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Abstract

Breaking is a physically demanding discipline characterized by repeated high-intensity movements and substantial
anaerobic demands. This study aimed to examine the effects of four weeks of beta-alanine supplementation on
anaerobic performance and fatigue-related responses in competitive break dancers. Twenty-four male competitive
break dancers participated in a double-blind, randomized, placebo-controlled crossover study. Participants
completed two supplementation conditions: beta-alanine (6.4 g-day™) and placebo (6.4 g-day™! maltodextrin), each
lasting four weeks and separated by a two-week washout period. Performance was assessed before and after each
phase using a standardized testing sequence consisting of a pre-exercise countermovement jump, the Running
Anaerobic Sprint Test, a post-exercise countermovement jump, and ratings of perceived exertion. Significant
condition x time interactions were observed for countermovement jump performance and Running Anaerobic
Sprint Test mean power (p < 0.001). Post-exercise countermovement jump performance also improved following
beta-alanine supplementation. However, an additional analysis of within-session countermovement jump loss
(Post-CMJ — Pre-CMJ) did not demonstrate a significant attenuation of acute neuromuscular fatigue compared
with placebo (p = 0.748). In addition, fatigue index and ratings of perceived exertion were significantly reduced
compared with placebo (p < 0.001). These findings indicate that beta-alanine supplementation enhances anaerobic
performance, improves countermovement jump performance, and reduces fatigue index and perceived exertion in
competitive break dancers. Therefore, beta-alanine may be considered an effective ergogenic strategy for sports
involving repeated high-intensity intermittent efforts.
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Introduction

Breaking (commonly known as break dance) is a physically demanding dance discipline characterized
by explosive acrobatic movements, rapid transitions between dynamic and static positions, and complex
floor-based techniques such as spins, freezes, and power moves. Over the past decade, breaking has
evolved from a cultural street dance practice into an internationally recognized competitive sport,
culminating in its inclusion in the program of the Paris 2024 Olympic Games. This transition has
increased scientific interest in understanding the physiological demands and performance determinants
associated with this discipline.
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Competitive breaking performances consist of repeated bouts of high-intensity movements interspersed
with brief recovery periods. During battles or performance rounds, athletes perform sequences of
explosive movements including jumps, rapid direction changes, and power-based floor techniques.
These movement characteristics suggest substantial contributions from both aerobic and anaerobic
energy systems. Although direct physiological evidence in competitive breaking remains limited, studies
conducted in other high-intensity dance disciplines, including ballet and contemporary dance, have
reported similar energetic demands and highlighted the importance of lower-body power,
neuromuscular coordination, and fatigue resistance during repeated high-intensity movements (Redding
& Wyon, 2003; Twitchett et al., 2011; Wyon et al., 2006; Angioi et al., 2009). Therefore, these findings
should be interpreted as indirect evidence that may provide useful physiological insight, while
recognizing that breaking possesses unique movement characteristics requiring sport-specific
investigation.

Given these physiological demands, strategies aimed at improving anaerobic performance and delaying
fatigue are of considerable interest in sports science (Bishop et al., 2011; Girard et al., 2011). Among
these strategies, nutritional supplementation has been widely investigated as a potential method to
enhance exercise capacity and support sport-specific physical performance. In particular, supplements
capable of improving muscle buffering capacity and tolerance to high-intensity exercise have received
increasing attention in recent years (Culbertson et al., 2010; Milioni et al., 2019).

Beta-alanine (BA) has attracted considerable attention as a nutritional strategy for improving high-
intensity exercise performance. As a non-essential amino acid, it plays a central role in the synthesis of
carnosine within skeletal muscle (Harris et al., 2006; Trexler et al., 2015). Carnosine acts as an
intracellular buffer, helping to stabilize muscle pH during intense exercise by reducing the accumulation
of hydrogen ions generated through anaerobic glycolysis (Harris et al., 2006). Through this mechanism,
increased carnosine availability may contribute to delayed fatigue and improved tolerance to repeated
high-intensity efforts (Trexler et al., 2015).

Evidence from previous research indicates that regular BA intake can meaningfully increase muscle
carnosine content, particularly when consumed in doses of approximately 4-6.4 g per day over several
weeks (Trexler et al., 2015). Experimental findings have also shown that such supplementation may
enhance performance in high-intensity exercise, especially in activities lasting between one and four
minutes, where metabolic acidosis is known to play a key role in fatigue development (Ashtary-Larky
et al., 2022; Hill et al., 2007; Hobson et al., 2012; Saunders et al., 2017). In line with these findings,
several systematic reviews and meta-analyses have consistently reported that beta-alanine
supplementation improves exercise capacity and performance outcomes in trained individuals,
particularly during intermittent high-intensity activities (Hobson et al., 2012; Huerta Ojeda et al., 2020;
Ashtary-Larky et al., 2022; Georgiou et al., 2024).

