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Abstract

Background Instability core training (ICT) has been widely used in various sports as a training method to enhance
athletes'balance ability and athletic performance. The study aimed to examine the impact of ICT performed on unsta-
ble surfaces (BOSU balls, Swiss balls, and Wobble boards) versus traditional core training (TCT) performed on stable
surfaces (floor and bench) on balance ability and paddling performance among young male Chinese kayakers.

Method A randomized controlled trial (RCT) recruited 63 eligible kayakers aged 16-19 years from the Nanchang

Yao Lake kayaking training base in Jiangxi province, China. Participants were randomly assigned to the ICT group

and the TCT group. Both groups completed a 12-week core training program consisting of 1-h sessions, 3 times/week.
Static balance ability was assessed using the Flamingo Balance Test (FBT), while dynamic balance ability was meas-
ured using the Star Excursion Balance Test (SEBT). Paddling parameters were evaluated using the average stroke
power and stroke rate for the men’s K-1 200 m land dynamometer/ergometer sprint tests. Statistical analyses were
conducted via multivariate analysis of variance (MANOVA), with the significance level set at P<0.05.

Results The analysis for within-group effects demonstrated statistically significant improvements in static balance
ability, dynamic balance ability, average stroke power, and stroke rate variables between the pre-test and post-test

in both the ICT and TCT groups (p < 0.05). No statistically significant differences were observed in the pre-test (p>0.05)
for between-group effects. In contrast, statistically significant differences were found between the ICT and TCT groups
in the post-test for all balance ability and paddling parameter variables (p < 0.05).

Conclusion The findings suggest that while TCT significantly improves balance ability and paddling performance,
ICT is more effective than TCT over a 12-week intervention among young male Chinese kayakers. Therefore, it can

replace TCT, as it promotes better improvement in balance ability and paddling parameters for young male Chinese
kayakers.
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The full name of the registry: Effect of instability resistance training on balance, core muscle strength, and athletic
performance. The trial registration number is NCT06432595. The date of registration is 07/01/2024. The trial registra-
tion platform is ClinicalTrials.gov PRS (https://clinicaltrials.gov/).
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Introduction

Flatwater sprint kayaking is a highly dynamic and com-
petitive water sport that demands athletes to generate
maximum strength, speed, and endurance within a short
timeframe [1, 2]. Performance in flatwater sprint kayak-
ing is primarily determined by race time, which depends
on the average velocity maintained over a given dis-
tance [3, 4]. In short-distance events such as the 200 m
sprint, elite male kayakers typically complete the race in
34—40 s, achieving an average speed of 4.95—5.88 m/s
[5]. Success in these races requires athletes to maximize
power output while maintaining technical efficiency to
minimize fatigue and sustain peak speed [6]. The race is
divided into four key phases—preparation/start, accel-
eration, midcourse, and final sprint—during which ath-
letes must execute high-intensity alternating paddling or
strokes to propel the kayak forward [7, 8].

In sprint kayaking, paddling force (stroke power) and
paddling frequency (stroke rate) are critical determinants
of performance [7]. A higher average paddling force
enables more excellent propulsion per stroke, which is
particularly important in short-distance events requir-
ing rapid acceleration. Studies have shown that kayakers
generate peak paddling forces during the start and final
sprint phases to achieve and sustain top speed [9]. Simul-
taneously, a high paddling frequency allows for greater
stroke efficiency, enabling kayakers to maintain velocity.
Elite kayakers strategically modulate their stroke rate,
employing higher frequencies during acceleration and
sprint phases to optimize performance [10]. Specifically,
world-class male kayakers in 200 m sprints generate peak
average paddle forces of 400-600 N while maintaining
stroke rates of 120—140 strokes per minute to maximize
propulsion and efficiency [8, 11].

Given the inherently unstable nature of kayaking, bal-
ance ability plays a fundamental role in optimizing pad-
dling performance. Balance ability refers to the body’s
capacity to maintain postural stability and adjust to
external disturbances [12, 13]. It is categorized into static
balance ability, essential for postural control and force
transfer, and dynamic balance ability, crucial for coordi-
nating movements and generating propulsion [14, 15].
Kayaking paddling performance is influenced by uncon-
trollable factors such as water currents, wind conditions,
and environmental variables [16, 17]. Additionally, the
kayaker’s body experiences multidirectional oscillations

during the paddling phases, with upper body instabil-
ity particularly pronounced, including trunk flexion,
extension, and rotation [18]. Excessive body unstable
movement can disrupt the paddling phase, alter stroke
mechanics, and negatively impact sprint performance
[19, 20]. Moreover, data from cross-sectional studies
indicated significant relationships between balance abil-
ity, stroke power, and stroke rate in kayakers [5, 21, 22].
Thus, since kayaking is performed in a seated position on
an unstable water surface, athletes must develop superior
static and dynamic balance abilities to stabilize posture
and optimize stroke execution.

