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sistance exercise. J. Strength Cond. Res. 21(4):1278-1281.
2007.—The purpose of this study was to investigate the postac-
tivation potentiation effect after a heavy resistance stimulus
(HRS) on running speed (RS). Fifteen amateur team game play-
ers (basketball, volleyball, handball, and soccer players), ages
18-23 years running the 30-m dash and the intermediate phase
of 0-10 and 0-30 m sprints, were used to evaluate RS. Resis-
tance training consisted of 10 single repetitions at 90% of 1 rep-
etition maximum. The running tests were performed 3 times—
(a) 3 minutes prior the HRS, (b) 3 minutes after the HRS, and
(c) 5 minutes after the HRS—in separated training sessions. Re-
sults showed that RS was not affected 3 minutes after the re-
sistance training, but it increased for both selected running
phases (0-10 and 0-30 m) 5 minutes after the HRS (p < 0.05).
These findings indicate that heavy resistance exercise improves
10- and 30-m sprint performance when performed 5 minutes af-
ter the exercise bout.
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INTRODUCTION

umerous studies in the past have shown that

human performance can be affected after ex-

ercise either negatively or positively. For ex-

ample, muscle performance decreases after a

fatigue session (6) but increases after warm-
ing up with a submaximal (7, 28, 37) or high-intensity
session (1, 32). Concerning the last case, muscle perfor-
mance increased after conditioning tetanus (1, 38), subfu-
sion stimuli (23), or maximal voluntary action (17, 35, 39).
The previously mentioned muscle performance augmen-
tation will be mentioned as postactivation potentiation
(PAP).

Concerning the voluntary activation, it was reported
that maximal isometric contraction (17, 18), high-inten-
sity resistance stimulus (21, 24), ballistic movement with
resistance (35), and plyometric exercise (25) had a posi-
tive effect on the performance in various tasks. Further-
more, voluntary contractions have been shown to result
in PAP for ballistic movements of the lower (12, 15, 16,
40, 41, 42) and upper (17) limbs but not for the peak iso-
metric force or the unloaded shortening velocity (14, 32).
However, there are studies that reported no PAP on bal-
listic movements of lower (33) and upper (20) limbs.
Moreover, it was reported that plyometric training can
cause PAP for maximal isometric voluntary contraction
(25). These conflicting results cited here were attributed
to the fact that PAP is influenced by various factors, such
as muscle fiber type (32), performance level (15, 42), con-
tent of the applied protocol (5), exercise type (30, 35), time

interval between the conditioning stimulus and the per-
formance testing, and eventually gender (21) and famil-
iarization (24).

The acute effect of heavy resistance stimulus (HRS)
has been extensively studied in jumping (9, 21, 35, 42),
but there is only limited information about running speed
(RS). Smith et al. (36) reported that maximal cycling per-
formance was positively affected 5 minutes after an HRS
(11 trials at 90% of 1 repetition maximum [1RM]). Addi-
tionally, McBride et al. (24), reported the presence of PAP
on RS in the distance of 30—40 m but not in intermediate
distances for the first 30 m after 3 trials of 90% of 1RM.
Concerning the previously mentioned studies, it seems
that Smith et al. (36) used a more intensive resistance
protocol than did McBride et al. (24). Previous studies
have also shown that the magnitude of PAP is protocol
dependent (5, 17, 35, 39). Based on these findings, Mc-
Bride et al. (23) speculated that more intense resistance
training could affect positively the performance during
the acceleration phase as well. For this reason, it seems
interesting to re-examine the PAP effect on running after
an HRS. Another interesting point is that relevant stud-
ies (24, 36) that investigated the PAP effect on running
performance had used only a 5-minute interval after
HRS. Thus, there is no information on what happens with
shorter intervals that presumably are more affected by
fatigue. Moreover, considering that fatigue and potenti-
ation coexist (31), it would be interesting to investigate
to what extent the previously mentioned mechanisms af-
fect preferential running performance using shorter in-
tervals than 5 minutes.

