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Abstract: Background: Our aim was understanding and identifying the main performance factors
involved in sport climbing. Methods: A systematic review was conducted using the Google Scholar,
Dialnet, Scielo, and Redalyc databases. Results: After establishing the selection criteria, a total of
27 documents related to the subject of study were examined. A limited number of publications with
scientific evidence related to performance factors in sport climbing were found, despite the rise of
sport climbing following its inclusion in the Olympic Games in Tokyo 2020. The results have been
organized based on different performance factors analyzed, such as strength, muscular endurance,
psychological factors, etc. Key determinants in climbing performance, and thus those present in elite
athletes, include improved climbing efficiency, greater ability to apply maximum force or finger and
palm pressure resistance, and increased arm locking strength. Additionally, it has been observed that
those who can apply higher and more consistent loads experience better muscle oxygenation and
have greater flexibility and lateral foot reach. Conclusions: Climbing performance is the result of
factors that can be enhanced through training. Therefore, further research is needed to understand
the performance factors involved in this sports discipline and how to improve them.

Keywords: climbing; performance; strength; psychology; technique

1. Introduction

The fundamental principle of sustainability implies that choices and actions in the
present should not jeopardize the ability to preserve or enhance the quality of life in
the future [1]. It is a complex system consisting of four dimensions: social, economic,
environmental, and political/institutional, characterized by the interactions within each of
these dimensions [2].

Engaging with nature through activities like ecotourism and outdoor recreation raises
awareness about the importance of conserving natural resources and protecting histor-
ical and cultural sites. This fosters a positive attitude towards the environment and its
preservation [3].

There is a growing concern about the impacts of sports activities on the natural
environment, emphasizing the urgent need for proper management to minimize negative
consequences and move towards a more sustainable approach [4,5].

Participating in activities in natural settings leads to an appreciation of these places
and motivates people to maintain physical fitness to engage in such activities, whether
sporadic or for health benefits [6].
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Furthermore, as Caballero [7] suggests, physical activities in natural environments
are conducive to instilling positive values in young individuals, including responsibility,
autonomy, empathy, cooperation, healthy lifestyle habits, and leadership.

Hence, our goal is to study the performance factors influencing sport climbing, which
directly relate to nature-based sports like rock climbing, a sport gaining popularity world-
wide and reflected in there being climbing walls everywhere.

2. Literature Review

Climbing is a sport that involves phases of movement between moments of rest, and
its success relies on the climber’s ability to move fluidly between these resting points [8].
It is an increasingly popular recreational and competitive sport. For its preparation and
training, it is important to understand the anthropometric and physiological factors, study
the body’s responses to training, and apply precise stimuli, as these insights will enable the
specific training focus for climbing disciplines: difficulty, bouldering, and speed. Climbing
is physiologically unique in the need for sustained and intermittent isometric muscle
contractions for upward propulsion [9].

Attempting to make an initial approach toward understanding the performance factors
in sport climbing, the authors [10] established a model composed of six parameters or
factors: coordination and technique, tactical aspects, psychological aspects, physical aspects,
environmental conditions, and external conditions for the climber.

Recent research has focused on various areas within the field of sport climbing. Some
of the investigated topics include anthropometry [11,12], muscle fatigue [13–16], energy
expenditure [10–13], the relationship between heart rate and maximal oxygen consump-
tion [17–20], intermittent isometric endurance [12,21], reoxygenation of finger and hand
flexor muscles [22,23], technical–tactical aspects of climbing [17,24–26], and psychophysi-
ological aspects related to climbing, such as problem-solving skills, movement sequence
memory, climbers’ anxiety levels, or specific stress management training, which can be
critical discriminators of performance in sport climbing [19,27–30].

Furthermore, an athlete’s skill and precision can be determinants of performance
and can be defined as opportunities for action in a sports performance environment with
reference to the individual [31]. Before applying force to a hold, climbers may make small
adjustments based on how they perceive the hold and their capabilities. This exploratory
behavior can be important for improving the amount of friction that can be exerted on the
hold [26].

In the same vein, in the pursuit of greater efficiency in climbing and prolonging the
time until fatigue sets in, climbers aim to transfer maximum weight onto their feet. This
results in energy savings in the upper body, especially in the forearms, which are the
primary culprits of fatigue while climbing [16,21].

