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Abstract

This study aimed to investigate the effects of an 8-week core and endurance training program on swimming
performance, body composition, and selected physiological parameters in butterfly stroke swimmers aged 13—15
years. A total of 40 athletes who regularly participated in swimming training were included in the study, and the
participants were divided into experimental (n = 20) and control (n = 20) groups. Within the scope of the study,
swimming performance, body fat percentage, muscle mass, total body water, basal metabolic rate, resting heart
rate, and blood oxygen saturation (SpO:%) were evaluated using pre-test and post-test measurements. Data
analysis included independent samples t-test, paired samples t-test, Pearson correlation analysis, and simple linear
regression analysis.The findings showed a significant improvement in swimming performance values, which
represent performance levels, in the experimental group. Additionally, there was a decrease in body fat percentage,
an increase in muscle mass, and improvements in SpO: levels. Significant improvements in swimming
performance and SpO: values were also observed in the control group. However, comparison of change scores
revealed no statistically significant differences between the experimental and control groups in performance,
physiological characteristics, or body composition variables.Correlation and regression analyses revealed a strong
relationship between performance changes and changes in total body water, with changes in total body water
explaining a significant proportion of the variance in performance improvement. In conclusion, core and endurance
training may contribute to performance development in young swimmers and may induce positive adaptations in
certain physiological and anthropometric variables. Nevertheless, the findings indicate that swimming
performance cannot be explained by a single variable; rather, it is a multidimensional structure influenced by
technical ability, biological development, body composition, and physiological adaptations. Therefore, it is
recommended that different performance components be considered through a holistic approach when evaluating
performance and planning training programs for young swimmers.
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INTRODUCTION

Timing and body position are important factors in butterfly stroke swimming. Since the
movement pattern of the upper body differs from the lower body, butterfly swimming is
considered a short-axis swimming technique. In the butterfly stroke technique, where the body
remains in a prone position in the water, the arms maintain elbow extension during the recovery
phase above the water, while elbow flexion occurs during the underwater pulling phase to
provide a hydrodynamic advantage. The upper extremities initiate the pulling movement from
above the head and perform a bilateral shoulder extension movement resembling an 'S' shape
underwater, followed by simultaneous movement of the arms from outside the water toward
the head. The technique is performed with bilateral arm pulls followed by two dolphin kicks.
The head enters the water in coordination with the arms and emerges from the water before the
arms (Bozdogan, 2006).
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Athletes perform high levels of force production during butterfly stroke swimming. The
core region is one of the most critical areas involved in force generation. Core strength is known
to be one of the factors that directly influence performance in butterfly swimming.
Strengthening the core muscles is considered an important factor not only for improving
physical performance but also for preventing sports injuries and accelerating return to sport
during rehabilitation processes (Boyaci & Tutar, 2018). Therefore, core training practices have
recently become a widely used method for improving strength development (Boyac1 & Tutar,
2018) and contribute to noticeable improvements in athletes’ performance (Akuthota & Nadler,
2004). The core region plays a supportive role in lower and upper extremity movements in
terms of athletic performance (Takatani, 2012). It is suggested that a well-trained core region
provides optimal force production and facilitates the transfer of force and movement during
athletic performance (Akuthota & Nadler, 2004; Dendas, 2010; Kibler et al., 2006).

In strength training mechanics, the work performed during static exercises is zero because
the completion of mechanical work requires displacement (Muratl et al., 2005). During static
core exercises, muscles generate tension against resistance; however, no change occurs in
muscle tone or length (isometric contraction). During this contraction, external energy applied
to the muscle exceeds internal muscle energy, resulting in increased muscle tension without
changes in muscle length or joint movement, until external and internal forces become equal
(Herda et al., 2008; McHugh & Ryan, 2008; Selvi, 2009; Sahin, 2008; Baspinar, 2009; Parpucu,
2009; Aktas, 2010; Diindar, 2015). In dynamic training, changes occur in muscle length;
muscles shorten and lengthen, movement velocity may vary, and muscle tension is maintained
(Bagpinar, 2009; Parpucu, 2009; Yiiceloglu, 2009). Terminologically, dynamic or isotonic
contraction consists of the terms “iso” (equal) and “tonic” (tension) (Glinay et al., 2010).

METHOD

Research group (population-sample)

This study employed an experimental design and was conducted on a voluntary basis.
Participant selection was performed using a simple random sampling method. Before the
research, an "Informed Volunteer Consent Form" was provided to the participants and their
parents, and ethical approval was obtained from the Hitit University Non-Interventional
Research Ethics Committee. The study was carried out in an Olympic-sized swimming pool in
Corum, Tirkiye, with athletes from the Corum Yildizlart Swimming Club. The study
population consisted of 40 registered athletes aged 13—15 years.

