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ABSTRACT
The rate of upper limb force development (RFD) is one of the important 

performance factors in sport climbing. The aim of this study was to investigate 
the reliability and validity of various force-time indicators for the assessment of 
fi nger and shoulder girdle strength in climbing. Ten male lead climbers (climbing 
ability: advanced; IRCRA: 22 ± 2) performed two RFD and two maximal strength 
tests for the fi nger fl exor and shoulder girdle muscles (one-arm fi nger hangs and 
lock-off s, respectively). The maximal strength tests were used to assess maximal 
force (Fmax). The RFD tests were used to assess: peak force (Fpeak); time for 
reaching force representing 25%, 50%, and 75% of the body weight (T25%BW, 
T50%BW, T75%BW ); and absolute and relative RFD indicators (e.g., RFD at 200 ms 
and 95% Fpeak, respectively). The reliability of the fi nger fl exor RFD indicators 
was high (intrasession intraclass correlation coeffi  cients - ICC between .760 
and .973; intersession ICC between .883 and .955). Intersession reliability of the 
fi nger fl exor T50%BW and T75%BW reached excellent values (ICC = .949 and ICC = 
.978, respectively). Reliability of the fi nger fl exor and lock-off  Fpeak and Fmax was 
also high (ICC between .850 and .966). Consistency between Fpeak and Fmax was 
not satisfactory, though. These variables diff ered signifi cantly (p = .035) in the 
fi nger fl exor tests, and ICC was moderate (.605) in the lock-off  tests. Most of 
the lock-off  force-time indicators had moderate or poor reliability. Finger fl exor 
and lock-off  Fmax/kg and T50%BW correlated signifi cantly (p < .05) with the climbing 
ability (R = .805, R = .653, and R = -.703, respectively), while lock-off  force-time 
indicators did not. T50%BW was the most reliable and valid force-time indicator in 
advanced climbers. RFD indicators were reliable, but muscle strength appeared 
more important than RFD in advanced climbers.

Keywords: rate of force development, maximal strength, fi nger hang test, 
lock-off  test, advanced climbers

INTRODUCTION
In explosive strength-demanding sports 

or particular motions of short duration, such 
as throwing and jumping, the athlete has to 
exert high force in minimal time. In such si tu -
ations, time is insuffi  cient for developing the 
maximal possible force, and the rate of force 
development (RFD) is more important than 

maximal strength (Zatsiorsky, Kraemer, 2006). 
Explosive whole-body moves are integral 
components of modern sports climbing, and, 
indeed, RFD was found to correlate with 
climbing performance (Vereide et al., 2022). 
Mention deserves the fact that physical factors, 
which seem to determine climbing performance 
most strongly, are maximal strength, ability 

3

OPEN ACCESS
Submitted: 24 March 2023

Revised: 15 June 2023
Accepted: 29 June 2023

ORCID
Michail L. Michailov 

https://orcid.org/0000-0001-7240-9591
Jiří Baláš

https://orcid.org/0000-0003-3502-2050
Cite this article as:

Michailov, M. L., Baláš, J. (2023).
Reliability and validity of 

various force-time indicators for the 
assessment of fi nger and shoulder girdle 

strength in climbing.
Journal of Applied Sports Sciences, 

Vol.1, pp. 3 - 14.
DOI: 10.37393/JASS.2023.01.1

This work is licensed under 
a Attribution-Non

Commercial-ShareAlike 4.0 
International (CC BY-NC-SA 4.0)



M. L. Michailov, J. BalášRELIABILITY AND VALIDITY OF VARIOUS FORCE-TIME ...

4

to maintain high force, and local muscle 
endurance (Balas et al., 2014; Fryer et al., 
2016; Maciejczyk et al., 2022; MacLeod et al., 
2007; Michailov et al., 2009; Michailov et al., 
2017; Philippe et al., 2012; Rokowski et al., 
2021). Nevertheless, in a study by Vereide et 
al. (2022), climbing ability correlated strongly 
with maximal strength but moderately with 
RFD. Stien et al. (2021) showed that high 
RFD values distinguish elite climbers from 
advanced and intermediate climbers. As RFD is 
more important for elite climbers, lower-level 
climbers are advised to focus on optimizing 
other factors (e.g., endurance and technique). 
Furthermore, Fanchini et al. (2013) found 
that boulderers have higher RFD than lead 
climbers.

