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Objective: This study examined the acute effect of training on postural balance among young dinghy sailors. By
measuring sway path and sway area of the center of pressure (CoP), the objective was to investigate whether
training sessions on dinghy sailboat influence sway path and sway area measurements.

Methods: Twelve competitive sailors (Optimist and Laser Radial class) performed a set of balance tests on both
stable and unstable surfaces, with open and closed eyes, measured over three days. The first day served to
familiarize the participants with the protocol. On the second and third days, CoP sway path and sway areas were
assessed before, during and after the training session using a Wii Balance Board (WBB).

Results: A general improvement in balance control was observed in most of the measured parameters. Statistical
analysis (RM ANOVA) revealed significant reductions in sway path and sway area with closed eyes on an un-
stable surface comparing pre-, during- and post- measurement on the second day (p < 0.05), and for sway path
with open and closed eyes on an unstable surface on the third day (p < 0.05).

Conclusion: Findings of the present study show a short-term effect of sailing sessions on balance, suggesting that a
single training session can induce acute improvements in postural control among young athletes. It is possible
that the observed acute improvements are associated with immediate neuromuscular adaptation following
sailing activity, specifically due to the unpredictable and dynamic environment in which sailing takes place.
However, the temporal duration of this effect appears to be limited. As balance is an essential skill in sailing
performance, future studies should investigate long-term effects and retention of training-induced improvements
in postural control.

1. Introduction adapt to environmental conditions are fundamental.

The control of the sailboat is related to athlete’s ability to maintain

Sailing is a complex and dynamic sport characterized by the uncer-
tainty and instability of the environment in which it takes place. Wind
conditions, sea state and the actions of other sailors are constantly
changing, requiring continuous adaptation to achieve success. [1].
There is evidence that nautical activities, such as dinghy sailing, have
great potential for the physical and cognitive development of children
and youth. These activities offer manifold benefits and enriching expe-
riences such as promoting safety at sea, ecological awareness and
healthy physical activity behaviors [2,3].

Various factors, such as wind direction and strength and sea condi-
tions (i.e., waves), make this sport challenging. Consequently, sailors’
specific skills, fitness requirements and ability to understand and quickly
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the best trim of the boat and the sail, by keeping control of the forces
produced by wind and water [4,5]. It is worth noting that the conditions
of wind and sea during training and competition are often unstable and
therefore challenging to control, particularly in small boats. To maintain
stability and optimal trim, sailors execute a specific technique by posi-
tioning their feet near the center of the boat and leaning overboard, thus
managing the moment of the resulting forces [6,7].

Two prevailing classes of sailing dinghies are the Optimist and the
Laser. The Optimist is a single-handed sailing class for both young boys
and girls who typically outgrow the boat by the age of 15 due to its small
size, transitioning to an adult dinghy [8,9]. For many young sailors, the
Laser Radial represents the step after the Optimist in their learning and
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competitive progression. At the international level, Laser and Laser
Radial racing are regulated by the ILCA (International Laser Class As-
sociation). The Laser Radial, a monohull type of boat crewed by a single
sailor, has been specifically designed for lighter adults and younger
sailors and is part of the Olympic Games program. In this boat, athletes
must perform maneuvers efficiently, minimizing the impact on the boat
instability and adapting to the continuous motions caused by wind and
waves [10-12].

Among the several motor skills required to sail an Optimist or a
Laser, well-developed balance control is essential for optimal perfor-
mance. Balance is crucial in sailing due to the constant instability of the
boat, which requires sailors to make continuous postural adjustments to
maintain control and efficiency [13]. The maintenance of balance is a
complex process that relies on the integration of several systems,
including the visual, vestibular, and somatosensory systems, which work
together to provide information about body position and movement
[14].

In balance assessment, a key parameter is the position of the center of
pressure (CoP), defined as the point of application of the ground reaction
force vector. It represents the location of the resultant force acting be-
tween the feet and the support surface and is widely used to evaluate
postural stability. Variations in CoP movement, often measured through
sway path and sway area, reflect the body’s adjustments to maintain
equilibrium under various conditions [15]. However, despite the
importance of balance in sailing, the biomechanics and performance
indicators of this sport have not been as extensively studied as in other
disciplines.