Sample size determination was conducted using G*Power 3.1.9.7. Based on similar
literature, an effect size of 0.50 and a significance level (alpha) of 0.05 were adopted; power
analysis indicated that a minimum of 19 participants per group was sufficient. To account for
potential data attrition and increase statistical power, 20 athletes were assigned to each group,
resulting in a total sample of 40 participants.

Data collection tools

Inclusion criteria were defined as: no sports-related injuries within the previous six
months, absence of cardiovascular or chronic diseases, and a stable general health status. The
data collection schedule consisted of two phases: pre-test and post-test.

Before the study began, training and testing protocols were explained in detail to the
athletes. Following the acquisition of informed consent, heights were measured using a Seca
213 portable stadiometer. Anthropometric measurements were performed using a Tanita BC-
418MA body composition analyzer. Subsequently, resting heart rates and blood oxygen
saturation levels (%Sp0O:) were measured using a Braun YK-81CEU Pulse Oximeter and
recorded electronically.



The 100m butterfly performance of the participants was measured in an Olympic
swimming pool in accordance with official competition standards using a digital stopwatch
(Casio HS-80TW). Measurements were initiated with a dive start from the starting block while
the athletes were in a rested state and concluded with a finish touch, with times recorded in
seconds and hundredths. These baseline assessments were followed by an 8-week training
program, after which the exact same protocols were repeated for the post-test.

Table 1. Weekly training program

Application Week Static core Dynamic Core Exercises Endurance: S.w1mmmg
Exercises Training
* Plank (3 sets, 20
sec) * 50m Butterfly (3 reps, max
 Side Plank (3 sets, . eye b PS, max.
15 sec) * Russian Twist with Medicine Ball P
1st and 2nd Weeks
(Rest between sets: (3 kg, 2 sets, 10 reps) |
30 sec) * 100m Free;ty e (2 reps,
- Bird Dog (2 sets, 10 moderate intensity)
reps)
* Plank (3 sets, 30
sec) . . . ..
* Side Plank (3 sets, Russ1?‘1: E wgstsz&?sthllg/[::edl:;ne Ball * 50m Butterfly (4 reps)
3rd and 4th Weeks 20 sec) & ’ p * 200m Freestyle (2 reps,
* Overhead Squat (3 kg, 2 sets, 10 . .
. reps) moderate intensity)
* Bird Dog (3 sets, 12
reps)
. Planksgl )setS= 40 . Russian Twist with Medicine Ball
- Side Plank (4 sets (5 kg, 3 sets, 15 reps) * 50m Butterfly (5 reps)
5th and 6th Weeks 30 sec) ’ * Overhead Squat (4 kg, 3 sets, 12 * 400m Freestyle (1 rep,
 Bird Dog (3 sets, 15 reps) moderate intensity)
. egp 5) ’ * Straight Leg Raise (3 sets, 10 reps)
* Russian Twist with Medicine Ball
* Plank (4 sets, 60 (6 kg, 4 sets, 20 reps)
sec) * Overhead Squat (5 kg, 4 sets, 15 .
7th and 8th Weeks * Side Plank (4 sets, reps) >0m Butterfly (6 reps)
. . * 400m Freestyle (2 reps,
45 sec) * Straight Leg Raise (4 sets, 12 reps) moderate intensity)
« Bird Dog (4 sets, 20 ty
reps) * Asymmetrical Shoulder

Press (3 kg, 3 sets, 12 reps)

The 8-week experimental intervention program designed within the scope of the study
was conducted in a total of 24 sessions, with a weekly frequency of 3 days (Mondays,
Wednesdays, and Fridays) during the macrocycle. Each training session was standardized to
last approximately 45 minutes and was implemented immediately prior to the main set of the
routine in-water swimming practice, following the dry-land warm-up procedures. The
experimental program comprised static core exercises, dynamic core exercises, and butterfly
stroke-specific combined endurance swimming training components. The chronic progression
of the core region exercises was structured based on the principle of progressive overload,
systematically increasing the duration of static contractions, the number of sets/repetitions in
dynamic exercises, and the weight of the medicine balls used (ranging from 3 kg to 6 kg) across
the weekly periods. Regarding the endurance-based swimming component, the distance and
training intensities were maintained through 50-meter butterfly lap repetitions (at maximum
velocity) and freestyle swimming series ranging between 100 and 400 meters (at moderate
intensity), thereby equalizing the total training volume and load between both groups.

