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Abstract
Background

Flatwater sprint kayaking is a high-intensity speed-based Olympic water sport with substantial physical, technical, tactical, and psychological demands.
Among its performance determinants, sprint performance is the key factor for competitive success. However, the role of trunk dynamic and static muscle
strength and the sprint performance are yet to be established in adolescent male sub-elite flatwater kayakers. The purpose of this study was to determine the
associations between trunk dynamic and static muscle strength, and sprint performance.

Method

Thirty eligible adolescent male sub-elite flatwater kayakers completed assessments of trunk dynamic and static muscle strength, as well as 200 m sprint
trials on a kayak ergometer/dynamometer. Trunk static strength of the abdominal, back, left and right lateral regions was assessed using the Abdomen
Bridge Test (ABT), Back Bridge Test (BBT), Left Side Bridge Test (LSBT) and Right Side Bridge Test (RSBT), whereas trunk dynamic strength, including trunk
flexion, extension, left and right rotation strength, was evaluated using the 1-min sit-up test (1-min SUT), 1-min back extension test (1-min BET), 1-min Trunk
Left Rotation Test (1-min TLRT) and 1-min Trunk Right Rotation Test (1-min TRRT). Sprint performance indicators for the K1 200 m flatwater sprint
performance were assessed using a kayak-specific ergometer (Dansprint PRO) and included sprint time (SP), stroke rate (SR), mean and peak velocity (V-
Mean and V-Peak), as well as bilateral symmetry of paddling force output (BS-PFO). All tests data for normality (Shapiro-Wilk and Kolmogorov-Smirnov?@), and
Pearson’s correlation coefficients were calculated with significance set at the standard alpha level (0.05).

Results

Results indicated that lateral trunk static strength was significantly associated with 200 m sprint performance. Both left and right side trunk static strength
were negatively correlated with sprint time (r = - 0.409 to - 0.420, p < 0.05) and positively correlated with peak velocity (r=0.313 to 0.466, p < 0.05-0.01),
whereas no significant relationships were observed for abdominal or back bridge strength (all p >0.05). In contrast, dynamic trunk muscle strength showed
stronger and more consistent associations with sprint performance. Trunk flexion strength (1-min SUT) was strongly related to faster sprint time (r = - 0.658,
p <0.01) and higher stroke rate, mean velocity, and peak velocity (r=0.328-0.577, p < 0.05-0.01). Trunk extension strength (1-min BET) was positively
associated with mean and peak velocity (r = 0.428-0.459, p < 0.01). Additionally, trunk rotational strength (1-min TLRT and TRRT) was significantly correlated
with sprint time, stroke rate, and velocity outcomes (Ir| = 0.313-0.501, p < 0.05-0.01). No trunk strength variables were significantly associated with bilateral
symmetry of paddling force output (all p > 0.05).

Conclusion

The findings of this study indicate that trunk muscle strength, particularly dynamic trunk flexion and rotational strength as well as lateral trunk static
endurance, is closely associated with sprint performance variables in adolescent male sub-elite flatwater kayakers. These results suggest that effective force
generation and transfer during sprint kayaking rely heavily on coordinated trunk muscle function rather than ventral or dorsal static endurance alone.
Accordingly, training programs for young kayakers should prioritize the development of dynamic trunk strength and lateral trunk stability to optimize sprint
performance.

1 Introduction

Trunk muscle strength, produced by the contraction of the core muscles, is the comprehensive strength that can stabilize the spine and pelvis of the body,
maintain body posture, improve body control and balance, and improve the power output from the core to the limbs during exercise, playing a crucial role in
controlling body balance and stabilizing the center of gravity [1, 2]. Moreover, it actively participates in the energy transmission of the core muscle group
during competitive sports, serving as an important “power source” and “bridge” for the human body in the process of movement [3]. Furthermore, scholars
have divided trunk muscle strength into two main types: trunk static strength and trunk dynamic strength [4, 5]. Trunk static strength refers to the ability to
maintain spinal alignment and posture under static conditions. The Trunk static strength is primarily generated by the deep and small muscle groups in the
abdomen, back, and lateral sides of the core area (especially the deep and small muscle groups between the spine, lumbosacral region, and sacroiliac
region) to stabilize vital core area; Trunk dynamic strength is mainly produced by the contraction of larger surface muscle groups, mainly including the rectus
abdominis, erector spinae, and internal obliques and external obliques, while trunk dynamic strength involves the force to facilitate trunk flexion, extension,
and rotation [2].

Flatwater sprint kayaking is a highly competitive, speed-based water sports event, and the goal is that competitors from the start line to the finish line in the
shortest time possible in a race, as kayakers must propel their kayaks across the water with high-intensity periodic paddling over the distances [6]. The sprint
performance in kayaking is a comprehensive reflection of an athlete’s physical fitness, paddling technique, tactics, and psychological ability, and it holds
significant value for both training and competition [7, 8]. Due to the lack of stable support for land, all paddling techniques for kayakers are performed in a
sitting position in an unstable water environment, which requires kayakers to have strong trunk strength. Specifically, good trunk static strength is essential
for stabilizing posture, maintaining balance, and transferring momentum from the lower limbs to the upper limbs, while strong trunk dynamic strength is
crucial for actively exerting force, coordinating trunk movements, and driving the upper limbs to paddle effectively [9]. Therefore, focusing on the relationship
between sprint performance and trunk strength is crucial for the athletic development of adolescent kayakers.
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Research indicates that trunk static strength is a crucial factor in flatwater sprint kayaking performance [10, 9]. Trunk static strength helps kayakers maintain
control over their center of gravity, reducing the risk of capsizing during competition [11]while also supporting an upright seated posture, which is essential
for stable paddling techniques [12, 13]. Moreover, the trunk static strength enables kayakers to adapt effectively to varying conditions—such as wind,
currents, and waves—allowing them to maintain a straight course and optimize their speed [9]. Furthermore, strong trunk static strength provides a stable
platform for efficient force transfer, coordinating the movement between the lower and upper body to maximize paddling power [14, 15]. Therefore, trunk
static strength is essential to boost competitive performance in flatwater sprint kayaking.