Despite the growing body of evidence supporting the ergogenic effects of beta-alanine, previous studies
have primarily focused on endurance athletes, team-sport participants, or laboratory-based exercise
protocols (Blancquaert et al., 2015; Derave et al., 2010). Consequently, the applicability of these
findings to sports characterized by highly complex, sport-specific movement patterns remains uncertain.
In particular, competitive breaking combines repeated explosive movements, rapid changes of direction,
and brief recovery periods, creating physiological demands that differ from those of the populations
investigated previously. Therefore, whether the performance benefits of beta-alanine supplementation
can be translated to competitive break dancers has not yet been adequately established.

From a physiological standpoint, competitive break dancers are repeatedly exposed to explosive
movements performed under conditions of substantial metabolic stress and fatigue. Consequently,
improving intracellular buffering capacity through beta-alanine supplementation may represent a
practical nutritional strategy for enhancing performance in this population (Georgiou et al., 2024; Huerta
Ojeda et al., 2020; Ong et al., 2025). However, to the best of our knowledge, no previous study has
specifically investigated the effects of beta-alanine supplementation on anaerobic performance,
neuromuscular performance, and fatigue-related responses in competitive break dancers using a
randomized, double-blind, placebo-controlled crossover design. Therefore, the present study addresses
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an important gap in the literature by providing sport-specific evidence regarding the ergogenic potential
of beta-alanine in breaking.

Accordingly, the aim of the present study was to investigate the effects of four weeks of beta-alanine
supplementation on anaerobic performance and fatigue-related responses in competitive break dancers.
Specifically, changes in countermovement jump performance, repeated sprint performance assessed
using the Running Anaerobic Sprint Test, fatigue index, and ratings of perceived exertion were evaluated
following a standardized high-intensity exercise protocol. It was hypothesized that beta-alanine
supplementation would significantly improve anaerobic and neuromuscular performance while reducing
fatigue-related responses compared with placebo.

Based on the available evidence, it was anticipated that four weeks of BA supplementation would
improve anaerobic performance and decrease fatigue-related responses in competitive break dancers
compared with placebo (PLA).

Method

Study Design

The study was designed as a randomized, double-blind, placebo-controlled crossover trial with a
counterbalanced structure. Participants completed two supplementation conditions: BA and PLA. For
each condition, performance assessments were conducted both before (Pre) and after (Post) the
supplementation period, allowing changes over time to be evaluated.

To ensure equal distribution of treatment order, a balanced crossover approach was applied, resulting in
two sequences (BA-PLA and PLA-BA). The randomization process was carried out using a computer-
generated sequence created in Microsoft Excel by an independent staff member who had no involvement
in data collection, testing procedures, or statistical analyses.

Participant recruitment and baseline measurements were handled by a different researcher who was not
involved in supplement preparation or allocation. To maintain allocation concealment, supplements
were provided in coded containers, and both BA and PLA capsules were identical in appearance. The
individuals responsible for randomization had no role in the experimental procedures, and both
participants and investigators remained unaware of the assigned conditions until all analyses were
completed.

Each supplementation phase lasted four weeks, during which participants consumed either BA or PLA
according to their assigned condition. Performance testing was conducted immediately before and after
each phase. A two-week washout period separated the two supplementation conditions before
participants crossed over to the alternate treatment. The duration of the washout period was determined
before study initiation based on practical considerations and the available literature at that time.
However, because muscle carnosine concentrations may remain elevated for several weeks after beta-
alanine supplementation, residual treatment effects cannot be completely excluded. Therefore, potential
sequence, period, and carryover effects were additionally evaluated in the statistical analyses.

All testing sessions were scheduled at consistent times of day (£30 minutes) for each participant to
minimize circadian variation. Participants were instructed to maintain their usual training routines and
avoid significant changes in training load. They were also asked to refrain from strenuous physical
activity for 48 hours and to avoid caffeine and alcohol intake for at least 24—48 hours before each testing
session.

Ethics approval

The study followed the ethical principles set out in the Declaration of Helsinki. Ethical approval was
obtained from the Ethics Committee of the Faculty of Sports Sciences at Atatiirk University (Decision
No: 191, dated 22 October 2025).

This study was not prospectively registered in a publicly accessible clinical trial registry.
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Figure 1. Overview of the double-blind, randomized, placebo-controlled crossover study design.

