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Summary

Introduction: Surfing is a discipline that has considerably increased the number of followers who practice this sport. Re-
search has focused on describing the main variables associated with performance, but not the relationships that may exist
between them.

Objective: To establish the relationship of dynamic postural balance with respect to the anthropometric profile and physical
aptitude in surfers.

Material and method: This research is an observational and cross-sectional study of a descriptive-correlational type. The
sample included 30 surfers (8 women and 22 men). The variables of the anthropometric profile studied were body mass,
bipedal height, body mass index (BMI), sum of folds, body composition and somatotype. Furthermore, physical aptitude was
assessed by indirect tests. The data of the anthropometric profile and physical aptitude were correlated with the results of
the dynamic postural balance test (Y balance test).

Results: For the anterior direction of the Y balance test, the variables that were significant were gender, body weight, bipedal
height, sum of folds, adipose mass and Sargent’s jump height (R? = 0.55). The posteromedial direction of the Y balance test
yielded a significant model that indicates that gender, sum of folds and adipose mass are the variables that jointly predict
dynamic postural balance (R* = 0.30). For the posterolateral direction, the model indicates that the BMI, sum of folds, adipose
mass, mesomorphism, ectomorphism and performance in the sit and reach test are the variables that influence the perfor-
mance of the Y balance test (R? = 0.55).

Conclusion: Predictive models were established to determine anthropometric and physical condition variables that would
be decisive for the performance of a surfer’s postural balance.

Relacién entre el perfil antropométrico v aptitud fisica con el equilibrio
postural dinamico en surfistas

Resumen

Introduccion: £l surf es una disciplina que ha aumentado considerablemente la cantidad de adeptos que practican este
deporte. Las investigaciones se han orientado en describir las principales variables asociadas al rendimiento, pero no las
relaciones que pueden existir entre ellas.

Objetivo: Establecer la relacion del equilibrio postural dindmico con respecto al perfil antropométrico y aptitud fisica en
surfistas.

Material y método: Esta investigacion es un estudio de disefio observacional y transversal, de tipo descriptivo-correlacional.
La muestra incluyo 30 surfistas (8 mujeres y 22 hombres). Las variables del perfil antropométrico estudiadas fueron: masa
corporal, estatura bipeda, indice de masa corporal (IMC), suma de pliegues, composicién corporal y somatotipo. Ademds, se
evalud la aptitud fisica mediante pruebas indirectas. Los datos del perfil antropométrico y aptitud fisica se correlacionaron
con los resultados de la prueba de equilibrio postural dindmico (Y balance test).

Resultados: Para la direccion anterior del Y balance test, las variables que resultaron significativas fueron género, peso corporal,
estatura bipeda, suma de pliegues, masa adiposa y altura del salto de Sargent (R? = 0,55). La direccion posteromedial del Y
balance test arrojo un modelo significativo que indica que el género, suma de pliegues y masa adiposa son las variables que
predicen conjuntamente el equilibrio postural dindmico (R? = 0,30). Para la direccion posterolateral el modelo sefiala que el
IMC, suma de pliegues, masa adiposa, mesomorfismo, ectomorfismoy rendimiento en la prueba sit and reach son las variables
que influyen en rendimiento de la prueba Y balance test (R?= 0,55).

Conclusion: Se establecieron modelos predictivos para determinar variables antropométricas y de la aptitud fisica que serian
determinantes para el desempeno del equilibrio postural de un surfista.
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Introduction

Surfing as a discipline has grown exponentially over the last few
years, to such an extent that it has been included in the upcoming
Olympic games'. Surfing is a dynamic sport performed in a highly uns-
table and changing environment, meaning that balance is an essential
characteristic for these athletes?®. In this respect, it has been surmised
that postural balance is directly related to the improved performance
and competition level of surfers®

Maintaining correct postural balance is a psychomotor challenge
that includes a series of sensorimotor processes to reach optimal
performance®. Postural balance or equilibrium is defined as a complex
motor skill resulting from the interaction of a number of sensorimotor
processes, directed at controlling the body in space®*. This ranges from
anticipatory and compensatory strategies up to the input of information
from the visual, vestibular and somatosensory systems for integration
into the central nervous system?®.

One of the most widely recognised methods for assessing dynamic
postural balance is the Star Excursion Balance Test (SEBT) or its modified
version, the Y Balance Test®. The SEBT protocol evaluates eight directions
while theY balance test only evaluates three directions: anterior, poste-
romedial and posterolateral®. These directions have been shown to be
the most sensitive in detecting postural balance alterations and the risk
or injury’. Despite the fact that surfing is a dynamic activity, investiga-
tions habitually report static postural balance evaluations through force
plates?®. For this reason, suggestions were made to conduct dynamic
evaluations in order to strengthen the scientific knowledge of this sport®.