Efficient paddling and athletic performance in kayaking requires both strong trunk static strength and trunk dynamic strength [16]. Previous studies have
shown that there are four important phases in kayaking paddling cycle—catch, drive/power, exit, and recovery/aerial—the recovery/aerial phase occurs when
the paddle is in the air, not interacting with water or generating propulsion, while the other three phases involve paddle-water interaction, producing the force
to propel the kayak forward [17, 18]. During these four paddling phases, the kayaker’s torso undergoes a small-scale flexion, extension, and rotation at the
trunk joint [19, 20]. Additionally, trunk muscles such as the rectus abdominis, erector spinae, external obliques, and internal obliques have been identified as
the “active or agonist muscles” that drive the upper limb paddling while simultaneously completing the flexion, extension, and rotational movements of the
torso, thus helping kayakers achieve efficient paddling technique [10]. Furthermore, taking athletes’ unilateral paddling as an example, Li (2015) highlighted
that the trunk dynamic strength of kayakers’ trunk extension and rotation—especially rotational force—are the primary forces generating paddling force
(stroke power) during the catch, drive/power, and exit phases. Meanwhile, trunk dynamic strength of flexion and reverse rotation aids the kayaker’s trunk to
quickly returning to erect and slightly lean forward sitting posture and shorten the air time of paddling in the recovery phase, thereby better connecting with
the catch, drive/power, and exit phase on the other unilateral stroke and increasing the paddling frequency (stroke rate) [21]. Therefore, trunk dynamic
strength is critical to every paddling phase when maximizing stroke force and efficiency to drive the kayak forward at high speed.

Previous literature indicated significant relationships between trunk strength and performance in kayakers [22, 10]. Brown et al. (2010) highlighted a
significant correlation (p < 0.05) between kayakers’ peak paddle force and the activation of core muscles such as the rectus abdominis and external obliques
during on-water paddling, which are crucial for sprint performance. In addition, Bjerkefors et al. (2018) identified that after a certain intensity level, the stroke
power output significantly increased with the range of motion (ROM) of the trunk for elite kayakers during paddling on a kayak ergometer. Furthermore,
during 150m flatwater sprint trials, another study emphasized a significantly strong relationship between the activation of internal obliques and external
obliques and peak velocity (r=.684, p < 0.05), as well as a significantly strong positive relationship (r=.562, p < 0.05) with mean velocity and the contralateral
rectus abdominus. The study also identified multiple significant associations between the rectus femoris, rectus abdominis, and external obliques during the
paddle stroke [9]. Therefore, with reference to these findings, it seems plausible to argue that core strength may have the potential to improve the sprint
performance of kayakers.

Although previous studies have employed techniques such as electromyography to investigate the relationships between trunk muscle activation and
paddling performance in elite adult kayakers, these investigations have primarily focused on the activation of specific individual trunk muscles, such as the
rectus abdominis, erector spinae, and oblique muscles. To date, limited attention has been given to trunk muscle strength from a comprehensive perspective
that integrates static strength of the abdominal, back, and lateral musculature, as well as dynamic strength encompassing trunk flexion, extension, and
rotation. Moreover, evidence remains scarce regarding how the combined contribution of trunk static and dynamic muscle strength, considered at the
muscle-group level rather than at isolated muscles, relates to sprint performance in adolescent sub-elite flatwater kayakers. Therefore, addressing those
gaps are essential to improve the understanding of trunk musle strength characteristics and their practical relevance to sprint kayaking performance, thereby
providing an evidence-based foundation for targeted training interventions in this population of adolescent sub-elite flatwater kayakers.

2 Materials and Methods
2.1 Participants

In scientific research, the interpretation of correlation coefficients is primarily guided by effect size conventions rather than statistical significance alone.
According to the criteria proposed by [23], an absolute correlation coefficient (Jr) < 0.10 represents a negligible association, 0.10-0.29 a weak association,
0.30-0.49 a moderate association, 0.50—0.69 a large (strong) association, and values = 0.70 a very large (strong) association. It is well established that the
required sample size for correlation analyses depends on the expected magnitude of the correlation, as well as the selected significance level and statistical
power [24]. Accordingly, an a priori sample size estimation was conducted using G*Power software (version 3.1). For a two-tailed Pearson correlation
analysis, a large (strong) expected effect size (r = 0.50) was assumed, reflecting the hypothesized meaningful relationship between trunk muscle strength
and sprint performance based on prior biomechanical and training-related evidence in sprint kayaking and similar high-intensity paddle sports. With the
following parameters: correlation under the alternative hypothesis (p H;) = 0.50, correlation under the null hypothesis (p Hg) = 0, a error probability = 0.05, and
statistical power (1 - B) = 0.80, the analysis indicated that a minimum total sample size of 29 participants was required. For details on the sample size
estimation using G*Power software, see Fig 1(Sample size estimation using G*Power software).

In this study, 30 male adolescent sub-elite flatwater kayakers specializing in the K1(kayak with single athlete) 200 m flatwater sprint event (aged 16-22
years) in Nanchang Yao lake water sprots training base in Jiangxi province, China, participated in this study. All participants had a minimum of 3 years of
kayak-specific training. Exclusion criteria included any history of surgery, current or recent musculoskeletal injuries, or other health conditions. In addition,
none of the participants had previously undergone systematic core training that was judged to potentially have an influence on the results of either test. All
adolescent sub-elite flatwater kayakers under 18 years of age handed in an informed consent from their parents or legal guardians whereas the kayakers
aged 18 years and above handed in a written consent. Before collecting data, the study was conducted with approval from the relevant authorities. The study
protocol was registered in the ClinicalTrials.gov Protocol Registration and Results System (PRS) (https://clinicaltrials.gov/) (Identifier: NCT06432595;
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registration date: 7 January 2024). Ethical approval was obtained from the Universiti Putra Malaysia Human Research Ethics Committee (JKEUPM 2023-
256).

2.2 Testing Procedures

Testing Procedures included the assessment of demographic and anthropometric variables, trunk dynamic and static muscle strength, and sprint
performance. Prior to data collection, all participants completed a brief familiarization session for each test to ensure proper understanding of the
procedures and correct execution. To minimize the influence of fatigue, participants performed only one practice repetition during the familiarization phase,
allowing them to become accustomed to the testing protocols before the formal assessments were conducted.

2.3 Assessment of Demographic and Anthropometric Variables

In this study, the variables of all participants’ age, height, weight, and training years were essential demographic and anthropometric characteristics
measurements. Firstly, the variables of age and training years were collected based on participants’ self-reported information obtained prior to testing.
Secondly, a collective meeting was held for all participants to explain the key precautions and guidelines to be followed during the testing phase. In addition,
the variables of participants’ height and weight were measured by using a height and weight meter. The measurement of height and weight was conducted
on the morning of the collective meeting day for all participants before conducting the correlation study. For details on the demographic and anthropometric
variables, see Table 1.

