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Acute Effects of Post-Activation Performance Enhancement of
5RM Weighted Pull-Ups and One Arm Pull-Ups on Specific
Upper Body Climbing Performance

by
Krzysztof Sas-Nowosielski', Klaudia Kandzia

This study aimed to compare the acute effects of performing two kinds of pull-ups: traditional, pronated grip
pull-ups performed with two arms and additional weight with loading intensity of 5RM and one-arm pull-ups, on
specific upper body climbing power. Twenty-four advanced climbers participated in the study. The International Rock
Climbing Research Association (IRCRA) Power Slap Test was chosen to assess specific upper body climbing power. All
athletes performed the test under three conditions: control (without a conditioning activity) and both kinds of pull-ups
as conditioning activities. Results revealed significant improvements in the Power Slap’s distance, power, velocity, and
force in 5RM weighted pull-ups, but not in one-arm pull-ups. In the latter case, participants reached higher power
values after the conditioning stimulus, but the effect size was small. Also, the differences with the remaining variables
(power, speed, and force) were non-significant. The results suggest that weighted pull-ups with a 5RM intensity and
not one arm pull-ups seem to be an effective PAPE stimulus. Therefore, the former can be used as a conditioning

activity before an explosive climbing exercise such as the Power Slap on a campus board.

Key words: sport climbing, upper body power, post-activation performance enhancement.

Introduction

Rock and sport climbing have increased
in popularity, with the latter entering the Olympic
Games schedule in Tokyo 2020 and Paris 2024. As
a sport discipline, climbing involves three kinds
of events: Lead, Speed, and Bouldering. Each of
them imposes slightly different physiological
requirements on participants. Still, repetitive
forceful muscle contractions are required to move
the climber’s body on the climbing wall in all
events.

This tendency 1is most visible in
bouldering, which involves climbing short, barely
a few meters long routes called ‘problems’. They
vary in nature, but in almost all competitions, at
least one of the problems in a given round
requires the athlete to use the so-called ‘dynamic
techniques’, like ‘dynos’ and ‘monos’. In climbing
terminology, they refer to techniques for moving
between holds that require the athlete to jump

from hold to hold. Such techniques also have a
significant share in speed climbing. The distances
between holds and the speed at which
competitors are currently moving (the current
world record is 5.208 s on the 15 m high wall)
changed climbing the wall into a series of jumps
between holds.

Changes taking place within sport
climbing pose new challenges for athletes. As
never before, the success of their competitive
efforts depends on their ability to unleash high
power output and explosive strength, ie. to
increase force or torque as quickly as possible
during a rapid voluntary contraction (Maffiuletti
et al., 2016).

The shift in emphasis of the climbers'
physical preparation towards developing larger
forces in a shorter time has prompted athletes and
coaches to search for new means and methods of
training, previously rarely used in this
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community. Among the various forms of power
development that may prove helpful in sport
climbers’ conditioning there is complex training,
which involves the simultaneous application of
different training measures in the same training
unit or microcycle (Verkhoshansky and Siff, 1999;
Sinkovec and Rugelj 2020). Within a single
training session, this differentiation mainly refers
to selecting biomechanically similar exercises,
used in the following sequence: resistance exercise
followed by a plyometric, a ballistic, or a speed
exercise. The most popular pairs of activities
include squats and jumps, squats and sprints,
bench press and clap push-ups, shoulder presses
and overhead medicine ball throws (Harrison et
al,, 2019; Seitz and Haff, 2016). Such exercise
sequences result in a temporal increase in power
and force production, thus allowing more
significant training stimuli and/or enhancing
acute performance (Docherty and Hodgson,
2007).

The physiological rationale for complex
training is a phenomenon known as post-
activation potentiation (PAP) or post-activation
performance enhancement (PAPE) (Blazevich and
Babault, 2019; Boullosa et al., 2020). Tillin and
Bishop (2009) defined it as ‘acute enhancement of
muscular performance characteristics as a result
of their contractile history. The exact nature of
PAPE is not well understood. Several mechanisms
were proposed to explain its effect on
performance: increasing neural excitability (better
motor-unit recruitment and synchronization,
decreased presynaptic inhibition), an increased
amount of Ca? in the sarcoplasmic reticulum and
greater sensitivity of the myofilaments to Ca?,
reduction in the sensitivity of Golgi tendon organs
and Renshaw cells thus weakening their
inhibitory actions, changes in muscle architecture,
and especially a decrease in the pennation angle
of muscle fibres with a resultant increase of forces
that are transferred onto the bones (Docherty and
Hodgson, 2007; Sas-Nowosielski and Kaczka 2022;
Scott and Docherty, 2004; Tillin and Bishop, 2009).

