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The aim of this study was to investigate the effects of 10 weeks of hangboard training (HBT) on climbing-specific maximal strength, explosive strength, and muscular endurance. In total, 35 intermediate- to advanced-level climbers (8 women and 27 men) were randomized into a hangboard training group (HBT) or a control group (CON). The HBT program consisted of two sessions of 48 min per week using the Beastmaker 1000 series hangboard, and the following application to smartphone. Both groups continued their normal climbing training routines. Pre- and post-intervention, maximal peak force, maximal average force, and rate of force development (RFD) were measured while performing an isometric pull-up on a 23 mm deep campus rung and jug holds. In addition, finger endurance was measured by performing a sustained dead-hang test on the same rung. The HBT increased peak force and average force in 23 mm rung condition, average force in jug condition, and utilization rate øl,.- in peak force to a greater extent than CON (p = 0.001–0.031, ES = 0.29–0.66), whereas no differences were detected between groups in RFD (jug or 23 mm), peak force in jug condition, utilization rate in RFD, average force or in dead-hang duration (p = 0.056–0.303). At post-test, the HBT group demonstrated 17, 18, 28, 10, 11, and 12% improvement in peak force, average force, RFD in 23 mm rung condition, average force in jug condition, utilization rate in peak force, and dead-hang duration, respectively [p = 0.001–0.006, effect size (ES) = 0.73–1.12] whereas no change was observed in CON (p = 0.213–0.396). In conclusion, 10 weeks of HBT in addition to regular climbing was highly effective for increasing maximal finger strength compared with continuing regular climbing training for intermediate and advanced climbers.
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INTRODUCTION

The popularity of rock climbing is continuing to grow among athletes, recreational climbers, and researchers. The most frequently examined factors in climbing performance are anthropometric-, physiological-, psychological- and technical factors (Watts et al., 1993; Baláš et al., 2012; Saul et al., 2019). Among the physiological determinants of climbing performance, it is generally accepted that both maximal strength and local muscular endurance in the finger flexors are the two most crucial components for predicting climbing performance (Grant et al., 1996; Watts and Jensen, 2003; Watts, 2004; MacLeod et al., 2007; Baláš et al., 2012; Saul et al., 2019), despite a variety of testing protocols (Stien et al., 2022). For example, specific finger strength and dead-hang duration have been found to explain up to 52 and 70% of the total variance of climbing ability (Baláš et al., 2012; Laffaye et al., 2016).

Although finger flexor strength and endurance are the most significant predictors of climbing performance (Cutts and Bollen, 1993; Ferguson and Brown, 1997; Grant et al., 2003; Baláš et al., 2012; Saul et al., 2019), only limited number of finger strength training studies have been conducted (López-Rivera and González-Badillo, 2012, 2019; Medernach et al., 2015b; Levernier and Laffaye, 2019a; Stien et al., 2021a). For example, López-Rivera and González-Badillo (2019) investigated 8 weeks of either maximal hangs, intermittent hangs, or a combination of both in advanced to elite level climbers. All groups demonstrated improvements in finger endurance (i.e., dead-hang duration), but no difference was observed among the three training approaches (López-Rivera and González-Badillo, 2019). Unfortunately, the study did not include any measurement of finger strength or include a control group.

To the best of our knowledge, only three studies have investigated the effects of specific finger strength training and included a control group (Medernach et al., 2015b; Levernier and Laffaye, 2019a; Stien et al., 2021a). Despite similarities, these studies are based on different training protocols, such as dynamic campus board training (Stien et al., 2021a), one arm isometric hangs on the slope and half crimp (Levernier and Laffaye, 2019a), and a combination of different isometric hangs and dynamic exercises (Medernach et al., 2015b). However, none of the three studies demonstrated finger training to be more effective than regular climbing in maximal finger strength measurements. Still, Medernach et al. (2015b), Levernier and Laffaye (2019a), and Stien et al. (2021a) demonstrated improvements in other significant finger training performance outcomes [i.e., finger endurance, campus board moves to failure, and rate of force development (RFD)]. Furthermore, Stien et al. (2021a) examined the upper body strength after the campus board training in a jug and 23 mm rung conditions and demonstrated improvements in isometric pull-up strength in the jug condition, but not in the rung condition (Stien et al., 2021a). Of note, the three studies (Medernach et al., 2015b; Levernier and Laffaye, 2019a; Stien et al., 2021a) included few participants (14–23) on a high climbing performance level (advanced to higher elite) using short intervention periods (4–5 weeks), which may explain the lack of between-group differences in maximal finger strength. Therefore, little is known of the chronic effects (>5 weeks) of finger training on climbing-specific outcomes (i.e., finger strength and endurance) using lower-level climbers (intermediate to advance). The aim of this study was to compare the effects of a longer supplemental finger training protocol while continuing climbing training as usual on climbing specific maximal strength and explosive strength in the finger flexors (primary), and muscular endurance (secondary) in intermediate to advanced recreational climbers. We hypothesized that a specific 10-week hangboard training (HBT) program in addition to regular climbing training would be more effective for increasing specific maximal strength, explosive strength (RFD), and muscular endurance than just continuing regular climbing training.