Participants

The study was conducted in Malatya, Tiirkiye, and involved 24 male competitive break dancers aged 18
years or older. All randomized participants completed both intervention periods. No participants
withdrew from the study, and all randomized participants were included in the final statistical analyses.
Participants were recruited using a convenience sampling strategy from university and local breaking
clubs in Malatya, Tiirkiye (Etikan et al., 2016). This recruitment approach was selected to ensure access
to athletes who were actively engaged in competitive breaking and were representative of the target
population for whom the intervention was intended. All participants had at least two years of structured
experience in breaking and were actively participating in organized training programs at the time of data
collection. Before being included in the study, each participant was informed about the study procedures,
as well as the potential risks and benefits, and provided written informed consent.

An a priori sample size analysis was performed using G*Power software (version 3.1.9.7; Heinrich-
Heine-Universitit Diisseldorf, Germany). The analysis was based on a repeated-measures ANOVA
(within factors), assuming a medium effect size (f = 0.25), an alpha level of 0.05, a statistical power of
0.80, two conditions, and four repeated measurements. The required minimum sample size was
calculated as 24 participants (actual power = 0.816). Therefore, 24 participants were recruited for the
study (Faul et al., 2007).

To be eligible, participants were required to be male, at least 18 years old, have a minimum of two years
of consistent break dance training, and take part in structured training sessions at least three times per
week. Individuals were excluded if they had used stimulants, narcotics, or psychoactive substances
during the study period, or if they had taken dietary supplements, anabolic agents, or other performance-
enhancing substances within the previous three months. In addition, participants with any orthopedic,
neurological, cardiovascular, pulmonary, or metabolic conditions that could affect safe participation or
influence performance outcomes were not included.

Throughout the study, participants were asked to maintain their usual training routines without making
substantial changes to training volume or intensity. They were also instructed to avoid the use of any
additional ergogenic supplements during the study period.
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Exercise Protocol

To reduce the potential influence of circadian variation, all testing sessions for each participant were
scheduled at approximately the same time of day (£30 minutes). Performance assessments were
conducted both before and after each supplementation phase under consistent experimental conditions,
and the same testing sequence was applied in every session.

Each session started with a standardized warm-up consisting of five minutes of light jogging followed
by dynamic stretching exercises. After the warm-up, participants completed the countermovement jump
(CMJ) test to assess baseline lower-body explosive power. This was followed by a short passive
recovery period, after which the Running Anaerobic Sprint Test (RAST) was performed to evaluate
anaerobic performance and fatigue-related responses.

Immediately after completing the RAST, participants performed a post-exercise CMJ test to assess
neuromuscular fatigue resulting from the repeated sprint protocol. Approximately three minutes later,
perceived exertion was recorded using the Borg 6-20 RPE scale.

The order of testing (Pre-CMJ — RAST — Post-CMJ — RPE) remained consistent across all sessions
to ensure comparability between conditions and time points.

Before the main experimental sessions, all participants attended a familiarization session to become
accustomed to the testing procedures and practice each performance assessment. During this session,
anthropometric data were also collected. The tests employed in this study, including the CMJ and RAST,
are well-established and have shown high reliability in trained populations, with intraclass correlation
coefficients generally reported to be above 0.80.

Anthropometric Measurement

Participant age, along with basic anthropometric measurements including height, body mass, and body
mass index (BMI), was recorded prior to the experimental sessions. Body mass was measured using a
calibrated electronic scale (Hiiray, Istanbul, Tiirkiye) with a precision of 0.01 kg, with participants
barefoot and dressed in light clothing.

Height was measured using an ultrasonic stadiometer (Soehnle Ultrasonic Height Measurer). During the
measurement, participants stood barefoot in an upright position with their heels together and head
aligned according to the Frankfort horizontal plane. All height values were recorded to the nearest
millimeter and reported in centimeters.

Supplement Protocol

Participants were instructed to consume either BA or PLA for a period of four weeks during each
supplementation condition. The BA supplement consisted of 6.4 g-day™!, administered in four divided
doses of 1.6 g throughout the day to minimize the risk of paresthesia and improve gastrointestinal
tolerance. This dosing approach aligns with previous research showing that daily BA intake of
approximately 4-6.4 g for a minimum of four weeks can effectively elevate skeletal muscle carnosine
levels and contribute to improvements in high-intensity exercise performance (Saunders et al., 2017;
Trexler et al., 2015).

The placebo condition consisted of maltodextrin capsules administered in the same daily dose (6.4 g),
with identical dosing frequency and schedule as the BA condition. To preserve the double-blind design,
PLA and BA capsules were indistinguishable in terms of appearance, including size, color, and
packaging.