Regardless of the true nature of PAPE, it
seems to induce acute and long term effects on
performance in various lower- and upper body
activities such as jumps and sprints as well as
selected upper body exercises including the bench
press and bench press throw (Duthie et al., 2002;
Docherty and Hodgson, 2007; Krzysztofik et al.,
2020a, 2021; Liossis et al., 2013; Loturco et al.,
2014). To our knowledge, only Golas et al. (2016)
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and Sas-Nowosielski and Kandzia (2020)
investigated PAPE in the upper-body exercises
that also involved ‘pulling’ movements. In the
Gotas et al.’s (2016) study, these movements were
lat pull-downs and dumbbell rows. Since the
kinematic characteristics of these exercises are
different from the essential motor activities
occurring in climbing, Sas-Nowosielski and
Kandzia (2020) investigated the effect of weighted
pull-ups on the effectiveness of the Power slap
test recommended by the International Rock
Climbing Research Association (IRCRA) for
power assessment in climbing and being also one
of the most popular explosive strength and power
exercises on the campus board (Michailov, 2014).
The results showed that post-baseline slap
distances were significantly greater in the
experimental group, while no changes were
observed in the controls. The limitation of this
study was the inference of PAPE effects on the
reach distance achieved by the subjects in the test
without recording other movement variables.

Furthermore, weighted pull-ups may not
be practical as a strengthening stimulus before the
competition, as the warm-up zone contains a
climbing-specific ~ device
fingerboards), but not necessarily free weights.
Under these conditions, an alternative strength
exercise that athletes can perform under almost
any conditions and at the same time meet the
requirements of motor similarity to the target
activity is the one-arm pull-up. However, this
possibility has not been considered in research so
far. Taking into account the above, the purpose of
this study was to investigate the acute effects of
two conditioning activities: weighted pull-ups
and one-arm pull-ups on performance of
explosive activity (Power slap). We hypothesized
that both conditioning activities would acutely
enhance explosive pull-up (Power slap)
performance.
Methods
Participants

A total of 24 climbers, (mean + SD): age:
30.9 £ 7.2 years; body height: 173.6 + 6.4 cm; body
mass: 65.0 + 9.6, were recruited for this study. All
participants were advanced climbers. Their

(climbing  walls,

climbing performance level was determined
based on self-reported best red-point (RP) and on-
sight (OS) climbs. After being transformed into
the IRCRA reporting scale (Draper et al., 2011) it
was 22.0 + 4.0 and 179 =+ 3.5, respectively.
According to the classification system adopted by
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the IRCRA for describing individual climbers and
group abilities, the study participants were
advanced climbers. As they all had experience in
campus board and weighted pull-up exercises,
familiarization sessions were not included in the
present study. Participants were informed of the
aims and procedures of the study before taking
part in the investigation. One of the researchers
demonstrated the Power Slap test to familiarise
participants with the test procedure, particularly
with the beeps produced by the Gyko sensor. The
study was conducted 24 h after the athletes' last
practice, allowing the neuromuscular system and
skin on the fingertips to recover. Before testing,
participants were instructed to perform a warm-
up consisting of climbing circuits on a bouldering
wall followed by a set of dynamic pull-ups on
campus rugs. However, the exact number of sets
and repetitions was not imposed, as it was
decided to rely on the climbers' personal
experience and their different preferences for
warming up before exercising on the campus
board. This allowed athletes to create optimal
conditions to prepare their muscles and fingers
for practice on the campus board. We were also
guided by the highly subjective nature
perceptions of climbing effort. For this reason,
imposing the same number and type of climbing
moves may have differed from the abilities of
individual climbers and may have resulted in an
inadequate warm-up for some and excessive
fatigue for others.
Design and Procedures

The Power Slap (IRCRA, 2015; Draper et
al., 2011), chosen as a power test, was performed
on a board on which a scale with distances in
centimetres was drawn. At the bottom of the
board, a pair of climbing holds (Crimps M by
BluePill) was screwed. Both grips had a folding
surface allowing the fingers to be curled over the
lip of the hold and a coarse texture to limit the
risk of the fingers slipping out of the grip during
the test, which could affect performance (Figure
1). Independently, participants were allowed to
dry their fingers with chalk (magnesium
carbonate) before the test. As in the Laffaye et al.’s
(2014) study, the holds were spaced 55 cm apart,
as an optimal spacing, within the range of upper-
limb optimal strength. According to the IRCRA
recommendations, the manual climber’s task was
to hold on to the rung with straight arms, initiate
an explosive pull-up, and slap as high as possible
with the right arm. The performance was
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measured by establishing a point on a scale
touched by the climber’s hand. To ensure greater
accuracy of the distance readings, each climber
was video-recorded.

