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Pop-up and vertical jump of surfers

INTRODUCTION
Due to the variety of different ocean conditions in which competitions 
take place, the surfer has to evaluate waves and adapt his or her 
movements to them [1]. The first movement performed during wave 
riding is the pop-up [2]. It consists of a rapid transition from lying 
prone to a standing position on the surfboard, when the wave begins 
to carry the surfer forward. The execution of the pop-up should not 
jeopardize the stability of the board, given that excessive forces would 
compromise its buoyancy. Thus, an efficient pop-up technique allows 
surfers to have better wave positioning, extended wave riding times, 
and increased potential to perform more manoeuvres [3]. The pop-
up is broken down into three phases: push-up, leg movement and 
landing. Two previous investigations have examined vertical ground 
reaction forces of surfers during this sport-specific movement [2,3]. 
Eurich et al. [3] analysed kinetic parameters exerted by the arms 
only during the push-off phase. Recently, Parsonage et al. [2] anal-
ysed pop-up differences between male and female surfers’ isometric 
and dynamic push-up strength and length of time from chest lift off 
to front foot contact. However, previous studies have not analysed 
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the different phases of the pop-up in competitive surfers and how 
this may vary between sexes and with age. Although it is known that 
anthropometric characteristics [1] and physical conditioning [4] are 
different between male and female surfers, it is unknown how per-
formance in the specific phases of the pop-up may differ between 
sexes.

Another important feature of competitive surfing is the general 
lower-body strength [5]. Previous research observed that higher 
ranked surfers had superior performance in counter movement 
jumps (CMJ) than lower ranked surfers [5], and elite competitive 
surfers who had competed in the Australian Nationals or World Junior 
Championships male junior surfers had higher vertical jump capac-
ity (i.e., relative vertical jump peak force, vertical jump peak veloc-
ity, and vertical jump height) than non-elite surfers [6]. Consequent-
ly, strength and power capacities appear to play a significant role in 
surfing performance [6]. Nonetheless, these strength and power 
capacities have never been analysed in any research making a dis-
tinction between competitive male and female surfers. In addition, 

Original Paper DOI: https://doi.org/10.5114/biolsport.2020.91498

Key words:
Power
Sex
Athletic performance
Muscle strength 

Corresponding author:
Iosu Fernandez de Gamboa
Department of Physical
Education and Sport, Faculty
of Education and Sport,
University of the Basque Country,
UPV/EHU
Portal de Lasarte 71, 01007
Vitoria – Gasteiz, Spain
Phone: (+34) 654930050
Email: iosugamboa@gmail.com



50

Iosu Fernandez-Gamboa et al.

Country Surfing Association, as part of the open category three stops 
tour. The athletes were divided according to sex (male and female) 
and according to their surfing age division [under (U16) (n = 47) 
and over (O16) (n = 36) 16 years] (Table 1). Participants received 
a clear explanation of the study, including the risks and benefits of 
participation, and completed informed consent documents. Moreover, 
underage participants’ written informed consent was required from 
their legal guardian or parent. The study and its procedures were 
approved by the institutional review board, met the ethical standards 
in Sport and Exercise Science Research [8] and were performed in 
accordance with the Declaration of Helsinki (2013).

Procedures
Anthropometric Characteristics: Participants’ stature (cm) was mea-
sured with a stadiometer (Holtain Ltd., Crymych, United Kingdom) 
fixed to the wall and recorded to the nearest 0.1 cm [9]. Body mass 
(kg) was measured with an electronic scale to the nearest 0.1 kg 
(Fagor, BB-150, Mondragon, Spain). The body mass index (BMI) 
was calculated from stature and body mass.

Vertical Jump: Participants performed three counter movement jump 
(CMJs) interspersed with 45 s recovery periods [10]. The best output 
of the three jumps was considered for statistical analysis. The CMJ 
had to be performed with their hands on their hips during the entire 
jumping activity [11]. The maximal flexion of the knees during this 

considering that manoeuvres are key elements to maximize scoring 
potential [7] and that the pop-up is the first movement that a surfer 
has to perform, it seems reasonable to look into the possible differ-
ences between male and female competitive surfers in CMJ vertical 
ground reaction forces and pop-up characteristics and whether 
a higher jump capacity can be associated with a better performance 
in the pop-up.

Considering the importance of the vertical ground reaction forces 
in describing the different phases of the pop-up technique and the 
lack of scientific literature analysing the vertical ground reaction force, 
the aims of this study are threefold: (a) to compare the parameters 
of the vertical ground reaction forces in the different pop-up phases 
(push-up, leg movement and landing) and in the different CMJ 
phases (push and landing), (b) to analyse the relationship between 
the parameters describing the pop-up phases and, (c) to represent 
the relationship of the vertical ground reaction forces of the pop-up 
and the CMJ in male and female competitive surfers.

