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Abstract
Purpose. The unstable environment and the swaying, rolling, and pitching motions experienced when offshore sailing 
may disturb motor function and negatively affect personal safety. The aim of the study was to investigate changes in lower 
limb kinaesthetic sense in sailors after spending time onboard a seagoing vessel.
Methods. The study involved 39 subjects, of which 13 were professional sailors (PS) (age  = 22.56 ± 0.83 years), 13 were 
recreational sailors (RS) (age  = 31.50 ± 7.35 years), and 13 served as a non-sailor group (NS) (age  = 21.02 ± 0.82 years) 
with no sailing experience. PS attended a 1-month on-sea training course, RS attended a 1-month seagoing cruise, and NS 
did not sail or participate in any congruent activity during the study duration. Kinaesthetic sense was quantified before and 
after the interventions by a force-matching task in which the force production accuracy (FPA) was measured on a custom-
designed kinesthesiometer. The participants performed 5 right and left single-leg extensions at a force perceived to be equal 
to 10 kg (98 N).
Results. Right and left limb FPA increased in PS by 0.70% and 79.12% and in RS by 18.97% and 20.26%, respectively. In 
NS, right and left FPA decreased by 6.97% and 1.42%, respectively. Only the difference for left limb FPA in the PS group 
achieved statistical significance (p = 0.0006).
Conclusions. A 1-month sailing intervention reduced lower limb kinaesthesia as measured by the accuracy of reproducing 
a pre-specified force magnitude.
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Introduction

The popularity of sailing has increased over recent 
years in both the recreational and racing domains. 
Improved infrastructure, technological aids, and 
simplified licensure have made this an accessible ac-
tivity for many individuals [1]. Sailing in the 21st cen-
tury is almost always performed for recreation or sport 
on various classes of sailing vessels. As a leisure ac-
tivity, it involves day-sailing or cruising trips for ad-
venture, pleasure, or health reasons [2]. As a form of 
competition, sailing is characterized by highly varied 
duration and a focus on high performance combined 
with greater risk [3]. Within these two general pro-

files, sailing is divided into numerous categories of 
purpose that interweave a broad range of utilitarian, 
social, and personal values, making it a very versatile 
activity.

As sailing crafts operate on open water, they are 
subject to numerous weather, climatic, and environ-
mental conditions. The natural phenomena that im-
pact the physics of sailing, such as wind strength and 
direction, wave height, tides, and currents, can 
change dynamically in a short time, requiring sailors 
to react in a wide variety of ways [4]. Environmental 
conditions also include such factors as the character-
istics of the body of water and the presence of other 
watercrafts [5]. With regard to controlling the vessel, 
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the most critical actions are those that modify the point 
of sail and induce course changes. Hence, an important 
safety aspect of sailing is the perception of external 
stimuli and rapid response by modifying the speed 
and direction of the vessel. Quick decision making with 
appropriate and continual control inputs in effect de-
termines sailing performance [6].

Excluding the external characteristics of the en-
vironment, hull and sail design, sailing tactics or sail-
or skill and experience, additional factors that influ-
ence performance are the physiological and physical 
abilities of the sailor [7]. Critical are the biomotor abili-
ties that comprise the fitness and coordination do-
mains [8]. These abilities directly influence the effi-
cacy of many sailing tasks and include strength (for 
the control of running rigging or rudder manipula-
tion), endurance (during extended activity that is pri-
marily isometric and of variable intensity), spatial 
orientation (assessment of changes in body position, as 
well as vessel and sail orientation), reaction time (to 
determine the temporal properties of an action in dy-
namically changing conditions), balance (for main-
taining a stable position of the body on the unstable 
and swaying surface of the deck), and kinaesthesia 
or kinaesthetic differentiation (sensing the speed, di-
rection, and amplitude of body movements and de-
termining the most appropriate motor response) [9]. 
The last ability aids in defining the strength, temporal, 
and spatial components of a movement [10] and is 
also responsible for mechanical efficiency and move-
ment precision [11]. Enhanced kinaesthetic sense 
can improve sensory processing and the integration 
of feedback on muscle tension (strength component), 
muscle velocity (temporal component), and joint an-
gulation (spatial component) [12].

The aquatic environment of sailing, subject to a wide 
range of weather and climatic conditions, the inherent 
characteristics of inland or ocean-going sailing, and the 
design of sailing vessels can each disturb the func-
tioning of various physiological mechanisms [13]. Most 
prominent for individuals who spend time on a craft 
on water is the onset of motion sickness (kinetosis), 
manifested by headache, drowsiness, nausea, impaired 
movement, and confusion [14], all of which can sig-
nificantly limit onboard safety. Kinetosis is under-
stood as the incongruence between peripheral neural 
information such as visual or auditory information 
(via exteroceptors) and vestibular and body position 
information (via proprioceptors) with previously 
stored dryland motor schemas [15]. If not prevented 
or treated, the disturbance can last until the sensory 
conflict is resolved by the creation of new motor pro-

grams [16]. This includes conflicting information origi-
nating from multiple sensory pathways comprising 
the vestibular apparatus (providing a sense of balance 
and spatial orientation), muscle spindles (detecting 
changes in muscle length and velocity), and Golgi ten-
don organs (sensing change in muscle tension) [17] 
and can negatively affect a wide range of motor func-
tions [18].