For its part, the anthropometric profile may have an impact on the
performance of athletes. Specifically, for surfers, it has been reported
that the presence of less adipose tissue can predict greater athletic
performance'. It has also been reported that elite surfers present a
balanced mesomorph somatotype, which reveals a characteristic body
shape by type of athlete®'°. With regard to the physical capabilities
necessary for good performance in surf, it has been reported that
high cardiorespiratory fitness, high muscular strength and conside-
rable anaerobic strength and power would be essential for optimal
performance’. However, to date, there has been no investigation that
relates the aforementioned variables for surfers with postural balance.
Therefore, the aim of this study is to determine predictive models that
could explain the postural balance of surfers based on anthropometric
profile and physical fitness variables.

Material and method

This investigation is a cross-sectional, descriptive, correlational,
observational study. Non-probability convenience sampling was used
to select participants, who all signed an informed consent approved
by the Ethics Committee of the Universidad Santo Tomés, Chile (61.19).

Participants

The sample included 30 surfers (22 men and 8 women) from the
commune of Pichilemu (Chile), aged between 16 and 35 years and who
had been surfing for at least 2 years. The following exclusion criteria were
considered: a) Musculoskeletal injuries in the last 3 months; b) Surgery in
thelast 6 months on the upper or lower body; c) Vestibular disorders; d)
Discomfort of any type when making the evaluations (for example: pain).

Anthropometric profile

The different evaluations made to determine the anthropometric
profile were in accordance with the International Society for the Advan-
cement of Kinanthropometry (ISAK'". Standing stature was measured
using a stadiometer (Seca® Hamburg, Germany, accurate to 0.1cm) and
body weight with a digital scale (Seca® Hamburg, Germany, accurate
to 0.1 kg). These measurements gave the body mass index (BMI),
dividing the body weight (kg) by the square of the stature (m?). An
anthropometer (Rosscraft, Canada; accurate to 0.1Tmm) was used to
measure the following breadths: biacromial; transverse chest, antero-
posterior thorax, biliocristal, biepicondylar (humerus and Femur). 10
girths were measured with a tape measure (Sanny®, Brazil; accurate
to 0.1mm) which corresponded to: Head, arm relaxed, arm flexed and
tensed, maximum forearm, mesosternum thorax, minimum waist,
maximum hip, maximum thigh, medial muscle and maximum calf.
Six skinfolds were measured with a calliper (Harpenden®, England;
accurate to 0.2 mm) corresponding to triceps, subscapular, supraspi-
nale, abdominal, medial thigh and ending with maximum calf). The
above measurements served to calculate the pentacompartimental
body composition, which establishes five components (epithelial
mass, adipose mass, muscle mass, bone mass and residual mass)'.
The somatotype (body shape and composition) was also determined
using the equations established by Heath & Carter (1990) based on
three parameters which differ one from the other, either endomorph
(a predominance of adiposity); mesomorph (high level of muscularity)
and ectomorph (slender body)3.

Physical fitness

Prior to the evaluations, the participants were subjected to a general
warm-up: joint mobility, 10 minute jog and sprinting with changes in
speed. The participants subsequently took the physical fitness tests.
Hamstrings - lower back flexibility was measured with the Sit and Reach
Test'. Each participant sat on the floor with feet slightly apart and the
soles of the feet placed flat against a measuring box, with the knees
stretched out. From this position they were asked to reach forward as
far as possible with their hands on the measuring box. Once in that
position, the best distance was recorded (cm).

The CORE abdominal strength was measured with the prone bridge
test™. This test consisted in lying in a prone position, propped on the
forearms, with the pelvis in a straight line with the rest of the body and
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with both feet hip-width apart. The surfer was asked to hold the position
for as long as possible'™.

The Sargent or vertical Jump test was used to measure the explosive
power of the lower limbs in accordance with the protocol established
by Harman, Rosenstein, Frykmam, Rosenstein & Kraemer (1991)'¢. The
vertical jump test measures the difference between the height of the
athlete with the hand stretched upwards (feet on the floor) and the
height reached with that hand with a jump. 3 jJumps were performed,
taking the best measurement and with a 45 second rest between each
attempt'’.

Agility was measured with the modified lllinois test'®. The test starts
with the participant lying in a prone position with arms at his/her side.
At the command of a whistle, the participant must get up and run to
the first cone in the circuit, then through a slalom course of four cones
in the centre and back again, past the penultimate cone, and then
complete the circuit'. Each participant must complete the circuit in
the shortest possible time.