MATERIALS AND METHODS 
Participants
Eighty-three competitive male (n = 55) and female (n = 28) surfers 
participated in this study (18.13 ± 6.76 years, 168.75 ± 8.86 cm, 
60.58 ± 9.97 kg, 20.63 ± 2.03 kg·m-2). Data were collected dur-
ing a surfing open division competition at a national level, during the 
“Euskaltel Euskal Zirkuitua” championship, hosted by the Basque 

FIG. 1. Vertical ground reaction force (VGRF) over time (in seconds) during a CMJ. Values presented are an example of one competitive 
surfer.
(a) CMJFT = counter movement jump flight time; (b) CMJFMAX = counter movement jump maximal force; (d) CMJT1 = counter movement 
jump time one; (f) CMJLR = counter movement jump loading rate; (g) CMJULR = counter movement jump unloading rate; (c) CMJF1 = counter 
movement jump force one; (e) CMJTTS = counter movement jump time to stabilization.
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phase was required to be approximately 90º [12]. Any jump that did 
not meet the considered requirements was excluded from the calcu-
lations and it had to be repeated. The variables were obtained through 
a force plate (Kistler, Quattro Jump; Winterthur, Switzerland). Flight 
time (CMJFT) and maximal force (CMJFMAX) of the jump were obtained 
and the maximal peak force (CMJF1) during the landing phase was 
recorded (Figure 1). For the temporal data, the time to production 
of CMJFMAX (CMJT1) and the time to stabilization (CMJTTS) were cal-
culated [13–15]. CMJTTS was determined during the landing phase, 
beginning with the first contact of the feet with the ground and end-
ing when the vertical ground reaction force (VGRF) reached and 

stayed within 5% of the subject’s body weight [16]. The peak load-
ing rates of the landing phase were determined (CMJLR), as calcu-
lated by the ratio between the magnitude of CMJF1 and the time 
elapsed from the initial contact of the feet with the ground at the 
landing phase to the production of these peaks [16]. Similarly, the 
unloading rate of the landing phase (CMJULR) was determined, as 
calculated by the ratio between the time elapsed from CMJT1 to the 
production and magnitude of the minimum peak produced after the 
initial contact of the feet with the ground at the landing phase before 
the CMJTTS [16]. CMJFMAX and CMJF1 were normalized according to 
the subjects’ body weight (BW). CMJLR and CMJULR were normalized 
according to the participants’ body mass (BW·s1).

Pop-Up: A pop-up was performed over a force platform (Kistler, Quat-
tro Jump; Winterthur, Switzerland) to measure the VGRF during the 
pop-up execution [3]. Surfers performed three trials interspersed with 
45 s recovery periods [10]. The trial where the output of the graph 
representing the VGRF clearly showed the different phases of pop-up 
was taken into account for future analysis. That is, the push-up phase 
peak was represented and the leg movement phase showed a mini-
mum peak. Also when in the landing phase the maximum and 
minimum peaks were clearly differentiated from each other. Partici-
pants were prone on the floor with their chest and shoulders centred 
over the force platform. Both hands were placed on the force plate 
with thumbs in line with the armpits. They performed the pop-up 
movement by straightening their arms explosively and as quickly as 
possible to lift their body from the push-up position to the squat 
stance, with both feet under the hips [3].

The push-up phase begins when the surfer starts pushing the 
force plate with his hands until the VGRF returns to the surfer’s 
bodyweight. During this phase, there is a VGRF peak that corresponds 
to the maximum force exerted against the force plate (POPPUSH). 

TABLE 1. Participants’ description according to sex (male and female), and according to age (U16 and 016).

All
(n = 83)

U16
(n = 47)

016
(n = 36)

Total sample
Female

(n = 28)
Male

(n = 55)
Female

(n = 15)
Male

(n = 32)
Female

(n = 13)
Male

(n = 23)

Age (yr)
18.13
± 6.75

15.75
± 2.99

19.35
± 7.77

13.47
± 2.17

14.41
± 1.07

18.38
± 0.77

26.22
± 7.86

Mass (kg)
60.57
± 9.96

54.82
± 7.00

63.51
± 10.02

51.93
± 8.57

58.69
± 10.07

58.15
± 1.46

70.22
± 4.77

Stature (cm)
168.74
± 8.85

161.79
± 3.15

172.29
± 8.73

160.20
± 2.11

168.38
± 8.98

163.62
± 3.23

177.74
± 4.51

BMI (kg·m-2)
21.10
± 1.93

20.90
± 2.26

21.20
± 1.76

20.17
± 2.87

20.50
± 1.68

21.74
± 0.65

22.17
± 1.38

U16 = under 16 years; O16 = over 16 years; BMI = body mass index.

FIG. 2. Experimental set up of the pop-up movement.
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elapsed from POPPUSH (Figure 2) and POPREACH to the production 
and magnitude of the minimum peaks produced in the push-up phase 
POPLMF (Figure 2) and the landing phase POPRMF (16). POPPUSH, 
POPREACH, POPLMF and POPRMF were normalized according to the 
subjects’ body weight (BW) and also POPLR1, POPLR2, POPULR1 and 
POPULR2 were normalized according to the subjects’ body weight 
(BW·s1).