A widely recognized approach for improving balance
ability is instability core training (ICT) [23-25]. Gra-
nacher et al. (2014) [26] categorized core training meth-
ods into two main types based on support surfaces and
external conditions: traditional core training (TCT) and
instability core training (ICT). TCT is typically per-
formed on stable surfaces such as the floor or a bench
[27, 28], whereas ICT incorporates various unstable
environments, including surfaces like water, sand, and
gravel, as well as equipment such as Swiss balls, BOSU
balls, foam shafts, and balance boards. Additionally, spe-
cialized unstable training tools like elastic bands, suspen-
sion chains, and ropes are often utilized to challenge the
core further [29, 30]. Although both TCT and ICT target
similar muscle groups, they elicit distinct neuromuscular
and sensorimotor adaptations due to differences in train-
ing stimuli. ICT, by involving unstable surfaces, increases
the demand for proprioceptive feedback, postural adjust-
ments, and reflexive core activation [24]. These stimuli
promote heightened activation of deep stabilizing mus-
cles such as the transverse abdominis, multifidus, and
pelvic floor muscles, which are essential for spinal con-
trol and intersegmental stability [25]. In contrast, TCT
often favors the development of gross motor strength
and superficial musculature through isotonic contrac-
tion under stable conditions. Moreover, ICT is associated
with enhanced sensorimotor integration, particularly
involving the vestibular, visual, and somatosensory sys-
tems, leading to improved balance and motor coordina-
tion [23]. Studies using electromyography (EMG) and
balance tests have demonstrated that ICT leads to supe-
rior activation of trunk stabilizers and faster motor unit
recruitment compared to TCT [5, 21]. This heightened
neuromuscular control is especially beneficial in unstable
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sport-specific environments like kayaking, where ath-
letes must make rapid postural corrections in response
to unpredictable perturbations from the water surface.
Research has also consistently shown that although both
TCT and ICT involve similar core exercises, they induce
different neuromuscular adaptations due to their dis-
tinct physiological mechanisms in improving balance
ability [31-36]. Furthermore, ICT has been found to
significantly enhance balance ability across a wide range
of sports, including soccer [37-42], basketball [43, 44],
handball [45, 46], weightlifting [47, 48], and volleyball
combined with soccer [49, 50]. Similar improvements
have been observed in other disciplines such as judo [51],
archery [52], rhythmic gymnastics [53], badminton [54],
as well as sprinting [55] and gymnastics [56].

Although instability core training (ICT) has demon-
strated its effectiveness in improving balance ability
across various sports, its specific impact on paddling per-
formance in kayakers, particularly young male Chinese
kayakers, remains insufficiently explored. In addition,
adolescence is a critical developmental period during
which athletes experience significant increases in growth
and sex hormone secretion, leading to notable improve-
ments in the vestibular, visual, and proprioception sys-
tems for balance ability [57]. However, international
competition statistics reveal significant gaps in both bal-
ance ability and paddling performance between young
male Chinese kayakers and their world-class counter-
parts [58—62]. Therefore, the discrepancy among young
male Chinese kayakers may be partly attributed to the
lack of innovative core training methods tailored to the
specific instability characteristics of kayaking, particu-
larly in adapting to dynamic, unpredictable water condi-
tions [63].

According to the principle of training specificity, prac-
tical training should closely replicate the movement
demands of the sport [23]. Considering the inherent
instability challenges in kayaking, integrating unstable
elements into core training could offer a valuable stimu-
lus for improving balance ability and paddling perfor-
mance in young Chinese kayakers. Thus, this study seeks
to examine the comparative effects of instability core
training (ICT) versus traditional core training (TCT)
on balance ability and paddling performance, aiming to
bridge the existing research gap and provide evidence-
based recommendations for enhancing core training
strategies in flatwater sprint kayaking for young male
Chinese kayakers.

Methods

Participants

This study adhered to the CONSORT guidelines and
employed a randomized controlled trial (RCT) design
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[64]. The required sample size was determined using
G*Power 3.1 software, based on a repeated-measures
design involving two groups and two time points. Sam-
ple size estimation was performed using an F-test fam-
ily: MANOVA for repeated measures (within-between
interaction). To ensure sufficient statistical power to
detect meaningful differences between groups, even in
the presence of small effects, the calculation was based
on the smallest expected effect size reported in a system-
atic review of instability core training (ICT) versus tradi-
tional core training (TCT) interventions in youth athletes
[65]. Specifically, an effect size (f) =0.2 was selected, cor-
responding to changes in static balance ability assessed
by the Stork Balance Test [38]. Additionally, the « level
of 0.05 is commonly used in behavioral and scientific
research to limit the probability of falsely detecting an
effect (Type I error), while the statistical power level of
0.80 ensures an 80% chance of correctly detecting a true
effect [66]. Therefore, input parameters included a Type
I error rate (a) =0.05, statistical power (1-$)=0.80, two
groups, and two measurement points. Based on these
assumptions, the minimum required total sample size
was 52 participants (26 per group). To account for a
potential 10% dropout rate [67], the final adjusted sam-
ple size was increased to 58 participants (29 per group),
ensuring adequate power for all planned analyses.

A total of 243 young male kayakers from the Nanchang
Yao Lake kayaking training base were screened for eligi-
bility. After applying the inclusion and exclusion crite-
ria, 96 kayakers were deemed eligible for participation.
The inclusion criteria were as follows: (1) male kayakers
specializing in the 200 m event, aged 16—19 years; (2) a
minimum of three years of kayak-specific training; (3) no
history of surgery, health issues or recent injuries; and (4)
no prior systematic training in ICT. The exclusion crite-
ria were: (1) recent sports injuries or health issues, and
(2) current participation in an ICT program. However, 27
athletes declined to participate due to academic commit-
ments, such as high school and college entrance exams,
while six could not participate due to parental objections.