Climbing is a sport with high demands for strength, but numerous authors have also
emphasized the importance of the relationship between this factor and technical–tactical
factors. It has been suggested that climbers with higher technical–tactical levels have better
optimization of climbing rhythm [32], better positioning of their center of gravity, and a grip
strength application that generates more friction on holds [26]. This allows them to shorten
contact phases with holds, saving energy expenditure and isometric work [17], which
promotes higher performance. Additionally, flexibility has been identified as one of the key
physical abilities, along with strength, that determines success in climbing [8,11,19,23,26–33].

With this review work, following the PRISMA methodology, the goal is to achieve
an understanding and identification of the primary performance factors involved in
sport climbing.

3. Materials and Methods

A systematic review of the current scientific literature on sport climbing was conducted
following the guidelines of “Preferred Reporting Items for Systematic Reviews and Meta-
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Analyses” (PRISMA) [34]. Such reviews are highly valuable as they allow for the synthesis
of scientific information on a specific topic [35].

3.1. Search Strategies

To carry out this systematic review, the following search strategies were employed.
Initially, a search for articles related to the subject matter was conducted using the following
databases: Google Scholar, Dialnet, Scielo, and Redalyc.

For the search, the terms or keywords used and the search pattern employed by
combining the terms in different search engines were as follows: (sport climbing) AND
[(performance factors) OR (strength) OR (psychology) OR (endurance) OR (technique)].

3.2. Eligibility Criteria

The eligibility criteria for including and excluding data in this systematic review were
as follows:

3.2.1. Inclusion Criteria

1. Observation of variables related to any type of information regarding determining
factors for performance in sport climbing.

2. Any type of study that analyzes the effects of a training program with the aim of de-
termining which factors a sportsperson should develop to enhance their performance
in sport climbing.

3. Variables have been assessed with specific tests for sport climbing.
4. Participants were adults with a minimum experience of at least two years.
5. Documents published in the 20 years prior (spanning from 1996 to 2016, inclusive) to

the official confirmation of Tokyo as the Olympic host city (Tokyo 2020) in 2016.

3.2.2. Exclusion Criteria

1. Studies involving minors or adults with no prior experience in sport climbing.
2. Inconclusive studies.
3. Studies in which variables corresponded to non-specific tests in sport climbing.
4. Documents published prior to 1996 and after 2016.

3.3. Data Collection Procedure

Following the inclusion criteria explained previously, an initial individual review was
carried out by two reviewers, ensuring greater consistency during the process of document
analysis and screening [36].

In this initial review, articles that did not relate to the topic based on their titles and
abstract content were discarded. Subsequently, a more thorough reading of the literature
was conducted to decide upon the inclusion or exclusion of articles. Finally, a total of
27 articles were selected.

Figure 1 illustrates the four phases outlined by the PRISMA Statement: identification,
screening, eligibility, and inclusion of documents [37].
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Figure 1. PRISMA flowchart.

4. Results

In Table 1, the results of this systematic review under the applied criteria are displayed.
The following table presents the analysis of the 26 documents.

Table 1. Analysis of performance factors in interventions with sport climbers.

Reference Participants Protocol Results

Bertuzzi et al.,
2007 [17]

6 elite climbers and
7 recreational climbers

Comparison of the energy
systems used by both groups

while climbing.

Both groups utilized the same energy
systems. Elite climbers demonstrated

better climbing economy and, as a
result, performed better on

steeper walls.

Baláš et al., 2014 [38] 26 advanced and elite male
climbers

Measurement of physiological
variables during a specific

treadmill climbing test.
Climbing wall height: 3 m.

Inclination: 90–105◦.

The increase in heart rate (HR) and
maximal oxygen consumption
(VO2max) were related to the

inclination of the wall.

Cuadrado et al.,
2007 [39] 30 intermediate climbers

Comparison of two strength
and endurance

training programs

Strength and endurance training leads
to improvements in specific climbing

factors. Endurance training serves as a
means to achieve a certain level of

specific strength.
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Table 1. Cont.

Reference Participants Protocol Results

Draper et al., 2009 [8] 10 medium climbers,
9 advanced, and 2 elite

Flexibility test, lateral foot
reach, and foot stepping.

