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Abstract

Parkour is a physical discipline that involves athletes, also known as traceurs, using specific skills and
movements to overcome obstacles in an urban environment. A typical parkour landing involves an
ever-changing combination of variables such as speed, agility, and multiple movement skills that in
turn may affect the forces placed on the body. The purpose of the present study was to design a field-
based protocol that measured and compared the forces athletes are exposed to in their natural
training environment. Methods: A parkour specific obstacle course was designed and five experienced
traceurs completed the series of obstacles in succession. Between obstacle comparisons were made
for ground reaction force (GRF), time to maximal ground reaction force (TTP), and rate of force
development (RFD). Additionally, electromyography was assessed to help better describe underlying
mechanisms associated with differences in landing forces. Electrodes were placed bilaterally on the
vastus lateralis (VL), gastrocnemius (GM), and the tibialis anterior (TA) and area (%MVIC) was used to
represent muscle activation. Results: GRF was highest in obstacles with larger drop heights as well as
increased momentum from previous obstacles which includes obstacles 2a-floor, 4-floor, and 2c-floor.
The lowest TTP values were associated with obstacles involving short landing contact time due to
limited space which includes obstacles 3-4, 2c-floor, and 1-floor. RFD was greatest in obstacles 2a-
floor, 3-4, 4-floor, 9-floor, and 2c-floor which all required explosive power upon landing in order to
complete subsequent obstacles. EMG data showed that the GM and VL had greater activation on
obstacles requiring either a change in direction such as 6b-7 and/or a rapid descent such as obstacles
7-8 and 8-floor. TA showed higher activations on obstacle 9-floor and 2b-2c, but activations were
similar across most obstacles. The activation of the TA may be due to its role in eccentrically
contracting during initial foot strike during landing. Conclusion: Due to the dynamic nature of parkour,
athletes are often exposed to a variety of landings which would produce diverse kinetic demands. By
using a parkour specific course, this study provided force data that was a close representation of the

forces traceurs are exposed to in a typical parkour run.
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Chapter 1

Introduction

Parkour is a physical discipline that involves athletes, also known as traceurs, using specific skills and
movements to overcome obstacles in an urban environment (18). Parkour athletes utilise a variety of
movements including jumping over ledges, climbing walls, vaulting, and traversing between obstacles
(3). Essentially, the goal of parkour training is to improve one’s skills in overcoming obstacles in a safe
and efficient manner (18). Parkour is said to have originated in France in the 1980’s with its emergence
being strongly influenced by David Belle and Sébastien Foucan (3). Moreover, parkour was often used
as a training method in the French military for its functional and utilitarian purlpose in obstacle
manoeuvres (7). Over the past few decades parkour has gained considerable popularity due to
increased exposure through social media (43). As a result, there has been an influx in youth and adults

attempting this activity globally.

Currently, parkour is still regarded as a relatively new sport and therefore research in this field is
limited. More specifically, there appears to be a gap in knowledge concerning the forces associated
with parkour landings and subsequent links to injury or performance. Ground reaction force (GRF)
plays a significant role in a majority of sports as it quantifies the magnitude of stress placed upon the
body as it contacts the ground (39). In sports such as gymnastics, football, and volleyball GRF
magnitudes have been recorded upwards of several times the player’s bodyweight (42, 49, 57, 62).
The accumulation of impact forces can result in additional stress on the musculoskeletal system, which
must be dissipated to reduce the chance of structural damage (55). When the body is unable to
disperse these forces effectively, several injuries may occur including shin splints, patellofemoral pain
syndrome, anterior cruciate ligament tears, tendinitis, fractures, and dislocations (17, 44, 54, 56).
Parkour is already considered an extreme sport associated with high risks (6) because of the diverse
landings from heights on to hard surfaces such as concrete, wood, metal rails, and other rough and
unpredictable terrain (59). However, it is difficult to fully recognize the risks posed to traceurs without

an understanding of the specific loads that are being demanded on the lower extremity.

Appropriate landing techniques are fundamental to many sports; thus, there is an abundance of
research placed on the kinematic and kinetic variables associated with landing biomechanics. Previous
research has shown that increased flexion at the hips, knees, and ankles during landing increases the

contribution of the lower limb musculature and significantly reduces GRF (20, 61, 71). Studies



investigating landing acoustics have demonstrated that softer landing sounds were associated with
greater lower limb muscle activation as well as reduced GRF (66). Time to peak GRF has also been
considered an influential factor in GRF as it has been proposed that an increased amount of time
allows for excess force to be absorbed by the muscles (14, 15). To date few studies have investigated
the forces associated with landing in parkour (36, 53, 63). These limited findings have indicated that
landing technique plays a crucial role in reducing GRF. For example, utilization of the parkour precision
landing technique significantly reduced vertical GRF, loading rates, and even landing sound while
subsequently increasing time to peak GRF (36, 53, 63). Similar to what previous research has shown,
the precision landing, which involves simultaneous flexion at the knee, hip, and ankle, appears to

increase the contribution of the muscular system and reduce landing force.

The common strategy used for comparing kinematic and kinetic variables during landing in parkour
and non-parkour activities incorporated a box drop landing protocol. While the box drop landing is
easily standardised for laboratory testing, it does not mimic the dynamic nature of parkour training
and performance. Specifically, a typical parkour landing involves an ever-changing combination of
variables such as speed, agility, and multiple movement skills that in turn may affect the forces placed
on the body. The purpose of this study was to design a field-based protocol that measured and
compared the ground reaction forces associated with a variety of parkour landings. A parkour specific
obstacle course was used where traceurs completed a series of obstacles using their own desired
movements. The current study aims to provide kinetic data that is a close representation of the forces
athletes are exposed to in their natural training environment. In addition, electromyography (EMG)
was assessed to help better describe underlying mechanisms associated with difference in landing

forces.



Literature review

Abstract

The purpose of this review was to identify relevant literature on the factors affecting ground reaction
forces (GRF) in parkour. Due to the requirement of landing movements in sport there is an abundance
of research addressing the biomechanics involved. Furthermore, most studies have investigated this
topic using key variables such as landing technique, impact velocity, loading rates, landing sound, and
muscular activation through electromyogram (EMG). In addition, the drop landing task appears to be
the most common method used for measuring these variables. Unfortunately, due to the relative
infancy of parkour, little research was identified. However, current literature suggests landing
technique plays a significant role in force attenuation in parkour. It has been shown that a forefoot
landing with simultaneous flexion at the hip and knee results in significant decreases in GRF and
loading rates. However, more research is required that addresses factors affecting GRF in parkour as

well conditioning and injury prevention strategies.

