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ABSTRACT 

The aim of this narrative review was to synthesize current evidence on the effectiveness, safety, and preventive value of 
hangboard training in adult climbers. The analysis included 45 studies published between 2016 and 2026 examining finger-
strength and endurance development, neuromuscular adaptations, injury risk, and rehabilitation protocols. 
The findings indicate that hangboard training significantly increases maximal finger strength and, to a lesser extent, finger 
endurance. The greatest strength improvements occur when loads exceeding 80% of maximal finger force are applied and 
when progressive overload is implemented. Submaximal protocols are more effective for enhancing endurance and 
combining different training intensities may produce cumulative benefits. Training safety depends on gradual load 
progression, appropriate session frequency, and careful control of overall climbing volume. Incorporating exercises for both 
flexors and extensors, along with varied grip types, may reduce the risk of overload. Evidence highlights the need for 
individualized programming due to substantial variation in strength profiles and tolerance to loading among climbers. 
Hangboard training is an effective way to develop essential physical qualities in climbing. However, optimizing outcomes 
and minimizing injury risk require personalized training protocols and systematic monitoring for early signs of overload. 
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Introduction 

Rock climbing has experienced substantial global growth over the past decade, reflected in its inclusion 

in major international sporting events and the rapid expansion of indoor climbing facilities. 

Among the various physical attributes relevant to climbing, finger strength consistently ranks among 

the strongest predictors of performance. It reliably distinguishes climbers across ability levels, from 

recreational participants to elite athletes (Draper et al., 2021; Laffaye et al., 2016; MacKenzie et al., 2020; 

Michailov et al., 2018). Climbing-specific finger force production is directly linked to the capacity to maintain 

grip on small holds, execute complex movement sequences, and perform effectively across a range of climbing 

styles (Buraas et al., 2025; Stefan et al., 2022). Evidence also shows that fingertip force production across 

different grip positions correlates with performance on climbing routes that utilize those specific grip 

characteristics (van Bergen et al., 2023). Furthermore, several studies indicate that single-finger strength may 

serve as a more precise predictor of high-level performance than general handgrip strength, highlighting the 

unique biomechanical demands of climbing (Stefan et al., 2022; Stien et al., 2019). For example, Stien et al. 

(2019) demonstrated that bouldering specialists exhibit greater maximal finger strength than lead climbers, 
whereas finger endurance is comparable across these groups, underscoring discipline-specific differences 

within the sport. 

Hangboard training has become one of the most widely used and influential modalities for developing 

climbing-specific finger strength. This form of training enables highly targeted loading of the finger flexors 

and supports the development of maximal strength, explosive force, and muscular endurance in grip positions 

characteristic of climbing (Devise et al., 2022; Hermans et al., 2022). Although multiple hangboard protocols 

have demonstrated efficacy, the magnitude and specificity of adaptations depend strongly on training intensity, 

structure, and duration (López-Rivera & González-Badillo, 2019). 

The central role of finger-strength training also raises important safety and long-term impact 

considerations. Evidence suggests that inadequate load management and poorly structured training programs 

may increase the risk of finger injuries, particularly pulley strain and overuse-related pathologies (Sjöman et 
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al., 2023). Research in injury management emphasizes the structural vulnerability of finger tissues and 

highlights the importance of balancing progressive loading with tissue safety (Hartnett et al., 2024). 

Comparative investigations of various finger-strengthening modalities further underscore the need to assess 

both physiological adaptations and associated injury risks (Dindorf et al., 2024; Javorský et al., 2023; Limmer 

et al., 2020). Greater awareness of load monitoring and symptom tracking is reflected in the development of 

climbing-specific assessment tools such as the VISA-C questionnaire (Gilmore et al., 2025). 

As the sport continues to evolve, the need for a deeper scientific understanding of the physical 

determinants of climbing performance, as well as standardized, validated assessment methods, has become 

increasingly apparent. Despite the expanding body of literature, few studies integrate training stimuli, 

performance outcomes, injury risk, and preventive strategies into a unified framework (Bogensperger, 2022; 

Saeterbakken et al., 2024b). Much of the research examines isolated aspects of training or performance, 

limiting the ecological validity and practical applicability of findings in real-world settings (Langer et al., 2023; 

Stien et al., 2023). Consequently, the aim of this review is to synthesize current evidence on finger-training 

modalities and evaluate how they influence training effectiveness, safety, and long-term athletic development 

in climbing. 

