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Background

The inclusion of breaking in the 2024 Olympic Games has accelerated the
professionalization of the dancesport, leading to increased support from elite sport
systems. However, evidence on performance-relevant physiological characteristics
remains limited, hindering the development of performance testing and support
interventions.

Purpose

This exploratory study examined anthropometric and neuromuscular characteristics
across three performance levels in German breakers to assess the feasibility of a
field-based testing battery and explore whether commonly used athletic field tests show
differences across performance levels.

Study Design

Exploratory cross-sectional study

Methods

Seventy-four athletes (21 females, 53 males) completed anthropometric (height, seated
height, body mass, limb lengths, age, experience) and neuromuscular tests
(countermovement jump [CM]], drop jump [DJ30], isometric mid-thigh pull [IMTP], grip
strength, pull-ups, seated medicine ball push, core strength, T-Agility, Y-Balance Tests
[YBT-LE, YBT-UE], Knee-to-Wall, Jefferson Curl). Athletes were classified as elite
according to criteria of the national governing body. Analyses focused on group
differences to assess the test battery’s discriminative potential.

Results

Elite (n=13; age: 25.9%5.1 yrs; experience: 13.2+5.0 yrs), developmental (n=39; age:
19.6%5.8 yrs; experience: 8.5+4.8 yrs), and recreational (n=22; age: 21.2%6.2 yrs;
experience: 8.4%4.4 yrs) athletes were compared. No significant differences were found in
body mass or limb lengths, though seated height was lower in elite than recreational
athletes (p=0.014). Elites showed superior mobility in Jefferson Curl (p<0.001) and ankle
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dorsiflexion (left: p=0.004; right: p=0.003). Among neuromuscular tests, only DJ30
ground contact time differed, with elites showing shorter times than developmental
(p=0.002) and recreational (p=0.019) athletes. No significant differences were observed
for CM]J, IMTP, grip strength, medicine ball push, pull-ups, T-Agility, core strength, or
YBT composition scores. Sex differences favored males in strength and power, while

females showed greater mobility.

Conclusion

In this exploratory sample, elite breakers tended to differ from developmental and
recreational athletes mainly in seated height, reactive jump performance, and mobility.
Conventional athletic tests showed limited discriminatory value, suggesting that
breaking-specific tests integrating physical and artistic dimensions are required to
capture performance determinants in this dancesport.

Level of evidence
2b

INTRODUCTION

Breaking is a dancesport with a strong cultural background
that has developed into a recognized competitive disci-
pline.l.2 It is a dynamic and physically demanding dance
style that originated in the 1970s as a core element of hip-
hop culture.2-4 Its physiological and athletic profile is mul-
tifaceted, with b-girls and b-boys (also known as breakers
or breakdancers) demonstrating diverse styles, strengths,
and training approaches.*7 Breakers worldwide dedicate
countless hours to creating their own signature styles by
building on the core elements of breaking.2 These elements
include toprock (upright steps performed while standing),
go-downs (moves that take a breaker from standing to the
floor), footwork (intricate patterns on the ground using
hands and feet, often with some limbs lifted), freezes (strik-
ing still poses), power moves (high-energy spins and ac-
robatic moves), and transitions (linking movements that
connect different levels and techniques).8 Every breaker de-
velops a personal vocabulary of these core elements, com-
bining them in ways that reflect their own style and create
unique combinations.’

Breaking’s inclusion in the Youth Olympic Games in
2018 in Buenos Aires as well as in the Olympic program for
the first time at the 2024 Paris Games marked milestones
in the international recognition of breaking as a compet-
itive discipline.l-10-12 This development has opened new
avenues for institutional support and for the integration
of the dance style into national elite sport support sys-
tems.1410.11 [n Germany, for example, breaking had pre-
viously existed largely outside the structures of organized
high-performance sport. Despite its new Olympic status,
the discipline remains underrepresented in the scientific
literature.3¢ While existing research has primarily focused
on injury prevalence,13-2! studies examining key perfor-
mance indicators and/or physiological determinants re-
main limited.3¢ Consequently, it is unclear which estab-
lished performance testing methods from training science
and elite sports are applicable to breaking, and which of
these can be sustainably implemented within its highly de-
centralized and individualised organizational framework.
Moreover, the lack of evidence-based physical performance

tools presents a barrier to systematic evaluation and de-
velopment of the athletes’ performance within breaking.
Based on these considerations, this exploratory study ex-
amined anthropometric and neuromuscular characteristics
across three performance levels in German breakers to as-
sess the feasibility of a field-based testing battery and ex-
plore whether commonly used athletic field tests show dif-
ferences across performance levels.

