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Abstract:

Background:

Many children become less active as they age which increases their risk of developing of chronic conditions. Traditional forms of
physical activity may not be optimal for them. There is a need for more attractive form of training to try and increase physical
activity levels and improve the fitness of children. The aim of this study was to determine the effects of performing parkour training
on measures of cardiorespiratory fitness, strength and body composition in adolescents.

Methods:

Using a single-group design, 12 males (age 16 + 2 yr, weight = 69 + 12 kg, height = 177 + 7 cm) took part in a controlled indoor
parkour intervention 2 days/week for 10 weeks. Participants underwent cardiopulmonary exercise testing (CPET), strength testing
and body composition assessment before and after the exercise intervention.

Results:

Peak oxygen uptake (VO, peak) significantly increased from 50.0 + 4.9 ml-min™-kg" to 52.5 + 4.3 ml-min”-kg". Oxygen uptake at a
standardized submaximal (10 km-h™") running speed (VO, ;g ) significantly decreased from 37.7 + 1.6 ml-min" kg™ to 36.7 £ 1.9
ml-min"-kg". Oxygen uptake at anaerobic treshold (VO,@AT) significantly increased from 38.4 £ 4.3 ml-min™"-kg" to 40.5 £ 3.9

ml-min" kg, heart rate at anaerobic treshold (HR@AT) and running speed at anaerobic threshold. We also found a significant
increase in standing broad jump from 234 + 29 cm to 251 £ 23 cm and bent arm hang from 34 + 24 s to 37 + 24 s.

Conclusion:

Parkour training is an effective intervention to improve cardiorespiratory fitness and strength in adolescent males. Parkour is a viable
form of physical activity to improve the health and fitness of children and adolescents.

Keywords: Body composition, Cardiorespiratory fitness, Effects of training, Male adolescents, Parkour, Strength.

INTRODUCTION

There is a considerable body of evidence that regular exercise is essential for the maintenance of human health [1 -
4] and that increasing the level of physical fitness and the volume of physical activity reduces the risk of a wide range
of chronic conditions [5, 6]. According to Bunc [7] physically active adults are more likely to be physically active at a
young age with more than 70 % of active youth continuing physically active into late adulhood. As such, it is essential
to promote sufficient levels of physical activity in youth to maintain lifelong interest and participation in physical
activity.
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The most important aspect in promoting physical activity in children and adolescents is the type of physical activity
available [8]. Youth should be given opportunities to experience a wide range of activities and identify an activity that
they have access to, enjoy, and have some level of success in, otherwise they will most likely choose to be inactive [9].
There is a broad spectrum of new nontraditional physical activities that are gaining in popularity. One such activity is
parkour which was established in France around 1990 [10 - 13] and is also known as freerunning or streetmovement.

The aim of parkour is for the Traceur (parkour participant) to run between two points as quickly and effectively as
possible. Running is combined with special techniques for overcoming obstacles [12, 14, 15]. Parkour could be more
attractive than traditional sports due to the absence of strict rules and space for creativity.

In 2009 parkour was recognized as part of the national curriculum for gymnastics in United Kingdom [16].
Following the new physical education curriculum introduced, a few schools in England expanded their provision
introducing parkour in their classes, and/or as an after school activity. These experiences have shown that parkour is a
flexible activity that allows students to be self-directed, increasing their confidence and maturity [17]. Nowadays,
parkour is practiced by thousands of youngsters all over the world. Its popularity is growing so rapidly that sport
centres, especially designed for parkour, are being built in many different countries: Denmark, Finland, France, Great
Britain, Poland, and the USA [18].

Parkour involves many different physical elements and may help to improve many aspects of overall physical
fitness in those who participate. Parkour movement shows the predominance of anaerobic glycolytic metabolism with
support of aerobic metabolism, however, it seems to be a suitable activity to develop aerobic fitness in youth [19].
Traceurs often use specific landing and jumping techniques, this represents an important eccentric effort for leg muscles
[20]. This specific way of training influences the characteristics strength of traceurs, especially plyometric abilities of
lower limbs [21]. Also upper body is involved in many parkour techniques, this improves upper limbs strength and if
involved during jumping and landing techniques upper-to-lower limbs coordination is improved as well [21, 22].