Introduction

Jumping and landing are regarded as fundamental movements in most sporting activities(27, 39, 49,
62). However, during these movements the body is suggested to experience significant impact loading
particularly during landing (70). The accumulation of high impact forces may have harmful effects on
the lower extremities which may lead to injury (55). GRF is an important factor in many impact sports
as it is a measure of the magnitude of stress placed upon the body as it makes contact with the ground
(39). The forces associated with landing in popular sports such as netball, gymnastics, volleyball, and
football, have been reported at values up to several times body weight (42, 49, 62). Due to the
requirement of landing in sport, there has been an abundance of research placed on landing
biomechanics in more common sports. However, parkour, which is a relatively new and unknown
sport has not received as much attention. Parkour is described as an extreme sport where athletes
will perform a variety of acrobatic type movements in an urban environment (7). This may include
jumping over ledges, climbing walls, and traversing between obstacles (3). Due to the extreme nature
of parkour where landing movements are crucial to both safety and performance there is a need for
more research. The purpose of this review is to identify what is currently known regarding GRF and
landing in parkour. Due to the abundance of research on landing in more common sports, these will

also be reviewed as these may also be applicable to parkour.



FACTORS AFFECTING GROUND REACTION FORCE IN SPORT

Ground reaction force is an important factor in many impact sports as it is a measure of the magnitude
of stress placed upon the body as it makes contact with the ground (39). In popular sports, GRF has
been shown to increase significantly. For example, peak vertical GRF during single leg landing from a
somersault in gymnasts have been reported at values as high as 14.4 times bodyweight (49). Stacoff
et al. (62) reported that GRF associated with landing after a volleyball block jump had peak values of
up to 6000 Newtons (N). In military paratroopers, GRF have been recorded at values as high as 17
times body weight upon landing (25). The forces associated with these landing activities have been
linked to several injuries including shin splints, patellofemoral pain syndrome, anterior cruciate
ligament tears, tendinitis, fractures, and dislocations (17, 44, 54, 56). Due to landing movements being
a necessity for most sports there is an abundance of research placed on landing biomechanics.
Furthermore, out of these studies, several common variables have been identified that have been
used to investigate what may influence these forces. Specifically, this includes kinematic variables
such as landing technique (21, 61, 71), muscular activity (EMG) (29, 33), landing velocity (25, 42),
landing sound (63, 66), and time to peak force/ loading rates (14, 15, 63, 67). Additionally, the most
common method used in assessing these variables is through drop landing tasks usually at various

heights.

Lower limb kinematics and ground reaction force

One variable that has been measured in numerous studies is landing technique. For instance, research
investigating landing strategies has shown that the stiffness of the landing may influence force
dissipation. This was seen in a study by Zhang et al. (71), who investigated energy dissipation during
drop landings. Their study demonstrated that landing stiffness was associated with a decrease in the
ability to dissipate mechanical energy. Additionally, this study found that the soft landings involved a
greater contribution of the knee and hip extensor musculature whereas the stiff landing mainly
involved the ankle planter flexors. Devita and Skelly (21), who examined the effect of landing stiffness
on joint kinetics and energetics also reported higher GRF during stiff landings. Similar to the first study,
higher activation of the ankle planter flexors was observed during stiff landings, however, greater
activation of the hip and knee extensors were observed in the soft landing. Slater et al. (61), who
assessed landing stiffness on peak vertical GRF in artistic gymnasts again had similar findings. By

allowing greater flexion at the hip, knee, and ankles upon impact, gymnasts significantly reduced peak
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vertical GRF as well as increased time to peak. Time to peak GRF has also been considered an
influential factor in GRF as it has been suggested that this increased time allows for excess force to be

absorbed by the muscles (14, 15).

Foot position during landing is also considered a key factor in force dissipation and has been shown to
influence subsequent movement at the hips and knees. This was observed in a study by Whitting et
al. (67) who examined whether landing foot pitch affected vertical GRF in military parachutists. What
they discovered was that those who used a flat foot landing had reduced knee and ankle flexion, higher
peak vertical GRF, as well as faster times to peak. In comparison, those who landed on the ball of the
foot had lower GRF, a slower time to peak as well as increased knee and ankle flexion. Again, this study
highlights that the time to peak or the rate of force development plays a significant role in force
dissipation. Foot landing strategy was also investigated by Cortes et al. (15), who assessed lower limb
kinematics during various foot landing strategies (forefoot, habitual, and rear foot) in recreationally
trained athletes. The study showed that peak vertical GRF was highest in the rear-foot landing
technique. Furthermore, it was observed that this technique involved the lowest knee flexion angles.
Together, these studies suggest that certain kinematic variables such as hip, knee, and ankle
movement upon landing play a crucial role in reducing GRF. It is important to note that the studies
mentioned here only cover a small sample of the studies identified that have addressed landing
kinematics (6, 45, 47, 51, 60, 68, 69). However, these studies provide evidence that GRF is influenced

by landing technique.

Upper limb kinematics and ground reaction force

Most studies have shown that lower limb kinematics play the largest role in GRF. However, upper body
kinematics may also influence GRF. Blackburn and Padua (8) demonstrated that active trunk flexion
during drop landings in healthy men and women produced concomitant increases in both hip and
knee flexion which in turn reduced GRF. In comparison, it has been shown that a more upright torso
as well as abdominal bracing during landing may have the opposite effect. In a recent study by
Campbell et al. (11) abdominal bracing during a drop landing task in healthy adults was accompanied
by reduced hip and knee flexion as well as increased vertical GRF. Using the braced abdominal strategy
upon landing appears to have had a similar effect to the stiff landing of the lower body which resulted
in a decreased ability of the body to attenuate force. The upper limbs have also been shown to affect
lower limb kinematics during landings tasks. For example, Masters et al. (38) assessed whether or not

arm position during single leg box drops would affect lower limb kinematics in American football
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players. The arm positions included a control where the arms were free, arms to the landing limb side,
arms in front of the body, and arms away from the landing limb. The study found that landing with
arms away from the landing limb significantly decreased hip flexion and increased dorsiflexion.
However, it was also suggested this may be the result of reduced stability which challenged normal

landing movements.

Landing velocity and ground reaction force

There is evidence suggesting that the velocity of impact during landing may also influence GRF by
modification of landing technique. This was observed by McNitt (41) who assessed landing strategy
preference and lower limb kinetics in gymnasts and recreational athletes during drop landings. The
study found that increases in impact velocities were accompanied by larger hip and ankle moments
which resulted in reduced GRF. Interestingly, larger extensor moments were found in the gymnasts
compared to the recreational athletes. This was suggested to be due to gymnasts having to often stick
their landings (i.e. no additional steps) which requires a higher level of control and balance (41). As it
was seen in the study by Masters, reduced balance may impair landing ability. In military paratroopers,
velocities measured during the descent phase prior to landing have been recorded at values up to 6.7
ms? (25). Moreover, it has been shown that the GRF associated with landing within these velocity
ranges can result in GRF of up to 17 times bodyweight (25). Although this would not be considered a
common sport or activity, it is stated that GRF can significantly increase at high velocities as well as
with lower limb stiffness (10, 71). Again, this further suggests landing technique as well as the

muscular system will also play a role in mitigating forces particularly at higher velocities.

