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Abstract The aim of this study was to investigate the strength and power performance of Parkour practitioners and
compare to those who do not. Eleven male Parkour practitioners and 12 male physical educators participated in this study and
performed: pull-up test, handgrip strength dynamometer test (HSDT), p lyo metric push-up test, maximal horizontal jump, and
maximal bipodal and unipodal countermovement jumps (CMJ). We calculated limb asymmetry for HSDT and CMJs and the
bilateral deficit for CMJs. Significant differences were found between groups for the pull-up test (P=0.002), plyometric
push-up test (P=0.039), bipodal CMJ (P<0.001), dominant unipodal CMJ (P=0.008), nondominant unipodal CMJ (P<0.001),
maximal horizontal jump (P<0.001), and bilateral deficit (P<0.004). The Parkour group presented higher performance than

the active group, except for HSDT.
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1. Introduction

Parkour is a leisure practice and a method of navigating
the objects and spaces of urban environments[1]. This
method was developed in France in the 1980s, and it has
been used as a basis for military training since then.

This particular technique has been characterized as an
intermittent  practice of the body’s displacement.
Practitioners try to overcome barriers in the environment in
the most efficient manner, jumping or scaling an obstacle,
which is sometimes done with acrobatic skill[2]; these
actions are related to preventing energy expenditure,
gaining time, and defeating obstacles during combat and
rescue[3].

The practice of Parkour as a physical activity is relatively
new and not as popular as other sports; therefore, few
scientific studies have analyzed specific parameters, such as
foot injuries[2] and physical fitness[3]. Additionally, no
description about the specific strength and power
performance of Parkour practitioners exists. Gaining
knowledge about the physical capacities and skills of the
Parkour athlete may be relevant to understanding the
physiological demands of the activity and, consequently, to
improving and developing training routines for this practice.
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Thus, the aim of the present study was to investigate the
strength and power performance of people who practice
Parkour. We hypothesized that the Parkour group would
have a better performance when compared to the active

group.

2. Material and Methods

2.1. Participants

Eleven male Parkour practitioners (the Parkour group,
mean+SD: age, 1943 years; height, 17345 cm; weight, 67+7
kg) and 12 male physical educators (the physically active
group, mean£SD: age, 21+2 years; height, 177+6 cm;
weight, 79+4 kg) participated in this study. Both groups
were matched with regard to age and height but not for
weight (P=0.002). The Parkour practitioners had trained
using only this method for at least three years four to five
times a week for at least one hour. The physically active
group had an average level of physical activity, and they
practiced one occasional physical activity at a recreational
level one to two times a week, such as running, soccer, and
volleyball. For both groups, the inclusion criteria were as
follows: (1) no previous surgery on the upper and lower
extremities and (2) no history of injury with residual
symptoms (pain, “giving-way” sensations, endurance loss)
in the upper and lower limbs within the last year. The
participants were informed about the study’s aims and the
risks of participating in this research before they gave their
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written informed consent. The study was approved by the
Ethics Committee of the School of Physical Education of
Jundiai.

2.2. Procedures

Prior to data collection, the participants were asked
which leg they preferred for kicking a ball. The preferred
kicking leg was considered the dominant leg[4]. All
participants chose the right leg as their dominant limb.
Initially, all participants performed a specific warm-up for
each test, including brief vertical and horizontal jumps. All
the tests were conducted in a single day’s session. The
participants were asked to perform the following upper and
lower limb tests:

Pull-up test: The participants were positioned holding a
fixed bar that was 2 mabove the floor. They were instructed
to keep their elbows extended, their forearms in a pronated
position, and their hands closed. The top of the range of
motion corresponded to the point when the chin was pulled
up to the level of the bar as viewed by the evaluator. The
bottom of the range of motion occurred when the elbows
were fully extended. All of the participants were instructed
to perform the maximal number of complete pull-ups using
a self-selected cadence[5, 6]. The pull-up tests were
corrected for body mass (rep/kg)[7, 8].

Handgrip strength dynamometer test: The participants
stood with their arms positioned on the sides of their bodies.
They performed the maximal handgrip force against the
dynamometer (Filizola™). Each limb completed three trials
with one minute of rest between each. The highest value
was adopted for analysis, and the level of asymmetry was
calculated using an asymmetry index (AI) between the
highest values of the handgrip performance of both upper
limbs (right and left). The Al was calculated using absolute

.=V
V. +V)/2
and Vl indicates the left limb[9].