The objectives were to evaluate the feasibility, relevance,
and performance testing utility of this battery in the con-
text of breaking and across the participating cohorts of
breakers. The study addressed the following research ques-
tions:

(i) Feasibility of implementation: Can the test battery,
which was developed in collaboration with breaking
coaches, be applied in a standardized manner across dif-
ferent regions with appropriate support from trained and
qualified staff, while ensuring practical applicability in
terms of testing duration, equipment requirements, and or-
ganisational effort?

(ii) Preliminary discriminative validity: Can the selected
performance testing battery differentiate between perfor-
mance levels (national squad members and non-squad
breakers, athletes of similar age) and between elite and de-
velopmental athletes (athletes of different age), whereas
the classification of performance levels was provided by the
German Dancesport Federation and, thus, might differ to
other standards?

METHODS

PARTICIPANTS

Participants were recruited through collaboration with the
German Dancesport Federation and affiliated breaking
training centers. Elite and developmental athletes were in-
vited to participate through the national squad system of
the federation, while recreational breakers were recruited
via local breaking communities and training groups at the
participating testing sites. To participate in the study, ath-
letes had to be actively engaged in breaking training and
able to complete the full testing battery. Athletes were ex-
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Table 1. Performance level classification criteria of participating breakers
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Performance Federation Selection basis Age Federation Description
level squad status criteria requirements
Elite National National ranking system >16 German citizenship; Highest
squad of the including results from years active membership national
German ranking battles (one-on- (bornin ina German performance
Dancesport one competitions) such as 2009 or Dancesport level within
Federation the German earlier) Federation- the German
(e.g., Championship; nomination affiliated club; breaking
perspective by the national coachin participationin system
squad or consultation with the sport national squad
Olympic director training and
squad) competition
activities
Developmental Development Performance in national Typically, German citizenship; Athletes in
pathway competitions (e.g., ranking youth membershipin a the national
squads of the battles) and talent athletes German Dancesport talent
German identification processes; (bornin Federation- development
Dancesport nomination by state or 2010 0r affiliated club; system
Federation national coaches later) participationin preparing for
(e.g., state development potential
squad or training camps and progression
junior squad) competition to the
programs national
squad
Recreational No official No formal selection No None beyond active Breakers
federation criteria specific breaking training
squad status age participation outside the
criteria federation
squad
system,
typically
recruited
from local
communities
or training
groups

cluded if they reported acute injury, pain, illness, or any
medical condition that could limit maximal performance
during testing. Participants who were unable to complete
individual tests due to discomfort or technical difficulties
were excluded from the respective analysis. The partici-
pating b-girls (n=21) and b-boys (n=53) were categorized
as elite, developmental, or recreational athletes based on
the squad system of the German Dancesport Federation.
The classification criteria were derived from the federa-
tion’s official talent identification and performance evalua-
tion structure and are summarized in Table 1.

An a priori power analysis was not conducted as the
number of elite and developmental athletes is limited by
federation regulations, which define a fixed maximum
number of squad positions. In the present study, all avail-
able elite athletes from the national squad were included.
Recreational athletes represented an open category with-
out predefined limits. Therefore, the sample size was pri-
marily determined by the existing athlete population.
Given the restricted nature of this population (i.e., national
squad athletes), large samples are uncommon. Instead,
small sample sizes are justified by the information value
approach,?? which suggests that relevant insights can be
obtained from limited participant numbers. Consequently,
the study should be interpreted as an exploratory investi-
gation within the available elite athlete population.

All athletes were informed about the nature and poten-
tial risks of the procedures prior to providing written in-
formed consent. For underage athletes, consent was ad-
ditionally obtained from their guardians. The study was
conducted in accordance with the Declaration of Helsinki.
Ethical approval was obtained from the ethics committee of
the Humboldt-University Berlin (HU-KSBF-EK 2023 0022).

