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The force, velocity, and power of the lower limbs 
as determinants of speed climbing efficiency

Introduction

Speed climbing is one of three sub-disciplines of sports 
climbing (speed or lead climbing, bouldering). It 

consists of the fastest possible climbing on a 15-meter-
long standard route with a slight slope. The research so 
far has shown that in terms of motor preparation, the 
leading speed climbers are characterized by a higher 
level of strength and speed abilities in comparison 
to other climbers [4, 9, 16]. Sprinting specialization 
compared to other climbing specializations is different 
because high efficiency is primarily determined by the 
high efficiency of the lower limbs [9, 16]. Accordingly, 
lower limb tests were mostly carried out in studies 
focused on strength and speed abilities in speed 
climbing. The jumping tests were usually standing 
broad jump [9] and/or countermovement jump (CMJ) 
using the Optojump system (Microgate, Italy) [10, 11]. 
The maximal anaerobic power of the lower limbs was 
estimated based on jumping tests results, and Sayers et 
al.’s formula [19]. The results of these studies clearly 
show the correlation between explosive strength and the 
maximal anaerobic power of the lower limbs with the 
running time in the speed climbing [10]. However, the 
above mentioned tests are significantly different from 
the specificity of movement in speed climbing.
Ozimek et al. [14] have attempted to develop  
a measurement method that allows the evaluation of 
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climbing movements in a unit of measurement other 
than the second. They proposed the Margaria–Kalamen 
formula (body mass × Earth’s acceleration × distance/
time) and video analysis as a useful tool to calculate the 
mean power of the climbing race [14]. Video analysis 
was also used to assess the power of the Chinese 
national team members’ during the climbing race (body 
mass × Earth’s acceleration × race speed). Based on 
these reports, one can talk about specific power in 
speed climbing. These studies show the possibility 
of evaluating explosive strength and anaerobic power 
in speed climbing based on jumping tests or video 
analysis. It should be emphasized that none of these 
methods provides information on force-velocity 
characteristics among speed climbers.
In light of those considerations, it seems that My Jump 
app could be used by speed climbing coaches to get 
information that is useful in practical terms [1]. This 
application provides easy low-cost measurements. 
Moreover, the My Jump app is used as a research tool 
in different athlete populations [3, 5, 7]. This device 
provides an accurate and reliable assessment of the 
level of muscles’ mechanical parameters tested during 
the jump, i.e.: force (F), velocity (V), power (P), and 
height [6, 8]. The My Jump application delivers more 
data compared to devices previously used during tests in 
speed climbers. 
It should be emphasized that so far researches conducted 
on the force-velocity profile of climbers were rare. 
Most frequently, the force and velocity capabilities of 
the upper limbs of climbers of various specialties were 
compared. These studies found that boulderers were 
characterized by a higher level of explosive force when 
compared to other climbers [12, 13]. 
Planning this research, it was assumed that mobile 
measuring tools like My Jump app [1] could be used to 
diagnose performance at a general level (non-specific 
for climbing), e.g. by the CMJ jump, and determining its 
force and velocity parameters. So far no attempts have 
been made to determine which mechanical parameter, 
force (F) or velocity (V), determines more the result of 
special power and climbing time in speed climbing. The 
assessment of the level of force, velocity, and power of 
a single jump by the My Jump app and evaluation of 
the magnitude of the relations between these variables 
with the level of the special power and climbing time 
may have value for speed climbing coaches, in two 
aspects: 1) the informative aspect, because it allows 
for collecting data about the level of the mechanical 
parameters during CMJ test, and 2) the practical aspect 
because the application can be used as a replacement 

for more expensive devices and allows for conducting 
measurements in conditions prevailing in climbing 
centers. Therefore, the study aimed to verify practical 
and informative aspects of the My Jump application in 
the assessment of force, velocity, and power during the 
CMJ test among speed climbers, as well as the evaluation 
of correlations between mechanical parameters of the 
CMJ jump and specific climbing power and climbing 
time.

