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Abstract 
Introduction. Upper body power plays a vital role in rock and sport climbing. This study aimed to evaluate the effects of two 
different Post-Activation Performance Enhancement (PAPE) protocols – isometric pull-ups and 5 RM weighted pull-ups – on the 
performance of a dynamic campus board exercise known as the Slap. Material and Methods. Nine climbers (mean age = 31.9 
years, weight = 70.2 kg, height = 174.8 cm) of intermediate skill level, belonging to the same intermediate-level training group, 
participated in the study. Participants completed the International Rock Climbing Research Association (IRCRA) Power Slap 
Test. A cross-over design was used: all participants went through both baseline and follow-up tests. The Beast inertial sensor 
(Beast Technologies Ltd., Brescia, Italy) measured velocity (m·s⁻¹), force (N), power (W), and estimated one-repetition maxi-
mum (1RM). A repeated-measures ANOVA with Tukey post hoc testing assessed pre–post PAPE (post-activation performance 
enhancement) effects. Results. The findings indicate that the 5 RM weighted pull-ups significantly improved slap distance and 
force output, while power and velocity remained unchanged. Specifically, slap distance increased from 74.8 ± 10.1 cm pre-in-
tervention to 79.0 ± 8.0 cm post-intervention, with a significant difference (p = 0.009) and a moderate effect size (d = 0.60). 
In contrast, the isometric pull-ups did not produce significant changes across any measured parameters. Conclusions. These 
results suggest that while the 5 RM weighted pull-ups serve as an effective PAPE stimulus for enhancing climbing power, the 
isometric variant does not yield similar benefits in this context.
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Introduction

Climbing is an increasingly popular sport that involves 
ascending natural rock formations or artificial climbing walls, 
requiring precise motor coordination and significant muscular 
strength. The essence of climbing lies in executing movement 
sequences using handholds and footholds of varying shapes and 
orientations [1, 2]. These demands necessitate the development 
of both fine motor control and explosive power, particularly in 
the upper body [3].

To enhance these attributes, climbers utilize specialized 
training equipment, with fingerboards (for finger strength) and 
campus boards being particularly prominent [4, 5]. Campus bo-
ards are primarily used to improve the rate of force development 
(RFD) in both fingers (contact strength) and arms. RFD, defi-
ned as the ability to generate force rapidly during muscle con-
tractions, plays a crucial role in explosive climbing movements, 
which become increasingly important as climbing techniques 
advance [6]. Research indicates that elite climbers exhibit supe-
rior RFD compared to less advanced climbers, highlighting its 
significance in climbing performance [4, 5]. Consequently, tra-
ining methods that enhance RFD, particularly through campus 
board exercises, are a key focus of climbing-specific conditio-
ning [4]. These exercises generally fall into three categories: lad-
dering (using only the arms to climb up the board), reaching for 

rungs (reaches or slaps), and performing dynamic jumps betwe-
en rungs with both hands (dynos). One method for optimizing 
RFD development is complex training, which leverages post-ac-
tivation performance enhancement (PAPE) [6, 7]. PAPE refers 
to the acute improvement in muscular performance following 
prior contractile activity, typically induced by heavy resistan-
ce exercises. This effect is believed to result from mechanisms 
such as increased motor unit recruitment, enhanced neuromu-
scular excitability, greater calcium availability in muscle cells, 
and reduced inhibitory feedback from Golgi tendon organs and 
Renshaw cells [8, 9, 10, 11]. Research on PAPE has primarily fo-
cused on lower-body exercises such as squats and sprints [12, 13, 
14, 15], with fewer studies examining its effects on upper-body 
movements [16, 17]. Among the limited research available, most 
has investigated pushing exercises like bench presses or throws,  
leaving pulling movements – especially those relevant to clim-
bing – largely unexplored [9].

A recent study by Sas-Nowosielski and Kandzia [18] exami-
ned the effects of weighted pull-ups on climbing-specific power 
using the Power Slap Test, a standardized assessment tool re-
commended by the International Rock Climbing Research As-
sociation (IRCRA). Their findings demonstrated that weighted 
pull-ups significantly improved slap performance compared to 
a control condition. However, further research by the same au-
thors suggested that one-arm pull-ups may not elicit effective 



Sas-Nowosielski: ISOMETRIC AND WEIGHTED PULL-UPS ...26 Pol. J. Sport Tourism 2025, 32(2), 25-29

PAPE responses. While weighted pull-ups appear to be a promi-
sing conditioning activity for enhancing explosive movements 
on campus boards, their implementation may be limited by the 
availability of external weights at climbing facilities.

