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Abstract
Introduction. Climbing requires a great variety of movement and
manoeuvres, many of which are based on the action of pulling
the body up against the force of gravity. For this reason, pull-ups
are among the most commonly performed exercises to develop
upper body strength and power. However, since the traditional
horizontal bar is not grasped as are climbing holds, climbers
use more specific devices such as fingerboards and portable
holds, the latter suspended from the bar. Aim of Study. This
study was designed to investigate whether there was a difference
in movement velocity, power and force, as well one repetition
maximum (1RM) when pulling up on fingerboards or portable
holds. Material and Methods. Sixteen male climbers volunteered
to participate in the study (height: 176.4 ± 7.0 cm; weight: 72.4 ±
± 11.2 kg; age: 37.0 ± 10.0 years). Subjects performed pull-ups in
the fingerboard (offering a stable suspension point) or portable
holds (with single-point suspension offering freedom to move in
different directions of the horizontal plane). Movement parameters
(power, force, velocity of pull-ups) as well as estimated 1RM were
recorded using a Gyko inertial sensor. Results. The analyses revealed
that the maximum values of force, power and velocity of pull-ups were
not significantly different between both devices. However, values
for one maximum repetition were higher on the fingerboard than
on portable holds (p < 0.001, ƞ2 = 0.71). Conclusions. On the basis of
the study results we can assume that fingerboards (fixed in a stable
way) may be relevant in developing maximal strength in pull-ups.
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Introduction
ock and sport climbing are steadily increasing in
popularity, with the latter being included in the
programmes of the Olympic Games in Tokyo 2020 and
Paris 2024. As a sport discipline, climbing involves
three events: Lead, Speed and Bouldering. While
physiological requirements are slightly different in
each of them, all require forceful muscle contractions
to move the climber’s body upward on the wall [11].
For this reason, strength training takes a prominent
place in the fitness preparation of sports climbers,
covering the entire spectrum of movement speeds:
from static and slow strength to explosive strength. It
is especially true for the muscles of the upper body,
in which various types of pull-ups are of particular
importance, mainly performed on fingerboards. This
device is a climbing-specific device designed to facilitate
exercises such as pull-ups, dead hangs, lock-offs or front
levers while simulating the gripping action of fingers on
holds during climbing. Recent years have seen a rapid
increase in the variety and number of such devices,
among which portable holds, typically with a flexible
single point suspension, have become particularly
popular. They make it possible to perform very similar
or even identical exercises as fingerboards, stimulating
the same muscle groups and movement patterns as
traditional fingerboards. Still, in contrast to the former
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they do not offer a stable hand-holding point, but
provide the freedom to move in practically all directions
in the horizontal plane. Theoretically, this situation
presents a slightly different challenge in terms of intraand intermuscular coordination, thus offering to some
extent at least a different stimulus situation. However,
to date few studies have addressed these issues. Those
conducted so far have discussed the assessment of
muscle electromyographic activity in various types of
pull-ups, but not in the context of exercises that take
into account the specificity of climbing training. For
example, Snarr et al. [14] compared the EMG activity
of the major muscles involved in the body pull-up
movement, i.e. the latissimus dorsi, posterior deltoid,
middle trapezius, and biceps brachii. Three variations
of this exercise were compared: traditional pull-ups on
a horizontal bar, pull-ups on a suspension device, and
pull-ups on towels hanging over a bar. They found only
one difference between these conditions with lower
muscle activity of the middle trapezius while performing
towel pull-ups compared to the traditional pull-up.
In another study, Dickie et al. [4] compared muscle
activity during pull-ups performed in the supinated grip,
pronated grip, neutral grip and on ropes hanging over
the bar, finding differences only between the concentric
and eccentric phases of each pull-up.
However, the research mentioned above has limited
applicability to the specifics of climbing training.
Grabbing a bar, a towel or a rope differs from grasping
climbing holds. This element is one of the factors
determining whether an exercise meets the principle
of climbing training specificity. It is achieved through
such training means as fingerboards, which enable
hand positions very similar to those, which climbers
encounter in real climbing situations. Depending on
how they are attached, they can offer either a stable
or unstable hang point, which modifies the exercise
conditions to simulate exercises performed either on
a stable or unstable surface. While the effectiveness of
performing different types of exercises depending on the
type of surface (unstable vs. stable) has been the subject
of research conducted by various authors [1, 2, 8, 10],
to date few studies have investigated the effectiveness
of pulling exercises on a stable or unstable suspension
point [4, 14]. Additionally, to our best knowledge no
research has been conducted in the context of training
climbers.
Knowledge concerning such conditions is becoming
increasingly crucial for climbers given new trends
in the construction of routes for competitions, which
require climbers to have a wide range of skills and
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motor abilities, from maximum strength to rate of force
development and power. Although climbing requires
a great variety of movement and manoeuvres, many
of them are based on the action of pulling the body up
against the force of gravity. For this reason, pull-ups
are among the most commonly performed exercises to
develop upper body strength and power. However, since
the traditional horizontal bar is not grasped as climbing
holds are, climbers use more specific devices such as
fingerboards and portable holds, the latter suspended
from the bar. This study aimed to investigate a potential
difference in movement velocity, power and force, as
well one repetition maximum (1RM) when pulling up
on a fingerboard or on portable holds.
Material and Methods
Sixteen male climbers volunteered to participate in
the study (height: 176.4 ± 7.0 cm; weight: 72.4 ±
± 11.2 kg; age: 37.0 ± 10.0 years). Their climbing level
ranged from 6b+ to 8c max RP, and after conversion
to IRCRA reporting [5] it reached (mean ± SD) 24.8 ±
± 5.4. As pulling up on a fingerboard, including loaded
pull-ups, was previously regularly performed by the
participants as a regular part of their training program,
no familiarization session was included in the present
study. Before testing, the participants were instructed
to perform a warm-up consisting of a series of climbing
circuits on a bouldering wall followed by a series of
five dynamic pull-ups on a fingerboard and on portable
holds.
Instruments
The Gyko inertial sensor system (Microgate, Bolzano,
Italy) was used to register velocity (in m/s), force (in N)
and power (in W) of pull-ups, as well as establish 1RM
(in kg) pull-up.
This device was previously used in other studies, in which
its reliability and validity were confirmed [6, 7, 13].
The device contains a three-dimensional accelerometer
(range: ±2 G), a gyroscope (250°/s-25,000°/s) and
a magnetometer (range: ±4800 μT). It provides recordings
at a sampling frequency of 1 kHz. Participants had the
Gyko sensor (dimensions: 53 × 51 × 23 mm, mass: 46 g)
attached at the level of the body centre of mass on the
back using an elastic belt provided by the manufacturer.
During measurements the signals were transferred via
a Bluetooth 4.0 to the Lenovo PC with the RePower
software installed, following the criteria described by
the manufacturer.
The pull-up tests were performed on a Witchboard Hard
fingerboard (Witchholds, PL) using two 4 cm deep
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jugs, and Rock Rings portable holds (Metolius, USA),
as presented in Figure 1. In both cases pull-ups were
performed on the biggest jugs with similar dimensions.

