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Abstract -- Parkour consists of overcoming obstacles mostly in an urban landscape. Little is known regarding
usual training habits and injury risks of traceurs, i.e., parkour practitioners. In this study, a 20-min survey have
been fulfilled by a population of traceurs regarding training load, habits (type of warmup, physical conditioning,
stretching), type of footwear, and number and type of ankle- and knee-injuries during their career. A total of 180
responseswere analyzed (24.4± 5.9 years old, 21.7% female, 6.0± 3.9 years of experience). Participants reported
to train 1 to 7 times per week for a mean duration of 2.2 h. 76% practiced stretching exercises. 75.6% practiced
physical conditioning in addition to their parkour training (weightlifting, functional exercises). Injury rate was
1.7 per 1000 h of training, mostly ankle sprains and knee contusions. Number of injury and training load were
positively correlated. The lack of physical conditioning was also a factor of injury. Knee injuries have been more
frequent on participants wearing minimalist shoes. Although training appears well auto-organized and the
injury rate quite low some pitfalls require attention, notably in training planning, warm-up, stretching and
conditioning. Building training and coaching methods specific to parkour appears essential.
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Résumé -- Méthodes d’entraînement et prévention des blessures des membres inférieurs chez les
pratiquants de parkour. Le parkour consiste à franchir des obstacles le plus souvent enmilieu urbain. On sait
peu de choses sur les habitudes d’entraînement et les risques de blessures des traceurs, c’est-à-dire des
pratiquants de parkour. Dans cette étude, un sondage de 20minutes a été rempli par une population de traceurs
concernant la charge d’entraînement, les habitudes (type d’échauffement, conditionnement physique,
étirements), le type de chaussures, et le nombre et le type de blessures à la cheville et au genou durant leur
carrière de sportif. Au total, 180 réponses ont été analysées (24,4± 5,9 ans, 21,7% de femmes, 6,0± 3,9 ans
d’expérience). Les participants ont déclaré s’entraîner de 1 à 7 fois par semaine pendant une durée moyenne de
2,2 h. 76% pratiquaient des exercices d’étirement. 75,6% pratiquaient un conditionnement physique en plus de
leur entraînement au parkour (haltérophilie, exercices fonctionnels). Le taux de blessures était de 1,7 pour
1000 h d’entraînement, principalement des entorses de la cheville et des contusions du genou. Le nombre de
blessures et la charge d’entraînement étaient positivement corrélés. Le manque de conditionnement physique
était également un facteur de blessure. Les blessures au genou ont été plus fréquentes chez les participants
portant des chaussures minimalistes. Bien que l’entraînement semble bien auto-organisé et le taux de blessures
assez faible, certains points nécessitent une attention particulière, notamment dans la planification de
l’entraînement, l’échauffement, les étirements et le conditionnement physique. Construire des méthodes
d’entraînement et de coaching spécifiques au parkour semble essentiel.
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1 Introduction

Parkour is a modern physical activity that consists of
overcoming obstacle mostly in an urban landscape. Its
popularity has grown over the past two decades,mainly by
the impressive audience generated by online video plat-
forms. Sports organizations have also emerged to develop
the activity and now in many countries it has become an
official sport. Its interest has also spread to an interna-
tional level, to such an extent that the International
Olympic Committee is now studying the possibility of its
integration to the Olympic Games (Minogue, 2018).
Although the number of parkour practitioners is con-
stantly increasing throughout the world, scientific know-
ledge is still missing regarding this activity.

Parkour practitioners, commonly called “traceurs”, use
different skills, such as running, jumping, climbing,
rolling, as well as movements specific to the discipline
(Grosprêtre & Lepers, 2016; Puddle & Maulder, 2013;
Strafford, van der Steen, Davids, & Stone, 2018).
Casually, as in any sport, to practice in an optimal and
safe way it is necessary to adopt a rigorous, regular, and
adapted physical preparation. This preparation would
highly help to reduce injuries (Da Rocha et al., 2014).
However, the spectacular nature of performances dis-
played in online videos and overall massive media which,
on one hand, contributes to the popularity of the discipline
has also led, on the other hand, to a consideration of
parkour as a traumatic and dangerous activity from a
popular opinion (Cazenave & Michel, 2008).

Yet, despite some sparse data in the literature, little is
known regarding injury incidence and risk factors in
parkour. Many factors may predispose traceurs to the
occurrence of injuries. Some are general and common to all
sports, while others are specific to parkour. The present
article will try to bring additional clues on that matter by
analyzing the training habits of traceurs and their injury
incidence. Particularly, since parkour involves lots of
massive drops jumps and requires an important power of
the legs (Grosprêtre & Lepers, 2016) the present study
focused on lower limb, i.e., knee and ankle injuries. The
targeted choice of knee and ankle injuries can be explained
by the fact that these are the most frequent locations
encountered in the practice of parkour (Da Rocha et al.,
2014; Rossheim & Stephenson, 2017).