Instruments

The Gyko inertial sensor (dimensions: 53
x 51 x 23 mm, mass: 46 g) (Microgate, Bolzano,
Italy) was used to register velocity (m/s), force
(N), power (W) of pull-ups, and calculation of
1RM. The device contains a three-dimensional
accelerometer (range: +2 G), a gyroscope (250°/s-
25000°/s), and a magnetometer (range: +4800 uT).
It allows recordings at a sampling frequency of 1
kHz. Participants had the Gyko sensor attached at
the level of the centre of the body mass on the
back using an elastic belt provided with the
sensor. During measurements, the signals were
transferred via Bluetooth 4.0 to a Lenovo PC with
installed REPOWER software, following the
criteria described by the manufacturer.

Procedure

A crossover study design was used. All
participants performed a control (no PAPE
stimulus) and two experimental trials (after 5SRM
weighted pull-ups and one arm-assisted pull-
ups). The individual trials were planned at
weekly intervals. Due to the outbreak of the third
wave of coronavirus and the associated
restrictions, the third series of trials was
conducted one month after the second series. Due
to the ongoing restrictions, some participants
could not participate in all three trials; thus the
size of particular groups changed (n = 24 control,
n = 18 PAPE 5RM, n = 14 one arm). The load to
perform the 5RM was defined based on the
current results of fitness tests conducted by
coaches and/or training diaries of athletes. In
situations when climbers invited to participate in
the study did not perform targeted strength
exercises in the form of weighted pull-ups or one-
arm pull-ups, they were asked to determine these
values approximately one week before the
planned tests. Both in the first and the second
exercise athletes gripped the bar with an extended
grip, with fingers interlocked, thus making the
grip of the bar similar to the grip used during the
hang slap test.

Under control conditions, participants
performed two Power Slaps separated by 4 min
rest intervals, 8-10 min after the warm-up. After
the first trial, participants performed one of the
two PAPE activation exercises and, after a 4-min
rest interval, the second Power Slap in both
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experimental trials. The 4-min rest interval was
chosen for two reasons. Firstly, according to
Lowery et al. (2012) and Wilson et al. (2013), 4-8
min rest intervals are close to optimal. Secondly, 4
min is a typical rotation time in bouldering
competitions, and while establishing the study
protocol, we had to bear in mind the practical
aspects of our research. The 5RM load values
were determined for each participant based on
their training programs and ranged between 9
and 47 kg, averaging 27.8 + 10.1 kg and
representing 15 to 70% of body mass (M = 41.9 +
15.3%). Participants performed pull-ups on a
horizontal bar being instructed to perform the
pull-ups starting with their arms fully extended to
a position in which the chin reached the bar level.
Pull-ups were to be executed in a row without
stopping.

The one-arm pull was performed from a
straight arm position to a full arm flexion until the
chin was at the height of the bar or touched the
hand holding the bar. There is a wide variation
among climbing athletes regarding their skills and
abilities to perform this exercise, i.e., from zero to
dozen or more repetitions. Therefore, this exercise
was performed in two variations. Participants (n =
2) who could perform 4-5 repetitions of this
exercise without assistance performed it in this
form. Weaker ones performed this in an assisted
form, i.e., using an elastic silicone band, allowing
weight relief. The band was caught at such a
height that the arm with the forearm formed an
angle of 35-40%. The band's elasticity was
adjusted so that the participant could perform
between 3 and 5RM, one set for each arm.

The Ethics Committee approved the study
protocol of Biomedical Research at the Academy
of Physical Education in Katowice — resolution no
1/2019.

Statistical Analysis

Descriptive statistics (means, standard
deviations, and 95% confidence intervals for mean
values) were used to describe the data.
Assumptions of normality and homogeneity of
variance were tested with the Shapiro-Wilk and
Levene’s tests, respectively. Repeated measures
ANOVA with a Tukey post hoc test was used to
assess the effects of the pre-post PAPE. As a
measure of effect size between both conditions,
Cohen’s d was calculated, and the obtained values
were interpreted as recommended by Cohen as:
“trivial’ d < 20, ‘small’ d = 2049, moderate’ d = 50—
79, and ‘large’ d > 80 (Lakens, 2013). Statistical
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significance was accepted at p < 0.05. All analyses
were conducted using Statistica 13.3 (Statsoft,
Cracow, Poland) software, while the effect sizes
were determined using the Stats.xls calculator
(missouristate.edu/rstats, accessed on October 21,
2019).

Results

Table 1 presents the main results of the Power
Slap for each procedure.

No significant differences were found in
distance (Fq, 23 = 3.81, p = 0.063), power (Fq, 23 =
0.27, p = 0.607), velocity (Fa,23=1.66, p =0.211) and
force (Fq,23=0.02, p = 0.898).