The manifestation of explosive strength in 
climbing differs from most sports disciplines, 
where explosive actions are generally dynamic 
and represent movements, such as jumping or 
throwing. Explosive strength in climbing is 
related to the ability of the finger flexor muscles 
to develop high force within a limited time 
frame while acting isometrically. A high finger 
RFD is required to: (1) maintain the handholds 
during the propulsive phase of an explosive 
pull-up, performed to reach a distant hold, (2) 
and grab the distant hold (Stien et al., 2021; 
Fuss, Niegl, 2010). Therefore, the researchers 
who investigated climbers’ explosive strength 
used climbing holds or hangboards with 
integrated force sensors. Climbers apply force 
using their fingers, and absolute and relative 
RFD indicators are calculated. The ability 
to develop high force in a specified period 
(e.g., 200 ms) is assessed by absolute RFD 
indicators. Relative RFD indicators show 
the climbers’ explosiveness across different 
sections of the force-time curve (e.g., RFD at 
a given % of peak force (Fpeak) or total duration 
of muscle contraction), regardless of the 
individual maximum force potential. Climbing 

experts use absolute RFD indicators because 
many climbing situations set time limits for 
developing a certain force. However, relative 
RFD indicators are also assessed because the 
same absolute RFD indicator may represent 
different sections of the force-time curve due to 
differences in the climbers’ maximal strength. 
Moreover, the relative climbing-specific RFD 
indicators have been proven more reliable 
(Stien et al., 2021).  

In terms of the validity of RFD indicators, 
Michailov et al. (2018) found no correlations 
between the climbing performance and RFD 
at Fpeak. A plausible explanation of this is the 
difference in the shapes of force-time curves 
representing motions, such as vertical jumps 
and rapid isometric finger force applications 
on the climbing holds. A relatively slow force 
development was observed during the late part 
of a climbing-specific RFD test (Levernier, 
Laffaye, 2021). During most climbing-specific 
RFD tests, the finger flexors counteract the 
forces created by the shoulder girdle muscles, 
which are strongly involved because the elbows 
and shoulders are flexed at 90° (Levernier, 
Laffaye, 2021; Stien et al., 2021). If the time 
for muscle contraction is too short (e.g., 0.2 
s), no maximal possible force can be achieved. 
Most likely, at the end of a climbing-specific 
RFD test, the shoulder girdle muscles develop 
force slower than possible in order to avoid 
loss of grip and ensure the time required for the 
finger flexors to develop their maximal force. 
Thus, Levernier & Laffaye (2021) concluded 
that “international-level” climbers differ from 
“skilled” climbers by RFD at 95% Fpeak and 
RFD at 200 ms. Stien et al. (2021) showed 
that all RFD indicators distinguish the elite 
from lower-level climbers but recommended 
using relative RFD indicators computed using 
longer periods. 

These latest studies have considerably 
contributed to the assessment of RFD in 
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climbing. Nevertheless, more evidence is 
needed to clarify which RFD indicator is most 
suitable for testing climbers. Only one study 
has reported a significant correlation between 
climbing performance and RFD (Vereide et al., 
2022). Furthermore, the relative importance 
of finger flexor and shoulder girdle muscles’ 
RFD has not been determined because the tests 
used so far have required simultaneous actions 
of both finger flexors and shoulder muscles. 
During ascent, climbers have to counteract their 
body weight. Therefore, it can be hypothesized 
that the time required for shoulder and forearm 
muscles to achieve a force corresponding to a 
high percentage of body weight is equally or 
more important than RFD.