The aim of the present article is twofold: i) to identify
risk factors of injury that could be predominant in
parkour, and ii) to assess injury incidence through a
survey filled by a representative panel of traceurs. Finally,
based on these materials, we proposed practical recom-
mendation to prevent such injuries.

2 Methods

A survey was established to collect information from a
panel of representative French practitioners. There were
three main inclusion criteria to fulfill the survey: 1) to be
currently practicing parkour, 2) to be French-speaking
and 3) to be at least 15 years old. This last choice was
partly made due to possible misunderstanding of complex
terms, but above all to focus on late teenagers, young
adults and adults because they represent themain range of
age in parkour (Grosprêtre & Lepers, 2016) and because
children present very different physiological factors. There
was, on the contrary, no maximal age to answer the
survey.

The questionnaire was distributed by the French
parkour federation to its network, in order to collect data
from a representative panel of parkour practitioners, with
regards to age, gender and experience(Grosprêtre &
Lepers, 2016). Number of questions varied from one
participant to another depending on their previous injury
experiences, since they were able to skip question if not
concerned. The mean duration to fulfill the survey was
estimated at 20min. Different types of questions were
displayed, binary (yes or no), multiple-choice questions or
open-ended. The questions included general information
(age, professional category, etc), sports practices, parkour
training habits and questions relative to several pre-
identified risk of injuries (see below). Questions were then
askedmore specifically on previous knee and ankle injuries
(number and type of injuries, medical care or not, etc.).

2.1 Evaluation of intrinsic factors

Besides inherent physiological factors, the training
organization and personal habits also represent an
important risk of injury. Especially the presence and
importance of warm-up is often reported as an important
factor of injury risk particularly in the lower limb (Pieters,
Wezenbeek, De Ridder, Witvrouw, & Willems, 2020).
Since traceursmustmanage importantphysical constraints,
it can also easily be argued that without a proper physical
preparation the traceur is exposed to a significantly higher
risk of injury. Regarding a possible dose-effect response,
overtraining is often also presented as one of the main risk
factor of injury (Egermann, Brocai, Lill, & Schmitt, 2003;
Vleck & Garbutt, 1998). For instance, the average number
of hours of training per day could be a risk factor for parkour
injuries (Da Rocha et al., 2014).

A limited range of motion in lower limb joint could not
also provide sufficient room to dissipate the energy and
absorb the impact of a high drop landing. Previous studies
showed that using a greater range of motion in flexion at
the hip, knee and ankle will allow the reaction force from
the ground to be dispersed through the musculoskeletal
system over a longer period of time, thus reducing the risk
of injury (Bressel&Cronin, 2005; Cortes et al., 2007;Gross
&Nelson, 1988). Studies carried out on runners (Jamtvedt
et al., 2010; Kay & Blazevich, 2012) suggest that regular
muscular stretching, at a distance from training, would
have a positive influence on the incidence of injury. On the
contrary, stretching muscles prior to the exercise
would not decrease the incidence of injury and may even
increase it.

Regarding other training habits and life hygiene in
general, a lack of hydration also was suggested as an
important risk factor of injuries in sport. Dehydration was
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shown to impair thermoregulation and water balance,
which may cause inhibition of cognitive function and
motor performance (Hillyer, Menon, & Singh, 2015). In
Parkour, skills are as important as power to prevent falling
and injuries. Therefore, dehydration appears to be a
significant risk factor for injury in such activity.

Apart from training organization, mastering technical
skills are also important to limit the risk of falling and
therefore causing injury. Therefore, in parkour the ability
to perform a safe landing is important to minimize the risk
of injury and to increase the longevity of the traceurs
(Maldonado, Soueres, & Watier, 2018; Standing &
Maulder, 2015). It was shown that in the practice of team
sports requiring jumps, poor landing technique is the
primary cause of knee and ankle injuries (Hume & Steele,
2000). Consequently, several questions focused on trace-
ur’s landing technique. Specifically, another important
factor of a safer landing in parkour, which is highly specific
to the discipline, is the execution of the roll. The roll is
usually performed following a jump with a certain forward
horizontal speed. The roll will often be used after high drop
jumps, especially those that are larger than the size of the
tracer making the jump (Puddle & Maulder, 2013).

To further the exploration of parkour techniques,
contrary to traditional drop jump landing some parkour
movements are asymmetrical. For instance, long jumps
with prior run-up are performed by a unipedal impulse.
Landing on one foot after a long jump has also become
more and more common as it allows to start running again
in a more efficient way. During such jumps it is easy to
imagine that the muscular and articular constraints of the
supporting foot and the landing foot are not the same.
Such asymmetries between legs is often proposed as an
important risk of injury (Brown, O’Donovan, Hasselquist,
Corner, & Schiffman, 2016; Zhang, Bates, & Dufek, 2020).
We could thus think that this asymmetry of movement
and this preferential side could be the cause of unbalanced
constraints over lower limbs which could represent a risk
of injury in traceurs.

