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ABSTRACT

The purpose of this study was to determine whether any significant

associations were present between lower-body strength and power and

the performance of turning and aerial manoeuvres in elite surfing athletes.

Eighteen competitive male surfers performed a battery of physical tests

(countermovement jump (CMJ), squat jump (SJ), and isometric mid-thigh

pull (IMTP)) during a single session, in addition to having their performance

of turning and aerial manoeuvres ranked from highest to lowest. Significant

associations were identified between turning manoeuvre ranking and; peak

force in the CMJ, SJ and IMTP (ρ=-0.737, p<0.01; ρ=-0.856, p<0.01; 

ρ=-0.683, p<0.01, respectively), as well as, peak velocity and jump height in

the CMJ (ρ=-0.560, p=0.02; ρ=-0.529, p=0.02, respectively). No significant

associations were identified between aerial manoeuvre ranking and any

strength and power variable. These results suggest that surfing athletes

that exhibit greater lower-body isometric and dynamic strength, and power

also perform higher scoring turning manoeuvres during wave riding. 
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INTRODUCTION
Surfing is an elite competitive sport performed by both male and female athletes, at youth
(16 years and under), junior (18 years and under), pro junior (20 years and under), World
Qualifying Series and World Championship Tour (WCT) (professional open age) levels [1].
In competitive events, surfers perform in 20 to 40 minute heats, against one to three other
surfers [2,3,4]. During competitive heats, surfers are allowed to catch an unlimited number
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of waves at WCT level, and are limited to between ten and fifteen waves at all other levels,
with each wave ridden by the surfer scored out of ten [5]. The winner of each heat is
determined by the surfer with the greatest two wave total, and hence, the highest score out
of twenty [6].

Importantly, the “Association of Surfing Professionals Rule Book”, states that “surfers
must perform a variety of innovative and progressive manoeuvres, with a high degree of
difficulty and commitment” [5,7]. This requires surfers to perform major scoring
manoeuvres while maintaining power, speed and flow of the surfboard [5]. This indicates
that during competition, surfers are scored solely on the performance of scoring manoeuvres,
namely turning and aerial manoeuvres (manoeuvres performed above the lip of the wave),
while wave riding [4,6]. Thus, it is of great interest to strength and conditioning coaches and
practitioners working with surfing athletes to understand the physical qualities associated
with the performance of scoring manoeuvres. Identification of the qualities which may be
associated with the performance of turning and aerial manoeuvres will assist strength and
conditioning practitioners and coaches with talent identification. Further, understanding the
associations between strength and power qualities, and scoring manoeuvre performance, will
provide a sound basis for future research to determine whether there is a significant transfer
between improvements in lower-body strength and power, and turning and aerial manoeuvre
performance.

It has previously been reported that the magnitude of power during turning manoeuvres
is ascertained from the displacement of water from underneath the surfboard [4,8]. This
displacement of water is the result of a transmission of force through the lower-body, and
onto the surfboard, resulting in the surfboard changing direction [4,8]. This suggests that,
with technical factors constant, it is highly likely that a surfer with the greater potential for
lower-body force production will be capable of performing the more highly scored turning
manoeuvres. Such capacity is due to an increased ability to transmit force through the lower-
body and onto the surfboard resulting in increased displacement of water. However, no
research to date has investigated whether the performance of turning manoeuvres is
associated with lower-body strength and power qualities. 

Lundgren et al. [9] has demonstrated that when compared to waves that do not involve an
aerial manoeuvre, those containing a successfully completed aerial manoeuvre achieve
significantly greater mean and peak scores during elite competitive events. As a result, aerial
manoeuvres are becoming more frequently performed during competitive events. However,
these manoeuvres do possess a greater degree of difficulty, when compared to turning
manoeuvres, which results in a typically low attempt and completion rate during elite
competition. As aerial manoeuvres require the surfer to achieve significant propulsion to
clear the lip of the wave, it appears likely that surfers with greater aerial performance would
possess more highly developed lower-body strength and power. While surfers with superior
aerial ability would possess an increased capacity for competitive scoring potential, it has yet
to be identified whether any physical capacities may be related to the performance of such
manoeuvres. Therefore, the purpose of this study was to identify whether lower-body
strength and power qualities are associated with the performance of turning and aerial
manoeuvres in elite surfers.

