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ABSTRACT
The muscles that exert most during sport climbing are the finger flexors followed
by elbow flexors (EF). Nevertheless, climbers’ EF strength and endurance have not
been tested in an isolated manner and EF endurance has not been assessed at different relative intensities. Purpose: To determine the importance of EF maximal strength
and endurance in sports climbing. Methods: Nine male sports climbers and a control
group of seven male sports students performed an EF maximal strength (MS) test and
four EF endurance tests representing isometric muscle contractions at 90%, 70%,
50% and 30% of the maximal voluntary contraction (MVC). Results: Sports climbers
sustained longer than the controls at 70 % (39±11 versus 28±7 s; p=0.044, η2=0.259)
and 50%MVC (57±10 versus 48±6 s; p=0.050, η2 =0.248). The highest effect size was
estimated for the force-time integral related to body mass at 70% MVC (107±27 versus 75±18 N.s/kg; p=0.018, η2 = 0.338). The two groups did not differ in MS (313±52
versus 338±55 N; p=0.372) or MS related to body mass (4.6±0.6 versus 4.2±0.8 N/
kg; p=0.623). Climbing ability significantly correlated only with MS related to body
mass. The relationship between MS related to body mass and on sight ability was
strong (r=0.806, p=0.016). Conclusion: EF strength and endurance appear to be key
performance factors in sports climbing. Sports climbing demands a high level of EF
endurance during muscle contractions of high intensity. An excessive increase of EF
endurance would not necessary lead to a significant improvement in climbing ability.
However, higher climbing ability demands increased EF maximal strength.
Keywords: rock climbing, isometric muscle contraction, maximal strength, muscle
endurance
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INTRODUCTION
Sports climbing demands a complex development of motor abilities (Michailov, 2014). It is a whole body activity
where major muscle groups of the upper
extremity, trunk, and lower extremity actively contribute in order to progress on
the climbing route (Phillips, Sassaman,
Smoliga. 2012). Nevertheless, the rate of
exertion of some muscle groups is significantly higher. The relative contribution is
greater and the fatigue is deeper in finger
flexor muscles followed by elbow flexor
muscles (Deyhle et al., 2015; Koukoubis
et al., 1995). Finger flexor muscles maintain the upper limb supports. At the same
time, finger flexor muscles are small and
hold significant load. Thus, climbing specific finger grip strength related to body
mass correlates strongly with climbing
ability and is a performance factor of major importance (Baláš et al., 2015; Grantet
al., 1996; Michailov, Mladenov, Schoeffl,2009; Philippe et al., 2012). Another
key performance factor is the finger flexor
muscle endurance. This was evidenced in
studies investigating climbing and hanging
time to failure or force-time integral (FTI)
from continuous or intermittent isometric
contractions, which were performed using
sport-specific dynamometers (Balas et al.,
2012; Balas et al., 2016; MacLeod et al.,
2007; Michailov, 2014; Michailov et al.,
2016; Philippe et al., 2012; Vigouroux,
Quaine, 2006; Fryer et al., 2015).
To be efficient, sports climbers aim to
load the upper limbs as little as possible
during climbing. Sports climbers can postpone the performance limiting fatigue of
the muscles at the upper limbs by distributing as much as possible weight on their
feet. Moreover, producing forces with the
knee extensor muscles instead of using
elbow flexor muscles is to be preferred
4

