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Anterior cruciate ligament (ACL) injuries are among the common
non-contact injuries in futsal and may be associated with poor landing
mechanics and postural instability. Aquatic training has been proposed as a
potential approach to injury rehabilitation and prevention. Therefore, this study
aimed to investigate the effects of six weeks of interval training on an aquatic
treadmill on postural control and jump-landing biomechanics in professional
futsal players.
This study employed a pretest-posttest controlled design. Sixteen
professional futsal players were recruited and randomly assigned to an
Postural control, Jump- experimental group (n = 8) or a control group (n = 8). The experimental group
landing biomechanics, completed a six-week interval training program on an aquatic treadmill.
ng:h-.lntensrcy 1.nterval . Outcome measures included static and dynamic postural control and jump-
training, Aquatic treadmill, u . . . y . P . ) jump
Elite futsal landing biomechanics. Data were analyzed using paired and independent-
samples t-tests, with the significance level set at p < 0.05.
Aquatic treadmill interval training had a statistically significant effect
on static postural control and some measures of dynamic postural control (p <
0.05). However, no statistically significant effects were observed on jump-
landing biomechanics or kinematic parameters associated with ACL injury risk
(p>0.05).
Six weeks of aquatic treadmill interval training was associated with
significant changes in static postural control and selected measures of dynamic
postural control in professional futsal players. However, no significant effects
were observed on jump-landing biomechanics. Future studies should
investigate the effects of longer training programs in larger samples.
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Introduction

Postural control, which is one of the basic components of daily activities and sports skills, is essential
for the successful execution of movements and the prevention of musculoskeletal injuries. It
develops through the functioning of three main sensory systems (visual, vestibular, and
proprioceptive systems), joint mobility, and muscle strength and coordination (1, 2). Among
athletes, especially adolescent athletes, balance disorders are considered an important intrinsic risk
factor. In this regard, Farhadi (2013) found a significant inverse relationship between static and
dynamic balance scores and the frequency of lower extremity injuries among adolescent athletes,
indicating that poor balance increases the likelihood of injuries (3). Professional athletes
demonstrate different center-of-pressure response patterns during defensive landings compared
with novices, which may influence postural control and the risk of lower extremity injuries (4). Due
to the high frequency of non-contact injuries in jumping and cutting sports such as futsal, researchers
have become increasingly interested in identifying and modifying biomechanical risk factors (5, 6).

Anterior cruciate ligament (ACL) injuries are among the most common non-contact lower extremity
injuries observed in ball-sport athletes and are associated with activities such as rapid deceleration,
cutting, and improper landing after jumping (7). Faulty jump-landing biomechanics are among the
most important risk factors for ACL injury (7). In fact, smaller knee flexion angles, dynamic knee
valgus, and internal rotation of the hip joint during landing increase ligament loading (7, 8).
Additionally, a stiff landing pattern (reduced trunk flexion) and lateral trunk displacement toward
the supporting leg increase the risk of ACL injury (7, 9). Considering that non-contact ACL injuries
usually occur during multiphase movement patterns involving knee valgus, internal tibial rotation,
and smaller knee flexion angles (10), modifying movement patterns during landing maneuvers has
been proposed as a key preventive strategy for ACL injuries (7, 11).

To assess landing risk factors appropriately and economically, field-based testing methods such as
the Landing Error Scoring System (LESS) test have been introduced. The inter-rater and intra-rater
reliability of this test has been reported to be good to excellent, allowing the assessment of technical
errors such as knee valgus, trunk flexion, and ankle angles without expensive laboratory equipment
(12, 13). Although laboratory motion analysis systems are the most precise means of assessment,
they cannot be easily applied on a large scale due to financial and time constraints. Thus, the LESS
test can be a useful tool in both clinical and sports settings (14).