The majority of exercise science research on sail-
ing has investigated the physiological responses to 
specific sailing manoeuvers [19], energy expenditure 
in sailing [20], and the role of coordination ability, 
such as eye-steering, in the sailing strategy [21]. Oth-
ers have focused on the yachting technique and, for 
example, the use of computer simulations for train-
ing and assessment purposes [22]. However, no studies 
to date have addressed changes in the level of kinaes-
thetic sense among sailors, particularly after spend-
ing time on the water. Therefore, the aim of the present 
study was to evaluate these dynamics in the lower 
limbs, which may be relevant to both sailing perfor-
mance and safety. It was hypothesized that the time 
spent onboard a seagoing vessel would decrease the 
level of lower limb kinaesthetic differentiation.

Material and methods

Participants

Overall, 39 physically active and healthy males were 
recruited; 13 were professional sailors (age: 22.56 ± 
0.83 years, body height: 179.39 ± 4.02 cm, body mass: 
74.39 ± 8.28 kg), 13 were recreational sailors (age: 
31.50 ± 7.35 years, body height: 182.21 ± 5.17 cm, 
body mass: 82.07 ± 7.89 kg), and 13 were individuals 
with no history of sailing, who constituted a group of 
non-sailors (age: 21.02 ± 0.82 years, body height: 
178.25 ± 5.41 cm, body mass: 72.13 ± 8.45 kg). The 
professional sailors were second year students of a higher 
maritime college, educated towards the profession of 
a sailor. During their education, they had spent about 
90 days a year on ships performing basic seaman’s 
duties. The recreational sailors sailed as a hobby 
during their free time, with an average of 14 days of 
sailing a year. During the study, the group of profes-
sional sailors participated in a 1-month on-sea training 
course, and the recreational sailors attended a 1-month 
seagoing cruise. These activities took place in similar 
technical and environmental conditions. The units 
were ships with sails. The hull caused similar wob-
ble in all units. The subjects sailed at sea between of 
June and July, in similar atmospheric conditions. During 
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the cruise, each of the subjects was part of the crew 
who served the unit. During the 4-hour daily shift, 
the participants performed basic activities, which in-
cluded steering of unit, handling of sails, climbing on 
the mast, deck washing, rope pulling. The non-sailors 
did not sail or participate in any congruent activity 
during this time. All subjects were right-handed and 
achieved full psychomotor development. No statisti-
cally significant between-group differences were ob-
served for age, body height, or body mass (p > 0.05). 
However, the between-group difference test for the 
pre-test indicated differences in the ability of kinaes-
thetic sense, which causes caution in inference. The 
participants were informed that they could withdraw 
at any time. They were instructed to maintain their 
normal diet and refrain from alcohol and caffeine for 
24 hours before testing [23].

Testing apparatus

Kinaesthetic differentiation was quantified by a lower-
limb force matching assessment in which the accuracy 
of reproducing a pre-specified force magnitude in static 
conditions was measured. Force matching tasks in-
volving maximal or sub-maximal force production 
and utilizing various measurement methodologies 
have previously been used to quantify the level of kin-

aesthesia in functional movement assessments [12, 
24, 25]. For the purposes of this study, a custom-de-
signed kinesthesiometer (Polish patent #PL213505B1), 
developed and validated by Błacha [24], was selected 
(Figure 1). It uses an adjustable exercise chair modi-
fied to include 2 pedals and 2 hand levers connected 
to force transducers [26]. Lower limb testing was per-
formed with both feet resting on the pedals of the 
kinesthesiometer. The participant maintained their 
arms crossed over the chest in order to eliminate the 
effects of additional skin-based proprioceptive feed-
back. The goal of the task was to perform 5 right and 
left single-leg extensions at a force perceived to be 10 kg 
(98 N) on the pedal, separated by 3-second intervals 
[24]. The force was applied to the pedal in the sagit-
tal plane away from the body by performing a knee 
extension, and only the force registered during this 
movement phase was recorded.

Procedures

A pre-test and post-test measurement was adopt-
ed in which changes in kinaesthetic differentiation 
were assessed before and after the 1-month period.