The distance of the Power Slap between
the first and second trials differed significantly in
the 5RM pull-ups PAPE condition, Fa,17= 67.54, p
< 0.001, averaging 7.4 cm between trials. A
significant improvement between pre-PAPE and
post PAPE was also observed in power (Fg, 17 =
23.85, p < 0.001), velocity (Fa, 1n=12.71, p = 0.002)
and force (Fa, 17 =17.34, p < 0.001). An insight into
individual climbers' performance revealed that all
participants improved in the 5RM condition by
achieving a greater distance in the slap test and
the rest of the measured variables. The magnitude
of the differences was not affected by the value of
the load constituting the PAPE stimulus, either
absolute (the amount of weight with which the
participant performed the 5 pull-ups) or relative
(the ratio of weight magnitude to body mass).
None of the regression models performed with
the load magnitude as predictors and distance,
power, and strength as dependent variables was
statistically significant: corr. R2= 0. 08, F149=1.74,
p = 0.211; corr. Rz = 0.13, Feiy = 0.10, p = 0.906;
corr. R?2=0.08, Fe14=1.74, p = 0.211 and corr. R?2=
0.13, Feawy=1.07, p = 0.371, respectively.

In one-arm pullups a significant
difference was found in the distance of the Power
slap (Fa, 13 = 16.20, p = 0.001), but not in the
remaining variables, i.e., power (Fq, 13 = 0.978, p =
0.341), velocity (Fu, 13=0.020, p = 0.888) and force
(Fa, 13 = 2.24, p = 0.158). The magnitude of the
difference in the distance was small (d = 0.41),
averaging 2.9 cm. Figure 1 illustrates individual
responses in all three conditions, comparing
baseline distances, power, and force to post
distances, power, and force.
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Table 1. Power slap scores across all tested protocols.

Mean + SD 95% CI p value Effect size

No PAPE
Slap distance 1 (cm) 86.3 £8.8 82.6-90.1

0.063 0.11 Trivial
Slap distance 2 (cm) 87.3+9,0 83.5-91.1
Power 1 (W) 503.6 +114.3 455.4-551.9

0.607 0.06 Trivial
Power 2 (W) 5104 +113.1 462.7-558.2
Velocity 1 (m-s) 0.8+0.2 0.7-0.9

0.211 0.02 Trivial
Velocity 2 (m-s) 0.8+0.2 0.7-0.9
Force 1 (N) 859.5 +163.3 790.5-928.4

0.898 0.01 Trivial
Force 2 (N) 861.4+142.9 801.1-921.8
5RM weighted pull-ups
Slap distance pre (cm) 84.0+11.2 78.4-89.5

<0.001 0.68 Moderate
Slap distance post (cm) 91.4+10.6 86.2-96.7
Power pre (W) 501.3+92.7 455.2-547 4

<0.001 0.52 Moderate
Power post (W) 585.3 +158.2 506.6-664.0
Velocity pre (m-s) 0.8+0.1 0.7-0.8

0.002 0.80 Moderate
Velocity post (m-s-1) 09+0.2 0.8-1.0
Force pre (N) 823.9+114.4 767.1-880.8

<0.001 0.59 Moderate
Force post (N) 896.7 +135.4 829.4-964.0
One arm pull-ups
Slap distance pre (cm) 86.9+6.8 83.0-90.8

0.001 0.41 Small
Slap distance post (cm) 89.8+7.3 85.6-94.0
Power pre (W) 577.0+131.4 501.2-652.8

0.341 0.08 Trivial
Power post (W) 587.7 +139.6 507.1-668.3
Velocity pre (m-s1) 09+0.2 0.8-1.0

0.888 0.02 Trivial
Velocity post (m-s1) 09+0.2 0.8-1.0
Force pre (N) 857.9 +227.7 726.4-989.3

0.158 0.13 Trivial
Force post (N) 886.0 +214.1 762.4-1009.6

Journal of Human Kinetics - volume 84/2022 http://www.johk.pl




by K. Sas-Nowosielski and K. Kandzia et al.

211

o

Figure 1. Power slap (A), and holds used in the study (B).
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Figure 2. Individual response (lines) and group mean (bars) of Power slap test measures: distance [cm],
peak force [N] and peak power output [W]. A — control, no-PAPE, B — PAPE 5RM weighted pull-ups

Discussion called the conditioning activity, followed by
movement or activity that requires a rapid