Thus, this study aimed to investigate the 
reliability and criterion validity of the various 
force-time indicators for assessing finger and 
shoulder girdle strength in climbing.

METHODS
Participants
Ten male climbers (age 30.2 ± 10.7 years, 

body mass 69.0 ± 6.9 kg, height 176.8 ± 6.7 
cm) specialized in lead climbing volunteered 
to participate in this study. Their self-reported 
current climbing ability, according to Draper 
et al. (2015), in the redpoint style (climbing 
after the route was previously rehearsed) was 
22 ± 2, ranging between 18 and 25 (IRCRA). 
According to the IRCRA scale, eight of them 
were categorized as advanced and two as elite. 
Participants signed informed consent. The 
study was approved by the Ethical Committee 
of Charles University.

Study design
This study sought to provide suitable finger 

flexor and shoulder girdle muscle force-time 
indicators for assessing climbers’ explosive 
and maximal strength by comparing evidence 
on the reliability and validity of participants’ 

RFD and maximal strength test scores. Two 
RFD and two maximal strength tests were 
used. One RFD and one maximal strength test 
were intended for the finger flexor muscles, 
and the other two tests were intended for the 
shoulder girdle muscles. Each RFD test was 
used to record three types of finger flexor and 
shoulder girdle muscle force-time indicators. 
The maximal strength tests were used to 
determine the maximal force (Fmax) achieved 
by the two muscle groups. 

Procedures
The participants performed the two RFD 

and two maximal strength tests in a randomized 
order, using a Climbro hangboard (Climbro 
Ltd., Sofia, Bulgaria) mounted on a vertical 
hanging platform. The Climbro hangboard 
was integrated with force sensors (sample rate 
100 Hz) and a phone application providing 
instructions and real-time feedback on the 
force and time of the muscle contraction. 
The application included options for creating 
protocols and exporting data. Before testing, 
the participants’ body mass was measured first 
on a Tanita scale (BF-666, Tokyo, Japan). The 
participants then warmed up using a protocol 
similar to that of Balas et al. (2016).  The last 
part of the warm-up included submaximal 
static contractions on the hangboard with the 
same techniques as during the measurements, 
which served for familiarization with tests 
and device. Each test included two attempts 
separated by 1 min breaks. The rests between 
the tests were 10 min. The participants agreed 
to repeat the finger RFD test separately. 

Finger flexor tests
The finger flexor tests were performed 

facing the hangboard and using a 23 mm 
rounded hold with the dominant arm in an open 
finger grip position (no thumb) (Figure 1). The 
arm was extended above the head with a slight 
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bend in the elbow to engage the shoulder 
stabilizers and reduce injury risk (Giles et al., 
2021). Climbers were asked to hang on the 
board by flexing their knees without lifting 
their feet off the ground. Climbers with the 
ability to hang with their whole body on one 
arm had to hold additional weight in the other 
hand. This allowed them to maintain contact 
with the ground and apply their maximal 
strength.

During the finger RFD test, the participants 
had to apply the force onto the hold as fast and 
as hard as possible, without any movements 

in the elbow and shoulder joints, while 
abruptly flexing their knees and activating 
their shoulder girdle muscles to ensure a 
fast finger flexor muscle contraction. The 
climbers were instructed to place their fingers 
onto the hold but not to apply pressure until 
they decided to initiate the effort, which had 
to be done after an acoustic signal within a 5 
s window. During the finger maximal strength 
test, the climbers had to apply maximal force 
(within a 5 s window) using the technique 
described above without aiming for a fast 
muscle contraction.