Statistical analysis
The results are presented as means ± standard deviation (SD). Vari-
ables were not normally distributed and did not satisfy the equality 
of variances according to the Kolmogorov-Smirnov test and Levene 
test, respectively. Therefore, the Mann-Whitney U test was used to 
compare CMJ and pop-up data between female and male groups in 
all categories. Further, percentage differences were determined for 
each case. Cohen’s effect size (ES) was calculated to determine the 
differences for practical purposes, with the following criteria used to 
infer the magnitude of the difference: <0.2 (trivial), 0.2–0.5 (small), 
0.5–0.8 (moderate), and >0.8 (large) [17]. The Spearman product-
moment correlation coefficient (r) with 90% confidence limits 
(CL) [18] was calculated to determine the relationships among the 
parameters obtained from the CMJ and pop-up tests. The magnitude 
of correlation between analysed variables was assessed with the 
following thresholds: < 0.1, trivial; = 0.1–0.3, small; < 0.3–0.5, 
moderate; < 0.5–0.7, large; <0.7–0.9, very large; and <0.9–1.0, 
almost perfect [18]. Data analyses were performed using IBM SPSS 
Statistics for Windows, Version 23.0 (IBM Corp., Armonk, NY, USA). 
Statistical significance was set at p < 0.05.

From the temporal data, the time to production of POPPUSH (POPTTPU) 
was obtained. After the VGRF peak the surfer kept lifting the body 
from a prone position moving upwards, until the VGRF dropped to 
become equal to the participant’s body weight; the elapsed time to 
this point from the POPPUSH was obtained as time one (POPT1). Dur-
ing the leg movement phase, the VGRF drops below body weight 
while the surfer is moving upwards. The legs move forward from the 
back position of the board, the feet are placed on the surfboard and 
the minimal force is applied (POPLMF). During this last phase, the 
elapsed time as the subject bodyweight is reached in the VGRF to 
POPLMF was obtained as time two (POPT2). Finally, the landing phase 
occurs when the VGRF increases from the first contact of one foot 
on the surfboard. The time elapsed from POPLMF until the subject’s 
body weight is again reached again in the VGRF was calculated as 
time three (POPT3). The VGRF shows a sharp landing peak (POP-

REACH); here the elapsed time as the subject body weight is reached 
in the VGRF until POPREACH is produced was obtained as time four 
(POPT4); afterward the surfer relaxes the leg and hip muscles, thus 
allowing the knees and hips to flex (POPRMF). When the ground reac-
tion force reached and stayed within 5% of the surfer’s body 
weight [16], stabilization was also registered (POPTTS). The loading 
rates of the peak of the push-up phase and the landing phase were 
calculated (POPLR1 and POPLR2, respectively) by the ratio between 
the magnitude of POPPUSH and POPREACH and the time elapsed from 
the given initial force of the push phase and landing phase respec-
tively to the production of these peaks [16]. The unloading rates of 
the push-up phase and the landing phase were calculated (POPULR1 
and POPULR2 respectively), determined by the ratio between the time 

FIG. 3. Vertical ground reaction force (VGRF) over time in seconds during a pop-up movement. Values presented are an example of 
one competitive surfer.
i = initial VGRF is equal to the subject bodyweight, ii = push-up phase start, iii = pop-up push (POPPUSH), iv = subject bodyweight 
in the VGRF is reached, v = pop-up leg movement minimal force (POPLMF), vi = subject bodyweight in the VGRF is reached, 
vii = pop-up landing phase leg landing peak (POPREACH), viii = pop-up landing phase minimal force (POPRMF), ix = pop-up time to 
stabilization (POPTTS), x = time to production of POPPUSH (POPTTPU), xi = pop-up time one (POPT1), xii = pop-up time two (POPT2), 
xiii = pop-up time three (POPT3), xiv = pop-up time four (POPT4).
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RESULTS 
Regarding the CMJ assessment among all competitive surfers (Ta-
ble 2), the lone significant finding was that the males spent more 
time in the air than the females in CMJFT (p < 0.01, ES = 2.17, 
large). During the pop-up assessment, males pushed down with more 
kinetic force than the females during the POPPUSH (p < 0.01, 
ES = 0.58, moderate) and spent more time unloading in POPULR1 
(p < 0.01, ES = 1.28, large). Conversely, the female group obtained 
significantly higher values in POPLMF (p < 0.05, ES = 0.72, moder-
ate) than the male group (Table 2).

Regarding the U16 groups (Table 3), the males again spent more 
time in the air, as seen in the CMJFT (p < 0.01, ES = 1.71, large). 
Kinetically during the pop-up, males spent more time unloading in 
POPULR1 (p < 0.01, ES = 0.54, moderate) than females. In contrast, 
the females obtained significantly higher values in CMJFMAX 
(p < 0.01, ES = 0.46, small) and spent more time unloading in 

CMJULR (p < 0.05, ES = 0.73, moderate) and in POPLMF (p < 0.05, 
ES = 0.92, large) than the male group (Table 3).