2.4 Assessment of Trunk Static and Dynamic Muscle Strength

The Trunk muscle strength testing assessment included trunk static and dynamic strength. This study measured the trunk static strength of the core area in
terms of 4 parts (abdomen, back, left side, and right side) and the trunk dynamic strength of the core area in terms of 4 range-of-motion (flexion, extension,
left rotation, and right rotation). The specific test methods and the instruments are shown in Table 2.

Core Stability Strength Test Protocol

The abdomen bridge test (ABT), back bridge test (BBT), and left and right side bridge tests (LSBT/RSBT) are standard measurements of trunk static strength
in sports, where Maximum Duration (MD) for the bridge type tests was employed for the estimation of the trunk static strength of athletes [25, 26]. These
bridge type tests are widely used to evaluate the core stability strength of athletes across various sports disciplines, providing reliable indicators of their
endurance and muscular control for abdominal, back, left and right lateral regions [5, 27]. Therefore, in this study, the bridge type test protocol of trunk static
strength included the abdomen bridge test (ABT), back bridge test (BBT), and left and right side bridge test (LSBT/ RSBT) for Chinese adolescent male sub-
elite flatwater kayakers.

Abdomen Bridge Test (ABT). The abdomen bridge test was used to assess trunk static (core stability) strength of the abdominal musculature in adolescent
male sub-elite flatwater kayakers. Prior to testing, participants completed a standardized warm-up consisting of light jogging and dynamic stretching of the
upper limbs, lower limbs, and trunk. Participants were positioned prone on a floor mat, supported by the forearms and toes. Upon command, they were
instructed to lift the hips off the floor and maintain a straight line from the shoulders to the heels with the spine in a neutral position. Timing commenced
once the correct position was achieved and was terminated when the participant was unable to maintain proper alignment or when any part of the body
deviated from the required posture. Test duration was recorded in seconds using a stopwatch, with the maximum holding time taken as the final score.
Following the test, participants performed a light of 5-10 min cool-down consisting of jogging and self-massage of the upper limbs, lower limbs, and trunk.
The testing procedure followed previously published protocols [25].

Back Bridge Test (BBT). To measure the core stability strength of the core muscle in terms of the back in young Chinese male sub-elite flatwater kayakers.
Prior to testing, participants completed a standardized warm-up consisting of light jogging and dynamic stretching of the upper limbs, lower limbs, and trunk.
Participants were positioned supine on a floor mat with the feet, head, and shoulders in contact with the mat, arms placed alongside the body with palms
facing downward without providing support, and the calves perpendicular to the ground. Upon the tester's command, participants raised the hips off the mat
to form a straight line from the shoulders to the knees while maintaining a neutral spinal alignment. The test commenced once the correct position was
achieved and was terminated when the posture could no longer be maintained. Test duration was recorded in seconds using a stopwatch, and the maximum
time maintained in the correct position was used for further analysis. Following completion of the test, participants performed a 5-10 min light cool-down,
including jogging and self-massage of the upper limbs, lower limbs, and trunk. Trunk static strength of the posterior core musculature was assessed using
the back bridge test (BBT) [25].

Left and Right Side Bridge Tests (LSBT / RSBT). The left and right side bridge tests were used to assess trunk static (core stability) strength of the lateral
musculature in Chinese adolescent male sub-elite flatwater kayakers. Prior to testing, participants completed a standardized warm-up consisting of light
jogging and dynamic stretching for the upper and lower limbs as well as the core region. For the test, participants assumed a side-lying position on a floor
mat, with the upper body supported by the elbow and forearm, and the outer edge of the foot of the same side in contact with the ground. The lower limbs
were kept fully extended, with the top foot positioned slightly anterior to the bottom foot. Upon the tester's command, participants raised their hips off the
floor to form a straight line from head to feet, maintaining this position as long as possible. The test started once the correct alignment was achieved and
was terminated when the participant was no longer able to maintain the prescribed position. Test performance was recorded as the maximum duration (s)
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maintained for each side using a stopwatch. Following the test, participants performed a 5-10 min cool-down consisting of light general activities such as
jogging and self-massage of the upper and lower limbs and core region. The testing procedures followed previously published protocols [26].

Core Dynamic Strength Test Protocol

The 1-min sit-up test (1-min SUT), 1-min back extension test (1-min BET), and 1-min trunk left and right rotation test (1-min TLRT/1-min TRRT) are standard
measurements of core dynamic strength in sports, where these tests assess performance based on the Maximum Repetitions (RM) completed within one
minute, serving as reliable indicators of core dynamic strength in athletes [28, 25, 29]. These 1-min repetitions format tests are widely used to evaluate the
core dynamic strength of athletes across various sports disciplines, providing reliable indicators of their endurance and muscular control for trunk flexion,
extension, left and right rotation [25, 30]. Therefore, in this study, the 1-min repetitions format test protocol of core dynamic strength included the 1-min sit-up
test (1-min SUT), 1-min back extension test (1-min BET), and 1-min trunk left and right rotation test (1-min TLRT/1-min TRRT) for Chinese young male
kayakers.

71-min Sit-Up Test (1-min SUT). Trunk flexion dynamic strength was assessed using the 1-min Sit-Up Test (1-min SUT) [28]. Participants lay supine on a floor
mat with the hips flexed at approximately 45° and the knees flexed at 90°, legs together, and fingers interlocked behind the neck. The feet were firmly secured
by another participant or a sit-up assistive device. From this position, participants flexed the trunk until the elbows touched the knees and then lowered the
torso until the shoulder blades contacted the mat. Touching the head or hands to the mat during the movement was not permitted. Each complete up-and-
down cycle was counted as one valid repetition. The test was performed continuously for 1 min and timed using a stopwatch, with the total number of
correctly executed sit-ups recorded as the final score. Prior to testing, participants completed a standardized warm-up consisting of light jogging and
dynamic stretching of the upper and lower limbs and trunk, followed by a 5-10 min cool-down of light activity after the test.