2.2 Evaluation of extrinsic factors

Participants were also asked to answer several
question relative to some specific extrinsic factors, relative
to their training environment and material. Regarding
proper equipment, it is certainly much reduced as
compared to other sport activities. Nonetheless, regarding
lower limb injury prevention, the type of footwear should
be particularly considered. Other types of proper equip-
ment were considered as negligible.

The use of parkour facilities has also been questioned.
Although it is initially an outdoor practice, nowadays the
development of parkour indoor facilities leads to another
form of practice. To our knowledge, no retrospective study
was able to assess the impact of indoor versus outdoor
practice. It would be easily conceivable that practicing
indoor, an optimally controlled environment, would be
less likely to cause injury than practicing outdoor.
However, the presence of such security can also pay
against traceurs safety, increasing risk-taking behavior.

Parkour being practiced in a public environment, in
most case with one or several partners, risk of injuries
could also easily results from negative effect of an external
audience. It appears that the behavior adopted by the
practitioner during the practice of parkour as well as his
personality can be considered as risk factors for injury.
Particularly, young practitioners appear to be prone to a
particular sensation-seeking behavior and narcissic per-
sonality (Cazenave & Michel, 2008). Other social aspect,
such as the presence or not of parkour supervision as well
as its quality, was also questioned.

2.3 Injuries

Participants were asked to answer several questions
regarding their previous injury experience, at both knee
and ankle level. An injury was defined here as a
musculoskeletal pain or disorder that stopped the athlete’s
training for at least several days. Chronic pain and short
duration discomfort after a wrong move during training
were not considered as injuries here. Participants were
asked to report information such as the number and types
of injuries, at which time of the year or of the training
session they injured. The injuries’ incidence rate (hereafter
called “injury rate”) was calculated as the number of
reported injuries per 1000 h of training, i.e., the ratio of the
total number of injuries over the total training volume
multiplied by 1000 (ex: 4 injuries in 2000 h of training
results in a rate of 2). Finally, they were also asked to
report their feeling about the reason why they injured
(fatigue, lack of attention, etc.).

2.4 Statistical analysis

Continuous data, e.g., age, training parameters (hours
per week, experience, etc), were compared with knee and
ankle number of injuries through a Pearson’s correlation
analysis. Discrete variables with two options (e.g., warm
up: yes or no, male or female, stretching or not) were
compared to knee and ankle numbers of injuries through
Student unpaired two-tailed t test. When the number of
options exceeded 2 (e.g., the type of shoes), analysis of
variance (ANOVA) was performed.

Since establishing causality between risk factors and
an a posteriori analysis of injury occurrences can lead to
hazardous yet over interpretation of their potential
relationships, we want to raise the fact that the statistical
analysis was performed here as an indication and was not
deepened and discussed in further details. Such sport-
injury statistics data with surveys are to take with
caution, being highly dependent upon the multifactorial
nature of an injury. A causality cannot be directly
established because a significant correlation is found
and, on the opposite, an absence of significant statistical
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result does not prove a lack of relationship (statistical
power, etc). The limitation of such approach have been
summarized in a recent article by Nielsen et al. (2018).

3 Results
3.1 Population characteristics

Over 200 responses received, the total amount of
selected responses was 180 after careful screening of the
duplicates, false profiles, and errors (incomplete responses,
etc). Age (24.4± 5.9 years old on average) ranged from 15
(the minimum age required to participate in the study) to
49 years old. Over the 180 individuals, 141 were men
(78.3%) and 39 women (21.7%). Regarding jobs, 79 were
students (43.9%), 34 office-workers (18.9%) and 27 (15%)
declared a physically demanding job (sport coaches
mainly). Regarding parkour, experiences varied between
3months and 20 years of practice, with an average of
6.0± 3.9 years.

3.2 Training load

Parkour training frequency varied from daily practice
to once a week (average 2.42 times a week). Training
duration ranged from 45min to 5 h (average 2 h and
24min).

The number of rest days between each training sessions
varies fromnone (8.3%) to one (27.2%), two (35%) or three
(29.4%). A certain proportion of participants (41.7%)
reported beginning a training session by feeling aches and
pain from the previous session. 8.9% of the participants
confessed feeling that their amount of training was too
much for their own capacities. Over the 180 individuals, 77
(42.8%) reported practicing only parkour, and 103
(57.2%) reported practicing other activities in parallel
to parkour. For these latter, the most common parallel
activities were climbing (35.9%), combat sports (11.7%),
gymnastics (9.7%), track and field (8.7%) and bodybuild-
ing (8.7%).

3.3 Warm-up

Over 180 individuals, 156 (86.7%) declared to perform
a warm-up at each training session, meaning that 24
individuals (13.3%) do not warm up (Fig. 1). Warm-up
duration varies between 5min and 90min. The mean
warm-up time was 16.8min. Warm-up program included
joint mobilization (95.5%), small parkour moves (90.4%),
muscular exercises (83.3%) and cardio-vascular exercises
(64.1%).