The role of the muscular system in force dissipation

The studies mentioned provide evidence that landing technique plays a major role in force dissipation
which in turn is likely due to the contribution of the muscular system. This has been explored in several
studies by measuring electrical activity of muscle upon landing via EMG. One study in particular was
by Kellis and Kouvelioti (29), who measured EMG activity of the knee flexors and extensors during a
drop landing task. The authors reported that greater knee flexion was associated with an increased
activation of the quadriceps as well as reduced vertical GRF. Similar results were observed by Leporace
et al. (33) who found that the rectus femoris, a knee extensor, had significantly higher activation
100ms post landing compared to 100ms prior to landing in male volleyball players. Interestingly,

activation patterns of lower limb muscle groups during landing have also been shown to impact joint
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functional stability. This was observed in a study by Suda et al. (64) who compared activation patterns
in the ankle muscles of volleyball players with and without ankle instability. The study found that
players with no instability had a simultaneous contraction of the peroneus longus and gastrocnemius
lateralis with the tibialis anterior activated after impact. In comparison, in player who had ankle
instability, all three muscles activated simultaneously. This may be the result of neuromuscular control

which may in turn predispose athletes to ankle sprains (37).

These studies emphasise the important role of the lower limb musculature in force dissipation and
joint integrity during landing tasks. According to the literature, the muscular system plays a significant
role in attenuating the mechanical stress placed on the body during landing (29). Essentially, the
muscular system is said to act as a shock absorber due to their ability to dissipate kinetic energy during
landing and other deceleration movements (31). The ability of the muscle to dissipate energy is
through active lengthening of the muscle fascicles which in turn converts mechanical energy into
metabolic heat (1). During force dissipation, the tendons may also act as a buffer by temporally storing
elastic energy which not only provides energy for subsequent movements but also reduces peak forces
placed on the muscles (58). In addition, it is stated that the magnitude of force to muscle is at its
greatest when the external force exceeds the internal force by the muscles which results in eccentric
contraction (35). The eccentric phase has been said to produce forces up to 140% greater than those
of concentric and isometric contractions (48). However, this can result in significant mechanical stress
which may increase the chance of muscular damage or injury (52). As mentioned, the forces placed
on the body during landing can be several times bodyweight. Therefore, the ability of the muscles to

withstand and absorb excess forces is paramount to both performance and safety (32).

Landing sound and ground reaction force

Although little evidence was found, it has been shown that a relationship may exist between landing
sound, GRF, as well as lower limb kinematics. Wernli et al. (66), who investigated this relationship
during a box drop task in physically active men found that decreased sound upon landing was
accompanied by a decrease in GRF. Additionally, it was observed that these landings produced higher
levels of muscular activity particularly at the knee and ankle. These findings agree with previously
mentioned studies as increased flexion of the lower limbs has been shown to increase muscle
activation which in turn allows more efficient energy absorption through the muscles. However,

landing sound is a variable that needs further research.
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Parkour

Parkour is derived from the French word parcourt meaning “obstacle course” and was created by
David Bell and Sebastien Foucan in the suburbs of Paris in the 1980’s (43). Parkour is inspired by human
movement and is often described as a type of acrobatic street activity that involves an athlete
manoeuvring themselves over objects and spaces in an urban environment (7). This may involve a
variety of movements including jumping over ledges, climbing walls, balancing, and traversing
between obstacles (3). Parkour has gained considerable popularity over the last decade or so due to
increased exposure through media outlets (43). As a result, there has been an influx in youths and
adults attempting this sport (43). This may be problematic however as due to the nature of parkour it
is often considered an extreme sport with high risks (24, 43). For example, in addition to the variety
of movements, parkour is often performed on hard surfaces such as concrete and other rough terrain
(59). Unfortunately, parkour is still a relatively new and unknown sport and therefore research is
limited. More specifically, there appears to be a gap in knowledge on the ground reaction forces
associated with parkour landing as well as any potential links to injury. As discussed, increases in
ground reaction force result in additional stress on the musculoskeletal system which must be
dissipated to reduce structural damage. This holds great significance here as due to the extreme
nature of parkour, landing movements are crucial to both safety and performance. Furthermore, due
to the height of drop landings (sometimes over 2 meters) as well as the rough surfaces used, these
forces may potentially be even greater. Therefore, to provide a greater understanding of landing in

parkour and potentially reduce the chance if injury, additional research is required.

History and distinction between parkour and free running

According to the literature the terms parkour and free running are often used synonymously.
However, it is important to note the distinction between these terms. Parkour is often described as
original parkour which was first utilised in the French military where it was used as a training method
for its functional purpose (2). Essentially, the goal of parkour is to simply improve one’s skills in
overcoming obstacles in the safest and most efficient manner (18). For example, a traceur may use
certain jumps and vaulting movements to move through obstacles safely which may be used to escape
from harm or even to help those in danger. In comparison, free running often uses similar movements
in parkour, however, involves more aesthetic and expressive skills such as flips and other acrobatic
movements (3, 5). In some parts of the world free running has even been further developed and
commercialised into competitive sporting events such as Red Bulls art of motion and Barclaycard Free-

Running World Championship (5, 46).
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Factors affecting ground reaction force in parkour

Numerous studies on more common sports and activities have provided strong evidence that landing
technique has a significant influence on the forces acting on the body. Unfortunately, although some
studies have looked into muscular fitness and performance of parkour athletes (24, 37), very few were
identified that investigated landing and their associated forces. One study by Puddle & Maulder (53),
aimed to address this topic by comparing GRF as well as loading rates associated with two landing
variations in healthy parkour athletes. The variations included a forefoot only (parkour precision
landing) as well as a forefoot to heel (traditional landing) which were performed from a drop landing
from a 0.75m platform. This study found that the parkour precision landing had significantly less
vertical GRF (38%) and loadings rates (54%) compared to the traditional landing. It was therefore
concluded that the parkour precision landing was a safe landing strategy. Interestingly, this study also
mentions that the precision landing involves increased hip, knee, and ankle flexion to allow for
improved force reduction. According to the previously mentioned studies, the increase in flexion at
the ankle, knee, and hip (soft landing) allows the major muscle groups of the lower limb to absorb

additional forces.

In a second study by Standing and Maulder (63), GRF as well as landing sound was measured at two
drop heights in recreationally trained and parkour athletes. Both groups were instructed to use their
own traditional landing strategies to assess natural movement. It was revealed that the parkour group
had significantly lower GRF (39.9%) than the recreational athletes as well as a longer time to peak
force (68.6%.), and lower loading rates (65.1%). Maximal sound was also lower in the parkour group
(3.6%) however this was not regarded as significant. This low significance is an interesting finding
however as the previous study mentioned by Wernli et al. (66) found a strong relationship between
low landing sound and reduced GRF in physically active males. It was concluded that the traditional
parkour landing (precision landing) placed less stress on the body which resulted in a more effective
landing strategy. Similar to the first study by Puddle and Maulder, it would appear that the precision
landing strategy used in parkour provides an effective strategy for reducing GRF and stress to the
body. An additional finding was that the parkour group utilised the forefoot or precision landing in
93.2% of the trials whereas the recreational group only used this strategy in 8.3% of the landings.
Again, as seen in the previous studies on parachutists, gymnasts, and recreational athletes, the
position of the foot during landing plays a significant role in lower limb kinematics and force

dissipation.
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Finally, in a recent study by Maldonado et al. (36) the precision landing was analysed in both traceurs
and untrained individuals. The study involved a drop landing protocol at two heights (30cm and 60cm)
and used motion capture to evaluate lower limb kinematics of the hip, knee, and ankle. Parkour
athletes were instructed to land using the precision landing technique. The untrained group, however,
were instructed to land with feet together in a stable position on the force platform as they were not
familiar with the precision technique. The researchers found the landing duration of the parkour group
was twice that of the untrained group. Furthermore, the parkour group had greater knee flexion,
lower peak knee torque as well as the knee accounting for half of the energy dissipated. Interestingly,
it was also observed that the landing height did not alter joint mechanical energy dissipation between
the ankle, knee, and hip. As with the previous studies, the precision landing appears to be an effective

landing strategy in parkour.