1-min Back Extension Test (1-min BET). Trunk dynamic strength in terms of extension was assessed using the 1-min Back Extension Test. Following a
standardized warm-up consisting of light jogging and stretching of the upper and lower limbs and the core region, participants lay prone on a floor mat with
the pelvis stabilized to minimize hip movement and to isolate the trunk extensors. Hands were placed at the temples, and the feet were firmly anchored by
another participant or an assistive device to ensure stability. From this position, participants were instructed to lift the trunk upward as far as possible until
the chest was raised off the mat and the sternum was nearly perpendicular to the ground, and then to lower the trunk in a controlled manner until the chest
touched the mat, constituting one complete repetition. Participants performed as many repetitions as possible within 1 min, and the total number of correctly
executed repetitions was recorded as the test score. After completion of the test, participants performed a 5-10 min cool-down consisting of light general
activity, including jogging and massage of the upper and lower limbs and the core region. Test duration was timed using a stopwatch, and the test
procedures were based on previously published protocols [25].

71-min Trunk Left and Right Rotation Test (1-min TLRT/TRRT). The trunk left and right rotation tests were used to assess trunk dynamic strength in terms of
left and right rotational capacity. Participants lay in a supine position on a floor mat with the knees flexed at approximately 90°, feet flat on the mat, legs
together, and the head and back resting on the mat. The arms were extended over the trunk with the hands placed on the thighs and the thumbs interlocked.
To prevent lower-limb movement during the test, an assistant knelt at the participant’s feet and stabilized the knees by applying pressure with the inner sides
of the fists to the outer aspects of the knees. During each repetition, participants performed consecutive trunk rotations to the same side, rotating the trunk
until the hands touched the external side of the assistant’s fist, and then returned to the starting position until the head touched the mat. Only correctly
executed repetitions—defined as contacting the assistant’s fist during trunk elevation and touching the mat with the head during trunk lowering—were
counted. The maximum number of valid repetitions completed within 1 minute for left and right trunk rotation was recorded as the test score. All tests were
timed using a stopwatch, and participants completed a light general cool-down following testing. The testing procedure was adapted from [29].

2.5 Assessment of Sprint Performance

The sprint performance testing assessment only included flatwater sprint performance of kayaking. This study measured the sprint time. There was K1
200m flatwater kayak-specific dynamometer/ergometer sprint performance test, included sprint time (SP), stroke rate (SR), mean and peak velocity (V-Mean
and V-Peak), as well as bilateral symmetry of paddling force output (BS-PFO). The specific test methods and the instruments are shown in Table 3.

The K1 200m flatwater kayak-specific dynamometer/ergometer sprint performance test is a standard and widely used measure of sprint performance in
flatwater sprint kayaking, in which athletes are required to paddle a 200 m distance on flatwater as quickly as possible [31]. In addition to sprint time (SP),
this test allows for the simultaneous assessment of multiple sprint performance indicators, including stroke rate (SR), mean velocity (V-Mean), peak velocity
(V-Peak), and bilateral symmetry of paddling force output (BS-PFO), which collectively reflect the athletes’ paddling efficiency, speed characteristics, and
force application during sprint kayaking. Previous research has demonstrated that the K1 200m flatwater kayak-specific dynamometer/ergometer sprint
performance test is sensitive to performance outcomes associated with training interventions, such as core strength training, and can be used to evaluate
changes in muscle activation patterns and paddling mechanics in single kayakers [32]. Therefore, in the present study, sprint performance in adolescent male
sub-elite Chinese kayakers was assessed using the K1 200m flatwater kayak-specific dynamometer/ergometer sprint performance test, with the above-
mentioned performance indicators recorded using a kayak-specific dynamometer/ergometer system.

K1 200m flatwater kayak-specific dynamometer/ergometer sprint performance test. Sprint time (SP), stroke rate (SR), mean and peak velocity (V-Mean and
V-Peak), as well as bilateral symmetry of paddling force output (BS-PFO) were designed to assess adolescent male sub-elite Chinese kayakers' K1 200m
flatwater sprint performance. This test utilized the Dansprint PRO Kayak dynamometer/ergometer, a specialized device manufactured in Denmark, and was
conducted in a kayak-specific land dynamometer/ergometer sprint performance testing room of the Nanchang Yao Lake kayaking training base. Prior to the
test, the tester configured the necessary parameters, including the kayak model, land performance type, wind resistance of the dynamometer, and basic
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athlete data such as height and weight. Participants were given time to warm up by running and performing light stretching exercises, including a 5-10 min
light general warm-up activity and light kayaking sport-specific activity, such as jogging, stretching of limbs and core area, and specialized paddling activities.
Once prepared, they seated themselves on the dynamometer cushion with their feet securely fixed on the pedals and grasped the simulated paddle with both
hands. Upon receiving the command, participants were instructed to perform the test to the best of their sprint ability. The test involved completing a 200-
meter simulation on the land dynamometer, with the LCD digital display screen of the device automatically recording the Sprint time (SP), stroke rate (SR),
mean and peak velocity (V-Mean and V-Peak), as well as bilateral symmetry of paddling force output (BS-PFO) parameters to determine performance. The
final score was based on the recorded time displayed on the LCD screen. Further details on the procedure of the men’s K1 200m dynamometer sprint
performance tests can be found on the official website (https://dansprint.com/vare/dansprint-pro-kayak-ergometer/).

2.6 Statistical analyses

Following tests, normality of the data was first examined using the Shapiro—Wilk and Kolmogorov—Smirnov tests. Descriptive statistics, including means and
standard deviations, were then computed for all variables. Pearson’s product—-moment correlation analyses were performed, where appropriate, to examine
the relationships between trunk static and dynamic muscle strength measures and sprint performance indicators in adolescent male sub-elite flatwater
kayakers. Statistical significance was set at the conventional alpha level of 0.05. All analyses were conducted using IBM SPSS Statistics (version 29; IBM
Corp., USA). The magnitude of correlation coefficients was interpreted as follows: |r| < 0.10 indicated a negligible association; 0.10-0.29 a weak association;
0.30-0.49 a moderate association; 0.50-0.69 a large association; and values = 0.70 were considered to represent very large associations.

3 Results
3.1 Descriptive Statistics

Table 4 shows the descriptive statistics (value of means and standard deviations, measuring methods, and normality test)for measures variables of the
trunk static strength of the core area in terms of 4 parts (abdomen, back, left side, and right side) and the trunk dynamic strength of the core area in terms of
4 range-of-motion (flexion, extension, left rotation, and right rotation) and sprint performance including sprint time (SP), stroke rate (SR), mean velocity (V-
Mean), peak velocity (V-Peak), and bilateral symmetry of paddling force output (BS-PFO) in adolescent male sub-elite flatwater kayakers.