An alternative to weighted pull-ups could be isometric exer-
cises, which have been successfully used to elicit PAPE in acti-
vities like vertical jumps and cycling sprints [19, 20]. Isometric 
training may offer advantages such as reduced fatigue and fa-
ster recovery, potentially enhancing its effectiveness in climbing 
contexts. Additionally, because isometric exercises do not requ-
ire external loading, they could be more accessible for climbers 
training in outdoor settings or at gyms with limited equipment. 
However, little research has explored the potential benefits of 
isometric conditioning for climbing-specific explosive move-
ments.

Therefore, this study aims to investigate the effects of two 
PAPE protocols – weighted pull-ups (5RM) and isometric pull-
-ups – on subsequent dynamic campus board slap performance. 
By evaluating their efficacy, this research seeks to expand cur-
rent understanding of upper-body PAPE strategies and their 
practical applications for climbers.

Material and Methods

Participants
A total of nine climbers (mean ± SD: age: 31.9 ± 11.8 years; 

body height: 174.8 ± 12.8 cm; body mass: 70.2 ± 12.8 kg) were 
recruited for this study. All participants were at least interme-
diate-level climbers and members of the same sports climbing 
workout team. The criterion for inclusion was membership in 
the intermediate training group, defined by the prism of re-
gularly passing level-three boulder problems in flash style and 
most level-four problems on the six-level difficulty scale in effect 
in the gym. It also meant having training experience in special 
strength for climbers, such as pull-ups on a bar with an extra we-
ightand fast strength exercises on a campus board. Their clim-
bing performance level, based on self-reported best red-point 
(RP) climbs and transformed into the IRCRA reporting scale 
was 21.6 ± 5.5. Since all participants had experience with cam-
pus board and weighted pull-up exercises, familiarization ses-
sions were not included in the present study. Participants were 
informed of the aims and procedures of the study before taking 
part in the investigation. The tests  were conducted at the same 
time, in the late afternoon.

Design and Procedures
The Power Slap [21], chosen as a power test, was performed 

on a board marked with a scale indicating distances in centime-
tres. The rung from which the slap was performed had a folding 
surface that allowed participants to curl their fingers over the 
lip of the hold. Participants were permitted to dry their fingers 
with chalk (magnesium carbonate) before the test. According 
to the IRCRA recommendations, the 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. Performance was 
measured by establishing a point on the scale touched by the 
climber’s hand. To ensure greater accuracy in distance readings, 
each climber was video-recorded.

Instruments
The Beast inertial sensor (dimensions: 20 x 19 x 40 mm, 

38 g) (Beast Technologies S.r.l., Brescia, Italy) was used to re-
gister velocity (m/s), force (N), power (W) of pull-ups, and cal-
culation of 1RM. The device contains a three-dimensional ac-

celerometer and allows recordings at a sampling frequency of 
50 Hz. Participants had the Beast sensor fixed at waist level on 
the back in line with the spine and connected to an Android 
13-based smartphone Samsung (Samsung Electronics Co. Ltd, 
Seoul, South Korea) via Bluetooth.

Procedure
A crossover study design was used. All participants perfor-

med two trials: after 5RM weighted pull-ups and after isome-
tric pull-ups. Prior to both tests, a standard warm-up protocol 
was carried out, including three series of 10 push-ups perfor-
med alternately with 5 pull-ups on a bar, and an equal num-
ber of series of 10 half-overhang pull-ups on a TRX performed 
alternately with trunk flexions in a lying-back position. The 
individual trials were planned at weekly intervals. The load to 
perform the 5RM was defined based on the current results of 
fitness tests conducted by a coach. During both dynamic and 
isometric pull-ups, 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. At baseline, 
participants performed three Power Slaps consecutively, rested 
for 5 minutes, performed one of the conditioning stimuli, and 
after a 4-minute rest interval, they performed a second series of 
Power Slaps in both experimental trials. The choice of a 4-mi-
nute rest interval was based on two reasons: firstly, according to 
Lowery et al. [22] and Wilson et al. [23], 4-8 min rest intervals 
are close to optimal; secondly, 4 minutes is a typical rotation 
time in bouldering competitions, which influenced our research 
protocol. The load values for the 5RM were individualized based 
on each participant's training program and ranged from 9 to 25 
kg. Participants performed pull-ups on a horizontal bar, starting 
with their arms fully extended until their chin reached bar level. 
Pull-ups were executed consecutively without stopping. For iso-
metric pull-ups, subjects pulled against a static rope (9 mm in 
diameter) attached near the floor; the rope length was adjusted 
so that each participant's elbow joint was bent at a 90° angle. 
The participant's task was to perform a pull-up, to a given an-
gle of arm flexion limited, and stop the movement for three se-
conds, resisting the resistance produced by the rope. The Ethics 
Committee approved the study protocol of Biomedical Research 
at the Academy of Physical Education in Katowice – resolution 
no 1/2019 – 17.01.2019.