To the best of the authors’ knowledge,
this study is the first to investigate the acute
effects of two kinds of pull-ups performed on a
campus board on climbing-specific power (Power
slap). The study's theoretical basis was the PAPE

expression of force or power (de Freitas et al,
2021). Previous studies have reported a possible
ergogenic effect of PAPE on acute performance
and chronic conditioning
Hodgson, 2007; Helena et al., 2019; Krzysztofik et

and

phenomenon in which ‘muscular performance al,, 2020b; Tillin and Bishop, 2009; Wilson et al.,

characteristics are acutely enhanced due to their
contractile history’ (Tillin and Bishop, 2009). The
‘contractile history’ usually means an exercise of
maximal or near-maximal muscular contraction,
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2013). However, most of them were conducted on
pairs of lower body activities such as squats and
vertical jumps, squats, resisted sprints and sprints
etc. (Beato et al., 2019; Dobbs et al., 2019; Lagrange
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et al.,, 2020; Matusinski et al.,, 2021; Tillin and
Bishop, 2009). Fewer studies have focused on the
effects of PAPE on upper body explosive
performance (Ebben, 2002). Those who have
addressed this issue tended to include activities
involving 'pushing’, such as bench presses and
ballistic push-ups (Farup and Serensen, 2010;
Liossis et al., 2013; Seitz and Haff, 2016). For that
reason, their findings cannot be directly translated
into climbing in which ‘pulling’ movement
patterns predominate and many of which require
high rates of force development. Viewed from this
perspective, PAPE offers the potential to support
many efforts in climbing. Previous research has
confirmed the positive effect of 5 RM pull-ups on
the distance achieved in the Power slap (Sas-
Nowosielski and Kandzia, 2019). The current
study confirmed previous results, enriching them
with more direct measurements of power and
force. The intensity of the pull-ups was 5RM,
which corresponded to 85-87% of 1RM, i.e., the
intensity within the range considered as the most
effective for eliciting PAPE (Carter and
Greenwood, 2014). In light of the results discussed
above, weighted pull-ups performed 4 min before
the 'power slap' appear to be a helpful strategy in
eliciting acute enhancement of climbing-specific
upper body power. However, although useful in
training conditions, this exercise may be of little
use under competition conditions in the absence
of free weights in the warm-up zone. Therefore,
our next objective was to evaluate whether the
one-arm pull-ups could be an alternative PAPE
stimulus.

Contrary to our expectations, the current
findings rejected the hypothesis on potentiating
effect of one-arm pull-ups. Although participants
managed to reach an average of about 3 cm
further and obtained slightly higher values of
power and force, only changes in distance were
statistically significant. Concerning the magnitude
of differences based on effect size calculations,
change in the slap distance were negligible, while
differences in power, force and velocity were
trivial. One of the possible explanations for the
observed significant improvement in the distance
with non-significant differences in the other
movement variables (force, power, velocity) may
relate to the stretching of the passive elements of
the musculoskeletal system taking place during
the execution of the overhang and then the pull-
ups on one arm. The distance improvement could
also result from a slight change in the movement
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technique, at least in some athletes (even a slight
rotation of the shoulders along the long axis of the
body increases the arm's reach). It can be
concluded that a conditioning stimulus of one
arm pull-ups was not very effective in enhancing
Power slap performance.

A significant inter-individual variation in
response to PAPE was observed in our study. For
the 5RM weighted pull-ups, all participants
responded  with  improved Power slap
performance, while for the one-arm pull-ups, the
individual reactions ranged from worse to
enhanced performance. An explanation for this
variation is not possible in light of the data
collected in the present study. Previous research
has revealed that a variable that may influence the
magnitude of responses is the level of strength.
Stronger individuals may exhibit a more robust
PAPE response than their weaker counterparts
(Seitz et al., 2014; Seitz and Haff, 2016; Tillin and
Bishop, 2009). The former usually have a greater
percentage of type II muscle fibers and greater
phosphorylation of the myosin light chain
proposed as one of the mechanisms underpinning
PAPE. In our study, at least for the weighted pull-
ups, we did not find that differences in the
strength level affected the magnitude of the PAPE
response. This variable is more difficult to control
concerning the one-arm pull-ups, especially in
individuals who perform this exercise in an
assisted form. In future studies, it would be
worthwhile to compare the PAPE response in
subjects performing one-arm pull-ups in
unassisted and assisted forms and also to
determine the magnitude of relief more precisely,
perhaps based on the velocity of the movement
known to be related to RM magnitude (Gonzalez-
Badillo and Sanchez-Medina, 2010; Loturco et al.,
2021; Pérez-Castilla and Garcia-Ramos, 2020). The
one-arm pull-up is slightly different in movement
structure compared to the power slap, and despite
the involvement of the same muscle groups,
muscle activation patterns may slightly vary
(Dickie et al., 2017; Kozin et al., 2020; Leslie and
Comfort, 2013). Considering the criterion of
biomechanical similarity between complementary
exercises (resistance exercise - explosive exercise),
weighted pull-ups performed in the traditional
two arms manner may be an exercise that fulfils
this condition more fully than one-arm pull-ups.
However, doubts of this nature are an open field
of research.

