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Abstract

Competitive climbing has witnessed significant growth in recent years, leading to an increased
focus on both indoor and outdoor training. This rise in popularity has been accompanied by a higher
frequency of climbing-related injuries, particularly in the upper limbs, with finger tendon injuries being
the most prevalent. The rapid evolution of the sport, including the introduction of more complex climbing
walls and movements, has further elevated the risk of injury among athletes. Despite the increasing
number of injuries, there is a noticeable gap in specialized knowledge and treatment of these injuries,
particularly in Greece, where healthcare providers may lack the expertise needed to effectively manage
and rehabilitate climbing-related injuries. This study aims to address these gaps by conducting a detailed
investigation into the epidemiology of climbing injuries. The research involves distributing
comprehensive questionnaires to climbers, focusing on the types of injuries sustained, the level of
climbing difficulty at the time of injury, and the specific types of climbing holds involved. Additionally,
the study will document clinical symptoms and assess the level of specialized care provided by healthcare
professionals. By correlating injury patterns with factors such as training intensity, climbing hold design,
and the expertise of healthcare providers, this study seeks to develop targeted prevention and treatment
strategies. The findings will not only contribute to safer climbing practices but also provide valuable
insights into improving injury management and rehabilitation. This research is particularly relevant given
the sport's inclusion in the Olympic Games, highlighting the need for a deeper understanding of the
unique demands and risks associated with competitive climbing.
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Introduction

In recent years, competitive climbing has grown at a rapid pace, both in indoor and outdoor
settings. Despite the potential risks involved, there has been remarkable growth in the sport and an
increasing number of specialized indoor climbing facilities being constructed. The development of indoor
climbing facilities has allowed athletes to train frequently and in all weather conditions. The increased
frequency of athlete training has raised the level of the sport but also the frequency of injuries.
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The involvement in the sport of climbing led me to a significant observation: the high frequency
of injuries among athletes and, often, the lack of specialized knowledge in treating and preventing these
injuries among healthcare providers. According to Chang et al. (2016), over 75% of climbing athletes
suffer from chronic or acute upper limb injuries, with the wrist and fingers being the most frequently
injured areas. More specifically, the flexor tendons of the fingers and their sheaths appear to be the most
commonly affected by traumatic injuries (Rohrbough et al., 2000).

The finger sheaths are responsible for holding the tendons in place during the flexion and
extension of the fingers. The A2 pulley in particular appears to be the strongest, as it can withstand forces
exceeding 400 N (Chang et al., 2016). Studies have shown that during climbing, the sheaths of a 70-
kilogram athlete are subjected to forces reaching up to 380 N, and in the event of a sudden fall, these
forces can rise to 450 N (Crowley, 2012). This frequency is demonstrated through epidemiological studies
involving a significant number of participants, such as those conducted by Gerdes et al. (2006), where
data were collected from 1,887 climbers, recording 2,472 injuries during climbing, with the fingers being
identified as the most common injury site. Additionally, more recent studies support these observations,
such as those conducted by McDonald et al. (2017a), Jones and Johnson (2016) and Chang et al. (2016).

Despite the increasing number of epidemiological studies on climbing-related injuries, there is a
lack of relevant knowledge in Greece, particularly regarding the treatment of these injuries within the
country. Furthermore, there is limited understanding of the clinical characteristics of these injuries, as
well as of the climbing handholds or the difficulty levels where these injuries occur. Lastly, it is important
to document the healthcare providers that injured climbers most frequently consult, their level of
satisfaction, and the degree of specialized knowledge these providers have regarding the sport of
climbing. The need for further study of climbing athlete injuries is underscored by the fact that the
International Olympic Committee, on August 3, 2016, decided to include the sport in the official program
of the 2020 Olympic Games in Tokyo.