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, respec-
tively. A two-way ANOVA with repeated measures 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 < 0.20, ‘small’ d = 0.20-
0.49, moderate’ d = 0.50-0.79, and ‘large’ d > 0.80 [24]. Statisti-
cal significance was accepted at p ≤ 0.05. All analyses were con-
ducted using Statistica 13.3 (Statsoft, Cracow, Poland) software, 
while the effect sizes were determined using the Stats.xls calcu-
lator (missouristate.edu/rstats, accessed on October 21, 2019).

Results

Table 1 shows the effects of both PAPE protocols on slap 
distance, power, and force. The results indicate that the 5RM 
pull-ups PAPE intervention led to statistically significant impro-
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slap test, which serves as a direct measure of a climber's vertical 
pulling power. 

The results demonstrated that the 5 RM weighted pull-ups 
significantly improved both slap distance and peak force output, 
while the isometric pull-ups did not yield significant changes 
across the measured parameters. With respect to the former 
PAPE protocol, the distance improved by an average of about 
4 cm, which is in line with the results of previous studies using 
5RM weighted pull-up as a conditioning activity [18, 25]. The 
value of effect size of 0.60 suggests a moderate and practical-
ly meaningful improvement, indicating that they can expect 
meaningful improvements in their explosive pull-up move-
ments, especially when initiated by upper body (usually called 
‘campus movements’). 

In contrast, under the isometric pull-up conditions, a re-
duction in the slap distance of about 1.5 cm was observed,  
although as mentioned above, this difference was not statisti-
cally significant. Nevertheless, the lack of significant improve-
ments from the isometric pull-ups suggests that this protocol 
may not be as effective for enhancing dynamic climbing perfor-
mance. However, the lack of significant improvement with pro-
tocol used in this study suggests that other factors may need to 
be considered. For instance, future research could explore alter-
native variations of the isometric pull-up, such as adjusting the 
intensity and/or duration of the contraction. Also, the results 
may vary depending on the participants’ climbing experience, 
i.e. intermediate or advanced climbers might respond different-
ly to isometric pull-ups.

Previous studies have shown that isometric contractions, 
particularly maximal voluntary isometric contractions, can in-
duce post-activation potentiation (PAPE) [20, 26, 27, 28, 29]. 
However, the research results are mixed, with some studies re-
porting a significant effect, while others find no such impact 
[27]. Moreover, research on isometric protocols as a PAP stimu-
lus remains limited, especially regarding their influence on up-
per-body explosive performance. 

For example, a study involving young tennis players [28] 
examined the impact of two tennis-specific 3-second isomet-
ric contractions (shoulder internal rotation and shoulder flex-
ion) on serve velocity and accuracy. The results revealed that 
joint-specific PAPE significantly improved serve velocity, but 
did not affect serve accuracy. In another study, Kontou et al. 
[26] evaluated the impact of four conditioning activities – two 

vements in slap distance and force output, while power and ve-
locity showed non-significant changes between pre- and post-
-intervention. The pre-intervention slap distance was measured 
at 74.8 ± 10.1 cm, which increased to 79.0 ± 8.0 cm post-in-
tervention. This difference was significant (p = 0.009) with an 
effect size of 0.60, indicating a moderate effect. The peak force 
was significantly greater after the weighted pull-up PAP condi-
tion compared to baseline (16.3 ± 1.9 N·kg⁻¹ vs. 18.2 ± 3.2 N·kg⁻¹; 
p = 0.022, d = 0.50), but there were no significant changes in 
power or velocity. In contrast, the isometric pull-ups PAPE inte-
rvention did not yield significant changes across the measured 
parameters. The average slap distances were 73.8 ± 12.0 cm pre-
-intervention and 72.2 ± 8.8 cm post-intervention, with a p-va-
lue of 0.499, indicating no significant difference between the 
two conditions. No significant differences were observed in the 
remaining measured parameters: power (p = 0.203), velocity  
(p = 0.191), and force (p = 0.216).