when moving the center of mass higher.
Nevertheless, in some climbing situations
there is a great reliance on the elbow flexor
muscles in order to reach the next hold.
Considerable efforts of the elbow flexors
cannot be avoided for example in overhanging terrain where the load at the upper
limb supports increases to more than half
of the climber’s weight (Noé et al., 2001).
Thus, several authors have found out that
climbing ability is significantly related
with shoulder girdle strength (Wall et al.,
2004;Kodejška, Baláš, 2016) and endurance (Balas et al., 2012; Grantet al., 1996)
as well as explosive strength of the upper
limbs (Berrostegieta, 2006;Draper et al.,
2011; Laffaye et al., 2014).
Shoulder girdle strength was estimated through arm lock-off (the climbers applied maximal force on an apparatus with
the shoulder and elbow flexed at 90°)
(Wall et al., 2004) or diagonal reach tests
(the climbers had to reach with one hand
as far as possible in the diagonal direction
while maintaining a position on an overhanging wall) (Kodejška, Baláš, 2016).
Shoulder girdle endurance was assessed
through bent-arm hanging and explosive
strength was assessed through powerful
pull-ups. The results of these tests carry
combined information on arm, back and
shoulder strength and endurance. To the
best of our knowledge, elbow flexor muscle strength and endurance have not been
tested in an isolated manner. Moreover,
elbow flexor endurance has not been assessed performing tests at different relative intensities prescribed as percentages
of the maximal voluntary contraction
(MVC).
During tests such as bent-arm hanging athletes with different body mass or
maximal strength would not be placed at
a similar working regime (e.g. the rela-
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tive intensity will be lower for a stronger
climber compared to a weaker climber
with the same body mass). Therefore, it
would not be clear whether the test score
reflects the muscle endurance level or is
influenced by athlete’s maximal strength
or body mass. Muscle contraction intensity should determine the relative contribution of the aerobic and anaerobic energy
systems and the number of fast muscle
fibers recruited. Therefore, when evaluating muscle endurance, it is to be preferred
the intensity to be set as percentage of the
MVC. The performance of several elbow
flexor endurance tests of different relative intensity can serve to determine the
%MVC which has the highest criterion
validity with respect to climbing performance. Such investigation would bring
more inside knowledge on the specific
adaptation of the elbow flexors in sport
climbers and may serve to create improved training plans.
Thus, the aim of the present study was
to determine the importance of maximal
strength and muscle endurance of the elbow flexors in sports climbing.
METHODS
Participants
Nine sport climbers (age 31.6 ± 4.3
years, 11.6 ± 6 years of climbing experience) and a control group of seven sport
students (age 22.6 ± 2.7 years) volunteered and gave informed consent to participate in the study. Climbers’ reported
their current climbing ability in the redpoint and on-sight styles using the IRCRA
scale (Draper et al., 2015). Red point and
on sight achievements were 22.0 ± 2.4
(range 19 – 26) and 18.6 ± 1.8 (range 16
– 21), respectively. Red-point refers to
climbing a route after it has been previously attempted. On-sight refers to a first

try with no prior knowledge.
Study design
This study sought to bring evidence
whether maximal strength and endurance
of the elbow flexors are performance limiting factors in sport climbing as well as
to show at which intensity climbers are
adapted to perform better compared to
non-climbers. This would also determine
the percentage MVC that is more useful
to be prescribed when evaluating climbers’ elbow flexor endurance.
Therefore, the climbers and the control group performed a maximal strength
test and four muscle endurance tests to
assess the maximal duration of isometric
contraction at 90%, 70%, 50% and 30%
MVC.
Methodology
The maximal strength test and the
muscle endurance tests were performed
with the use of a strength measuring device 3DSAC (Balas et al., 2016) 3DSAC
has a measuring range of ± 2 kN, 0.5%
accuracy, and sampling rate 125 Hz.
3DSAC includes a guidance module,
which gives real-time feedback through
graphical and acoustic signals. This enabled the participants to perform the muscle endurance tests by controlling the prescribed intensity of muscle contractions.
During the maximal strength test participants performed three maximal voluntary
contractions separated by rest intervals
of 1 minute. Maximal strength was determined by the highest force value from
the three attempts. The muscle endurance tests at higher intensity preceded the
tests at lower % MVC. The test at 90%
MVC was performed 5 minutes after the
maximal strength test. The break before
performing the test at 70% MVC was
10 minutes, and the next two brakes were
20 minutes.
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The target force during the muscle
endurance tests was automatically calculated. It was presented graphically along
with a target zone with lower and upper
limits in which the generated force could
vary± 10%. Participants had to maintain
the force within the prescribed limits for
as long as possible. The software automatically stopped the endurance tests
when the force dropped below the lower
limit for more than one second.
All tests were performed with the
right arm and in all tests elbow flexors
acted isometrically. Participants were
tested on a bench in a supine position
with fixed right upper arm, trunk and low-

er limbs (Figure 1). The right elbow was
flexed at 90 degrees and the right forearm
was in half supine position. Participants
applied forces on 3DSAC through a metallic chain, which was horizontal to the
ground and fixed on the one side at the
force measuring module of 3DSAC and
on the other side at the distal part of the
right forearm.
Maximal strength and maximal
strength related to body mass (relative
strength) were registered through the
maximal strength test. Parameters calculated in the muscle endurance tests were:
time spent in the target zone (Ttz), FTI
and FTI related to body mass.