Material and Methods
Male participants of the Czech Championships Open in 
sports speed climbing in December 2017 were subjected 
to the research (n = 8, the mean calendar age was 20.9 
years). The subjects came from the Czech Republic 
(n = 4), Poland (n = 3), and Kazakhstan (n = 1). They 
displayed a varied sports level (some regularly qualified 
for the final rounds of international competitions, some 
of them came in the third ten, and others took part at least 
in the national competitions). All those who agreed to 
take part in the measurements were informed about the 
course and purpose of the research. The measurements 
were carried out immediately after the competition, in 
compliance with the Helsinki Declaration.
The climbing sprint time measurement (without the 
start signal, only the time of a run was measured) used 
a system that enabled the calculation of the climbing 
run power according to the Margaria–Kalamen formula. 
This method had successfully been used earlier in the 
analysis of climbing sprints [14]. In our research, it 
was assumed that by using statistical tools rationally it 
would be possible to find an answer to the question of 
how variables characterizing general efficiency (force, 
velocity, power) explain and determine the specific skill 
(specific-climbing power).
During the research, the climbers had their body height –  
BH, body weight – BW, and fat mass percentage – 
FM% measured. During anthropometric measurements, 
an anthropometer ALUMET and the BC-730 Tanita 
(Tanita corp., Japan) scale were used. Overall efficiency 
was measured using the height of CMJ (cm). 
The measurements, in compliance with the instructions of 
the test authors, were performed with iPhone 6s (Apple, 
USA) and My Jump software [1]. Measurements were 
taken from the same position and with the same distance 
from a participant (1.5 m). The app determined jump 
height using the equation: h = t2 × 1.22625 described by 
Bosco et al. [2]. The length of the lower limbs (distance 
from the great trochanter to tiptoe with maximal foot 
plantar flexion) and the distance between the greater 
trochanter and the ground level (at approximately 90º 
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knee angle squat position) were also measured and 
entered into My Jump [8, 18]. CMJ power – P (W), 
muscle-generated force – F (N), and muscle shortening 
velocity – V (m/s) were used for the analyses. The study 
also used the climbing sprint results achieved by the 
competitors in the competitions (the shortest time in all 
races). The sprint results were used to calculate the run 
power RP (W/kg) according to the procedure described 
by the Ozimek team [14]. 
In the statistical analysis, the following values were 
used: arithmetic mean (x̃), standard deviation (SD), 
mean confidence intervals (95% CI), and coefficient of 
variation (CV). The relationships between the dependent 
variable (run time) and independent variables (force, 
velocity, and power indices) were evaluated with the use 
of Pearson’s correlation (with 90% CI). A p-value < 0.05 
was adopted as a statistically significant correlation. To 
check the normal distribution of variables the Shapiro–
Wilk test was performed.

Results
Table 1 demonstrates descriptive statistics and correlation 
coefficients of the measured somatic features and indicators 

Table 1. Descriptive statistics and correlation coefficients (with CI) of the measured somatic features and indicators of motor 
skills with climbing sprint time and specific-climbing power

x̃ SD 95% CI CV r(x.y) rt [s] r(x.y) RP [W/kg]

rt [s] 8.19 1.95 6.56 9.81 23.79 1.00

–0.97*
(p = 0.00)

CI 
(0.97 ± 0.06)

BH [cm] 178.55 8.83 171.17 185.93 4.95 –0.44
(p = 0.26) 0.47 (p = 0.23)

BW [kg] 70.23 12.19 60.03 80.42 17.36 –0.44
(p = 0.26)

0.48
(p = 0.22)

FM [%] 8.39 2.54 6.27 10.51 30.27 –0.07
(p = 0.86)

0.06
(p = 0.88)

RP [W/kg] 18.78 3.98 15.46 22.11 21.17

–0.97*
(p = 0.00)

CI 
(–0.97 ± 0.06)

1.00

CMJ [cm] 49.56 6.35 44.25 54.86 12.81

–0.89*
(p = 0.00)

CI 
(–0.90 ± 0.18)

0.90*
(p = 0.00)

