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Abstract

Windsurfing (WS) and kitesurfing (KS) share the same environment but differ in biomechan-
ics and equipment demands. This cross-sectional study compared physical performance be-
tween WS and KS athletes. Twenty-five male recreational athletes participated (WS n =13,
age 27.7 = 7.0 years; KS n = 12, age 29.0 £ 7.5 years). Body composition, isometric strength
(handgrip and back-and-leg dynamometer), dynamic balance (Y-Balance Test: YBT), func-
tional movement quality (FMS), and drop-jump performance (ground contact time, reactive
strength index, jump height, take-off time) were assessed. Groups were compared using
the Mann-Whitney U test (p < 0.05), and Cliff’s 5 was calculated for significant outcomes.
Participant characteristics were similar, although surfing experience was greater in WS. KS
showed higher leg strength (p = 0.041; 6 = 0.481) with no difference in handgrip strength.
KS also demonstrated higher FMS shoulder mobility (p = 0.022; 5 = 0.532) and total FMS
score (p = 0.014; 5 = 0.577). No between-group differences were found for YBT metrics
or drop-jump variables (p > 0.05). These findings indicate that KS athletes exhibit greater
isometric pulling strength and movement proficiency, whereas balance and reactive jump
performance are comparable, supporting discipline-specific conditioning priorities.

Keywords: windsurfing; kitesurfing; functional movement screen; isometric strength;
dynamic balance

1. Introduction

Sailing sports constitute a multifaceted area of research in sports science due to
the combined demands of physical capacity, technical-tactical skill, and sport-specific
biomechanical requirements [1]. Among these disciplines, windsurfing has been the subject
of scientific studies since the 1990s, with a particular focus on muscle activation patterns and
physiological demands [2,3]. Recent electromyographic evidence has further shown that
pumping in elite windsurfers is characterized by four stable muscle synergies and phase-
specific lateral asymmetries, indicating that this technique depends on coordinated whole-
body neuromuscular control rather than isolated upper-extremity effort [4]. Windsurfing
(WS; Figure 1) involves substantial sustained isometric muscle activity during sail control
and postural stabilization [1,5]. In addition to the predominantly isometric demands
of stance maintenance, dynamic maneuvers such as sail pumping (SPT) involve rapid
alternating concentric and eccentric muscle actions [6,7]. Electromyography analyses
have revealed that muscles such as the flexor carpi ulnaris, extensor carpi radialis, and
biceps brachii exhibit significant activity during SPT [8,9], while the rectus femoris and
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biceps brachii muscles are particularly shown to have high activation levels in the slalom
discipline [10]. Moreover, it was reported that during windsurfing, maximal oxygen uptake
reaches 70-85% of aerobic capacity [11] and that sport-specific energy requirements were
quite high [7,12]. In this context, endurance, agility, and isometric muscle strength are
among the key determinants of performance [13-15].

Figure 1. Windsurfing.

In contrast, kitesurfing (KS; Figure 2) has emerged as a more recent development in
sailing sports, based on kite control and board steering. Physiologically, under typical
conditions, aerobic metabolism operates at approximately 65-70% VO, level [16], while
during acrobatic maneuvers [17] this level can reach 80-90% [7]. Although there are
difficulties in directly measuring energy demand [18] biomechanical studies show that both
lower and upper extremity muscle groups perform intense isometric contractions, and that
isotonic muscle contractions are predominant in acrobatic and freestyle movements [19,20].
With advances in safety equipment, the popularity of this sport has increased, and the
number of epidemiological studies on potential injuries has also risen [21-23].

Figure 2. Kitesurfing.

As a result, WS and KS are largely sustained by the aerobic energy system, but
the anaerobic system kicks in during maneuvers and freestyle movements. Therefore,
developing lower extremity strength, postural control, technical skills, and sport-specific
training programs is of critical importance [13,24]. Furthermore, the detailed assessment of
athletes” anthropometric profiles and body composition contributes to a comprehensive
understanding of performance [24,25].

The literature indicates that both sports require a high level of endurance, technical
skill, muscle strength, and energy system interaction. Despite the growing worldwide pop-
ularity of WS and KS, comparative studies examining their effects on functional movement,
mobility, and strength remain limited. Most existing studies have examined physiological
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requirements [3,11,16,20] or injury epidemiology [5,26-29] leaving a gap in the understand-
ing of how these factors affect the functional performance outcomes of these sports. In this
context, the aim of the present study is to examine the functional performance levels of WS
and KS athletes and to reveal the differences between the two disciplines.