There is a relationship between
flexibility and climbing ability.
Flexibility can be a significant
determinant of performance

in climbers.

Draper et al., 2011 [40] 29 competitive climbers
(17 men, 12 women)

Psychological evaluation:
fatigue, anxiety,

stress, confidence.

Greater experience influences
self-confidence, reduces stress, and
increases the likelihood of success.

Deyhle et al., 2015 [41] 11 male climbers
Impact of prior fatigue in
different muscle groups

on performance.

Finger and elbow flexors were more
critical muscle groups for

climbing performance.

Donath et al., 2013 [42] 28 climbers (14 recreational,
14 advanced)

Determination of differences
in load application based on

climbing level.

Higher-level climbers demonstrated
higher and more consistent

load applications.

Fryer et al., 2016 [43] 36 males and 10 females
(advanced climbers)

Maximum isometric finger
flexor suspensions.

Higher climbing levels were associated
with a higher index of oxidative

capacity in the deep finger flexor. The
oxidative capacity index is a good

predictor of climbing performance.

Fryer et al., 2013 [44] 21 climbers (18 males,
3 females)

Comparison of stress levels
between lead and
second climbing.

Higher-level climbers were not
significantly affected by stress during

lead climbing.

Grant et al., 1996 [45] 10 elite climbers and
10 recreational climbers

Comparison of key
performance indicators

in climbing.

Elite climbers exhibited better finger
strength, scapular waist strength, and

hip flexibility.

Grant et al., 2001 [46]
30 women (10 elite,

10 recreational,
10 non-climbers)

Comparison of performance
factors: grip strength.

Elite women demonstrated greater
finger strength compared to

recreational and non-climbing women.

Gáspari et al., 2015 [47] 8 elite climbers
Lactate test in competition:

post-warm-up,
post-semifinals, post-finals.

Lactate peak occurred after finals,
indicating increased anaerobic

involvement in higher technical
difficulty climbs. Higher lactate levels

were observed in competitions
compared to training.

Hardy y Hutchinson,
2007 [28] 10 experienced climbers Evaluation of anxiety levels in

climbers of different levels.

Higher anxiety levels were positively
correlated with performance and

increased climbing difficulty.

Heyman et al.,
2009 [48]

13 male amateur climbers
with over 3 years of

experience

Active recovery, passive
recovery, electrostimulation,
and cold-water immersion.

Active recovery and cold-water
immersion can enhance a climber’s

ability to return to an optimal
working state.

López y Badillo,
2012 [49]

9 elite males and 1 elite
female

Isometric suspensions: 18 mm
with maximum load in 5, and

11 mm for maximum time.

The most effective method is to initially
train on a larger hold with additional

weight and then on a smaller hold
without weight.

Magiera et al.,
2013 [21] 30 intermediate-level males

Analysis of somatic
characteristics, specific

physical fitness, technical and
tactical skills, and on-sight

climbing performance.

Maximum finger strength, mental
endurance, climbing technique,

isometric finger endurance, decision
making, arm length, and VO2UAN

correspond to 77% of
performance capacity.
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Table 1. Cont.

Reference Participants Protocol Results

MacLoed et al.,
2007 [22]

20 subjects (11 intermediate
climbers, 9 non-climbers)

Comparison of specific
finger endurance.

Muscle reoxygenation was higher in
climbers and positively correlated with

climbing performance.

Mermier et al.,
1997 [50]

14 experienced climbers
(9 males, 5 females)

Measurement of physiological
variables while climbing three

routes with
different inclinations.

A nonlinear relationship between the
increase in VO2max and heart rate (HR)

during climbing was observed.

Mermier et al.,
2000 [11]

44 climbers (24 males,
20 females)

Comparison of
anthropometric

measurements, flexibility,
muscle strength, muscular
endurance, and explosive

strength.

Nearly 2/3 of the variation in climbing
performance could be explained by
trainable factors. Anthropometric

factors had a small impact on
climbing performance.

Nieuwenhuys et al.,
2008 [51]

12 novice climbers (7 males,
5 females)

Evaluation of the effects of
anxiety on visual information
processing during climbing.