The static core endurance tests, including the Abdomen Bridge Test (ABT), Back Bridge Test (BBT), Left Side Bridge Test (LSBT), and Right Side Bridge Test
(RSBT), together with the dynamic trunk strength tests involving flexion, extension, and rotation (1-min Sit-Up Test [1-min SUT], 1-min Back Extension Test [1-
min BET], 1-min Trunk Left Rotation Test [1-min TLRT], and 1-min Trunk Right Rotation Test [1-min TRRT]), provide a comprehensive evaluation of trunk
muscle function from both static and dynamic strength perspectives. These bridge-based static tests are particularly effective in assessing isometric
endurance capacity and neuromuscular control of the trunk, as they require sustained activation and coordinated recruitment of deep stabilizing muscles
(e.g., transversus abdominis, multifidus, and internal obliques) in conjunction with the global core musculature. In contrast, the dynamic flexion, extension,
and rotational tests reflect the ability of the trunk muscle groups to generate and transfer isotonic force repeatedly under sport-specific movement patterns,
thereby capturing intermuscular coordination, agonist—antagonist cooperation, and fatigue resistance, all of which are critical for efficient force transmission
during kayaking strokes.

In parallel, the Dansprint PRO Kayak dynamometer/ergometer represents a specialized and validated testing system for kayaking performance [33, 34],
enabling precise and sport-specific assessment of sprint performance indicators, including sprint time (SP), stroke rate (SR), mean velocity (V-Mean), peak
velocity (V-Peak), and bilateral symmetry of paddling force output (BS-PFO). These parameters provide an integrated evaluation of paddling efficiency,
velocity characteristics, and left-right force balance, which are closely linked to the physiological and biomechanical demands of sprint kayaking.
Collectively, the combination of static and dynamic core strength tests with kayak-specific dynamometer assessments allows for a multidimensional
appraisal of trunk muscle function and its contribution to sprint performance, reflecting both neuromuscular control and performance-related physiological
responses in kayakers.

3.2 Correlations Between Trunk Static and Dynamic Muscle Strength and Sprint
Performance Variables

Correlations between trunk static and dynamic muscle strength (i.e., abdomen, back and side bridge tests, sit-up test, back extension test, and trunk rotation
tests) and K1 200m flatwater kayak-specific dynamometer/ergometer sprint performance (i.e., sprint time test, stroke rate test, mean velocity test, peak
velocity test, and bilateral symmetry of paddling force output test) are displayed in Table 5.

With respect to trunk static muscle strength, significant associations were observed primarily for lateral bridge performance. Left side bridge strength (LSBT)
showed a significant negative correlation with sprint time (SP; r = -0.409, p < 0.05) and a significant positive correlation with peak velocity (V-Peak; r = 0.466,
p < 0.01), indicating that greater left lateral trunk endurance was associated with faster sprint performance and higher peak speed. Similarly, right side bridge
strength (RSBT) was significantly and negatively correlated with SP (r = -0.420, p < 0.05) and positively correlated with V-Peak (r = 0.313, p < 0.05). No
significant correlations were observed between abdomen bridge strength (ABT) or back bridge strength (BBT) and sprint time, stroke rate (SR), mean velocity
(V-Mean), peak velocity, or bilateral symmetry of paddling force output (BS-PFO) (all p > 0.05). Overall, these findings suggest that lateral trunk static
endurance, rather than ventral or dorsal static endurance, is more closely related to sprint performance characteristics during the K1 200m flatwater kayak-
specific dynamometer/ergometer sprint performance test.
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Dynamic trunk muscle strength demonstrated more consistent and stronger associations with K1 200m flatwater kayak-specific dynamometer/ergometer
sprint performance variables. Trunk flexion strength (1-min SUT) showed a large negative correlation with SP (r = -0.658, p < 0.01) and significant positive
correlations with SR (r = 0.328, p < 0.05), V-Mean (r = 0.577, p < 0.01), and V-Peak (r = 0.570, p < 0.01). Trunk extension strength (1-min BET) was significantly
correlated with V-Mean (r = 0.459, p < 0.01) and V-Peak (r = 0.428, p < 0.01), but showed no significant association with SP or SR. Furthermore, trunk
rotational strength exhibited notable performance-related associations. Left trunk rotation strength (1-min TLRT) was significantly correlated with SP (r =
-0.477,p<0.01), SR (r = -0.453, p < 0.01), V-Mean (r = 0.491, p < 0.01), and V-Peak (r = 0.501, p < 0.01). Right trunk rotation strength (1-min TRRT) also
demonstrated significant correlations with SR (r = -0.478, p < 0.01), V-Mean (r = 0.313, p < 0.05), and V-Peak (r = 0.358, p < 0.05). No significant relationships
were found between any dynamic trunk strength variables and BS-PFO (all p > 0.05). Collectively, these results indicate that dynamic trunk strength,
particularly flexion and rotational capacities, plays a critical role in sprint kayaking performance as assessed by kayak-specific ergometer testing.

4 Discussion

The purpose of the present study was to examine the associations between trunk static and dynamic strength and sprint performance in adolescent male
sub-elite flatwater kayakers. The main findings can be summarized as follows: (1) Both left and right side trunk static strength showed negatively significant
correlated with sprint time and positively correlated with peak velocity, whereas no significant relationships were observed for abdominal or back trunk static
strength; and (2) Trunk flexion strength was strongly related to faster sprint time and higher stroke rate, mean velocity, and peak velocity. Trunk extension
strength was positively associated with mean and peak velocity. Additionally, trunk rotational strength was significantly correlated with sprint time, stroke
rate, and velocity outcomes. (3) No trunk static and dynamic strength variables were significantly associated with bilateral symmetry of paddling force
output.These findings provide further evidence that trunk strength is a key physical determinant of sprint kayaking performance during in adolescent male
sub-elite flatwater kayakers.