Data analysis

IBM SPSS Statistics 26.0 software package was used in the analysis of the data obtained
in the research. Before starting the analyses, the dataset was examined in terms of missing data,



data entry errors, and outliers. Spelling and formatting errors detected in data entry were
corrected, but no data representing measurement results were altered or removed from the
dataset. Analyses were carried out on the data obtained from a total of 40 swimmers. Descriptive
statistics regarding continuous variables were presented with mean (Mean) and standard
deviation (SD) values. Independent samples t-test was used to compare the demographic
characteristics and pre-test measurements of the groups. Paired samples t-test was applied to
determine the pre-test and post-test changes within the experimental and control groups
themselves. In order to evaluate the effect of the intervention, change scores (A = Post-Test —
Pre-Test) were calculated, and the differences between the experimental and control groups
were examined with the independent samples t-test. Pearson product-moment correlation
analysis was used to determine the relationships between performance change and changes
occurring in body composition and physiological variables. The coefficients obtained in the
correlation analysis were evaluated as a low-level relationship between 0.00-0.29, moderate
between 0.30-0.69, and a high-level relationship for 0.70 and above. Simple linear regression
analysis was applied to determine the variables that predict performance change. In the
regression analysis, the explanatory power of the model was evaluated using the coefficient of
determination (R?), standardized beta coefficient (), t value, and significance level. The
statistical significance level was accepted as p<.05 in all analyses. However, reporting only p-
values was not considered sufficient; Cohen's d effect size coefficients were also calculated to
evaluate the magnitude of the applied intervention. Cohen's d values were interpreted as a small
effect size for 0.20, medium for 0.50, and a large effect size for 0.80 and above.

FINDINGS

Table 2. Demographic characteristics of the participants

Variable Experimental (n=20) Mean+SD Control (n=20) Mean+SD
Age (years) 13.80+0.77 14.10 + 0.85
Height (m) 1.38 £0.04 1.36 £0.06

Body Weight (kg) 33.68 +5.27 35.69 + 10.13

The demographic characteristics of the young swimmers included in the study are
presented in Table 2. The average age of the athletes in the experimental group was determined
as 13.80+0.77 years, and the average age of the athletes in the control group as 14.10+0.85
years. Height averages were found to be 1.384+0.04 m in the experimental group and 1.36+0.06
m in the control group. Body weight averages are 33.68+5.27 kg and 35.69+10.13 kg,
respectively. The obtained findings reveal that the experimental and control groups show
similar characteristics to each other in terms of age, height, and body weight. These findings
suggest that the groups were comparable prior to the intervention. The groups were
demographically similar before the intervention, and that the differences to be observed in
subsequent analyses stem from the applied training program.



Table 3. Comparison of pre-test measurements between experimental and control groups

Variable Experimental (n=20) Mean+SD Control (n=20) Mean+SD p
Time (sec) 85.40 + 12.62 88.90 + 12.11 .376
Fat (%) 15.75+£3.47 18.04 =£7.08 205
Muscle (kg) 21.17£3.95 22.77 £ 5.46 294
Water (kg) 20.36 +£3.76 21.92 +5.40 298
BMR (kcal/day) 1216.36 = 110.47 1200.92 + 132.91 .692
Heart Rate (bpm) 76.75 £ 8.37 80.15 £ 8.75 217
SpO: (%) 97.20+2.48 97.00 = 1.81 773

Table 3 presents the comparison results regarding the performance, physiological, and
body composition variables of the experimental and control groups prior to the intervention.
According to the analysis results, no statistically significant difference was found between the
groups in the pre-test measurements (p>.05). In terms of swimming time, which is an indicator
of performance, the average of the experimental group was determined as 85.40+£12.62 seconds,
and the average of the control group was determined as 88.90+12.11 seconds, and the difference
between the groups is not significant (p=.376). Similarly, no significant difference was detected
between the experimental and control groups in terms of fat percentage (p=.205), muscle mass
(p=294), body water amount (p=1298), basal metabolic rate (p=.692), resting heart rate
(p=.217), and blood oxygen saturation (p=.773). These findings indicate that the experimental
and control groups included in the research had similar initial levels in terms of performance,
physiological characteristics, and body composition before the intervention. Therefore, the
possibility that the differences that may arise in the post-test stem from the applied training
program, rather than initial group differences, is strengthened.

Table 4. Pre-Test—Post-Test comparison of the experimental group (Paired Samples t Test)

Variable Pre-Test (Mean+SD) Post-Test (Mean+SD) p Cohen's d
Time (sec) 85.40 + 12.62 83.70 £ 12.49 <.001 1.31
Fat (%) 15.75 + 3.47 15.26 +£3.52 .005 0.72
Muscle (kg) 21.17+3.95 21.56 £3.98 <.001 1.15
Water (kg) 2036+ 3.76 20.42 +3.76 237 0.27
BMR(kcal/day) 121636 + 110.47 121636 +110.47 — —
Heart Rate(bpm) 76.75 + 8.37 76.00 £ 7.99 267 0.26
SpO2 (%) 9720 + 2.48 98.40+1.19 .001 0.86

