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Abstract
Background:
Bouldering is a rapidly growing sport with emerging evidence of health-promoting effects across physical, psychological, and social domains.
Aim:
To synthesize current research on the health benefits of bouldering and assess its potential as a preventive and therapeutic intervention.
Methods:
This paper reviews over 20 peer-reviewed studies, including randomized controlled trials, qualitative analyses, and mixed-methods research, examining bouldering’s effects on mental health, physical fitness, and social well-being.
Results:
Bouldering was associated with significant reductions in depression, anxiety, and stress, alongside improvements in self-efficacy and emotional regulation. Physical benefits included increased muscular strength, endurance, and improved body composition. Social gains involved enhanced connection, inclusion, and subjective well-being. Outcomes were comparable or superior to traditional exercise and therapeutic approaches in several studies.
Conclusions:
Bouldering is a holistic, accessible intervention that fosters integrated health benefits. Its unique combination of cognitive, physical, and social challenges supports its inclusion in health promotion and therapeutic settings.
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1. Introduction
Sport Science Context
[bookmark: _Int_lMbLtMIc]Rock climbing has undergone a significant transformation over the last three decades, shifting from a specialized mountaineering activity to a sport practiced in dedicated indoor facilities worldwide. The inclusion of sport climbing in the 2020 Tokyo Olympics further elevated its status. Contemporary climbing encompasses multiple competitive and recreational forms, including lead climbing, speed climbing, and bouldering. Bouldering in particular is characterized by short, high-intensity climbing sequences performed without ropes at heights typically under 4-5 meters, with padded flooring to mitigate fall risks.
The sport demands a unique integration of maximal and submaximal isometric muscle contractions, dynamic explosive movements, and precise technical execution. Physiological studies have identified key performance determinants, including finger flexor strength, forearm oxygenation efficiency, and movement economy. 
Energy system contributions vary depending on the discipline: bouldering relies more heavily on anaerobic alactic power for short bursts, whereas lead climbing involves sustained forearm endurance and aerobic capacity.
Global participation in climbing has expanded rapidly. Indoor climbing gyms have proliferated, offering year-round access regardless of weather or geography. This has democratized the sport, attracting participants across age groups, genders, and fitness levels. The accessibility of bouldering-requiring minimal equipment and offering a low entry threshold-has contributed to its growth, making it a logical target for both sport science research and therapeutic innovation.
Transition to Therapeutic Perspectives
Beyond its athletic appeal, climbing presents inherent features that align with therapeutic objectives. It is goal-oriented, requires problem-solving under physical load, and offers immediate feedback through successful completion of climbing routes ("problems"). These characteristics map onto principles of experiential learning and mastery experiences, which are known to influence self-efficacy and psychological resilience.
Clinical trials have demonstrated that bouldering psychotherapy (BPT) not only reduces depressive symptoms but also enhances self-efficacy, social connectedness, and overall well-being, with effects sustained beyond the treatment period.
The dual identity of climbing as both a high-performance sport and a clinically validated therapeutic tool positions it uniquely within public health and sport performance domains. This review integrates evidence across these fields to evaluate climbing’s efficacy, mechanisms, and safety profile.

2. Methodology
2.1 Source Identification
A systematic and exhaustive search for relevant academic literature was conducted across multiple leading databases, including PubMed, Google Scholar, Scopus, and university-affiliated library resources. The search terms employed were carefully selected to capture the breadth of the topic: "climbing", "bouldering", "therapeutic climbing", "psychotherapy", "depression", "anxiety", "physical fitness", "physiology", "injury epidemiology", and "social benefits". These keywords were used in various combinations and Boolean operators (e.g., AND, OR) to ensure a broad and comprehensive retrieval of all pertinent studies. The initial search yielded a large volume of publications, which were then meticulously screened for relevance to the research objectives of this paper. This rigorous screening process prioritized sources that provided empirical evidence, either through quantitative or qualitative methods, to ensure the review's scientific rigor.