In recent years, aquatic training has been recognized as an effective approach to rehabilitation and
performance enhancement due to the physical properties of water, such as buoyancy (reduced body
weight), resistance, and waves. Buoyancy helps reduce joint loading, whereas waves provide
external stimuli for balance control, thereby improving static and dynamic balance (15, 16). From a
neuromuscular perspective, high-intensity interval training may modify movement patterns
through the induction of controlled fatigue. Vermeulen et al. (2023) reported that a high-intensity
intermittent fatigue protocol in volleyball players resulted in significant alterations in landing
kinematics, including a stiffer lower extremity landing strategy (reduced knee and hip flexion) and
prolonged pelvis-trunk flexion, which were interpreted as a protective mechanism to attenuate
patellar tendon loading (17). In this regard, the aquatic treadmill, as a relatively new device, allows
individuals from diverse populations to perform aerobic and interval training in water (18). On the
other hand, biomechanical studies have shown that performing plyometric exercises in water leads
to a 33-54% reduction in peak impact forces, a 19-54% reduction in impulse, and a 33-62%
reduction in the rate of force development compared with land-based exercises (19). This reduction
in mechanical loading makes the aquatic environment a safe platform for retraining neuromuscular
landing patterns. Studies have shown that this type of training can lead to increased quadriceps
muscle volume, reduced joint inflammation, and improved range of motion following ACL injuries
(20). Moreover, Hoskins et al. (2013) stated that aquatic training has a greater effect on jumping
performance and flexibility in soccer athletes than running on cold and warm aquatic treadmills
(21). Lee et al. (2017, 2018) found significant improvements in gait symmetry, balance, and static
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strength in stroke patients following aquatic treadmill training (22, 23). Safari et al. (2022) and Sabzi
et al. (2022, 2021) highlighted the positive effects of core stability training and aquatic treadmill
training on landing performance and balance in older adults and children with attention-
deficit/hyperactivity disorder (12, 18, 24).

However, despite the positive findings regarding the effects of aquatic exercises on balance in
athletes, no study has yet investigated the effects of interval training on an aquatic treadmill on jump-
landing kinematics and balance in professional futsal players. It was hypothesized that six weeks of
high-intensity interval training on an aquatic treadmill would have a significant effect on postural
control (static and dynamic balance) and jump-landing biomechanics (LESS score and selected
kinematic parameters) in professional futsal players. Given the lack of research in this field and the
high incidence of lower limb injuries in futsal, the purpose of this study was to assess the effects of
six weeks of interval training on an aquatic treadmill on postural control and jump-landing
kinematics in professional futsal players.

Methods

Study Design and Participants

The present study was a randomized controlled trial (RCT) with a pretest-posttest design and a
control group. Participants were divided into two groups: an experimental group (interval training
on an aquatic treadmill) and a control group (no intervention). The study population included all 16
professional futsal players (aged 18-32 years) from Aluminum Arak Club during the 2022-2023
season. Due to the small population size, census sampling (the entire population) was used, and
participants were randomly assigned to two groups: experimental and control (n = 8 in each group).
The inclusion criteria were no musculoskeletal injuries in the lower limbs during the previous three
months, no history of joint or bone surgery in the lower limbs, and atleast three years of professional
futsal experience. The exclusion criteria were absence from more than two training sessions and the
occurrence of any injury during the specialized futsal training period. Before the study began, all
participants signed informed consent forms. The purpose and potential risks of the study were
thoroughly explained to them. The study was approved by the Ethics Committee of Arak University.
Research Instruments