It is plausible that several limitations
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might have influenced the results of the study.
First of all, the one-arm pull-up is an exercise for
which intensity is difficult to assess, whether it is
evaluated as a certain percentage of a one-
repetition maximum (%RM) or a resistance that
allows performing a specified number of
repetitions (RM). However, as far as the authors
are aware, no study has assessed one-arm pull-
ups so far. Secondly, we decided on only one set
of conditioning exercises, one of many possible
options. The number of sets and repetitions
determines the size of the stimulus, which can
induce PAPE, but also affects the level of fatigue
that coexists with it. The magnitude of the
stimulus should therefore be chosen so that the
potentiating effects outweigh the fatigue.
However, there is no consensus on what this
might mean in practice, and previous studies have
used both single and multiple sets of exercises
(Seitz and Haff, 2016). It is worthwhile to contrast
the effects of different numbers of sets on the
power slap in future research. Thirdly, it is also
possible that the optimum time interval may be
different for both types of exercise; thus, in future
studies, various rest intervals should be assessed.
Fourthly, despite recording each participant on
video, the reading accuracy may not have been
ideal, at least in some cases. Another limitation
may be related to the device we used to measure
power, force, and movement velocity. Gyko
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belongs to the category of linear transducers,
which primarily measure the vertical component
of the velocity vector, failing to record movements
and their horizontal components, which in
movements with an existing horizontal
component can cause errors in power estimation
(McBride, 2017). Pull-ups constitute an example of
exercise in which the vertical displacement of the
centre of gravity is dominant; however, there may
be a slight horizontal displacement of the body's
centre of gravity during the initial movement
phase. Climbers were asked to assume a stable
starting position and begin the pull-up without
additional trunk movement to minimise this type
of interference. Despite this, some errors in the
estimation of the measured variables cannot be
excluded.

Conclusion

Despite the presented limitations, we are
convinced that our study is one of the first on the
ad hoc effects of PAPE in climbing, and has some
implications for climbing training and the warm-
up before competitions. From our data it can be
concluded that the use of weighted pull-ups of
5RM intensity provides a better stimulus for
inducing PAP responses than one-arm pull-ups.

The authors thank all climbers who volunteered to take part in this study for their time and effort to

complete this study.

References

Beato, M., Bigby, A. E. ], De Keijzer, K. L., Nakamura, F. Y., Coratella, G., & McErlain-Naylor, S. A. (2019).
Post-activation potentiation effect of eccentric overload and traditional weightlifting exercise on
jumping and sprinting performance in male athletes. PLoS ONE, 14(9), e0222466.
https://doi.org/10.1371/journal.pone.0222466

Blazevich, A. J.,, & Babault, N. (2019). Post-activation potentiation versus post-activation performance
enhancement in humans: Historical perspective, underlying mechanisms, and current issues. Frontiers
in Physiology, 10, 1359. doi: 10.3389/fphys.2019.01359

Boullosa, D., Beato, M., Dello Iacono, A., Cuenca-Fernandez, F., Doma, K., Schumann, M., Zagatto, A. M.,
Loturco, I, & Behm, D. G. (2020). A new taxonomy for postactivation potentiation in sport.
International Journal of Sports Physiology and Performance, 15(8), 1197-1200. doi: 10.1123/ijspp.2020-0350

Carter, J., & Greenwood, M. (2014). Complex training re-examined: Review and recommendations to
improve strength and power. Strength and Conditioning Journal, 36(2), 11-19. doi:
10.1519/ss¢.0000000000000036

Dickie, J. A., Faulkner, J. A., Barnes, M. J., & Lark, S. D. (2017). Electromyographic analysis of muscle
activation during pull-up variations. Journal of Electromyography and Kinesiology, 32, 30-36.
https://doi.org/10.1016/j.jelekin.2016.11.004

Dobbs, W. C., Tolusso, D. V., Fedewa, M. V., & Esco, M. R. (2019). Effect of postactivation potentiation on

© Editorial Committee of Journal of Human Kinetics



214 Acute effects of post-activation performance enhancement of 5vrm weighted pull-ups and one arm pull-ups

explosive vertical jump: A systematic review and meta-analysis. Journal of Strength and Conditioning
Research, 33(7), 2009-2018. https://doi.org/10.1519/JSC.0000000000002750

Docherty, D., & Hodgson, M. ]J. (2007). The application of postactivation potentiation to elite
sport. International ~ Journal of  Sports Physiology and Performance, 2(4), 439-444.
https://doi.org/10.1123/ijspp.2.4.439

Draper, N., Canalejo, J. C., Fryer, S., Dickson, T., Winter, D., Ellis, G., Hamlin, M., Shearman, J., & Northa, C.
(2011). Reporting climbing grades and grouping categories for rock climbing. Isokinetics and Exercise
Science, 19(4), 273-280. doi: 10.3233/ies-2011-0424

Duthie, G. M., Young, W. B., & Aitken, D. A. (2002). The acute effects of heavy loads on jump squat
performance: An evaluation of the complex and contrast methods of power development. Journal of
Strength and Conditioning Research, 16(4), 530-538. doi: 10.1519/00124278-200211000-00007