2.2 Inclusion Criteria
The following criteria were used for the inclusion of sources to ensure a high-quality and relevant literature base:
· Peer-Reviewed Publications: Only articles published in reputable, peer-reviewed academic journals were included to ensure the quality and validity of the research. This criterion was essential for maintaining the academic integrity of the review.
· Language: All included studies were required to be written in the English language to ensure accurate and consistent interpretation of the findings.
· Publication Date: The temporal scope was limited to publications between 2006 and 2025. This ensured that the review would be based on recent and contemporary research findings, reflecting the current state of knowledge in the rapidly evolving field of sports and clinical psychology.
· Thematic Relevance: The primary focus of the included studies had to be on the therapeutic, physical, or social effects of climbing or bouldering. This ensured that every source contributed directly to the central themes of the paper and avoided tangential or irrelevant information.
· Methodological Rigor: Preference was given to high-quality study designs, including randomized controlled trials (RCTs), systematic reviews, and meta-analyses, as these provide the strongest level of evidence. Observational studies, case-control studies, and case reports were also included to provide a more holistic view and to cover areas where higher-level evidence is sparse or emerging.
2.3 Exclusion Criteria
Sources were systematically excluded from the review if they met any of the following criteria:
· Non-Peer-Reviewed: Any grey literature, such as blog posts, popular magazine articles, conference abstracts without full-text papers, or unverified online content, was excluded to maintain a high standard of academic credibility.
· Language: Publications in languages other than English were not considered to prevent translation errors and misinterpretation of data.
· Thematic Irrelevance: Studies that focused solely on technical aspects of climbing without a broader context of health benefits (e.g., discussions of specific climbing gear or biomechanical models unrelated to health outcomes), or on unrelated sports, were excluded.
· Anecdotal Evidence: Sources lacking a clear methodological approach or relying heavily on anecdotal reports without a structured data collection process were excluded, as they do not provide sufficient scientific evidence to support the claims.
2.4 Data Extraction and Synthesis
Data from the selected articles were extracted and meticulously synthesized to address the research questions of this paper. Key information extracted from each source included:
· Study Design: The type of study (e.g., RCT, systematic review, case report).
· Sample Characteristics: The population studied (e.g., individuals with a specific clinical diagnosis, elite climbers, at-risk youth, general student population).
· Primary Findings: The main outcomes and results of the study, both quantitative (e.g., statistical significance of symptom reduction, effect sizes) and qualitative (e.g., recurring themes from interviews, subjective experiences).
· Methodological Strengths and Limitations: A critical assessment of the study's design, including sample size, control groups, and potential biases, was performed to understand the robustness of its findings. The extracted data were then grouped thematically to inform the structured literature review, allowing for a coherent and evidence-based narrative. This systematic and rigorous approach ensures that the conclusions drawn are well-supported by the current body of scientific literature and provides a clear audit trail for the review process.

3. Literature Review
3.1 Therapeutic Applications for Mental Health
3.1.1 Depression and Mood Disorders
The therapeutic potential of climbing, particularly bouldering, has been explored extensively in the last decade. Luttenberger et al. (2015) demonstrated in a waitlist-controlled RCT that an eight-week indoor bouldering programme led to significant reductions in depressive symptoms. This early evidence positioned bouldering as a viable intervention for mood disorders.
Karg et al. (2020), in a multicentre RCT, provided stronger evidence by comparing BPT to general physical exercise. Results indicated significantly greater symptom reduction in the BPT group, highlighting the added value of climbing-specific elements beyond physical activity alone.
Long-term follow-up studies reinforce these findings. Schwarz et al. (2019) observed that depression score improvements were maintained at 12 months post-intervention, suggesting sustained benefits that may exceed those of many short-term exercise programmes.
3.1.2 Mechanisms of Action
The psychological benefits of BPT appear mediated by gains in self-efficacy, which is the belief in one’s ability to execute tasks (Kratzer et al., 2021). Climbing offers an iterative process of problem-solving and mastery, with visible progress across sessions reinforcing self-belief. Universal grading provides an impartial tool for climbers to self-assess their development of skills Draper et al. (2011)
Social interaction inherent in group climbing sessions may also contribute to reduced isolation and increased motivation. Combined with the cognitive demands of route-reading, this aligns with experiential therapy models that leverage active engagement to foster psychological growth.
3.1.3 Comparisons with Established Therapies
Luttenberger et al. (2022) found BPT to be non-inferior to group-based CBT, a gold-standard treatment for depression. This positions BPT as a potentially scalable alternative, particularly valuable in settings with limited access to mental health professionals trained in conventional psychotherapies.
3.1.4Meta-Analytic Evidence
A systematic review and meta-analysis by Gassner et al. (2023) reported moderate-to-large effect sizes for climbing interventions on depression, anxiety, and self-efficacy. Notably, these effects were observed across diverse populations, from clinical patients to recreational participants.
3.1.5 Nature-Based Amplification
When delivered outdoors, climbing may benefit from the additional restorative effects of natural environments (Owens & Bunce, 2022; Spano et al., 2021). Nature exposure is associated with reduced stress reactivity and improved mood regulation, potentially enhancing the therapeutic impact.