The main purpose of this study was to re-examine the
PAP during running and especially during the early ac-
celeration sprint phases. The secondary purpose was to
examine which time interval between HRS and running
task is adequate in order to cause higher enhancement of
RS.

METHODS
Experimental Approach to the Problem

This study was designed to investigate the effect of the
PAP on RS and especially on the acceleration phase. The
PAP effect on RS will be evaluated by performing the RS
test before and after the HRS. A secondary purpose will
be the investigation of the fatigue and PAP interaction
on RS. For this reason the sprint tests will be performed
3 and 5 min after the HRS.

Subjects

Fifteen healthy males participated in the study. They
filled out a medical history questionnaire and signed an
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TABLE 1. Mean anthropometric and strength values.
Height Body mass 1 repetition maximum

Age (y) (cm) (kg) back squat (kg)

22 + 2 186 = 6 88 =3 151 + 12

informed consent document before the experiment. They
were officially amateur team game players (basketball,
handball, volleyball, and soccer) with at least 5 years of
experience and had regular resistance training 2—3 times
per week (Table 1). All subjects were familiar with max-
imal RS and the back-squat exercise and could squat
more than the 150% of their body mass (36). The partic-
ipants declared that they did not receive any illegal food
supplements or medication related to performance. Fur-
thermore, during the testing day, they did not receive any
caffeine products, and 1 day before testing, they were in-
structed to have regular sleep and not to perform any
other type of training.

The experiment was conducted in accordance to the
ethics guidelines of the Aristotle University of Thessalo-
niki, Greece. Participants were free to withdraw if they
desired. They signed a written consent after being in-
formed about the experimental protocol and the possible
risks associated with it.

Testing Procedures

Back Half Squat at 90°. We used the Smith machine, with
adjustable brackets, which forces the bar to travel over a
predefined path. Participants were set under the bar, in
an upright position, looking forward, and grasping firmly
the bar with both hands and supporting it on their shoul-
ders. They were instructed to flex their knee at 90° with
the trunk tilted slightly forward and the heels kept on
the ground. After reaching this position, they returned to
the starting position. Knee angle was evaluated with a
goniometer, and the brackets were positioned below the
bar to prevent any knee flexion above 90°. The position
of the brackets was registered for subsequent testing ses-
sions.

1 Repetition Maximum Estimation. Before testing,
participants executed specific warm-ups, including 2 sets
of 10, 8, 6, and 3 submaximal back half-squat repetitions
responding to 50-80% of the self-perceived 1RM. The es-
timation of the actual 1RM started from a value 5% below
the mentioned one by the participants, by increasing the
load by 2% after each successful trial. This was continued
until the participant failed to lift the load (not able to
execute the full range of motion). The interval between
repetitions was 3 minutes. For the final estimation of
1RM, 3-6 trials were performed. All testing procedures
were supervised and assessed according to the American
College of Sports Medicine guidelines (3).

Running Speed. Running speed was evaluated with 3
pairs of photocells and reflectors (Tag Heuer, Marin,
Switzerland) connected with an electronic timer. They
were placed at shoulder height and were positioned at the

TABLE 2. Event sequence per training session.
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start and at 10 m as well as 30 m after. Running trials
were executed starting from a standing start position. Be-
fore testing, participants performed a general warm-up
program including 10 minutes of cycling on a Monark cy-
cling ergometer (Monark, Varberg, Sweden) followed by
specific warm-ups including running trials with submax-
imal and maximal speed. Finally, the running distances
of 0-10 and 0-30 m were evaluated. The 0—10-m distance
was selected because it is considered to be an indicator of
the initial acceleration period of RS (8). Encouragement
was given during maximal RS evaluation. The subjects
performed 3 maximal trials 3 minutes before the HRS.
The best trial was further processed.