Parkour studies using non-standardised drop landing methods

The parkour articles mentioned provide insight into how landing technique such as the precision
landing can greatly influence GRF. However, as a sport, parkour is often performed in an urban
environment on a variety of obstacles as well as involving variables such as speed, duration, and
multiple skills. Therefore, it is difficult to say whether standardised landing protocols accurately
represent key variables such as the GRF in parkour. Unfortunately, only one study was found that
included these variables using a parkour obstacle course. Dvorak et al. (22) investigated the reliability
of a parkour skills assessment tool which was conducted in a parkour specific obstacle course. This
study used a qualitative approach which used video to analyse the movements used throughout the
obstacle course. Although this study did not measure GRF or other kinematic variables it was

concluded that their evaluation tool was highly reliable for field parkour skill assessment.

Injury in parkour

Unfortunately, as well as research on parkour landing biomechanics being scarce, there have been
several case studies reporting parkour related injuries. Moreover, these case studies show that landing
movements are the most common cause of injury which are often the result of landing from jumps,
drops, or flips (19, 23, 40, 43, 65). These are summarised in table 1. Currently, knowledge on the risk
factors associated with parkour are limited (59). Therefore, research addressing potential risk factors

as well as guidelines for injury prevention and training is warranted.
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Table 1. This table provides a summary of parkour related injury case studies

Age/gender Cause of injury | Location of injury Diagnosis Source
18 years (male) landing foot Fracture/dislocation Miller &
Demoiny (43)
31 years (male) Lift-off during foot Planta fascia Blanco & Lee
jump rupture (9)
19 years (male) Landing calcaneus Fracture Frumkin (23)
13 years (male) Landing kidney laceration Vivanco-
Allende et al.
(65)
16 years (male) Landing Distal radialis fracture Mclean et al.
(40)
13 years (male) Landing Distal tibia Fracture Mclean et al.
(40)
24 years (male) Flipping Spine Fracture Derakhshan et
al. (19)

Limitations and future research

To address this topic further and increase the current knowledge base of parkour research several
areas require further investigation. For instance, although current research on parkour has
demonstrated that the parkour precision landing is a safe and effective strategy it is unknown whether
thisis applicable to other sports where landing movements are a necessity. Another possible limitation
and opportunity for further research is that the standardization of the drop landing procedure may
not be an accurate representation of the forces associated with natural parkour movements. For
example, parkour is often performed in an urban environment on a variety of obstacles as well as
involving variables such as speed, agility, and duration (43). This also extends to other studies that
have mostly used drop landings at set heights with set instructions as this again may not reflect
unanticipated movement as well as subsequent movements or movements prior to landing. A final
opportunity for further research is addressing injury prevention and exercise prescription for those
that are new to parkour. As the studies by Puddle and Maulder show, experienced parkour athletes
can mitigate forces through landing technique. However, no research has addressed strength and
conditioning and injury prevention for beginners. Due to the extreme nature of parkour and the

associated risks, appropriate strength and conditioning for beginner parkour athletes may improve
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safety and performance. Parkour practitioners are often encouraged to utilize proper technique, use
adequate stretching, use appropriate conditioning as well as gradually progress from simple to difficult
tasks to reduce the chance of injury (30). However, specific guidelines for technique, types of
conditioning, and how to progress would be highly beneficial for both parkour practitioners and

coaches.

Conclusion

In summary, landing movements are fundamental to parkour as well as many other sports. The ground
reaction forces associated with landing can increase significantly upon impact. In turn these forces can
be detrimental to the body and have been linked to several injuries. An abundance of research has
been placed on landing biomechanics in sport. Going by current literature, most studies on this topic
have focused on key variables such as, EMG, landing technique, landing velocity, and landing sound
with many utilizing the drop landing method. Overall, the identified studies show that landing
technique can greatly influence GRF as increasing flexion of the hip, knee and ankle allows the
muscular system to efficiently dissipate excess force. Although only limited studies were found for
parkour, similar results were found in these studies suggesting landing technique reduces GRF in
parkour and non-parkour sports. However, to better understand landing biomechanics as well as

performance in parkour, more research is required.
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Chapter 2
Materials and methods

Participants

Five males (age 30.2+2.7 years, height: 175.7+8.14cm, mass: 75.85+14.71kg) with parkour experience
(5.2+3.44 years) volunteered to take part in this study. Participants were required to have a minimum
of 6 months parkour training experience, thus ensuring that all participants had the necessary
conditioning to safely perform the course. Additional exclusion criteria addressed safety and
performance: any lower extremity injuries within the past 6 months, balance and coordination
conditions, or any other health concerns that may prohibit completion of the course. Participants were
instructed to wear their preferred training clothing and shoes; however, they were asked to wear
shorts for accessibility when attaching EMG electrodes. All participants provided informed written
consent prior to participation and the study was approved by the Massey University Human Ethics

(Southern A) Committee.
Course description

The course, which was located in a parkour training facility, included a total of 9 parkour obstacles;
these obstacles were constructed using plywood for the exterior and supported by timber framing
(see Figure 1). The two largest obstacles (obstacle 2 and 6) had multiple sections which were broken
into parts (2a/2b/2c and 6a/6b, respectively) and participants were instructed to use the same
sections of these obstacles. Additionally, obstacles 1 and 2 were used twice (bidirectionally) in this
course. The method for clearing obstacle 1 was the same bidirectionally; however, participants
overcame obstacle 2a in the forward direction and then 2b and 2c upon return. A bench located at
the beginning of the course was used as the start and finish points for the course. Timing gates (Brower
system; Draper, UT, USA) were positioned directly in front of the start/finish bench and were used to
measure the time it took participants to complete the course. A webcam was placed above the starting
bench and a second camera (GoPro Hero 5 set to 60fps at 1080 resolution) was placed at the opposite
end of the course behind obstacle 7. Both cameras were used to identify the type of landings
performed after each obstacle. The participants were provided a tour and instructions prior to
completing familiarisation trials so that they understood the layout of the course and the task.
Participants then performed familiarisation trials of the obstacle course to ensure that the participant

was comfortable and competent with completing the course. Familiarisation trials were limited to a
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total of five practice runs to minimise the effects of fatigue; all participants reported being

comfortable with the course and did not request more than the five trials that were allowed.
Procedure