Figure 1. Portable holds (left), fingerboard (upper, right),
and Gyko inertial sensor (bottom, right). The ovals mark the
holds on which the subjects performed pull-ups

The procedure of the test
After a warm-up the participants performed a series of
dynamic pull-ups on a fingerboard or on portable holds,
consisting of three repetitions with the aim to complete
them as quickly as possible. After 1 minute of rest,
those who performed the first series on the fingerboard
pulled up on the portable holds and vice versa. A fourminute rest period was followed by 1RM pull-up trials,
separated by 10 minutes of rest. Each trial consisted
of three series of pull-ups with increasing load, from
which the RePower software made a 1RM calculation.
As practically all climbers knew the load, at which
they could perform 5-6RM, the first series was started
with this load. The intervals between the series in the
trials were 2 minutes. To maintain maximum kinematic
similarity between the pull-ups performed on the Rock
Rings and the fingerboard, the subjects were instructed

to keep their palms facing the dorsal surface towards
the face during the former. To eliminate the potential
interfering effect of the exercise order, half of the
subjects started the trials with the fingerboard and the
other half with the portable holds.
Statistical analysis
Descriptive statistics (means, standard deviations and
95% confidence intervals for mean values) were used to
describe the data. The force, velocity and power values
are presented as the maximum values of these parameters
in a series of three dynamic pull-ups and the average of
the three pull-ups comprising the series. Assumptions
of normality and homogeneity of variance were tested
with the Shapiro–Wilk and Levene’s tests, respectively.
Repeated measures ANOVA with the Bonferroni post
hoc test was used to assess the differences between
conditions. As a measure of effect size between both
conditions eta-squared (ƞ2) was used with the following
interpretation: 0.01 = small; 0.06 = medium; and
0.14 = large [9]. Statistical significance was accepted
at p < 0.05. All analyses were conducted using the
Statistica 13.3 software program (TIBCO Software
Inc., Palo Alto, CA, USA).
Results
Descriptive statistics are presented in Table 1. Analysis
of variance revealed the statistical significance of the
device type (portable vs. fingerboard) in the case of
1RM pull up, with the fingerboard enabling greater
1RM values compared to portable holds F(1.15) = 36.6,
p < 0.001, ƞ2 = 0.71. On average, the value of 1RM was
8.5% higher (2.7 kg) for fingerboard pull-ups than for
portable holds, with the effect size measure suggesting
that the difference is of practical significance. When