The kinesthesiometer was calibrated before each 
trial with 1, 5, and 10 kg loads. The participants were 
familiarized with the device and the protocol, includ-
ing information on the force to be applied, the number 
of repetitions, and the interval between repetitions. 
All familiarization and experimental trials were per-
formed in the seated position without back support to 
eliminate the effects of back exteroreceptors. During 
the familiarization phase, the participants observed 
a monitor which provided an instantaneous reading 
of the generated force. No visual feedback on force 
output was provided during the experimental phase 
of the test. All testing was performed at the same time 
of day.

Data analysis

The level of kinaesthetic differentiation was deter-
mined by first averaging the force values of the 5 rep-
etitions. The absolute difference between this mean 
and each individual repetition was then determined 
and again averaged. This mean of the sum of differ-
ences of the force generated across the 5 repetitions 
provided a measure of force production accuracy 
(FPA). This variable was previously determined as 
a valid measure of kinaesthetic differentiation [27, 28], 
in which the lower the magnitude, the less variability 
in force between each repetition, signifying enhanced 

Figure 1. The kinesthesiometer for measuring the 
repeated isometric force of upper and lower limbs [28]
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kinaesthetic sense [24]. The distribution of the data 
set was screened for normality and analysed with 
parametric methods. The Student’s t-test was used to 
compare the groups for anthropometric data and age. 
The pre- and post-test between-group differences in 
FPA were compared with analysis of variance (ANOVA) 
for repeated measures and Tukey’s post-hoc test. Ad-
ditionally, the pre- and post-test within-group differ-
ences in FPA were compared with the Student’s t-test. 
The level of significance was set at p < 0.05 and data 
are presented as means ± standard deviations.

Ethical approval
The research related to human use has been com-

plied with all the relevant national regulations and 
institutional policies, has followed the tenets of the Dec-
laration of Helsinki, and has been approved by the Eth-
ics Committee for Research at the University School 
of Physical Education in Wroclaw.

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study.

Results

Between-group ANOVA revealed no differences for 
left knee extension at pre-test (p = 0.0580, F = 3.0395) 
or at post-test (p = 0.6149, F = 0.4915). For right knee 
extension at pre-test, significant differences were ob-
served (p = 0.0196, F = 4.3032) between professional 
sailors and recreational sailors (p = 0.0183), and no 
between-group differences were found at post-test (p = 
0.1299, F = 2.1385).

The Student’s t-test (within-group) revealed a sig-
nificant difference between pre- and post-test for the 
left limb in professional sailors (p = 0.0006); none of 
the remaining differences achieved statistical sig-
nificance.

Table 1 presents the pre- and post-test FPA data 
for all the 3 groups (within-group). FPA increased in 
professional sailors by 0.70% ( : 0.09 N) for the right 
limb and by 79.12% ( : 6.71 N) for the left limb. In 
the group of recreational sailors, FPA increased by 
18.97% ( : 1.56 N) for the right limb and by 20.26% 
( : 1.17 N) for the left limb. Among non-sailors, FPA 
decreased by 6.97% ( : 0.69) for the right limb and 
by 1.42% ( : 0.34 N) for the left limb.

Discussion

Kinaesthetic perception is critical in fluent move-
ment execution, including the precise determination 
of the force requirements of a movement. Sailing de-
mands the manipulation of many objects and a high 
degree of force sensation in a given movement is nec-
essary to prevent an uncontrolled situation and main-
tain safety. One of the manifestations of kinaesthetic 
differentiation is the force generated in voluntary 
and consciously perceived movements [10, 12, 25]. It 
was assumed in the present study that the effects of 
time spent onboard a seagoing vessel could decrease 
the level of kinaesthetic differentiation. The findings 
confirmed this assumption, as evidenced by the re-
duced accuracy of force repeatability. FPA increased 
in both professional and recreational sailors, indicating 
decreased kinaesthetic differentiation, albeit only the 
reduction in the left lower limb in professional sailors 
achieved statistical significance (p = 0.0006). All sub-
jects were right-handed; hence, in the case of crossed 
lateralization, their left leg should be more efficient and 
probably more sensitive to a stimuli. A significant change 
only in the professional sailors group can be a conse-
quence of greater motor involvement in the activities 
performed during the shift on the deck of a unit. In 
contrast with the above findings, FPA decreased among 
non-sailors, signifying enhanced kinaesthetic differ-
entiation.