2. Materials and Methods
2.1. Research Design

This study employed a cross-sectional design to evaluate functional performance in
recreational WS and KS athletes. The test battery included body composition assessment,
dynamic balance (Y-Balance Test: YBT), isometric strength (handgrip and back-and-leg dy-
namometer), Functional Movement Screen (FMS), and a drop jump test to quantify reactive
performance. Each participant completed one test per day in the morning, after breakfast
and before the start of their regular water training session, over five consecutive days.

Data collection was conducted at Bubi Surf School in Alagati, Izmir, Tiirkiye. All proce-
dures were conducted in accordance with the Declaration of Helsinki, and ethical approval
was obtained from the Health Sciences Ethics Committee of Manisa Celal Bayar University
Faculty of Medicine (decision no: 20.478.486/484; 29 July 2020). Written informed consent
was obtained from all participants prior to participation.

2.2. Participants

A total of 25 male recreational athletes (aged 1841 years) voluntarily participated in
the study, including 13 WS athletes and 12 KS athletes from Izmir, Tiirkiye. The mean age of
the windsurfing group was 27.7 & 6.7 years, and the kitesurfing group was 29.5 + 7.2 years.
The study included athletes who had not sustained any injuries in the past three months.
All participants had a minimum of three years of experience and demonstrated advanced
proficiency in their respective disciplines. In addition, the individual training load of the
participants consisted of 2—4 h of training per session, three times per week, depending on
wind conditions.

Prior to participation, all athletes were informed about the study procedures both
verbally and in writing, and written informed consent was obtained from each participant.

Participant characteristics are presented in Table 1. No between-group differences
were observed for age, height, body mass, or body mass index (BMI) (p > 0.05); however,
surfing experience (sport age) was higher in the WS group [p < 0.001; Cliff’s 6 = —0.667
(95% CI: —0.929, —0.314)].

Table 1. Characteristics of the participant.

Height Weight (kg) BMI (kg/m?) Surf Age
Kitesurfing (n =12)  29.00 £ 7.53 179.00 £ 6.45 73.10 £5.77 22.79 £2.72 7.25+3.44
Windsurfing (n=13) 27.76 £+ 7.06 176.61 £ 7.00 71.45 £9.60 22.88 +2.49 13.23 £5.32
0.29 0.37 0.57 0.001 *

p

BMI: body mass index; n: number of athletes, * significant differences values at p < 0.05.

2.3. Methods
2.3.1. Body Composition

Body composition was assessed using a multi-frequency bioelectrical impedance
analyzer (Tanita MC-780MA, Tanita Corp., Tokyo, Japan), with a measurement preci-
sion of £0.1 kg for body mass. Participants were instructed to follow standardized pre-
assessment guidelines regarding hydration and nutrition 24 h before testing to ensure
measurement reliability.
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2.3.2. Y-Balance Test

Dynamic balance was evaluated using the Y-Balance Test. Lower limb length was mea-
sured bilaterally (cm) from the anterior superior iliac spine to the distal medial malleolus
in a supine position. During testing, participants stood barefoot with their hands on their
hips and reached in three directions (anterior, posteromedial, and posterolateral) while
maintaining heel contact with the floor. The procedure was demonstrated by the researcher,
and participants performed three familiarization trials per direction. Trials were repeated
if errors occurred (e.g., weight transfer to the reaching foot, heel lift, or removal of hands
from hips). Reach distances were recorded in centimeters and normalized to limb length
for analysis [30].

2.3.3. Isometric Strength Assessment

Handgrip Strength: Participants performed maximal voluntary contractions using a
digital handgrip dynamometer (Takei Scientific Instruments Co., Niigata, Japan). Testing
was conducted in a standing position with the elbow fully extended and the arm positioned
alongside the body. Two trials were performed for each hand, and the highest value (kg)
was recorded. Grip span was adjusted to the participant’s hand size.

Back-and-leg strength: Isometric back and leg strength were assessed using a back-
and-leg dynamometer (Takei Scientific Instruments Co., Niigata, Japan; capacity: 660 Ib).
Before testing, the bar and chain length were individually adjusted according to each
participant’s height [31].