Figure 1. Body positions (a: starting position; b final position) and technique for applying force 
during the finger flexor RFD and maximal strength tests.
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Shoulder girdle muscle tests
The shoulder girdle muscle tests were 

performed standing under the force-
measuring device and using a handle (28 
mm diameter) clipped to an adjustable static 
sling and hung onto the device (Figure 2). 
The participants’ feet were shoulder-wide 
apart, and the dominant arm was in the so-
called lock-off position (the shoulder and 
elbow were flexed at 90°). The handle, sling, 
device, and arm formed a vertical plane. The 
participants loaded the handle and device 
with an isometric effort of pulling down. 

Most of them were able to hang on one arm, 
maintaining the lock-off. Therefore, they 
were loaded with additional weight, using 
a belt to prevent their body from lifting or 
sliding aside (Figure 2). 

The lock-off RFD test was performed by 
pulling as fast and as hard as possible, without 
changing position and without applying 
pressure before initiating the effort within 
a 5 s window. During the lock-off maximal 
strength test, the same technique was used as 
for the lock-off RFD test without aiming for 
fast action.

Figure 2. Body position during the lock-off RFD and maximal strength tests.

Analyzed variables
The absolute and relative RFD indicators 

and times for reaching 25%, 50%, and 75% 
of the body weight were calculated using the 

force-time curves from the finger and lock-off 
RFD tests. The absolute RFD indicators were: 
RFD at 100 ms, 200 ms, and 300 ms. The 
relative RFD indicators were: RFD at 50%, 



M. L. Michailov, J. BalášRELIABILITY AND VALIDITY OF VARIOUS FORCE-TIME ...

8

95%, and 100% Fpeak (Fpeak represented the 
highest values achieved during the RFD tests). 
The absolute RFD indicators represented the 
ratios between the forces corresponding to 
the end of each period (0-100 ms, 0-200 ms, 
and 0-300 ms) and the duration of the period. 
The relative RFD indicators represented the 
ratios between the forces corresponding to the 
selected percentages of Fpeak (50%, 95%, and 
100% Fpeak) and the time for reaching these 
forces. 

From the maximal strength tests, Fmax and 
Fmax relative to the body mass (Fmax/kg) were 
analyzed and compared with Fpeak and Fpeak 
relative to the body mass (Fpeak/kg) from the 
RFD tests. The highest maximum force value 
from the two attempts of the maximal strength 
tests was used to determine either the finger 
flexor or lock-off maximal strength.

Statistics
To determine the intra- and intersession 

reliability, several indicators were calculated.  
Shapiro–Wilk test was applied to check for 
normal distribution. To assess statistical 
differences between the test and retest scores 
and systematic bias, one-way analysis of 
variance (ANOVA) with repeated measures 
was used for normally distributed data. The 
variables, which were not normally distributed, 
were compared using the Wilcoxon signed-
ranks test. Bland-Altman limits of agreement 
and standard error of measurement (SEM) 
were calculated for the absolute, while the 
intraclass correlation coefficients (ICC) were 
calculated for relative reliability, respectively. 
ICC used corresponded to type ICC3,1 (Shrout 
& Fleiss, 1979).

Criterion validity of the various test 
scores was investigated using each indicator’s 
best result, regardless of the number of the 
attempt (e.g., RFD200ms from attempt 1 and 
RFDFpeak from attempt 2). Pearson correlation 

coefficients were computed between the test 
scores and climbing ability on the IRCRA 
scale. The consistency of Fmax and Fpeak from the 
RFD tests was checked using ANOVA, SEM, 
and ICC. Statistical significance was set at  
p < .05. All calculations were completed 
on Microsoft Excel and SPSS (Version 22, 
Armonk, NY: IBM Corp.).

RESULTS
Reliability
Intrasession reliability of the finger and 

lock-off tests is listed in Tables 1 and 2. 
The intersession reliability of the finger 
flexor RFD test is shown in Table 3. There 
were no significant differences between the 
finger flexor tests and retest scores (p > .05). 
Therefore, it was assumed that there was no 
systematic bias. From the ICC values, it can 
be concluded that most of the finger flexor 
test indicators showed good (ICC between .75 
and .90) or excellent (ICC > .90) intrasession 
reliability. Intrasession reliability of the 
finger RFD test was poor for T25%BW (ICC < 
.50) and moderate for T50%BW and T75%BW (ICC 
between .50 and .75).