The selection of young male kayakers as participants
was intentional to control for potential confounding fac-
tors related to sex and age, which can influence neuro-
muscular responses and adaptations to core training
interventions. Males and females may differ in trunk
muscle activation patterns, hormonal responses, and
balance strategies, which could introduce variability
and complicate the interpretation of training effects. By
focusing on a homogeneous sample, the study aimed to
isolate the impact of the ICT intervention more precisely.
However, this approach does limit the generalizability of
the findings. Future research should include female ath-
letes and athletes across different age groups to better
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« Other reasons(parents objected to
participating) (N=6)«
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2 [ Allocation< } ¥
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Discontinued intervention (N=0) Discontinued intervention (N=0)«
> [ Analysis<’ ]
Analysed (N=30)! Analysed (N=30):
+ Excluded from analysis (N=0)< + Excluded from analysis{N=0)+

Fig. 1 CONSORT flow diagram

Table 1 The baseline on demographic and anthropometric
characteristic variables for subjects

Variables ICT group (N=30) TCT group (N=30)
Age (years) 18.06+1.20 17.43+1.35

Height (cm) 177.114£7.80 179.33+7.34
Weight (kg) 71.33+10.79 73.40+8.67
Training years (years) 4234127 3.83+1.17

ICT Instability Core Training, TCT Traditional Core Training

understand sex- and age-related differences in training
responsiveness within the context of sprint kayaking.
Ultimately, 63 kayakers (the baseline on demographic
and anthropometric characteristic variables for sub-
jects see Table 1) voluntarily participated and were ran-
domly assigned to either the ICT group (N=32) or the

TCT group (N=31) with the Lottery method. Written
informed consent was obtained from all participants, co-
signed by a parent or guardian. Finally, in the ICT experi-
mental group, 2 participants dropped out because they
could not complete the entire training program due to
participation in the national kayaking competition. The
total dropout ratio was 6.25%. In the TCT control group,
1 participant dropped out of the test due to participation
in the national kayaking competition. The total dropout
ratio was 3.22%. Therefore, the ICT and TCT groups had
30 participants, respectively, and each young male kay-
aker who completed the training protocol was available
for final analysis. For the final statistical analysis, there
were a total of 30 valid data points: ICT (N=30) and TCT
(N=30). The study received ethical approval from the
Ethics Committee of Universiti Putra Malaysia (Approval
No. JKEUPM 2023-256), and all participants provided
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informed consent before participation. Figure 1 presents
the study protocol and participant flow (see Fig. 1).

Intervention

This study’s core training protocol involved two
approaches: instability core training (ICT) for the experi-
mental group and traditional core training (TCT) for
the control group. Both groups followed a structured
12-week program divided into three progressive phases:
primary (weeks 1-4), intermediate (weeks 5-8), and
advanced (weeks 9-12). Each phase included the same
six core exercises—three static (Prone Plank, Shoulder
Bridge, and Lateral Bridge) and three dynamic (Crunch,
Back Extension, and Russian Twist) (see Table 2). The pri-
mary distinction between the two groups was the train-
ing environment. The ICT group performed exercises on
unstable surfaces, such as BOSU balls, Swiss balls, and
wobble boards. In contrast, the TCT group conducted
exercises under stable conditions, including the floor and
benches.

Table 2 Core training exercises for ICT and TCT intervention

(2025) 17:191

Page 5 of 15

The training protocol consisted of three sessions per
week, each lasting 60 min, over the 12-week intervention
period. Training intensity progressively increased across
the three phases, transitioning from low intensity in the
primary phase to moderate in the intermediate phase and
high in the advanced phase. The progression of inten-
sity was achieved by gradually increasing exercise dura-
tion for static core exercises and repetitions for dynamic
core exercises. For instance, in the Prone Plank, Shoul-
der Bridge, and Lateral Bridge, the duration increased
from 15-20 s in the primary phase to 35-40 s in the
intermediate phase and 55-60 s in the advanced phase.
Similarly, for dynamic exercises such as Crunch, Back
Extension, and Russian Twist, repetitions increased from
15-20 in the primary phase to 35-40 in the intermedi-
ate phase and 55—60 in the advanced phase (see Table 3).
Furthermore, all static or dynamic core training exercises
were completed in 3 sets, and participants had 60-90 s
rest periods between each set. Prior to and following
the training sessions, the participants had 5-10 min for

Core Exercises Description of The Exercise*

Static Prone Plank

The participant lies face down on the floor with their forearms positioned directly under the shoulders; elbows bent

at a 90-degree angle. Lift the body off the ground, supporting yourself with your forearms on the BOSU ball or floor

and toes on the floor, forming a straight line from head to heels. Engage the core muscles by drawing the navel

toward the spine, keeping the hips level to avoid sagging or arching, and maintaining a neutral spine throughout the exer-
cise. Avoid shrugging the shoulders or holding your breath, and hold the position with proper form for the prescribed

duration.

