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Introduction

Skateboard or skateboarding is a radical sport that con-
sists of the practitioners moving and performing maneu-
vers while balancing on the skateboard. The skateboard
is composed of a plate made of different layers of woods,
called shapes, two pairs of wheels and two trucks which
join the wheels to the shape (Silva, 2006). This sport will
be included in the Tokyo Olympics in 2021. Skateboar-
ding has approximately 8.5 million practitioners in Bra-
zil, according to a survey commissioned by the Brazilian
Skateboard Confederation in 2015. One important featu-
re of the sport, particularly street skateboarding (one of
the variations of the modality), is to overcome obstacles,
and height of maneuver is of the utmost importance in
improving performance.

One essential maneuver that constitutes the basis for
the other maneuvers executed in the modality (Tesler,
2000; Meira et al., 2003 cited by Silva, 2006) is the
ollie, characterized by a jump, in the course of which
both skateboard and athlete ascend and return to the
ground in a continuous movement (Bridgman & Collins,
1992 apud Silva, 2006). Thus, improving performance
in the ollie maneuver in terms of height can lead to an
improvement in the maximum height achieved in other
maneuvers (Silva, 2006).

The execution of the ollie maneuver can be influen-
ced by the skateboarder's motor abilities, such as balan-
ce, agility, flexibility, coordination, muscular resistance
and other psychological and physiological aspects. It is
also emphasized that motor characteristics, such as ac-
celeration in the lead-up to the jump maneuver, can also
influence performance (Santos, 2008). To maximize ma-
neuver height, the practitioner's arms play an important
role in generating balance and in producing displace-
ment of the center of mass in the vertical direction (Mei-
ra et al., 2003). This is very important, since maneuver
height is a preponderant factor in the sport for overco-
ming obstacles, and the ollie is the most basic maneuver
in street skateboarding.

The literature contains studies involving the deve-
lopment of specific questionnaires for skateboarders
(Rodriguez-Rivadulla et al., 2019), and the kinetics of
skateboarding have been analyzed in order to understand
injures (Determan et al., 2010), although performance-
related kinematic analyses are underrepresented in the
scientific literature. However, since this type of analysis
contributes to the development of the sport, the aim of
this study is to analyze and compare the kinematics of
the ollie maneuver in static and movement situations.

3D Kinematic Analysis of the Ollie Maneuver on the Skateboard

Methods
Six male participants (23.3 + 4.2 years), who had been
skateboarders for 9.0 (+ 4.2) years, with experience in the
ollie dynamic and static maneuver, took part in this study.

Anthropometric measurements of leg length and
bone diameter measurements of the knee, ankle, hand,
wrist and elbow were taken, and 34 reflective markers
(Full Body Sacro Plug-in-Gait biomechanical protocol)
were placed on the skateboarders’ body and four mar-
kers on the skateboard shape (Figure 1). The tridimen-
sional analysis was captured by eleven infrared optical
capture cameras of the Vicon® system (Denver, USA),
with 100 Hz acquisition frequency, synchronized from
one MX Control (Giganet) unit. A biomechanical model
for skateboards was created in the Vicon® for the calcu-
lation of the center of mass (COM).

For the purpose of data collection, the participant
performed three valid static map maneuvers. Attempts
were deemed invalid when the participant did not com-
plete the maneuver phases, such as failing to finish the
landing on the skateboard, or when the system was una-
ble to capture any of the points marked on the subject's
body or on the skateboard used in the biomechanical
protocol. Subsequently, the participant was instructed to
perform the dynamic maneuver, where the paddle prece-
ded the ollie. The "pop" of the maneuver was to be exe-
cuted on top of a mark, placed 3 meters after the start
of a 10-meter-long walkway. Three valid attempts were
also considered for the dynamic maneuver.

Graphs with the trajectory of the skateboard and the
participants’ center of mass (COM) and the right and left
hip, knee and ankle angles were used to describe the static
and dynamic maneuver movement. A comparison of both
the participant’s and the skateboard’s COM height was
performed in the static and the dynamic maneuver, with
and without paddling, for which purpose Cohen’s t and d
tests were performed.

To calculate the skateboard’s COM, a routine deve-
loped in the MatLab® environment was used, conside-
ring the shape as a geometric solid, and the center of
the main diagonal was translated to the wheel axis. The
skateboarder's center of mass was also calculated by a
routine created in MatLab®,

Descriptive statistics (mean and standard deviation)
were used for bilateral hip, knee and ankle angles in
both of the ways in which the ollie maneuver was per-
formed. In addition, the paired T-test was carried out to
compare differences between variables. The Cohen’s d
effect size was calculated to compare the technical exe-
cution of the maneuver.
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Figure 1
Position of the reflective markers on the skateboard.

3D Kinematic Analysis of the Ollie Maneuver on the Skateboard

Figure 2
Ollie maneuver
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The respective correlations of the COM of the skate-
board, the participants and their joint angles (left, right
and left hip, knee and ankle) were tested with the Pear-
son Correlation Coefficient for both maneuver situa-
tions, i.e. static and dynamic. Statistical tests were per-
formed in the SPSS software and the significance level
set was p <0.05.

Results
Table 1 presents the height of the center of mass and
joint angles during the maneuver. The participant's
COM reached an average height of 0.18 (+ 0.07) m
during the static maneuver and 0.18 (+ 0.06) m du-
ring the dynamic maneuver. The skateboard’s COM
did not present any differences between static and dy-
namic maneuvers, and the skateboard COM reached
the height of 0.24 (4 0.01) m. Therefore, there is no
significant difference in the maximum height of centers

of mass when the maneuver is performed statically or
dynamically.