Anxiety led to poorer information
processing during climbing in

novice climbers.

Rodio et al., 2008 [20] 13 climbers (8 males,
5 females)

Measurement of lactate,
energy expenditure, and VO2
consumption during climbing.

Energy expenditure and VO2 during
climbing were similar to values

obtained during easy and moderate
aerobic activities.

Sánchez et al.,
2012 [52] 29 male climbers

Evaluation of the effects of
pre-route visualization on
performance at different

climbing levels.

Only expert climbers benefited from
pre-route visualization.

Schöffl et al., 2006 [15] 28 male climbers
Analysis of performance

measures taken while
ascending on a treadmill.

Moderate lactate accumulation was
observed, and reduced HR was

considered useful as an indicator
of recovery.

Vigoreaux et al.,
2015 [53]

25 subjects
(12 climbers—9 males and

3 females—and 13
non-climbers)

Comparison of finger
flexor capabilities.

Both male and female climbers
exhibited stronger finger flexors

compared to non-climbers.

Wall et al., 2004 [54] 18 women (6 intermediate, 6
advanced, 6 elite)

Assessment in 2 different
climbing tests and

strength evaluations.

Elite female climbers showed better
finger strength and one-arm lock-off

strength than advanced and
intermediate climbers.

Watts et al., 1996 [16] 11 elite climbers

Measurement of finger
strength in manual pressure
and blood lactate evolution

after several intervals of
maximum-intensity climbing.

Both grip strength and endurance
decreased after several climbing

intervals. Grip strength recovered
faster than endurance, and blood

lactate remained elevated after a 20 min
full test.

HR: heart rate; VO2: oxygen consumption; VO2max: maximum oxygen consumption; VO2UAN: oxygen
consumption at anaerobic threshold.

Out of the 26 articles considered, 4 were published before the year 2000. In comparison,
11 were published between 2000 and 2010. Lastly, the remaining 11 were published more
recently, after the year 2010.

The samples used and analyzed in the various studies have been quite diverse. They
have mixed different types of participants, ranging from non-climbers or amateurs to
elite climbers.

Regarding the participants’ levels, elite or advanced climbers were present in nine
documents [16,28,38–40,43,47,49,50]. Similarly, four studies included climbers of a defined
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intermediate or beginner level [21,39,42,51], and only two studies used a sample of athletes
of a beginner or recreational level [48,53]. Lastly, eight documents combined different levels,
from amateur climbers to elite climbers [8,17,22,42,45,46,53,54]. The level of participants
was not described in the rest of the studies.

On the other hand, regarding the gender of the athletes, nine studies included individ-
uals of both sexes [11,20,40,43,44,49–51,53]. Similarly, two studies worked exclusively with
women [27,44], and six studies focused on male subjects [15,21,38,41,48,55]. The gender of
the sample used was not detailed in the rest of the studies.

In a different context, analyzing the various protocols applied or the objectives pursued
in the different studies reviewed, it was found that concerning physiological variables,
some authors have focused their efforts on analyzing them at a general level [38,50]. Others
have chosen specific performance-related physiological factors such as lactate [16,20,47].
Likewise, some have focused on finding the best recovery mechanisms [48] or the main
energy systems involved in climbing motor patterns [17].

On the other hand, some researchers have worked with different performance factors
or measures related to Basic Physical Capacities (BPCs) applied to climbing [11,15,46].
Similarly, some authors have investigated finger flexion strength, endurance or arm lock-
ing strength [23,53,54], or handgrip strength [46], or compared the influence of different
strength and/or endurance training programs [39]. Lastly, flexibility has also been studied
through lateral foot reach tests [8], load distribution [42], or force applied in isometric
suspensions [43,49].

Similarly, attempts have been made to analyze psychological parameters that influ-
ence climbing performance. The main parameters studied have been anxiety [28,40,51],
stress [40,44], psychological fatigue [40], or the influence of route visualization prior to
climbing [56].

In this same line, this review has found that the determining performance factors in
climbing, and therefore those present in elite athletes, are better climbing economy [17],
those who apply more maximum finger or palmar pressure strength, as well as greater
arm locking strength [21,39,41,45,46,53,54], those who apply higher and more consistent
loads [42], those with better muscular oxygenation [22,43], and those with better flexibility
or lateral foot reach [8]. Therefore, climbing performance is a result of multiple trainable
factors [11].