METHODS


Study Design

A randomized controlled trial was used to compare the additional effects of combining an HBT program with regular climbing training. After pre-testing, the participants were randomized, by drawing lots, into either the HBT or control (CON) groups. Both groups were encouraged to continue their normal climbing training routine, but the HBT-group completed the hangboard program two times a week. Before and after the intervention, all participants were tested for peak force (Fpeak), average force (Favg), and RFD during an isometric pull-up performed on both a 23 mm campus rung and jug holds. Finger endurance was tested during a continuous dead hang test on the same 23 mm campus rung.



Participants

A sample size calculation was conducted based on the 23 mm rung findings from Stien et al. (2021a). For an alpha level of 0.05 and power of 80%, a sample size of 32 participants appeared to be necessary to detect significant differences between the two groups. There were approximately 70 adult climbers in the climbing club, in addition to 30–40 climbers who were members of the local climbing center who all were asked to participate. To participate, the climbers had to be over 18 years old, free of injuries for the last 6 months, climbing regularly (minimum two times a week), and have a red-point performance level of at least 6a (French grade). Forty-three recreational climbers, who fulfilled the inclusion criteria, volunteered for the study. During the intervention, eight climbers dropped out for various reasons unrelated to the study. Therefore, thirty-five participants (8 women and 27 men) successfully completed the 10-week training intervention. The climbing performance was reported using the French grading system (1-9a/b/c) and converted to the numeric International Rock Climbing Research Association (IRCRA)-scale (1–32) (Draper et al., 2016). Descriptive data for the two groups are shown in Table 1. Before baseline testing, all participants were informed about the study, both orally and in writing, and signed an informed consent form. The study procedures were in accordance with the ethical guidelines of the Western Norway University of Applied Sciences and complied with the standards of treatment of human participants in research, as defined in the 5th Declaration of Helsinki, and were evaluated by the Norwegian Centre for Research Data (2017/56550).


Table 1. Descriptive data.
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Testing Procedures

All participants were instructed to refrain from any hard physical activity 48 h before testing. Before testing, the participants performed 5 min of an easy climbing traverse followed by 10 min of progressive bouldering (50–80% of their maximum). During the warm-up boulders, the participants had a minimum of 1-min rest between boulders and ~10 min of rest before testing. The test order was standardized and started with three attempts at the isometric pull-up on the 23 mm campus rung, followed by three attempts of isometric pull-up on jug holds. Finally, finger endurance was tested in a sustained dead-hang test on the 23 mm campus rung. Only one attempt was made in the dead hang test.