The medicine ball throw test was used to determine the explosive
force of the upper body?. A line was marked on the floor, where the
athlete had to stand. Behind the line marking the starting point, with
the feet at an equal distance and slightly apart, the ball was taken with
both hands behind the head and the participant was asked to throw
the medicine ball as far as possible?’. The test used a medicine ball
(3 kg for men; 2 kg for women), chalk and a tape measure (Sanny®, Brazil;
accurate to 0.1mm) to measure the distance (cm) reached by the ball®.

Finally, to determine the maximum oxygen consumption (VOZmaX)
the Shuttle Run®' test was used. Two lines were marked out, 20 metres
apart, and participants were asked to run back and forth, making a
change in direction at the rate indicated by a buzzer, with the frequency
progressively increasing?'. The test had a slow starting speed of 8 km/h,
which was gradually increased up to a final speed of 18 km/h?'. During
the test the subjects themselves are responsible for determining their
own pace so that, when the signal is heard, the participant must be 1
to 2 metres from the end line. At each end, the line must be touched
with the foot and the test ends when the subject either withdraws vo-
luntarily from the test and/or when the participant can no longer keep
up the pace imposed by the buzzer*'*%. The \'/OZmax was estimated by
the equations proposed by Leger et al. (1988)%%
For subjects under 18 years of age:

VO, =31.025+(3.238xFSR)—(3.248xAge)+(0.1536xFSRxAge)
For subjects over 18 years of age:

VO, = (6xFSR-27.4 VO, _ =(6xFSR)-27.4
VO, :mLkg'.min’

FSR: Final speed reached in the last stage completed (km.h ™)
Age: Years.

Dynamic postural balance

Dynamic postural balance was evaluated using the Y Balance Test
considering 3 directions: anterior, posteromedial and posterolateral. Each

participant started the evaluation standing upright with their hands on
their hips. When instructed to do so, the participant reached as far as
possible with the lower limb. The dominant lower limb was evaluated
which, for the purpose of this test, was the limb that supports the body
weight6. Participants had three attempts in each direction, recording the
best of the three®?, The attempt was considered valid when the support
foot did not leave the floor and the participant was able to return to
the initial position without losing balance after doing the reach. A tape
measure in centimetres (Sanny®, Brazil, accurate to 0.1mm) was used to
measure the distances achieved in all 3 directions. The final reach value
of the lower limb was expressed as a percentage, normalizing the results
to segment length with the following calculation:

(distance reached (cm))

% Y Balance Test =
(segment length (cm)) x 100
The segment length was measured considering the distance
between the anterior superior iliac spine up to the medial malleolus
of the ankle”.

Statistical analysis

The SPSS 23.0 (SPSS 23.0 for Windows, SPSS Inc,, IL, USA) software
was used for the data analysis. The mean and standard deviation were
calculated to describe the characteristics of the sample: anthropometric
profile (anthropometric measures, body composition and somatotype),
physical fitness and dynamic postural balance. The Shapiro-Wilk was
applied to assess the distribution of the data and, subsequently, a mul-
tiple linear regression model was applied (confidence interval of 95%)
to determine the impact of the anthropometric profile and physical
fitness on the 3 directions of the dynamic balance test. The collinearity
of the variables present in the analysis was verified using values with a
tolerance of less than 0.10 and, for values above 10.0, a variance inflation
factor (VIF) to confirm the non-existence of multicollinearity. The level
of significance for all the statistical tests was < 0.05.

Results

The 30 surfers evaluated (8 women and 22 men) had a mean age
of 26.0 years, body weight of 70.5 kg, standing stature of 169.4 and BMI
of 244 kg/m? The sample, based on the body composition, obtained
23.5% adipose mass and 47.7% muscle mass. The somatotype classi-
fication places the participants as Meso-endomorphs (3.1 - 5.7 - 1.7).
Table 1 shows the anthropometric characteristics of the surfers assessed,
distributed according to gender. The descriptive results of the physical
fitness and postural balance of the surfers evaluated are provided in
Tables 2 and 3 respectively.

Multiple linear regression analysis

The significant variables in the models are shown in Table 3. For
the anterior direction of the Y balance test, the significant variables were
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Table 1. Anthropometric measurements, body composition and
somatotype of the surfers (mean and standard deviation).