Testing balance remains a complicated issue, although different
postural balance tests are available in the literature, the validity and
reliability of traditional field-based tests [16,17] have been reported to
be rather questionable [18]. On the other hand, due to their complexity
and cost, the use of equipment such as force platforms (FP) is usually
limited to laboratory settings. Nonetheless, there are valid and reliable
low-cost, easy-to-use devices for balance assessment.

Although balance training and assessment have been extensively
studied in athletes and the general population [19,20], little is known
about how young dinghy sailors respond to this type of stimulus or
analysis. Due to the unique physical demands of sailing, including
continuous postural adjustments in response to wind and water dy-
namics, their balance control may differ from that of other athletic
groups. Therefore, the objective of the study was to measure the sway
path and sway area of the CoP and determine whether training sessions
on dinghies can cause postural balance changes among young sailors.
We aimed at exploring the acute effect of a single training session on
postural control of young sailors.

2. Methods
2.1. Participants

A total of 12 young competitive sailors (10 males and 2 females)
(mean age 14 + 2.9 years; mean weight 49.17 + 11.54 kg; mean height
159 + 0.13 cm; BMI 19.2 + 2.5 kg/m?) participated in the study. Par-
ticipants were from a North Adriatic Sea sailing club, and competed at
both regional and national levels. Six participants trained using an
Optimist, while 6 used a Laser Radial. All respondents had to attend at
least 5 months of training on the boat per year and a minimum of 5 h
training per week to be included in the study. Specifically, participants
reported an average of 6.92 + 1.31 h of weekly sailing practice and
8.67 + 1.43 months of sailing per year, indicating a relatively homo-
geneous level of experience. This helped reducing variability due to
individual differences in sailing exposure and postural control devel-
opment. The aim and entire procedure of the study were explained to the
participants. Athletes and their parents then provided written informed
consent and voluntarily participated in the study. The study was
approved by the Ethic Committee of the Free University of Bozen-
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Bolzano (ethical approval code: P4Move Cod. 2021 _01) and was con-
ducted in agreement with the Declaration of Helsinki.

2.2. Design and procedures

Participants were assessed through a structured three-day protocol.
On the first day, consents were collected, and athletes performed a set of
four consecutive trials so as to familiarize with the tests and to evaluate
their balance control on stable and unstable surfaces in the following
order: OE = open eyes on stable surface; CE = closed eyes stable surface;
OEF = open eyes on a foam balance pad; CEF = closed eyes on a foam
balance pad. On the second and third days, participants executed the
same set of tests, and in the same order, at three time points before,
during and after the training session. An interval of 2 days occurred
between the different sessions.

2.3. Measures

Postural balance was assessed through four different tests, each
lasting 30 s, with 30 s interval off the balance board between each
measurement. The CoP data were recorded at a sampling frequency of
30 Hz, in line with the frequency validated in previous studies using the
same device [21]. These tests were performed in the following
conditions:

1) On a stable surface (i.e., the balance board) with eyes open (sway
path open eyes — SPOE; sway area open eyes — SAOE);

2) On a stable surface with eyes closed (sway path closed eyes — SPCE;
sway area closed eyes — SACE);

3) On an unstable surface (i.e. a foam balance pad put on the board)
with eyes open (sway path open eyes with foam pad — SPOEF; sway
area open eyes with foam pad — SAOEF);

4) On an unstable surface with eyes closed (sway path closed eyes with
foam pad — SPCEF; sway area closed eyes with foam pad — SACEF).

Postural balance testing in an unstable condition consisted of using a
proprioceptive foam cushion (Balance-pad, Airex) (610 x 40 cm, height
6.5 cm). Participants were instructed to maintain a standing posture,
barefoot, with the arms adducted and the gaze fixed on a 5 cm diameter
black circular target positioned at their eye level, 3 m away. For the
closed-eye tests, participants were instructed to first focus on the target,
adopt the same posture as in the OE test, and close their eyes at the
beginning of data recording. For all tests, participants’ feet were posi-
tioned at a 20° angle to each other with their heels 10 cm apart, aligned
with the lines marked on the support surface [22].

The experimental setup is illustrated in Fig. 1.