The following instruments were used to achieve the objectives of this study. Interval training was
performed on an aquatic treadmill (HydroTrack, HT-1000, Australia) with adjustable speed and
depth settings (25). Jump-landing biomechanics were assessed using the Landing Error Scoring
System (LESS). For this purpose, two video cameras (Sony, HDR-CX405, Japan) operating at a
sampling rate of 60 Hz were positioned 4.8 m (frontal view) and 4 m (sagittal view) from the
participants. The recorded videos were analyzed using Kinovea software to calculate LESS scores
and assess kinematic parameters, including knee valgus, knee flexion, trunk flexion, and trunk lateral
flexion (26). Postural control was assessed using static and dynamic balance tests. Static balance was
measured using the Stork Stand Test. The time participants maintained balance on their dominant
leg was recorded using a digital stopwatch (Casio, HS-80TW, Japan) (25). Dynamic balance was
assessed using the Y Balance Test (YBT) and its dedicated kit (Perform Better, YBT-Kit, USA), which
measures reaching performance in three directions. Participants' actual leg lengths were measured
using a standard measuring tape (SECA, 201, Germany) (26). Demographic information forms and
written consent forms were also used for data collection.

Testing Procedures

Before testing, the dominant leg of each participant was determined using the preferred-leg method
for kicking and stepping (27). This procedure identified the right leg as dominant in all participants.
Moreover, to control environmental variables and minimize potential confounding factors, the
temperature of the testing hall was maintained at 24-26°C, and all tests were conducted between
9:00 and 11:00 a.m. Participants in the control group were instructed not to perform any additional
physical exercise beyond their regular team training program. During the pretest, the LESS test was
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performed by having participants jump from a 30-cm-high platform positioned at a distance
equivalent to half their height, followed immediately by a maximal vertical jump. Two initial trials
were performed, followed by three valid recorded attempts. The average score of these three
attempts was calculated as the final LESS score. Scoring was performed according to the ten-item
LESS checklist (23, 12). For the static balance assessment, the Stork Stand Test was performed with
participants standing on their dominant leg, placing their hands on their waist, and positioning their
non-dominant foot against the knee of the stance leg. At the tester's command, participants rose onto
their toes, and the duration of maintaining the single-leg stance was recorded. The test was
performed three times, and the best result was recorded (25). For the dynamic balance assessment,
participants performed the YBT by standing on their dominant leg at the center of the Y Balance
device and extending their other leg as far as possible in three directions: anterior, posteromedial,
and posterolateral. Three attempts were performed in each direction, and the average of the three
trials was calculated. Scores were expressed as percentages of leg length (26). Kinematic parameters,
including trunk flexion angle, trunk lateral flexion, knee valgus, and knee flexion, were extracted
during the LESS test by analyzing the recorded videos using Kinovea software. After the six-week
training period, all participants in both groups completed the same tests performed during the
pretest phase.

Training Protocol

The experimental group completed a six-week interval training program on an aquatic treadmill,
while the control group received no intervention. The training protocol was developed based on the
findings of Bressel et al. (2014) (25). The training sessions consisted of a 5-minute warm-up at 50%
of the participant's maximum speed, followed by a 5-minute cool-down at 50% of the participant's
maximum speed. The water depth was adjusted to the same level as the participant's maximum
speed during each session. During training sessions, the xiphoid process of the sternum was
monitored, and the water temperature was maintained between 28 and 30°C. The specifications of
the training protocol are presented in Table 1. All sessions were supervised by an experienced
trainer.

Statistical Analysis

Descriptive statistics were presented as mean * standard deviation. The Shapiro-Wilk test was
performed to assess the normality of the collected data. Data distributions were also examined using
histograms, and Levene's test was performed to assess the homogeneity of variances between
groups. The significance level was set at P < 0.05 for all statistical tests. Data were analyzed using

Table 1. Specifications of the six-week interval training protocol on the aquatic treadmill.