CI 
(0.90 ± 0.17)

CMJ F [N] 1603.98 210.43 1428.05 1779.9 13.12 –0.54
(p = 0.165)

0.55
(p = 0.15)

CMJ V [m/s] 1.56 0.10 1.47 1.64 6.67

–0.90*
(p = 0.00)

CI 
(–0.90 ± 0.17)

0.90*
(p = 0.00)

CI 
(0.90 ± 0.17)

CMJ P [W] 2501.85 407.34 2161.31 2842.39 16.28

–0.78*
(p = 0.02)

CI 
(–0.78 ± 0.32)

0.80*
(p = 0.01)

CI 
(0.80 ± 0.30)

Note: rt – climbing sprint time, BH – body height, BW – body weight, FM – fat mass percentage, RP – specific-climbing power, CMJ –  
countermovement jump height, CMJ F – muscle-generated force, CMJ V – muscle shortening velocity, CMJ P – CMJ power
* significant correlations

Figure 1. The scatterplot for the RP (W/kg) and CMJ V (m/s) 
with 95% CI
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of the motor skills of the climbers. The data shows that 
special climbing power – RP, CMJ height (cm), P (W), 
and V (m/s) closely correlate with the running time. 
Statistically significant correlations between parameters 
and RP were recorded for: V (m/s) (0.9; p < 0.05), P (W)
(0.80; p < 0.05) and the CMJ absolute score (cm) (0.9;  
p < 0.05). Figure 1 shows a diagram of the spread between 
RP (W/kg) and V (m/s) together with 95% CI.

Discussion
The My Jump application allows for an efficient 
assessment of the level of force, power, and velocity 
of the muscles working during a jump (CMJ) [5, 8, 
15]. It needs to be highlighted that our research was 
the first attempt to use the My Jump application to 
evaluate force, velocity, and power in the CMJ test in 
speed climbers. Therefore, the question was whether 
the results collected by this application would have  
a reliable diagnostic value. For example, the Jiménez-
Reyes et al. conducted similar measurements among 
sprinters and jumpers, with F, V, P on 1769 ± 129 (N), 
1.61 ± 0.07 (m/s), and 2847 ± 317 (W), respectively [8]. 
Rago et al. study showed that among students, the mean 
value of velocity (V) obtained during the CMJ test was 
1.42 ± 0.23 (m/s), with the mean height of the CMJ at 
41 ± 0.4 cm [15]. Compared to these results the level 
of force, velocity, and power obtained in this research 
in speed climbers are similar and seem to be reliable. 
Some differences in mean values should be accepted as 
an effect of the sports specialization of the compared 
groups. 
Previous research [10] in which the Optojump system 
(Microgate, Italy) was used demonstrated correlations 
between CMJ test, maximal anaerobic power, and best 
climbing time achieved during a national championship 
competition. The value of the correlations between 
the best climbing time and results for the CMJ test and 
relative power indicators were rx,y = –0.79 and rx,y = –0.75, 
respectively [10]. In our research, an attempt was made 
to analyze correlations of the force (F), power (P), and 
velocity (V) of the CMJ with the time of climbing and 
the climbing power (specific power; RP) indicator.  
A comparison of the correlation values from Krawczyk 
et al. study [10], with correlations from this study, 
shows that the strength of the correlations was similar. 
The correlation values between power obtained during 
CMJ and best climbing time were similar in both studies  
(rx,y = –0.75 vs rx,y = –0.78). Yet, correlation values between 
CMJ results and best climbing time were different 
(rx,y = –0.79 vs rx,y = –0,89), and higher in the present 
study. The high and significant values of the correlation 