3.2 Physiological and Performance Determinants
3.2.1 Energy Systems and Muscle Demands
Climbing performance is characterised by repeated bouts of high-intensity muscular contractions interspersed with submaximal holding positions. Finger flexor strength and forearm endurance are key determinants (Philippe et al., 2012).
España-Romero et al. (2009) identified climbing time to exhaustion as a major predictor of performance in elite climbers. Forearm oxygenation efficiency improves with training, reducing fatigue onset (España-Romero et al., 2012).
3.2.2 Specialisation Differences
Fanchini et al. (2013) found that boulderers tend to possess higher maximal finger strength, while lead climbers demonstrate greater forearm endurance. This reflects the demands of short, powerful sequences in bouldering versus sustained climbing in lead disciplines.
3.2.3 Training Adaptations
Wood (2023) showed that climbing-specific training improved upper-body power in novices more than in advanced climbers, indicating a steeper adaptation curve for beginners.
[bookmark: _Int_YRU6rc5F]3.2.4 Standardised Assessment
The International Rock Climbing Research Association (Draper et al., 2021) has proposed a sport-specific test battery, standardising ability grading and facilitating cross-study comparisons.

3.3 Safety and Injury Epidemiology
3.3.1 Injury Patterns
Injury incidence in climbing is moderate, with most cases being overuse injuries such as finger pulley strains and shoulder tendinopathies (Schöffl et al., 2010). Acute injuries are rarer indoors, where environmental hazards are controlled.

3.3.2 Adaptive Climbing Safety
Adaptive programmes for individuals with disabilities, such as incomplete spinal cord injury, have shown feasibility and safety DelGrande et al. (2020). Buechter et al. (2011) found that in people with chronic low back pain, the effect was statistically significant compared to standard exercise.

3.4 Psychosocial and Motivational Aspects
Nerstad et al. (2020) found that perceived motivational climate influences engagement and persistence in life. Self-compassion and eudaimonic well-being are also relevant in fitness populations (Ferguson et al., 2014), possibly mediating adherence and enjoyment.
Chen et al. (2025) demonstrated that regular climbing participation reduced stress and anxiety across varying baseline fitness levels, supporting its broad appeal.

4. Results and Synthesis 
4.1 Summary of Major Findings
The integrated synthesis of 25 studies across diverse populations and methodologies consistently supports the hypothesis that bouldering exerts broad, multidimensional health benefits.
Psychological Outcomes
Evidence converges on bouldering’s capacity to reduce depressive symptoms, with many trials reporting effect sizes comparable to conventional psychotherapeutic modalities. Luttenberger et al. (2015) demonstrated a mean improvement in BDI-II scores of more than 6 points after only eight weeks sessions which is a clinically significant development. While Stelzer et al. (2018) noted and improvement of more than 8 points in the final analyses. Notably, participants reported that the experiential nature of the intervention, characterized by immediate feedback and visible progress, was more engaging than standard psychoeducation.
Self-efficacy gains emerged as a unifying outcome across all subgroups studied. Repeated mastery experiences and problem-solving challenges appeared to foster adaptive self-appraisal and increase confidence in broader domains of life.
Physical Outcomes
Nearly all intervention studies demonstrated substantial gains in upper body strength and grip endurance. For example, España-Romero et al. (2009) highlighted enhanced flexibility, particularly in the shoulders and hips, with gains in joint ROM that may translate into improved mobility and injury prevention.
Changes in body composition were moderate but consistent: Giles et al. (2006) documented reductions in adiposity alongside lean mass accrual, suggesting that bouldering, despite its intermittent nature, provides a meaningful metabolic stimulus when performed regularly.
Sustainability of Benefits
Several studies included follow-up assessments ranging from 1-12 months. While some attenuation of gains was observed, a substantial proportion of improvements, particularly in self-efficacy and mood, persisted, suggesting that bouldering may induce durable shifts in behavior and self-perception.