Plyometric push-up test: To standardize the test, the
participants were in a prone position with their arms held
apart at shoulder width (i.e., biacromial distance) with their
hands in contact with the jump mat (Ergojump Jump Pro
2.0™) and their trunks held in a rigid and straight
position[10]. The participants began in the up position with
their elbows fully extended and lowered their bodies toward
the ground, flexing their elbows until their upper arms were
parallel to the floor’s surface[11]. Three maximal push-ups
were performed through the full range of motion as quickly
as possible, and the goal was that the participants would
lose contact with the jumping mat and land with their
elbows extended. We recorded the highest value of the three
trials. The push-up jump tests were corrected for body mass
(cnvkg)[7].

Maximal horizontal jump: The participants stood on
the floor with their arms positioned on the sides of their
bodies and their hands on their hips. All participants were
asked to perform three trials of maximal horizontal

values as follows: 47 =100*

, where Vr means right

displacement, and we used the longest value in our
analysis[5]. The maximal horizontal jumps were corrected
for body mass (cnvkg)[7].

Maximal bipodal and unipodal counter movement
jump: For both bipodal and unipodal countermovement
jumps, the participants were instructed to keep standing on
the contact jump mat (Ergojump Jump Pro 2.0) with their
arms positioned at the sides of their bodies and their hands
on their hips[10, 12]. Then, the participants were asked to
perform the highest possible countermovement jump while
keeping their knees straight during the flight phase. For the
unipodal jump (dominant and nondominant limb), the same
position was adopted, but only one leg was in contact with
the contact mat during both takeoff and landing. We used
the highest value of the countermovement jumps. The
sequence of the countermovement jumps (bipodal,
dominant, and nondominant unipodal) was randomized
among the participants. All tests were corrected for body
mass (cmkg)[7]. In addition, we calculated the level of
asymmetry and the bilateral deficit. For the asymmetry
level, we used an asymmetry index (AI) between the
highest values of the unipodal countermovement jump
(dominant and nondominant). The Al was calculated using

.=V
V,+V)/2
means dominant and Vnd indicates the nondominant
limb[9]. The bilateral deficit was calculated as the
difference between the sum of the maximal height of the
two unipodal countermovement jumps (dominant and
nondominant) and the maximal height of the bipodal
countermovement jump divided by the sum of the maximal
height of the two unipodal countermovement jumps

absolute values as follows: 41 =100* where Vd

(dominant and nondominant)[9, 13],

BLD = Yty +UF, — 5P where UP  means unipodal
UP, +UP,

countermovement jump, BP means bipodal

countermovement jump, and d and nd indicate the dominant
and nondominant limb, respectively.

2.3. Statistical Analyses

Normality of the data were confirmed by the
Kolmogorov-Smirnov. Data were expressed by mean +
standard deviation[14]. The comparison between groups
was determined by t-tests for independent samples as:
pull-up, handgrip strength dynamometry, plyometric
push-up jump, horizontal jump, bipodal and unipodal
countermovement jumps, lower limb asymmetry and
bilateral deficit. An alpha of .05 was used for all statistical
tests. Cohen’s formula for effect size (ES) was used, and the
results were based on the following criteria: >0.07 large
effect; 0.69-0.30 moderate effect; <0.30 s mall e ffect.

3. Results
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Table 1.
and Parkour growp .* Statistical differences between groups, P<0.05

Mean and standard deviation of the maximal values for Pull-Up test, handgrip strength dynamometertest and Plyometric Push-Up test for active

Group Pull-Up Handgrip Strengh Dynamometry Plyometric Push-UpTest
(Repkg) N) (emkeg)
Right Limb Left Limb
Active 0.140.05 484432 475442 0.1140.05
Parkour 0.1640.03* 466440 461450 0.1940.1*
A% 37.5% 3.7% 2.9% 42.1%

Table 2. Mean and standard deviation ofthe countermovement junp (bipodal, unipodal) and horizontal jump of both active andParkour growp. * Statistical

differences between groups, P<0.05

Bipodal Unipodal Horizontal

Group Countermovement Jump
Countermovement Jump (cm/kg) Jump (cm/kg)
(cmkg)
Dominant Leg Nondominant Leg
Active 0.46+0.09 0.2440.06 0.2340.046 2.57+0.34
Parkour 0.58+0.08 0.3140.04 0.32+0.05* 3224).24*
A% 20% 22% 28% 20%