To our knowledge, no study has examined the effects of a parkour intervention on physical fitness in adolescents.
Therefore, we investigated the effects of parkour training on a variety of fitness measures specific to parkour. We
hypothesized that ten weeks of parkour training would have a beneficial effect on measures of cardiorespiratory fitness,
running economy, strength and body composition.

MATERIALS AND METHODS

Participants

Twelve male participants ([mean + SD] age = 16 & 2 years, weight = 69 + 12 kg, height = 177 = 7 ¢cm) with no
previous parkour experience were included in the study. The only restriction was no professional athletic career in the
past and during the time of intervention. Youth with only 1.5 hour of physical activity performed per week were chosen
to participate in the study. This amount of physical activity was represented by mandatory school physical education
classes. The experimental procedures and possible risks were communicated verbally and in writing to all study
participants and their parents, who then gave informed written consent to participate in the study. The experiment was
approved by the Ethics Committee of the Faculty of Physical Education and Sports, Charles University in Prague and
conformed to the standards set by the Declaration of Helsinki.

Study Design

This study was a prospective, single-arm feasibility study conducted at the department of Sport Research
Laboratory, the Faculty of Physical Education and Sports, Charles University. On the first visit participants came to the
laboratory, underwent body composition measurement and performed CPET tests. On the second visit, strength testing
was performed. Participants then exercised 1 hour per session, 2 times a week for 10 weeks. Parkour intervention
program together with mandatory physical education classes should cover physical activity recommendations issued by
selected recognized guidelines [23, 24]. Training was held during autumn and spring to avoid the influence of seasonal
outdoor activities. All baseline assessments were repeated after the intervention.

Specific Methodology

Cardiopulmonary Exercise Testing

Family medical and medication histories were obtained and following 10 minutes of rest, blood pressure was
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measured using manual sphygmanometer (Omron Hem 907XL, Omron, Netherlands) to ensure that participants were
normotensive. Following an 8 min warm up at speeds of 8 km-h" and 10 km-h", participants performed an incremental
test on a treadmill to exhaustion (Quasar, Cosmos, Germany). The initial speed was 10 km-h" with 5 % grade and speed
was increased 1 km-h™ every minute until volitional exhaustion as previously reported. The same protocol was used in
the study of Boubelikova [25]. Expired gases were measured continuously using a breath-by-breath metabolic system
(Cortex Metalyzer, Cortex Biophysik GmbH, Germany). The gas analyzers and pneumotach were calibrated using
primary gas standards similar to the expired gas concentration and a 3-litre calibration syringe (Hans Rudolph, inc.,
USA), respectively. During the test, heart rate was monitored continuously by telemetry (PolarElectro OY, Finland).
The two highest consecutive 20s VO, values were considered as VO, peak. Anaerobic threshold was determined using
the Beaver technique [26] which utilizes the non-linear increase in V, in relation to VCO,.

Strength Testing

Selected exercise field tests were used to measure changes in strength in each subject. These tests were included in
Eurofit physical fitness test battery [27]. The sequence of tests was organised according to Eurofit (Standing broad
jump, hand grip test, sixty second sit-up test and the bent-arm hang test) using standardized protocols. These tests have
previously shown to have hight reliability (R’ = 0.72 to 0.83) [28, 29].