4.2 Comparison of Interventions
Intensity and Duration
Programs varied from short-term (4-week) introductory courses to 16-week structured interventions. Evidence suggests a dose-response relationship: higher-frequency protocols (3 sessions per week) led to faster and more pronounced gains in physical conditioning. However, even low-frequency engagement (once weekly) yielded notable psychological benefits, reinforcing the accessibility of the intervention for individuals unable to commit to intensive schedules.
Delivery Contexts
Interventions conducted in clinical settings, such as inpatient psychiatric facilities, demonstrated comparable efficacy to those delivered in community climbing gyms. This flexibility underscores bouldering’s adaptability across environments. Interestingly, studies that incorporated structured psychoeducational components alongside climbing, reported slightly larger effect sizes in mood and self-efficacy, suggesting that integrated models may offer additive benefits.
Comparator Interventions
Where bouldering was directly compared to conventional exercise (e.g., aerobic walking groups), results generally favored bouldering for improvements in self-efficacy and mood.  For purely physical outcomes like VO2 max, aerobic training retained a slight advantage, indicating that bouldering is best conceptualized as a hybrid intervention with unique strengths in psychophysical domains. Although Li et al.(2018) proved that rock climbing significantly develops those aspects as well.

5. Discussion
The present review synthesizes a diverse but increasingly coherent body of literature examining rock climbing and bouldering as both therapeutic interventions and sport-specific performance contexts. The findings converge on a consistent theme: climbing is a multimodal activity that simultaneously engages physical, cognitive, and psychosocial domains, creating a unique platform for both athletic development and clinical benefit.
5.1 Therapeutic Mechanisms in Mental Health
The replicated efficacy of BPT in reducing depressive symptoms across multiple randomized controlled trials suggests that climbing’s therapeutic effects extend beyond the generic benefits of exercise. The problem-solving nature of bouldering requiring planning, adaptability, and attention to immediate feedback, may function as a behavioral analogue to cognitive restructuring, a core component of cognitive behavioral therapy (CBT). This parallels theories of embodied cognition, in which physical actions shape and reinforce mental states.
Furthermore, self-efficacy appears to operate as both a mediator and an independent outcome in BPT. According to Bandura’s self-efficacy theory, mastery experiences are the most potent source of efficacy beliefs, and climbing inherently provides such experiences in discrete, achievable increments (individual routes or problems). The tactile, kinaesthetic engagement of climbing, combined with visible progress over sessions, reinforces personal agency (a factor known to predict better prognosis in depression).
Nature-based variants of climbing may confer additional benefits through mechanisms related to biophilia and stress recovery theory. Natural environments can enhance attentional restoration and reduce physiological arousal, potentially amplifying climbing’s mental health effects. However, controlled comparative studies of indoor versus outdoor therapeutic climbing are lacking, representing a key research opportunity.
5.2 Physiological Specificity and Performance Training
The distinction between bouldering and lead climbing performance determinants aligns with the broader sports physiology principle of task-specific adaptation. Boulderers require superior maximal finger flexor strength and anaerobic power, while lead climbers rely more on forearm aerobic endurance and oxidative capacity. These findings have practical implications: training regimens should be discipline-tailored, with bouldering programs emphasizing high-intensity, short-duration efforts and lead climbing programs integrating sustained submaximal loading and recovery efficiency.
Longitudinal training studies reveal measurable physiological adaptations, such as improved muscle oxygenation kinetics within 8-10 weeks of structured climbing practice. This timeline is clinically relevant for therapeutic programs, as it parallels the duration of most intervention protocols and may partially explain why physical and psychological benefits emerge in similar time frames.
5.3 Safety Considerations
Despite climbing’s perceived risk, contemporary data indicate that indoor climbing, when supervised, carries a low rate of severe injury. Overuse injuries remain the predominant issue, underscoring the importance of progressive load management in both recreational and therapeutic contexts. Adaptive climbing initiatives demonstrate that, with proper equipment and supervision, even populations with significant physical limitations, such as incomplete spinal cord injury can participate safely. This supports climbing’s inclusion in rehabilitation settings, provided safety protocols are rigorously maintained.
5.4 Psychosocial Dimensions and Motivation
Climbing’s group-based formats promote intrinsic motivation and social relatedness, aligning with self-determination theory’s assertion that autonomy, competence, and relatedness are core psychological needs driving engagement and well-being. This may explain climbing’s relatively high adherence rates compared to conventional exercise interventions, which often suffer from participant attrition.
The social problem-solving aspect: discussing beta (route sequences) and offering encouragement creates a supportive micro-community. This may act synergistically with therapeutic goals, particularly in populations with depression, where social withdrawal is a hallmark symptom.
5.5 Limitations of the Evidence Base
Although promising, the current literature exhibits notable limitations:
1. Sample Size and Demographics - Most trials involve modest participant numbers, with limited diversity in age, ethnicity, and socioeconomic status.
2. Control Conditions - Comparisons often involve waitlist controls or general exercise, rather than active psychotherapeutic comparators.
3. Blinding and Expectancy Effects - As with many behavioral interventions, participant and facilitator blinding is infeasible, increasing susceptibility to expectancy biases.
4. Long-Term Data - While some studies have tracked outcomes to 12 months, sustainability beyond this period remains unknown.
5. Mechanistic Research - Few studies directly link physiological adaptations to psychological changes, leaving the causal pathways speculative.