 

Methods 

This narrative review was designed to synthesize contemporary evidence on the effectiveness, safety, 

and injury-prevention relevance of hangboard-based finger strength training in adult rock climbers. To ensure 

the inclusion of current, contextually meaningful findings, only studies published within the last 10 years 

(2016–2026), written in English, and conducted with adult participants were deemed eligible. Research was 

included if it examined finger strength development, hangboard training interventions, climbing-specific 

performance outcomes, or injury mechanisms related to finger flexor loading. Studies involving adolescent 

populations, non-climbing-specific training modalities, or unrelated upper-limb pathologies were excluded. 

The primary literature search was conducted in PubMed using three predefined search algorithms 

targeting complementary conceptual domains: finger strength and climbing-specific training, hangboard-

related injuries and overuse conditions, and finger training variables linked to safety, efficacy, and performance 

outcomes. The first algorithm focused on climbing-specific finger strength and hangboard interventions; the 

second targeted injuries and overuse syndromes associated with fingerboard loading; and the third combined 

variables of finger strength training with indicators of safety, effectiveness, and performance enhancement. To 

broaden the search scope and reduce the likelihood of omitting relevant studies, Google Scholar was 

additionally queried using an algorithm tailored to capture research addressing hangboard training, finger 

strength development, and injury-prevention strategies. 

All retrieved records were initially screened based on title and abstract, followed by full-text evaluation 

in accordance with the predefined inclusion and exclusion criteria. Reference lists of key articles were 

manually examined to identify additional relevant publications. In total, forty-five studies met all eligibility 

criteria and were included in the final synthesis. Due to substantial heterogeneity across study designs, training 

protocols, outcome measures, and injury classification systems, the findings were analyzed using a narrative 

synthesis approach. 

 

Results 

Analysis of 45 publications indicates that hangboard training is among the most influential methods for 

developing finger flexor strength and endurance in climbers, with clear implications for performance 

enhancement and overload-related injury risk. The findings across studies have been clustered into five major 

domains: effects on maximal strength, endurance, and fatigue resistance, comparative effectiveness of different 

protocols, neuromuscular and biomechanical adaptations, and the relationship between hangboard training, 

injury risk, and rehabilitation. 

 

1. Effects of Hangboard Training on Maximal Finger Strength. 

The available evidence consistently demonstrates that hangboard training substantially enhances 

maximal finger flexor strength across intermediate, advanced, and elite climbers. Randomized controlled trials 

(Hermans et al., 2022; Mundry et al., 2021) reported significant increases in maximal finger strength compared 

with climbing-only control groups. Both studies examined intermediate-to-advanced and advanced climbers. 

Among the evaluated protocols, progressive loading with external weight appears to be the most effective 

method for eliciting strength adaptations. In contrast, endurance-oriented hangboard training (i.e., prolonged 
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hangs on smaller edges without additional load) did not produce significantly greater strength improvements 

than regular climbing alone (Mundry et al., 2021). Importantly, a structured hangboard program performed 

twice per week was sufficient to induce meaningful strength gains over a 10-week period (Hermans et al., 

2022). Devise et al. (2022) demonstrated that training at 80% or greater of maximal finger strength (MFS) is 

necessary to elicit significant strength improvements in a 4-week block. However, the study reported no 

significant strength gains in groups training at 80% and 60% of MFS. 

Comparable results were observed by Gilmore et al. (2024), who demonstrated that different loading 

paradigms elicit distinct yet consistently positive strength adaptations. This study showed that a 10-minute 

low-intensity hangboard protocol (“Abrahangs”) produced significant increases in finger strength. Notably, 

the improvements obtained from low-intensity hangs were roughly equivalent to those resulting from a 

traditional high-intensity “max hangs” protocol. Moreover, combining low-intensity and maximal-intensity 

hangs yielded additive strength gains that exceeded those achieved with either method alone, suggesting 

complementary physiological adaptations across loading strategies. 