Finally, experience allows for better control of psychological factors such as anxi-
ety, stress, or fatigue [28,40,41,44,51]. It also leads to better outcomes following route
visualization [52].

5. Discussion

This systematic review aimed to identify the performance factors influencing rock
climbing. In relation to the objective of this work, it is worth noting the limited number of
publications found related to this field. For this systematic review, 26 documents related to
performance factors influencing sport climbing were used.

Sport climbing, whether indoors or outdoors, is an increasingly popular recreational
and competitive activity practiced worldwide. The inclusion of sport climbing in the 2020
Tokyo Olympics, with three sub-disciplines, lead climbing, speed climbing, and bouldering,
provides an opportunity for the sport to continue growing [56]. Consequently, research
related to this sport has increased, as athletes can benefit from advancements in the scientific
understanding of performance determinants in sport climbing [11]. Sport climbing involves
specific movements and techniques [55] and is associated with various performance factors
due to the unique nature of the sport.

This review has identified crucial factors that determine performance in climbing,
which have also been observed in elite climbers. These factors include optimal climb-
ing economy, as seen in a previous study [17], as well as the ability to generate maxi-
mum finger and palm strength, along with arm locking strength, supported by previous
research [16,21,22,39,41,45,53,54]. Handgrip strength, as analyzed in [46], is also a signifi-
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cant factor. Additionally, the authors of [57] explain that hand–arm strength and endurance,
along with body fat percentage and climbing experience, can predict climbing perfor-
mance satisfactorily.

Similarly, it has been observed that climbers categorized as elite athletes are capable of
applying higher and more consistent loads during their ascent, as evidenced in [42]. Addi-
tionally, it has been highlighted that these athletes have better muscular oxygenation [22,43]
and greater flexibility and lateral range of motion in the lower body segments, as confirmed
in [8]. As demonstrated in [58], climbers with more experience are able to spend less time
and force on holds and increase the coefficient of friction on necessary footholds.

Regarding anthropometry or body composition, the dimensions of body segments in
relation to climbing performance have been studied [12], although some authors suggest
that anthropometry has a small impact on climbing performance [11]. Some studies have
also emphasized the importance of hip [8,46] and shoulder mobility [11,54].

The technical–tactical aspects of climbing, such as decision making, strategies used by
climbers during their ascent, and the ability to visually inspect a route before climbing it,
can represent essential components of performance optimization. With shorter stops, only
expert climbers benefited more from previewing the route [52]. Furthermore, the climber’s
ability to adapt their focus or perception of the hold before applying force or movement
seems to be another important factor in the ascent [31]. This exploratory behavior has
been identified as an essential element for optimizing the friction that can be generated on
holds [26].

On the other hand, there are other aspects that can influence performance enhancement
in sport climbing tests. Energy drinks have demonstrated their effectiveness in physical
tests across various sports such as cycling, athletics, triathlon, or rowing [59].

This was also evidenced in sport climbing, where nine non-professional climbers un-
derwent three different tests: a maximum speed pull-up, a series of pull-ups to exhaustion,
and a climbing test that was repeated on two occasions [60].

The results demonstrated that with caffeine intake, there was a 19% increase in power
in the maximum speed pull-up test, a 13.5% increase in the maximum number of pull-ups
to exhaustion, and a decrease in the time invested in the climbing test, by 13.8% in the first
attempt and 18.6% in the second [60].

Other studies that have conducted systematic reviews of the literature conclude that
the profile of a climber should include a low percentage of body fat, low overall weight,
elevated levels of strength, particularly in manual grip, resistance to repeated muscle
contractions, high aerobic capacity, and good shoulder and hip flexibility [61].

Lastly, psychophysiological aspects related to climbing have been explored, including
problem-solving ability, memory for movement sequences, anxiety levels, and stress man-
agement training, whereby all of which can significantly influence performance in sport
climbing [19,27–30]. The results of another study indicated that basic processes of percep-
tion, memorization, and information processing, along with motivational and emotional
aspects, decisively influence climbing practice [62].