Regarding the O16 group (Table 4), the male surfers obtained 
significantly higher values in CMJFT (p < 0.01, ES = 3.54, large), 
CMJFMAX (p < 0.01, ES = 1.82, large), POPPUSH (p < 0.05, 
ES = 0.76, moderate), POPRMF (p < 0.01, ES = 0.33, small), 
POPLR1 (p < 0.01, ES = 1.22, large) and POPULR1 (p < 0.01, 
ES = 2.29, large) than the female group. Conversely, females obtained 
significantly higher values in CMJULR (p < 0.05, ES = 0.12, trivial) 
and in POPLMF (p < 0.05, ES = 0.33, small) than the male group 
(Table 4).

Examining the relationships between CMJ and the pop-up vari-
ables, significant correlations were found between CMJFT and 
POPLMF (r = 0.48; ± 0.17 CL, p < 0.01, 99.9/0.1/0, most likely, 
moderate) and CMJFT and POPULR1 (r = 0.26; ± 0.17 CL, p = 0.02, 
92.6/7.4/0.1, likely, small). CMJFMAX was significantly correlated 

TABLE 2. Counter movement jump (CMJ) and Pop-Up results among all competitive surfers and according to sex.

 All Female Male Mean Dif. (%) ES

CMJ

CMJFT (s) 0.48 ± 0.05 0.44 ± 0.03 0.51 ± 0.04**  17.16  2.17

CMJFMAX (BW) 2.54 ± 1.35 2.72 ± 1.87  2.44 ± 1.00 -10.18  -0.15

CMJT1 (s) 0.01 ± 0.01 0.02 ± 0.01  0.01 ± 0.00 -28.50  -0.35

CMJF1 (BW) 1.63 ± 0.67 1.51 ± 0.62  1.68 ± 0.68  10.90  0.26

CMJLR (BW·s1) 0.21 ± 0.11 0.21 ± 0.09  0.22 ± 0.12  27.00  0.61

CMJULR (BW·s1) 0.31 ± 0.33 0.52 ± 0.57  0.23 ± 0.15 -45.39  -0.41

CMJTTS (s) 1.45 ± 0.88 1.64 ± 0.98  1.35 ± 0.81 -17.27 -0.29

Pop-Up

POPPUSH (BW) 1.39 ± 0.37 1.24 ± 0.38 1.47 ± 0.35** 18.22  0.58

POPREACH (BW) 1.36 ± 0.30 1.37 ± 0.28  1.35 ± 0.31 -1.45 -0.07

POPTTPU (s) 0.34 ± 0.15 0.34 ± 0.16  0.34 ± 0.14  1.55  0.03

POPTTS (s) 0.66 ± 0.32 0.62 ± 0.35  0.68 ± 0.31  9.20  0.17

POPLMF (BW) 0.24 ± 0.15 0.30 ± 0.15  0.19 ± 0.14**  -36.51 -0.72

POPRMF (BW) 0.75 ± 0.22 0.76 ± 0.27  0.75 ± 0.19 -1.85 -0.05

POPLR1 (BW·s1) 0.46 ± 0.21 0.40 ± 0.18  0.50 ± 0.21 23.51  0.51

POPULR1(BW·s1) 0.19 ± 0.16 0.12 ± 0.09  0.24 ± 0.17** 98.76  1.28

POPLR2 (BW·s1) 0.23 ± 0.33 0.23 ± 0.43  0.24 ± 0.26  6.43  0.03

POPULR2 (BW·s1) 0.36 ±0.35 0.39 ± 0.50  0.34 ± 0.25  -13.49  -0.11

Mean Dif. = Mean differences; ES = effect size; CMJFT = Counter movement jump flight time; CMJFMAX = Counter movement jump 
maximal force; CMJT1 = Counter movement jump time one; CMJF1 = Counter movement jump force one; CMJLR = Counter movement 
jump loading rate; CMJULR = Counter movement jump unloading rate; CMJTTS = Counter movement jump time to stabilization; 
POPPUSH = Pop-Up push-up; POPREACH = Pop-Up reach; POPTTPU = Pop-Up time to production of push-up; POPTTS = Pop-Up time 
to stabilization; POPLMF = Pop-Up leg movement minimal force; POPRMF = Pop-Up reach minimal force; POPLR1 = Pop-Up loading 
rate one; POPULR1 = Pop-Up unloading rate one; POPLR2 = Pop-Up loading rate two; POPULR2 = Pop-Up unloading rate two.

**p < 0.01 significant differences with female group.
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large) and POPLR2 and POPLMF (r = 0.52; ± 0.16 CL, p < 0.01, 
0/0/0, most likely, large) were observed. Lastly, significant correlations 
were found between POPLR1 and POPULR1 (r = 0.59; ± 0.12 CL, 
p < 0.01, 0/0/0, most likely, large), and between POPULR2 and 
POPTTS (r = 0.74; ± 0.08 CL, p < 0.01, 0/0/0, most likely, very 
large).