STUDY DESIGN

This study implemented a standardized field-based test
battery with breakers across three performance levels to
examine its feasibility, relevance, and performance testing
utility. The study employed an exploratory observational
cross-sectional design. All measurements were obtained
during standardized field-based testing sessions conducted
at decentralized breaking training venues across Germany.
For each participant, all anthropometric and neuromuscu-
lar assessments were performed within a single testing ses-
sion lasting approximately 90 to 120 minutes. Standard-
ized warm-up procedures and rest intervals between tests
were implemented to ensure consistent testing conditions.
Testing was integrated into either regular training envi-
ronments or centralized training camps and was scheduled
in coordination with the national head coach, representa-
tives of the federation, and local coaches. Data collection
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occurred between October 2023 and November 2024 and
therefore spanned multiple phases of the national and in-
ternational competition calendar. To minimize potential fa-
tigue effects related to competitions, testing sessions were
scheduled during regular training periods. Analyses focused
on between-subject comparisons across performance levels
rather than repeated within-subject measurements.

DEVELOPMENT OF TEST BATTERY

Based on the physical and technical demands of breaking,
the following key domains were identified as central com-
ponents for the development of a test battery:

(i) Strength and power: Executing explosive movements
such as power moves, spins, and flips, as well as performing
freezes, requires substantial muscular strength and power.
Upper body strength and stability - particularly in the
shoulders, arms, and core - are essential for supporting
bodyweight during static and dynamic elements such as
freezes and air power moves. Lower-body power is equally

important for power moves, footwork, jumps, and flips.312:
14

(ii) Flexibility: A high degree of flexibility is necessary
to execute the wide range of dynamic movements, contor-
tions, and acrobatic elements characteristic of breaking.>
12,14

(iii) Agility and coordination: Rapid, complex footwork
combined with seamless transitions between power moves
and freezes requires well-developed neuromuscular coordi-
nation and agility.3:12

(iv) Balance and postural control: Elements with static
components, such as freezes (e.g., one-hand freeze with
moving legs) and spins (e.g., spinning on one hand), de-
mand considerable balance and postural control.3:6:12

With the aim of addressing these four domains, the tests
(Table 2) were selected in consultation with the German
Dancesport Federation, based on their presumed relevance
to the athletic demands of breaking and included assess-
ments of sprinting, jumping, balance, and agility. The con-
struction of the test battery aimed to balance sport-specific
relevance with practical feasibility in decentralized training
environments. Therefore, widely used field-based perfor-
mance tests were prioritized, as they allow standardized
implementation with portable equipment across different
locations. Cardiovascular testing was not included, as the
focus of the present study was on neuromuscular and mo-
bility-related performance characteristics rather than
metabolic profiling. In addition, several testing sessions
were conducted in smaller dance studios where spatial con-
straints limited the feasibility of implementing running-
based field tests (e.g., Yo-Yo Intermittent Recovery Test),
and where access to alternative endurance testing equip-
ment (e.g., treadmills or ergometers) was not available. All
selected tests are well-established and validated field tests
in both scientific literature and applied sports practice.23-25
They are mobile, cost-effective, easy to administer, and
familiar to coaches and support staff within competitive
sports environments. The tests are routinely used across
different populations, including youth athletes, elite-level
competitors, and recreationally active individuals.23-25

They are considered relatively safe, with a very low inci-
dence of injury reported in both practice and research con-
texts. In addition, the use of widely established tests en-
ables benchmarking against reference values from other
sports. Furthermore, anthropometric measures, including
standing and seated height (cm) as well as body mass (kg),
were obtained to describe baseline characteristics and to
account for their potential relevance to performance.