Shoulder Bridge The participant lies on their back with legs extended, their heels on a Swiss ball or bench, and their hips wide apart.
Arms are positioned by the sides with palms facing down. Engage the back and gluteal core muscles, then lift the hips
off the ground until the body forms a straight line from the shoulders to the heels. Avoid arching the lower back or flaring
the ribs. Keep the weight evenly distributed across the shoulders and heels, maintaining a stable position without allow-
ing the hips to tilt. Maintain a neutral spine throughout the exercise and hold the position for the prescribed duration

with proper form.

Lateral Bridge
(both sides)

The participant starts by lying on one side with their legs extended and stacked on top of each other, with the same
side-lying foot on the floor. Place the forearm on Wobble boards or the floor directly beneath the shoulder, and lift the hips

off the ground, forming a straight line from the head to the feet. Engage the core and glute muscles to maintain stability,
ensuring that the body remains in a straight, plank-like position. Avoid letting the hips sag or the shoulders rotate forward.
Keep the neck neutral and maintain a strong, stable posture throughout the duration of the exercise.

Dynamic Crunch

The participant begins by lying on a Swiss ball or floor with knees bent and feet flat on the floor, hip-width apart. Place

the hands lightly behind the head, ensuring the elbows are open and not pulled forward. Engage the core by draw-

ing the navel towards the spine, then lift the head, neck, and shoulders off the ground in a controlled manner, leading
with the chest. Avoid excessive pulling on the neck or tucking the chin. Pause briefly at the top of the movement, then
slowly lower back to the starting position while maintaining core engagement. Repeat the movement for the prescribed

number of repetitions.
Back Extension

The participant lies face down on a Swiss ball or the floor, with the toes on the floor for stability. Place the hands lightly

behind the head, keeping the elbows open. Slowly lift the upper body by extending through the lower back, raising

the chest off the surface. Avoid overextending the spine or using momentum. Pause briefly at the top of the movement,
ensuring the body forms a straight line from the head to the hips. Lower back down to the starting position in a controlled
manner. Repeat for the prescribed number of repetitions.

Russia Twist

The participant sits on a BOSU ball or floor with knees bent and feet lifted off the floor, hip-width apart. Lean slightly back

so that the torso forms a 45-degree angle with the floor, keeping the back straight. Hold a 2.5kg weight plate or clasp
hands together in front of the chest. Rotate the torso to one side and touch the weight plate to the ground on the side
of the body while keeping the core engaged and maintaining controlled movement. Return to the center, then rotate
to the opposite side. Avoid rounding the back or relying on momentum,; instead, focus on using the core to control
the motion. Repeat for the prescribed number of repetitions.

*This exercise sequence was only conducted by the ICT and TCT groups, whereas participants of the ICT group performed on unstable surfaces (i.e., BOSU balls, Swiss
balls, and Wobble boards) and the TCT group performed the same exercises on stable surfaces (i.e., floor, bench).
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a light general active warm-up and cool down, which
involved stretching for the upper and lower limbs, as well
as core muscle groups. The details of the design of the
ICT and TCT intervention program are shown in Table 3
(see Table 3).

To ensure consistency and standardization of exer-
cise execution across participants, all training sessions
were conducted under the direct supervision of certi-
fied strength and conditioning specialists with prior
experience in core training interventions. These profes-
sionals monitored participants’ posture, technique, and
adherence to the prescribed exercise parameters (dura-
tion, repetitions, rest intervals) in real time, providing
immediate feedback and corrections when necessary.
Before the start of the 12-week intervention, all partici-
pants underwent a 2-day familiarization and technique
standardization workshop, during which correct form
and movement execution for all six core exercises were
demonstrated and practiced under supervision. During
the intervention period, a standardized protocol check-
list was used by instructors to evaluate movement quality
and ensure that each exercise was performed according
to defined biomechanical standards (e.g., neutral spine
alignment during planks and bridges, controlled tempo
during dynamic movements). This approach minimized
inter-individual variation in exercise performance and
ensured that any improvements in outcomes could be
attributed to the training condition rather than inconsist-
encies in technique.

Evaluation
Firstly, the Flamingo Balance Test (FBT) evaluated static
balance ability in young male Chinese kayakers. This test
required specific instruments, including a stopwatch and
a metal beam measuring 50 cm in length, 5 cm in height,
and 3 cm in width, with both ends supported by brack-
ets and an anti-skid surface. Participants were instructed
and warmed up before the test. During the assessment,
subjects stood barefoot on the metal beam, initially hold-
ing the tester’s hand for balance. After achieving balance
on their preferred leg, they bent the free leg at the knee,
positioning the foot near the hip with the opposite hand.
Once the tester released their hand, the stopwatch was
started. Each time the participant lost balance—either
by stepping off the beam or releasing the held foot—the
tester stopped the stopwatch and recorded the number
of balance losses, referred to as “fall mistakes” The test
lasted 60 s, with the total number of fall mistakes deter-
mining the final score, which was capped at 15 if falls
exceeded this threshold [68].