Nevertheless, the intersession reliability 
of finger T50%BW and T75%BW was excellent 
(ICC > 0.9) (Table 3). With respect to the 
consistency of the finger flexor Fmax and Fpeak, 
ICC was excellent (ICC = .925), but these 
variables differed significantly (p = .035) 
(Table 4). Lock-off Fmax and Fpeak did not 
differ (p = .306), but the associated ICC was 
lower (.605).

Only one significant difference (p < .05) 
existed in the lock-off tests (between the first 
and second RFD300ms) (Table 2). However, 
most of the lock-off force-time indicators 
had moderate or poor reliability (ICC < 
.750). Lock-off Fpeak and Fmax had excellent 
reliability (ICC = .850 and ICC = .937, 
respectively).
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Table 1. Intrasession reliability indicators for the finger flexor maximal strength and RFD test results
Parameter Mean score 

attempt 1± SD
Mean score  

attempt 2 ± SD
p 95% LOA SEM ICC

Fmax (N) 563 ± 79 577 ± 75 .233 -65 – 38 18 .942
Fpeak (N) 543 ± 93 550 ± 90 .390 -54 – 40 17 .966
RFD100ms (N/s) 1340 ± 354 1218 ± 395 .139a -387 – 631 172 .760
RFD200ms (N/s) 1724 ± 400 1730 ± 442 .937 -486 – 474 166 .831
RFD300ms (N/s) 1581 ± 383 1620 ± 356 .369 -1405 – 1336 57 .973
RFDFpeak (N/s) 1237 ± 492 1270 ± 486 .758 -676 – 610 218 .775
RFD95%Fpeak (N/s) 1435 ± 490 1477 ± 552 .708 -715 – 631 229 .784
RFD50%Fpeak (N/s) 1657 ± 444 1664 ± 397 .896 -361 – 346 125 .908
T25%BW (ms) 107 ± 18 121 ± 23 .092 -63 – 34 14 .250
T50%BW (ms) 210 ± 86 202 ± 46 .705 -120 – 136 41 .554
T75%BW (ms) 291 ± 69 284 ± 75 .748 -104 – 118 36 .661
LOA: limits of agreement; SEM: standard error of measurement; ICC: intraclass correlation coefficients; Fmax: 
maximal force in the maximal strength test; Fpeak: peak force in the RFD test; RFD100ms, RFD200ms, and RFD300ms: 
RFD at 100ms, 200ms, and 300ms, respectively; RFDFpeak, RFD95%Fpeak, and RFD50%Fpek: RFD at Fpeak, 95% and 50% 
Fpeak, respectively; T25%BW, T50%BW, and T75%BW: time for reaching 25%, 50% and 75% of the body mass, respectively; 
a p-value calculated by Wilcoxon’s signed-ranks test.

Table 2. Intrasession reliability indicators for the shoulder girdle maximal strength and RFD tests
Parameter Mean score 