Number of Exercise
Total . . . Rest between Interval
. . Warm-up intervals / intensity ) . .. Cool-down
Sessions  exercise intervals /  intensity

. . o .
Week per week time . (mm.& Du.ratlon ber (% Of. Restintensity  (RPE . (mln.&
. intensity) interval treadmill intensity)
(min) (sec) jet) (sec) scale)

5 min at 60 secat 50% 5 min at

0,
1 2 18 50% jet 3 x 30 sec 55% jet 13 50% jet
5 min at 60 sec at 50% 5 min at

0,
2 2 20 50% jet 4 x 50 sec 58% jet 14 50% jet
5 min at o 90 sec at 50% 5 min at
3 2 20 50% jet 4 x 90 sec 63% jet 16 50% jet
5 min at 150 sec at 5 min at

0,
4 2 30 50% jet 4 x 150 sec 69% 50% jet 17 50% jet
5 min at 80 sec at 50% 5 min at

0,
5 3 30 50% jet 6 x 80 sec 75% jet 18 50% jet
5 min at o 70 sec at 50% 5 min at
6 3 30 50% jet 6 x 70 sec 80% jet 16 50% jet
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paired-samples t-tests for within-group comparisons and independent-samples t-tests for between-
group comparisons. Additionally, difference-in-differences (diff-in-diff) analysis was conducted to
examine the interaction effect between groups of the same age. All statistical analyses were
performed using SPSS software (version 25).

Results

In this study, a total of 16 players aged 18-32 years from the professional futsal team of Aluminum
Arak were investigated. The descriptive characteristics of these players are presented in Table 2.
The independent-samples t-test indicated no significant differences between the experimental and
control groups in terms of age, height, weight, body mass index, or leg length (p > 0.05), indicating
that the two groups were comparable at baseline (Table 2). Before conducting the statistical
analyses, the data were examined for normality and homogeneity of variances. The Shapiro-Wilk
test was used to assess the normality of the data distribution (p > 0.05), and Levene's test (Table 3)
was used to assess the homogeneity of variances (p > 0.05). Therefore, parametric tests, including
paired-samples t-tests (for within-group comparisons) and independent-samples t-tests (for
between-group comparisons and difference-in-differences analysis), were employed. The results of
these analyses are presented in Table 4.

For the jump-landing pattern variable, the independent-samples t-test showed no significant
differences between the two groups at pretest (p = 0.49), posttest (p = 0.55), or in the magnitude of
change (p = 0.59). Additionally, the paired-samples t-test demonstrated that within-group changes
from pretest to posttest were not statistically significant in either the control group (p = 0.35) or the
experimental group (p = 1.00). Therefore, interval training on an aquatic treadmill had no
statistically significant effect on the jump-landing pattern of professional futsal players.

Regarding static balance, the independent-samples t-test showed no significant differences between
the two groups at pretest (p = 0.59) or posttest (p = 0.53). However, the difference in changes
between the two groups was significant (p = 0.01). The paired-samples t-test also demonstrated that
within-group changes were not statistically significant in the control group (p = 0.32), whereas a
significant increase was observed in the experimental group (p = 0.024). Therefore, interval training
on an aquatic treadmill had a statistically significant effect on static balance in professional futsal
players.

The findings for dynamic balance (YBT) in six directions (three directions for the right leg and three
directions for the left leg) are presented in Table 5. The independent-samples t-test showed a
significant between-group difference in the change in the anterior direction of the right leg (p =
0.001). Additionally, the paired-samples t-test indicated a significant increase in the experimental
group (p < 0.001). For the posteromedial direction of the left leg, the between-group difference in
change was also significant (p = 0.046), with the paired-samples t-test revealing a significant
increase in the experimental group (p = 0.021). Similarly, for the posterolateral direction of the left
leg, the between-group difference in change was significant (p = 0.032), and the paired-samples t-
test showed a significant increase in the experimental group (p = 0.02). However, no significant
differences were found in the other directions. A summary of the kinematic parameters is presented
in Table 6. The results indicated that interval training on an aquatic treadmill did not produce
statistically significant changes in jump-landing biomechanics. Neither the overall LESS score nor
any of the kinematic parameters (knee valgus, knee flexion, trunk flexion, and trunk lateral flexion)

Table 2. Comparison of demographic characteristics between the two groups (mean * SD)