DISCUSSION 
The results of the present study showed that males had higher values 
in CMJFT (17.16% in all participants, 13.79% in U16, and 19.68% 
in O16) than females. These findings are similar to previous research, 
in which males were found to have higher eccentric and concentric 
strength and power and greater peak power during the concentric 
phase of the CMJ compared to females [19,20]. Taking into account 
that surfing is practised under the same environmental conditions 
and the sport-specific requirements are the same for both sexes, 

with POPPUSH (r = 0.32; ± 0.16 CL, p < 0.01, 98.1/1.9/0, very 
likely, moderate), POPREACH (r = 0.29; ± 0.17 CL, p < 0.01, 
96.2/3.8/0, very likely, small) and POPRMF (r = 0.38; ± 0.16 CL, 
p < 0.01, 99.6/0.4/0, most likely, moderate). Also, significant cor-
relations were found for CMJF1 with POPREACH (r = 0.30; ± 0.17 
CL, p < 0.01, 96.5/3.5/0, very likely, moderate) and with POPLR2 

(r = 0.23; ± 0.18 CL, p = 0.03, 87.4/12.4/0.2, likely, small). 
Finally, a significant relationship was found between CMJULR and 
POPRMF (r = 0.23; ± 0.17 CL, p = 0.03, 88.4/11.4/0.1, likely, 
small).

Examining the relationships between the pop-up variables yield-
ed large correlations between POPTTPU and POPLR1 (r = 0.72; ± 0.09 
CL, p < 0.01, 0/0/0, most likely, very large) and POPTTPU and POP-

ULR1 (r = 0.59; ± 0.12 CL, p < 0.01, 0/0/0, most likely, large) 
(Figure 3B). Additionally, significant relationships between POPLR2 
and POPREACH (r = 0.52; ± 0.14 CL, p < 0.01, 0/0/0, most likely, 

TABLE 3. Counter movement jump (CMJ) and Pop-Up results among all under 16 years (U16) category competitive surfers and 
according to sex.

U16 (All) Female Male Mean Dif. (%) ES

CMJ

CMJFT (s) 0.49 ± 0.05 0.43 ± 0.03 0.49 ± 0.06** 13.79 1.71

CMJFMAX (BW) 2.57 ± 1.57 2.96 ± 1.40 2.31 ± 0.76**  -21.87 -0.46

CMJT1 (s) 0.01 ± 0.00 0.01 ± 0.01  0.01 ± 0.01  4.00 0.05

CMJF1 (BW) 1.67 ± 0.62 1.49 ± 0.66  1.79 ± 0.68 20.51 0.46

CMJLR (BW·s1) 0.28 ± 0.12 0.23 ± 0.07  0.21 ± 0.12 -9.15 -0.28

CMJULR(BW·s1) 0.41 ± 0.45 0.41 ± 0.34 0.16 ± 0.08*  -60.55 -0.73

CMJTTS (s) 1.51 ± 0.91 1.43 ± 1.08  1.46 ± 0.86  2.21 0.03

Pop-Up

POPPUSH (BW) 1.33 ± 0.29 1.34 ± 0.20  1.40 ± 0.33  5.06 0.33

POPREACH (BW) 1.37 ± 0.33 1.46 ± 0.23 1.33 ± 0.28 -9.40 -0.59

POPTTPU (s) 0.32 ± 0.15 0.30 ±0.20 0.30 ± 0.20  2.59  0.04

POPTTS (s) 0.66 ± 0.35 0.57 ± 0.40 0.61 ± 0.25  7.23  0.10

POPLMF (BW) 0.29 ± 0.16 0.40 ± 0.19  0.22 ± 0.12* -44.67 -0.92

POPRMF (BW) 0.76 ± 0.25 0.80 ± 0.18 0.74 ± 0.24  -7.49 -0.33

POPLR1 (BW·s1) 0.42 ± 0.20 0.40 ± 0.26 0.42 ± 0.18  4.73  0.07

POPULR1 (BW·s1) 0.18 ± 0.16 0.13 ± 0.10  0.19 ± 0.13**  42.15  0.54

POPLR2 (BW·s1) 0.24 ± 0.39 0.09 ± 0.07 0.13 ± 0.20  33.23  0.44

POPULR2 (BW·s1) 0.38 ± 0.41 0.37 ± 0.37 0.31 ± 0.30 -16.76 -0.17

Mean Dif. = Mean differences; ES = effect size; CMJFT = Counter movement jump flight time; CMJFMAX = Counter movement jump 
maximal force; CMJT1 = Counter movement jump time one; CMJF1 = Counter movement jump force one; CMJLR = Counter movement 
jump loading rate; CMJULR = Counter movement jump unloading rate; CMJTTS = Counter movement jump time to stabilization; 
POPPUSH = Pop-Up push-up; POPREACH = Pop-Up reach; POPTTPU = Pop-Up time to production of push-up; POPTTS = Pop-Up time 
to stabilization; POPLMF = Pop-Up leg movement minimal force; POPRMF = Pop-Up reach minimal force; POPLR1 = Pop-Up loading 
rate one; POPULR1 = Pop-Up unloading rate one; POPLR2 = Pop-Up loading rate two; POPULR2 = Pop-Up unloading rate two.