attempt 1± SD
Mean score  

attempt 2 ± SD
p 95% LOA SEM ICC

Fmax (N) 707 ± 86 709 ± 84 .842 -61 – 57 21 .937
Fpeak (N) 673 ± 76 675 ± 99 .950 -96 – 94 33 .850
RFD100ms (N/s) 1888 ± 667 1871 ± 406 .933 -1167 – 1200 357 .402
RFD200ms (N/s) 2263 ± 498 2323 ± 342 .592 -726 – 607 221 .683
RFD300ms (N/s) 1915 ± 296 2013 ± 344 .018 -309 – 113 75 .944
RFDFpeak (N/s) 1050 ± 405 1175 ± 576 .646a -863 – 613 247 .714
RFD95%Fpeak (N/s) 1532 ± 587 1614 ± 683 .545 -893 – 728 277 .789
RFD50%Fpeak (N/s) 2241 ± 420 2201 ± 310 .663 -513 – 594 185 .707
T25%BW (ms) 89 ± 18 91 ± 14 .840 -45 – 42 12 .087
T50%BW (ms) 155 ± 23 154 ± 22 .995 -45 – 45 14 .471
T75%BW (ms) 234 ± 52 241 ± 99 .594a -133 – 119 42 .670
LOA: limits of agreement; SEM: standard error of measurement; ICC: intraclass correlation coefficients; Fmax: 
maximal force in the maximal strength test; Fpeak: peak force in the RFD test; RFD100ms, RFD200ms, and RFD300ms: 
RFD at 100ms, 200ms and 300 ms, respectively; RFDFpeak, RFD95%Fpeak , and RFD50%Fpek: RFD at Fpeak , 95% and 
50% Fpeak, respectively; T25%BW, T50%BW, and T75%BW: time for reaching 25%, 50% and 75% of the body mass, respec-
tively; a p-value calculated by Wilcoxon’s signed-ranks test.

Table 3. Intersession reliability indicators for the maximal finger strength and RFD test results
Parameter Mean score 

attempt 1± SD
Mean score  

attempt 2 ± SD
p 95% LOA SEM ICC

Fpeak (N) 548 ± 90 549 ± 86 .927 -66 – 69 24 .923
RFD100ms (N/s) 1392 ± 370 1276 ± 395 .097 -479 – 247 127 .883
RFD200ms (N/s) 1793 ± 407 1730 ± 506 .353 -438 – 312 132 .913
RFD300ms (N/s) 1596 ± 355 1600 ± 395 .916 -226 – 235 82 .951
RFDFpeak (N/s) 1378 ± 559 1324 ± 546 .607 -657 – 547 209 .845
RFD95%Fpeak (N/s) 1583 ± 557 1527 ± 553 .507 -538 – 425 169 .902
RFD50%Fpeak (N/s) 1715 ± 442 1684 ± 477 .524 -302 – 241 96 .955
T25%BW (ms) 103 ± 17 110 ± 13 .165 -22 – 38 9 .491
T50%BW (ms) 190 ± 39 197 ± 39 .175 -18 – 31 9 .949
T75%BW (ms) 270 ± 75 282 ± 80 .129 -20 – 44 11 .978
LOA: limits of agreement; SEM: standard error of measurement; ICC: intraclass correlation coefficients; Fmax: 
maximal force in the maximal strength test; Fpeak: peak force in the RFD test; RFD100ms, RFD200ms, and RFD300ms: 
RFD at 100ms, 200ms and 300ms, respectively; RFDFpeak, RFD95%Fpeak, and RFD50%Fpek: RFD at Fpeak, 95% and 50% 
Fpeak, respectively; T25%BW, T50%BW, and T75%BW: time for reaching 25%, 50% and 75% of the body mass, respectively.
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Table 4. Consistency between maximal forces in the maximal finger strength tests and peak 
forces in the RFD tests

Muscle 
group

Mean Fmax ± SD
(N)

Mean Fpeak ± SD
(N)

p Partial Eta 
Squared

95% LOA SEM 
(N)

ICC

Finger 
flexors

582 ± 79 556 ± 88 .035 0.407 -38 – 89 23 .925

Shoulder 
girdle 
muscles

719 ± 83 693 ± 84 .306 0.116 -120 – 171 47 .605

LOA: limits of agreement; SEM: standard error of measurement; ICC: intraclass correlation coefficients; Fmax: 
maximal force in the maximal strength test; Fpeak: peak force in the RFD test.