TESTING PROCEDURES

This test battery was administered to breakers across the
three described performance levels at five decentralized
training locations in Germany. Prior to testing, participants
received standardized instructions and demonstrations for
all assessments. Where appropriate, participants performed
submaximal practice trials for familiarization before maxi-
mal trials were recorded. The number of recorded trials var-
ied depending on the test protocol. For explosive strength
assessments such as the CMJ, DJ30, and IMTP, up to five
maximal trials were permitted. For grip strength, three tri-
als per side were recorded. For the seated medicine ball
push and Jefferson Curl, three trials were performed. For
unilateral mobility and balance tests (Knee-to-Wall and Y-
Balance), three trials per side were recorded. Pull-ups and
the core strength test were performed once, as these assess-
ments require near-maximal exertion and additional at-
tempts rarely result in improved performance.

A standardized rest interval of approximately 60 to 90
seconds was provided between trials to minimize fatigue.
For tests involving multiple trials, the best valid attempt
was used for further analysis. Trials were considered invalid
if predefined technical criteria were not fulfilled (e.g., loss
of hand contact in the CM] arm position, stepping errors in
the agility test, or failure to maintain body position in the
core strength test). For the DJ30, ground contact times ex-
ceeding 200 ms were not treated as invalid trials, as they
were considered indicative of slow stretch-shortening cy-
cle performance. Invalid trials were repeated after the stan-
dardized rest interval.

To enhance measurement consistency across the five
testing sites, all testing staff received standardized instruc-
tions prior to data collection. Testing procedures were su-
pervised and coordinated by a qualified sport scientist from
the Olympic Training Centre Berlin. Identical equipment
and standardized testing protocols were used across all lo-
cations. While formal inter-rater reliability analyses were
not performed due to the field-based nature of the study,
the use of well-established test procedures with docu-
mented reliability in previous literature supports the
methodological robustness of the measurements.23-25

STATISTICAL ANALYSIS

All statistical analyses were performed using R version 4.5.1
(R Core Team, 2025) in RStudio version 2025.05.1 Build 513.
The threshold for statistical significance was set at p < 0.05
for all primary analyses. Prior to hypothesis testing, the
dataset was visually screened for normality using Q-Q plots
and histograms and formally assessed using the Shapiro-
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Table 2. Overview of applied field-based cross-sectional assessments.

Test Domain

Description

Focus

Knee-to-Wall Test

The tested foot is placed with the big toe against a wall. The participant
attempts to touch the wall with the knee without lifting the heel. The foot is
gradually moved backward until contact is no longer possible. The maximum
distance (cm) is recorded.

Quantification of
joint and muscle
flexibility at key
anatomical regions

Jefferson Curl

From an elevated surface, participants perform a maximal forward trunk flexion
with extended arms and knees. The vertical distance (cm) between fingertips
and the platform edge is measured.

Quantification of
joint and muscle
flexibility at key
anatomical regions

assessed. In a forearm plank position, alternating foot lifts (2 to 5 cm) are
performed rhythmically while maintaining contact between the gluteal region
and a fixed horizontal bar. Time to contact loss is recorded (s).

Countermovement A two-legged vertical jump from an upright stance, including preparatory hip Assessment of
Jump [CMJ] and knee flexion. Hands remain on hips in the first three trials; arm swing is explosive lower-
allowed in the remaining three trials. Jump height is calculated via flight time body power and
(Optojump®). neuromuscular
performance
Drop Jump [DJ30] A two-legged drop jump from a 30 cm platform. Upon landing, participants Measurement of
immediately perform a vertical jump. Hands remain on hips. Ground contact reactive strength
time and jump height are recorded (Optojump®©). Reactive Strength Index (RSI) and muscle-tendon
is calculated. efficiency
T-Agility Test Participants sprint 9.14 mto a cone, tap it, shuffle 4.57 m left and right to Evaluation of agility,
additional cones (tapping each), then sprint 9.14 m backwards to the start. directional speed,
Completion time is recorded (s, ms). and movement
coordination
Core Strength As part of the Bourban Core Strength Test, only the ventral core strength is Assessment of

muscular endurance
in the ventral core

Grip Strength

Using a hand dynamometer, maximum grip strength of both hands is assessed.
Seated position, elbow at 90 degrees, arm held close to the torso without
contact. Force is exerted over 2 to 3 seconds.