There were significant differences for weight between
groups(P=0.002), therefore, pull-ups and plyometric
push-up tests were normalized by this variable. The results
of the upper limb tests revealed significant differences
between the groups for the pull-up test(P=0.002) and the
plyometric push-up test(P=0.039) (ES=0.33 and 0.93,
respectively). There was no significant Al difference for the
handgrip strength dynamometer test between the groups
(mean£SD:1.4+1.8% and 2.4+2.3%, respectively). Table 1
shows the mean and standard deviations of the maximal
values for the pull-up test, handgrip strength dynamo meter
test, and plyometric push-up test for both groups (active and
Parkour). Table 2 contains the mean and standard
deviations of the maximal values for the countermovement
jumps and horizontal jumps for both the active and Parkour
groups.
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Figure 1. Mean and standard deviation of the bilateral deficit. * Significant
differences between groups (P=0.004)

The results of the lower limb tests revealed significant
differences between the groups for bipodal countermoveme
nt (P<0.001), dominant unipodal countermovement(P=0.00
8), nondominant unipodal countermovement(P<0.001), and

maximal horizontal jump (P<0.001) (ES=1.50, 1.37, 1.98,
and 2.20, respectively) (Table 2).

However, a significant Al difference for countermoveme
nt between the groups was found (mean+SD: 4.3+13% and
4.6£10%, respectively). There was significant bilateral
deficit difference for countermovement between the
groups(P=0.004) (ES=0.97) (Figure 1).

4. Discussion

In this study, we investigated the strength and power
performance of Parkour practitioners and non practitioners.
Our hypotheses that the Parkour group would have better
performance than the active group was supported by this
work, with the exception of the handgrip strength
dynamometer test. Several functional tests were included in
this study that were intended to evaluate participants’
physical condition as related to the specific demands of
Parkour. These functional tests were classified according to
the upper and lower limbs.

During the Parkour routine, the arms are used primarily
to overcome obstacles, place the practitioner in certain
maneuvers, and grab onto structures; therefore, fast and
powerful upper limb movements are very important to the
Parkour routine. The push-up can be used either in the
assessment of muscle performance or as an exercise to
increase the strength of the pectoralis major, anterior deltoid,
and triceps brachii. Push-up performance therefore
measures the strength and endurance of several
upper-extremity and trunk muscles[15], and plyometric
push-ups are used in both training and testing protocols[16,
17].

Plyometrics is a nontraditional form of resistance training
that emphasizes the loading of muscles during an eccentric
muscle action, which is quickly followed by a rebound
concentric action[18]. Several researchers have published
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good reliability values for push-ups in determining upper
body muscular function[11, 19-21]; however, no study has
analyzed this performance on the maximal plyometric
push-up test, especially for Parkour practitioners.

The results of our study showed that the Parkour group
exhibited higher performance than the active group for both
absolute and corrected body mass values on the plyometric
push-up test. The main reason for these results was the
specific characteristics of the modality of the upper limbs,
which the Parkour group uses frequently to produce
propulsion to cross obstacles or to position the body in
space.

The other functional test used in this study was the
pull-up test, which has been employed as a performance
measure to assess physical fitness, muscular strength, and
endurance of the shoulder complex[22]. We observed that
the Parkour group demonstrated better performance during
the pull-up test than the active group in both analyses
(approximately 37.5% for absolute values).

LaChance and Hortobagyi[6] evaluated the influence of
cadence on maximal performance during different exercises
(pull-ups and push-ups). Part of their study assessed the
maximal number of repetitions during a single bout of
maximal effort exercise of their 75 participants (college-age
males), and the results showed that the participants’
performance reached 11.2+4.3 maximal repetitions during
self-paced cadence. This result corroborated our findings
considering the low differences between our groups (active
and Parkour). Because the Parkour routine is highly specific,
the number of repetitions (muscular endurance) is probably
not the most important variable when compared to
plyometric or strength conditions.

Parkour requires specific demands of the hands, and
isometric handgrip contractions are needed to prevent
falling and to provide propulsion of the body during
different conditions of the routine[23]. In addition, handgrip
strength is an important measure of general health and is
regarded as one of the most reliable methods for estimating
strength[24]. However, it is important to note that the
handgrip dynamometer test does not simulate all of the
handgrip positions that are encountered in the Parkour
routine.

Regarding our results, we did not verify the differences
among the handgrip strength values between the groups or
the different sides of the body (right and left upper limbs).
These results were partially supported by a previous
study[23]. Green and colleagues[23] determined differences
in isometric handgrip exercise performance between trained
and untrained climbers. They observed that the maximal
voluntary contractions for both groups were different,
reaching approximately 400 N for untrained and 550 N for
trained climbers. The climbers presented higher values of
isometric handgrip strength than the Parkour group (> 500
N), showing the specificity of the modality. However, in
our study, comparisons of isometric handgrip strength
between the groups were similar despite the fact that our
active group was composed of active participants.