Figure 1. Body and arm position during dynamometry using 3DSAC
Statistical analysis
Descriptive analysis was performed
to present mean values, standard deviations and confidence intervals of the
measured parameters. Differences between climbers and control group were
analyzed with One-Way analysis of variance (ANOVA) and effect sizes were
6

estimated through the calculation of eta
squared (η2). Statistical significance was
set top ≤ 0.05. Spearman’s rank correlation coefficients were calculated to determine relationships between climbing
ability variables and test results. All statistical analyses were performed with the
use of SPSS 19 (IBM, New York, USA).
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RESULTS
Participants’ body mass, maximal
and relative strength are provided in
Table 1. Sports climbers had significantly lower body mass compared to
control group (p = 0.016) but the two
groups did not differ in maximal or relative strength (p > 0.05). Table 2 lists
the results from the muscle endurance
tests. Sports climbers had higher Ttz (p
= 0.044) and FTI related to body mass

(p = 0.018) at 70% MVC as well as
higher Ttz at 50% MVC (p = 0.050)
than the control group. The effect size
was greater for FTI related to body mass
in the endurance test at 70% MVC.No
other significant differences (p < 0.05)
were found. Climbing ability significantly correlated only with relative
strength. Relative strength correlated
strongly with the on-sight achievement
(r = 0.806, p = 0.016).

Table 1. Body mass, maximal and relative strength of climbers and control group
Confidence interval
Parameter

Participants

Mean

SD

Body mass
(kg)

Control group (n 7)

81.43

Sport climbers (n 9)

Maximal
strength (N)
Relative
strength

Lower
limit

Upper
limit

13.14

69.28

93.58

67.87

6.18

63.12

72.63

Control group (n 7)

338

55

286

389

Sport climbers (n 9)

313

52

273

353

Control group (n 7)

4.2

0.8

3.5

4.9

Sport climbers (n 9)

4.6

0.6

4.1

5.1

p

η2

0.016*

0.351

0.372

0.057

0.263

0.089

Relative strength, maximal strength (N) related to body mass (kg); SD, standard
deviation*, significant differences (p< 0.05).
Table 2. Performance characteristics in the endurance tests at different intensity
of isometric muscle contraction
%
MVC

Parameter

Ttz (s)

90

FTI (N.s)

FTI/kg
(N.s/kg)

Participants

Mean

SD

Control group
(n 7)

16.63

Sport climbers
(n 9)

Confidence interval
Lower
limit

Upper
limit

7.02

9.26

23.99

18.20

6.52

13.19

23.21

Control group
(n 7)

4182

1975

2110

6255

Sport climbers
(n 9)

4449

1663

3171

5727

Control group
(n 7)

53.04

23.01

28.89

77.18

Sport climbers
(n 9)

66.57

29.13

44.18

p

η2

.664

.015

.782

.006

.358

065

88.96
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Ttz (s)

70

FTI (N.s)

FTI/kg
(N.s/kg)

Ttz (s)

50

FTI (N.s)

FTI/kg
(N.s/kg)

Ttz (s)

30

FTI (N.s)

FTI/kg
(N.s/kg)

Control group
(n 7)

27.98

Sport climbers
(n 9)

38.51

10.85

30.17

46.85

Control group
(n 7)

6095

1651

4568

7622

Sport climbers
(n 9)

7262

1933

5776

8748

Control group
(n 7)

75.18

17.63

58.88

91.49

Sport climbers
(n 9)

106.96

27.24

86.02

127.90

Control group
(n 7)

48.01

5.87

42.58

53.44

Sport climbers
(n 9)

57.29

10.15

49.49

65.1

Control group
(n 7)

7771

1599

6292

9251

Sport climbers
(n 9)

7880

2443

6002

9758

Control group
(n 7)

96.92

22.58

76.03

117.81

Sport climbers
(n 9)

115.77

35.05

88.82

142.71

Control group
(n 7)

102.38

40.33

65.08

139.68

Sport climbers
(n 9)

126.94

41.02

95.41

158.47

Control group
(n 7)

8491

2044

6601

10382

Sport climbers
(n 9)

10322

4695

6713

13931

Control group
(n 7)