Table 1. Pre- and post-test lower limb force production accuracy (FPA)

Movement 
task

Pre-test Post-test (NS–NS) (PS–PS) (RS–RS)

NS PS RS ND PS RS p t p t p t

Right knee 
extension

9.89 ± 
3.90

12.80 ± 
5.13

8.22 ± 
3.88

9.20 ± 
4.71

12.89 ± 
7.01

9.78 ± 
4.07

–0.69 0.6528 0.4543 0.09 0.9650 –0.0441 1.56 0.3277 –0.9990

Left knee 
extension

12.97 ± 
6.05

8.48 ± 
4.29

12.63 ± 
7.37

12.78 ± 
8.47

15.19 ± 
6.19

14.34 ± 
6.44

–0.34 0.9432 0.0718 6.71 0.0006* –3.7713 1.17 0.5345 –0.6302

NS – non-sailors, PS – professional sailors, RS – recreational sailors
Data are presented as means ± standard deviations
Negative  indicates an improvement in FPA 
* p < 0.05, significantly different
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The increase in FPA among sailors for both right 
and left lower limb may be associated with exposure 
to the pitch, yaw, and roll of the boat and unstable con-
ditions experienced when sailing. The inherent rocking 
motion has a strong effect on sensory imbalance (par-
ticularly vision and balance) and can often result in 
kinetosis [29]. Conflicting information from the vestib-
ular and oculomotor systems in the central nervous 
system can induce a number of symptoms, including 
motor difficulties [30]. Studies have reported that 
vertical sinusoidal motion such as that experienced on 
a watergoing craft, particularly at a frequency of 0.2 Hz, 
has a high nauseogenic potential and causes a number 
of disturbances [6, 31]. The additional effects of sway-
ing, rolling, and pitching motions can intensify the 
symptoms of kinetosis, as can wave height, boat size, 
and hull characteristics [15]. Research suggests that 
the effects of kinetosis can be reduced by the creation 
of new motor schemas [16].

Another explanation for the changes observed in the 
professional and recreational sailors can be the over-
regulation of muscle tension as a result of spending 1 
month on a seagoing vessel. The time spent walking 
on an unstable surface with excess muscle, tendon, 
and ligament tension may have modified the pre-ex-
isting dryland gait characteristics and postural mech-
anisms. New compensatory strategies may have been 
developed to reduce muscle tension so as to enhance 
balance on a swaying deck, which in effect modified 
post-sailing dryland neuromuscular function [32, 33]. 
However, an earlier study on the changes in kinaes-
thetic differentiation before and after an 85-hour sailing 
course found no significant differences [8]. Studies in 
other domains have reported significant improvements 
in this ability such as after a ski lesson [27] and exer-
cise [28]. Colwin [34], in turn, claimed that professional 
swimmers with a higher level of kinaesthetic differentia-
tion were able to generate force during a swim stroke 
more effectively than less experienced swimmers. The 
cited literature suggests a modulated effect on kinaes-
thetic differentiation, depending on the type of exercise 
modality or physical activity.

The present findings must be interpreted with cau-
tion. The selection of a 4-second interval between repeti-
tions was not validated nor was this interval evaluated 
if sufficient in duration to eliminate the effects of be-
tween-repetition fatigue. Another factor was the selec-
tion of a single-sex population with a wide age range 
of 21–43 years. Changes in the accuracy of force re-
peatability were also observed over a relatively short 
time window, as some sailing trips take several months 
and testing performed at later time points post-trip 
may show a return to baseline levels. Despite the fact 

that the technical and environmental conditions during 
the cruises were similar, there are no data from the 
accelerometer, which could prove this fact. In turn, 
the use of a posturograph would provide additional 
information and complete the consideration. The sta-
tistical test executed in the pre-test setting indicated 
between-group differences in the ability of kinaesthetic 
differentiation, proving it crucial to conduct and re-
port. In addition, during sailing, the subjects received 
online feedback, which is not found in laboratory condi-
tions. However, ecological validity meaning approxi-
mate condition to the real world is not necessary to 
the overall validity of a study. All the indicated limi-
tations excuse the pilot character of this study. The 
pointed weaknesses should be taken into account in 
further investigation.

From a practical standpoint, the present study pro-
vides insight to the degradation of kinaesthetic dif-
ferentiation after spending time onboard a seagoing 
vessel. This may warrant the addition of appropriate 
kinaesthetic training, although significant research 
is needed to document the kinaesthetic level in sailing-
specific tasks and scenarios. The introduction of the 
kinaesthetic component in sailing training could help 
enhance muscle memory of the force or direction re-
quired in a given movement [35]. Kinaesthesia is an im-
portant factor in many motor skills [36] and reduced 
kinaesthetic perception can negatively affect motor 
function [37]. It may be possible that the changes ob-
served in the present study are a temporal dynamic 
characteristic of this type of physical activity. Kinaes-
thetic training could counteract these changes, although 
further research is required on the relationship be-
tween kinaesthesia and sailing performance.

Conclusions

A 1-month sailing intervention reduced lower limb 
kinaesthetic differentiation as measured by the accu-
racy of reproducing a pre-specified force in both profes-
sional and recreational sailors. This was in contrast 
with the non-sailors group, in which the accuracy of 
force reproduction increased. Comparative analysis re-
vealed a significant difference only among professional 
sailors and for the left lower limb (p = 0.0006).
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