Men (n=8) Women (n=22)

Age (years) 25.6 (3.5) 26.1(5.3)
Body weight (kg) 59.4 (6.6) 74.5(11.9)
Standing Stature (m) 162.2(7.7) 171.9 (7.5)
BMI (kg/m?) 22.5(1.1) 25.2 (3.4)
Skinfold sum (mm) 78.1 (21.5) 67.3 (34.7)
Adipose mass (%) 27.6(4.1) 22.0 (4.1)
Muscle mass (%) 44.4 (3.5) 48.9 (3.2)
Residual mass (%) 10.9(0.4) 12.4(0.9)
Bone mass (%) 11.4(1.1) 11.8(1.1)
Epithelial mass (%) 5.5(0.4) 4.9 (0.5)

Endomorph 3.5(1.2) 29(1.7)

Mesomorph 4.9 (1.1) 6.0 (1.3)

Ectomorph 1.9 (0.6) 1.7 (1.1)

BMI: body mass index.

Table 2 Results of the physical fitness and dynamic balance tests
of surfers (mean and standard deviation).

Men (n=8) Women (n=22)

Physical fitness

Sit and reach (cm) 13.9 (2.9) 49 (8.5)

Prone bridge (s) 147.1 (36.9) 163.4 (80.1)

Sargent Jump (m) 37.9(4.8) 45.8 (5.3)

lllinois agility test (s) 18.2 (0.8) 17.1(0.7)

Ball throw (m) 367.5 (45.7) 525.1(73.9)

Shuttle run (ml*kg*min) 38.9 (4.1) 449 (5.3)
Y Balance Test Directions

Anterior (%) 72.0(8.7) 67.4 (5.5)

Posteromedial (%) 124.1(12.7) 118.2 (6.9)

Posterolateral (%) 114.7 (9.8) 111.3(9.3)

gender, body weight, standing stature, skinfold sum, adipose mass and
Sargent jump height. This model has an explanation level of 55.1% and
shows that women surfers, with less body weight, smaller in stature,
thinner skinfolds, lower adipose mass and who achieve a greater height
in the Sargent test, have a better dynamic postural balance.

The posteromedial direction of the Y Balance Test yielded a signifi-
cant model that indicates that gender, skinfold sum and adipose mass
are variables that together predict the dynamic postural balance. The
model obtained has an explanation level of 30.2% and indicates that
women surfers with thinner skinfolds and less adipose mass have a
better dynamic postural balance.

For the posterolateral direction the model indicates that the BMI,
skinfold sum, adipose mass, mesomorphism, ectomorphism and
performance in the sit and reach test are the variables to influence
performance of the Y Balance Test. Surfers with a lower BMI, thinner
skinfolds, lower adipose mass, greater tendency to mesomorphism,
lessertendency to ectomorphism and greater performance in the Sitand
Reach test, have a greater dynamic postural balance. The explanation
level of the model is 55.2%.

Discussion

The principal result of this investigation indicates that the anthropo-
metric profile and physical fitness explain the postural balance perfor-
mance of surfers. Furthermore, the study also showed that gender s also
avariable that has an influence on postural balance, where women offer
a better performance. Specifically, it was observed that anthropometric
variables relating to adiposity (BMI, sum of skinfolds and adipose mass),
lower body explosive power and hamstrings - lower back flexibility, can
together predict the performance in the Y Balance Test. To the best of

Table 3 Significant multiple linear regression models obtained for dynamic postural balance

Variables R? B Coefficient p Cl95%
Anterior direction (%) 0.551
Gendera -18.66 0.003 -30.16 -7.16
Body weight -2.14 0.001 -3.22 -1.06
Stature -2.12 0.001 -3.27 -0.97
Skinfold sum -1.29 0.001 -1.92 -0.66
Adipose mass -7.51 0.001 -11.24 -3.78
Sargent Jump 0.52 0.039 0.02 1.02
Posteromedial direction (%) 0.302
Gendera -15.74 0.010 -26.14 -5.33
Skinfold sum -0.17 0.041 -0.41 -0.06
Adipose mass -2.11 0.021 -3.95 -0.2
Posterolateral direction (%) 0.552
BMI -5.84 0.011 -10.21 -1.47
Skinfold sum -1.30 0.006 -2.19 -0.40
Adipose mass -7.01 0.005 -11.68 -2.35
Mesomorph 9.60 0.012 2.28 16.93
Ectomorph -9.48 0.024 -17.58 -1.38
Sit and reach 0.49 0.016 0.10 0.89

BMI: body mass index; CI95%: 95% confidence interval; °Gender: female=0; male = 1
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knowledge, thisis the first study to consider predictive dynamic postural
balance models based on anthropometric and physical fitness variables.