* p < 0.05. **p < 0.01 significant differences with female group.
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female surfers displayed lower strength in the lower body than males. 
Interestingly, one of the main findings of this study was the number 
of differences between sexes when separated by age groups. Males 
who were O16 had greater CMJFT (19.68%) and CMJFMAX (24.01%) 
than females, but surprisingly we found that U16 female competitive 
surfers obtained superior values in the CMJFMAX than the males 
(21.87%) when normalized by body mass. It has been reported that 
earlier maturity in female junior athletes afforded advantages in mea-
sures of strength/power compared to male athletes [21,22]. In this 
case male U16 surfers are reported to be taller and heavier than 
female surfers, suggesting that female surfers’ maturity may not play 
an important role as suggested in other studies [21,22], and seems 
to point to a greater maturation on the part of the male surfers, which 
however does not manifest in an increase of the CMJFMAX. These 
differences are worthy of further investigation, yet should be inter-
preted with caution.

During the CMJ’s landing phase, both U16 and O16 female ath-
letes presented lower CMJULR compared to their male counterparts 
(60.55% and 16.23%, respectively). These values in female surfers 
might suggest that they are likely to have better capabilities to at-
tenuate the landing eccentric load, which could be a positive aspect 
to performance in surfing.

The pop-up is a specific and highly technical movement to perform 
for optimal wave riding (2,3). The results of our study indicated that 
male athletes showed higher values than female athletes in POPPUSH 
in the “All” category (18.22%) and in the O16 category (33.66%), 
as previously described by Eurich et al. [3]. However, no differences 
were observed in POPPUSH between U16 male and female athletes. 
These differences are likely due to the greater upper body strength 
of male surfers [3], but are not yet differentiated in the U16 com-
petitive surfers.

TABLE 4. Counter movement jump (CMJ) and Pop-Up variables among older 16 years (O16) competitive surfers according to sex.

O16 (All) Female Male Mean Dif. (%) ES

CMJ

CMJFT (s) 0.48 ± 0.05 0.43 ± 0.02  0.51 ± 0.03** 19.68  3.54

CMJFMAX (BW) 2.49 ± 1.02 2.13 ± 0.28  2.65 ± 1.00* 24.01  1.82

CMJT1 (s) 0.01 ± 0.01 0.02 ± 0.02 0.01 ± 0.01  -37.31  -0.47

CMJF1 (BW) 1.58 ± 0.72 1.47 ± 0.59 1.48 ± 0.74  0.54  0.01

CMJLR (BW·s1) 0.18 ± 0.11 0.15 ± 0.10 0.17 ± 0.09  12.00  0.18

CMJULR(BW·s1) 0.26 ± 0.21 0.27 ± 0.36  0.23 ± 0.13*  -16.23 -0.12

CMJTTS (s) 1.37 ± 0.83 1.69 ± 0.99 1.40 ± 0.86  -17.33 -0.30

Pop-Up

POPPUSH (BW) 1.47 ± 0.45 1.21 ± 0.53  1.62 ± 0.22** 33.66  0.76

POPREACH (BW) 1.35 ± 0.26 1.30 ± 0.30 1.45 ± 0.22 11.64  0.49

POPTTPU (s) 0.37 ± 0.15 0.33 ± 0.13 0.38 ± 0.13 15.45  0.37

POPTTS (s) 0.66 ± 0.29 0.68 ± 0.37 0.70 ± 0.28  3.37  0.06

POPLMF (BW) 0.19 ± 0.13 0.24 ± 0.07  0.16 ± 0.16*  -31.00 -0.99

POPRMF (BW) 0.74 ± 0.18 0.72 ± 0.20  0.79 ± 0.13* 9.19  0.33

POPLR1 (BW·s1) 0.53 ± 0.21 0.38 ± 0.18  0.60 ± 0.20*  56.66  1.22

POPULR1 (BW·s1) 0.21 ± 0.16 0.09 ± 0.07  0.26 ± 0.12*  167.24  2.29

POPLR2( BW·s1) 0.23 ± 0.21 0.19 ± 0.14 0.31 ± 0.27  55.78  0.76

POPULR2 (BW·s1) 0.33 ± 0.26 0.28 ± 0.25 0.43 ± 0.39  50.24  0.57

Mean Dif. = Mean differences; ES = effect size; CMJFT = Counter movement jump flight time; CMJFMAX = Counter movement jump 
maximal force; CMJT1 = Counter movement jump time one; CMJF1 = Counter movement jump force one; CMJLR = Counter movement 
jump loading rate; CMJULR = Counter movement jump unloading rate; CMJTTS = Counter movement jump time to stabilization; 
POPPUSH = Pop-Up push-up; POPREACH = Pop-Up reach; POPTTPU = Pop-Up time to production of push-up; POPTTS = Pop-Up time 
to stabilization; POPLMF = Pop-Up leg movement minimal force; POPRMF = Pop-Up reach minimal force; POPLR1 = Pop-Up loading 
rate one; POPULR1 = Pop-Up unloading rate one; POPLR2 = Pop-Up loading rate two; POPULR2 = Pop-Up unloading rate two.