Ruiz-Lopez et al. (2025) compared a high-intensity, low-volume protocol with a moderate-intensity, 

higher-volume protocol in experienced climbers. Both approaches effectively improved maximal finger 

strength, although the high-intensity protocol elicited greater gains. The moderate-intensity protocol, however, 

was better tolerated by participants, with no injury reports. 
Dindorf et al. (2024) investigated neuromuscular electrical stimulation (NMES)-based fingerboard 

training; however, no changes in maximal strength were observed over the 7-week study period. 

 

2. Effects on Endurance and Fatigue Resistance. 

Beyond maximal strength, numerous studies have reported substantial improvements in finger flexor 

endurance following hangboard interventions. López-Rivera & González-Badillo (2019) compared the effects 

of three hangboard protocols—maximal strength, endurance, and intermittent training—and demonstrated that 

each protocol improved grip endurance, with the interval-style training yielding the greatest gains. The authors 

emphasized that climbing is inherently intermittent, consisting of effort–rest cycles, which likely explains why 

this protocol aligned most closely with performance improvements. Interestingly, the maximal force protocol 

also produced significant gains in endurance. 

These findings contrast with those of Devise et al. (2022), who reported increased endurance only in 

groups performing intermittent training at 60% and 80% of maximal finger load. Submaximal intermittent 

training at moderate relative intensities appears most effective for enhancing stamina during repeated hang 

cycles, while lower-intensity intermittent loading better promotes fatigue resistance. In the study of Herman 

et al. (2022), finger endurance increased within the hangboard group but not significantly more than in the 

control group, indicating that standard hangboard protocols primarily enhance maximal strength rather than 

endurance. 

Dindorf et al. (2024) reported that integrating neuromuscular electrical stimulation (NMES) with 

hangboard training may yield endurance gains comparable to those of conventional protocols. The NMES-

augmented twice-weekly program was non-inferior to the conventional thrice-weekly training in improving 

climbing-specific finger flexor endurance, suggesting that NMES can maintain training effectiveness even 

with a reduced total training volume. 

Physiological studies (Baláš et al., 2021; Baláš et al., 2024; Ferrer-Uris et al., 2023) have confirmed that 

hangboard training improves forearm work economy and delays fatigue-induced force decline, indicating task-

specific metabolic adaptations. Baláš et al. (2021) emphasized that tests such as dead-hangs, intermittent hangs, 

and force–time profiles are highly specific for finger flexor capacity but do not capture a climber's holistic 

endurance. Therefore, finger endurance should be assessed in conjunction with global aerobic capacity to more 

accurately predict performance outcomes. 

The widely used finger hang test, while predictive of performance, predominantly reflects strength rather 

than endurance (Berta et al., 2025). 
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3. Comparative Effectiveness of Different Hangboard Training Methods and Protocols. 

Based on the comparative analysis of the aforementioned studies, the following general results can be 

presented. Maximal strength is most effectively improved through high-intensity loads (>80% of maximal 

finger strength, MFS) and combined training protocols (Devise et al., 2022; Gilmore et al., 2024; Hermans et 

al., 2022; Mundry et al., 2021). Finger endurance is primarily enhanced by interval and submaximal protocols 

(López-Rivera & González-Badillo, 2019; Devise et al., 2022). Maximal-intensity training can also support 

endurance, although the effect is smaller. Dynamic finger training (Saeterbakken et al., 2024c) and the 

combination of low- and maximal-intensity hangs (Gilmore et al., 2024) increase functional strength and 

facilitate transfer to actual climbing performance. The application of neuromuscular electrical stimulation 

(NMES) appears limited to maintaining endurance under reduced training volume. It is important to note the 

relatively short duration of the training interventions studied, ranging from 4 weeks (Devise et al., 2022) to 16 

weeks (Gilmore et al., 2024). While this indicates rapid training effects, it simultaneously limits the ability to 

draw conclusions regarding long-term adaptations or potential overuse injuries. 