Table 4 presents the pre- and post-measurement results of the experimental group for the
8-week core and endurance training program. The analysis results show that there is a
significant improvement in the time values representing swimming performance in the
experimental group (p<.001). The average time duration decreased from 85.40+12.62 seconds
to 83.70+12.49 seconds, and the effect size is at a high level (d=1.31). This finding indicates
that the applied training program contributed significantly to performance development. When
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body composition variables were examined, a significant decrease in fat percentage (p=.005,
d=0.72) and a significant increase in muscle mass (p<.001, d=1.15) were determined. Medium-
high level effect sizes were obtained in both variables. Conversely, no statistically significant
change was observed in the total body water amount (p=.237). Evaluated in terms of
physiological variables, a significant increase in blood oxygen saturation level was detected
(p=.001, d=0.86). On the other hand, the decrease observed in resting heart rate values did not
reach statistical significance (p=.267). Statistical analysis could not be performed for the basal
metabolic rate (BMR) variable due to the pre-test and post-test values being the same. This
situation may have resulted from the BMR values not being directly measured or being
transferred to the dataset as a constant value.

Table 5. Pre-Test—Post-Test comparison of the control group (Paired Samples t Test)

Variable Pre-Test (Mean=SD) Post-Test (Mean+SD) p Cohen's d
Time (sec) 88.90+ 12.11 87.15+11.76 <.001 1.24
Fat (%) 18.04 + 7.08 16.51 +5.73 179 0.31
Muscle(kg) 22.77 +5.46 22.35+4.47 .624 0.11
Water (kg) 21.92 +5.40 21.97 +£5.40 394 0.19
BMR (kcal/day) 1200.93 = 132.91 1200.93 + 132.91 — —
Heart Rate (bpm) 80.15 £ 8.75 79.05 +7.82 197 0.30
SpO: (%) 97.00 + 1.81 98.35+0.93 <.001 1.37

Table 5 presents the pre-test and post-test results obtained by the control group during the
8-week follow-up period. The analysis results show that there is a significant improvement in
the time values representing swimming performance in the control group (p<.001). The average
time duration decreased from 88.90+12.11 seconds to 87.15+11.76 seconds, and the effect size
is at a high level (d=1.24). This situation suggests that continuing regular swimming training
during the study process can have positive effects on performance. When body composition
variables were examined, although a decreasing trend was seen in fat percentage, this change
was not found to be statistically significant (p=.179). Similarly, no significant change was
detected in muscle mass (p=.624) and total body water amount (p=394). These findings
indicate that despite the performance development in the control group, no significant
adaptation occurred in body composition. When physiological parameters were evaluated, the
drop observed in resting heart rate values did not reach statistical significance (p=.197). In
contrast, a significant increase in blood oxygen saturation level was determined (p<.001), and
the effect size is quite high (d=1.37). Significance analysis was not performed for the basal
metabolic rate variable due to the pre-test and post-test values being the same.



Table 6. Comparison of Change Scores (A) Between Experimental and Control Groups

A = Post-Test — Pre-Test

. Experimental (n=20) Control (n=20) Cohen's
Variable MeanSD MeanSD d

A Time (sec) -1.70 £ 1.30 -1.75+ 141 908 0.04

A Fat (%) -0.49 £ 0.67 -1.54+4.92 356 0.30

A Muscle(kg) +0.40 £0.35 -0.42+3.77 .345 0.31

A Water (kg) +0.06 = 0.20 +0.05 +0.26 946 0.02
ABMR (kcal/day) 0.00 = 0.00 0.00 £ 0.00 — —

AHeartRate(bpm) -0.75+2.94 -1.10 £ 3.68 742 0.11
A SpO: (%) +1.20+ 1.40 +1.35+0.99 .698 -0.12

Table 6 presents the comparison of the change scores obtained by the experimental and
control groups at the end of the 8-week process. The analysis results show that there is no
statistically significant difference between the experimental and control groups in any of the
performance, physiological parameters, and body composition variables (p>.05). When the
time change representing swimming performance was examined, an average improvement of
1.70 seconds was observed in the experimental group, and 1.75 seconds in the control group.
However, these development levels are quite close to each other, and no significant difference
was found between the groups (p=.908, d=0.04). This finding shows that the effect of the
applied core and endurance training on performance is not superior to the development
observed in the control group. In body composition variables, while a decrease in fat ratio and
an increase in muscle mass were observed in the experimental group, a higher level of decrease
in fat ratio and a variable course in muscle mass were seen in the control group. However, the
differences between the groups are not statistically significant (p>.05). Similarly, no significant
difference was detected between the experimental and control groups in changes in water
amount, heart rate, and SpO.. When effect sizes are examined, it is seen that Cohen's d values
in all variables are at a low level. This situation supports that the intervention did not create a
significant superiority between the groups.