Measurement of
maximal isometric
grip strength

Isometric Mid-
Thigh Pull [IMTP]

Participants are standing on a foot plate and pull maximally on a fixed handle
attached by a metal chain to a strength sensor with minimal hip/knee flexion (no
fixed frame). Force output is measured over 5 seconds.

Evaluation of
maximal isometric
strength of lower-
body and core
extensor
musculature

Y-Balance Lower
Extremities [YBT-
LE]

In a single-leg stance, the opposite leg pushes a sliding indicator in three
directions: anterior, posterolateral, and posteromedial. Performed bilaterally;
maximum reach (cm) is recorded.

Assessment of
dynamic balance,
joint stability, and
lower-limb mobility

Y-Balance Upper
Extremities [YBT-
UE]

In a one-arm supported position, the free arm moves a sliding indicator in
medial, inferolateral, and superolateral directions. Maximum reach (cm) is
recorded bilaterally.

Measurement of
dynamic upper-body
balance, shoulder
mobility, and core
stability

Medicine Ball Push

From a seated position with the back against a wall, a 2 kg medicine ball is
pushed forward using both arms. Distance achieved is measured (m).

Assessment of
explosive upper-
body pushing
strength

Pull-Ups

From a hanging position (overhand grip), participants performed controlled
repetitions until the chin clears the bar. Legs remain extended and still
throughout. Correct repetitions were counted.

Evaluation of upper-
body pulling
strength, primarily
of the arm flexors
and back muscles

Wilk test. As several variables violated the assumption of
normality, non-parametric methods were consistently ap-
plied throughout the analysis to ensure robustness and
avoid Type I errors due to distributional violations. To ex-
amine group differences across the three performance lev-
els (elite, developmental, and recreational), Kruskal-Wallis
rank sum tests were conducted for each continuous vari-
able. DJ30 ground contact time was analysed as a con-

tinuous variable in all statistical procedures, while the <
200 ms threshold was used solely for interpretative pur-
poses and not for statistical categorization. Where the om-
nibus test indicated significance (p < 0.05), post-hoc pair-
wise Wilcoxon rank-sum tests were applied using
Bonferroni-adjusted alpha levels to control for multiple
comparisons. The strength of pairwise effects was quan-
tified using rank-biserial effect sizes (r), calculated from
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the Wilcoxon U-statistic. Effect sizes were interpreted as
small (r = 0.10), medium (r = 0.30), and large (r > 0.50),
following conventional benchmarks.2é Sex differences were
assessed separately using Wilcoxon rank-sum tests (two-
tailed). Rank-biserial effect sizes (r) were also reported for
sex-based comparisons to indicate the magnitude of dif-
ferences. Given the exploratory nature of the study and
the relatively small subgroup sizes, particularly within the
elite cohort, multivariate regression or classification mod-
els were not applied in order to avoid overfitting and unsta-
ble parameter estimates.

RESULTS

A total of 74 breakers (71.6% male), with a mean age of 21.2
* 6.2 years (range: 12-38) and 9.3 £ 5.0 years (range: 1-22)
of breaking experience, were successfully tested at five dif-
ferent breaking training venues across Germany. All nec-
essary test equipment was transported from one venue to
another by car, and data collection was successfully carried
out by local coaches and staff members under the supervi-
sion and instruction of a qualified sport scientist.

The analysis revealed statistically significant differences
between the three performance levels (elite, developmen-
tal, recreational) across several anthropometric, mobility,
and neuromuscular performance variables (Supplementary
Table 4). Sex-based differences favored males in strength
and power measures, whereas females demonstrated
greater mobility (Supplementary Figure 2). Further details,
including insights in the sex-based differences as well as
correlation analyses of key neuromuscular performance
variables, are provided in the supplementary material (Sup-
plementary Figure 3).

