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Abstract
Introduction. Studies have demonstrated an important role of muscle strength and endurance in climbing. However, little research has explored the speed parameters of the muscles of climbers. This study aimed to evaluate biomechanical indices of the
functional status of the upper limbs in climbers. Material and methods. Group G1 (n = 3) were athletes who were able to climb
8c+/9a climbing routes using the red-point style and 7c+/8b routes with the on-sight style. Group G2 (n = 5) comprised climbers who were able to climb 8a/8b+ and 7b+/8a routes, respectively. Maximum muscle torques were measured in the elbow and
arm flexors and extensors. Hand grip tests, dynamometric arm strength tests, and laboratory endurance tests were conducted.
Results. Strength parameters in both joints were similar in the two groups of climbers. Maximum absolute values of hand grip,
crimp grip, and global arm force in hanging did not differ between the groups. Furthermore, significant differences were found
for relative indices (from circa 3% to circa 12%). No significant differences were recorded for the parameters of muscle speed.
Furthermore, no significant effect of the subjects’ skill level on the results of endurance tests was found. The results obtained in
the groups of athletes (G1, G2, and G1+2) were compared with the values recorded in a control group of students (GC, n = 48).
Conclusions. Elite climbers were found to have an advantage over the controls only in strength and muscular endurance. No
significant differences were observed in the results of speed tests in the muscles of the athletes and students examined in the
study. The climbers (G1 and G2) differed in the strength potential of their muscles, but only when relative force indices were
analysed. No differences were found in the biomechanical variables of speed and muscular endurance. Conventional tests are
typically not a valuable diagnostic tool for the evaluation of climbers.
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Introduction
Sport climbing is a new and dynamically developing sport
that stems from mountain climbing. The common feature of
both sports is the specific type of physical activity, which is
climbing. The differences are related to physical and spatial
aspects and the risk level. The environment of the activity and
the risk level involved in ascending a climbing route on a glacier
in the Himalayas differs fundamentally from ascending a route
with fixed protection in the rocks or on an artificial climbing
wall.
As in other sports, in sport climbing, it is also essential to
explore the main factors that determine success. In light of the
literature, it seems that an essential role is played by muscle
strength and endurance, with particular focus on the level of
relative force produced by the upper limbs [1, 2, 3, 4]. The studies of the effect of strength in sport climbing have used a variety
of dynamometers, also in specific motor tests. In some studies
[5, 6, 7], better results for relative strength were documented for
elite climbers compared to non-climbers or amateur climbers.
Research has also demonstrated the importance of endurance to this sport. Sport climbing is a sport where the time of

exercise ranges from several to several dozen minutes. This exercise is characterised by a specific rhythm of muscular work,
that is isometric contraction of the muscles followed by a rest
period. Both dynamometric and indirect tests have been employed in measurements. Tests performed in laboratory environments have demonstrated that professional climbers
were able to maintain 60% of Fmax (maximum force) longer
and 80% of Fmax in intermittent exercise compared to nonclimbers [8, 9]. In a study by Staszkiewicz and Rokowski [3], indirect tests showed that elite climbers were able to continue the
exercise for a longer time, for example during hanging on a slat
to exhaustion. The problem of differences in relative force and
muscle endurance in groups of athletes with insignificant (yet
measurable) differences in skill level have not been explored
sufficiently to date. Similarly, the rate of force development during rock climbing also needs to be evaluated unequivocally as
dynamic reaches are frequently used by climbers on extremely
difficult climbing routes. In such cases, the speed of catching
a hold may be a factor in winning the competition.
The aim of the present study was to determine the level of
biomechanical indices of strength, speed, and endurance of the
upper limbs in rock climbers with elite-level skills.
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