Table 7. Simple Linear Regression Analysis of Body Water Amount Change (AWater)
Predicting Performance Change (ATime) Dependent Variable: ATime (Post-Test — Pre-Test)
Independent Variable: AWater (kg)

Variable B Standard Error B t p
Constant -1.742 0.188 — -9.27 <.001
AWater -4.563 0.643 -0.831 -7.09 <.001




Model Summary

R R Adjusted R? F p

0.831 0.691 0.683 50.29 <.001

Table 7 presents the results of the simple linear regression analysis performed to explain
the performance change. According to the analysis results, the change occurring in the body
water amount is a significant predictor of the performance change (=-0.831, p<.001). When
the explanatory level of the model was examined, it was determined that the AWater variable
explained approximately 69.1% of the variance in the performance change (R*=0.691). The
regression model was found to be generally significant (F=50.29, p<.001). When the regression
coefficient is examined, it is seen that each unit increase in body water amount is associated
with an improvement of approximately 4.56 seconds in performance time. This finding points
to the importance of the relationship between hydration status and performance.

DISCUSSION AND CONCLUSION

Swimming Performance Findings In this study, following the 8-week core and
endurance training program applied, significant improvements were determined in the time
values representing swimming performance in the experimental group. Along with this,
performance was also seen to improve in the control group, and no statistically significant
difference emerged in the inter-group comparisons. This finding indicates that core training can
support performance development, but it may not always be possible to create an additional
advantage beyond the development provided by regular swimming training in young
swimmers. The performance development observed in the experimental group is largely
consistent with previous studies reporting the positive effects of core training on swimming
performance. Weston et al. (2015) reported significant improvements in 50 m freestyle
swimming performance following a 12-week isolated core training applied to national-level
junior swimmers and stated that this development could be related to the increase in force
transmission in the lumbopelvic region. Similarly, Eskiyecek et al. (2020) observed significant
improvements in freestyle, backstroke, butterfly, and breaststroke performances following eight
weeks of core exercises applied to 10—-12 age male swimmers. When these studies are evaluated
together, it can be stated that the increase in strength in the core region can contribute to the
maintenance of a more effective body position in the water and the more efficient realization
of force transfer. The effects of core training on performance are seen not only in general
swimming times but also in technical elements that directly affect performance. lizuka et al.
(2016) reported that stabilization exercises directed at deep trunk muscles improved swimming
start performance and provided significant improvements especially in the first 5-meter
performance. Similarly, Sun et al. (2025) reported that core and lower extremity strength
training in adolescent swimmers improved turn performance, decreased turn times, and
increased maximum acceleration. These findings show that the core region not only maintains
body stability during swimming but also plays an important role in critical technical sections
that can affect the race outcome, such as starts and turns. One of the striking results of the study
is that, despite significant performance development being seen in the experimental group, a
similar development also occurred in the control group, and no statistically significant
difference was formed between the groups. This result shows similarity with the findings
reported by Kwok et al. (2025). In the aforementioned research, although some intra-group
improvements were determined following eight weeks of additional core training, no significant
difference was detected between the experimental and control groups in terms of swimming
performance. The researchers attributed this situation to the multidimensional structure of
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swimming performance, technical development, and the effect of regular swimming training.
In the current study as well, the fact that both groups continued regular swimming training may
have made it difficult for the gains obtained in the experimental group to statistically
differentiate from the control group. Similarly, Jakubczyk et al. (2019) reported that an
improvement in performance was observed following a four-week core stabilization program
applied to young para-swimmers, but no significant difference was formed between the groups.
The researchers stated that core training could create beneficial effects, but short-term
applications might not provide a distinct superiority on performance. This situation shows
parallelism with the findings of the current study. Studies conducted in recent years show that
applying core training together with other performance components can reveal more distinct
results. Pratama et al. (2026) reported that the application of core training together with
inspiratory muscle training provided greater improvements in swimming performance
compared to core training alone. Similarly, Hiruntrakul et al. (2025) reported that six weeks of
high-intensity core training improved core stability, but the changes in core strength remained
at a more limited level. These results suggest that core training may be effective through
mechanisms such as stabilization, neuromuscular control, and force transmission rather than
directly increasing performance. Taken together, the current study reveals that core and
endurance training can support performance development in young swimmers. However, the
obtained findings show that performance development does not depend only on core strength;
many factors such as technical proficiency, biological maturation, general training load, and
swimming experience are simultaneously effective on performance. Therefore, core training
can be considered an important application supporting swimming performance; however,
interpreting it as the main element solely determining performance does not seem appropriate.