Isometric Pull-Up

To measure climbing-specific maximal- and explosive strength, an isometric pull-up test was used, ranging from (i) a 23 mm deep and 43 cm wide campus rung with rounded edge (Wood grips Campus Rung size M, Metolius™, USA) and (ii) a wooden jug hold (depth: 30 mm, height: 30 mm, width: 70 mm) on a Beastmaker 1000 series hangboard (Beastmaker Limited, Leicester, United Kingdom). The force (N) was measured with a force cell (Musclelab™ v13.10, 200 Hz, Ergotest Technology AS, Norway) anchored to the concrete floor. The force cell was connected to the climber with a static aramid cord that was fastened to the belay loop of a climbing harness. The climber's position was adjusted (by changing the length of the aramid cord) to 90 degrees angle in the elbow joint (measured with a goniometer) before the test was initiated (Figure 1) (Saeterbakken et al., 2019; Stien et al., 2019). The participants pulled themselves up to the aramid cord that was tight and elbows were in the 90 degrees angle and maintained the position for ~1 s while waiting for the start signal from the test leader. The test leader initiated the test with an oral signal, and the climber performed an isometric pull-up as fast and hard as possible (Maffiuletti et al., 2016), and maintained maximum force for 5 s (Stien et al., 2019). The test was performed with a standardized half-crimp grip with a passive thumb on the 23 mm campus rung, and no restrictions for jug holds. Then, 3 min of rest separated each attempt, and a 5-min rest was given before the jug condition. The attempt with the highest recorded absolute force values for both conditions (rung and jug holds) was used in the analyses. For each isometric pull-up condition, peak force (Fpeak) and average force (Favg) were measured in addition to RFD. The Fpeak was identified as the highest force output on the force-curve and Favg was calculated as the highest mean force over a 2-s period, excluding the peak (Saeterbakken et al., 2019; Stien et al., 2019). For the calculation of the RFD, the change in force output and time window was between the onset of force generation and to the Fpeak, which was found to be the most reliable in the present test (Stien et al., 2021b). The onset of force was detected manually using the commercial software (Musclelab™ v13.10, Ergotest Technology AS, Norway), in line with previous recommendations (Maffiuletti et al., 2016). The relative utilization of force on the 23 mm campus rung relative to the jug holds was calculated as follows; [(23 mm rung results/jug results) × 100] (Stien et al., 2019). Commercial software (Muscellab™ v13.10, Ergotest Technology AS, Norway) was used to analyze the stored data.


[image: Figure 1]
FIGURE 1. Schematic presentation of the isometric pull-up test showing (1) expansion bolt in the concrete floor, (2) the force cell, (3) the static aramid cord, (4) the climbing harness, and (5) the 23 mm rung or jug holds.




Dead-Hang Duration

The dead-hang test was performed on the same 23 mm campus rung as the isometric pull-up test after resting for 5 min. The participant was instructed to hang on the campus rung for as long as possible with passive thumbs and fully extended elbows (Watts, 2004; Baláš et al., 2012). The continuous dead-hang test is frequently used and proven to be reliable and valid using a 20–30 mm rung, and is recommended for differentiating climbing performance levels (Baláš et al., 2012; Fanchini et al., 2013; Hermans et al., 2016; Seifert et al., 2017; Stien et al., 2019; Draper et al., 2020). Before starting the test, the participants chalked up their fingers and the campus rung was brushed. To avoid swings, all participants started the test by bending their legs and loading their fingers. Timing started when the participants' legs left the ground and stopped when the feet touched the floor. All participants received motivational feedback and verbal seconding every 10th s during the test. The dead-hang times were measured by the same person using a stopwatch, which has proven to be reliable with an accuracy of 0.1 s (Radner et al., 2017).




Training Protocol

Prior to each training session, the participants were instructed to perform 15 min of easy climbing or bouldering as a warm-up. The training was conducted on the Beastmaker 1000 series hangboard (Beastmaker Limited, Leicester, United Kingdom) and the participants followed a standardized program using the Beastmaker application (2015, version 3.2.1) on a smartphone. In the Beastmaker application, the difficulty levels (5A−7C) were adjusted based on the size of handholds and the number of included fingers. All training sessions consisted of two identical sets separated by 6 min of rest. Each set includes six progressive hang-series with seven repetitions. One repetition consists of 7 s of hang time and 3 s of rest (7:3 ratio).A 2 min and 30 s rest was given between the different hang-series. To adapt to the training and lower the risk of injuries, all participants were instructed to complete the first 2 weeks on low resistance (5A−5C program). To ensure progression for the last 8 weeks of the training protocol, all participants were instructed to increase the difficulty of the training program when it could be conducted without failure. The program difficulty was increased by changing grip conditions (e.g., smaller holds or fewer fingers) and the order of hold types. The hang time, rest time, and number of repetitions and sets were constant, which made all the sessions last 48 min, regardless of program difficulty. Within the session, 10 min was hanging time on the board. All participants had to fill in a training log where they stated which program they trained for each session. To secure progression in the Beastmaker-program, participants in the HBT group had follow-up sessions on two different occasions with a researcher (week 2–3 and 6–7). The log form also included other types of training, such as climbing, bouldering, and endurance training. This was mandatory for both the training and control groups, to have an overview of total training volume during the intervention program. The participants in the HBT group completed on average ~90% of the training sessions during the 10-week protocol.