4.1 Association Between Trunk Static Strength and Sprint Performance in Adolescent
Male Sub-Elite Flatwater Kayakers

The present study demonstrated that trunk static strength was significantly associated with sprint performance in adolescent male sub-elite flatwater
kayakers. Athletes with greater isometric trunk endurance and stabilization capacity tended to achieve faster sprint times, particularly during short-duration,
high-intensity efforts. This finding supports previous research indicating that static trunk strength contributes to efficient force transmission and mechanical
stability during paddling movements [35]. From a biomechanical perspective, sprint kayaking requires the trunk to function as a stable kinetic link that
enables effective transfer of forces generated by the upper limbs to the paddle and water. Insufficient trunk stabilization may result in energy leakage,
reduced stroke efficiency, and impaired boat velocity. Static trunk strength tests, including isometric abdominal, back, and lateral stabilization tasks, assess
the capacity of the trunk musculature to maintain postural control under sustained load. These qualities are particularly relevant during sprint kayaking,
where repeated high-force paddle strokes impose continuous stabilization demands on the lumbopelvic region [36].

However, despite the overall relevance of trunk static strength, no significant relationships were observed between abdominal or back bridge strength and
any sprint performance indicators. One possible explanation is that ventral and dorsal trunk muscles primarily contribute to sagittal-plane stabilization,
whereas sprint kayaking propulsion is dominated by rotational and lateral force components [37]. During paddling, the trunk undergoes limited flexion—
extension but substantial axial rotation and lateral stabilization to counteract asymmetric paddle forces. As a result, abdominal and back bridge tests may
lack movement specificity and sensitivity in capturing the performance-relevant trunk demands of sprint kayaking, particularly in adolescent athletes whose
sagittal-plane trunk endurance may already exceed the minimum threshold required for stable paddling [38, 39]. In contrast, lateral trunk static strength
demonstrated significant associations with sprint time and peak velocity, highlighting its specific role in kayak stabilization. Due to the streamlined and
narrow hull design of sprint kayaks, fore—aft instability is minimal, whereas lateral instability is more pronounced during high-force paddling. Consequently,
athletes must continuously counteract side-to-side rolling moments generated by alternating paddle strokes. Greater lateral trunk endurance may therefore
enhance the ability to resist lateral displacement, maintain an efficient boat trajectory, and optimize force transfer, ultimately contributing to superior sprint
performance [40].

Interestingly, lateral trunk static strength was not significantly associated with stroke rate (SR) or bilateral symmetry of paddling force output (BS-PFO). This
may be explained by the fact that SR is primarily regulated by neuromuscular coordination, technical rhythm, and pacing strategies rather than by static
stabilization capacity. Similarly, BS-PFO reflects bilateral force production symmetry, which is more closely related to technical skill, motor control, and
dynamic trunk rotation rather than static lateral endurance. Static tests may therefore be insufficient to capture the neuromuscular and coordinative
demands underlying stroke rhythm and bilateral force symmetry during sprint kayaking.

From a neuromuscular standpoint, trunk stabilizing muscles are activated in a feed-forward manner prior to limb movement, providing a stable base for
forceful upper-extremity actions [41]. In adolescent kayakers, who are still undergoing neuromuscular maturation, insufficient trunk stabilization may
compromise trunk—upper limb coordination during maximal sprint efforts. Enhanced lateral trunk static strength may improve postural control, reduce
unnecessary trunk oscillations, and facilitate more effective paddle force application, particularly under fatigued conditions [42].

In addition, trunk static strength may contribute indirectly to performance by enhancing fatigue resistance during short but intense sprint efforts. As sprint
kayaking is characterized by rapid accumulation of fatigue, especially in the trunk musculature, athletes with superior static trunk endurance may better
maintain technical consistency and boat stability throughout the race. This may be particularly important at the sub-elite level, where small differences in
stabilization capacity can translate into meaningful performance differences [43, 44]. Taken together, these findings emphasize that lateral trunk static
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strength represents a key foundational physical quality for sprint kayaking performance in adolescent athletes, whereas ventral and dorsal static endurance
may play a more supportive or threshold-based role.

4.2 Association Between Trunk Dynamic Strength and Sprint Performance in
Adolescent Male Sub-Elite Flatwater Kayakers

The results of the present study revealed stronger and more consistent associations between trunk dynamic strength and sprint performance compared with
trunk static strength. In particular, dynamic trunk tests involving repeated flexion, extension, and rotational movements showed significant correlations with
sprint performance variables, underscoring the importance of dynamic trunk strength for sprint kayaking performance in adolescent athletes.

Sprint flatwater kayaking is a cyclic and highly dynamic activity that relies heavily on trunk flexion—extension and rotational movements to generate
propulsion. During each paddle stroke, the trunk actively contributes to stroke length, paddle force magnitude, and stroke frequency by transmitting force
from the upper extremities to the kayak—water interface [45]. Trunk flexion strength demonstrated strong associations with faster sprint time, higher stroke
rate, and greater mean and peak velocity, which may be explained by its role in facilitating rapid trunk-driven paddle entry and acceleration during the pull
phase. Stronger trunk flexors likely enhance the ability to rapidly reposition the trunk and upper limbs between strokes, thereby supporting higher stroke rates
and sustained velocity output during maximal sprint efforts [46]. In contrast, trunk extension strength was primarily associated with sprint time, mean and
peak velocity rather than stroke rate. This may reflect the stabilizing and force-transmitting role of the posterior trunk musculature during the late pull and
exit phases of the paddle stroke. Adequate trunk extension strength may help maintain trunk posture against high external forces, allowing more effective
force transfer to the paddle and contributing to higher instantaneous and average boat velocities without necessarily increasing stroke frequency [36]. These
findings suggest that trunk flexion and extension strength may contribute to sprint performance through distinct but complementary biomechanical
mechanisms.

Additionally, trunk rotational strength showed significant associations with sprint time, stroke rate, and velocity-related outcomes. Trunk rotation is a
fundamental component of efficient kayaking technique, as it enables greater stroke length and more effective engagement of the large muscle groups of the
torso. Greater rotational strength may enhance the ability to generate and control rotational torque throughout repeated strokes, improving propulsion
efficiency and allowing athletes to sustain high-intensity paddling during sprint events [47]. In adolescent kayakers, who are still developing technical
proficiency, improved rotational trunk strength may also facilitate better synchronization between trunk rotation and upper-limb pulling actions.

Another important consideration is the role of fatigue. Dynamic trunk strength tests are typically performed under time-constrained or repetition-based
conditions, inducing progressive fatigue similar to that experienced during sprint races [48]. Athletes with greater dynamic trunk strength may exhibit
superior fatigue resistance of the trunk musculature, enabling them to maintain stroke mechanics, velocity output, and coordination throughout the race [49].
This fatigue-resistant capacity may partially explain the stronger associations observed between dynamic trunk strength and sprint performance compared
with static trunk strength.