Discussion of Body Composition and Physiological Findings In this study, positive
changes were observed in some variables related to body composition in the experimental group
following the applied core and endurance training program. In particular, a decrease in fat
percentage, an increase in muscle mass, and improvements in some physiological parameters
were determined. Nevertheless, in inter-group comparisons, not all of these changes
differentiated at a statistically significant level. The obtained results show that performance
development in young swimmers cannot be explained merely by the applied training load or
technical development; changes in growth, biological maturation, and body composition can
also play an important role in this process. The relationship between swimming performance
and body composition has been among the topics attracting the attention of researchers for a
long time. Seffrin et al. (2022) reported that the factors determining performance in young
swimmers can vary according to age groups and that lean body mass and muscle strength have
more distinct effects on performance, especially after puberty. The researchers also emphasized
that the increase in lean body mass can positively affect sprint and middle-distance
performances. The increase in muscle mass observed in the experimental group in the current
study also seems consistent with these findings and suggests that positive adaptations regarding
muscle tissue can contribute to performance development. Similarly, Morais et al. (2013)
reported that anthropometric characteristics are one of the main factors determining the
performance level in young swimmers. The researchers reported that swimmers with a higher
performance level generally have more advantageous anthropometric characteristics, more
effective swimming mechanics, and higher energy efficiency. In this direction, it can be said
that the body composition changes observed in the current study can be considered among the
factors indirectly contributing to performance development. In particular, it can be thought that
the decrease in the fat ratio can create a more suitable hydrodynamic structure and positively
affect swimming economy. The relationship between muscle strength and swimming
performance was also revealed by Magnusson et al. (1995). The researchers reported that there
are significant relationships between swimming times and trunk flexion and extension strength,
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and in multiple regression analysis, trunk flexion strength is one of the important determinants
of performance. This finding can be evaluated as one of the mechanisms that could explain the
performance development observed following the applications directed at the core region in the
current study. The strength increase in the core region not only increases stability but can also
contribute to a more effective force transmission between the upper and lower extremities. In
the qualitative research conducted by Dai et al. (2026), a large portion of elite swimming
coaches also stated that core strength is important in terms of performance. The researchers
emphasized that the core region contributes to performance through both direct and indirect
ways, and mechanisms such as force transfer, rotation control, and drag reduction are of
particular importance. Furthermore, it was stated in the study that the effects of core training
might be more distinct in athletes with a lower initial performance level. This approach can be
considered as one of the possible reasons that could explain the failure of strong differences to
emerge between the groups despite distinct developments being seen in some variables in the
current study. In evaluating the physiological changes observed in the current study, studies
examining adaptations occurring throughout the season also offer important information.
Cavaggioni et al. (2021) reported that significant developments occurred in the breathing
pattern, trunk stabilization, and upper extremity muscle power of Paralympic swimmers during
a racing season. The researchers stated that these changes are a natural result of long-term
training adaptations. This situation shows that the positive changes observed in the current study
may have been affected not only by the applied core training but also by the general adaptations
created by ongoing swimming training. While evaluating the relationship between body
composition and performance, growth and biological maturation processes should not be
ignored. Seffrin et al. (2022) showed that the factors determining performance can change as
age advances, and especially during puberty, muscle strength, lean body mass, and
neuromuscular characteristics become more distinct. For this reason, it should be considered
that the muscle mass increases observed in the current study may depend not only on the applied
training program but also on natural developmental processes. Evaluated generally, the findings
of the current study regarding body composition support the multidimensional structure of
swimming performance. The decrease in fat percentage and the increase in muscle mass can be
considered positive adaptations that can contribute to performance development. However, the
obtained results show that performance cannot be explained by body composition variables
alone; many factors such as technical proficiency, force transmission, core stability, biological
maturation, and general training load must be evaluated together. For this reason, it can be
stated that while body composition variables are important in explaining performance
development in young swimmers, they are not sufficient on their own.