Variables Control group (n=8) Experimental group (n=8) t-value  p-value
Age (years) 27.00 + 4.63 25.63 +5.13 0.56 0.58
Height (cm) 181.00 £ 5.63 177.75 £ 6.43 1.08 0.30
Weight (kg) 77.63 +7.13 71.63 +3.85 2.09 0.16
Body Mass Index (kg/m?) 23.73 £2.06 22.74 +1.46 1.12 0.28
Leg length (cm) 90.88 + 2.69 90.00 + 2.78 0.64 0.53

714 Ghasemi et al.. Aquatic HIIT and Landing Biomechanics in Futsal Players. ] Sport Biomech. 2027;12(4):710-731.



Journal of
Sport Biomechanics

Table 3. Levene's test results for control and experimental groups

Variable F P-Value
Jump-landing pattern 0.03 0.88
Static balance 0.28 0.61
Anterior - right leg 1.04 0.33
Posteromedial - right leg 1.73 0.21
Dynamic balance Posterolateral - right leg 0.71 0.41
Anterior - left leg 0.73 0.41
Posteromedial - left leg 3.30 0.06
Posterolateral - leftleg 2.04 0.06
Knee valgus 3.46 0.08
Biomechanical parameters Knee flexion 0.19 0.68
Trunk flexion 0.27 0.61
Trunk lateral flexion 0.01 0.94

Table 4. Comparison of jump-landing pattern and static balance between the two groups (mean * SD)

Change P-Value Effect P-Value Effect

Variable Group Pre-Test Post-Test (Within-  Size  (Between-

(Post-Pre) Group) (d.2) Group) Size (d)
Jump-landing Control 6.25+#191 6.38+199 0.13+0.35 0.35 0.36 0.49 028
pattern Exp. 713+290 7.13+2.85 0.00+0.53 1.00 0.00 ’ ’
Static Control 1996 +8.61 19.88+8.44 -0.09+0.23 0.32 0.38 0.01# 1.48
balance Exp. 2218+749 2250+7.75 0.33+0.32 0.024* 1.02 ' )

“ Indicates a statistically significant within-group difference. # Indicates a statistically significant between-group difference.

showed significant differences from pretest to posttest. Additionally, no statistically significant
within-group changes were observed in either group (p > 0.05).

Discussion

The findings of this study revealed that six weeks of interval training on an aquatic treadmill resulted
in significant improvements in static balance and some components of dynamic balance. However,
the training did not significantly alter jump-landing patterns or kinematic parameters. These
findings suggest that although aquatic training may be a useful approach for enhancing postural
control in professional athletes, it may not be sufficient to modify movement patterns associated
with ACL injuries. Regarding jump-landing patterns, the results showed that interval training on an
aquatic treadmill did not improve LESS scores. This finding contrasts with the results of Safari Bek
et al. (2020), who reported that strengthening the hip abductors and external rotators over 6 to 8
weeks could improve landing mechanics (13). It appears that despite the resistance provided by
water, the training program did not effectively target the specific muscle groups essential for
controlling knee valgus and correcting landing patterns. Moreover, Alimoradi et al. (2021)
demonstrated that the 11+ program, which combines strength, plyometric, and balance exercises,
improved LESS scores after 16 weeks (30). In contrast, the present study focused exclusively on
aerobic interval training in water and did not include corrective or plyometric exercises.
Additionally, fatigue induced by the high intensity of training, along with the participants' already
high fitness levels, may have contributed to a ceiling effect, potentially explaining the lack of changes
in LESS scores (31). Given that the participants were professional athletes, their initial LESS scores
were likely relatively low, limiting the potential for further improvement. Conversely, the significant
effects of training on both static and dynamic balance are consistent with previous studies. For
instance, Sabzi et al. (2022) reported that aquatic treadmill training improved static balance by 62%
and dynamic balance by 71% in older women (18). Additionally, Safari et al. (2022) confirmed the
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Table 5. Comparison of dynamic balance (YBT) in six directions between the two groups and their
comparison from pre-test to post-test within each group (mean + SD)