3.4 Physical fitness

Out of the total sample, 136 individuals (75.6%)
reported practicing specific physical conditioning in
addition to their parkour training, while 44 (24.4%) did
not (Fig. 1). The timing of conditioning varied, being
performed either during (12.5%), outside (24.3%) or both
during and outside (63.2%) their parkour sessions.
The proportion of time dedicated to physical condition-
ing in total amount of training time varied (Fig. 1).
The content of this conditioning was diverse from body
weight exercises (93.4%), repeating simple parkour
movements (72.1%), practicing free (33.8%) or guided
(18.4%) weight lifting. Some of the participants also
reported practicing other sport activities as physical
conditioning, such as climbing (25.5%) or track and field
(12.5%). Among the main reasons given by participants
for performing physical conditioning, it could be noted
an interest in improving parkour performances (89.7%),
lowering risk of injury (78.7%), gaining endurance to
increase training duration (56.6%) or for aesthetic
purpose (27.2%).

3.5 Stretching

Out of 180 individuals, 137 (76.1%) declared practicing
stretching for the lower limbs (Fig. 1). The timing of
stretching varied from one participant to another (Fig. 1).
The frequency of stretching also varies, some reported
stretching systematically during each training session
(38.7%), other once (17.5%) or several times a week (38%).

3.6 Hydration

Participants reported drinking from 0.5 to 4.5 L of
water daily (mean: 1.45 L). 77 reported drinking before
training (42.8%), 140 during (77.8%), and 139 after
(77.2%).

3.7 Technical aspects

Regarding landing, 172 individuals (95.6%) declared
that their heels do not hit the ground in most of their
jumps performed. 98 individuals (54.4%) stated perform-
ing a roll when jumpheight reach their own height ormore.

3.8 Lower limb asymmetry

Over thewhole panel, 137 individuals (76.1%) declared
to always use the same foot for asymmetrical jumps (i.e.,
long jumps). To the question: “do you feel a difficulty
performing jumps on both sides?”, 117 individuals (65%)
answered YES.

3.9 Materials

Regarding the training shoes, more than half of the
participants (53%) reported wearing running sneakers
with a drop from heel to forefoot, while other reported
wearing light flat shoes (35%) or minimalist shoes (12%).

3.10 Environment

Only four individuals (2.2%) reported practicing only
indoor in parkour facilities. On the contrary, 58 individu-
als (32.2%) reported practicing parkour only outdoor. The
remaining 118 (65.6%) practiced both indoors and
outdoors. When asking these individuals if they felt less



Fig. 1. Summary of the training habits of traceurs. Responses to the survey are expressed as percentage of total responses (n=180).
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confident when going outside after practicing indoor, 45
individuals (38.1%) answered YES, the remaining 73
(61.9%) answered NO.

On the 122 individuals that used indoor parkour
facilities, 107 (87.7%) reported using gymnastics mats,
and 15 individuals (12.3%) reported practicing without
such protective equipment, even indoor.

3.11 Coaching

A certain proportion of participants reported having
started parkour on their own without supervision, either
alone (16.7%) or with other beginners friends (23.9%). 36
traceurs (20%) reported beginning under the supervision
of experienced traceurs, and 64 others (35.6%) under the
supervision of a professional coach.

3.12 Sensation-seeking

Little participants of the panel (7.2%) admitted they
got injured because someone else convinced them to
perform a jump they were not ready for. Some of the
participants (26.1%) also felt they got injured because
they put too much pressure on their own and felt
stressed, while 17.8% of participants reported having
faced injuries due to overestimation of their physical
abilities.
3.13 Injuries

The average number of lower limb injuries for the panel
is 1.7± 3.4 injuries per 1000 h of training. The most
identified causes of injury by the participants themselves
were overtraining and lack of vigilance. Indeed, 60% felt
they already injured because they were physically tired,
and 53.3% also because of a poor environment analysis and
lack of attention.

Over the 180 individuals, 78 (43.3%) have already
injured their knees during their parkour practice. The
injury rate for the knee is on average of 1.1± 3.3 per 1000 h
of training. The most frequent types of knee injury were
contusions and sprains (Fig. 2). Recurrences are present
for 17 individuals (21.8% of the injured participants),
mostly tendinopathies (2 to 10 recurrences) and con-
tusions. Over the 78 individuals already injured at knee
level, 51 saw amedical specialist (65.3%). Finally, 65.4% of
the injured individuals reported continuing to practice
despite the pain.