Based on the available evidence, no single training protocol can be proven superior, and the observed 

training effects cannot be directly translated into improvements in overall climbing performance. However, 

diversifying training protocols and grip types may positively influence adaptation to the wide range of demands 

encountered in real climbing situations. 
A study employing blood-flow restriction (Javorský et al., 2023) showed that BFR can maintain or even 

improve strength and endurance despite lower external loads, making it potentially useful for climbers 

progressing through injury rehabilitation. This was not confirmed in the study by Mckellar & Burr (2026), 

whose results indicate that climbing-specific performance and forearm blood flow adaptations can occur with 

typical hangboard and climbing training, and that adding post-climbing BFR does not provide a clear additional 

benefit over traditional training for performance gains. Similarly, ischemic preconditioning did not improve 

finger-flexor strength or endurance in elite climbers (Platzer et al., 2026). 

 

4. Neuromuscular and Biomechanical Adaptations to Hangboard Training. 

Studies have reported that hangboard training elicits climbing-specific neuromuscular adaptations, 

including improved forearm muscle coordination, enhanced motor-unit recruitment, and increased finger 

stiffness under load. Most investigations employ sEMG and maximal force assessments as indicators of 

neuromuscular adaptation (Stien et al., 2022). Grip type substantially alters both the relative involvement of 

specific muscles and the efficiency with which they generate force (Ferrer-Uris et al., 2023). The sloper grip 

promotes more balanced activation across the entire forearm and is associated with higher muscular efficiency. 

In contrast, the crimp grip requires greater activation of the flexor digitorum superficialis, imposing higher 

mechanical and metabolic demands on the finger flexors while being less energy efficient. EMG analyses also 

indicate greater fatigue of the finger flexor muscles during small-hold tasks (Vigoroux et al., 2019). Small 

edges simultaneously increase overall muscular engagement and require greater neuromuscular control, 

whereas larger holds primarily load the finger flexors with reduced stabilisation demands. 

Stefan et al. (2022) and Buraas et al. (2025) further emphasise the importance of the distribution of 

individual finger strength for effective force generation—an ability that appears highly responsive to targeted 

hangboard training. 

Biomechanical validation studies (Stien et al., 2025; van Bergen et al., 2023) confirm that grip type, 

elbow position, and overall body configuration modulate the mechanical demands placed on the finger flexors, 

supporting the rationale for individualised hangboard programming based on climbing style and performance 

objectives. 

Mckellar & Burr (2026) analysed the effects of blood-flow-restriction (BFR) hangboard training. The 

study did not demonstrate any systematic cardiovascular adaptations attributable specifically to BFR. However, 

participants exhibited improved forearm haemodynamic responses following training, indicating enhanced 

blood flow and oxygen utilisation dynamics in the finger flexor musculature. These physiological changes may 

contribute to the observed improvements in climbing performance, although the addition of BFR did not 

provide clear advantages over conventional (non-BFR) hangboard training. 
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5. Relationship Between Hangboard Training, Injury Risk, Prevention, and Rehabilitation. 

Finger injuries, particularly finger pulley injuries, are among the most common overuse injuries in 

climbing (Bogensperger, 2022). Climbers who focus on strength- and performance-oriented training—

including hangboard, campus board, and weighted pull-ups—exhibit higher rates of both acute and overuse 

injuries compared to climbers who train primarily for general fitness or endurance (Grønhaug et al., 2024). In 

contrast, well-structured hangboard programs can enhance muscle balance and improve the load tolerance of 

finger structures, contributing to injury prevention. 

Saeterbakken et al. (2024a) emphasize that gradual load progression increases tissue capacity—

particularly in the finger flexors, the pulley system, the forearm flexor–extensor complex, and the shoulder 

stabilizers—thereby reducing susceptibility to overuse injuries. Conversely, sudden spikes in intensity, often 

observed in poorly planned hangboard programs, pose a major risk of finger injury. To mitigate this risk, 

resistance training should be periodized and coordinated with overall climbing volume to avoid excessive 

clustering of high-intensity sessions. The review also highlights the importance of individualized training 

based on the specific climbing discipline. Strengthening stabilizers and extensors is critical for preventing 

imbalances relative to the dominant flexor musculature. Evidence further indicates that dynamic finger loading 

(e.g., controlled fingertip pull-ups) can increase finger strength while imposing less strain on the A2 pulley 

compared with maximal static hangs. Long-term, year-round strength training additionally supports the 
development of robust injury resilience. 