Back extensor strength: For the back extensor strength test, participants stood on the
dynamometer platform with approximately 10° of knee flexion and grasped the bar with
a pronated grip. The elbows were maintained at approximately 90° of flexion, and the
trunk was inclined forward to about 60° while the spine remained in a neutral position.
From this standardized posture, participants were instructed to exert maximal pulling force
while attempting to extend the trunk to an upright position without altering the prescribed
testing stance. Peak force was recorded in kilograms. After a sufficient rest period, a second
trial was performed, and the highest value was retained for analysis.

Leg strength: For the leg strength test, participants stood on the dynamometer platform
with approximately 110° of knee flexion and held the bar between the knees using a
supinated grip, with the elbows fully extended. While maintaining an upright posture and
neutral spinal alignment, they were instructed to produce maximal force using the lower
limbs. Two trials were performed with sufficient rest between attempts, and the highest
value displayed by the dynamometer (kg) was used for analysis.

2.3.4. Functional Movement Screening

Functional movement quality was assessed using the FMS, which consists of seven
movement patterns: Deep Squat, Hurdle Step, In-Line Lunge, Shoulder Mobility, Active
Straight Leg Raise, Trunk Stability Push-Up, and Rotary Stability. Each pattern was scored
on a 0-3 scale, and the total FMS score was calculated as the sum of individual pattern
scores. To preserve natural movement strategies, no additional warm-up was performed
immediately before FMS testing. Movements were recorded from frontal and sagittal views
(photo/video) to support standardized scoring [32,33].

2.3.5. Drop Jump Assessment

Reactive jump performance was evaluated using a drop jump from a 30 cm platform.
Jumps were recorded and analyzed using the My Jump 2 smartphone application (Android
version 2.0.9; Carlos Balsalobre, Madrid, Spain) in high-speed mode (240 fps). Participants
stepped down from the platform and were instructed to rebound immediately into a
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maximal vertical jump with minimal ground contact time [34,35]. Ground contact time,
jump height, reactive strength index (RSI), and take-off time were calculated. Two trials
were performed, and the trial with the highest RSI was retained for analysis.

2.4. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, Version
25.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics were calculated for participant
characteristics. Normality of data distribution was assessed using the Shapiro-Wilk test.
As normality assumptions were not met, between-group comparisons (WS vs. KS) were
performed using the Mann-Whitney U test. For ordinal outcomes with a high number of
ties (FMS sub-scores), exact two-tailed p-values were reported (SPSS Exact Tests). Effect
sizes were calculated using Cliff’s delta (8) for significant comparisons and interpreted as
small (0.147 < 6 < 0.33), medium (0.33 < 6 < 0.474), and large (5 > 0.474) [36]. Statistical
significance was set at p < 0.05.

3. Results

Y-Balance Test results for both groups are presented in Table 2.

Table 2. Y-Balance test results between the groups.

Group N Median (Q1-Q3) U p
o amior et 12 gmEmam g,
Right Posterolateral %ﬁ;ﬁfiﬁi . g ?23128(??0532;;1[112300)97) 48.00 0.103
e S - .- < S
G B RROERO oy o
o S B gmmnem
i S 2 DGR oy g
O R N ST PN
LCT Windsorfig 13 oo (2 ioion A0 089

RCT: Right Combined Total; LCT: Left Combined Total, p < 0.05.

The Mann-Whitney U test indicated no statistically significant differences between
the KS and WS groups across all YBT parameters, including right and left anterior, postero-
medial, posterolateral, and composite scores (p > 0.05).

Table 3 presents the FMS results for both groups. The Mann-Whitney U test revealed
no statistically significant differences between the KS and WS groups in individual move-
ment patterns, including Deep Squat, Hurdle Step, In-Line Lunge, Active Straight Leg
Raise (ASLR), Trunk Stability Push-Up (TSPU), and Rotary Stability (p > 0.05). However,
a significant difference was observed in Shoulder Mobility (p = 0.022; Cliff’s 6 = 0.532,
95% CI [0.109, 0.917]), indicating a large effect size. Additionally, the total FMS score
differed significantly between groups (p = 0.014; Cliff’s 6 = 0.577, 95% CI [0.167, 0.910]), also
reflecting a large effect. These significant findings are further illustrated in Figures 3 and 4.
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Table 3. FMS results between the groups.
Group N Median (Q1-Q3) U p (Exact)
s S 2306300
s Kimins 13200630y
e Ko 2 MO0y
Shoulder Mobility I‘f\}ﬁ‘;ﬂf;ﬁg o gggjgg; 3650  0.022*
g 12 OOy
Goring 12 MOS0y g
Rotary Stability %ﬁ;‘;ﬂ?ﬁg o ggg:ggg; 6200 0406
s Kot 12 DO g,