Secondly, the Star Excursion Balance Test (SEBT), on
the other hand, measured dynamic balance ability. This
test requires a flat, non-slip surface, a tape measure, and
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four 120 cm marking tapes arranged at 45° angles to cre-
ate eight movement directions: anterior (ANT), ante-
rolateral (ALAT), lateral (LAT), posterolateral (PLAT),
posterior (POST), posteromedial (PMED), medial
(MED), and anteromedial (AMED) [69]. After a general
warm-up, participants stood barefoot at the intersection
of the marking tapes with their hands on their hips. They
maintained a stable stance on one foot while extending
the opposite foot to gently touch each directional line
with their toes, returning to the starting position while
keeping the supporting foot flat on the ground. The tester
recorded the reach distance to the nearest 0.5 cm, and
three trials were performed for each foot. The test was
completed within five minutes, with the average reach
distance for each direction calculated and the relative
distance (%) using the formula: (average reach distance/
leg length) X 100. The trial was invalid if the participant
failed to return to the starting position or lost balance.
Both left and right legs were tested, resulting in a total
of 16 data points, with higher overall values indicating
superior dynamic balance ability.

The kayaking flatwater sprint paddling performance is
typically divided into two key phases, water and aerial,
and four sub-phases: catch/entry, drive/pull, exit, and
recovery/aerial [7]. In the paddling phases, the recov-
ery/aerial phase refers to the stage in which the pad-
dle is in the air, without acting on water and generating
any propulsion or resistance. The other three stages are
the paddle and water interaction stage, which generates
power to propel the kayak forward due to the interaction
between the paddle blades and water [2]. The K-1 200 m
land dynamometer/ergometer sprint performance test is
conducted to assess paddling performance specific to any
particular phase.

Specifically, the paddling performance of stroke power
and stroke rate was designed to assess the’K-1 200 m
land dynamometer/ergometer sprint performance
test of young Chinese male kayakers. 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 Nan-
chang Yao Lake kayaking training base. Prior to the test,
the tester configured the necessary parameters, includ-
ing the kayak model, land performance type, wind
resistance of the dynamometer, and basic 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 spe-
cialized paddling activities. Once prepared, they seated
themselves on the dynamometer cushion with their feet
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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-m simulation on the land dynamometer, with the
LCD digital display screen of the device automatically
recording the stroke power and stroke rate parameters
to determine performance. The final score was based
on the recorded time displayed on the LCD screen. Fur-
ther details on the procedure of the men’s K-1 200 m
dynamometer sprint performance tests can be found on
the official website (https://dansprint.com/vare/dansp
rint-pro-kayak-ergometer/).

Statistics

Data analysis for this study was conducted using SPSS
28.0 software. Descriptive statistics, including means
and standard deviations (SD), were used to report the
baseline values of pre- and post-test data for balance
ability and paddling performance variables. Inferential
statistics were employed to compare the dependent
variables of pre- and post-test measures, both within
groups and between groups. The assumptions of nor-
mality and homogeneity of variances were assessed
through skewness, kurtosis tests, and Levene’s test. To
evaluate the effects of the intervention, multivariate
analysis of variance (MANOVA) was conducted using a
2x2 design. Effect size was calculated based on stand-
ard criteria, with n? values of 0.01, 0.06, and 0.14 rep-
resenting small, medium, and large effects, respectively
[70]. Statistical significance was set at < 0.05.
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Results

Table 4 compares balance ability and paddling perfor-
mance between instability core training (ICT) and tradi-
tional core training (TCT). While both training methods
led to significant improvements over the 12-week inter-
vention, ICT demonstrated greater effectiveness for all
balance ability and paddling performance variables than
TCT among young male Chinese kayakers. Table 5 is the
pairwise comparisons of MANOVA for balance and pad-
dling performance variables among post-test between
ICT and TCT groups. (see Tables 4 and 5).

In terms of static and dynamic balance ability, both
groups exhibited significant time effects from the pre-test
(TO) to the post-test (T12) in the Flamingo Balance Test
(FBT) and Star Excursion Balance Test (SEBT), including
static balance ability (F=68.295, p <0.001, ;72 =0.541) and
dynamic balance ability (F=51.753, p <0.001, #*>=0.472)
in ICT group, static balance ability (F=6.787, p=0.012,
#*=0.105) and dynamic balance ability (F=18.863,
p<0.001, 72=0.249) in TCT group of within-group effect
among young male Chinese kayakers. However, the ICT
group exhibited no significant difference for the pre-test
(TO0) as evidenced by smaller effect sizes for static balance
ability (F=0.198, p=0.685, #>=0.003) and dynamic bal-
ance ability (F=0.342, p=0.561, #°=0.006), and more
pronounced enhancements for the post-test (T12) as
evidenced by larger effect sizes for static balance ability
(F=26.807, p<0.001, #*=0.316) and dynamic balance
ability (F=19.654, p <0.001, #*>=0.253), compared to the
TCT group, indicating the superior efficacy of ICT in
enhancing balance ability of between-group effect among
young male Chinese kayakers. (see Table 4).