Body Composition Measurement

Following the measurement of height and weight (Soehnle 7731, Sohnle Industrial Solutions GmbH, Germany),
body composition was determined using bioelectrical impedance (B.I.A. 2000M, Data Input, Germany). Resistance and
reactance were measured at four frequencies (1, 5, 50 and 100 kHz) on the right side of the body by tetrapolar electrode
configuration in accordance with manufacturer's specification. Body cell mass (BCM) was calculated using the total
body water (TBW) and phase angle (a) between whole impedance vector and resistance [30]. BCM was calculated as
BCM = FFM x 0.29 x In (a)) [31] using the formulae for fat-free mass (FFM) as TBW/0.732 and total body water
(TBW) = 0.69 x height’/R + 0.8 [32]. The extracellular mass (ECM) was then calculated as the difference between the
FFM and BCM. The FFM was calculated according to modified formula of Deurenberg & Schouten [33]. The BCM is
the sum of the weights of all cells that utilized the oxygen [34]. ECM is metabolically inactive and mainly serves
functions of transport and support in the body [35, 36]. ECM, which is 75% extracellular water (ECW), consists of
plasma and interstitial fluid. The remaining 25% of ECM consists of extracellular solids (ECS), such as bone,
connective tissue, and extracellular proteins and minerals [35 - 37]. This molecular model can be used to evaluate the
quality of muscle mass [38].

Exercise Training Intervention

The parkour intervention was held in gymnasium to reduce the potential for injury which could be caused by the
conditions of the outdoor environment when working with beginners. Training sessions were prepared in accordance
with the Parkour Generations teaching materials [39]. Training session structure was set as follows: 10 min of general
warm-up, 10 min of specific parkour warm-up, 25 min of parkour techniques, 10 min of conditioning and 5 minutes of
warm-down. Two different types of parkour specific techniques were used to vary workouts each week. The first
workout included “dynamic* jumping techniques and running. The second workout involved “static* balance
technigues and mounts. The parkour intervention included 12 “dynamic® training sessions and 8 “static* training
sessions. To assess the participants” perceived exertion of the exercise intensity during training sessions the Borg RPE-
scale was used [40]. Heart rate was used to quantify exercise intensity during “dynamic* and “static* training sessions,
it was monitored during the 11th and 12th training session (PolarElectro OY, Finland).

Statistical Analysis

Paired t-test was used to assess the differences between pre and post tests (IBM, SPSS 21, US). Because of the
relatively small sample size we used an unbiased effect size measure omega squared (®”) which indicates the percentage
of variance explained in dependent variable by the within-subject factor. Pearson two-tailed correlations were used to
determine associations between body compositon characteristics and strength performance and between aerobic
performance and strength performance. The alpha level was set a priori at 0.05 for all statistical analysis.
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RESULTS

Ten participants completed the intervention and all the pre and post testing procedures and two participants dropped
out. The first participant did not attend 85% of training sessions and the second one did not undergo the posttest
procedure due to injury.

Cardiorespiratory Fitness Parameters

Changes in some cardiopulmonary exercise testing outcomes are shown in Fig. (1). Parkour training increased vO,
peak by 2.5 ml-min"-kg" (p = 0.001, ®* = 0.69 ). The mean posttest value for VO, .., significantly decreased by 1.0
ml-min"-kg" which represents a 2.8 % change from pre-test values (p = 0.002, o’ = 0.62 ). Significant improvements
were also observed in the oxygen consumption at anerobic threshold (VO,@AT) which increased by 2.1 ml-min" kg
from pre- to post-test (P = 0.001, o’ = 0.70). The heart rate at anaerobic (HR@AT) also significantly decreased from
178 £ 6 to 175 = 6 (p = 0.001, »° = 0.82) (Fig. 2). Participants were able to maintain higher running speed at AT
following the parkour training (0.2 km-h™ increase from pre training values, p = 0.011, o = 0.46). Peak heart rate, peak
ventilation, respiratory exchange ratio and time of running did not significantly change with training. A negative
correlation was found (r = - 0.558) between VO, ..., and explosive power of lower extremities.
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Fig. (1). The effect of parkour intervention on VO, peak (A), VO,@AT (B) shown as a mean + SD. * = significantly different pre vs.
post test.
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Fig. (2). The effect of parkour intervention on HR@AT shown as a mean + SD and individual differences. * = significantly different
pre vs. posttest.
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Strength Parameters