Over the 180 individuals, 67.2% had already injured
their ankle during their parkour practice. Injury rate for
the ankle, of 2.3± 3.4 per 1000 h of training, was
significantly higher than those of the knee (p< 0.001).
The vast majority of ankle injuries were ligament
pathologies such as sprains (Fig. 2) but participants also
reported tendon injuries and contusions. Interestingly, 9%



Fig. 2. Summary of injury occurrences in traceurs. A. Occurrences according to the time of the training session they injured, for knee
(dark grey) and ankle (light grey) injuries, respectively. B. Occurrences according to the season, for knee (dark grey) and ankle (light
grey) injuries, respectively. C. Number and types of ankle injuries. D. Number and types of knee injuries.
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of the injured participants reported suffering severe ankle
injury named “coin-coin” in French, or “ankle thing” in
English. This injury, very specific to parkour, is charac-
terized by a dorsal hyperflexion of the ankle during a
forefoot landing on the edge of a wall. Its mechanisms are
still not perfectly known, as this dorsal hyperflexion can
lead to an extreme stretch of the posterior capsulo-
ligamentary structures or to a crushing of the anterior
articular and/or tendinous structures. The number of
recurrences was also significantly superior in ankles than
in knees (P< 0.001), with 47.1% of injured participants
reporting recurrence of their ankle injuries. Participants
were more prone to see a medical specialist for the ankle,
since 80.9% of the participants had their ankle examined.
Finally, 47.9% of the participants reported continuing
practicing parkour despite the pain.

3.14 Statistics

Among all the tested variables, discrete and continu-
ous, some exhibited significant relationships with the
number of injuries per individual, at the knee and/or ankle
levels (Fig. 3). A significant negative correlationwas found
between the number of injuries per individual and the



Fig. 3. Relationship between training volume and total injury incidence rate (knee and ankle).
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number of weekly training hours (r=� 0.25, P< 0.01).
Participants who reported not to warm-up exhibited more
knee injuries than those who reported to do so (P=0.018).
As well, significantly higher number of injuries, in ankle
and knee, was found in participants who reported not to
practice physical conditioning at all as compared to all
types and duration of conditioning (all P< 0.04). Signifi-
cant differences in the number of knee injuries were found
with the factor type of footwear (traditional sneakers, light
shoes andminimalist). Participants who reported training
with minimalist shoes exhibited more knee injuries than
those training with running sneakers (P=0.032) and light
shoes (P=0.045). On the contrary other variables such as
stretching, hydration, sex, type of environment (indoor vs.
outdoor) did not reveal significant statistical difference
nor correlation with the number of injuries per individual.

4 Discussion

The present study aimed at investigating parkour
injury incidence on lower limb joints, and its associated
risks of injury by analyzing traceur’s training habits.
Although training in parkour appear well organized and
the injury rate quite low in general, the presence of some
pitfalls should require attention.

In the present study, the injury rate (1.7± 3.4 injuries
per 1000 h) is in fact among the lowest as compared to
other athletes, comparable to cross-fit (2.4/1000 h,
(Giordano & Weisenthal, 2014)), long distance running
(Van Gent et al., 2007) or triathlon training (0.69–1.39/
1000 h (Zwingenberger et al., 2014)). Injury rate in
gymnasts can reach 3.1 per 1000 h but was also reported
much higher in team sports such as soccer (7.8 per 1000 h)
or basketball (9.1 per 1000 h) (Parkkari et al., 2004).
Authors are unanimous regarding the fact that injury rate
is very much higher during competitions (Summitt,
Cotton, Kays, & Slaven, 2016). Therefore, the quasi-
absence of competition in parkour, at least for now, can be
accountable for such a low rate. Then, some authors found
a significant correlation between weekly hours of training
and injuries incidence in triathletes (Egermann et al.,
2003; Vleck&Garbutt, 1998), while other did not (Collins,
Wagner, Peterson, & Storey, 1989; O’toole, Hiller, Smith,
& Sisk, 1989). In the present panel of traceurs, a
relationship was found between weekly hours of training
and injuries occurrences, as previously reported (Da
Rocha et al., 2014). The main frequent injuries reported
by the panel were sprains for the ankle, at a largemajority,
and contusions for the knee. Lower limb injuries were also
reported as predominant in a study of Rossheim et al.
investigating the hospital admission due to parkour in the
U.S.A (Rossheim & Stephenson, 2017), in which they also
showed that bad landings were the major cause of injuries.

First of all, as reported regarding sport-related injuries
in general, age can be a risk factor but since parkour has
spread only for twenty years, it is not for now a main risk
factor. If we take the example of Achilles tendon
pathologies, several sources establish the fact that an
age above 30 years increases the risk of injury (Longo,
Petrillo, Maffulli, & Denaro, 2013; Mazzone & Mccue,
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2002), as tendon degeneration begins early. The panel of
participants was mostly composed of young practitioners
between 15 and 25. Most participants were men, with a
20% proportion of women. No particular effect of age nor
sex was found on injury rate or risk factors. We
recommend however for the future years to adapt training
strategies according the age of the participants.