Table 4 The analysis of Manova for within and between group effects of balance ability and paddling performance variables for ICT

and TCT Groups
Variables Test Measurement Between-group Within-group
Time Outcomes Effect Effect
ICT(M+SD) TCT ICT vs TCTF, P (n?) ICT(TOVsT12)F,P(n®)  TCT(TOvsT12)
(M=SD) F,P(n)
Balance FBT 70 6.60+1.77 6.83+2.26 F=.198, P =658 (003) F=68295P< .001**(541) F=6.787P=0.012*(105)
Ability
T12 2.96+1.62 540£1.99 F=26.807,P<.001**(316)
SEBT TO 100.51+£6.90 99.54+5.92 F=.342,P=.561(006) F=51.753P < .001**(472) F=18863P <.001** (.249)
T12 113.51+£7.09 106.114£5.78 F=19.654,P < .001**
(253)
Paddling SP T0 261.23+4.65 259.23+4.72 F=2.730,P=.104(.045) F=278.79% F=1917.729
T12  32833£21.51 318.1045.64 F=6.350, P=.015% (099) P <.001%*(.828) P <.001** (971)
Performance SR T0 110.1946.03 108.25+£5.79 F=1619,P=.208(027) F=42038P<.001**(420) F=11.345P=.001** (.164)
T12 120.33+£6.07 113.30+5.81 F=20.9, P< .001%** (.266)

ICT instability core training, TCT traditional core training, FBT Flamingo Balance Test, SEBT Star Excursion Balance Test, SP Stroke Power, SR Stroke Rate, T0 pre-
intervention test, T12 12-week post-intervention test, M mean, SD standard deviation, P P value, n” effect size*, the mean difference is significant at the 0.05 level; **,
the mean difference is significant at the 0.01 level
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Table 5 Pairwise Comparisons of MANOVA for Balance and Paddling Performance Variables among Post-test of Between-Group Effect

for ICT versus TCT Groups

Variables n J) Mean Difference Std. Error P 95% Confidence Interval
Group Group (1-)) (sig)
Lower Bound Upper Bound
Balance FBT ICT TCT -2433* 0470 0.000 ** -3.374 -1493
Ability TCT ICT 2433* 0470 0000% 1493 3374
SEBT ICT TCT 7.409% 1.671 0.000 ** 4.064 10.754
TCT ICT -7.409* 1.671 0.000 ** -10.754 -4.064
PaddlingPerformance SP ICT TCT 10.233* 4.061 0.015* 2.104 18.362
TCT ICT -10.233* 4.0601 0.015* -18.362 -2.104
SR ICT TCT 7.033* 1.535 0.000 ** 3.960 10.107
TCT ICT -7.033* 1.535 0.000 ** -10.107 -3.960

ICT instability core training, TCT traditional core training, FBT Flamingo Balance Test, SEBT Star Excursion Balance Test, SP Stroke Power, SR troke Rate, M mean, SD
standard deviation, P P value *, the mean difference is significant at the 0.05 level; **, the mean difference is significant at the 0.01 level.

Similarly, both groups significantly improved the
Men’s K-1 200 m land dynamometer sprint perfor-
mance test from TO to T12 for paddling performance
variables, including average stroke power (F=278.796,
p<0.001, #*=0.828) and stroke rate (F=1917.729,
p<0.001, #*=0.971) in ICT group, average stroke
power (F=42.038, p<0.001, 172=O.420) and stroke rate
(F=11.345, p<0.001, 172=O.164) in ICT group of within-
group effect among young male Chinese kayakers. How-
ever, the ICT group exhibited no significant difference
for the pre-test (T0) as evidenced by smaller effect sizes
for average stroke power (F=2.730, p=0.104, 172=0.045)
and stroke rate (F=1.619, p=0.208, 172 =0.027), and more
pronounced enhancements for the post-test (T12) as
evidenced by larger effect sizes for average stroke power
(F=6.350, p=0.015, #*=0.099) and stroke rate (F=20.9,
p<0.001, #*=0.266), compared to the TCT group, indi-
cating the superior efficacy of ICT in enhancing paddling
performance of between-group effect among young male
Chinese kayakers. (see Table 4).

In addition to statistical significance, the reported
effect sizes (%) provide insight into the practical signifi-
cance of the findings. According to Byrne’s (2013) con-
ventional benchmarks, #* values of 0.01, 0.06, and 0.14
represent small, medium, and large effects, respectively
[70]. In this study, most post-test 7> values for the ICT
group—particularly for stroke power (7*=0.099), stroke
rate (4*>=0.266) static balance (4*>=0.316), and dynamic
balance (7?=0.253)—fall within the medium-to-large
effect range, indicating that the improvements are not
only statistically significant but also practically meaning-
ful in real-world athletic contexts. Comparatively, effect
sizes in the TCT group, while significant, were generally
smaller, suggesting ICT is more impactful for enhancing
performance-critical attributes. These medium-to-large

effect sizes reflect substantial improvements that are
likely to translate into better kayaking performance dur-
ing competition, highlighting the practical utility of
incorporating ICT into training programs.