Table 1. Values of force [N], power [W], velocity [m/s] and 1RM [kg] of pull-ups performed by climbers on the fingerboard
and portable holds
Fingerboard

Portable holds

Fingerboard/Portable holds
comparison

M (SD)

CI ± 95%

M (SD)

CI ± 95%

1762.3 (862.6)

1302.7-2222.0

1768.8 (890.9)

1294.1-2243.5

F(1.15) = 0.0, p = 0.962

1.43 (0.38)

1.23-1.63

1.41 (0.48)

1.15-1.66

F(1.15) = 0.3, p = 0.597

Max power [W]

1775.7 (1103.9)

1187.5-2364.0

1837.7 (1351.3)

1117.6-2557.7

F(1.15) = 0.2, p = 0.681

Mean force [N]

1492.3 (636.2)

1153.3-1831.3

1519.6 (704.9)

1144.0-1895.2

F(1.15) = 0.1, p = 0.811

1.36 (0.40)

1.15-1.57

1.28 (0.40)

1.06-1.49

F(1.15) = 3.7, p = 0.075, ƞ2 = 0.20

1531.4 (885.6)

1059.5-2003.3

1336.3 (851.6)

882.5-1790.0

F(1.15) = 8.7, p = 0.010, ƞ2 = 0.37

34.3 (12.2)

27.8-40.8

31.6 (11.8)

25.3-37.9

F(1.15) = 36.6, p < 0.001, ƞ2 = 0.71

Max force [N]
Max velocity [m/s]

Mean velocity [m/s]
Mean power [W]
1RM [kg]
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comparing maximum values obtained at the dynamic pullups on a fingerboard and on portable holds, no significant
differences were observed in force (p = 0.962), velocity
(p = 0.597) or power (p = 0.681). However, as shown by
the analysis of variance, there was a tendency towards
greater mean velocity across three pull-ups performed
on a fingerboard compared to portable holds and
significantly greater power output of pull-ups performed
on the former.
Discussion
The main purpose of this study was to compare velocity,
power, force and 1RM values during pull-ups performed
on both types of devices. Despite their similarity in
terms of hand placement (type of grip, its depth, etc.),
they offer different exercise conditions, being in a sense
the equivalent of exercises performed on a stable and
unstable surface [14]. While a number of studies were
conducted to compare the effects of exercising on stable
vs. unstable surfaces [2, 3, 12], most of them focused on
activities performed in supported positions. Their results
have limited applicability to exercises performed in
overhanging positions, which predominate in climbers’
training. In this study it was hypothesised that training
on the fingerboard would promote greater 1RM values,
while portable holds would promote greater velocity of
pull-ups and higher power output. The recorded results
confirmed this hypothesis, with the subjects obtaining
1RM values on the fingerboard on average about 8.5%
higher than during pull-ups on the portable holds. What
is noteworthy, virtually every subject achieved a higher
score, with individual differences ranging from 1 to 6 kg.
Nevertheless, the other variables (velocity, power and
force) were similar during pull-ups on portable holds
and pull-ups performed on a fingerboard. Only in the
case of power, the difference between both conditions
was statistically significant, although small considering
the effect size.
The information gained from the research can provide
practical guidance for coaches and athletes involved in
climbing. Any sports training session aims to maximise
fitness and the right choice of exercises and equipment
should make this possible. Since a wide variety of
equipment for performing pull-ups is currently available
for climbers, they are faced with the dilemma which
equipment to choose to serve the assumed training goals
best or, conversely, whether they are equivalent to each
other in achieving specific goals. Our study suggests
that the differences between fingerboards and portable
holds are insignificant or small in most of the movement
parameters assessed, except for the 1RM value, which
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was significantly greater on the fingerboard. The higher
values of the external load, with which the subjects could
perform the maximum pull-up repetition suggest that
this apparatus should be the preferred choice in exercises
aimed at developing maximal strength in pull-ups.
There are a few limitations of this study that need to
be considered when interpreting its results. Firstly, is
connected with the relatively small number of subjects,
which limits data analysis, since the participants could
not be further divided into subgroups of different
strength and climbing levels. Secondly, climbers were
asked to keep a similar position of the hands on the
holds while performing pull-ups, which in the case
of portable holds, where they spontaneously undergo
a slight rotation, required special attention from the
participants. This fact may have had some influence on
the way they performed their pull-ups. Rock Rings are
only one of many available types of portable holds, thus
other types of such devices should also be investigated
to see if the relationships found are more universal.
Conclusions
On the basis of this study it may be assumed that
fingerboards (fixed in a stable way) may be relevant
in developing maximal strength in pull-ups. Further
research in this area, especially experimental, is needed
to confirm such a conclusion.
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