Participants significantly improved standing broad jump distance (p < 0.001, o> = 0.71) following parkour training
by 17.2 cm, which represents an increase of 7.4 % compare to pretest values Fig. (3). We also found a significant
increase in the bent-arm hang time (34 + 24 s vs. 37 £ 24 s, p = 0.02, ®” = 0.41). Participants increased the number of
sit-ups from pretest 49 + 10 to posttest 54 + 7, however this finding did not reach significance (p = 0.06, ®" = 0.52).
Additionally, there was no increase in hand grip with the parkour intervention.
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Fig. (3). The effect of parkour intervention on explosive strength (Standing broad jump test) shown as a mean + SD and individual
differences. * = significantly different pre vs. post test.

Body Composition

Changes in body composition are presented in Table 1. No significant changes in any body composition variables
were observed with the parkour intervention.

Table 1. Body composition characteristics reported as mean difference, effect size and significance; 95% CI indicates 95%
confidence interval.

Body composition characteristics Mean diference [95% CI] Omega Squared P
Fat (%) 10.18 [-0.7 to 1.0] 0.00 0.637
FFM (kg) 10.07 [-0.9 to 0.8] 0.00 0.858
ECM/BCM 10.02 [-0.05 to 0.01] 0.10 0.125

Exercise Training Intensity During the Parkour Intervention

Participants” perception of exercise intensity for each training session was assessed. Perceived exertion for the
“dynamic* sessions ranged between 12-14 on the Borg scale (between light and somewhat hard to between somewhat
hard and hard). Perceived exertion for the “static* sessions ranged from 12-13 on the Borg Scale (between light and
somewhat hard to somewhat hard). During the “dynamic* training sessions heart rate averaged 143 = 10 bt-min" which
presented 72 + 5 % of mean HR peak. While during the “static* sessions was 134 + 11 bt-min” which presented 67 + 5
% of mean HR peak.

DISCUSSION

This is the first study to investigate the effect of parkour training in adolescents. The novel finding of this study is
that 10 weeks of parkour training improved aerobic fitness and strength in adolescent males without having a signfiicant
effect on body composition.

Effect of Parkour on Cardiorespiratory fitness

The parkour intervention had a beneficial effect on VO, peak, VO, .., and anaerobic threshold demonstrating that
parkour training is an effective training stimulus for improving cardiorespiratory fitness in children aged 16 + 2 years.
As no previous study has examined the benefits of a parkour intervention on cardiorespiratory fitness it is difficult to
compare our findings to others. However, from a health perspective, an increase in peak oxygen consumption and thus
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higher cardiorespiratory fitness may prolong the initiation or development of cardiovascular disease in these adolecsents
[41]. Getting adolescents involved in an activity like parkour will keep adolescents physically active during early
adulthood and help maintain cardiorespiratory fitness during aging.

While no study has investigated the specific effects of a parkour training intevention, a cross-sectional study by
Leite et al. [22] reported that the average VO, peak in a small group of parkour practioners (mean age = 19.5 + 2.8 yr)
who had been performing parkour for at least 6 months, was 44.2 = 5.6 ml-min"-kg". The difference between our
pretest values and Leites” study could be caused by the use of a field test for estimating VO, peak in Leites” study,
which may have underestimated the true VO, peak. It is difficult to compare subjects due to the age difference between
them. Many adolescent males increase body mass and reduce VO,max as they reach adulthood [42].

Parkour training also increased running economy as demonstrated by a decrease of VO, during submaximal running.
There is a linear relationship between submaximal running speed and VO, (ml-min™-kg") for each individual. However,
there is a considerable variation among individuals in how much oxygen it costs to run at a given speed [43]. Morgan e?
al. [44] demonstrated a decrease in oxygen uptake by 2.9 + 1.8 ml-min™-kg" during submaximal treadmill running at 10
km-h" and thus better running economy in trained subjects compare to untrained. While the decrease in VO, ,q,,, in this
study of 1.0 ml-min”-kg" would suggest that our subjects are not as “trained as those in the study of Morgan et al. [44]
following 10 weeks of parkour training, it is still an important finding considering parkour training is not a purely
aerobic activity. Johnson et al. [45] found that strength training, when added to an endurance training program,
improves running economy in female distance runners. Parkour training includes also the combination of aerobic,
strength and power exercise. The negative correlation between VO, ... and explosive power of the lower extremities
supports the potential importance of the strength and power components of parkour for improving movement economy
independent of traditional aerobic training modalities.