All supplements were prepared and coded (A or B) by an independent researcher who had no
involvement in data collection, testing procedures, or statistical analysis. Allocation concealment was
maintained through the use of coded containers aligned with the randomization sequence. Both
participants and the researchers responsible for conducting the experimental procedures remained
blinded to the assigned conditions until all analyses had been completed.
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Participants were instructed to consume the supplements daily at consistent times and to maintain their
usual dietary habits throughout the supplementation period. They were specifically advised not to
introduce any new dietary practices in order to minimize potential nutritional confounding factors.

To ensure standardized conditions prior to testing, participants were asked to avoid caffeine intake for
at least 24-48 hours before each session, as well as alcohol consumption for 24 hours. Additionally,
they were required to refrain from strenuous physical activity for at least 48 hours prior to testing.

Finally, participants were instructed not to use any additional ergogenic aids, such as creatine, nitric
oxide supplements, amino acid formulations, or pre-workout products, during the study period in order
to prevent potential interactions with the experimental supplementation.

Participant compliance with the supplementation protocol was monitored through weekly
communication with the participants, during which they confirmed adherence to the supplementation
schedule and reported any missed doses or adverse events. To minimize the potential influence of dietary
factors, participants were instructed to maintain their habitual dietary patterns throughout the study and
to avoid introducing any new dietary strategies or dietary supplements. They were also asked to refrain
from consuming caffeine and alcohol before testing sessions, as described in the study protocol. In
addition, the remaining capsules were counted at the end of each supplementation period to verify
participant compliance with the supplementation protocol.

Supplement Quality Control and Adverse Event Monitoring

The BA supplement used in this study was provided by a commercially available manufacturer adhering
to Good Manufacturing Practice (GMP) standards, ensuring a high level of quality and purity.
Throughout the supplementation period, participants were closely observed for possible side effects
associated with BA intake, particularly symptoms such as paresthesia, gastrointestinal discomfort,
nausea, and bloating.

Participants were asked to report any adverse symptoms during the supplementation period and at each
laboratory visit. Research staff also directly questioned participants regarding potential side effects
before each testing session. No serious adverse events were reported during the study period.

Data Collection Instruments
Running Anaerobic Sprint Test (RAST)

Anaerobic performance was assessed using the RAST. The RAST is a field-based test designed to
evaluate anaerobic power and fatigue during repeated sprint efforts and has been widely used in athletic
populations. The test has also demonstrated acceptable validity and reliability for the assessment of
anaerobic performance in trained athletes (Zagatto et al., 2009).

Before testing, participants completed a standardized warm-up that included five minutes of light
jogging followed by dynamic stretching focused on the lower body. After the warm-up, they performed
six maximal sprints over a distance of 35 meters, with 10 seconds of passive recovery between each
sprint.

Sprint times were recorded using an electronic timing system (photocell timing gates) positioned at the
start and finish lines. Participants were instructed to perform each sprint with maximal effort, and
standardized verbal encouragement was provided during the test to maintain maximal running intensity.

From the recorded sprint times, the following variables were calculated:
. Mean power (W)
. Fatigue index

Power output for each sprint was calculated using the following equation: Power (W) = Body mass (kg)
x Distance? (m?) / Time? (%)
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The fatigue index was calculated to quantify the rate of decline in power across the repeated sprint
efforts using the following formula: Fatigue Index (W:s™') = (Peak Power — Minimum Power) / Total
Sprint Time.

Countermovement Jump (CMJ)

CMJ performance was used as an indicator of lower-body explosive power and neuromuscular function.
Jump height was determined using a contact mat system (Optojump, Microgate, Bolzano, Italy), which
calculates results based on flight time.

For the test, participants stood with their feet roughly shoulder-width apart and kept their hands on their
hips to limit the contribution of arm swing. From an upright stance, they executed a quick
countermovement followed immediately by a maximal vertical jump, aiming to reach the greatest
possible height while maintaining proper technique.

The CMJ test was performed twice during each testing session: once before the RAST protocol (Pre-
CMJ) to assess baseline explosive performance and once immediately after the RAST test (Post-CMJ)
to evaluate neuromuscular fatigue induced by the repeated sprint exercise.

For the Pre-CMJ assessment, participants completed three maximal jumps, each separated by 30 seconds
of passive recovery, and the best performance was used for analysis. In contrast, only one maximal jump
was performed during the Post-CMJ assessment to avoid additional fatigue, and this trial was conducted
shortly after completion of the RAST protocol.

Before the main testing sessions, all participants underwent familiarization sessions with the CMJ
procedure to minimize potential learning effects. The Optojump system used in this study has been
shown to provide valid and reliable measurements of vertical jump performance in athletic populations
(Glatthorn et al., 2011).