METHOD
PARTICIPANTS
Eighteen elite competitive male (21.2 ± 4.7 y; 176.7 ± 5.3 cm; 72.0 ± 9.2 kg) surfing athletes
were used as participants in this study. For inclusion in the study, participants were required

912 Associations Between The Performance of Scoring Manoeuvres and 
Lower-Body Strength and Power in Elite Surfers



to be: i) actively competing at an international level, ii) aged 16-35 years, and iii) currently
free of any injury or medical condition, as per a health screening questionnaire. The study
and its procedures were approved by Edith Cowan University Human Ethics Committee
(approval number: 10228), and participants were provided with information detailing the
study prior to providing informed consent and screened for medical contraindications.

PROCEDURE
The purpose of the present study was to determine whether any significant associations were
present between the lower-body strength and power qualities of elite male surfing athletes,
and their performance of turning and aerial manoeuvres. Participants completed a battery of
lower-body strength and power tests (countermovement jump (CMJ), squat jump (SJ), and
isometric mid-thigh pull (IMTP)), during a single session. Additionally, each participant’s
turning and aerial manoeuvre performance was ranked by an expert coach and judge, in
relation to the group.

Following a 10-minute whole-body warm-up, consisting of squats, lunges, and dynamic
mobility movements, participants completed the physical testing in the following order:
CMJ, SJ and IMTP. To perform the CMJ participants were required to stand in an upright
position on a portable force plate (400 Series Performance Force Plate; Fitness Technology,
Adelaide, Australia), with a wooden dowel placed across their backs. The force plate was
connected to a portable laptop, running an analysis software package (Ballistic Measurement
System; Innervations, Perth, Australia), and sampled at 600Hz. Participants performed three
trials of the CMJ, with a self-selected depth and the instructions to jump as high and quickly
as possible [6,10]. Participants were then required to perform three trials of the SJ.
Participants held the wooden dowel across their upper back, with a linear position transducer
(PT9510; Fitness Technology, Adelaide, Australia) attached to the dowel. Participants were
instructed into a position, whereby the top of the thighs were parallel with the ground, and
required to hold the position for three seconds, before jumping as high as possible on the
command “go” [11,12]. Participants were provided with two minutes of rest between each
trial, and three minutes between CMJ and SJ trials. The linear position transducer was
interfaced with the portable force plate, and attached to the portable laptop running the
analysis software package. Each participants’ best trial was used for analysis, with the other
two trials disregarded. The best trial for the CMJ and SJ were determined as the highest jump
height. Additionally, for the SJ, trials were disregarded in the event of a small amplitude
countermovement of greater than 2cm, as observed by the displacement-time trace on the
analysis software package [11]. All jumps were analysed for the following variables: peak
force (PF), peak velocity (PV), and jump height. Further, a measure reflective of lower-body
muscle-tendon complex (MTC) stiffness was calculated with Equation (1), whereby Fpeak is
the peak ground reaction force, and ΔL is the vertical displacement of the centre of mass
[13,14]. 

Lower-Body MTC Stiffness = Fpeak/ΔL (1)

Additionally, to discriminate the effect of the stretch-shortening cycle (SSC), the eccentric
utilisation ratio (EUR) was determined with Equation (2) [12].

EUR = CMJ jump height/SJ jump height (2)

To perform the IMTP, participants were required to stand on the portable force plate,

International Journal of Sports Science & Coaching Volume 10 · Number 5 · 2015 913



gripping a customised pull rack, with their shoulders placed over the bar, in a position similar
to that of the second pull of a power clean [15]. Participants performed two trials of the
IMTP, with two minutes of rest between each trial. In the event of a difference in the PF
between the two trials of greater than 250N, a third trial was performed [16]. Knee angle was
measured with a goniometer, to ensure a range of 125-140° [17], with participants instructed
to push as hard as possible into the force plate [6,18]. The force plate was connected to the
portable laptop, running the analysis software package, and sampled at 600Hz. Each
participant’s best trial, as determined by the trial with the highest PF, was used to determine
PF and relative PF (rPF) (N·BW-1). To reflect an athlete’s ability to rapidly apply force
during a dynamic movement, relative to their maximal force capacity, the dynamic strength
deficit (DSD) ratio was calculated using Equation (3) [19].