sholdermobility

ASLR: Active Straight Leg Raise; TSPU: Trunk Stability Push Up, * significant differences values at p < 0.05.
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Figure 3. Significant FMS findings in the kitesurf and windsurf groups. (A) Shoulder Mobility scores.

(B) Total FMS scores.
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Figure 4. Box plot with jittered individual data points for leg strength in the kitesurf and
windsurf groups.

The isometric strength assessment results of the KS and WS groups are presented in
Table 4.
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Table 4. Isometric strength assessment results between the groups.
Group N Median (Q1-Q3) U P
. . Kitesurfing 12 49.65 (41.92-55.07)
Right Handgrip Windsurfing 13 46.00 (42.5548.00) ©%%0 0401
. Kitesurfing 12 46.85 (41.47-53.47)
Left Handgrip Windsurfing 13 45.10 (42.00-51.30) 800 0.586
Kitesurfin 12 129.00
Back extensor strength & (112.50-173.25) 49.00 0.115
. . 115.00
Windsurfing 13 143 10_131.50)
. . 166.50
Leg strength Kitesurfing 12 (138.50-195.50) 40.50 0.041 *
. . 133.00
Windsurfing 13 (126.50-161.00)
p<005*%.

Leg strength results demonstrated a significant difference between the KS and WS
groups (p = 0.041; Cliff’s 6 = 0.481, 95% CI [0.051, 0.821]), indicating a large effect size, as
illustrated in Figure 4. In contrast, no significant differences were observed between groups
in left and right handgrip strength or back extensor strength measurements (p > 0.05), as
presented in Table 4.

The drop jump assessment results of the KS and WS groups are presented in Table 5.

Table 5. Drop jump assessment results between the groups.

Group N  Median (Q1-Q3) U P
g EomemmE g
S E SR,
B e b pmOiom S0 07
T Kitesurfing 12 459.50 (379.00-518.00) 56.00 0.231

Windsurfing 13 481.00 (469.00-528.50)
GCT: ground contact time; RSI: reactive strength index; JH: jump height; TT: take-off time; p < 0.05.

Drop jump data is shown in Table 5. No significant between-group differences were
detected for ground contact time, RSI, jump height, or take-off time (p > 0.05).

4. Discussion

This study examined functional performance differences between recreational WS and
KS athletes using selected assessments of isometric strength, dynamic balance, drop-jump-
derived reactive performance, and functional movement quality. Functional performance
analysis and posture-oriented exercises are particularly relevant in kitesurfing, a discipline
that requires high levels of coordination and core stability. Moreover, functional perfor-
mance testing is widely recognized as essential not only for optimizing athletic performance
but also for injury prevention and rehabilitation processes.

The primary findings indicate that dynamic balance and lower-extremity reactive
performance were similar between groups (p > 0.05). Previous literature has demonstrated
that trained athletes exhibit superior balance compared to sedentary individuals [37,38] and
kitesurf athletes have shown enhanced joint mobility and Y-balance performance relative
to inactive controls [39]. In the present study, however, no between-group differences in
YBT performance were observed, possibly because both disciplines involve balance-related
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demands under unstable environmental conditions, which may contribute to comparable
dynamic balance performance.

Similarly, no between-group differences were observed in drop jump variables, includ-
ing ground contact time, RSI, jump height, and take-off time (p > 0.05). The drop jump is
commonly interpreted as an indicator of stretch—shortening cycle behavior and reactive
strength rather than stimulus—response “reaction time” [40,41]. Therefore, the present find-
ings suggest that lower-extremity reactive performance may be developed to a comparable
degree in WS and KS at the recreational level, potentially due to shared requirements for
rapid force modulation and postural regulation during on-water maneuvers.