Validity
Significant and high correlations between 

the climbing ability and finger flexor test 
scores were found for T25%BW (R = -.751,  
p = .012), T50%BW (R = -.703, p = .023),  
Fpeak/kg (R = .751, p = .012) and Fmax/kg (R = .805,  
p = .005). The relationships between the other 
finger test scores in this study and the climbing 
ability were poor and insignificant (R < .4,  
p > .05).

In the lock-off tests, only Fmax/kg correlated 
significantly with the climbing ability  
(R = .653, p = .041). 

DISCUSSION
The absolute and the relative RFD indica-

tors from the finger flexor RFD tests are reli-
able when testing finger strength in an ecolog-
ical validity setting, with the arm in shoulder 
flexion and extended above the head. To our 
knowledge, this study is the first to demonstrate 
that the time needed to develop finger force, 
representing a considerable percentage of the 
body weight, is associated with the climbing 
ability of advanced climbers. The finger flexor 
T50%BW and finger and lock-off strength rela-
tive to the body mass appear more important 
than RFD. The finger strength relative to the 
body mass determines the climbing perfor-
mance better than the finger T50%BW and lock-
off strength relative to the body mass (R2 = .65, 

R2 = .49, and R2 = .43, respectively). Thus, the 
shoulder girdle strength appears to be less im-
portant than the finger strength. Surprisingly, 
none of the lock-off force-time indicators cor-
related with the climbing ability.

These results suggest that, possibly, some 
climbers who are not explosive do possess 
high climbing ability. Most likely, such climb-
ers compensate with low body mass and high 
maximal strength (see the examples of indi-
vidual force-time curves given in Figure 3).  
However, logically, T50%BW is also influenced 
by RFD. Therefore, not only Fmax/kg and T50%BW 
should be used for climbing-specific perfor-
mance evaluation. Pure RFD indicators (e.g., 
RFD200ms and RFD95%Fpeak) should also be taken 
into account, as evidenced by earlier studies. 
The current results may be influenced by the 
fact that the frequency rate of the hangboard 
seems sufficient for maximal strength testing 
but is relatively low for RFD assessments. 
Nevertheless, the reliability of most indicators 
was high. Considering the lack of correlation 
between some test scores and climbing perfor-
mance, it is important to note that most partic-
ipants in this study were advanced climbers. 
Other researchers have found significant dif-
ferences between elite and lower-level climb-
ers’ RFD (Levernier, Laffaye, 2021; Stien et 
al., 2021).
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Figure 3. Examples of two climbers’ force-time curves from the finger and shoulder girdle RFD 
tests. Climber 1 and Climber 2 differed more in the time for reaching a force corresponding to 
50% of their body weight rather than in RFD.

Intrasession reliability analysis of the finger 
flexor and lock-off maximal strength tests 
showed that maximal force achieved during 
either the first or the second attempt (Table 2) 
reflected the actual state of maximal strength 
(ICC = .942 and ICC = .923, respectively). 
Intrasession reliability of most finger flexor 
force-time indicators was lower as compared 
to Fmax and Fpeak. Nevertheless, all force-
time scores (excluding T25%BW) from the best 
attempt of the finger flexor RFD test appeared 
to be highly reliable (ICC > .88) according to 
the intersession reliability analysis (Table 3).

Intrasession reliability of the finger flexor 
and lock-off T25%BW and RFD100ms (Table 1 and 
2) is in conformity with the results of Stien et 
al. (2021), who reported lower reliability and 
validity for the initial part of the force curve. It 
is known that adaptation to explosive strength 
training allows motor units to activate briefly at 
the onset of a contraction due to increased firing 
rates, which will improve RFD. However, Fmax 
may not increase (Sale, 2003). Most likely, 
T25%BW and RFD100ms were less reliable because 

activation of a large number of motor units in 
the very early phase of muscle contraction is 
not peculiar to climbers. Niegl and Fuss (2010) 
found that, while jumping for a distant hold 
with both hands in the air, climbers should lift 
their center of gravity some 10 cm higher so as 
to avoid high peak reaction forces and to ensure 
more time to counteract the body weight.