Rating of Perceived Exertion (RPE)

Perceived exertion was evaluated using the Borg 6—20 Rating of Perceived Exertion (RPE) scale (Borg,
1970). This scale enables individuals to subjectively quantify their level of effort during exercise, with
scores ranging from 6 (“no exertion at all”’) to 20 (“maximal exertion”).

Participants were familiarized with the RPE scale during the familiarization session prior to the
experimental trials to ensure a clear understanding of how to rate perceived exertion. Standardized
instructions were provided, explaining that the rating should reflect the overall level of physical effort
experienced during the exercise task.

RPE was recorded three minutes after completion of the RAST protocol. At this time point, participants
were asked to indicate the number on the Borg scale that best represented their overall perceived exertion
during the repeated sprint exercise.

The Borg 6-20 scale is widely used in exercise physiology research and has demonstrated strong validity
and reliability for assessing perceived exercise intensity in athletic populations (Borg, 1970).

Data Collection Procedure

All data were collected under controlled laboratory conditions. Each participant completed two
supplementation conditions (BA and PLA), each lasting four weeks and separated by a two-week
washout period. Performance assessments were conducted before and after each supplementation phase.

Prior to participation, all participants were fully informed about the study procedures, including the
potential risks and benefits, and provided written informed consent. Data collection was carried out
between 3 November 2025 and 12 January 2026.

All testing sessions were scheduled at approximately the same time of day (+30 minutes) to minimize
the influence of circadian variation. Participants were instructed to avoid strenuous physical activity for
at least 48 hours prior to testing, as well as to refrain from consuming caffeine and alcohol for 24-48
hours before each session.
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During each session, participants performed a standardized protocol consisting of a warm-up,
countermovement jump (CMJ), Running Anaerobic Sprint Test (RAST), post-exercise CMJ, and rating
of perceived exertion (RPE). All procedures were applied consistently across sessions.

Data Analysis

All results are presented as mean + standard deviation (SD). Normality of the data was evaluated using
the Shapiro-Wilk test prior to further analysis. Prior to the main analyses, the data were screened for
potential outliers using boxplots and standardized residuals. No extreme outliers were identified.
Homogeneity of variances was assessed using Levene's test where appropriate, and all assumptions
required for repeated-measures analysis of variance were considered satisfactory before conducting the
analyses. To investigate changes between supplementation conditions and across time, a two-way
repeated-measures ANOVA was performed, including condition (BA vs. PLA) and time (Pre vs. Post)
as within-subject factors.

When the assumption of sphericity was not met, as indicated by Mauchly’s test, the Greenhouse—
Geisser correction was applied. Where significant main or interaction effects were detected, post hoc
comparisons with Bonferroni adjustment were conducted. Effect sizes were reported as partial eta
squared (np?), and statistical significance was accepted at p < 0.05.

All analyses were conducted using IBM SPSS Statistics for Windows (Version 21.0; IBM Corp.,
Armonk, NY, USA).

Additional analyses were performed to examine potential treatment, period, and sequence effects related
to the crossover design. These analyses were conducted using a linear mixed-effects model, with
treatment, period, and sequence included as fixed effects and participant included as a random effect.
Statistical significance was accepted at p < 0.05.

Results

The normality assumption was satisfied for all variables according to the Shapiro-Wilk test (p > 0.05).

The impact of BA and PLA supplementation on neuromuscular performance, anaerobic power,
fatigue index, and perceived exertion was examined. Outcomes obtained from the CMJ and RAST
tests are presented first, followed by perceptual measures such as fatigue index and RPE. All data are
expressed as mean + standard deviation, and statistically significant differences between conditions
are reported where relevant.

Table 1. Characteristics of participants

Variables Min Max Mean + SD
Age (years) 20.00 24.00 22.08 +1.28
Height (cm) 172.00 182.00 176.04 +2.92
Body Weight (kg) 62.00 70.00 65.21 +2.33
BMI (kg'm™) 20.70 21.10 20.95+0.12

A two-way repeated-measures ANOVA revealed significant condition x time interaction effects for
both neuromuscular and anaerobic performance variables. For Pre-CMJ performance, a significant
interaction effect was observed (F = 68.96, p < 0.001, np? = 0.75), indicating that countermovement
jump height increased significantly following BA supplementation compared with the PLA
condition. Similarly, a significant interaction effect was found for RAST mean power output (F =
51.73, p < 0.001, np* = 0.69), demonstrating a greater improvement in anaerobic power after BA
supplementation relative to PLA (Table 1).
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Table 2. Neuromuscular and anaerobic performance responses