Respiratory Adaptations, Oxygen Saturation, and Performance Relationship One of
the striking findings of this study is the observation of a significant increase in oxygen
saturation (SpO:2) values in the experimental group. Similarly, an improvement also occurred
in SpO: levels in the control group, but no significant difference emerged in inter-group
comparisons. Despite this, the increases observed in both groups show that regular swimming
training can create positive adaptations on the respiratory system. Swimming is one of the sports
branches where respiration is rhythmically controlled and inspiratory muscles play an active
role continuously. Therefore, adaptations occurring in the respiratory system are considered
one of the important components of performance development. Pratama et al. (2026) reported
that the combined use of inspiratory muscle training and core training in swimmers improved
both respiratory functions and swimming performance. The researchers stated that
improvements occurred in oxygen utilization capacity, especially due to the strengthening of
respiratory muscles, and this reflected positively on performance. Although direct inspiratory
muscle training was not applied in the current study, the SpO: increases observed in the
experimental group suggest that core and endurance exercises may have indirectly supported
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respiratory functions. Nevertheless, there are also findings in the literature showing that
improvements occurring in respiratory parameters do not always result in performance
enhancement. Gomez-Albareda et al. (2023), in their study on elite swimmers, reported that
inspiratory muscle training increased maximal inspiratory pressure but did not create a
significant development in swimming performance. The researchers attributed this result to
performance being shaped by the joint effect of numerous variables. In the current study as
well, the fact that the experimental group could not provide a distinct performance superiority
against the control group, despite positive changes being observed in SpO: levels similarly,
seems consistent with this view. Cavaggioni et al. (2021), examining the physiological
adaptations that emerge throughout the season, reported that significant developments occurred
in breathing pattern, trunk stabilization, and muscle power in swimmers. The researchers
emphasized that these changes are the result of the total training load sustained throughout the
season rather than a specific training application. Evaluated from this perspective, it is thought
that the SpO: improvements observed in both the experimental and control groups in the current
study may depend not only on the additional applied training program but also on the general
adaptations created by the ongoing swimming training. In the correlation analyses of the
research, no significant relationships were found between the performance change and changes
in fat ratio, muscle mass, heart rate, and SpO-. This result shows that swimming performance
has a structure too complex to be explained by a single physiological variable. Seffrin et al.
(2022) reported that performance in young swimmers is shaped under the joint effect of age,
biological maturation, technical proficiency, strength characteristics, and anthropometric
factors. Similarly, Magnusson et al. (1995) emphasized that a single physical characteristic is
not sufficient to explain performance, and different performance components must be evaluated
together. Therefore, the fact that these changes cannot explain the performance difference
alone, despite positive changes being observed in some physiological parameters in the current
study, can be evaluated as an expected situation. Another striking finding of the research is the
presence of a high-level relationship between the performance change and the change in body
water amount, and that the body water amount explained a significant portion of the
performance change in the regression analysis. However, this result needs to be interpreted
carefully. Dai et al. (2026) stated that swimming performance exhibits a structure too complex
to be explained by just a single physical or physiological variable. Similarly, Seffrin et al.
(2022) reported that performance in young swimmers emerges as a result of the interaction of
numerous variables. For this reason, it is thought that there is a need for studies to be conducted
with larger samples in order for the strong relationship obtained in the current study to be
explained more clearly biologically. Taken together, the findings of the current study show that
core and endurance training can create positive changes in some respiratory and physiological
parameters. However, it is understood that performance development cannot be explained
merely by changes in oxygen saturation, heart rate, or body composition. Swimming
performance must be evaluated as a multidimensional structure jointly affected by technical
skill, force transmission, core stability, biological maturation, training history, and
physiological adaptations.

Mechanical and Technical Determinants of Swimming Performance Swimming
performance is affected not only by physiological and anthropometric characteristics but also
significantly by technical and biomechanical factors. Therefore, in evaluating the performance
changes observed in the current study, elements related to swimming mechanics must also be
taken into consideration. Ikeda et al. (2021) reported that there are significant relationships
between movement patterns occurring during the underwater dolphin kick and swimming
speed. The researchers emphasized that coordination between body segments and movement
continuity, in particular, is one of the fundamental factors affecting swimming speed. Similarly,
Tanaka et al. (2022) reported that flow structures and vortex mechanisms forming around the
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trunk are more effective in high-performing swimmers. These findings show that the core
region plays an important role not only in force production but also in terms of hydrodynamic
efficiency and energy transfer. It is important to keep these biomechanical mechanisms in mind
when evaluating the performance developments observed in the experimental group in the
current study. Trunk control, movement integrity, and force transmission developed following
core and endurance training may have contributed to the formation of more efficient movement
patterns during swimming. Although biomechanical measurements were not directly evaluated
in this study, it can be considered that these factors are among the possible mechanisms
underlying performance development. Strzala et al. (2017) reported that inter-limb coordination
and body acceleration are among the important determinants of performance in sprint
swimming. The researchers stated that, along with force production, how effectively this force
is directed is also critical in terms of performance. In this regard, it may not be sufficient to
explain the performance developments observed in the current study merely with physical
fitness changes. Improvements in movement coordination, technical skill, and force
transmission should also be evaluated among the elements contributing to performance
development. Taken together, swimming performance; has a complex structure shaped together
by physiological capacity, body composition, technical proficiency, and biomechanical
efficiency. Therefore, in evaluating performance development, rather than focusing merely on
a single performance component, handling different mechanisms together offers a more holistic
approach.

Implications for Practitioners and Training Perspective The findings of this study
show that core and endurance training can support performance development in young
swimmers. However, the obtained results show that performance development does not depend
solely on a specific training method and emerges with the joint effect of numerous components.
Dingley et al. (2015) reported that dry-land training can create positive effects on strength,
power, and swimming performance. Similarly, McGowan et al. (2016) and McGowan et al.
(2017) showed that additional activation and warm-up protocols applied before a race can
improve sprint performance. When these studies are evaluated together, it is seen that not only
in-pool applications but also supplementary training outside the pool are important in
developing swimming performance. The findings obtained in the current study also support this
approach. Core and endurance training can contribute to performance development, but this
contribution needs to be evaluated within a broader training system. Especially in young
athletes, planning technical studies, swimming training, strength applications, core exercises,
and dry-land training in a way that complements each other can provide more effective results.
In this context, it is important for coaches not to evaluate performance merely through time
changes. Monitoring different components that affect performance together, such as core
stability, force transmission, body composition, technical proficiency, and respiratory
adaptations, will allow a more comprehensive evaluation to be made. In conclusion, the findings
of the current study reveal that core and endurance training are beneficial applications that
support performance development in young swimmers. Nevertheless, rather than evaluating
these trainings as an element that determines performance on its own, handling them as part of
holistic training planning seems more appropriate. It is thought that multi-component and long-
term training approaches, especially in developing athletes, can provide more effective results
in terms of performance development.