2.3.1. First measurement (1st day)

The first set of tests was performed under resting conditions and, in
addition to recording baseline parameters for each participant, it served
to familiarize athletes with the methods and tools used for the study. The
first measurement did not include any training (sailing) activity but only
the postural balance assessment trials consisting of four tests previously
described.

2.3.2. s measurement (2nd Day)

The training session conducted on the second day followed the ath-
letes’ usual routine, with no modifications in structure, duration, or
intensity, ensuring the ecological validity of the data collected. Partici-
pants performed three sets of tests at three different time points: the first
in resting conditions before training, the second during training,
approximately 45 min after its beginning, and the third approximately
30 min after the conclusion of the session, which consisted of at least 1 h
and 30 min on the boat. A minimum wind speed of 4 knots (7.4 km/h)
and a maximum of 8 knots (14.8 km/h) were recorded, with slight sea
movement (current) and wave heights between 10-20 cm. The second
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Fig. 1. Experimental setup: (a) stable support top view, (b) unstable support (top view), (c) unstable support (side view).

set of tests aimed to measure balance preventing participants from
having the time to adapt to the stability of the terrestrial environment in
comparison to the unstable water surface, where they were training. To
this aim, sailors were asked to go ashore and perform the tests just a few
meters from the dock where they had stopped their boats. In this way,
just a few seconds after arriving at the dock participants were able to
start the tests.

2.3.3. Third measurement (3rd Day)

The third day of analysis was conducted in the same way as the
second one. The environmental conditions (wind, sea conditions, time of
the day) were very similar across the second and the third day. This was
also possible because the training sessions were organized in a lagoon.

2.4. Postural balance assessment - instruments

Postural balance was assessed using the Wii Balance Board (WBB).
The WBB has been shown to provide data comparable to FPs, in terms of
CoP path length [23], making it a cheap, reliable tool for assessing
postural balance. Based on the CoP, two parameters are considered most
important for postural balance measurement: sway path and sway area.
Sway path is the total distance covered by the CoP during the test, while
sway area presents the area covered by the CoP trajectory relative to the
central stance point. The WBB device was connected to a computer, thus
enabling the management of the data recorded by the sensors. Stabilo-
metric platforms (such as the WBB in our case), measure the CoP and its
displacement. A 2015 study compared data recorded using the WBB
with data from an advanced ARGO force platform, demonstrating WBB
validity for assessing static postural balance [21]. For the present study,
two key parameters — Sway Path and Sway Area — were considered.
These parameters belong to the category of two-dimensional linear
metrics and are among the most commonly used and relevant in postural
balance assessment [24].

2.5. Statistical analysis

Postural balance assessment was carried out through the

reprocessing and analysis of the data recorded with the Wii Balance
Board. Prior to statistical analysis, the first 5 s and the last 5 s of each
participant’s test were removed [25]. A priori sample size calculation
was performed using G*power 3.1. Based on an effect size of 0.4, an
alpha level of 0.05, and power of 0.8, a total of 12 participants were
required to detect the within-group differences [26]. The normality of
the data was assessed using the Shapiro-Wilk test. Independent samples t
test showed no significant difference between the Optimist and the Laser
Radial groups. Therefore, we considered participants as a single group.
Statistical analysis was conducted using Repeated Measures-Analysis of
Variance (RM-ANOVA) with a Bonferroni post-hoc correction. Initially
target tests performed under resting conditions were analyzed, specif-
ically comparing data between familiarization tests and pre-training
Tests 1, as well as between familiarization tests and pre-training Tests
2. Subsequently, the data from the tests before, during and after the two
training sessions (days 2 and 3) were compared. Statistical analysis was
performed using the Statistical Package for the Social Sciences—IBM
SPSS Statistics for Windows, V.29.0 with significance level set at p <
0.05.

3. Results

Among all the parameters compared between the familiarization test
on day 1 and the pre-training tests on days 2 and 3, only sway path with
eyes open on an unstable surface (SPOEF) showed a significant effect of
time, as revealed by the RM-ANOVA (F(1, 11) =438.78, p < 0.001).
Bonferroni post-hoc analysis indicated that this effect was driven by a
significant difference between day 1 and the pre-training test on day 2
(54.13 £10.71 vs. 47.29 + 10.18 mm, p = 0.041).