Such a significant decision, both for climbing athletes and for the sport's enthusiasts, should be
accompanied by a scientific investigation into the factors contributing to athlete injuries. It is important to
note that the modern form of climbing and the training methods used for elite climbers have evolved,
resulting in a broader range of injuries being observed compared to the past (Lutter et al., 2017). In the
past, climbing was primarily done on nearly vertical walls, whereas now, walls feature various inclines
and are relatively more three-dimensional. This change forces climbers to perform more complex
movements, which increases the risk of injury (Schoffl et al., 2016). For this reason, Lutter et al. (2017)
They recommend a more careful and evidence-based medical involvement, alongside the use of more
ergonomic climbing holds, to prevent injuries.

Review

An electronic search of relevant articles was conducted as previously performed
(Paraskevopoulos, Karanasios, et al., 2023; Paraskevopoulos, Plakoutsis, et al., 2023) using Scopus as the
primary database, based on the keywords: ‘Rock Climbing Injuries’, ‘Epidemiology of Rock Climbing
Injuries’, ‘Bouldering Injuries’, and ‘Treatment of Rock Climbing Injuries’. The search was further
restricted to studies published in English. The search was also extended to other bibliographic databases
such as Medline and Google Scholar, but no additional studies were found beyond those identified
through Scopus.
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Table 1. Literature search

Words Articles
1. Rock Climbing Injuries 213
2. Epidemiology of Rock Climbing Injuries 17
3. Bouldering Injuries 19
4. Treatment of Rock Climbing Injuries 66

The selection of articles was based on their relevance as indicated by their titles. The most
pertinent studies that were identified through the search and review are discussed in detail in the analysis
of the literature findings. Due to the volume of similar findings across many studies concerning the injury
area, the most recent studies were chosen to be included in the analysis of the findings as previously
suggested.

Analysis of the Literature Findings

The search revealed that most epidemiological studies on climbing injuries are not limited to a
specific type of climbing. It is important to note that there are four main categories of climbing:
bouldering, indoor climbing, traditional climbing (trad) which takes place outdoors, and sport climbing
outdoors (McDonald et al., 2017b). Some studies focused on a specific type of climbing but did not
examine epidemiological data regarding the frequency of injuries.

McDonald et al. (2017b) In their latest research effort to highlight some epidemiological data
regarding the most frequent injury areas in climbing athletes, it was shown that across all types of
climbing, the finger area was the most commonly injured. This study, which included data from 553 men
and 155 women, found that tendon injuries, including those of the sheaths, were the most frequent type of
injury. Similar findings were reported by Backe et al. (2009) and also identified an increased risk of
injury with a rising Body Mass Index (BMI). Also, Jones et al. (2008) showed an increased frequency of
finger injuries.

The intensity of training appears to play a significant role in the risk of injury, considering both
the frequency of training days and the difficulty of climbing problems. Logan et al. (2004) by using
information on the number of training days and the difficulty level of climbing problems, they developed
a formula to calculate each athlete's training intensity. The results confirmed their initial hypothesis
regarding the increased risk of finger injuries associated with higher training intensity.

Similarly, Woollings et al. (2015), reported similar findings regarding injury locations. Their
results showed a relatively high injury frequency among young climbers (ages 15-19), comparable to the
injury rates seen in hockey and soccer. It is important to note that in studies such as that of Woollings et
al. (2015) and McDonald et al. (2017a) injured climbers were referred to a physical therapist for their
injury rehabilitation, while in the study by Jones et al. (2008), physical therapists were the primary
healthcare providers that injured climbers initially sought out. Therefore, it is crucial to investigate the
knowledge and specialization of physical therapists regarding such injuries.