Conclusion

In this study, the effects of an 8-week core and endurance training program applied to
butterfly stroke swimmers aged 13—15 on swimming performance, body composition, and
certain physiological parameters were examined. The obtained findings showed that significant
improvements occurred in swimming performance in the experimental group; additionally, a
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decrease in fat percentage, an increase in muscle mass, and developments in blood oxygen
saturation levels were observed. However, significant developments were also determined in
performance and SpO- values in the control group, and as a result of the comparison of the
change scores, no statistically significant difference emerged between the experimental and
control groups. The research results reveal that core and endurance training can contribute to
performance development in young swimmers. However, the findings also indicate that
performance development cannot be explained merely by the applied training program. Regular
swimming training, technical development, biological maturation process, changes in body
composition, and physiological adaptations stand out as factors effective together on
performance. Evaluated from this aspect, it is seen that swimming performance has a
multidimensional structure and it is not possible to explain it through a single variable. One
notable finding of the study is the strong relationship determined between performance change
and the change in body water amount. Regression analysis results showed that the change in
body water amount explained a significant portion of the performance change. This situation
suggests that hydration status in young swimmers could be an element that should not be
ignored in terms of performance. Nevertheless, in order for the physiological mechanisms
underlying this relationship to be revealed more clearly, there is a need for research to be
conducted with larger samples and in different age groups. In conclusion, core and endurance
training can be considered as applications supporting performance and able to provide positive
adaptations in certain physiological and anthropometric characteristics in young swimmers.
However, for performance development to be sustainably increased, these trainings need to be
handled not on their own, but together with technical studies, swimming training, dry-land
training, strength applications, and individual developmental characteristics. For this reason, it
is recommended that training programs targeting performance development in young swimmers
be planned and implemented with a holistic approach

Recommendations

Based on the findings of this study, several implications for practitioners and researchers
are proposed to enhance the effectiveness of training programs for adolescent swimmers.
Coaches are encouraged to adopt a holistic approach by integrating core stabilization and
endurance training into the macrocycle of young swimmers, prioritizing the synergistic effect
of technical skill, strength, and physiological adaptation over isolated modalities. Considering
the multidimensional nature of swimming performance, which is influenced by biological
maturation and technical proficiency, training loads should be highly individualized; coaches
should monitor not only swimming speed but also anthropometric changes, such as lean body
mass, to optimize training outcomes for the 13—15 age group. Furthermore, the significant
correlation observed between changes in body water content and performance improvement
highlights the critical role of hydration; therefore, practitioners should systematically monitor
hydration status as a key performance indicator, as it may influence force production and
recovery capacity. Future training protocols should move beyond generic core strength
exercises by incorporating movements that specifically mimic the rotational demands and
kinetic chain requirements of the butterfly stroke, ensuring that the generated core force is
effectively transferred to the extremities. Finally, while this study provides valuable insights,
future research should utilize larger, more diverse cohorts to clarify the physiological
mechanisms underlying these adaptations, and longitudinal studies investigating the long-term
impact of core stability on mechanical efficiency—such as vortex formation and hydrodynamic
drag—are warranted to provide greater biomechanical clarity.

Limitations and strengths

The strengths of this study include its controlled experimental design focused on the
butterfly stroke, a discipline often overlooked in core stability research, which provides
valuable style-specific insights. By simultaneously analyzing physiological parameters, such as
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SpO: and resting heart rate, alongside anthropometric variables, the study offers a
comprehensive view of adaptation processes in adolescent athletes. Furthermore, the 8-week
progressive overload protocol is highly reproducible, offering a practical framework for
coaches to integrate dry-land core training into swimming practice, while the use of Cohen's d
effect sizes and regression analysis adds statistical depth by identifying hydration status as a
potential performance predictor. Conversely, the study has several limitations, including the
sample size (n=40) and age-specific focus (13—15 years), which limit the generalizability of the
findings. Additionally, the study does not account for individual biological maturation stages
as a potential confounding variable, and the use of portable measurement devices—while
reliable—may lack the precision of laboratory-grade gold-standard assessments. Finally, the
reliance on time-based performance metrics without direct biomechanical analysis limits the
ability to explain the precise mechanical mechanisms underlying the observed improvements
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