Discussion

Effect of ICT vs TCT on balance ability

The observed improvements in both static and dynamic
balance ability among kayakers following the insta-
bility core training (ICT) intervention highlight its
effectiveness in enhancing neuromuscular control, pro-
prioception, and spinal stability—critical components
for maintaining equilibrium in the athlete-paddle-boat
system. ICT likely facilitated greater activation of deep
stabilizing muscles, such as the transverse abdominis and
multifidus, which play a crucial role in postural control
and spinal stability [23]. These adaptations are particu-
larly relevant in kayaking, where continuous postural
adjustments are required to counteract external per-
turbations from water resistance and maintain balance
during dynamic paddling movements [22]. The use of
unstable surfaces, including BOSU balls, Swiss balls, and
Wobble boards, in the ICT program may have contrib-
uted to enhanced proprioceptive feedback and intermus-
cular coordination between global and local core muscle
systems, improving both static and dynamic balance [8].
The experimental group exhibited significantly more
significant gains in dynamic balance ability, as reflected
in the Star Excursion Balance Test (SEBT), suggesting
that ICT-induced neuromuscular adaptations improved
anticipatory postural adjustments and compensatory
responses to destabilizing forces, which are essential for
efficient force transfer and stroke execution in sprint kay-
aking [5]. Furthermore, the enhanced static balance abil-
ity observed in the Flamingo Balance Test (FBT) suggests
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that ICT promoted more excellent postural stability
and trunk control by strengthening the deep core mus-
cles responsible for stabilizing the spine under minimal
external movement demands [71]. Unlike traditional core
training (TCT), which primarily targets large superficial
core muscles on stable surfaces, ICT engages a broader
range of stabilizing and dynamic control mechanisms,
optimizing motor unit recruitment and enhancing neu-
romuscular efficiency in sport-specific contexts [72].

The superior balance improvements observed in the
ICT group reinforce previous findings that unstable
surface training elicits greater activation of sensorimo-
tor pathways and enhances spinal reflex responses, ulti-
mately improving an athlete’s ability to maintain balance
under dynamic and unpredictable conditions [73]. In
contrast, TCT, with its emphasis on isotonic contractions
and stable support, may not sufficiently challenge the
proprioceptive and neuromuscular systems required for
high-level balance control in kayaking, potentially limit-
ing its effectiveness in improving balance performance
under real-world competitive conditions [74]. Given the
pivotal role of balance in optimizing stroke mechan-
ics, maintaining an erect posture, and minimizing
unnecessary energy expenditure during kayaking, these
findings underscore the necessity of incorporating insta-
bility-based core training into the preparatory regimens
of young male Chinese kayakers to enhance both static
and dynamic balance ability, ultimately contributing to
improved stroke power and stroke rate for paddling per-
formance [2]. However, it is acknowledged that part of
the observed improvements, particularly in both groups,
may be partially influenced by learning effects from
repeated testing or placebo responses due to increased
training attention. Future studies should include familiar-
ization sessions and placebo-controlled designs to more
precisely isolate the effects of ICT interventions from
such confounding variables.

While the current study focused on kayaking, insights
from related sports such as swimming and rowing offer
valuable comparative perspectives on core training strat-
egies. In competitive swimming, instability-based core
training has been shown to improve stroke efficiency and
streamline posture by enhancing trunk stability and body
alignment under fluid resistance conditions [75]. Simi-
larly, in rowing, core training programs incorporating
dynamic balance elements have been linked to improved
stroke symmetry and reduced lower back injury risk due
to better neuromuscular control and load distribution
[76]. These findings support the idea that instability-
oriented core training enhances sport-specific postural
control and force transfer across various aquatic and
cyclic sports. Unlike traditional core training modali-
ties, which often rely on stable, linear movements, ICT
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emphasizes reactive stability and multidirectional coor-
dination—capabilities that are essential for managing the
unpredictable perturbations encountered in water-based
sports. Therefore, integrating evidence from swimming
and rowing not only reinforces the applicability of ICT
in kayaking but also highlights the broader relevance of
instability-based training for optimizing balance-related
performance outcomes across disciplines with similar
biomechanical and neuromuscular demands.

Effect of ICT vs TCT on paddling performance

The improvements in average stroke power and stroke
rate observed in the Men’s K-1 200 m land dynamome-
ter sprint performance test following the ICT interven-
tion suggest that enhanced static and dynamic balance
ability contribute to more efficient force generation and
paddling parameters. Static balance ability is essential for
maintaining an optimal trunk posture, minimizing exces-
sive torso movement, and ensuring efficient force trans-
mission from the lower body to the upper limbs during
each stroke cycle, thereby maximizing stroke power
output [63, 77]. Additionally, dynamic balance ability is
pivotal in facilitating rotational torque and trunk flex-
ion—extension movements, which are critical for increas-
ing stroke rate and optimizing stroke efficiency in sprint
kayaking [18, 78]. The 12-week ICT program likely
enhanced neuromuscular coordination and propriocep-
tive control, leading to improved motor unit synchroni-
zation and faster recruitment of core musculature during
high-intensity paddling efforts. The activation of deep
stabilizing muscles, such as the transverse abdominis
and multifidus, reinforced spinal stability and minimized
energy dissipation, allowing for more powerful and fre-
quent stroke execution [5, 23]. Unlike TCT, which pri-
marily emphasizes isotonic contractions of superficial
balance ability under stable conditions, ICT promotes
dynamic core activation by incorporating unstable sur-
faces, thereby improving sensorimotor integration and
intermuscular coordination between trunk and limb
muscles [30, 79, 80]. These adaptations are particularly
advantageous in sprint kayaking, where precise and rapid
trunk adjustments are required to maintain balance and
optimize propulsion efficiency [22].