During both finger flexor and shoulder 
girdle muscle RFD tests, climbers sought to 
develop maximal force as quickly as possible. 
This creates a risk of losing their grip and may 
negatively affect the reliability of RFD at Fpeak 
(Table 1). The risk of grip losing and focusing 
on a fast contraction must have suppressed the 
realization of Fmax during the finger flexor RFD 
test. Finger flexor Fpeak was systematically 
lower by 26 N than Fmax. Moreover, the Fmax-
Fpeak consistency in both finger flexor and 
lock-off tests was unsatisfactory (Table 4). 
Therefore, using the peak force from the RFD 
finger flexor strength test is not recommended 
to determine the maximal strength. 

In light of earlier research, a significant 

Climber 1 (climbing ability 25 IRCRA, body mass 55.5 kg)
Finger RFD test results: Fpeak = 559 N, RFD200ms = 1924 N/s, RFD95%Fpeak = 1400 N/s, T50%BW = 0.132 s
Shoulder girdle RFD test results: Fpeak = 569 N, RFD200ms = 2333 N/s, RFD95%Fpeak = 1801 N/s, T50%BW = 0.122 s

Climber 2 (climbing ability 18 IRCRA, body mass 75.3 kg)
Finger RFD test results: Fpeak = 480 N, RFD200ms = 1660 N/s, RFD95%Fpeak = 1504 N/s, T50%BW = 0.218 s
Shoulder girdle RFD test results: Fpeak = 588 N, RFD200ms = 2393 N/s, RFD95%Fpeak = 2220 N/s, T50%BW = 0.154 s
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correlation between the climbing ability and 
finger flexor and lock-off strength relative to 
the body mass was expected (R = .8 and R = .7, 
respectively). In male climbers, Michailov et 
al. (2018) found similar correlations between 
finger Fmax/kg and lead climbing (R = .7) and 
bouldering (R = .8) performance. This study 
suggests that finger flexor strength is more 
important to lead climbers than shoulder girdle 
muscle strength. However, Wall et al. (2004) 
showed that the finger and shoulder girdle 
strength relative to the body mass play similar 
roles in female lead climbing and bouldering 
(R = .5 – .6). 

Contrary to the latter studies, this study 
has provided reliable evidence on shoulder 
girdle muscle strength and RFD. The lock-
off maximal strength had excellent reliability, 
but many of the lock-off force-time indicators 
had poor or moderate reliability, and neither 
determined the climbing ability. This is in 
contrast to earlier research showing that higher-
level climbers achieve greater pull-up power 
and vertical displacement (Berrostegieta, 
2006; Draper et al., 2011). Admittedly, 
vertical displacement is determined by the net 
relative vertical impulse (Abreu et al., 2019; 
McBride et al., 2010). The question is whether 
the climbers’ shoulder girdle impulse depends 
rather on the maximal force potential than on 
RFD. Most likely, dynamic tests should be 
opted for over lock-offs.

This study provides important reliability 
and validity evidence and a new indicator 
(T50%BW) useful for comprehensively assessing 
the explosive strength of athletes who 
overcome their weight. However, the number 
of participants was relatively low. They were 
only male, and their climbing ability did not 
cover all levels and disciplines. Thus, the 
current findings should not be considered valid 
for all climbing populations.

CONCLUSION
The time for developing finger force 

corresponding to 50% of the body weight was 
the most reliable and valid force-time indicator 
that predicts climbing ability in advanced 
climbers and should be used when assessing 
RFD in climbers. RFD indicators of the finger 
flexors are reliable when testing is performed 
with a shoulder flexed, and arm extended 
above the head. Finger flexor and shoulder 
girdle muscle strength appear more important 
than RFD in advanced climbers. The peak 
force from RFD tests underrates the maximal 
finger flexor force and is not recommended 
for assessment of the climbers’ finger flexor 
strength.
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