Change P-Value Effect (lf;/vtlelcl;- Effect

Direction Group Pre-Test Post-Test (within-  Size Size

(Post-Pre) group)  (d.z) group (d)

- change)

Anterior Control 6297 +11.51 6242+10.64 -0.56=%0.73 0.47 0.27 0.001% 2.13
(Right leg) Exp. 67.77+7.12  7054+7.01  277+082 <0.001* 3.38 :
Posteromedia Control 139.29 £ 7.25 139.57 £ 6.81 0.27+£0.12 0.171 0.54 021 0.87
1 (Right leg) Exp. 127.20+£12.86 128.19+12.90 0.99 £ 0.39 0.038* 0.90 ’
Posterolatera Control 140.96 £ 4.64 140.40 £5.22 -0.56+0.73 0.47 0.27 0.079 0.95
1 (Right leg) Exp. 135.21+£11.68 136.19+10.77 0.99 +0.37 0.034* 0.93 '
Anterior (Left ~ Control 62.00 £ 6.61 62.39 £ 6.92 0.39+0.41 0.37 0.34 0.051 1.07
leg) Exp. 68.66 + 6.96 70.91 £ 6.20 2.25+0.77 0.022%* 1.03 ’
Posteromedia Control 139.98 £ 5.95 140.11 £5.79 0.13+0.14 0.35 0.35 0.046# 1.16
1 (Left leg) Exp. 13838+4.66 139.23+4.60 0.85+028 0.021* 1.05 '
Posterolatera Control 140.26 £ 5.45 140.40 £ 5.62 0.14+£0.13 0.35 0.35 0.032¢ 1.30
1 (Left leg) Exp. 130.13+9.18 131.53+£9.06 1.40 £ 0.46 0.02* 1.05 )

" Indicates a statistically significant within-group difference. # Indicates a statistically significant between-group difference.

Table 6. Comparison of kinematic parameters between the two groups (mean * SD)

Change (Post- p-\.fal}le Effect size p-value Effect size
Parameter Group (within- (between-
Pre) (d_z) (d)
group) group)

Control -0.16 £ 0.09 0.14 0.59

Knee valgus Exp. ~015+019 0.47 0.27 0.96 0.03
Trunk lateral Control 0.14+0.14 0.36 0.34

flexion Exp. 0.09 £0.11 0.48 0.26 0.789 0.14
. Control -0.21+0.24 0.42 0.30

Knee flexion Exp. -0.27 £0.22 0.255 0.44 0.85 0.09
. Control 0.11+£0.28 0.70 0.14

Trunk flexion Exp. _0.53 + 0.44 0.27 0.42 0.24 0.61

benefits of eight weeks of core stability training on both types of balance (12). Similarly, Seyed]afari
et al. (2017) and Taheri (2015) reported comparable findings, highlighting the positive effects of
aquatic training on balance in older adults (32, 33). From a physiological perspective, three main
factors contribute to improvements in balance in water. First, water buoyancy reduces joint loading,
allowing individuals to move more freely and enhance proprioception. Second, water viscosity and
resistance provide a continuous sensory challenge, stimulating cutaneous and joint receptors and
enhancing the processing of proprioceptive information in the central nervous system. Finally, water
waves and currents challenge the vestibular system, improving the integration of sensory
information and motor responses. Together, these three factors contribute to improved postural
control and balance.