It is even more important to focus on training
organization. Indeed, a training overload, in terms of
frequency, duration and intensity of training sessions,
might represent an important risk factor for injury in
parkour (Da Rocha et al., 2014). It was for instance
recommended not to exceed 3 h of parkour training in a
row (Da Rocha et al., 2014). Our questionnaire revealed
that individuals train from 45min up to 5 h, with a mean
training time of 2 h. Only speaking about training
duration, the majority therefore trains in a non-excessive
way. The mean frequency was 2.4 training session per
week, which means that the majority of tracers have at
least 2 to 3 days of rest in-between. However, it should be
noticed that 57.2% practice another sport in parallel to
parkour. Interestingly 60% of the participants felt that
they injured because theywere physically tired. Therefore,
parkour training load should be taken in consideration but
more importantly incorporated in a global workload,
including other sport practices and daily activities.

To limit the effect of overload and fatigue, dedicating a
part of the training time to physical conditioning appear
crucial for such impacting activity. Out of the total
sample, 75.6% reported dedicating a significant part of
their training to physical conditioning. Furthermore,
these latter reported significantly less injuries than those
who do not practice physical conditioning. The proportion
of this conditioning over the total training duration as well
as its composition varied among participants, but this
showed that physical preparation is an integral part of the
traceurs’ training. However, regarding other training
habits, the survey revealing some points that could be
largely improved, for instance regarding warm-up.

The literature about warm-up strategies and impor-
tance is well documented and strongly recommend to take
this part of the training session seriously to prepare the
musculo-skelettal system for the constraints of training
(Hess, 2010; Leppilahti & Orava, 1998; Park et al., 2011;
Safran, Garrett, Seaber, Glisson, & Ribbeck, 1988).
However, although a large majority of traceurs reported
to do so, still more than 13% reported not to warm up at
all. Moreover, these latter showed a significantly higher
number of injuries. The mean warm-up duration was
about 15min, consisting mostly in joint mobility, physical
conditioning and small parkour movements. A large
proportion also reported performing cardio-vascular
exercises (64.1%), or stretching. Although there is no
specific parkour-related literature on how to warm-up, a
more generic literature can bring some clues. To properly
prepare the musculo-skeletal system, and especially lower
limb tendons for high plyometric activities, it was shown
very recently that warm-up should include sufficient
mechanical stress by performing intensive exercise
(Pieters et al., 2020), and that stretching or light joint
mobility was inefficient or even deleterious. Regarding
stretching habits specifically, around 20% of participants
reported to stretch before parkour training or during the
warm-up. Such time for stretching is not recommended for
plyometric performance (Behm & Kibele, 2007; Shrier,
2004), even if its integral part of the warm-up (Winches-
ter, Nelson, Landin, Young, & Schexnayder, 2008).
Similarly, it is not recommended to perform too much
stretching exercise after an intensive plyometric and/or
eccentric training, as it is the main component of parkour
training (Grosprêtre & Lepers, 2016). Indeed, contrary to
a common opinion, to stretch after an intensive exercise
does not reduce delayed muscle soreness, and can even
increase muscle damage (Lund, Vestergaard-Poulsen,
Kanstrup, & Sejrsen, 1998). Performing stretching exer-
cise can still be recommended in parkour, but performed at
different time from the training session. Indeed, in parkour
as in many other athletic activities, landing safely requires
to use a great range of motion of the lower joints. Indeed,
this was shown to allow trained athletes to absorb in a
more efficient way the impact and thus reduce the long-
term risk of injury (Bressel &Cronin, 2005; Cortes, Onate,
Abrantes, Gagen, Dowling, & Van Lunen, 2007; Gross &
Nelson, 1988). Even if not performed properly, over the
total sample, 76.1% reported performing stretching
exercises on a regular basis.

Another habit that could be improved is water intake.
Water supply, including water from food (20%) is often
linked with an inhibition of cognitive functions and motor
performance (Hillyer et al., 2015), therefore representing a
factor of injuries, especially of soft tissues, i.e., tendons
and ligaments, mainly composed of water. Usual recom-
mendation are between 1.2 and 2.5 L of water per day
(excluding food), and up to 3.2 L if the individual practices
moderate physical activity (Greenleaf et al., 1977). In the
present population, the mean daily hydration was 1.25 L,
which is in the lower range of daily recommendation.

Beside training habits, a lack of technical skills also
represents an important risk of injury. In parkour
particularly, landing technique is very specific and should
be mastered to limit its impact and reduce the risk of
injury (Standing & Maulder, 2015). For example, heel
contact during landing could indicates either a lack of
technique or an inability to control the eccentric forces
present when reducing speed during the landing phase
(Gross & Nelson, 1988). To that matter, traceurs exhibit
greater leg eccentric forces than untrained participants or
gymnasts (Grosprêtre & Lepers, 2016). In parkour,
landing on the forefoot and avoiding heel contact was
for instance shown to lessen the ground reaction force and
the sound produced at landing (Standing & Maulder,
2015). Other characteristics such as an increased range of
motion at landing or an extended duration of landing
movement allowed traceurs to dissipate more energy and
execute softer landing than untrained (Maldonado et al.,
2018). It emerged from the survey that a large majority of
practitioners (95.6%) uses this forefoot technique. When
the drop is high (i.e., more than the traceur’s height)
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performing a roll has also been shown to limit the impact
at landing (Puddle &Maulder, 2013). Although this could
be improved, a large proportion of participants (54.4%)
also declared performing a roll when the drop was high,
i.e., equal or more that their body height.