Other studies have established normal reference values
for handgrip strength in healthy adult participants by using
isometric handgrip dynamometry to analyze 229
participants[25] and 1122 participants[26]. Their results
showed that males normally have a maximal isometric
handgrip force around 351 N and 428 N, respectively. The
values achieved in our study were higher, which was
probably because we analyzed two active groups of
participants.

During the Parkour routine, the lower limbs are important
to propel the body to jump over obstacles and long
distances, to maintain balance, and to decrease lower limb
impact during vertical and horizontal landings. Several
functional tests were used in this study to analyze lower
limb strength and power.

The countermovement jump is a task that involves a
stretch shortening cycle to allow the body to store and
redirect energy through an eccentric movement that is
quickly followed by a concentric movement. Then, the
countermovement jump can produce more force and power
during the concentric phase of the jump[27]. In the present
study, we used three different kinds of countermovement
jumps: unipodal (dominant and non dominant lower limb),
bipodal vertical countermovement, and horizontal.

Our results showed that the Parkour group presented
higher values than the active group for all countermovement
jumps, which was probably due to the high demand of
different kinds of jumps during the Parkour routine. Only
one other study[3] has previously analyzed the
countermovement jump (vertical and horizontal jump) in 13
Parkour practitioners. The results of this previous study
reported higher values than our study: vertical
countermovement jump (55.96 cm vs. 39.5 cm) and
horizontal jump (2.53 m vs. 2.17 m). However, this work
did not correct the data by body mass.

It has been theorized that a balance in strength should
exist between opposing muscles or muscle actions to help
avoid injury and enhance performance[ll]. Intense
unilateral training demands (e.g., unilateral jumps) can
produce lower limb asymmetries. Based on the study of
Stephens et al.[28], we hypothesized that the Parkour group
would present more asymmetries than the active group.
However, this hypothesis was not confirmed because both
groups presented similar differences in unilateral (dominant
and nondominant lower limb) jump performance (less than
5% differences between lower limb power). This result
could be explained by a more coordinated pattern of
postural stability and better force management ofthe legs in
the Parkour group, the higher physical demands of the
activity[29-3 1], and specific sensorimotor challenges[32].

A bilateral strength deficit is a commonly verified
phenomenon that was first described in 1961 by Henry and
Smith[36] in which the voluntary maximal strength levels
produced during bilateral contractions are lower than those
required for unilateral contractions of the same muscles
when they are added[13, 33-35], The mechanisms
responsible for bilateral deficits are currently unknown
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partially because it is a nonvisible phenomenon in all
experimental conditions[37]. However, many theories
related to the deficit of bilateral strength have been
proposed, such as the spinal inhibitory reflex[38], reduction
of motomeuron  excitability[33], inter-hemispheric
inhibition[33, 39], influence of postural instability[37, 40],
influence of the strength-velocity curve of the active
muscles[13, 41, 42], and differences in neuromuscular
activity between the unilateral and bilateral contractions
[13].

In our study, the Parkour group presented with higher
bilateral deficits than the active group. The most likely
reason for this is the high level of unilateral jumping stress
that results during the Parkour routine. The amount of work
produced by one leg in a bilateral jump is lower than that
generated by unilateral jumps, which has been confirmed by
inverse dynamics analysis[43]; therefore, this asymmetric
physical stress may be increasing the power differences
between the lower limbs.

This study had some limitations. We assumed
self-cadence (velocity), and the data were corrected only by
body mass. The kinetic energy of the participants is a
function of mass (m) and velocity (v), and the greater
velocity of falling results in greater work to decelerate and
then accelerate the body during maximal plyometric tests
(Energy Kinetic=/ m.v2)[6, 18].

The purpose of this study was to understand the profile of
strength and power between practitioners and
non-practitioners of Parkour and to increase the
understanding of specific characteristics of this modality.
To apply these results, more studies will need to be
developed regarding the characteristics ofthis modality (i.e.
energy expenditure, landing strategies) to begin to
formulate better training sessions that may be incorporated
into training programs or periodization. More studies could
also evaluate different approaches to improve the
performance of Parkour athletes and to decrease the risks of

njury.

5. Conclusions

In conclusion, the Parkour group presented with a higher
performance ability than the active group in all of the tests
except for handgrip strength dynamometry. These results
were dependent on the specificity of each task realized
during the Parkour routine.
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