Variable Condition Pre (Mean + SD) Post (Mean + SD) F p np?
Pre-CMJ (cm) BA 42.63+1.19 45.66 +2.14
PLA 42.45+1.16 42.70+1.18 68.96 001 0.75
RAST Mean Power
BA 612.28 +9.00 642.63 +£21.35
(W) 51.73 .001* 0.69
PLA 611.88 +10.12 613.49 +8.90
Post-CMJ (cm) BA 41.34 +£1.67 43.78 +2.53
PLA 4040% 184 4087+ 194 2003 .001* 056

Note. Values are presented as mean =+ standard deviation (SD). Pre-CMJ represents countermovement jump performance measured before
the repeated sprint protocol, whereas Post-CMJ represents countermovement jump performance measured immediately after the RAST
protocol to evaluate neuromuscular fatigue. BA = beta-alanine supplementation; PLA = placebo; RAST = Running Anaerobic Sprint Test;
np? = partial eta squared. F values correspond to the condition x time interaction obtained from the two-way repeated-measures ANOVA.
Statistical significance was set at p < 0.05.

In addition, post-exercise CMJ performance measured after the repeated sprint protocol also showed
a significant condition x time interaction effect (F =29.03, p <0.001, np*= 0.56). Specifically, post-
RAST CMJ height increased following BA supplementation, whereas only minimal changes were
observed in the PLA condition (Table 2).

These findings suggest that four weeks of BA supplementation improved both explosive power and
anaerobic performance. However, the additional analysis based on within-session CMJ loss (Post-
CMJ — Pre-CMJ) did not demonstrate a significant attenuation of acute neuromuscular fatigue
compared with placebo.

Table 3. Linear mixed-effects model analysis of within-session cmj change (Post-CMJ — Pre-CMJ)
Panel A. Tests of Fixed Effects

Fixed Effect F df p
Treatment (BA vs. PLA) 0.104 1,70 .748
Period 0.960 1,70 331
Sequence 0.119 1, 22 733
Panel B. Estimated marginal means by treatment

Treatment Estimated Mean (cm) 95% Confidence Interval

BA —1.583 —2.443 t0 —0.723

PLA —1.469 —2.329 to —0.609

Note. CMJ loss was calculated as Post-CMJ — Pre-CMJ. A linear mixed-effects model was fitted with treatment, period, and sequence as
fixed effects and participant as a random effect. No significant treatment, period, or sequence effects were observed (all p > .05).

To further evaluate acute neuromuscular fatigue, within-session CMJ loss (Post-CMJ — Pre-CMJ)
was analyzed using a linear mixed-effects model (Table 3). No significant treatment effect was
observed between the BA and PLA conditions (F(1,70) = 0.104, p = .748). Likewise, neither period
(F (1,70) = 0.960, p = .331) nor sequence (F (1,22) = 0.119, p = .733) effects were significant.
Estimated marginal means indicated similar CMJ loss following BA (—1.583 cm) and PLA (—1.469
cm), suggesting that BA supplementation did not significantly attenuate acute neuromuscular fatigue
following the repeated sprint protocol.

Bonferroni-adjusted pairwise comparisons indicated significant increases from pre- to post-
supplementation in the BA condition for Pre-CMJ, RAST mean power, and Post-CMJ performance
(all p <0.001). In contrast, no significant pre—post differences were observed in the PLA condition
(p > 0.05).
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Table 4. Perceptual and fatigue responses

Variable Condition Pre (Mean + SD) Post (Mean + SD) F p np?
Fatigue Index BA 9.34+£0.18 8.49 £ 0.65

PLA 9.35+0.11 9.29 +0.60 17.33 .001* 0.43
RPE BA 15.38 +0.37 14.25+0.73

PLA 15.27 + 0.56 15.55 + 0.56 42.26 .001* 0.65

Note. Values are presented as mean + standard deviation (SD). BA = beta-alanine; PLA = placebo; RPE = rating of perceived exertion;
np* = partial eta squared. F values represent the condition x time interaction obtained from repeated-measures ANOVA. Statistical
significance was set at p < 0.05.

A significant condition X time interaction effect was observed for RPE (F (1,23) = 42.26, p < 0.001,
np? = 0.65). RPE decreased following BA supplementation (15.38 + 0.37 to 14.25+ 0.73), whereas a
slight increase was observed in the PLA condition (15.27 + 0.56 to 15.55 + 0.56) (Table 4).

Post hoc Bonferroni comparisons revealed that fatigue index significantly decreased following BA
supplementation (p < 0.001), whereas no significant change was detected in the PLA condition (p >
0.05).

For perceived exertion, RPE values significantly decreased after BA supplementation (p < 0.001).
Conversely, a slight increase in RPE was observed in the PLA condition, although this change was not
statistically significant (p > 0.05).