Table 1. Power slap scores across all tested protocols

Mean ± SD 95%CI p value Effect 
size

Weighted pull-ups (%RM)
Slap distance pre (cm) 74.8 ± 10.1 67.0-82.6

0.009 0.60
Slap distance post (cm) 79.0 ± 8.0 72.9-85.2
Power (W·kg-1) 15.3 ± 13.8 11.2-19.5

0.828 trivial
Power post (W·kg-1) 15.7 ± 13.8 12.8-18.7
Velocity pre (m∙s-1) 1.2 ± 0.3 1.1-1.4

0.996 trivial
Velocity post (m∙s-1) 1.2 ± 0.2 1.0-1.4
Force pre (N·kg-1) 16.3 ± 1.9 14.8-17.7

0.022 0.50
Force post (N·kg-1) 18.2 ± 3.2 15.8-20.6
Isometric pull-ups
Slap distance pre (cm) 73.8 ± 12.0 64.6-83.0

0.499 trivial
Slap distance post (cm) 72.2 ± 8.8 65.4-79.0
Power pre (W·kg) 13.6 ± 3.5 10.9-16.3

0.203 0.19
Power post (W·kg) 12.4 ± 4.87 8.7-16.1
Velocity pre (m∙s-1) 1.1 ± 0.2 0.8-1.2

0.191 trivial
Velocity post (m∙s-1) 1.0 ± 0.3 0.9-1.2
Force pre (N·kg-1) 17.6 ± 2.3 15.9-19.4

0.216 0.18
Force post (N·kg-1) 16.4 ± 3.0 14.0-18.7

When analysing the study results, it is worth paying atten-
tion to the observed intra-group differences, which may shed 
light on the participants’ individual reactions to the applied 
conditioning stimulus. Overall, although all but one participant 
showed improvement in SLAP distance after dynamic PAPE, 
performance after the isometric condition was more mixed 
– with some subjects achieving a better slap test score, while 
others experienced a worsening in it. The individual results aga-
inst the averages for both groups are shown in Figure 1.  

Discussion

The study aimed to investigate the effects of two types of 
Post-Activation Potentiation (PAPE) protocols – isometric pull-
ups and 5 RM weighted pull-ups –  on subsequent campus board 

Figure 1. Individual responses (lines) and group mean (bars) of 
Power slap distance (cm)
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targeting the lower body and two the upper body – on shot put 
performance. One such intervention involved 6-second isomet-
ric push-ups, which were associated with performance improve-
ments. Similarly, Tsolakis et al. [28] studied fencers performing 
both isometric and dynamic exercises. Their results indicated 
that isometric protocols decreased peak leg power in male fenc-
ers and had no effect on upper-body performance, reinforcing 
the variability in outcomes. 

The findings of our study seem to be in the trend of these 
observations, suggesting that dynamic PAPE protocols may be 
more effective than isometric ones for eliciting improvements 
in explosive upper-body performance. Weighted pull-ups at  
a 5  RM intensity involve submaximal muscle contractions, 
enhancing motor unit recruitment and firing rates. This neu-
romuscular activation likely contributes to improved force pro-
duction in subsequent explosive tasks. Furthermore, weighted 
pull-ups better replicate the dynamic nature of climbing move-
ments, whereas isometric pull-ups do not, potentially limiting 
their effectiveness as a preparatory stimulus.

The study has several limitations that should be acknowl-
edged. First, the sample size may have been insufficient to gen-
eralize the findings to a broader population. Future research 
should include climbers of diverse skill levels, ages, and genders 
to better understand how different groups respond to PAPE pro-
tocols. Second, the absence of a control group that performed no 
conditioning activity limits our ability to attribute performance 
changes solely to the tested interventions. Including a control 
group would help distinguish the specific effects of the PAPE 
protocols from natural variation or warm-up effects. Third, per-
formance was only measured at a single time point. As PAPE 
effects can be time-dependent, future studies should examine 
multiple time points to identify when peak performance occurs 
post-conditioning. Finally, given the diversity of isometric exer-
cise parameters, further research is needed to explore different 
configurations (e.g., joint angle, contraction type, and duration) 
to determine their potential efficacy.

Conclusions

These results suggest that while the 5 RM weighted pull-
ups serve as an effective PAPE stimulus for enhancing climbing 
power, the isometric variant does not yield similar benefits in 
this context.
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