Statistical Analyses

All analyses were performed using the commercial statistical software SPSS (IBM Corp. Released 2020. IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp). Data were assessed for normality using the Shapiro–Wilk test and all data (p = 0.304–963) except dead-hang duration (p = 0.010) were normally distributed. Analysis of covariance (ANCOVA) with the pre-test scores as covariates was used to assess differences between the groups for the parametric variables, and independent-samples t-tests were used to check for pre-to-post changes within the groups. Differences in training volume were assessed using paired and independent t-tests for the within- and between-groups differences, respectively. Dead-hang duration was analyzed using the Wilcoxon signed-rank test for the within-groups comparisons and a Mann–Whitney U-test for the between-groups differences. The alpha level was set at <0.05 for statistical significance. All data are presented as mean [± standard deviation (SD)] and Cohen's d effect size (ES). An ES of <0.2 was considered trivial, 0.2–0.5 small, 0.5–0.8 medium, and >0.8 large (Cohen, 1988).




RESULTS

No differences were observed between groups at baseline for any of the descriptive- (p = 0.131–0.960) or performance parameter (p = 0.055–0.871).


Isometric Pull-Up on the 23 mm Campus Rung

The HBT group improved Fpeak by 89.71N ± 80.25N (p < 0.001, ES = 1.12), Favg by 61.19N ± 59.55N (p < 0.001, ES = 1.03), and RFD by 436.18Ns-1 ± 506.60Ns-1 (p = 0.003, ES = 0.86) from pre- to post-test, whereas none of the parameters increased in the CON group (p = 0.213–0.265) (Figure 2). When adjusting for the pre-test results, the HBT group reached a higher Fpeak (p =0.008, ES = 0.31) and Favg (p = 0.009, ES = 0.29) at post-test than the CON group, whereas the RFD was not significantly different between the groups (p = 0.056, ES = 0.21) (Table 3).
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FIGURE 2. Absolute change in isometric pull-up (A) Fpeak and Favg on the 23 mm campus rung, (B) Fpeak and Favg on the jug, and (C) the rate of force development (RFD) in the 23 mm rung and jug conditions. Error bars represent standard deviations (SDs). *Significant change from pre-test (p < 0.05). ‡Significant difference in change between groups (p < 0.05).




Isometric Pull-Up on Jug Holds

The HBT group improved Favg in the jug condition by 54.94N ± 63.35N (p = 0.003, ES = 0.87), whereas Fpeak (p = 0.134) and RFD (p = 0.128) (Figure 2) were not increased from pre- to post-test. None of the parameters increased in the CON group (p = 0.144–0.871). When adjusting for the pre-test results, the HBT group reached a higher Favg (p = 0.031, ES = 0.45) at post-test compared with the CON group, whereas Fpeak (p = 0.143, ES = 0.38) and RFD (p = 0.165, ES = 0.23) were not significantly different between the groups (Table 3).



Utilization Rate

The utilization rate of Fpeak in the rung condition relative to the jug condition significantly improved for the HBT group (10.67 ± 10.54%, p < 0.001, ES = 0.73) but not for the CON group (p = 0.704). No change occurred in either group for the Favg (p = 0.211 and p = 0.974). The HBT group increased the utilization of RFD by 9.86 ± 18.51% (p = 0.043) whereas the CON group did not (p = 0.724). The ANCOVA revealed that the utilization of Fpeak at post-test was higher for the HBT group than the CON group (p < 0.001, ES = 0.66), whereas no between-groups differences were found for the utilization of RFD (p = 0.786) and Favg (p = 0.593) (Table 3).



Finger Endurance

A significant improvement in dead-hang duration was observed from pre- to post-test for the HBT group (6.8 ± 8.6 s, p = 0.006, ES = 0.79), but not for CON (p = 0.215) (Figure 3). The change was not significantly different between the groups (p = 0.303) and the groups were not different at post-test (p = 0.832) (Table 3).