5.6 Clinical and Sport Performance Implications
For clinicians, BPT represents a viable adjunct or alternative to established psychotherapies, particularly for individuals who may be resistant to traditional talk-based approaches. In sport contexts, recognizing discipline-specific physiological demands can optimize training and reduce injury risk. For policymakers and program designers, the relatively low cost, scalable group format, and high adherence potential position climbing as an attractive addition to community mental health initiatives.



5.7 Future Directions
Key priorities for research include:
· Conducting multi-site, adequately powered RCTs with diverse populations and active psychotherapeutic comparators.
· Investigating dose-response relationships for frequency, intensity, and duration of climbing interventions.
· Comparing indoor versus outdoor therapeutic climbing formats under controlled conditions.
· Employing neurocognitive and neuroimaging measures to elucidate mechanisms linking climbing to mental health outcomes.
· Developing injury surveillance systems for therapeutic climbing programs to refine safety guidelines.

6. Conclusion
Rock climbing encompassing both bouldering and lead disciplines emerges from the current evidence base as a multifaceted intervention with dual utility: a sport demanding precise physiological adaptation and a therapeutic modality with measurable psychological benefits. Across randomized controlled trials and observational studies, bouldering psychotherapy consistently demonstrates significant reductions in depressive symptoms, improvements in self-efficacy, and favorable effects on social engagement. These outcomes appear to be mediated by the integration of physical exertion, cognitive problem-solving and interpersonal interaction within a structured, mastery-oriented environment.
From a sport science perspective, climbing performance is underpinned by discipline-specific physiological determinants, such as, anaerobic power and maximal strength for bouldering; aerobic endurance and fatigue resistance for lead climbing. These demands require targeted training approaches that are mirrored in therapeutic program design, where safety, progressive loading, and injury prevention remain critical.
Importantly, the convergence of mental health benefits and athletic performance gains positions climbing as a rare form of activity that can serve both clinical and athletic objectives without dilution of effect. The evidence suggests that its appeal lies not only in the physical challenge but also in the psychosocial context, which fosters motivation, relatedness, and sustained engagement.
However, despite promising findings, the literature is constrained by modest sample sizes, limited demographic diversity, and a scarcity of mechanistic research. The next phase of inquiry should prioritize large-scale, methodologically rigorous trials, longitudinal follow-up, and comparative studies between climbing and established psychotherapeutic approaches.
In sum, climbing offers an innovative, scalable, and adaptable intervention with potential applications ranging from elite sport performance optimization to adjunctive treatment for depression. With careful program design, adherence to safety standards, and continued research investment, climbing could evolve from a niche activity into a mainstream component of integrated physical and mental health strategies.
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