Interestingly, no significant associations were observed between any trunk dynamic strength variables and bilateral symmetry of paddling force output (BS-
PFO). This finding suggests that force symmetry during sprint kayaking may be influenced more strongly by technical and neuromuscular factors than by
trunk dynamic strength alone [50]. Bilateral symmetry of force output likely depends on stroke technique, limb dominance, interlimb coordination, and motor
control strategies developed through long-term technical training [51, 52]. In adolescent sub-elite kayakers, asymmetries in paddling force may also reflect
ongoing neuromuscular maturation, technical inconsistency, or imbalances in upper-limb strength that are not fully compensated by trunk strength.
Moreover, during maximal sprint efforts, athletes may prioritize force production and stroke rate over symmetrical force application, potentially masking any
relationship between trunk strength and BS-PFO.

Overall, the present findings indicate that dynamic trunk strength—particularly flexion and rotational capacities—plays a critical role in sprint kayaking
performance, whereas bilateral force symmetry appears to be governed by more complex interactions between technical skill, neuromuscular control, and
training experience. From a practical perspective, these results highlight the importance of incorporating dynamic, sport-specific trunk strength exercises into
long-term athlete development programs, while addressing bilateral force symmetry through targeted technical training and stroke coordination drills.

5 Limitations

Several limitations of the present study should be acknowledged. First, due to the correlational study design, causal relationships between trunk static and
dynamic muscle strength and sprint performance could not be established. Although significant associations were identified, it remains unclear whether
greater trunk strength directly leads to enhanced sprint performance or whether athletes with superior sprint performance possess generally higher physical
fitness, of which trunk strength is one component. Future studies employing longitudinal or intervention-based experimental designs are therefore warranted
to clarify the causal effects of trunk strength development on sprint kayaking performance for adolescent male sub-elite flatwater kayakers. Second, the
assessment of trunk static and dynamic muscle strength in the present study focused on functional muscle group performance rather than isolated single-
muscle strength. The static and dynamic trunk tests used reflect the combined force-generating capacity and coordination of multiple core muscle groups.
While this approach has high ecological validity for kayaking performance, it does not allow for precise quantification of the contribution of individual
muscles. Moreover, advanced assessment techniques such as surface electromyography (EMG) or isokinetic dynamometry were not employed, which may
have limited the accuracy and specificity of trunk muscle strength evaluation. Future research incorporating EMG analysis and isokinetic measurements
could provide more detailed insights into muscle activation patterns and force production characteristics during trunk movements. Third, sprint performance
was assessed exclusively using the man’s K1 200 m sprint. Although this distance is highly relevant for sprint kayaking, the findings cannot be directly
generalized to other competitive formats, such as K2 or K4 events, or to longer race distances (e.g., 500 m or 1000 m), which place different physiological,
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technical, and tactical demands on athletes. Therefore, further studies should investigate whether the observed associations between trunk strength and
sprint performance extend to different boat classes and race distances. Finally, and most importantly, sprint performance was evaluated using a kayak-
specific dynamometer/ergometer rather than on-water testing. While ergometer-based testing allows for high standardization and the simultaneous
collection of multiple performance variables (e.g., sprint time stroke rate, paddle force, and peak velocity), it does not fully replicate the complex
environmental and technical demands of on-water kayaking, such as balance control, water resistance variability, and boat-water interaction. The absence of
advanced systems capable of simultaneously capturing multiple biomechanical and physiological indicators during on-water sprinting limited the ecological
validity of the performance assessment. Consequently, caution should be exercised when extrapolating the present findings to real competition settings.
Future studies integrating wearable sensor technologies and on-water measurement systems may help overcome this limitation and provide a more
comprehensive evaluation of sprint kayaking performance.

6 Conclusion

The present study investigated the associations between trunk static and dynamic muscle strength and sprint performance in adolescent male sub-elite
flatwater kayakers. The results indicate that trunk muscle strength is an important physical factor related to sprint kayaking performance, with dynamic trunk
strength showing stronger and more consistent associations with key sprint performance indicators than static trunk strength. In particular, trunk flexion and
rotational strength were closely related to faster sprint times, higher stroke rates, and greater mean and peak velocities, while lateral trunk static endurance
also contributed to sprint performance, albeit to a lesser extent. These findings highlight the functional role of the trunk as a central link for force generation
and transmission during sprint kayaking. Dynamic trunk strength appears to be especially relevant for sustaining high-intensity paddling, optimizing stroke
mechanics, and maintaining velocity throughout short-distance sprint events. In contrast, trunk static strength may primarily support postural stability and
force transfer rather than directly influencing stroke frequency or velocity output. From a practical perspective, the results suggest that training programs for
adolescent flatwater kayakers should place greater emphasis on developing dynamic, sport-specific trunk strength, particularly through exercises targeting
trunk flexion, extension, and rotation under conditions that resemble sprint paddling demands. At the same time, lateral trunk endurance should not be
neglected, as it may contribute to overall sprint efficiency and trunk stability. Coaches and practitioners are encouraged to integrate targeted trunk strength
training into long-term athlete development programs to enhance sprint performance during adolescence. Future research should employ experimental
intervention designs to clarify the causal relationships between trunk strength development and sprint performance. In addition, investigations involving
different boat classes, race distances, age groups, and female kayakers, as well as on-water performance assessments, are warranted to further generalize
and extend the findings of the present study.
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Tables

Table 1 The characteristics of the study participants (N = 30)
Variables Value
Age (years) 19.30%1.15
Height (cm) 177.68+5.39
Weight (kg) 72.0047.67
Sitting height (cm) 94.58+2.91
Arm span (cm) 178.6316.32
Training years (years)  4.23+1.27

Table 2 Instruments of Trunk Static and Dynamic Muscle Strength Variables
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Variables Measuring Method  Instruments
Trunk Muscle Strength  Trunk Static Strength Abdomen Strength (sec) ABT (1) Stopwatch; (2) Floor mat;
Back Strength (sec) BBT (1) Stopwatch; (2) Floor mat;
Left Side Strength (sec) LSBT (1) Stopwatch; (2) Floor mat;
Right Side Strength (sec) RSBT (1) Stopwatch; (2) Floor mat;
Trunk Dynamic Strength  Flexion Strength (reps) 1-min SUT (1) Stopwatch; (2) Floor mat;
(3) Sit-up assistive device
Extension Strength (reps) 1-min BET (1) Stopwatch; (2) Floor mat;
Left rotation Strength (reps) 1-min TLRT (1) Stopwatch; (2) Floor mat;
Right rotation Strength (reps)  1-min TRRT (1) Stopwatch; (2) Floor mat;