Prior to testing, participants were fitted with electrodes for muscular activity and insoles to measure
vertical GRF. An 8-channel wireless EMG system (Model 542 DTS EMG, Noraxon USA Inc., Scottsdale,
AZ) was used to measure bilateral muscle activation of the vastus lateralis (VL), gastrocnemius
medialis (GM) and tibialis anterior (TA). SENIAM guidelines were used for skin preparation and
electrode placement (26). Skin preparation involved shaving and cleaning the skin using alcohol wipes.
Surface electrodes (11 mm diameter; BlueSensor N, Ambu, Denmark) were placed on the belly of the
muscle parallel to the muscle fibres orientation. EMG data was recorded at a frequency of 1500 Hz
(input impedance: > 100 MQ; CMRR: > 100 dB; baseline noise: < 1uV RMS; gain: 500). The EMG signal
was normalised by completing maximal isometric voluntary contractions (MVIC) on the selected
muscles. The MVIC protocol involved placing the lower limbs in the most effective positions for
generating muscular force as recommended by the SENIAM guidelines. A break test was used where
the limb was placed in position by the tester and the participant tried to break that position by
maximally contracting. For the GM and TA MVIC, the subject was asked to sit in an upright position
with the heel placed over the edge of a massage table. The participant was instructed to maximally
plantarflex for the GM and dorsiflex for the TA against manual resistance applied by the tester. VL
MVIC involved the participant sitting with the knee in line with the edge of the table and performing

maximal extension at the knee against manual resistance.

Vertical GRF was measured by placing a pair of single sensor wireless insoles (loadsol, Novel
Electronics, St. Paul, MN) inside participants’ regular training shoes. Insoles were calibrated using a
validated protocol (50) . Participants’ weight was measured and converted to newtons (N) before
importing the data into the loadsol iPad application. Participants were then asked to perform a 5-
minute warm up of self-directed dynamic movements, which allowed the insoles to reach body
temperature. After the warmup, the insoles were calibrated during a series of loaded and unloaded
single leg stance conditions; participants were instructed to complete three repetitions of loading and

unloading bilaterally. Insole resolution was set to 5/10 N for a range of 0-2550N.

Participants were instructed to sit in a relaxed position on the bench before the trial began and at the
end of each trial to minimize any unwanted signal. When instructed to begin, the participant stood
up, moved through the timing gates and proceeded to complete the course at their own pace. As

parkour is about freedom of movement, participants were told to use their desired method for
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overcoming each obstacle. However, as efficiency is key during parkour, participants were also
instructed to choose movements that allowed them to manoeuvre each obstacle as fluidly and safely
as possible. In particular, highly acrobatic maneuverers such as flips were prohibited. Upon completion
of the course the subject immediately sat down and relaxed. Participants were then given a rest period
of up to 5 minutes. A total of 5 trials were completed. EMG, insole, video, and timing gate data were

checked for quality assurance between each trial.
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Figure 3 flow diagram showing obstacles and their associated landings used for analysis
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Data analysis

A total of five trials from each participant were analysed in order to calculate the selected kinetic
variables. For consistency, the limb with the greatest peak vGRF for each landing was used to extract
force and EMG data during that landing. A total of 10 obstacle landings were used for both EMG and
force data. Data from loadsol sensors were exported as a comma separated file into an excel datasheet
(Microsoft, Inc; Bellevue, WA). Each obstacle landing was visually identified using GoPro data and the
time was noted; the identified time was then matched to the time sequence within the insole
datasheet. Peak vertical GRF, time to peak, and normalised force values were assessed for each
landing. Peak vertical GRF was the largest value of vertical force during a single landing. The peak
vertical GRF was identified for each foot and a bilateral comparison determined which side of the body
would be assessed during that landing. To standardise all comparisons, the peak vertical GRF was
normalised to bodyweight (N). Time to peak vertical GRF (ms) was calculated by subtracting the time
at the recorded peak vertical GRF by the time at initial contact. Rate of force development (RFD) was
identified by dividing the peak force (N) by the time to peak (s). All force variables were reported as
mean values for each obstacle landing. EMG data was processed using Noraxon MRXP Master Edition,
version 1.08.17 (Noraxon USA Inc., Scottsdale, AZ). The EMG signal was rectified and filtered using a
bidirectional (zero lag) 8™ order Butterworth bandpass filter (10-500 Hz). EMG data was normalised
and reported as a percentage of root mean square (RMS) by applying the appropriate MVIC to the
corresponding muscle. Area under the amplitude curve was calculated for all obstacles and then

exported to an excel datasheet (Microsoft, Inc; Bellevue, WA).
Statistical analysis

Means, standard deviations, and correlations were all calculated in SPSS (version 22, IBM Corporation,
Armonk, NY) for all kinetic variables. Paired t-tests were used in SPSS to compare both force and EMG
data between all obstacles. Effect sizes (Cohen’s d;) and post hoc power (B) analyses were calculated
for all force and EMG variables. Kinetic variables were considered as statistically significant if they had

values between p0.05 and $0.80.
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Results

Comparisons are presented if post hoc statistical power was appropriate ($>0.80) for variables of
interest. Mean differences for comparisons (Table 2), as well as effect sizes and power (Table 3) for
GRF, TTP, and RFD are displayed. All values identified within brackets refer to the mean difference

between compared obstacles.

GRF data revealed that obstacle one had less GRF than both obstacles 7 (0.213 N/kg) and 8 (0.404
N/kg). Obstacle 2 produced a higher GRF than obstacle 9 (1.25 N/kg) and obstacle 3 had less force
than obstacle 8 (-0.615 N/kg). Obstacle 4 had higher force than obstacle 6 (1.16 N/kg) and 9
(1.28N/kg). Obstacle 5 had less force than obstacle 8 (-0.479 N/kg). Obstacle 6 had less force than
both obstacle 7 (-0.826 N/kg) and 8 (-0.931 N/kg). Obstacle 8 had greater force than obstacle 9 (1.05
N/kg). Obstacle 9 had less than obstacle 10 (-1.31 N/kg).

Obstacle one showed greater TTP than Obstacles 3 (30.5ms) and 10 (22.5ms), but lower than obstacle
7 (-38.50ms). Obstacle 3 had less TTP than obstacle 6 (-70.00ms). Obstacle 6 had greater TTP than

obstacle 10 (65.25ms). No other comparisons reached appropriate power for TTP.

Obstacle 1 had a higher RFD than obstacle 5 (-6698.35N/s) and obstacle 9 (5588.08N/s) but less than
obstacle 3 (-19780.73N/s), 8 (-4832.64N/s), and 10 (-25183.47N/s). Obstacle 2 had less RFD than
obstacle 3 (-3101.14N/s). Obstacle 3 had higher RFD than obstacle 6 (26522.92N/s).