* p < 0.05. **p < 0.01 significant differences with female group.
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During the pop-up phase, surfers are required to move ~75% of 
their body weight in less than a second, and therefore high levels of 
upper-body force production within a time constraint are critical for 
success [2]. In our study, the loading rate during the push-up phase 
was observed to be higher (56.66%) in O16 male surfers than in 
female surfers. This may allow for the male surfers to perform the 
push-up phase faster, in order to stand on the surfboard to gain 
a better wave position.

Male competitive surfers in all participants, O16 and U16 catego-
ries, showed greater values (42.15 - 167.24%) than female surfers 
in the POPULR1. This higher POPULR1 rate may be explained by their 
higher POPLR, suggesting that in consequence they needed to rap-
idly attenuate the force by quickly unloading the force applied by the 
upper body while transitioning between positions on the surfboard. 
Male surfers were shown to have lower values (9.19%) than female 
surfers in the POPRMF. Such lower value in the POPRMF allowed male 
surfers to maintain stability on the surfboard without losing control 
over it. In the current study, female athletes showed greater values 
than male surfers in POPLMF, in all the participants (36.51%), in the 
U16 category (44.67%) and in the O16 category (31.00%). As 
female surfers do not apply as much force as the males in the push-
up phase, they do not have to attenuate that greater force, making 
the leg movement smoother and with a greater POPLMF. Therefore, 
it may be important in the pop-up to measure not only the push 
phase, but also the landing phase, as both can be relevant in com-
petitive surfing performance.

Another objective of the current research was to determine the 
correlations between the lower-body strength measures of the CMJ 
and the ability to perform a specific movement such as the pop-up 
in an attempt to determine whether the pop-up is influenced by the 
muscle strength of the lower body. Some significant associations have 
been found between the CMJ and the pop-up in both concentric and 
eccentric phases, but these associations are either small or moderate 
(r = 0.30 – 0.48). Although there seems to be some association 
between jumping (CMJ) and pop-up, the small or moderate correla-
tions found lead us to think that they are two independent abilities. 
Accordingly, the pop-up is an action that can be influenced by lower-
body strength, upper-body strength, coordination, and other as-
pects [2,3]. Therefore, competitive surfers should not only train the 
lower-body strength, but also other skills that may influence the 

performance of the pop-up movement.
Previous studies have analysed the push-up movement in the 

pop-up [2,3], but the novelty of this article is the description of the 
discrete phases of the pop-up. Our results demonstrate that POPTTPU 
had a significant correlation with POPLR1 (Figure 3A) and POPULR1 
(Figure 3B). Also, correlations were found between POPLR1 and POP-

ULR1 (Figure 3E). The relationship of POPTTPU with POPLR1 and POP-

ULR1 indicates that an explosive push-up produced in a shorter time 
will generate higher loading and unloading rates. It stands to reason 
that the ability to have greater upper-body explosive power will enable 
surfers to launch themselves into a quicker pop-up. Additionally, 
significant relationships between POPLR2 with both POPREACH (Figure 
3C) and POPLMF (Figure 3D) were observed. A higher peak in the 
POPLMF will generate a more explosive POPLR2, as leg muscles and 
joints will not have to attenuate high landing force peaks, gaining 
more control of the surfboard in a smoother pop-up movement. In 
the same way, a high POPLR2 will generate a high impact peak in the 
POPREACH. Therefore, lower peak values will benefit the surfer in the 
landing phase, generating lower POPREACH peaks and higher POPLMF, 
allowing the surfer to gain more control of the surfboard without 
disturbing their buoyancy. Finally, significant relationships between 
POPULR2 and POPTTS were found. A higher POPULR2 indicates that 
the athlete has to attenuate higher landing impact forces for a longer 
time, requiring more POPTTS, in order to maintain control over the 
surfboard.

Acknowledgments
The authors would like to thank the Basque Country Surfing Federa-
tion (EHSF) for facilitating data collection and for the opportunity to 
carry out this investigation.
The authors gratefully acknowledge the support of a Spanish gover-
ment subproject Integration ways between qualitative and quantita-
tive data, multiple case development, and synthesis review as main 
axis for an innovative future in physical activity and sports research 
[PGC2018-098742-B-C31] (Ministerio de Ciencia, Innovación y 
Universidades, Programa Estatal de Generación de Conocimiento y 
Fortalecimiento Científico y Tecnológico del Sistema I+D+i), that is 
part of the coordinated project New approach of research in physi-
cal activity and sport from mixed methods perspective (NARPAS_
MM) [SPGC201800X098742CV0].