Discussion

This study examined the impact of four weeks of BA supplementation on anaerobic performance and
fatigue- related responses in competitive break dancers. The results showed that BA led to clear
improvements in CMJ performance and RAST-derived mean power, while also reducing fatigue index
and perceived exertion compared with PLA. Taken together, these findings indicate that BA may
positively influence both neuromuscular performance and anaerobic capacity, while also helping to limit
fatigue during repeated high- intensity efforts.

The increase observed in CMJ performance is in line with previous research investigating the ergogenic
effects of BA supplementation in high-intensity exercise contexts (Harris et al., 2006; Hill et al., 2007;
Hobson et al., 2012; Trexler et al., 2015). From a physiological perspective, BA contributes to the
synthesis of carnosine, a dipeptide that plays an important role in buffering hydrogen ions within the
muscle during intense activity. Higher intramuscular carnosine levels may therefore help delay the
development of metabolic acidosis and support sustained force production during repeated efforts
(Harris et al., 2006; Trexler et al., 2015).

The present findings are consistent with those of Hill et al. (2007) and the meta-analysis by Hobson et
al. (2012), both of which reported improvements in high-intensity exercise performance following BA
supplementation. However, unlike these previous studies, which primarily investigated cycling or
laboratory-based exercise protocols, the present study demonstrates similar benefits in competitive
break dancers performing sport-specific movements. This suggests that the ergogenic effects of BA
supplementation may extend to disciplines characterized by repeated explosive actions and intermittent
high-intensity demands.

More recent systematic reviews have further supported the role of BA as an ergogenic aid in activities
characterized by high glycolytic demand (Derave et al., 2010; Saunders et al., 2017). Saunders et al.
(2017) concluded that BA supplementation is particularly effective in exercise tasks lasting between one
and four minutes, where intracellular buffering capacity becomes a limiting factor for performance.
Similarly, more recent analyses have suggested that BA supplementation may be particularly beneficial
in intermittent and repeated-sprint exercise models, where metabolic stress accumulates rapidly during
repeated maximal efforts (Trexler et al., 2015).
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While previous studies have primarily examined the effects of BA supplementation in traditional sports
such as cycling, running, and team sports, the present findings extend this evidence to competitive break
dancers. Given the unique physiological and biomechanical demands of breaking, which combines
repeated explosive movements with intermittent high-intensity efforts, the present study provides novel
sport-specific evidence supporting the ergogenic potential of BA supplementation in this emerging
Olympic discipline.

The increase in RAST mean power observed in this study provides additional support for the ergogenic
potential of BA supplementation in anaerobic performance (Saunders et al., 2017; Trexler et al., 2015).
The Running Anaerobic Sprint Test, which consists of repeated maximal sprints with brief recovery
intervals, is commonly used to reflect the demands placed on the glycolytic energy system and fatigue
resistance during high-intensity intermittent exercise.

These findings are consistent with previous reports demonstrating improvements in repeated-sprint
performance following BA supplementation (Saunders et al., 2017). However, the present study extends
these observations by demonstrating improvements in RAST-derived mean power in competitive break
dancers, suggesting that BA supplementation may also enhance sport-specific anaerobic performance in
this unique athletic population.

An additional important finding of the present study was the significant improvement observed in post-
exercise CMJ performance following BA supplementation. Post-RAST CMJ height increased after the
supplementation period in the BA condition, whereas only minimal changes were observed in the PLA
condition. Because post-exercise CMJ performance reflects both baseline jump capacity and the effects
of exercise-induced fatigue, an additional analysis based on within-session CMJ loss (Post-CMJ — Pre-
CMJ) was performed. This analysis did not demonstrate a significant attenuation of acute neuromuscular
fatigue following BA supplementation compared with placebo. Therefore, the observed improvement
in post-exercise CMJ performance should be interpreted as an enhancement in post-exercise jump
performance rather than definitive evidence of reduced neuromuscular fatigue. These findings suggest
that beta-alanine supplementation improved explosive performance without significantly altering the
acute decline in CMJ performance following the repeated sprint protocol.

In addition to improvements in performance variables, the present study also observed a significant
reduction in fatigue index following BA supplementation. This finding suggests that BA may contribute
not only to improved peak or mean power output but also to improved fatigue resistance during repeated
maximal efforts. Reduced fatigue development during repeated sprint exercise may be explained by
improved acid—base regulation within skeletal muscle, allowing athletes to maintain contractile function
for longer durations during high-intensity exercise.

Another important finding of the present study was the reduction in rating of RPE following BA
supplementation. Perceived exertion reflects the subjective experience of exercise intensity and is
influenced by both physiological and psychological factors. Lower RPE values observed after BA
supplementation may indicate reduced physiological strain during high-intensity exercise. Previous
studies have suggested that improved metabolic buffering capacity may reduce the sensation of muscular
discomfort and fatigue during intense exercise, thereby influencing perceived exertion responses
(Hobson et al., 2012). The present findings therefore suggest that BA supplementation may influence
not only objective performance outcomes but also subjective exercise responses.