Farup, J., & Serensen, H. (2010). Postactivation potentiation: upper body force development changes after
maximal force intervention. Journal of Strength and Conditioning Research, 24(7), 1874-1879. doi:
10.1519/JSC.0b013e3181ddb19a

Gotas, A., Maszczyk, A. Zajac, A., Mikotajec, K., & Stastny, P. (2016). Optimizing post activation
potentiation for explosive activities in competitive sports. Journal of Human Kinetics, 52, 95-106.
https://doi.org/10.1515/hukin-2015-0197

Gonzélez-Badillo, J. J., & Sanchez-Medina, L. (2010). Movement velocity as a measure of loading intensity in
resistance training. International Journal of Sports Medicine, 31(5), 347-352. https://doi.org/10.1055/s-
0030-1248333.

Harrison, P. W., James, L. P., McGuigan, M. R,, Jenkins, D. G., & Kelly, V. G. (2019). Resistance priming to
enhance neuromuscular performance in sport: Evidence, potential mechanisms and directions for
future research. Sports Medicine (Auckland, N.Z.), 49(10), 1499-1514. https://doi.org/10.1007/s40279-019-
01136-3

Helena, M., Gil, M., Neiva, H., Sousa, A., Marques, M., & Marinho, D. (2019). Current approaches on
warming up for sports performance: A critical review. Strength and Conditioning Journal, 41(4), 70-79.
doi: 10.1519/s5¢.0000000000000454

International Rock Climbing Research Association. (2015). The IRCRA Performance-Related Test Battery for
Climbers. Test Manual Version 1.5 https://www.ircra.rocks/mct-documents.

Kozin, S., Safronov, D., Kozina, Z., Kniaz, H., Proskurnia, O., Prontenko, K., Lahno, O., Goncharenko, V., &
Kholodniy, A. (2020). Comparative biomechanical characteristics of one-arm hang in climbing for
beginners and qualified athletes. Acta of Bioengineering and Biomechanics, 22(1), 57-66. doi:
10.37190/ABB-01440-2019-03

Krzysztofik, M., Wilk, M., Filip, A., Zmijewski, P., Zajac, A., & Tufano, J. J. (2020a). Can Post-Activation

Performance Enhancement (PAPE) Improve Resistance Training Volume during the Bench Press
Exercise? International Journal of Environmental Research and Public Health, 17(7), 2554.
https://doi.org/10.3390/ijerph17072554
Krzysztofik, M., Wilk, M., Golas, A., Lockie, R. G., Maszczyk, A., & Zajac, A. (2020b). Does Eccentric-only
and Concentric-only Activation Increase Power Output? Medicine & Science in Sports & Exercise, 52(2),
484-489. https://doi.org/10.1249/MSS.0000000000002131

Krzysztofik, M., Wilk, M., Stastny, P., & Golas, A. (2021). Post-activation Performance Enhancement in the
Bench Press Throw: A Systematic Review and Meta-Analysis. Frontiers in Physiology, 11, 598628.
https://doi.org/10.3389/fphys.2020.598628

Laffaye, G., Collin, J. M., Levernier, G., & Padulo, J. (2014). Upper-limb power test in rock-
climbing. International Journal of Sports Medicine, 35(8), 670-675. https://doi.org/10.1055/s-0033-1358473

Lagrange, S., Ferland, P. M., Leone, M., & Comtois, A. S. (2020). Contrast training generates post-activation
potentiation and improves repeated sprint ability in elite ice hockey players. International Journal of
Exercise Science, 13(6), 183-196.

Lakens, D. (2013). Calculating and reporting effect sizes to facilitate cumulative science: a practical primer
for t-tests and ANOV As. Frontiers in Psychology, 4, 863. https://doi.org/10.3389/fpsyg.2013.00863

Leslie, K. L. M., & Comfort, P. (2013). The effect of grip width and hand orientation on muscle activity
during pull-ups and the lat pulldown. Strength and Conditioning Journal, 35(1), 75-78. doi:
10.1519/SSC.0b013e318282120e

Journal of Human Kinetics - volume 84/2022 http://www.johk.pl




by K. Sas-Nowosielski and K. Kandzia et al. 215

Liossis, L. D., Forsyth, ]., Liossis, C., & Tsolakis, C. (2013). The acute effect of upper-body complex training
on power output of martial art athletes as measured by the bench press throw exercise. Journal of
Human Kinetics, 39, 167-175. https://doi.org/10.2478/hukin-2013-0079

Loturco, 1., Tricoli, V., Roschel, H., Nakamura, F. Y., Cal Abad, C. C., Kobal, R., Gil, S., & Gonzalez-Badillo, J.
J. (2014). Transference of traditional versus complex strength and power training to sprint
performance. Journal of Human Kinetics, 41, 265-273. https://doi.org/10.2478/hukin-2014-0054