A prior study demonstrated that surfers had a positive correlation
between competition level and a mesomorph body type, while a ne-
gative correlation was reported between an endomorph body type,
skinfold sum and fat percentage'®. This could be related to the findings
of our study, whereby those surfers who demonstrated greater ability
in the Y Balance Test were observed to be more mesomorph and less
endomorph. Another investigation reported that surfers with a higher
competitive rank had a greater vertical jump ability*, which is similar
to our findings in which those surfers who had a greater postural ba-
lance in the anterior direction of the Y Balance Test, achieved a better
performance in the vertical jump test evaluated.

For the general population, it has been reported that individuals
with greater adiposity are associated with a lower dynamic postural
balance performance®. The findings observed in this study indicate that
the anthropometric variables for adiposity have a direct impact on the
lower dynamic postural balance of surfers. It has been suggested that
fat tissue accumulation around and in the muscle could alter the normal
motor response mechanisms due to physiological and neuromuscular
changes?®. The accumulation of fat would increase the expression of
proinflammatory cytokines in the muscle, which could reduce the
electrochemical balance and neural conductance in the muscle fibre?.
These changes in the muscle fibre would create an alteration in the ac-
tion potential conduction velocity, giving slower muscle responses?®?’.
Likewise, it has been seen that individuals with higher body fat show
alterations in the muscle activation patterns for anticipatory and com-
pensatory responses alike?®. This would affect the muscle response due
to lower neuromuscular efficiency in motor unit recruitment.

In this study, the physical fitness tests were also a determining fac-
tor in the dynamic postural balance of the surfers, where the flexibility
and explosive force of the lower limbs were predictor variables of the
performance achieved in the Y Balance Test. It has been contended
that optimum flexibility helps achieve an adequate dynamic postural
balance®. A reduction in flexibility would provoke changes in muscu-
lotendinous stiffness and in the stretch reflex sensitivity. It has been
seen that constant flexibility stimulation, primarily in the hip, knee and
ankle, would activate the mechanoreceptors located in the viscoelastic
tissue of the joints, generating a desensitization process, which would
contribute to the better controlof the stretch reflex according to the di-
fferent postural oscillations?. For its part, the explosive force of the lower
body was considered to be key to the execution of the principal and
progressive manoeuvres in surfing competitions?. The lower limbs are
ultimately responsible for mounting the surfboard and for performing
the manoeuvres through foot contact with the board*. A number of
studies have demonstrated that elite surfers have a greater explosive
force in their lower body compared to surfers of a lower competition
level***'. The foregoing could explain the better performance of surfers
with a greater flexibility and explosive force in the lower body.

This study revealed that women surfers have a greater dynamic pos-
tural balance than men in all directions of the Y Balance Test. Prior studies
show that women athletes have a greater postural balance compared
to men in the SEBT, primarily in the anterior direction®. Moreover, it has
been suggested that women have greater flexibility than men, which
could have an influence on the dynamic postural balance results, due to
the fact that they may exhibit less joint stiffness®. The lack of flexibility
would lead to an alteration in the muscle activation patterns, affecting
the motor performance in general. It has been established that the ideal
reach pattern in the anterior direction of the Y Balance Test involves the
maximum flexion of the knee and hip*, therefore the flexibility of the
lower body plays a key part in achieiving optimal performance. It has
been shown that the electromyographic activity of the vastus medialis
oblique muscle and the vastus lateralis muscle for the limb evaluated
in the Y Balance Test is greater in women in the anterior direction
compared to the other directions, which is in keeping with the greater
flexion of the knee and hip achieved by women in this test**. Women
may possibly make more efficient use of the musculature, permitting
better performance in the sagittal plane.

The study limitations include the small sample size, the non-
probability selection of participants, the broad age range of the sub-
jects and the lower percentage of women than men assessed in the
investigation. This could limit the external validity of the study. Future
investigations could consider evaluations on the shortening of muscles
and joint ranges, as this could complement our results. Likewise, further
investigations could include evaluations of the upper body strength
given that surfers constantly use this part of the body when paddling.

Conclusions

In conclusion, this study has served to determine that certain
variables relating to the anthropometric profile and physical fitness
exert an influence on the dynamic postural balance performance of
surfers. Furthermore, gender, skinfold sum, adipose mass, mesomorph
body type, ectomorph body type, explosive power of the lower body
and hamstring-lower back flexibility are all dynamic balance predicting
factors in the sample studied. This initial data suggests that it could be
possible to predict the dynamic balance of surfers based on physical
fitness and anthropometric parameters, primarily related to adiposity.
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