DSD = CMJ PF/IMTP PF (3)

To determine each participant’s performance of turning and aerial manoeuvres the
National Head Coach and Head Australasian Judge ranked each surfer from highest to lowest
(1-18), based on their observation of each participants’ manoeuvres, both in competition and
training. To assess turning and aerial manoeuvre performance the coach and judge were
provided with the instructions to “rank each surfer from highest to lowest (1-18) based on
their entire repertoire of manoeuvres, taking into consideration both their technical
proficiency and completion rate”. Furthermore, the rankings were performed within one
week of the athlete completing the physical testing. Both the Head Coach and Head Judge
were blinded as to the purpose of this study, as well as to the rankings provided by each other.
The two sets of rankings were combined and averaged, to assess each participant’s final
ranking for turning and aerial manoeuvres.

DATA ANALYSES
To determine whether any significant associations were present between lower-body strength
and power, and the performance of aerial and turning manoeuvres, Spearman’s rho
correlation coefficients (ρ) were calculated. All statistical analyses were performed using a
statistical analysis package (SPSS, Version 22.0; Chicago, IL) with statistical significance set
at p≤0.05.

RESULTS
The mean and standard deviation (SD) were reported for all lower-body strength and power
variables (Table 1). Significant associations were identified between turning manoeuvre
ranking, and PF in the CMJ (ρ=-0.737, p<0.01), SJ (ρ=-0.856, p<0.01) and IMTP (ρ=-0.683,
p<0.01) (Figure 1). Further, significant associations were calculated between turning
manoeuvre ranking, and CMJ PV (ρ=-0.560, p=0.02) and jump height (ρ=-0.529, p=0.02)
(Figure 2). No significant associations were observed between aerial manoeuvre ranking and
any lower-body strength and power variables.
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Table 1. Mean (±SD) recorded values for all strength and power variables of
the group (n=18)

Elite Male Surfers (n=18)
Countermovement Jump (CMJ)
Peak Force (N) 1740 ± 369
Peak Velocity (m·s-1) 2.93 ± 0.21
Peak Height (m) 0.56 ± 0.08 
Stiffness (N·m) 4013 ± 843
Squat Jump (SJ)
Peak Force (N) 1471 ± 237
Peak Velocity (m·s-1) 2.98 ± 0.27
Peak Height (m) 0.47 ± 0.07
Eccentric Utilisation Ratio
(CMJ height/SJ height) 1.19 ± 0.12
Isometric Mid-Thigh Pull (IMTP)
Peak Force (N) 2366 ± 459
Relative Force (N·BW-1) 3.3 ± 0.5
Dynamic Strength Deficit Ratio 
(CMJ peak force/IMTP peak force) 0.74 ± 0.09
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in the; countermovement jump (CMJ), squat jump (SJ), and isometric mid-
thigh pull (IMTP)



DISCUSSION
The purpose of this study was to determine whether lower-body strength and power is
associated with the performance of turning and aerial manoeuvres in elite male surfers.
Significant associations were identified between turning manoeuvre ranking and PF in the
CMJ, SJ, and IMTP, as well as, PV and jump height in the CMJ. Interestingly, no significant
associations were identified between aerial manoeuvre ranking and any strength and power
qualities. Therefore, the results of this study provide the first evidence to support the
contention that the performance of turning manoeuvres during surfing is underpinned by
lower-body strength and power qualities.