Loturco, 1., Suchomel, T., Kobal, R., Arruda, A., Guerriero, A., Pereira, L. A., & Pai, C. N. (2021). Force-
velocity relationship in three different variations of prone row exercises. Journal of Strength and
Conditioning Research, 35(2), 300-309. https://doi.org/10.1519/JSC.0000000000002543

Lowery, R. P., Duncan, N. M., Loenneke, J. P., Sikorski, E. M., Naimo, M. A., Brown, L. E., Wilson, F. G,, &
Wilson, J. M. (2012). The effects of potentiating stimuli intensity under varying rest periods on vertical
jump performance and power. Journal of Strength and Conditioning Research, 26(12), 3320-3325.
https://doi.org/10.1519/JSC.0b013e318270fc56

Maffiuletti, N. A., Aagaard, P., Blazevich, A. ]., Folland, J., Tillin, N., & Duchateau, J. (2016). Rate of force
development: physiological and methodological considerations. European Journal of Applied
Physiology, 116(6), 1091-1116. https://doi.org/10.1007/s00421-016-3346-6

Matusinski, A., Pietraszewski, P., Krzysztofik, M., & Gotas, A. (2021). The Effects of Resisted Post-Activation
Sprint Performance Enhancement in Elite Female Sprinters. Frontiers in Physiology, 12, 651659.
https://doi.org/10.3389/fphys.2021.651659

McBride, J. M. (2017). Nature of power. In: M. McGuigan (ed.) Developing power. Human Kinetics.

Michailov, M. L. (2014). Workload characteristic, performance limiting factors and methods for strength and
endurance training in rock climbing. Medicina Sportiva, 18(3), 97-106.

Pérez-Castilla, A., & Garcia-Ramos, A. (2020). Changes in the load-velocity profile following power- and
strength-oriented resistance-training programs. International Journal of Sports Physiology and
Performance, 15(10), 1460-1466. https://doi.org/10.1123/ijspp.2019-0840

Sas-Nowosielski, K., & Kandzia, K. (2020). Post-activation potentiation response of climbers performing the
upper body power exercise. Frontiers in Psychology, 11, 467. https://doi.org/10.3389/fpsyg.2020.00467

Sas-Nowosielski, K., Kaczka, P. (2022). A pilot study to examine the effects of beta-alanine and sodium
citrate (CarnoRushTM, Olimp®) supplementation on climbing-specific performance. Balt | Health Phys
Act, 14(1): Article 4. doi: 10.29359/BJHPA.14.1.04. https://doi.org/10.29359/BJHPA.14.1.04

Scott, S. L., & Docherty, D. (2004). Acute effects of heavy preloading on vertical and horizontal jump
performance. Journal of Strength and Conditioning Research, 18(2), 201-205. https://doi.org/10.1519/R-
13123.1

Seitz, L. B., de Villarreal, E. S., & Haff, G. G. (2014). The temporal profile of postactivation potentiation is
related to strength level. Journal of Strength and Conditioning Research, 28(3), 706-715.
https://doi.org/10.1519/JSC.0b013e3182a73ea3

Seitz, L. B., & Haff, G. G. (2016). Factors modulating post-activation potentiation of jump, sprint, throw, and
upper-body ballistic performances: A systematic review with meta-analysis. Sports Medicine (Auckland,
N.Z.), 46(2), 231-240. https://doi.org/10.1007/s40279-015-0415-7

Sinkovec and Rugelj (2020). Accuracy of “S Health” pedometer application during walking and stair
climbing. Balt | Health Phys Activ, 12(4), 93-104. https://doi.org/10.29359/BJHPA.12.4.09

Tillin, N. A., & Bishop, D. (2009). Factors modulating post-activation potentiation and its effect on
performance of subsequent explosive activities. Sports Medicine (Auckland, N.Z.),39(2), 147-166.
https://doi.org/10.2165/00007256-200939020-00004

Verkhoshansky, Y., & Siff, M.C. (1999). Supertraining. Verkhoshansky, 365.

Wilson, J. M., Duncan, N. M., Marin, P. ], Brown, L. E., Loenneke, J. P., Wilson, S. M., Jo, E., Lowery, R. P., &
Ugrinowitsch, C. (2013). Meta-analysis of postactivation potentiation and power: Effects of
conditioning activity, volume, gender, rest periods, and training status. Journal of Strength and
Conditioning Research, 27(3), 854-859. https://doi.org/10.1519/JSC.0b013e31825c2bdb

Corresponding author:

Krzysztof Sas-Nowosielski

Institute of Sport Sciences, The Jerzy Kukuczka Academy of Physical Education in Katowice, Poland

E-mail address: k.sas-nowosielski@awf.katowice.pl

© Editorial Committee of Journal of Human Kinetics




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