From a sport-specific perspective, the findings of the present study are particularly relevant for breaking
athletes. Breaking performances involve repeated sequences of explosive movements, including jumps,
spins, freezes, and power-based floor techniques performed under conditions of metabolic stress and
limited recovery. These characteristics place substantial demands on anaerobic metabolism and
neuromuscular power production. Improvements in explosive power, repeated sprint ability, and fatigue
resistance may therefore contribute meaningfully to performance capacity during breaking battles or
competition rounds.

The present study also has several strengths. The randomized, double-blind, placebo-controlled
crossover design minimized potential sources of bias and reduced inter-individual variability.
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Furthermore, the standardized supplementation protocol and testing procedures strengthened the internal
validity of the findings and increased confidence in the observed performance outcomes.

Although the present findings provide useful insights, certain limitations should be taken into account.
In particular, while performance improvements were evident following BA supplementation, the
absence of direct biochemical measurements—such as muscle carnosine content or markers of acid—
base balance— limits the ability to fully explain the underlying physiological mechanisms.
Consequently, the proposed physiological mechanisms underlying the observed improvements remain
speculative and are inferred from previous literature. Future studies incorporating biochemical analyses,
such as muscle carnosine measurements or blood buffering markers, would provide stronger mechanistic
insight.

A second limitation relates to the sample size. Although it was determined based on an a priori power
analysis, the relatively small number of participants may restrict the generalizability of the findings. In
addition, smaller samples can increase the likelihood of overestimating effect sizes in experimental
research. Future studies including larger and more diverse athletic populations would help strengthen
the external validity of these results.

Another limitation of the present study is that participants' dietary intake was not standardized or
monitored using detailed dietary assessment methods, such as 3-day food records. Although participants
were instructed to maintain their habitual dietary habits and avoid major dietary changes throughout the
study, variations in macronutrient intake may have influenced the observed responses. Future
intervention studies should consider implementing standardized dietary protocols or detailed dietary
assessments to better control for potential nutritional confounding factors.

Another limitation of the present study is that the two-week washout period used in the crossover design
may not have been sufficient for complete normalization of muscle carnosine concentrations following
beta-alanine supplementation. Consequently, the possibility of residual carryover effects between
supplementation periods cannot be completely excluded. Future crossover studies investigating beta-
alanine should consider substantially longer washout periods or alternative study designs to minimize
potential residual effects.

In addition, the study included only male competitive break dancers. Considering the growing
participation of female athletes in breaking, future research should examine whether similar responses
to beta-alanine supplementation are observed in female participants. Furthermore, studies involving
athletes of different competitive levels and training backgrounds would help improve the
generalizability of the present findings.

From a practical standpoint, the findings suggest that BA supplementation may be a useful strategy for
athletes engaged in activities that involve repeated high-intensity efforts and explosive movements. It
may be particularly relevant during training periods focused on improving anaerobic capacity, power
output, and fatigue resistance. However, individual differences in response to supplementation should
be taken into account, and its use should ideally be guided by qualified professionals.

In summary, the present study provides novel evidence that four weeks of BA supplementation enhances
anaerobic performance and neuromuscular power while reducing fatigue-related responses in
competitive break dancers. These findings extend the existing literature by demonstrating the potential
ergogenic benefits of BA supplementation in a sport-specific population that has received limited
scientific attention. Nonetheless, further well-designed studies incorporating biochemical assessments,
larger sample sizes, and more diverse participant groups are needed to confirm these outcomes and better
understand the underlying physiological mechanisms.

Conclusion
In conclusion, four weeks of BA supplementation significantly improved anaerobic performance and

neuromuscular power in competitive break dancers. Specifically, BA supplementation increased CMJ
height and RAST mean power while reducing fatigue index and perceived exertion following high-
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intensity exercise. Although post-exercise CMJ performance improved following BA supplementation,
additional analysis based on within-session CMJ loss did not demonstrate a significant attenuation of
acute neuromuscular fatigue compared with placebo.

These findings suggest that enhanced intracellular buffering capacity associated with BA
supplementation may contribute to improved performance during repeated high-intensity efforts. Given
the explosive and intermittent nature of breaking performance, BA supplementation may represent a
potentially beneficial nutritional strategy for athletes engaged in this discipline. However, further
research incorporating larger samples, female athletes, biochemical measurements, and longer washout
periods is required to confirm these findings and clarify the underlying physiological mechanisms.
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