No significant differences were observed bet-
ween maneuver styles (static and dynamic) when the
participant's and the skateboard's COM were consi-
dered. However, a large effect size was observed in
right ankle angle during the maximum height of both
COM (0.81 and 0.82 m) and in the right knee at the
skateboard’s maximum COM (0.87 m).

During the static maneuver, the left knee angle
(which is forward on the skateboard) was highly corre-
lated (r = 0.85 p = 0.03) with the skateboard’s maxi-
mum COM height, hence the greater the flexion in the
front knee, the higher the skateboard COM height. In
the dynamic maneuver, the left knee angle at the maxi-
mum height instant of the participants (r = 0.98 p =
0.00) and of the skateboard COM (r = 0.85 p = 0.03)
presented a high correlation with the maximum skate-
board height. In the other words, the greater the knee
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flexion angle the greater the skateboard height obtained.
The left ankle angle (in plantar flexion) at the maximum
height instant of the center of mass of the participant
(r = -0.91 p = 0.00) and the skateboard (r = -0.83 p
= 0.00) presented a high inverse correlation with the
maximum skateboard height, i.e., the greater the plantar
flexion angle the lower the skateboard height obtained.
Ideally, the front ankle was in dorsiflexion.

Participant and skateboard COM trajectory during
the dynamic ollie maneuver and joint angles (hip, knee
and ankle) of the right and left limbs are displayed in Fi-
gure 3. During both maneuvers, the athlete reached the
maximum skateboard height before reaching the maxi-
mum body height (COM).

Discussion

This study aimed to analyze and compare static and
dynamic ollie maneuver kinematics. The results ta-
lly with the literature pertaining to COM height.
The skateboard’s COM rises 0.06 m more than the
skateboarder’s COM compared to the study by Jr
Bridgman & Collins (1992), who found that the
skateboarder’s COM was 55% higher than that the
skateboard’s. This may be related to the fact that the
score is awarded according to skateboard height or to
the extent that high obstacles are overcome.

Similarly, no correlation was observed between the
participant's COM and the skateboard's COM, and
although the skateboarder can no longer raise their
COM, they can flex their lower limbs, bringing the ska-

Table 1

3D Kinematic Analysis of the Ollie Maneuver on the Skateboard

teboard closer to their body and increasing their COM,
which may account for the absence of any correlation
between the participant’s and the skateboard’s COM.
The slight plantar flexion performed during the squat
can be related to the instability of the skateboard’s sha-
pe. In fact, Kremnev & Kuleshov (n.d.) point out that
the skateboarder may present instability, although the
feet remain on the skateboard, the body weight is shifted
mostly to the toes, while shortening-stretching the lower
limb muscles.

The absence of an ankle and hip trajectory pattern in
both maneuvers may be linked to the COM adjustment
the skateboarder needs to perform to maintain balance.
Balance adjustment is performed through the integration
of the sensory motor system, which generates different
muscle responses to correct for possible postural de-
viations (Lemos; Teixeira, 2009). Bridgman & Collins
(1992) reported a parabolic trajectory of skateboarders’
center of mass, as well as the extension of the lower
limbs during the ascent movement, followed by flexion
and a further extension to a controlled landing, as obser-
ved in this study.

In the study by Bridgman & Collins (1992), the par-
ticipants’ and skateboard's center of mass follow similar
trajectories, although body segments present complex
trajectories without a specific pattern. These findings are
similar to the results obtained in this study. Extensor mus-
cles will increase strength, and consequently the height of
the maneuver, as seen with Silva (2006), in which 50.6%
of ollie jump variance is accounted for by the variable
knee extensor strength of the knee-dominant limb.

Participant’s and skateboard’s height center of mass, joint angles (right and left) at the maximum instant of the center of mass of the
participant and the skateboard and during static (no-row) and dynamic (row-on) situation in the ollie maneuver.

Static maneuver Dynamic maneuver p (Cohen’s d)
Participant Skateboard Participant Skateboard Participant Skateboard
h of COM (m) 0.18 0.24 0.18 0.24 0.98 0.82
(+0.07) (x0.01) (0.06) (x0.01) (0.00) (0.00)
R Hip (°) 56.22 64.14 65.12 57.29 0.47 0.45
(£53.73) (+41.58) (+46.66) (£51.25) (0.17) (0.14)
L Hip (°) 52.64 54.97 61.73 64.53 0.07 0.14
(£32.00) (£34.38) (£30.19 (£29.74) (0.29) (0.29)
R Knee (°) -9.22 -1.58 58.27 71.31 0.29 0.25
(+149.36) (x80.24) (£64.50) (£87.14) (0.63) (0.87)
L Knee (°) 30.2 36.51 29.89 32.68 0.97 0.71
(x111.50) (£107.40) (£115.41) (£110.96) (0.00) (0.03)
R Ankle (°) 53.01 50.36 -7.45 -8.84 0.17 0.19
(£76.51) (£79.61) (£71.29) (+63.21) (0.81) (0.82)
L Ankle (°) -0.77 -4.62 -2.49 -10.42 0.97 0.90
(£84.28) (£86.23) (£92.18) (+100.06) (0.01) (0.06)
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Figure 3

3D Kinematic Analysis of the Ollie Maneuver on the Skateboard

Participant COM trajectory and skateboard during the dynamic ollie maneuver and joint angles (hip, knee and ankle) of the right and

left limbs
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Conclusions References

The results show that there is no significant difference
between performing the static and dynamic skateboard
ollie maneuver. The maximum skateboard and skate-
boarder COM heights reached were close when compa-
red to the maneuver conditions.

However, some angular variations were observed du-
ring the dynamic maneuver in the knee and ankle, in-
dicating that these angular variations may influence the
height of the center of mass reached by the skateboard
during the maneuver.
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