EMG recordings were also compared to better understand the mechanisms associated with
differences in landing forces. Mean differences for EMG comparisons (table 3) as well as effect sizes
and power (table 4) are displayed for VL, GM, and TA. VL comparisons showed that obstacle 1 had a
lower activation than obstacles 5 (-30.39mV), 6 (13.52mV), 8 (-12.54mV), and 9 (-15.76mV). Obstacle
2 showed a lower quadriceps activation than obstacle 5 (-21.81mV). Obstacle 3 had a lower quadriceps
activation than obstacle 5 (-21.28mV) and 7 (-10.45mV). Obstacle 4 had a lower quadriceps activation
than obstacle 5 (-18.69mV). Obstacle 5 had a lower quadriceps activation than obstacle 7 (12.67mV)
and higher than obstacle 10 (25.28mV). Obstacle 6 had a greater quadriceps activation than obstacle
10 (17.60mV). Obstacle 7 had a greater activation than obstacle 10 (12.60mV).

GM comparisons revealed that obstacle one had a higher muscle activation than obstacle 3 (-4.90mV)
and lower than 5 (-3.93mV). Obstacle 2 had a greater GM activation than obstacle 9 (7.78mV).
Obstacle 3 had a higher GM activation than obstacle 9 (9.79mV) and obstacle 10 (10.64mV).
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EMG comparisons for TA showed that obstacle one had a lower muscle activation than obstacle 5 (-

8.62mV), and 8 (-13.61mV). obstacle 3 had a lower TA activation than obstacle 5 (-1.42mV) and

obstacle 8 (-9.18mV). Obstacle 6 had a lower TA activation than obstacle 8 (-7.88mV).

Table 2. Mean (£SD) for force variables describing each obstacle.

Obstacle # Drop Time to peak Peak RFD mVF/BW
height (m) force (ms) KN/s

1 1-floor 1.02 65.45+15.95 31,510.70+29007.13 2.4910.44
2 2a-floor 1.0 65.29+24.78 39,340.85+14,838.93 3.2010.64
3 34 0.37 56+42.10 41,449.97+21,266.57 2.3310.48
4 4-floor 0.78 70+23.26 35,379.1649,490.01 3.19+0.54
5 6b-7 0.75 67.5£21.24 29,082.02+9,633.28 2.47+0.34
6 7-8 0.59 126+46.04 14,927.0419,529.68 2.0210.21
7 8-floor 0.65 100+35.53 25,454.38+16,636.87 2.84+0.33
8 9-floor 0.90 67.22126.75 38,600.17+21,625.06 2.97+0.31
9 2b-2c 0.7 69.5+45.71 29,480.83+22,911.00 1.891£0.76
10 2c-floor 1.0 61.58+£30.23 46,522.81+21,783.78 3.20+0.52

Note. MVF: Maximal vertical force, BW: bodyweight, RFD: rate of force development

Table 3. Effect size and power values for comparisons of force variables that reached p>0.80

Variable Obstacle X Obstacle Y Effect Size Power
Ground 1 (1-floor) 7 (8-floor) -2.8 .99
Reaction Force | 1 (1-floor) 8 (9-floor) -2.3 0.95
2 (2a-floor) 9 (2b-2c) 1.99 0.9
3 (3-4) 8 (9-floor) -2.78 0.99
4 (4-floor) 9 (2b-2c) 2.12 0.93
4 (4-floor) 6 (7-8) 1.7 0.82
5 (6b-7) 8 (9-floor) -3.3 0.99
6 (7-8) 7 (8-floor) -2 0.92
6 (7-8) 8 (9-floor) -2.57 0.98
6 (7-8) 10 (2c-floor) -1.73 0.83
8 (9-floor) 9 (2b-2c) 1.79 0.85
9 (2b-2c) 10 (2c-floor) -2.05 0.92
Time to Peak 1 (1-floor) 3(3-4) 14.38 1
1 (1-floor) 7 (8-floor) -4.1 0.99
1 (1-floor) 10 (2c-floor) 3.57 0.99
3 (3-4) 6 (7-8) -1.95 0.89
6 (7-8) 10 (2c-floor) 1.75 0.83
7 (8-floor) 8 (9-floor) 1.74 0.83
Rate of force 1 (1-floor) 3(3-4) -1.79 0.85
development 1 (1-floor) 5 (6b-7) -2.32 0.96
1 (1-floor) 8 (9-floor) -2.21 0.94
1 (1-floor) 9 (2b-2c¢) 1.95 0.89
1 (1-floor) 10 (2c-floor) -2.29 0.95
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Table 4. Mean (£SD) for electromyographic variables describing each obstacle

Obstacle # Area %MVIC
VL TA GM
1 1-floor 25.13+13.74 16.01+4.83 37.36+16.49
2 2a-floor 25.79+14.58 16.07+6.99 26.53110.84
3 3-4 20.5616.18 17.22+4.31 33.49+7.18
4 4-floor 28.78+27.27 21.57+21.94 40.54+38.63
5 6b-7 47.30+13.91 21.90+8.63 39.83+22.89
6 7-8 39.97+16.12 18.8419.74 37.34+£26.94
7 8-floor 34.4518.41 20.4449.50 32.81+16.70
8 9-floor 34.81+16.89 26.3945.40 30.93+14.50
9 2b-2c 33.03£16.97 24.00£20.55 20.38+7.23
10 2c-floor 22.49+12.93 15.0515.46 19.3847.33

Note. VL: vastus lateralis; GM: gastrocnemius; TA: tibialis anterior

Table 5. Effect size and power values for comparisons of electromyographic variables that reached

B>0.80

Variable Obstacle X Obstacle Y Effect Size Power

VLEMG 1 (1-floor) 5 (6b-7) -3.15 .99
1 (1-floor) 6 (7-8) -2.32 0.96
1 (1-floor) 8 (9-floor) -2.57 0.98
1 (1-floor) 9 (2b-2c¢) -3.78 0.99
2 (2a-floor) 5 (6b-7) -3.34 0.99
3 (3-4) 5 (6b-7) -5.81 1
3 (3-4) 7 (8-floor) -1.68 0.81
5 (6b-7) 7 (8-floor) 1.65 0.8
5 (6b-7) 10 (2c-floor) 4.12 0.99
6 (7-8) 10 (2c-floor) 1.76 0.84
7 (8-floor) 10 (2c-floor) 1.86 0.87

GM EMG 3 (3-4) 9 (2b-2c) 1.94 0.89
3(3-4) 10 (2c-floor) 1.75 0.83

TA EMG 1 (1-floor) 2 (2a-floor) 3 0.99
1 (1-floor) 5 (6b-7) -2.4 0.96
1 (1-floor) 8 (9-floor) -1.79 0.85
3 (3-4) 8 (9-floor) -1.95 0.89

Note. VL: vastus lateralis; GM: gastrocnemius; TA: tibialis anterior
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Chapter 3
Discussion