No significant differences were found between the measurements
taken on day 1 and the pre-training tests on days 2 and 3 for any of the
other analyzed parameters (p > 0.05).

On the second day, the repeated measures ANOVA revealed a sig-
nificant main effect of time for SPCEF (F(1,11) = 174.05, p < 0.001), as
well as for SACEF (F(1,11) =93.63, p < 0.001). Post-hoc analyses
showed a statistically significant reduction in SPCEF between pre- and
during training measurements (100.36 + 28.88 vs. 82.37 + 21.42 mm,
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p = 0.043), and between pre- and post-training trials (100.36 + 28.88
vs. 79.30 £+ 25.42 mm, p = 0.012) (Fig. 2). Additionally, for SACEF, a
significant decrease was observed between the pre- and post-training
measurements (22.42 +11.06 and 16.34 +7.85mm, p = 0.017)
(Fig. 3).

On the third day, a reduction was recorded in almost all the exam-
ined variables. In particular, ANOVA revealed significant differences on
SPOEF values (F(1,11) = 453.46, p < 0.001). Post-hoc pairwise com-
parisons using Bonferroni correction indicated significant reductions in
SPOEF between the pre- and during-training trials (51.91 + 9.38 vs.
42.84 + 7.43 mm, p = 0.018), as well as between pre- and post-training
measurements (51.91 +9.38 vs. 39.77 + 9.10 mm, p < 0.001). No
significant difference was observed between during- and post-training
conditions (p = 0.783) (Fig. 4).

Similarly, a significant difference was observed also on SPCEF (F
(1,11) =197.89, p < 0.001). Post-hoc comparisons showed significant
reductions between pre- and during training measurements (97.23
+ 25.00 vs. 78.21 £ 25.41 mm, p = 0.005) as well as between pre- and
post-training (97.23 + 25.00 vs. 77.94 £+ 16.14 mm, p = 0.002) trials
(Fig. 5).

4. Discussion

The present study aimed at evaluating the effects of dinghy sailing on
postural balance in young athletes, by analyzing sway path and sway
area under different testing conditions. The main goal was to examine
the acute effect of a single training session on postural stability and
investigate whether it improves, impairs, or remains unchanged in
dinghy sailors. To the best of our knowledge, no previous study has used
a balance board to assess it among young sailors. Although direct
comparisons are limited by the lack of similar studies in sailors, our
findings align with the broader literature [27] suggesting that
sport-specific demands such as continuous postural adjustments
required in dinghy sailing, can enhance proprioceptive responses and
balance control. It is plausible that the acute improvement observed may
reflect an immediate neuromuscular adaptation following sailing ac-
tivity, particularly due to the unpredictable and dynamic nature of the
environment in which sailing takes place [28]. Given the specificity of a
training session in sailing, athletes likely achieved more controlled
movement over time, thus making it more consistent and centralized,
reducing its spread. Moreover, acute improvements in postural sway
could also have occurred due to short-term improvements in motor
strategy. Even though the total movement did not change considerably,
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Fig. 2. Differences in sway path with eyes closed measured on an unstable
surface on the 2nd day. *sig. different compared to 1st measure (p = 0.043),
**sig. different compared to 1st measure (p = 0.012).

Gait & Posture xxx (Xxxx) xxx

Day2 - SACEF
adl ‘_ ‘ I 1 |[ZZZ3Pre-training
XXX During-training
1 |IEEXPost-training

*k
351

30 -

20

T
—1 |
—1

1st measure 2nd measure 3rd measure

Fig. 3. Sway area with eyes closed performed on an unstable surface between
pre- and post-training measurements. **sig. different compared to 1st mea-
sure (p = 0.017).
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Fig. 4. Differences in sway path with eyes opened measured on an unstable
surface on the 3rd day. *sig. different compared to 1st measure (p = 0.018).
**sig different compared to 1st measure (p < 0.001).

sailor’s body may adopt a postural control strategy which is more effi-
cient keeping the sway within a tighter boundary.

Interestingly, a similar declining trend over time was evident for
both sway path and sway area during the 2nd and 3rd day of testing
across almost all parameters, implying an improvement in postural
balance induced by a single training session.