These conclusions align with those of Sjöman et al. (2023), who highlight the critical role of progression 

rate in minimizing injury risk. High-intensity training, such as maximal hangboard protocols, was associated 

with a higher incidence of finger strain symptoms. Rapid increases in training load—particularly in hangboard 

intensity—were strongly linked to the development of pulley-related injuries. Not only high intensity, but also 

training frequency, contributed to the increased incidence of annular ligament injuries. The study also 

emphasizes the importance of balanced flexor–extensor conditioning. Similarly, Bogensperger (2022) and 

Devise et al. (2023) stress balanced training, including strengthening flexors, extensors, and stabilizers, to 

prevent muscular imbalances and reduce injury risk. Hartley et al. (2023) also point out the need to minimize 

differences in strength between the dominant and non-dominant hand. 

Ferrer-Uris et al. (2023) demonstrate that grip type strongly influences muscle activation and 

coordination during maximal dead-hangs. Aggressive crimp positions engage intrinsic hand muscles to a 

greater extent, whereas sloper hanging positions produce higher relative activation of wrist- and finger-

stabilizing muscles, reflecting a greater demand for joint control. These findings have direct implications for 

training design, suggesting that varied grip exposure can stimulate targeted musculature, enhance 

neuromuscular coordination, and improve injury resilience. Such evidence supports a grip-diverse training 

approach, rather than reliance on a single hang type. Anderson et al. (2016) highlight the importance of 

hangboard construction ergonomics for reducing pulley overload, providing practical insights for safe 

hangboard design. 

Epidemiological and editorial analyses (Grønhaug et al., 2024; Saeterbakken et al., 2024b; Sjöman et 

al., 2023) reinforce that injury outcomes depend strongly on experience level, progression rate, and symptom 

monitoring, emphasizing the need for individualized load management. 

During hangboard training, fatigue and intensity should be carefully monitored to prevent injuries 

(Bogensperger, 2022; Saeterbakken et al., 2024a). Gilmore et al. (2025) introduced the climbing-specific 

VISA-C questionnaire, a self-administered tool that effectively distinguishes between injured and non-injured 

climbers, with higher scores indicating better hand and finger function. 

Determining the optimal training intensity remains challenging. Several studies provide specific 

protocol descriptions that define safe and effective load zones, including: Mundry et al. (2021), Hermans et al. 

(2022), Gilmore et al. (2024), Devise et al. (2022), López-Rivera & González-Badillo (2019), and Ruiz-López 

et al. (2025). Notably, the longest of these interventions lasted 10 weeks (Mundry et al., 2021; Hermans et al., 

2022). 

Clinical and rehabilitation-focused studies (Bogensperger, 2022; Bouyer et al., 2016; Hartnett et al., 

2024; Schneeberger & Schweizer, 2016) indicate that controlled, progressive isometric training can be 

beneficial for pulley and tendon injuries, provided that load increments are carefully monitored. Gradual 

progression during rehabilitation, focusing on incremental load increases, may allow a return to climbing 

within 3–6 months following confirmed A2 or A3 pulley ruptures (Schneeberger & Schweizer, 2016). While 

not all studies included hangboard training in their rehab protocols, its potential utility can be inferred based 

on the selection of appropriate grips and loads for the rehabilitation stage. 
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Low-intensity active recovery appears more effective than passive rest (Krupková et al., 2024), 

suggesting that hangboard-based blood-flow-promoting activities may accelerate recovery. Ehrich (2021) 

tested recovery strategies between hangboard sets—including static stretching, dynamic shakes, and repeated 

contractions—but found no single method superior for restoring hangboard performance. 