[image: Figure 3]
FIGURE 3. Absolute change (in seconds) for Dead-hang test. *Significant change from pre-test (p < 0.05).




Training Sessions

A significant difference between groups in the number of climbing training sessions during the intervention was found, with the CON group training more often than the HBT group (p < 0.001, ES = 1.00) (Table 2). Of note, for all training sessions (climbing-, strength-, and endurance training), there was no significant difference in the total number of training sessions between the groups (p = 0.925).


Table 2. Number of self-reported training sessions within the 10-week intervention.
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Table 3. Absolute data (pre and post) and absolute difference between pre and post for all tests.
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DISCUSSION

As hypothesized, the present study demonstrated a greater improvement in maximal finger strength (Fpeak and Favg) on the 23 mm campus rung for the HBT group compared with the CON group. In addition, the utilization rate in Fpeak increased for the HBT group compared with the CON group. Furthermore, 28 and 12% significant improvements in explosive strength and finger endurance, respectively, were observed for the HBT group whereas the CON group demonstrated no improvements between the pre- and post-test. Finally, in contrast to our hypotheses, we found no differences between the groups for utilization rate in Favg and RFD, RFD in jug and rung conditions, Fpeak in a jug, or in finger endurance.

The HBT program was based on recommendations for resistance training regarding intensity, volume, and frequency (ACSM, 2009). Based on the principle of training specificity and the length of the intervention program, it was not surprising that the finger flexors became stronger which was reflected by the increased performance on the 23 mm rung. Importantly, when performing the isometric pull-up on the jug holds, the back-, shoulder-, and elbow muscles are more important than the finger flexors, as demonstrated by Stien et al. (2019). Hence the training on the hangboard seems to have a small transfer effect on the force-generating capacity of the larger muscles in the upper body, indicated by a positive change in Favg in the jug condition. It could be speculated that the increased performance in Favg is caused by high activation of the back- and shoulder muscles during finger hang training. Of note, the strength tests (rung and jug) were conducted with a 90-degree elbow angle whereas the HBT was conducted with fully extended elbows. Consequently, the improved performance on the 23 mm rung for the HBT group could be a result of better utilization of the force generated rather than an increased force-generating capacity, meaning that the finger strength has developed more than the pulling muscles in the back, shoulders, and elbows. This speculation is supported by greater effect sizes in 23 mm rung vs. jug condition (ES = 1.12, 1.03 vs. ES = 0.87) and the results from utilization rate showing improved utilization for the HBT group in Fpeak.

The fact that the participants in the HBT group improved more than the CON group in all the strength tests performed on the 23 mm rung could also be explained by specificity. The participants in the CON group continued their regular training routine consisting of freely chosen indoor climbing and/or bouldering training, with no training protocols or intensity and volume regulation. Typically, when climbing, all types of handholds are used and the whole body works in varied positions depending on the route, wall angle, and the proportion of support by the legs. In contrast, training on a hangboard is closer to the isometric pull-up testing condition, mainly due to a static activation of fingers and upper body muscles, without the use of the legs. However, unstructured climbing training seems, in this and previous studies, to be an ineffective way to increase the specific strength or climbing performance over a relatively short period of time (Baláš et al., 2012; Medernach et al., 2015a; Hermans et al., 2016; Levernier and Laffaye, 2019a; Stien et al., 2021a). Therefore, it could be speculated that recreational climbing does not provide enough stress or overload to improve the finger strength for intermediate to higher elite level climbers/boulderers in such a short time frame (4–10 weeks).

The present findings, the significant difference between groups in finger strength, are partly in contrast with previous studies examining the effects of finger training (Medernach et al., 2015b; Levernier and Laffaye, 2019a; Stien et al., 2021a). Importantly, all these studies used a short intervention period (i.e., <5 weeks), included climbers with higher climbing ability, and used training exercises that stimulate the larger upper-body muscles in addition to the fingers. However, it could be speculated whether it is the duration of the intervention, the content of the training, the lower skill level of the climbers, or a combination that has led to the difference between the groups in the present study.