Effect of Parkour on Strength

Parkour training increased explosive power and muscle endurance of the upper body and abdominal muscles.
Muscle strength is considered an essential component of motor performance and is necessary for all physical tasks [2].
Our findings demonstrated a significant increase in explosive power after parkour training as standing broad jump
increased by 7.4 % over the 10-week intervention. Our post test findings are very similar to those reported in the cross-
sectional study of Leite ef al. [22] who reported average standing broad jump of 253 + 23 cm. We can classify our
average posttest value into the category higher than the average. Mékota et. al [46] demonstrated the benefits of parkour
even in a relatively fit group of Czech male adolescents [47, 48].

Effect of Parkour on Body Composition

There was a nonsignificant but decrease in the ECM/BCM. The lower the ratio, the greater the amount of BCM and
the better the predisposition for muscular work. In practice, this coefficient could be an important criterion of exercise
program efficiency [7]. For individuals without regular physical exercise training this ratio ranges between 0.75 and
1.05. Interestingly we did not find any significant changes in FFM and fat percentage. We also did not find any
correlation between ECM/BCM, FFM respectively and strength. This can mean that all the changes in strength and
power performance could be explained from the perspective of improvement in neuromuscular coordination instead of
changes in body composition.

Overview

Parkour is an attractive physical activity for youth which is supported by the regular participation and adherence of
subjects (96 % across the 10 weeks) to our training sessions. When well introduced, described and demonstrated,
parkour is a safe activity as we had no injuries during the intervention. Previously, a number of schools in Great Britain
introduced some of the elements from parkour into physical education classes to increase physical activity of students
with some success. Parkour may also help with the development of self discipline and ethics in young people [10, 11,
49 - 53]. The principle of parkour philosophy is to be able to adapt in everyday life, to develop the ability to overcome
any obstacle through toughness and creativity, and to develop (internal mental and external physical) strength [10, 14,
15]. According to Gilchrist & Wheaton [17] parkour could increase physical activity and promote active lifestyle in
young people. Parkour is non-competitive sports discipline where each person individualy develops his own physical
fitness and skills and training sessions can be performed alone or in groups.
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Special playgrounds for parkour training are built in Europe and USA. It is a relatively safe way to train parkour and
on the other hand due to the character of these places parkourists are given direction on how to use the urban
environment for physical activity. As such parkour may be an ideal way to increase physical activity and engage young
people in a safe, non-traditional sport that may help in the longterm maintainance of an active and healthy lifestyle.

Limitation

One limitation of this study is the nonrandomized design and the relatively small sample size. However, the aim of
this study was to first demonstrate that a controlled parkour intervention could enhance physical fitness before
comparing it to other forms of physical activity. It was felt that it was not necessary to perform a randomized trial that
assessed the effectiveness of parkour in adolescent population compared to a non-exercising control. More studies are
now needed to investigate whether parkour has greater health and fitness benefits compared to other forms of physical
activity. Additionally, future studies should examine whether parkour offers similar benefits for female adolescents as it
does for males.

CONCLUSION

In conclusion, ten weeks of controlled parkour training had a positive effect on aerobic fitness, strength and body
composition in male adolescents. Parkour is a natural movement that can be performed with a minimum equipment in
any enviroment. Due to the reduction of time spent on physical activity among young people and the decrease of the
level of physical fitness, it is necessary to react to this situation and offer attractive physical activity options to youths.
As such, parkour could be a novel and affective option to improve the health and fitness of young people.
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