The experimental procedure was performed in 3 ses-
sions. During the first one, participants were familiarized
with the experimental conditions. The 1RM was estimat-
ed followed by familiarization to the running conditions.
In the second session, subjects performed 3 maximal 30-
m running trials, and the best trial (lower time) was se-
lected for further evaluation (pre-3). After that, the 1IRM
was readjusted, and 10 single trials at 90% of 1IRM were
performed. A 3-minute interval was given to eliminate in
a higher extend the influence of fatigue occurrence. Three
minutes after the heavy resistance training, subjects ex-
ecuted the running test trial (post-3). In the third phase,
they performed the same procedure but with a 5-minute
interval between the HRS and the RS test (post-5).

During the experiment, subjects used the same shoes
and did not participate in any intervention program. The
experimental procedure was conducted in the same sport
hall area with an ambient temperature varying be-
tween 25 and 28° C. The total procedure is presented
in Table 2.

Statistical Analyses

Two 1-way analyses of variance (ANOVAs) for repeated
measurements were conducted for the 0-10- and 0-30-m
running performance, respectively. The dependent vari-
ables were the running performance 3 and 5 minutes be-
fore the HRS and 3 and 5 minutes after the HRS. A post
hoc Bonferroni test determined which measures differed
significantly. The level of significance was set at p = 0.05.

RESULTS

The RS evaluation was performed using time parameters.
Means and standard errors for all measures are listed in
Table 3. The intraclass correlation coefficients between
the trials for 0-10 and 0-30 m were 0.76 and 0.81, re-
spectively, while for the 1IRM it was 0.89.

Results for 0-10 m

According to the results, post-5 showed the best score,
followed by pre-5, post-3, and pre-3 (Table 3). The ANO-
VA for repeated measures showed that there was a sig-
nificant difference between the 4 measures. The Bonfer-
roni test indicated no significant difference between the
sprint times that were performed before the HRS (pre-3

Fifth
First step Second step Third step Fourth step step Sixth step
Warming up for speed Maximal running Warming up for HRS: 10 X 90% Rest Maximal RS performance

speed (RS) evalua-
tion
(HRS)

heavy resis-
tance stimulus

of 1 repetition
maximum
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TABLE 3. Means and standard errors of the speed parame-
ters in seconds.

Distance
0-10 m

1.90 = 0.02
1.91 = 0.03
1.89 = 0.03
1.84 = 0.02

0-30 m

4.52 = 0.07
4.54 = 0.08
4.51 = 0.07
4.43 = 0.06

Measure

Pre-3
Post-3
Pre-5
Post-5

4,5 1
4
3,5

opre-3
m post-3

2,5
2 |
1,5 4
1
0,5

Mean sec

10m 30m

FIGURE 1. Sprint times (in seconds) for pre-3 and post-3 of
the selected speed distances.

4,5
4 4
3,5
3 4
2,5
2
1,5 4
i 4
0,5 A

* o pre-5
= post-5

Mean sec

10m 30m

FIGURE 2. Sprint times (in seconds) for pre-5 and post-5 of
the selected distances. * Significant difference for p < 0.05.

and pre-5). Furthermore, there was no significant differ-
ence between pre-3 and post-3 (Figure 1). On the con-
trary, post-5 was significantly better compared to pre-5
and post-3 (p < 0.05).

Results of 0-30 m

Post-5 shows the best score, followed by pre-5, post-3, and
pre-3 (Table 3). The ANOVA for repeated measures
showed a significant difference between the 4 measures.
The Bonferroni test indicated no significant difference be-
tween pre-3 and pre-5. Furthermore, there was no signif-
icant difference between pre-3 and post-3 (Figure 2). On
the contrary, post-5 was significantly better compared to
pre-5 and post-3 (p < 0.05).

DISCUSSION

The main finding of this study was that RS was increased
5 minutes after the HRS but not after 3 minutes. This
positive effect of the HRS on RS was common for the both
selected running phases (0-10 and 0-30 m).