However, the results of this study demonstrate that there was no
sustained effects of a training session on postural stability. Specifically,
during the pre-training assessment on the third day, values recorded for
most variables were similar to those of the second day, demonstrating
only a short-term impact on sailors’ balance.

Several studies imply that balance is one of the essential skills for
achieving optimal performance in sailing [6,7]. Despite the importance
of this aspect, research on postural control in sailing remains limited. A
recent study investigated motor skills in young sailors [29]. Authors
used Y balance test to assess the postural balance in young athletes
competing in windsurfing, Laser and Optimist classes. The results of this
study showed significant differences between the Laser and Optimist
sailors (p < 0.05), with the highest average values recorded for Optimist
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Fig. 5. Differences in Sway path with eyes closed measured on an unstable
surface on the 3rd day. *sig. different compared to 1st measure (p = 0.005), **
sig. different compared to 1st measure (p = 0.002).

group. Another study, which examined motor skills using the EUROFIT
battery for testing young sailors, found that the flamingo balance test
demonstrated slightly better postural stability in elite Optimist sailors
compared to non-elite sailors (7.1 + 3.6 and 11.9 + 4.8 n, respectively)
[30]. Although the age range of participants in both of these studies was
similar to that in our sample, it is worth noting that more reliable and
contemporary equipment was utilized in this study.

The present study provides valuable insights into the postural bal-
ance of young sailors, assessed using the WBB. The authors decided to
use the validated WBB [21] in various conditions, rather than relying on
traditional field-based balance test. In particular, CoP measurements
were taken both in stable and unstable settings, with athletes performing
tests both with their eyes open and closed. Additionally, this study was
conducted as a field measurement, assessing balance in a real outdoor
training environment, rather than in a laboratory setting.

This study has some limitations. Due to the assessment approach, the
athletes’ postural balance was not evaluated under actual competitive
conditions, but in a training setting. In addition, only two sailing classes
were included in this investigation. Furthermore, future studies should
include larger sample sizes and involve a greater number of female
athletes.

4.1. Scientific contribution

This study provides additional evidence supporting the use of non-
traditional tools, such as the WBB, for assessing postural stability in
ecological, sport-specific environments. While the WBB has been widely
validated for out-of-lab balance testing, our findings offer new insight
into its applicability in the context of sailing, particularly with dinghy
sailors. Moreover, our results suggest that a single training session leads
to short-term improvements in postural control among dinghy sailors,
contributing to the broader understanding of how different types of
physical activity can influence balance. Lastly, our data contribute a
preliminary framework and baseline that coaches and practitioners can
use to implement balance assessments and design targeted training in-
terventions in the context of sailing.

5. Conclusion

The results of the present study demonstrated an acute and transient
enhancement in postural stability following a training session in young
sailors. While a decreasing trend is evident for almost all measured
parameters, tests performed on an unstable surface revealed a

Gait & Posture xxx (Xxxx) xxx

significant improvement in terms of sway path. These findings suggest
that a single training session may lead to short-term advancements in
postural control.

Future research should investigate the long-term effects of training
on postural balance and explore balance performance in real-world
conditions directly on the boat, to deepen our understanding of
postural control in sailing. This could be achieved through the use of
wearable technologies, such as inertial sensors, which would allow for
continuous and ecological monitoring of balance in dynamic and
authentic conditions.

Additionally, future studies should consider increasing sample size
and diversity, conducting subgroup analyses to account for potential
differences across narrower age groups, and addressing the gender
imbalance observed in this study. Evaluating performance in real
competitive settings and across different competitive levels would
further enrich the ecological validity and applicability of future findings.
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Glossary

WBB: Wii Balance Board

CoP: Center of pressure

OE: Open eyes on stable surface

CE: Closed eyes stable surface

OEF: Open eyes on a foam balance pad

CEF: Closed eyes on a foam balance pad
SPOE: Sway path open eyes

SAOE: Sway area open eyes

SPCE: Sway path closed eyes

SACE: Sway area closed eyes

SPOEF: Sway path open eyes with foam pad
SAOEF: Sway area open eyes with foam pad
SPCEF: Sway path closed eyes with foam pad
SACEF: Sway area closed eyes with foam pad
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