The review observed that as the athletes' level and the difficulty of climbing problems increased,
so did the risk of injury. However, only the study of Woollings et al. (2015) referred to what occurred
during the injury, such as ‘intense movement’. However, there was no study that specifically addressed
the documentation of climbing holds that were most likely to cause injuries to athletes (i.e. Edges,
Pockets etc.)
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Methodology

Therefore, this research will initially involve distributing questionnaires based on the protocol
proposed be Jones et al. (2008) to collect epidemiological data, including anthropometric details,
climbing-related injuries, the level of climbers (Metric Scale), the type of climbing hold used during the
injury, the healthcare providers consulted, the methods of injury management, and the level of satisfaction
of the injured climbers. Subsequently, a detailed documentation of the clinical symptoms associated with
each injury will be carried out to facilitate grouping for easier future diagnosis and correlation with
difficulty levels. Additionally, further data will be gathered on the clinical specialization of physical
therapists and other healthcare providers regarding climbing injuries and their management methods

The questionnaires will be distributed to climbing clubs and gyms that operate exclusively for
climbers. Initially, the study will focus on boulder athletes, and if deemed necessary, data collection will
be extended to climbers from other categories. The validity (face validity) will be assessed through
interviews with a sample of participants. The initial questionnaire will be developed based on methods
proposed in the existing literature (Auer et al., 2021). Experienced bouldering athletes will be consulted
for consent and feedback. It will be further refined for validity through consultations with experienced
clinical researchers (Dorscht et al., 2019; Paraskevopoulos et al., 2024; Paraskevopoulos, Plakoutsis, &
Papandreou, 2023).

The analysis will be conducted using Microsoft Excel for data collection and SPSS (SPSS Inc.,
Chicago, IL) for statistical analysis. All values will be reported as means and standard deviations. The
Kolmogorov-Smirnov test will be used to assess the normality of the data distribution. Homogeneity of
variances will be investigated using Levene's F test. Variables with a normal distribution will be tested for
statistical significance using appropriate parametric tests. Where normal distribution is not present,
significance testing will be conducted using non-parametric tests.

Clinical Significance

This study underscores the critical need for a comprehensive understanding of injury patterns in
competitive climbing, especially given the sport's rapid evolution and increasing popularity. The high
frequency of upper limb injuries, particularly in the fingers and tendons, highlights a significant concern
for both amateur and elite climbers. The observation that injuries commonly occur in areas subjected to
substantial forces during climbing—such as the A2 pulley in finger tendons—illustrates the physical
demands and potential risks inherent in the sport.

The findings from various studies indicate that the risk of injury escalates with increased training
intensity (Paraskevopoulos, Kottaridis, et al., 2023; Paraskevopoulos, Pamboris, & Papandreou, 2023)
and the complexity of climbing routes. This correlation emphasizes the necessity for tailored training
programs that balance intensity with adequate injury prevention strategies. Moreover, the study reveals a
gap in specialized care and knowledge among healthcare providers in Greece, which could impact the
effectiveness of injury management and rehabilitation for climbers.

The documentation of climbing handholds and the associated risk of injury is another crucial area
that requires attention. Understanding which climbing holds are more likely to cause injuries can lead to
better design and usage recommendations, potentially reducing the incidence of specific injuries. This
insight will also benefit climbing facility operators in designing safer climbing environments.
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Conclusion

The rapid growth of competitive climbing and the increasing frequency of injuries among athletes
necessitate a focused approach to understanding and managing climbing-related injuries. The study
highlights several key areas for future research and intervention:

1.Injury Patterns: A detailed analysis of injury types, particularly in the upper limbs and finger
tendons, is essential for developing targeted prevention and treatment strategies.

2.Training Intensity: The relationship between training intensity and injury risk calls for guidelines
that help climbers balance training loads with injury prevention.

3.Specialized Care: There is a pressing need to enhance the specialized knowledge of healthcare
providers, including physical therapists, regarding climbing injuries. This will ensure more
effective treatment and rehabilitation tailored to the unique demands of the sport.

4.Climbing Holds: Further research into the types of climbing holds associated with injuries can
inform better design and usage practices, contributing to a safer climbing experience.

5.Data Collection: The proposed methodology, including detailed questionnaires and clinical
symptom documentation, aims to fill existing knowledge gaps and provide a foundation for
improved injury management practices in climbing.

Overall, this research will contribute to a more nuanced understanding of climbing injuries and
support the development of strategies to enhance athlete safety and performance. The insights gained will
be valuable not only for the climbing community in Greece but also for the broader global climbing
population.
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