Regarding kinematic parameters, the results showed that aquatic treadmill training had no
significant effect on any of the four parameters: knee valgus, trunk lateral flexion, knee flexion, and
trunk flexion. This finding is consistent with the results of Wang et al. (2010), who demonstrated
that cold-water immersion had no effect on landing mechanics (34). Similarly, Bressel et al. (2017)
reported that six weeks of aquatic treadmill training did not alter running kinematics on a land-
based treadmill (35). These findings suggest that the aquatic environment may not provide sufficient
stimulus for retraining land-specific landing movement patterns and that kinematic changes during
aquatic training are not necessarily transferred to land-based tasks. In other words, although water
buoyancy reduces joint loading and may help improve balance, more task-specific training in a
similar environment may be required to modify land-specific landing movement patterns.
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On the other hand, Samakoush and Norasteh (2021) showed that neuromuscular training could
improve knee valgus, highlighting the important role of the neuromuscular system in controlling this
movement (36). [t appears that interval training on an aquatic treadmill did not sufficiently enhance
neuromuscular performance to produce such changes. Regarding knee flexion, the findings of the
present study are inconsistent with those of Fattahi et al. (2018), who reported that eight weeks of
core stability training increased knee flexion and reduced anterior shear force (37). This discrepancy
may be attributed to differences in the training protocols. Core stability training directly influences
trunk and pelvic control, which may alter knee flexion patterns, whereas aquatic treadmill interval
training primarily targets cardiorespiratory endurance and overall muscle strength. Additionally, a
case study by Maruszewska and Panasiuk (2020) demonstrated that aquatic treadmill training could
improve knee range of motion. However, this effect was not observed in the present group study,
possibly due to the small sample size and the specific characteristics of case studies (20).

Regarding trunk lateral flexion, the present findings are inconsistent with those of Mohajeran et al.
(2017), who reported that neuromuscular training positively affected trunk lateral flexion. The main
reason for this discrepancy may be the type of training protocol used, as aquatic treadmill training
primarily involves movement in the sagittal plane (forward movement) and does not specifically
target the frontal plane (lateral flexion) (38). Conversely, the lack of improvement in trunk flexion is
consistent with the findings of Yadollahi et al. (2022), who reported that neuromuscular training did
not affect trunk flexion (39). Water buoyancy tends to maintain the body in a more extended
position, meaning that individuals do not naturally adopt a trunk-flexed posture during aquatic
treadmill training. Consequently, this movement pattern may not improve. Additionally, Rajabi and
Mohammadpour (2014) reported a significant relationship between trunk flexion and anterior tibial
shear force (40), while Blackburn and Padua (2008, 2009) demonstrated that trunk flexion could
reduce ground reaction forces and increase hip and knee flexion (41, 42). However, the lack of an
effect of aquatic treadmill training on trunk flexion in the present study may be attributed to water
buoyancy and the maintenance of an extended trunk posture.

The present study also had several limitations. The small sample size (16 participants) was one of
the main limitations, reflecting the nature of the study and the limited population available from a
single professional team. Therefore, the findings should be generalized to other professional futsal
players with caution. Additionally, the six-week training period may not have been sufficient to
induce stable structural and neuromuscular changes in kinematic parameters. The use of two-
dimensional motion analysis was another limitation. Despite these limitations, the findings of this
study may provide a basis for future research using more rigorous methodologies.

Conclusion

Six weeks of interval training on an aquatic treadmill improved postural control (static balance and
some components of dynamic balance) in professional futsal players. However, this training did not
significantly alter jump-landing patterns or the kinematic parameters associated with ACL injury
risk (knee valgus, knee flexion, trunk flexion, and trunk lateral flexion). Since landing mechanics are
among the main risk factors for ACL injuries, the findings of this study suggest that interval training
on an aquatic treadmill alone cannot be recommended as an effective approach to improving these
risk factors or preventing ACL injuries in professional futsal players. In other words, this type of
training appears to be beneficial for improving postural control but is insufficient to correct landing
biomechanics. Given the high incidence of ACL injuries in futsal and the multifactorial nature of these
injuries, a more appropriate and effective approach may involve designing combined training
programs that integrate aquatic training with neuromuscular, core stability, and plyometric
exercises. Future research should investigate this intervention in larger samples, including both
sexes, over longer training periods (8-12 weeks), using three-dimensional (3D) motion analysis
systems and simultaneous electromyographic measurements of muscle activity. Studies should also
include athletes from different sports and assess the long-term effects of the intervention.
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