ANTHROPOMETRICS

Age showed a significant group effect (x> (2) = 10.60, p
= 0.005), with elite athletes being significantly older than
both developmental (p = 0.008, r = 0.56) and recreational
athletes (p = 0.041, r = 0.51). As expected, elite athletes re-
ported greater breaking experience (x* (2) = 9.06, p=0.011)
than developmental (p = 0.006, r = 0.51) and recreational
participants (p = 0.005, r = 0.59) (Table 3). To further quan-
tify relative training exposure, the ratio of breaking experi-
ence to age was calculated. Although exploratory post-hoc
comparisons suggested a higher experience-to-age ratio in
elite athletes compared with recreational breakers, the
overall Kruskal-Wallis test did not indicate a significant
group effect (X2 (2) = 4.82, p = 0.090); therefore, this pattern
should be interpreted cautiously, with no significant differ-
ence observed between elite and developmental (p = 0.160,
r = 0.26) or between developmental and recreational ath-
letes (p = 0.356, r = 0.12). No group differences were ob-
served in body mass (x? (2) = 0.71, p = 0.702). Body height
showed a small overall group effect (x*> (2) = 6.46, p =
0.040); however, post-hoc comparisons were not significant
after correction. Seated height differed significantly be-
tween groups (x> (2) = 6.76, p = 0.034), with elite breakers
being shorter than recreational athletes (p = 0.014, r =

0.42). No significant group differences were found for leg
length (X2 (2) = 3.45, p = 0.178) or arm length (x? (2) = 2.49,
p = 0.288).

MOBILITY

Mobility assessments revealed the Jefferson Curl as the
most sensitive indicator of group differences (x> (2) = 14.84,
p < 0.001), where elite athletes outperformed both develop-
mental (p < 0.001, r = 0.53) and recreational (p = 0.012, r =
0.44) peers. The Knee-to-Wall test on both the left (x2 (2)
=9.01, p = 0.011) and right (x2 (2) = 8.98, p = 0.011) legs
also yielded significant group effects. Elite athletes showed
greater ankle mobility than developmental athletes (left:
p = 0.004, r = 0.40; right: p = 0.003, r = 0.41) and better
right-sided mobility than recreational athletes (p = 0.031, r
=0.37).

DYNAMIC BALANCE (YBT)

No statistically significant differences were observed in any
of the YBT parameters. This included YBT Lower Extremity
Composite Score Left (x> (2) = 1.15, p = 0.563), YBT Lower
Extremity Composite Score Right (x? (2) = 1.62, p = 0.444),
as well as YBT Upper Extremity Composite Score Left (X2 (2)
= 0.93, p = 0.628) and Right (x> (2) = 0.93, p = 0.628). Di-
rectional components of the YBT, such as anterior, postero-
medial, and posterolateral reach for the lower extremities,
as well as medial, inferolateral, and superolateral reach for
the upper extremities, did not differ significantly between
groups on either side.

NEUROMUSCULAR PERFORMANCE VARIABLES

Of all assessed performance variables, only DJ30 ground
contact time differed significantly between groups (x> (2)
= 10.56, p = 0.005), with elite breakers exhibiting shorter
contact times than both developmental (p = 0.002, r = 0.43)
and recreational athletes (p = 0.019, r = 0.40), reflecting
superior reactive strength. In addition, a large proportion
of athletes in the developmental and recreational groups
produced ground contact times exceeding 200 ms, indicat-
ing slower stretch-shortening cycle behavior. These val-
ues were retained in the statistical analysis because ground
contact time was analyzed as a continuous variable. In con-
trast, DJ30 jump height showed no statistically significant
differences between performance levels (x> (2) = 2.66, p =
0.264). DJ30 RSI also did not differ between groups (X2 (2)
= 2.61, p = 0.271), indicating comparable reactive strength
indices across all groups. Similarly, no significant group dif-
ferences emerged for CMJ jump height performed with (x>
(2) = 1.41, p = 0.495) or without (x> (2) = 1.83, p = 0.400) arm
swing. Grip strength of the left hand did not differ signifi-
cantly between groups (X (2) = 3.64, p = 0.162), nor did grip
strength of the right hand (x> (2) = 0.93, p = 0.629). Rela-
tive grip strength metrics also showed no significant group
differences for either the left (x* (2) = 3.44, p = 0.179) or
the right side (x> (2) = 0.48, p = 0.786). Furthermore, nei-
ther absolute IMTP force (X (2) = 1.96, p = 0.376) nor rel-
ative IMTP (x? (2) = 2.16, p = 0.340) differed significantly
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Table 3. Characteristics of elite, developmental and recreational breaking athletes.