To still focus on parkour skills, a majority of
participants (76.1%) reported developing a preferential
side during their parkour training, for unilateral techni-
ques. In other disciplines, the asymmetry between domi-
nant and non-dominant legs during unipodal jumps was
shown to be a high risk factor of injury (Wang& Fu, 2019).
A video analysis of anterior cruciate ligament injuries
during a reception in women’s handball showed that body
weight was unevenly distributed during the reception, and
that impact velocity asymmetry is a major risk for anterior
cruciate ligament injury (Olsen, Myklebust, Engebretsen,
& Bahr, 2004). In the present population, 65% reported
difficulties in performing the movement by their
non-dominant side, which can explain the frequent use of
their preferred side during practice.

Among extrinsic factors of injury, sport equipment is
often put forward. Traceurs’ equipment is rather simple,
the only feature that could reallymake the difference is the
footwear. Three main types of shoes have been identified
among the parkour population. First, common running
shoes with a positive drop from heel to forefoot and an
important shock-absorbing heel arrive in first place, worn
by 53% of the panel interviewed. Absorbing ground
impacts with such traditional running sneakers, can be
useful to reduce the incidence of lower limb injuries (Hayes
& Caplan, 2012). However, such running shoes, which
design is based on comfort, cushioning, grip and stability
of the foot are associated with a ground attack of the foot
with the heel (Fredericks et al., 2015). This heel attack,
allowed in particular by a thick sole, is however known to
impose important constraints to the lower limb’s joints,
and to modify the natural sequence of muscle activation,
proprioception and balance (Hardin, Van Den Bogert, &
Hamill, 2004; Squadrone, Rodano, Hamill, & Preatoni,
2015). On the opposite, 12%of the participants reported to
wear minimalist shoes. By having only a thin sole, this
type of footwear can provide a much more important
solicitation of the musculo-tendinous system of the lower
limbs for shock absorbing. However, great risk of injury
can occur during the transition from standard to
minimalist if not performed progressively and appropri-
ately (Goss & Gross, 2012; Ryan, Elashi, Newsham-West,
& Taunton, 2014). In the present study, participants who
wear minimalist shoes exhibited higher number of knee
injuries. Therefore one should be careful in parkour using
minimalist shoes, since 1) the landing surfaces in parkour
are mostly very hard (concrete), 2) parkour can often lead
to perform high drop jumps on such hard surfaces and 3)
using those footwear require a familiarization especially if
it follows years of wearing traditional running sneakers.
Therefore, the safest use of minimalist shoes mainly
depends upon theway of practicing parkour, avoiding high
drop jumps and important impacts, unless the practitioner
is a very well-trained athlete. Finally, an important
proportion of participants (35%) reported wearing a
compromise between the common running sneaker and
the minimalist shoes, i.e., footwear with a flat and light
cushioning sole. This last solution could be a great deal to
provide a more natural landing and jumping movement
with a greater participation of foot and ankle muscles than
usual sneakers, while still providing more cushioning than
minimalist shoes.

Regarding the landscape of training, which is also one
of the main extrinsic factor that could impact training, the
vast majority of participants reported practicing outdoor.
The variety of surfaces, materials, weather and tempera-
ture conditions can therefore increase the probability of
external risk factors of injuries. Although some of them are
inherently unpredictable, it should be highlighted that
special attention must be paid to all these factors when
practicing outdoor. On the contrary, when practicing
indoor, all these factors are easily controllable. Since an
important proportion of traceurs practice both outdoor
and indoor (87.7%), it is also important to highlight the
drawback of using indoor facilities for training. First, the
overuse of protective equipment can lead to overconfi-
dence regarding complex skills or jump with important
distances. Second, the lack of variability of surfaces and
weather conditions in indoor facilities does not fully
prepare the traceur to manage all conditions of outdoor
training. That said, it is easier and safer to go from outdoor
to indoor practice than the opposite.