 

Discussion 

Currently available scientific research on hangboard training and climbing-specific strength displays 

several methodological and population-related limitations. Many studies employ small sample sizes, often with 

very few female participants (Stien et al., 2023), limiting the generalizability of findings and precluding robust 

conclusions about sex-specific adaptations. Furthermore, the duration of most interventions is relatively 

short—typically four to ten weeks (Mundry et al., 2021; Hermans et al., 2022; López-Rivera & González-

Badillo, 2019)—limiting the ability to draw conclusions about long-term effects, sustainability of performance 

gains, or cumulative injury risk. With such brief research protocols, it is also impossible to confirm or refute 

the hypothesis that year-round strength training reduces injury risk (Saeterbakken et al., 2024a). 

Methodological approaches differ substantially across studies, including variations in hangboard 

protocols, load intensities, grip types, and training frequency (Devise et al., 2022; Ferrer-Uris et al., 2023; 

Gilmore et al., 2024). Outcome measures are likewise inconsistent, ranging from maximal finger strength to 
endurance or neuromuscular activation (Baláš et al., 2021; Stien et al., 2022). This heterogeneity significantly 

limits comparability across studies and complicates the synthesis of existing evidence. 

Adding to these challenges, proposing uniform, safe, and effective hangboard protocols is difficult 

because optimal training parameters vary markedly depending on a climber’s experience level, training history, 

and performance capacity. Protocols appropriate for highly trained or elite climbers may be unsafe, excessively 

fatiguing, or insufficiently effective for intermediate or novice athletes (Saeterbakken et al., 2024b; Sjöman et 

al., 2023). This reinforces the need for individualized programming tailored to each climber's specific 

characteristics, needs, and goals. 

There is also a notable lack of standardized testing methodologies for evaluating finger strength, 

endurance, or climbing performance, and only a small number of studies employ large-scale randomized 

controlled trials to rigorously assess training effects (Gilmore et al., 2024; Hermans et al., 2022). Recent work 

by Baláš et al. (2024) represents an important methodological advancement by validating the 4-minute all-out 

finger-flexor test as a reliable estimator of critical force (CF). The study demonstrated strong correlations with 

traditional endurance assessments, excellent test–retest reliability, and meaningful associations with climbing 

performance, making it a promising candidate for future standardized testing protocols. 

Evidence regarding injuries directly attributable to hangboard training remains scarce. Most information 

originates from epidemiological or retrospective analyses rather than prospective, protocol-specific monitoring 

(Bogensperger, 2022; Grønhaug et al., 2024; Sjöman et al., 2023). Moreover, the majority of studies do not 

distinguish between bouldering and rope-climbing populations, despite substantial differences in movement 

demands, grip profiles, and typical loading patterns that may influence both training adaptations and injury 

mechanisms (Stien et al., 2019; Stien et al., 2021). 

Collectively, these limitations highlight the need for larger, longer-term, and methodologically 

consistent investigations to establish evidence-based guidelines for hangboard training, injury prevention, and 

rehabilitation across diverse climbing populations. 

 

Conclusions 

The review indicates that hangboard training is an effective method for improving climbing-specific 

finger strength and, to a lesser extent, endurance. High-intensity loading (>80% of maximal finger strength, 

MFS), progressive external weighting, and mixed-intensity protocols consistently elicit meaningful strength 

gains across intermediate, advanced, and elite climbers. Submaximal intermittent protocols also enhance 

fatigue resistance, confirming that hangboard training is a reliable tool for improving key performance 

determinants. 

The safety of hangboard training relies on gradual load progression, appropriate training frequency, and 

consideration of overall climbing workload. Structured protocols performed twice per week minimize injury 

risk. Balanced development of flexors and extensors, along with diversification of grip positions, further 

enhances training safety. Regular monitoring of fatigue and pain is recommended to support individualized 

program adjustments. 
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Given the substantial variability in climbers’ training routines, strength profiles, and load tolerance, no 

single protocol can be universally recommended for optimal effectiveness and safety. Consequently, 

individualized programming remains essential for maximizing performance gains while minimizing the risk 

of overuse injuries. 
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