107.92

36.06

74.57

141.27

Sport climbers
(n 9)

150.68

7.13

62.94

21.38

102.30

34.57
.044

.259

.224

.104

.018

.338

.050

.248

.921

.001

.238

.098

.251

.093

.354

.061

.132

.154

199.06

%MVC, relative intensity – percentage of maximal voluntary contraction; Ttz, time
spent in the force target zone (± 10% target force); FTI, force-time integral; FTI/kg,
force-time integral (N), related to body mass (kg); SD, standard deviation.
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DISCUSSION
A new finding is that elbow flexor
muscle endurance time at 70% and 50%
MVC is a distinguishing ability with
sports climbers. Nevertheless, it seems
that climbers’ elbow flexor muscle performance at 70% MVC is the most important because the largest effect size was
found for FTI related to body mass in the
endurance test at 70% MVC. It is known
that FTI compared to test time is a better
measure of climbing specific intermittent
finger flexor endurance (MacLeod et al.,
2007). The highest effect size of the difference between the climbers from the
present study and the control group was
found for FTI related to body mass in the
test at 70% MVC (Table 2). This can be
explained with the fact that FTI related
to body mass carries information about
both endurance and strength components
as well as better reflects the specificity of
climbing activity, because climbers have
to overcome their weight in order to progress on the route.
70% MVC is an intensity, at which
part of ІІx muscle fibers and a large portion of ІІa muscle fibers are recruited
(Hannerz 1974). The present results show
that climbers are adapted to exercise in
such conditions. The present findings are
in conformity with the findings of Esposito et al.(2009) who concluded that there is
a shift of climbers’ finger flexor muscles
toward faster motor units.
The present study also shows that
climbing demands a high level of elbow
flexor endurance. However, an excessive
increase of this ability would not necessarily lead to a significant improvement in
climbing performance. This is evidenced
by the lack of significant correlations
between the measured parameters in the
elbow flexor endurance tests and climb-

ing achievements in the red point and onsight styles.
Unlike climbers’ endurance tests results, elbow maximal strength related to
body mass significantly correlated with
climbing performance. It can be assumed
that increasing elbow flexor strength
while possessing high levels of other
abilities of major importance (such as
finger strength and endurance) will improve climbing performance. However,
climbers elbow flexor maximal strength
test results were not higher compared to
the control group and climbers’ elbow
flexors may not be stronger than elbow
flexors of other athletic populations. Previous studies suggested that elbow flexor
maximal strength is a key performance
factor in sports climbing. The authors of
these studies conducted tests, which involve simultaneous action of arm, shoulder and back muscles. Wall et al. (2004)
found moderate (r ~ 0.6) and Kodejška
and Baláš (2016) found strong (r = 0.76)
correlations between climbing ability and
results from shoulder girdle strength tests.
Furthermore, other studies showed that
explosive strength of the upper limbs assessed through powerful pull-ups is also
an important ability in sports climbing
(Berrostegieta, 2006; Draper et al., 2011;
Laffaye et al., 2014). The participants
in these latter studies had to reach with
one or both hands as high as possible and
the score in cm correlated strongly with
climbing ability (r ~ 0.7) (Draper et al.,
2011; Laffaye et al., 2014).
Different types of muscle fibers are
activated depending on the intensity of
muscle contractions (Hannerz 1974). Intensity will determine to which type of
muscle fibers the training is directed and
the training effect (i.e. maximal strength,
intra-muscular coordination, muscle hy9
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pertrophy, muscle endurance). There is a
nonlinear relationship between intensity
and maximum duration of isometric muscle contractions (Rohmert, 1960). Thus,
intensity can be predicted during training using the maximum time for which
the athlete is able to maintain a static
position. The use of generalized models of the intensity-duration relationship
of isometric muscle contractions cannot
precisely prescribe isometric exercise in
accordance with the training goal of an
athlete in a specific sports discipline. This
relationship is different for different populations and muscle groups (Avin, Law,
2011, Law,Avin 2010). The present study
provides information (duration of muscle
contraction at different intensities, Table
2) about optimizing the training of elbow
flexor muscle strength and endurance during isometric exercise in climbing.
The authors acknowledge that the
sample size in the climbing and control
groups limit the performance of thorough
statistical analysis. Therefore, it cannot
be claimed that the results of the present study are valid for the entire climbing population. Further studies with larger
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