Taken together, these findings support the notion that climbing performance is a result
of a variety of factors that can be improved through training [11,58].

In the United Nations (UN), in the year 2015, the world’s top leaders presented the
2030 agenda with a set of 17 objectives known as the Sustainable Development Goals
(SDGs). These objectives aim to enhance the lives of all individuals [63].

These 17 objectives have replaced the Millennium Development Goals (MDGs) and
are organized into six core elements, such as ensuring a healthy quality of life and caring
for the environment and ecosystems, among others [64].

SDG 3 aims to improve the health and well-being of all individuals. Therefore, through
the promotion and practice of physical activities, specifically rock climbing or sports, we
will be contributing to achieving this Sustainable Development Goal. Since physical activity
in any of its forms is a highly significant component in contemporary society, it promotes
an understanding of the value of movement in people’s health and well-being.
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Maintaining an active and healthy lifestyle has the potential to prevent future health is-
sues in children and offers benefits for both physical health and psychological
aspects [65,66]. Furthermore, Sustainable Development Goal (SDG) number 15 aims to
achieve the care, sustainability, and preservation of terrestrial ecosystems by protecting
and promoting the sustainable use of the terrestrial natural environment [63].

Therefore, terrestrial ecosystems are essential for human survival, contributing to over
half of the global GDP and playing a role in various heritage, cultural, spiritual, and eco-
nomic values [62]. In this context, the physical practice of climbing goes beyond the pursuit
of thrills and physical challenges. Apart from providing vigorous exercise and a rewarding
experience in nature, climbing establishes a deep connection with the environment.

Climbers often find themselves immersed in spectacular natural environments, foster-
ing a deeper appreciation of the beauty and fragility of nature. This connection can lead
to a greater respect for the environment and heightened awareness of the importance of
conservation. Climbers frequently become passionate advocates for the preservation of
natural areas and the adoption of sustainable practices. Simultaneously, climbing promotes
responsibility and care for natural surroundings, as climbers rely on the integrity of rocks
and natural structures for their enjoyment and safety.

In summary, climbing not only provides physical and emotional benefits but also
nurtures a special bond with the environment, motivating those who practice it to protect
and conserve the natural environments that they deeply enjoy.

6. Conclusions

Sport climbing is a sport that combines isometric contraction phases and movement
phases in the vertical plane, ascending from the ground to different heights, using various
holds, the wall, and upper and lower body segments for support.

The main performance factors that influence this sport, which can be trained to
achieve the best competition results, are related to greater intermittent isometric resistance
to muscle fatigue and greater muscle strength and pressure exerted primarily by the
muscles of the hand and fingers. Additionally, aerobic metabolism plays a primary role,
but the involvement of anaerobic metabolism and lactate production increases with the
wall’s inclination.

On the other hand, technical–tactical aspects of climbing, the climber’s experience, and
the control of psychophysiological factors such as anxiety, stress, or the ability to visualize
the route before the ascent also play a significant role. Similarly, anthropometric factors
such as joint flexibility in the involved movements and the length of body segments (arms
and legs) have a notable impact on performance and the climber’s ascent.

7. Limitations and Future Directions

This study poses two limitations. First, the search did not include studies that may
be included in databases such as Scopus or Web of Science, which could have provided
more results.

Secondly, all of the searches were carried out before 2016. Because climbing was
included as an Olympic sport in that year, the number of investigations has been able to
increase since then.

However, it is important to emphasize that this work aims to be the first part of a
comprehensive analysis of performance factors related to climbing. Its inclusion in the
2016 Rio Olympic Games has marked a significant milestone in the history of this sport,
elevating its profile globally and generating an unprecedented interest in its analysis and
understanding.

Therefore, the second part of this research will focus on analyzing the quantity and
quality of scientific evidence regarding sport climbing from 2016 to the present, in order to
compare the results with those of the current study.

The rigorous analysis of all of this information can contribute to identifying areas
for improvement in terms of regulations, safety, and dissemination, thus promoting the
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assurance of safe and ethical practices at all levels of competition, as well as enhancing
performance among professional athletes.

Consequently, the careful examination of evidence related to sport climbing follow-
ing its Olympic debut becomes an essential component for understanding its scope and
potential impact on the world of contemporary sports.
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