Our findings align with previous research support-
ing the efficacy of instability core training in improv-
ing athletic performance. For instance, Granacher et al.
(2013) and Hammami et al. (2023) reported that insta-
bility training improves trunk muscle activation and
balance control, which in turn enhances sport-specific
movement efficiency for athletes [34, 48]. Similarly,
Brown et al. (2023) demonstrated that dynamic bal-
ance training increased core muscle co-contraction
and improved postural control in athletes, reinforcing
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the potential benefit of ICT for the paddling perfor-
mance of kayakers [5]. However, contradictory findings
have also been reported. For example, Parkhouse &
Ball. (2011) and Sanghvi et al. (2014) found no signifi-
cant improvements in athletic performance following
instability core training, suggesting that ICT may not
directly translate to enhanced sport-specific outputs
[35, 81]. The inconsistency may stem from differences
in training protocols, athlete populations, or perfor-
mance assessment methods. Notably, some previous
studies employed general or non-specific core training
interventions or assessed outcomes using non-func-
tional tasks, which may limit the transference to sport-
specific contexts such as sprint kayaking. In contrast,
our study applied a targeted ICT protocol emphasiz-
ing balance-challenging conditions and sport-relevant
movement patterns, likely contributing to the observed
improvements.

These findings reinforce the importance of sport-spe-
cific instability core training (ICT) in enhancing balance
ability and paddling performance by improving both
stroke power and stroke rate. ICT exercises involv-
ing unstable surfaces (e.g., Swiss balls, BOSU balls, or
balance boards) should be prioritized by coaches and
sports scientists to develop neuromuscular efficiency,
spinal stability, and dynamic core control. Such train-
ing not only improves paddling-specific performance
but may also contribute to injury prevention by enhanc-
ing postural control and core endurance. To optimize
practical applications, ICT should be designed to closely
replicate sport-specific demands and movement pat-
terns in kayaking. For future research, it is recom-
mended to investigate the long-term effects of ICT on
competition-level performance, explore the optimal
balance between instability and resistance load in core
training, and incorporate electromyographic (EMG)
assessments to validate neuromuscular activation mech-
anisms. Additionally, examining sex-based and age-
related differences in responsiveness to ICT will provide
further insights into individualized program design for
sprint kayakers.

In summary for this section, based on these findings,
coaches and practitioners are encouraged to incorporate
ICT into the regular training programs of sprint kayak-
ers, especially during the preparatory phase of the season.
Specifically, exercises involving unstable surfaces (e.g.,
Swiss balls, BOSU balls, balance boards) should be used
to target dynamic trunk stability, neuromuscular coor-
dination, and proprioceptive control. These drills can be
integrated 2—3 times per week as part of strength or tech-
nical sessions. Additionally, ICT protocols should pro-
gressively simulate sport-specific postures and movement
patterns to maximize transfer to paddling performance
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and reduce the risk of injury through improved postural
control and core endurance.

Limitations

This study has several limitations that warrant considera-
tion. First, the ICT intervention was limited to Wobble
boards, Swiss balls, and BOSU balls as unstable surfaces.
Since different unstable environments may produce
varying training effects, future research should explore
additional options, such as elastic bands, foam rollers,
suspension chains, and natural surfaces like sand and
water, to optimize ICT effectiveness. Second, the study
assessed the paddling performance of stroke power
and stroke rate improvements based on dynamometer
sprint performance on land, which may not fully reflect
on-water sprint performance. Future studies should
extend the evaluation to kayak-specific water sprinting
to enhance practical relevance. Third, further research
should examine the impact of ICT on athletes for more
diverse samples and long training intervention duration
of different genders, ages, and training levels, as well as
athletes from other water-based sports, including sailing,
swimming, and rowing. Another limitation of this study
is that all performance assessments were conducted in a
land-based setting using a kayak ergometer, which may
not fully replicate the dynamic and unstable conditions
of actual on-water sprint kayaking. Although land-based
tests offer controlled and repeatable conditions, they may
limit the ecological validity of the findings. Future stud-
ies are encouraged to incorporate on-water performance
assessments to better capture sport-specific movement
patterns and enhance the applicability of results to real-
world paddling performance. Therefore, expanding
research in these areas will help establish whether ICT
is superior to TCT in improving balance ability and pad-
dling performance, providing broader validation of its
applicability across diverse athletic populations.

Conclusion

In conclusion, after a 12-week intervention, both TCT
and ICT led to significant improvements in balance abil-
ity and paddling performance. However, ICT proved to
be more effective than TCT, particularly in enhancing
static and dynamic balance ability, as well as key pad-
dling metrics such as stroke power and stroke rate among
young male kayakers in Jiangxi province, China. These
findings add to the growing body of research highlighting
the importance of tailored training approaches in sports
and offer a solid foundation for future studies exploring
the role of instability-based training in balance and sprint
performance development.
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Trial registration: Current controlled trials permission
of protocol in ClinicalTrials.gov PRS (https://clinicaltr
ials.gov/) (NCT06432595). In addition, this study was
conducted and reported in accordance with the CON-
SORT (Consolidated Standards of Reporting Trials)
guidelines.
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and provided informed consent.
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