It has previously been noted that the power of turning manoeuvres during surfing is
typically ascertained from the magnitude of water displaced from underneath the surfboard
[4,8]. It has been noted that this displacement of water is the result of a transmission of force
through the athlete’s lower-body limbs and onto the surfboard [4]. As a result, it had been
proposed that a surfer’s ability to produce force through the lower-body would largely
determine their performance of turning manoeuvres [4]. Whilst Secomb [4] had suggested
that lower-body strength and power may underpin the performance of turning manoeuvres
during wave-riding, this is the first study to substantiate this contention. The associations
identified between turning manoeuvre ranking and, PF in the CMJ, SJ and IMTP, indicates
that in order to be successful in competitive events, a critical determinant of performance
may be the ability to exhibit high levels of isometric and dynamic lower-body strength. It is
highly likely that these associations are due to the fact that a surfer with the ability to apply
a greater force through the lower-body and onto the surfboard, would demonstrate the
associated ability to displace a greater magnitude of water during turning manoeuvres.
Increased displacement of water will provide the appearance of more powerful manoeuvres,
and hence, greater scoring potential during competitive events. 
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Figure 2. Association between turning manoeuvre ranking and jump height
in the countermovement jump (CMJ)



Interestingly, no significant association was observed between turning manoeuvre ranking
and rPF in the IMTP (ρ=-0.366). This indicates that competitive surfers must strive to
possess a high level of absolute lower-body strength, rather than just highly developed
relative strength. While this is initially surprising, it is necessary to note that although surfers
compete against each other in competitive events, they are essentially surfing against the
ocean. As such, when performing turning manoeuvres on a wave, the surfers are physically
competing against the inherent power of the wave. Therefore, the surfer that can apply a
greater amount of absolute force against the wave will displace a greater magnitude of water,
which from a judging standpoint is indicative of a more powerful manoeuvre.

While a significant association was identified between turning manoeuvre ranking and
jump height in the CMJ (ρ=-0.529), stronger associations were observed with PF in the CMJ
and SJ (ρ=-0.737 and ρ=-0.856, respectively). Furthermore, when comparing the
associations between turning manoeuvre ranking and PF in the tests, it was evident that the
strength of associations increased when the tests are time limited (CMJ and SJ), compared to
that without the restraint of time to force capacity (IMTP; ρ=-0.683). This suggests that the
athletes’ ability to express high levels of dynamic strength, rather than just their ability to
express lower-body maximal strength and power, may be more important to the performance
of turning manoeuvres. This may have large implications in the prescription of training for
competitive surfers, whereby ballistic and plyometric efforts are included in the surfer’s
training program. However, the results of this study should be used as a basis for longitudinal
studies to investigate whether improvements in a surfers’ lower-body isometric and dynamic
strength, and power, transfer to increases in scoring potential for turning manoeuvres.

It was not anticipated that there would be no significant associations between aerial
manoeuvre ranking, and lower-body strength and power qualities. While this is surprising, it
is necessary to note the elite level of the participants, with all participants currently
competing at an international level at the time of testing. Furthermore, it is proposed that in
order to have the ability to perform aerial manoeuvres, with a reasonable level of
competency, surfers must already exhibit a high baseline level of lower-body strength and
power. This is due to the large force producing and force arresting components that are
required to successfully perform aerial manoeuvres. As such, once surfers achieve this level
of competency, other factors may discriminate their aerial manoeuvre performance. As a
result, it may be that factors such as technical proficiency, aerial awareness, experience, and
willingness to take risks (emotional factors) are critical discriminators, and therefore are
more associated with aerial performance of the surfers at the elite level.

CONCLUSION
Surfers that exhibit greater lower-body strength and power demonstrate increased turning
manoeuvre performance, as assessed by an expert coach and judge. As such, it appears
necessary for all competitive surfing athletes to possess highly-developed absolute lower-
body isometric and dynamic strength, in order to increase their ability to score more highly
during competitive events. As a result, it is proposed that by increasing a surfers’ maximal
lower-body force generating capabilities, there would be an associated increase in their
scoring potential for turning manoeuvres. However, future research should investigate
whether there is a significant transfer between improvements in lower-body strength and
power qualities, and increases in scoring potential during competitive events. This research
provides the initial evidence to support the pursuit of research determining if changes in
lower-body strength and power concomitantly increase performance of turning manoeuvres
during wave riding.
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