The purpose of the present study was to design a field-based protocol that measured and compared
the ground reaction forces associated with a variety of parkour landings. Obstacle comparisons were
made for peak vertical ground reaction force, time to maximal ground reaction force, and rate of force
development. According to the force data, the highest GRF was associated with obstacles 2a-floor, 4-
floor, and 2c-floor (table 2). Obstacle 2a, which was a large rectangular ledge, had one of the highest
drop heights (table 2). Most participants simply stepped off the edge or performed a low vault off to
the side to complete the obstacle. Additionally, as the distance between obstacle 2a and 3 was short,
participants landed and quickly accelerated in order to run up the incline board on obstacle 3. Obstacle
4-floor also produced one of the highest GRF values. Both obstacles 3 and 4 were vault boxes with
obstacle 4 being lower than obstacle 3. The most common method for overcoming this obstacle was
jumping from the top of obstacle 3 to the top of obstacle 4 but only briefly landing on the top of
obstacle 4. The brief contact time on obstacle 4 was likely due its narrow surface as well as participants
trying to maintain their momentum in order to continue efficiently towards the next obstacle. The
short time spent on obstacle 4 reduced the absorption phase and consequently produced one of the
lowest force values. Therefore, the forces associated with 4-floor which were among the highest, were
more of a combination of obstacle 3-4 and 4-floor. Similarly, the higher forces associated with
obstacle 2c-floor may be due to participants jumping from 2b with only a short contact time on
obstacle 2c. Again, obstacle 2b-2c had one of the lowest forces suggesting that the forces observed

with 2c-floor were summative of 2b-2c and 2c-floor.

Ground reaction force plays a significant role in most sports as it quantifies the magnitude of stress
placed upon the body (10). The accumulation of high impact forces may have harmful effects on the
lower extremities, which may lead to injury (55). Although few studies have looked at GRF in parkour
there is an abundance of research looking into more common landing movements. For example, peak
vertical GRF during single leg landing from a somersault in gymnasts have been reported at values as
high as 14.4 times bodyweight (22). Stacoff et al. (30) reported GRF associated with landing after a
volleyball block jump had peak values of up to 6000 Newtons (N). Previous research using standardised
drop landing protocols have observed ground reaction forces between 4-9 times bodyweight (4, 19,
34). In comparison to previous parkour research, the forces associated with obstacles 2a-floor, 4-floor,
and 2c-floor were similar to the findings of Puddle and Maulder who reported landing forces of 3.2

mVF/BW during precision landings at a height of 0.75m (53). Standing and Maulder, who also
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investigated the forces associated with parkour landings, found that experienced tracers produced
forces of up to 3.6 mVF/BW while landing from a platform set to 50% body height (63). It is important
to note, however, that the forces measured in both parkour studies, as well as in the non-parkour
landing research, involved participants coming to either a complete stop or a prolonged landing phase.
However, no participants came to a complete stop during landings in this study. The differences
between static and dynamic landings are an important consideration as a typical parkour landing
involves an ever-changing combination of variables such as speed, agility, and multiple movement
skills that in turn may affect the forces placed on the body. The forces observed in the current study
were lower than most of the previous research and similar to the parkour studies. The lower landing
forces measured in previous parkour studies may be due to several factors however: it appears that
landing technique plays a major role (36, 53, 63). Specifically, kinematic variables such as greater
trunk, hip, knee, and ankle flexion, which are commonly seen in the precision landing, have been
shown to reduce ground reaction force. Unfortunately, joint kinematics were beyond the scope of the

current study.

Time to peak GRF has also been considered an influential factor when investigating GRF as an
increased amount of time requires less force to generate the braking momentum needed in landing
(14, 15). In the current study obstacles 3-4, 2c-floor, 2a-floor, and 1-floor produced the lowest time to
peak values (table 2). As mentioned, participants contact time on obstacle 3-4 was short which may
be due to participants trying to preserve momentum. In turn this reduced contact time may have
limited the time the muscles had to absorb additional force. Furthermore, due to limited space around
obstacles 2a-floor, 2c-floor, and 1-floor, participants had to accelerate immediately upon landing in
order to complete subsequent obstacles. As a result, 2a-floor, 2c-floor, and 1-floor all had higher GRF

as well as some of the lowest TTP values.

The previous research by Puddle and Maulder reported mean time to peak values of 77ms for the
precision landing at 0.75m and Standing and Maulder reported mean time to peak values of 56ms in
traceurs performing a drop landing at 50% body height. The values observed in the current study were
slightly lower than those of Puddles but were similar to those found by Standing and Maulder. Again,
itis important to note that the current study used dynamic landings compared to static, and the added
speed and acceleration may affect both the GRF and TTP. Interestingly, obstacles 7-8 and 8-floor had
the highest TTP values. The landings from both these obstacles involved participants quickly
descending from 7-8 and 8-floor before accelerating towards obstacle 9. The higher TTP may have
been necessary for the body to make a change in momentum without increasing the forces placed on

the body.
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Rate of force development is an important factor in developing muscular power and is considered a
key determinant in sport performance (13, 16). Obstacle 2a-floor, 3-4, 4-floor, 9-floor, and 2c-floor
produced the highest RFD values (table 2). As stated, 2a-floor involved participants landing and quickly
accelerating towards obstacle 3 and obstacle 4 had a short contact time. Similarly, due to limited space
around obstacle 4-floor participants quickly landed from obstacle 4-foor and immediately jumped or
stepped onto the next obstacle. Obstacle 9-floor involved performing a vault and quickly running to
obstacle 2b, which was a low climbing wall. As mentioned, obstacle 2c-floor involved a higher GRF,
lower TTP, and required a fast jump in order to clear obstacle 1. The above-mentioned landings all
required brief contact time as well as explosive power in order to overcome subsequent obstacles,
which help explain the higher RFD values. Unfortunately, no studies were identified that specifically
investigated RFD in parkour landings. However, research on more common jumping movements has
shown lower RFD values than what has been presented in this study (28). The higher RFD values in the
current study may again be due to the dynamic nature of the parkour course which included several

obstacles being completed consecutively at speed.

The muscular system plays a significant role in attenuating the mechanical stress placed on the body
during landing (29). The muscles act as shock absorbers by dissipating kinetic energy during landing
and other deceleration movements (31). Muscle activity was recorded to further understand the
underlying mechanisms involved in each obstacle landing (table 4). According to the literature, both
the knee flexors and ankle plantar flexors must contract eccentrically in order to dissipate the
additional stress during landing (4). Both the VL and GM showed higher activations on obstacles
requiring high levels of deceleration. For example, 6b-7 required rapid deceleration as well as a pivot
in order to change direction for obstacle 8. Additionally, the descent from 7-8 and 8-floor required
control and momentum preserved in order to complete obstacle 9-floor. As mentioned, the forces
associated with obstacles 7-8 and 8-floor were slightly lower while also having the highest TTP values.
The moderate forces, higher TTP and higher levels of VL and GM activation suggests these muscles
may have been working to reduce the forces produced during the deceleration on these obstacles. TA
showed higher activations on obstacle 9-floor and 2b-2c but activations were similar across most
obstacles. The activation of the TA may be due to its role in eccentrically contracting during initial foot

strike during landing (12, 34).

Unfortunately, muscular activity during parkour landings is scarce. One study by Maldanado et al. (36),
however, measured lower limb kinematics, dynamics, and energetics in parkour landings and reported
that the knee extensors played a crucial role in energy dissipation during landings. Kellis and Kouvelioti

(29) who measured lower limb EMG activity during a box drop task reported that an increase in knee
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flexion during landing was associated with greater activation of the knee extensors as well as reduced
GRF. Although these studies help explain the kinematics and kinetics involved in landings, more

research is needed to understand the links between kinetic and kinematic variables in parkour.