Descriptive statistics Overall Elite athletes Developmental athletes Recreational athletes
Subject characteristics Females Males All Females Males All Females Males All Females Males
N 21 53 13 6 7 39 10 29 21 5 16
Age [years] 205+ 215+ 259+ 243 + 273+ 19.6+ 185+ 200+ 21.2+6.2 200+7.2 216+
6.3 6.2 5.1* 5.9 44 5.8 5.6 5.9 6.1
Body Height [cm] 163.1+ 1737 167.6 £ 1628 1718+ 1700+ 1625+ 172.6 + 173.7 £ 164.7 £ 176.6 £
7.9 8.3 6.2 44 4.2 9.8 8.8 8.9 10.0 10.2 8.3
Body Mass [kg] 57.1+ 68.1+ 640+ 585+ 68.7 + 643+ 57.1+ 66.8 + 66.8+ 554+ 704 +
9.7 115 9.0 9.1 6.0 12.3 10.6 12.0 13.5 10.3 125
Seated Height [cm] 86.3+ 91.6 + 88.6+ 86.1+ 90.8 + 89.7 86.6 90.8 + 91.7+6.1 86.2+6.2 934+
3.9 50 3.4* 2.6 2.3 52 3.6 52 5.2
Leg Length L [cm] 86.0+ 90.8 + 83.7+ 850+ 89.3+ 90.8 + 88.7 91.6+ 90.3+4.4 81.6+4.7 89.9+
5.7 44 4.6 5.1 24 4.7 5.2 4.5 4.9
Leg Length R [cm] 86.8+ 90.9 + 84.7 + 86.1+ 89.2+ 910+ 89.1+ 91.7 + 90.5+4.6 83.0+4.2 90.2 +
5.4 4.7 4.5 5.3 35 4.9 5.3 4.6 5.3
Arm Length L [cm] 826+ 89.7 86.5+ 828+ 89.6+ 87.2+ 81.7 89.1+ 89.5+5.9 844+53 90.7 +
4.9 5.1 4.8 3.7 3.1 6.3 5.6 5.3 5.4
Arm Length R [cm] 824+ 89.8+ 86.2+ 830+ 88.9+ 87.2+ 818+ 89.2+ 89.7+6.1 82.9+438 91.3+
4.7 5.0 4.6 4.1 2.9 6.1 5.4 5.1 5.3
Jefferson Curl [cm] -16.6 £ -12.7 % -20.3+ -225+ -184+ -114+ -15.3+ -10.0+ -14.3+ -12.2+ -14.9+
6.6 7.9 5.8* 6.8 4.5 7.7 4.2 8.2 6.7 6.4 6.9
Knee-to-Wall L [cm] 135+ 13.6+ 11.7 + 118+ 11.6+ 145+ 152+ 143+ 129+3.2 12.1+27 131+
2.8 34 2.6 1.7 3.3 31 25 3.3 34
Knee-to-Wall R [cm] 130+ 13.7 % 10.9 + 114+ 10.5% 143+ 144+ 143+ 13.6+3.0 12.3+34 140+
3.0 3.3 34 3.0 40 2.8 24 2.9 2.9
BMI [kg- m™2] 214+ 224+ 22.7 220+ 232+ 221+ 216+ 222+ 21.9+2.7 20.3+1.5 224+
2.7 2.6 2.0 24 14 2.8 3.3 2.6 2.8
Breaking experience (BE) 75+50 100+ 132+ 11.2+ 149 + 85+48 6.0+4.9 93+4.6 84+44 6.2+3.6 9.2+45
[years] 49 5.0* 5.0 4.6
Ratio BE to Age 0.34+ 046+ 0.50+ 045+ 0.54 + 042+ 0.29 + 046+ 040+ 0.30+ 043+
0.15 0.15 0.12 0.12 0.11 0.17 0.16 0.15 0.14 0.09 0.15

N: Number of athletes per group; BE: Breaking experience; BMI: body mass index; L - left side; R - right side: *indicates a significant difference between elite athletes and other athletes
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Figure 1. Group comparisons of physical performance variables among elite, developmental, and recreational

breakers.