coefficients observed in the present study show that the 
My Jump application and the CMJ test conducted with 
this application have a potentially high informative value 
in assessing the level of motor potential, training results, 
and possible results of competitions in speed climbing. 
The results of the present study (and other studies), low 
financial costs of buying the My Jump application, a lot 
of variables describing the motor potential of the climber, 
and the possibility of carrying out measurements in non-
laboratory conditions (e.g. climbing training centers) 
emphasize a high practical value of the My Jump 
application for speed climbing coaches.  
Moreover, data from our research indicate that fast 
climbing in this competition is more dependent on 
the speed component of the lower limb muscles. The 
amount of resistance (the body of the competitor, Earth’s 
gravity) during a run is the load that makes the climbing 
run to qualify in the zone of maximum power and speed 
power. This means that the force and velocity profile of 
a speed climber can be oriented towards the velocity 
component. The F-v profiles of individual climbers 
were not determined in our research. Therefore, it is 
difficult to clearly state where exactly in the F-v curve 
the climbers under observation were located. Our results 
suggest that the velocity component may have more 
significance. Our unpublished measurements, made 
according to the procedure of Samozino et al. [17], 
concerning the F-v profile of a former world champion 
in speed climbing, being in the starting period, and 
qualifying for the final rounds, confirm the thesis about 
the profile characteristics. The profile of this competitor 
was velocity-oriented. 
These results should be interpreted with caution. First, 
measurements were taken when the climber finished the 
competition. For this reason, the obtained results could 
be interrupted by fatigue or other psychosomatic factors 
connected with fatigue. Despite this, the participants 
were asked to perform maximum effort during jumping 
tests. Second, because of the small sample size (n = 8). 
Third, because of the high values of the standard 
deviation and coefficient of variance recorded for 
climbing time (rt) and specific-climbing power (RP), 
which indicate high dispersion in the studied group of 
climbers. Therefore, the correlation coefficients among 
rt, RP and CMJ, V (m/s), F (N) and P (W) could have 
been overestimated, and an actual influence on climbing 
time and climbing power competition values could be 
determined by technical skills, mental characteristics, 
and other factors not measured in this study. In the group 
of the tested speed climbers, a high level of homogeneity 
was observed for CMJ, V (m/s), F (N), and P (W) 
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variables. This homogeneity also indicates that rt and 
RP variables could be determined by other abilities than 
strength and speed (for example: climbing technical 
skills, mental characteristics, etc.). Ozimek et al. [14] 
suggested that RP (W/kg) variable should be interpreted 
as a multivariate indicator, determined by strength and 
speed abilities, specific climbing movement skills, and 
mental predispositions. Therefore, correlating results 
of the CMJ test and its kinetic parameters, can answer 
the question: to what extent, in the studied group of 
climbers, RP was determined by explosive strength 
(the result of CMJ) and mechanical parameters of 
CMJ (force, velocity, and power)? This would make it 
possible to differentiate strength and speed factors from 
other, not measured factors, which together determine 
rt (s) and RP (W/kg) in speed climbing competition. In 
this study, the R2 values for the correlations between rt 
(s) and RP (W/kg) and CMJ and V (m/s) were 81% in 
both cases. For P (W) and F (N), the values of R2 were 
64% and 31% respectively. Even with the potentially 
high impact of other factors, these results suggest that 
climbing time as well as specific-climbing power may 
be strongly correlated with speed abilities. 
The results of this study may have a practical value for 
the training process in speed climbing because: 1) it 
enables trainers to obtain information on the velocity 
component of movement, which is important in speed 
climbing (and it is more difficult to train than the force 
or power); 2) it could be used in the speed climbing 
training, as it should contain non-specific and specific 
exercises at high velocity of movements (e.g. specific 
exercises on the climbing wall); 3) it suggest, that 
velocity oriented exercises should occupy 4/5 of all 
training time in speed climbing (based on R2 values).
However, these indications, along with the current 
state of research in this discipline, should be regarded 
as suggestions. Further research in speed climbing 
should include an attempt to determine the full F-v 
characteristics of a climber.

Conclusions
In conclusion, our research reviled that My Jump app 
could become a worthy diagnostic tool, providing 
information about speed abilities, which is highly 
valuable for speed climbing coaches. Moreover, the 
motor effect, expressed by climbing time and climbing 
power in speed climbing, is probably more strongly 
correlated with velocity, than the force component. 
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