If the landscape can influence the behavior, the people
surrounding the practitioners, whether they are training
partner or public audience, might particularly represent
an important risk, particularly at certain ages. A previous
study pointed out that young traceurs have a significantly
higher score than other sport practitioners like gymnasts
on the sensation-seeking scale, as well as on the personality
inventory narcissist (Cazenave&Michel, 2008). Narcissist
individuals tend to have high levels of sensation-seeking
(Emmons, 1987) in order to increase their self-esteem,
therefore being less reluctant to take risks (Baumeister,
Heatherton, & Tice, 1993). Albeit indirectly, these points
therefore constitute a risk factor for injury particularly for
young practitioners. However, a few participants of the
present study (7.2%) confessed the feeling that they got
injured due to an overestimation of their capacities after
listening their training partner urging them to perform the
jump.An important proportion of participants (more than
25%) also felt they got injured because of the pressure they
have imposed on themselves. This last assumption is even
more important for autonomous practitioners. Over the
180 participants,more than 40%declared starting parkour
without any coaching or advices from more experienced
practitioners. A clear link between the presence of a coach
and injury incidence is not always reported in sport
(Egermann et al., 2003). In parkour, it not clear either that
not being coached could be a risk factor for parkour injury
(Greenberg & Culver, 2020). Nonetheless, we still believe
that the lack of supervision could represent a risk for
injuries, especially because parkour practitioners are
mostly young. Developing parkour organizations with
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professional and experienced coaches as well as increasing
consciousness of the importance of coaching can therefore
put the beginner practitioner in the right path to avoid
important and dramatic errors. Therefore, one should no
neglect the impact of stress induced by external motiva-
tions.

4.1 Study limitations

The assessment of causality between a priori identified
risk of injury and data collected a posteriori by question-
naire can largely be questioned contrary, for instance, to a
longitudinal follow-up of a tracer population. This is why
the statistical analysis was limited in the present study, to
avoid bias usually blamed in sport-injury literature. In
sport-injury statistics, it was recommended to avoid
establishing direct causality based on correlations analysis
and avoid absolute measures of correlations (Nielsen et al.,
2018). Although this may limit the interpretation of the
present results, we mostly choose to stay descriptive to
avoid over-interpretation of the data collected by ques-
tionnaires.

In such type of study, the composition of population
tested has a very large importance. Although we tried to
have a representative panel in terms of age, gender or
training experience, it is possible that such result quickly
evolves with time. The way and purposes to practice
parkour can widely influence the risk of injuries, i.e.,
whether it is a leisure or a professional activity. Previous
studies show that the injury rate among high-performance
athletes in different sports (including gymnastics) is much
more important in periods of competitions than in usual
training (Marshall, Covassin, Dick, Nassar, & Agel, 2007;
Rechel, Yard, & Comstock, 2008). In parkour, compe-
titions are not yet very developed but some of the
practitioners still become professionals, mostly for enter-
tainment industry. Given the stress induced by a public
representation and the frequency of these latter, these
practitioners can easily be compared to professional
athletes. A very few traceurs of the panel represented
here were considered as such. It could be interesting to
focus on these specific athletes who present very important
training load and pressure from sponsors and public
audience. Given the development of parkour compet-
itions, the present study could be repeated in the future
with competitive practitioners.

4.2 Recommendations

Although the training seemed well organized to
provide sufficient rest and limit the training duration for
most of the practitioners, some aspects can be pointed
out. We strongly advice practitioners to warm-up, and
more particularly to take attention to provide sufficient
mechanical stress to their joints, common light joint
mobility or stretching strategies being inefficient or even
counter-productive to properly prepare the body to the
high impact of parkour. However, it is recommended to
practice stretching, not right at the end of the training
session (which can, in fact, increase muscle damages)
but rather at different times during the week. Our
efforts should focus on improving awareness about
dehydration and nutritional aspect, as a study has
shown that the more nutritional knowledge athletes
have, the greater the amount of water they ingest
(Carvalho et al., 2011).

Simple landing techniques used by most of the
participants seemed safe. However, when can recommend
to increase the use of roll at landing technique to limit even
more the impact. To reduce lower limb asymmetries, it
could be recommended to train as much as possible in both
side when performing unilateral techniques, or even to
focus on the non-dominant limb to reduce the gap between
limb strength and other biomechanical parameters.

Regarding the choice of footwear, it depends upon the
type of practice (e.g., with high drop jumps or not). As the
use of minimalist shoes has spread in the parkour
community, if this material is used we recommend to be
careful to ensure a transition time between traditional
sneakers and such footwear. On the opposite, beginners
should also be careful about high-cushioning shoes that
could alter sensations and deteriorate the landing
technique (i.e., generate a more “heel-landing” behavior).

We also strongly recommend not to start parkour
alone and want to raise awareness that proper parkour
coaching should be used and developed for anyone who
wants to begin parkour. This is of important especially for
young traceurs who, in addition to learn proper techni-
ques, also necessitates education regarding risk-taking
behaviors.

Finally, as many participants reported to continue
practicing in presence of pain after an injury, we strongly
recommended practitioners to respect more the resting
times to allow a better recovery and limit the risk of
recurrence.

5 Conclusion

Parkour is a young discipline with increasing audience
through the spectacular performances often displayed
online. Yet, the formal organization of this discipline, as
the training habits of its practitioners, is still poorly
documented. The present study brought further insights
onto the training characteristics and injury risks of a
representative population. Contrary to its apparent lack
of framework regarding training organization, traceurs
appeared to have established on their own a training
routine including warm-ups, stretching, and physical
conditioning. They also exhibited a low rate of injuries
as compared to other discipline. The development of
proper physical preparation and training methods speci-
fics to parkour in the future will help decrease even more
the risk of injuries.
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