring at the onset of Cr ingestion, other shown that the dependency on aerobic metabolism during
authors have suggested that these quick increases in body magepeated sprints increases with the number of repetitions
are related to body water retention (30). Although no signifi- (12,22). More to the point, the oxygen uptake of well-

cant decline in the postsupplementation urinary volume was trained subjects measured after fifteen 40-m sprints inter-
measured in this study, the possibility of a water retention- spersed with 30-s rest periods increased to 66% of maxi-
induced increase in body mass cannot be discarded based omum oxygen uptake (3). This increased reliance on aerobic
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energy sources could minimize the ergogenic potential of an than the PLACEBO group, which indicates a facilitated PCr
increased PCr availability. recovery because of an increased muscle phosphagen pool.
At resting conditions, Cr supplementation did not result in This result could have a great influence on competitive
an enhanced counter-movement jump performance in thissoccer performance, considering that it would facilitate the
study. After a similar short-term Cr ingestion procedure, Bal- aerial possession of the ball during the final minutes of a
som et al. (5) and Miszko et al. (36) found no vertical jump match and that this type of action often determines the final
improvement in physically active males and female softball score in competitive soccer.
players, respectively. Longer supplementation periods, on the The observed reduction in post-RST blood ammonia con-
other hand, have been reported to favorably affect vertical centration after Cr supplementation is in keeping with pre-
jump in male football players and track athletes (23,50). This viously reported results (10,17,26,37,39,43). This result re-
difference could be related to the Cr-induced changes in bodyflects a lowered AMP deamination during the repeated
mass. As discussed above, short-term increases in body madsouts of sprint running, which suggests that higher ATP
seem to be most likely caused by an increased body waterturnover rates can be attained after Cr supplementation
content, which would be detrimental for performance in events without a concomitant increase in the rate of adenine nu-
that depend on overcoming the force of gravity, such as vertical cleotide degradation. However, the interpretation of the
jump. On the other hand, if long-term Cr ingestion along with above-mentioned observation must remain very prudent be-
resistance training evokes increments in lean muscle tissue, asause a reduced postexercise blood ammonia concentration
previously suggested, this could indeed result in an improved was also observed after placebo supplementation.
vertical jump performance. According to the measured values, Cr supplementation
There are other indications in the literature that not only does did not alter the blood lactate response to the RST, despite
Cr intake not enhance endurance performance in body weight-an improved performance in this test. Based on this and
bearing sports, but it may even have a detrimental effect on it previously published similar findings (10,15,26,43), we sug-
(2,38). In this investigation, the CREATINE group did not gest that the higher ATP resynthesis rates that were presum-
show any significant performance change in the IET after the ably attained to allow for the faster sprint running times
treatment, despite an increased body mass. In line with the datavere achieved without an increased reliance on anaerobic
obtained in a recent investigation in which a group of triathletes glycolysis. Indeed, it has been estimated that about 150
increased their high-intensity exercise performance included mmol of additional high energy phosphates would be avail-
into an endurance exercise task, which was not affected by Crable after a Cr supplementation procedure similar to the one
intake (20), the lack of an ergolitic effect could be related to the used in this study (33). Post-IET blood lactate concentra-
intermittent nature of the IET. This endurance test was de- tions, which were somewhat higher than those reported by
signed to reflect the intermittent activity profile of soccer and Bangsbo and Lindquist (7) for the same testing protocol, did
to evaluate the player's endurance capacity in competition not change after Cr ingestion. This result is in agreement
(6,7). Therefore, it stresses not only aerobic but also anaerobiowith a study in which blood lactate values of trained subjects
energy production pathways, as reflected by the high post-IET after a 6-km run in undulating terrain were very similar to
blood lactate values and the decreased jumping ability imme-those measured in the present investigation (2).
diately after completion of the test. Thus, it is possible that a  To conclude, the present results indicate that acute Cr
body weight-related ergolitic effect could have been counter- supplementation (20-g for 6 d) has an ergogenic poten-
balanced by a Cr ingestion-induced increased phosphagerial for highly trained soccer players. Indeed, Cr-supple-
availability. mented players showed an improved performance during six
Both groups of players experienced a decay in their 15-m sprints, as well as a limited decay in jumping perfor-
post-IET jumping ability after the supplementation period. mance after an exhausting soccer-specific intermittent en-
Although this finding was somewhat surprising and difficult durance test. These improvements could have a great impact
to explain using the available data, it could be hypothesized on a player’s performance level during actual competitive
that it was the result of a diminished PCr recovery after the soccer match-play. According to the measured blood am-
IET, in relation with a possible detraining effect caused by monia and blood lactate concentration values, we suggest
the drastic training reduction that took place during the that the observed ergogenic effects occurred in concomi-
intervention week. Indeed, postexercise PCr resynthesis istance with a reduced adenine nucleotide degradation and
an oxygen-dependent process that is limited by the rate ofwithout an increased reliance on anaerobic glycolysis.
oxidative phosphorylation and the recovery of muscle pH
(11,12,13,40,46), and studies on highly trained subjects , _
have shown tha7 d of detraining can lead to a reduced 5 This work was supported by a grant from the Instituto Navarro de
eporte y Juventud, Gobierno de Navarra.
oxidative potential, reduced muscle glycogen content, The authors would like to express their gratitude to the partici-
greater postexercise disturbance in blood acid-base balancepating players and their coaches for their enthusiasm and cooper-
. ation, to Dr. Ana Grijalba, Juan Carlos Lizarazu, Alfredo Zufiga,
and reduced ablllty to generate power (16’41)' These factorSMiriam Garrués, and Maite Ruesta for their excellent technical as-
could have thus contributed to the reduced post-IET jump- sistance, and to Enervit for providing the creatine monohydrate
ing performance after the supplementation period. The supplement. . .
. . . Address for correspondence: Ifigo Mujika, Ph.D., MEDIPLAN
CREATINE group, however, was able to maintain a higher gport s, Obdulio Lépez de Uralde 4, bajo, 01008 Vitoria-
jumping performance level relative to the resting CMJT Gasteiz, Basque Country, Spain. E-mail: imujika@grn.es.
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