The current study had several limitations that should be mentioned. The field-based approach had
several unanticipated difficulties that resulted in a smaller sample size than expected. However, with
the sample used, several significant comparisons and observations were made. The force insoles used
in this study were only capable of measuring vertical forces. Participants would have been exposed to
both vertical and anterior-posterior forces during all landings and therefore it is an important
consideration for future research. Likewise, due to the high speeds, short contact time, and obstacle
proximity, it is likely that the forces measured during landing may have also included propulsion
forces. Natural parkour movements were a key factor for this study and therefore no instructions were
given for how participants were to complete each obstacle. However, it is important to note that this
approach resulted in a variety of movements and landing techniques which may affect the forces and

EMG recordings on each obstacle.
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Conclusion

The current study investigated and compared the ground reaction forces associated with several
parkour landings. The field-based approach allowed a close representation of the forces exposed to a
parkour athlete in their natural training environment. In this study, the highest forces were associated
with obstacles requiring immediate acceleration upon landing as well as landings involving greater
momentum from previous obstacles. Lowest TTP values were associated with obstacles that had
limited contact time due to participants preserving momentum or involving narrow surfaces. RFD was
greatest on obstacles requiring greater levels of acceleration. In addition, EMG showed that the GM
and VL had the greatest activations on obstacles requiring deceleration as well as control or change
of momentum. It was observed that all the above factors played a crucial role in the ability of athletes
to complete the course. Furthermore, kinematic variables such as landing technique and movement
skill would have also played an important part. Although beyond the scope of the current study, future
research should aim to investigate both kinematic and kinetic factors in order to provide a greater

understanding of parkour performance and injury prevention.
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Appendix

Ethics approval

MASSEY
UNIVERSITY

TE KUNENGA KI PORENUROA

UNIVERSITY OF NEW ZEALAND

Date: 15 December 2017

Dear Marcel Austmann

Re: Ethics Notification - SOA 17/60 - A comparison of novice versus experienced traceurs and
their associated ground reaction forces and electromyography in a parkour obstacle course

Thank you for the above application that was considered by the Massey University Human Ethics
Committee: Human Ethics Southern A Commiittee at their meeting held on Friday, 15 December,
2017.

On behalf of the Committee | am pleased to advise you that the ethics of your application are approved.

Approval is for three years. If this project has not been completed within three years from the date of
this letter, reapproval must be requested.

If the nature, content, location, procedures or personnel of your approved application change, please
advise the Secretary of the Committee.

Yours sincerely

2o il

Dr Brian Finch
Chair, Human Ethics Chairs' Committee and Director (Research Ethics)

Research Ethics Office, Research and Enterprise
Massey University, Private Bag 11 222, Paimerston North, 4442, New Zealand T 06 951 6841; 06 95106840
Eh thics@: ac.nz; ani nics@ .ac.nz; gic@ y.ac.nz
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Consent form

Name: Age: DOB: Gender:
Email: Preferred contact number:

| have read the information sheet for this study and understand the ves OO No [
purpose, objectives, as well as what is required as a participant.
I understand that taking part in this study is voluntary and that | may Yes O No O
withdraw from the study at any time without consequences
If | decide to withdraw from the study, | agree that the information collected Yes O No O
about me up to the point when | withdraw may still be used for analysis
| consent to the researcher collecting and processing my health
information, including height, bodyweight, as well as any health conditions vesO NoO
obtained in the questionnaire.
I understand that this parkour experiment will involves a variety of
movements and obstacles and as such there may be an increased chance Yes O No D
of injury
| agree to the use of video recording during testing and have been made
aware that my identity will not be compromised. Yes O No O
I understand that my participation in this study is confidential and that no
mate.nall which could identify me personally, will be used in any reports or Yes O N O
publications
| understand that data may be used in a presentation and that only group Yes O No O
averages will be used.

Yes O No O

| wish to receive a summary of the results of this study
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Please read each statement carefully and tick to indicate you consent to the following
Declaration by participant:

| hereby consent to take part in this study.

Participant’s name:

Signature: Date:

Declaration by researcher

| have given a verbal explanation of the research project to the participant, and have
answered the participant’'s questions about it.

| believe that the participant understands the study and has given informed consent to
participate.

Researcher’s name:

Signature: Date:
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Health and physical activity questionnaire

The purpose of this questionnaire is to identify any health issues or concerns that may place you at
risk during exercise. Please read each question carefully and answer them to the best of your
knowledge. The information you provide will be treated as confidential and only accessible by the
researcher and supervisor.

Participant Details

Name: Age: DOB: Gender:
Email: Preferred contact number:
Address: Occupation:

How would you prefer to be contacted? Email () Text () Phonecall () Other:

Other information:

Physical Activity Readiness Questionnaire

Please read the questions carefully and answer each one honestly: check YES or NO. |

1. Has your doctor ever said that you have a heart condition and that you should only do | Yes ()
physical activity recommended by a doctor? No ()
2. Do you feel pain in your chest when you do physical activity? Yes (J

No (J
3. In the past month, have you had chest pain when you were not doing physical Yes (J
activity? No (]
4. Do you lose your balance because of dizziness or do you ever lose consciousness? Yes (J

No (J
5. Do you have a bone or joint problem (for example, back, knee or hip) that could be Yes (J
made worse by a change in your physical activity? No (J
6. Is your doctor currently prescribing drugs (for example, water pills) for your blood Yes (J
pressure or heart condition? No (]
7. Do you know of any other reason why you should not do physical activity? Yes (J

No (J

Taken from Canadian Society for Exercise Physiology

Do you have any recent (within the last 6 months) lower limb injuries that required

medical attention Yes (] No (J

If yes, please provide detail below on what happened.
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Did this injury require surgery? Yes (] No (J

If yes, please provide detail below.

Is there anything not mentioned in this questionnaire that you think may affect your

ability to perform exercise in a safe manner? Yes(J) No ()

If yes, please explain:

Parkour training experience

How many months or years of parkour specific training do you have?

On average, how many days per week would you spend training for parkour?
Approximately how long would a typical parkour session last?

Have you been involved in any parkour training classes? Yes (] No ()

If yes, please detail below the total duration (months/years) and aim of the class

Do you feel confident in your ability to perform fundamental skills in parkour such as

landing, basic vaults, and climbing? Yes (] No ()

On the scale below, where would you rate your current parkour experience level?

Novice Good Experienced Highly Elite
1 2 3 experienced 5
4

Other physical activity

Are you involved in any other forms of physical activity? Yes( ) No ()
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If yes, please detail below what other activities you are involved in and how much time you
would spend on these activities each week. For example, running, 30 minutes, 3 times per
week.

Activity Duration of activity Number of sessions per week

Please return the completed form to:
Marcel Austmann
PH: 02102706910
Email: static_ motion@hotmail.com
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