1.	 Mendez-Villanueva A, Bishop D. 
Physiological aspects of surfboard riding 
performance. Sports Med. 2005; 
35(1):55–70.

2.	 Parsonage J, Secomb JL, Sheppard JM, 
Ferrier BK, Dowse RA, Nimphius S. 
Upper-Body Strength Measures and 
pop-up Performance of Stronger and 
Weaker Surfers. J Strength Cond Res. 
2017 Dec 11;1–29.

3.	 Eurich AD, Brown LE, Coburn JW,  
Noffal GJ, Nguyen D, Khamoui AV,  
et al. Performance differences between 
sexes in the pop-up phase of surfing. 
J Strength Cond Res. 2010; 
24(10):2821–5.

4.	 Secomb JL, Farley ORL, Lundgren LE, 
Tran TT, Nimphius S, Sheppard JM. 
Comparison of the sprint paddling 
performance between competitive male 

and female surfers. J Aust Strength 
Cond. 2013;21:118–20.

5.	 Fernandez-Gamboa I, Yanci J, 
Granados C, Camara J. Comparison Of 
Anthropometry And Lower Limb Power 
Qualities According To Different Levels 
And Ranking Position Of Competitive 
Surfers. J Strength Cond Res. 2017; 
31(8):2231–223.

6.	 Tran TT, Lundgren L, Secomb J, 

REFERENCES 



Biology of Sport, Vol. 37 No1, 2020   57

Pop-up and vertical jump of surfers

Farley ORL, Haff GG, Seitz LB, et al. 
Comparison of Physical Capacities 
between Nonselected and Selected Elite 
Male Competitive Surfers for the 
National Junior Team. Int J Sports 
Physiol Perform. 2015;10(2):178–82.

7.	 World Surf League. Rules and 
Regulations [Internet]. World Surf 
League. 2019 [cited 2019]. Available 
from: http://www.worldsurfleague.com/
pages/rules-and-regulations

8.	 Harriss DJ, Atkinson G. Ethical 
standards in sport and exercise  
science research: 2014 update·. Int 
J Sports Med. 2013;34(12):1025–8.

9.	 Durnin JVGA, Womersley J. Body fat 
assessed from total body density and its 
estimation from skinfold thickness: 
measurements on 481 men and women 
aged from 16 to 72 Years. Br J Nutr. 
1974;32(1):77–97.

10.	 Krol H, Mynarski W. Effect of increased 
load on vertical jump mechanical 
characteristics in acrobats.  
Acta Bioeng Biomech. 2010; 
12(4):33–7.

11.	 Komi PV, Bosco C. Utilization of stored 
elastic energy in leg extensor muscles by 

men and women. Med Sci Sports. 1978; 
10(4):261–5.

12.	 Bosco C, Luhtanen P, Komi PV. A simple 
method for measurement of mechanical 
power in jumping. Eur J Appl Physiol 
Occup Physiol. 1983;50(2):273–82.

13.	 Dufek JS, Bates BT. The evaluation and 
prediction of impact forces during 
landings. Med Sci Sports Exerc. 1990; 
22(3):370–7.

14.	 Flanagan EP, Ebben WP, Jensen RL. 
Reliability of the reactive strength index 
and time to stabilization during depth 
jumps. J Strength Cond Res. 2008; 
22(5):1677–82.

15.	 Ortega DR, Rodriguez Bies EC, Berral de 
la Rosa FJ. Analysis of the vertical 
ground reaction forces and temporal 
factors in the landing phase of 
a countermovement jump. J Sports Sci 
Med. 2010;9(2):282–7.

16.	 Decker MJ, Torry MR, Noonan TJ,  
Riviere A, Sterett WI. Landing 
adaptations after ACL reconstruction. 
Med Sci Sports Exerc. 2002; 
34(9):1408–13.

17.	 Cohen J. The Concepts of Power 
Analysis. Hillsdale, NJ; 1988.

18.	 Hopkins WG, Marshall SW,  
Batterham AM, Hanin J. Progressive 
statistics for studies in sports medicine 
and exercise science. Med Sci Sports 
Exerc. 2009;41(1):3–13.

19.	 Rice PE, Goodman CL, Capps CR, 
Triplett NT, Erickson TM, McBride JM. 
Force- and power-time curve comparison 
during jumping between strength-
matched male and female basketball 
players. Eur J Sport Sci. 2017; 
17(3):286–293.

20.	 McMahon JJ, Rej SJE, Comfort P.  
Sex Differences in Countermovement 
Jump Phase Characteristics. Sports. 
2017;5(1):8.

21.	 Myburgh GK, Cumming SP, 
Coelho E, Silva M, Cooke K, Malina RM. 
Growth and maturity status of elite 
British junior tennis players. J Sports 
Sci. 2016;34(20):1957–64.

22.	 Myburgh GK, Cumming SP, Silva MCE, 
Cooke K, Malina RM. Maturity-
Associated Variation in Functional 
Characteristics Of Elite Youth Tennis 
Players. Pediatr Exerc Sci. 2016; 
28(4):542–552.