Body composition outcomes did not differ between groups, whereas KS athletes
demonstrated greater leg strength (p < 0.05). This finding may reflect discipline-specific
loading patterns and the mechanical demands of kitesurfing, where sustained resistance
against kite pull and edging positions can require prolonged force production with intermit-
tent dynamic corrections [16]. In contrast, handgrip strength did not differ between groups,
indicating that the observed strength distinction was more apparent in the leg strength task
than in general grip capacity. Although isometric strength adaptations may be enhanced
through structured resistance training and combined eccentric-concentric strategies [8], the
cross-sectional design of the present study requires cautious interpretation of the potential
mechanisms underlying the observed differences between the sports.

KS athletes demonstrated higher FMS shoulder mobility and higher total FMS scores,
whereas the remaining FMS subtests were comparable between groups. Accordingly, the
between-discipline difference in movement quality appeared to be driven primarily by the
upper-limb mobility domain rather than broad multi-segmental movement competency.
The Functional Movement Screen is intended to identify fundamental movement limita-
tions and asymmetries that may reflect underlying mobility or stability deficits. From a
mechanistic perspective, the FMS shoulder mobility task is influenced by combined gleno-
humeral range of motion, scapulothoracic mobility /control, and thoracic extension [32].
Kitesurfing requires repeated bar steering and power regulation with sustained upper-limb
positioning and high traction loads, which may promote sport-specific shoulder and tho-
racic adaptations. At the same time, range-of-motion characteristics, rotator cuff strength,
scapular function, and training load have been identified as modifiable risk factors for
overuse shoulder injuries in overhead-dominant sports [42]. Although kitesurfing injuries
are frequently reported in the lower extremity, shoulder involvement has also been docu-
mented in epidemiological studies [19,43]. Accordingly, targeted shoulder-mobility and
scapular-control exercises may be prioritized for WS athletes, whereas KS athletes may
benefit from monitoring side-to-side asymmetry and pairing mobility work with rotator
cuff strengthening and load management.

An important consideration when interpreting the present findings is the disparity in
sports experience between the groups. The greater sport age observed in the windsurfing
group may partly reflect the longer-established competitive and developmental pathway
of windsurfing compared with kitesurfing in Tiirkiye. Official federation records indicate
that windsurfing had a broader domestic competitive presence in earlier archived sea-
sons, whereas kiteboard competitions became more clearly institutionalized later. Since
long-term sport-specific training may influence postural control, movement quality, and
neuromuscular performance, sport experience should be considered a potential confound-
ing factor when interpreting the present results. However, the fact that the kitesurfing
group demonstrated superior outcomes in some variables despite lower sport age suggests
that the observed differences cannot be explained by training age alone and may also reflect
discipline-specific mechanical and neuromuscular demands.
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Limitations of the Study

This study has several limitations that should be acknowledged. First, the sample size
was relatively small (n = 25), which may limit the statistical power and generalizability
of the findings. Second, sports experience differed significantly between the groups, and
this imbalance may have influenced the functional test outcomes independently of sport
discipline. Although this issue was discussed in relation to the developmental context of
the two sports in Tiirkiye, training age should still be considered a potential confounding
factor. Third, although only athletes who had not sustained any injury within the previous
3 months were included in the study, a detailed history of earlier musculoskeletal injuries
or residual complaints was not systematically recorded. Therefore, the possible influence
of previous injury history on FMS and YBT performance cannot be completely ruled out.
Future studies should include larger samples, more closely matched training backgrounds,
and more detailed injury-history assessment.

5. Conclusions

Overall, while recreational WS and KS athletes demonstrate similar balance and re-
active strength profiles, kitesurfing appears to impose greater demands on isometric leg
strength and shoulder mobility, as reflected in the FMS outcomes. These results highlight
the importance of implementing discipline-specific conditioning strategies tailored to the
mechanical and postural requirements of each sport. Functional performance measure-
ments remain critical tools for optimizing sport-specific training, reducing injury risk,
and enhancing long-term athletic development in water-based board sports. A further
limitation is the absence of data on participants’ injury history, which may have influenced
FMS and YBT outcomes. Future research should include injury profiling to better interpret
functional performance results.
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Abbreviations

WS  Windsurfing

KS In contrast, kitesurfing

FMS  Functional Movement Screen
YBT  Y-Balance Test

SBT  Sail pumping
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