These results are in accordance with previous studies
that reported that HRS affects oncoming ballistic move-
ments (9), cycling (36), and running velocity (24). This
beneficial effect of HRS on the performed tasks has been

attributed to PAP (32). Relevant studies have shown that
PAP is caused by an augmentation in the rate of phos-
phorylation in myosin light chain (10) or by an increase
in Ca?* kinetics and in the rate of cross-bridge formation
(27). Moreover, it was also reported that PAP could be
caused by an increase in muscle stiffness (29, 34) or by
an enhancement of neuronal output (2, 18, 32, 38) by re-
cruitment of faster motor units. To what extent the pre-
viously mentioned mechanisms can explain our findings
is beyond the scope of the current study.

The current results revealed no enhancement in the
tested running variables 3 minutes after the HRS. A pos-
sible explanation could be the fact that after an HRS,
both fatigue and PAP coexist (31). During a fatigue test,
despite the torque decrement, twitch torque and Ca2* ki-
netics increase (31). Our findings support the fact that
during the first 3 minutes after HRS, the fatigue effect is
more dominant than PAP. This explanation is supported
by similar findings of previous studies related to jumping
performance that used similar short intervals (11) be-
tween HRS and task performance. On the contrary, ac-
cording to the results of this study, a beneficial PAP effect
was shown on RS 5 minutes after HRS. The PAP effect
could be attributed to the assumption that a 5-minute
recovery period between HRS and a running task is
enough to reduce the fatigue effect on RS. This assump-
tion could be based on previous studies that have shown
that a period of 4-5 minutes (5) is required to restore
creatine phosphate and that the PAP effect lasts from 5-
20 minutes after HRS (17).

An interesting finding of the current study was that
the acceleration phase of RS (distance 0-10 m) was also
improved 5 minutes after the HRS. This finding contra-
dicts McBride et al. (24) study, where a positive effect was
observed in the distance of 30-40 m but not 0-10 m.
McBride et al. (24) explained their result as due to the
performance differences between the selected distances of
RS. Actually, the 0-10-m distance in RS is considered to
be the phase of initial acceleration having distinctive dif-
ferences with the phase of maximal running velocity both
in the muscle activation level and in kinematic parame-
ters (8, 26). Furthermore, McBride et al. (24) observed an
increased tendency, though not a significant one, in the
intermediate phases of RS. These authors speculated that
a more intense resistance protocol could probably affect
positively the acceleration phase (0-10 m), and our find-
ings support this. This is also in accordance with previous
studies reporting that the intensity (35), duration (39),
and number of trials (5, 17) could affect PAP. Moreover,
Smith et al. (36), who used a protocol similar to the one
used in the current study, reported that such HRS is ap-
propriate for PAP in RS.

Furthermore an interesting issue is the duration of
the PAP effect on RS. Generally, based on findings of H-
reflex measurements, the PAP effect lasts 15 minutes
(17). Regarding RS, it was reported that it increases 5
minutes after HRS but disappears 20 minutes after (36).
In a recent study where RS was measured every 3 min-
utes after HRS, it was shown that after 6 minutes, the
PAP effect lasted for 12 minutes, but it was not measured
further (4). However, in the same study, the RS mea-
surements were performed in the same training session,
and for this reason it is not clear to what extent the per-
formed sprint trials contributed to the PAP effect. From
this point of view, it would be important that the duration
of the PAP effect be re-examined, measuring each RS trial
on different days and with different interval.
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In summary, the obtained results indicated that the

application of an HRS before running could affects posi-
tively the RS. Moreover, the application of an appropriate
HRS and an optimal time interval after HRS could have
a positive common effect on all running phases.

PRACTICAL APPLICATIONS

The obtained results indicated that HRS prior to RS ex-
ecution improves sprint performance, and this should be
taken into account when evaluating running perfor-
mance. Moreover, it seems that speed training could be
combined with heavy resistance training in the same
training session. This case was confirmed with positive
results in previous studies concerning jumping perfor-
mance (11, 13) and RS (22). Furthermore, the HRS could
be used for RS enhancement during training or competi-
tion.
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