Note: sec=Second, reps=Repetitions, ABT=Abdomen Bridge Test, BBT=Back Bridge Test, LSBT=Left Side Bridge Test, RSBT=Right Side Bridge Test, 1-min
SUT=1-min Sit-Up Test, 1-min BET=1-min Back Extension Test, 1-min TLRT=1-min Trunk Left Rotation Test, 1-min TRRT =1-min Trunk Right Rotation Test

Table 3 Instruments of Sprint Performance Variables

Measuring Variables Indicators  Instrument
Methods
K1 200m Flatwater Sprint time (sec) SP (1) Dansprint PRO Kayak dynamometer/ergometer
Kayak-Specific Dynamometer/Ergometer Sprint Stroke rate SR (2) Kayak-specific dynamometer/ergometer sprint
Performance (strokes-min-") performance testing room
Test Mean velocity V-Mean

(ms™)

Peak velocity V-Peak

(ms™)

Bilateral symmetry of BS-PFO

paddling force output

Note: sec=Second, strokes-:min-"=strokes in 1-min, SP= Sprint Time Test, SR= Stroke Rate Test, V-Mean= Mean Velocity Test, V-Peak= Peak Velocity Test, BS-
PFO=Bilateral Symmetry of Paddling Force Output Test

Table 4 Descriptive Statistics for Measures of Trunk Static and Dynamic Muscle Strength and Sprint Performance (N = 30)
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Variables Measuring  Value Normality Test
Methods Means and Standard Shapiro—Wilk or Kolmogorov—
Deviations Smirnov
(Sig.)
Trunk Static Muscle Strength
Abdomen strength (sec) ABT 165.50+58.86 414
Back strength (sec) BBT 295.13+102.23 195
Left side strength (sec) LSBT 71.50+25.63 .506
Right side strength (sec) RSBT 81.20+21.98 727
Trunk Dynamic Muscle Strength
Flexion strength (reps) 1-min SUT 39.60+6.04 764
Extension strength (reps) 1-min BET 36.60+4.70 187
Left rotation strength (reps) 1-min TLRT ~ 33.93%8.05 969
Right rotation strength (reps) 1-min 34.77+7.92 .608
TRRT
200m Single Flatwater Sprint Performance
(dynamometer/ergometer)
Sprint time (sec)
SP 68.4818.97 .093
Stroke rate (strokes-min-T) SP 115.90+£14.21 .095
Mean velocity (m-s~") V-Mean 2.8410.35 404
Peak velocity (m-s™") V-Peak 3.02+0.31 .059
Bilateral symmetry of paddling force output BS-PFO -1.90+15.08 .269

Note: Data are group mean values + standard deviations, sec=Second, reps=Repetitions, strokes-:min-"=strokes in 1-min, m-s-'=meter in 1-min,
ABT=Abdomen Bridge Test, BBT=Back Bridge Test, LSBT=Left Side Bridge Test, RSBT=Right Side Bridge Test, 1-min SUT=1-min Sit-Up Test, 1-min BET=1-min
Back Extension Test, 1-min TLRT=1-min Trunk Left Rotation Test, 1-min TRRT =1-min Trunk Right Rotation Test, SP= Sprint Time Test, SR= Stroke Rate Test, V-
Mean= Mean Velocity Test, V-Peak= Peak Velocity Test, BS-PFO=Bilateral Symmetry of Paddling Force Output Test

Table 5 Pearson Correlations with 95% Confidence Interval Between Trunk Static and Dynamic Muscle Strength and 200m Single Flatwater
(dynamometer/ergometer) Sprint Performance Variables
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Variables/Test K1 200m flatwater kayak-specific dynamometer/ergometer sprint performance test Variables
SP (sec) SR (strokes-min=7) V-Mean (m-s~") V-Peak (m-s~") BS-
Pearson 95% CI Pearson 95% CI Pearson 95% CI Pearson 95% CI Pea
Correlation Lower Upper Correlation Lower Upper Correlation Lower Upper Correlation Lower Upper Cor
Trunk Static Muscle Strength

Abdomen -235 -.570 .235 169 -120 .562 139 -352 494 116 -333 .531 -.01
strength
(sec)/ABT

Back strength -.058 -.398 .287 145 -.200 .528 .048 -.383 466 .086 -.379 488 -.29
(sec)/BBT

Left side -.409* -719 .014 .058 -.291 416 .339* -.078 .669 466%* .051 732 -.07
strength
(sec)/LSBT

Right side -420% -713 -035  -186 -479 196 .286 -.085 .065 313 -105 .660 -.04
strength
(sec)/RSBT

Trunk Dynamic Muscle Strength

Flexion -.658** -834  -333  .328* -.046 .660 577** 128 .821 .570%* 187 .795 -.01
strength

(reps)/1-min

SUT

Extension -.328* -614  .063 .095 -224 530 459%* 118 749 A28%* .058 .689 .24¢
strength

(reps)/1-min

BET

Left rotation - 477%* -.733 -125 - 453%*% -.659 -.205 A497%* 120 722 .507%* .168 749 -16
strength

(reps)/1-min

TLRT

Right rotation -.321* -.664 .109 - 478** -.691 251 .313* -.095 .618 .358* =113 .666 =17
strength

(reps)/1-min

TRRT

Note: *correlation is significant at the 0.05 level (two-tailed), **correlation is significant at the 0.01 level (two-tailed), sec=Second, reps=Repetitions,

strokes min-'=strokes in 1-min, m-s~"=meter in 1-min, ABT=Abdomen Bridge Test, BBT=Back Bridge Test, LSBT=Left Side Bridge Test, RSBT=Right Side
Bridge Test, 1-min SUT=1-min Sit-Up Test, 1-min BET=1-min Back Extension Test, 1-min TLRT=1-min Trunk Left Rotation Test, 1-min TRRT =1-min Trunk Right
Rotation Test, SP= Sprint Time Test, SR= Stroke Rate Test, V-Mean= Mean Velocity Test, V-Peak= Peak Velocity Test, BS-PFO=Bilateral Symmetry of Paddling
Force Output Test

Figures
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Fig. 1 Sample size estimation using G*Power software.
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