In addition to maximal finger strength, RFD is a crucial factor in climbing (Fanchini et al., 2013; Levernier and Laffaye, 2019b). Further, only Levernier and Laffaye (2019a) and Stien et al. (2021a) have investigated changes in RFD after specific finger training protocols in climbers. In contrast to the hypothesis, the present study showed no significant differences in RFD between the HBT and CON groups (28 and 8%, respectively). These findings are in line with Levernier and Laffaye (2019a), who reported a 17% non-significant increase in RFD, using half crimp position following finger training. However, the present study showed a tendency for a difference between the groups for RFD in 23 mm rung condition, which indicates that a longer training intervention could be beneficial in developing RFD. In contrast, both campus training and one-arm isometric hangs are proven to be more effective than climbing/bouldering in improving the average and early phase RFD after just 4–5 weeks of training (Levernier and Laffaye, 2019a; Stien et al., 2021a). However, according to Andersen and Aagaard (2006), the RFD is strongly related to maximum voluntary contraction (MVC) in time intervals later than 90 ms from onset of the contraction. However, no finger strength increase was reported by Levernier and Laffaye (2019a) or Stien et al. (2021a), which indicates that the reported increase in RFD can mainly be explained by neural adaption to the training. Indeed, the findings by Stien et al. (2021b) indicated that the higher RFD observed in elite climbers compared with intermediate and advanced climbers were not caused by the higher maximal strength alone.

The participants in the HBT group demonstrated a 12.1% improvement in finger endurance whereas the participants in the CON group demonstrated no change. Despite this, no differences between the groups were found at post-test meaning that the HBT was not superior to regular climbing training. The test specificity to the training protocol might be an explanation for the lack of difference. For example, the different energy systems contribute differently during intermittent work (e.g., 8:2 and 7:3 ratio) and sustained work (Maciejczyk et al., 2022). Additionally, the intervention was more specific toward muscle strength and less toward muscle endurance. In contrast to the present study, López-Rivera and González-Badillo (2019) reported a 45% increase in hang time after an 8-week intermittent HBT program. Unfortunately, the study had no control group. Of note, López-Rivera and González-Badillo (2019) tested dead-hang duration on an 11 mm campus rung instead of the more common > 20 mm (Draper et al., 2020), which probably present different workload characteristics and are therefore less comparable with the results in the present study.

The present study has some limitations. We found HBT to be effective in improving the performance in climbing-specific finger strength and endurance tests. Although finger strength has been claimed to be important for climbing performance (Grant et al., 1996; Watts, 2004; MacLeod et al., 2007; Baláš et al., 2012; Saul et al., 2019), we cannot conclude that the findings translate to improved climbing or bouldering performance. A climbing or bouldering performance test would have strengthened the study. To test finger flexor endurance in climbers, it is currently recommended to use both an intermittent test and a sustained dead-hang test (Seifert et al., 2017). However, for practical reasons, we could only conduct one endurance test and opted out the intermittent test to avoid favoring the HBT group. It should be mentioned that the intermittent testing (7:3 or 8:2) better reflects the work-relief parameter, with a mean contact time of 8.2 s in sport climbing (Michailov, 2014). However, the dead-hang test is frequently used in climbing research and is proven to be a valid and reliable test with a strong correlation to climbing performance (Baláš et al., 2012; López-Rivera and González-Badillo, 2012, 2019; Medernach et al., 2015b; Hermans et al., 2016; Ozimek et al., 2016; Bergua et al., 2018; Draper et al., 2020).

In conclusion, 10 weeks of supplemental HBT in addition to regular climbing training is more effective for improving the specific finger strength in intermediate to advanced level climbers, compared with continuing regular climbing training. However, the HBT was not superior to regular climbing training in improving RFD or dead-hang duration.



PERSPECTIVE

This study aimed to improve the evidence-based knowledge about HBT on climbing-specific strength and endurance tests. The results indicate that a 10-week intervention with specific finger flexor training can be effective to increase a climber's specific maximal strength. Therefore, HBT can prepare a climber for further climbing performance development, using an isometric exercise loaded with only body mass. Stronger fingers can likely allow a climber to hold on to smaller holds and improve the climbing time to exhaustion by letting the climber use a lower percentage of maximal finger strength at a given handhold. These findings contribute to the climbing and research communities' understanding of the effects of a common HBT protocol and should encourage and support both trainers and athletes to include the blocks of supplemental HBT in a periodization program to improve climbing performance.
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