Data are presented as raincloud plots, combining violin plots (distribution density), individual data points, and summary statistics.

between groups. The core strength test likewise yielded no
significant group effect (x> (2) = 1.57, p = 0.456). The seated
medicine ball push also showed no significant group dif-
ferences (x> (2) = 0.17, p = 0.920) and pull-up performance
was comparable across performance levels (X (2) = 2.69, p
= 0.260). Finally, no significant difference was observed for
T-Agility performance (2 (2) = 0.88, p = 0.644).

DISCUSSION

The present study represents one of the first systematic at-
tempts to assess physical performance in breaking through
a standardized field-based performance testing battery. Al-
though the present testing battery was implemented within

the practical environment of national breaking training ac-
tivities, in conjunction with training events organized by
the national breaking performance program, the testing
sessions themselves were specifically designed and coordi-
nated for research purposes, using standardized protocols
and equipment across all sites. This approach allowed the
integration of research-oriented data collection within the
applied training context of the national federation.
Conducted across decentralized training locations and
involving breakers from elite, developmental, and recre-
ational performance levels, the study sought to evaluate
the feasibility, discriminative validity, and practical applic-
ability in performance testing of commonly used sport mo-
tor tests within the context of breaking. The findings pro-
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vide several important insights into the physical profiles of
breakers, the applicability of established test formats, and
the broader implications for athlete development in this
still developing dancesport.

Regarding the first research question on the feasibility of
implementation, the standardized implementation of the
performance testing battery across five decentralized sites
was successfully achieved, demonstrating the practicality of
coordinated testing despite breaking’s currently decentral-
ized organizational structure. Close collaboration with the
national federation and the trained staff from the Olympic
Training Centre Berlin was essential but successful for en-
suring consistent data collection procedures. It was possi-
ble to complete the testing battery within a single stan-
dardized testing session lasting approximately 1.5 to 2
hours using portable equipment and standardized proto-
cols, which facilitated its application across different loca-
tions. This suggests that field-based performance testing,
if well-structured and coach-supported, can be effectively
embedded into the breaking ecosystem, even in the absence
of centralized training hubs. Future applications may fur-
ther optimise testing logistics by streamlining station tran-
sitions and simplifying equipment setup.

From a practical perspective, the testing battery was de-
signed to rely on portable equipment that can be trans-
ported between training locations. This allows the battery
to be implemented in typical training environments such as
dance studios or small gym spaces. Practitioners working in
environments with fewer resources may consider simplified
adaptations of the battery, prioritizing tests that require
minimal equipment (e.g., CMJ using jump mats or smart-
phone-based apps, grip strength, mobility tests, or body-
weight strength assessments), or focusing on those tests
that demonstrated the greatest ability to differentiate be-
tween performance levels across the three cohorts. Such
adaptations may help integrate physical performance test-
ing into breaking training contexts beyond national federa-
tion structures.

In terms of the second research question, the perfor-
mance testing battery showed partial ability to differentiate
between performance levels. Elite athletes in the present
sample were significantly older (25.9 vs. 19.6 vs. 21.2 years)
and more experienced (13.2 vs. 8.5 vs. 9.3 years) than their
developmental and recreational counterparts, highlighting
the central role of accumulated practice in performance de-
velopment. Although the overall group effect for the ex-
perience-to-age ratio did not reach statistical significance,
exploratory post-hoc comparisons suggested that elite ath-
letes tended to have accumulated a greater proportion of
lifelong training exposure (0.50 vs. 0.42 vs. 0.40). These
findings align with previous research on professional break-
ers in national squads of other nations. Arundale et al.3 re-
ported that elite athletes were older (27.4 vs. 18.7 years)
and more experienced (12.5 vs. 10.0 years) than developing
athletes, while Lindner et al.” likewise found that elite
breakers were older (27.9 vs. 26.3 years) and more experi-
enced (12.9 vs. 11.5 years). However, weekly breaking train-
ing volumes show inconsistent patterns. Arundale et al.3
observed that elite athletes invested fewer hours per week

in breaking training than developing athletes (15.5 vs. 28.5
hours), whereas Lindner et al.” reported nearly identical
weekly training times across groups (12.8 vs. 12.5 hours).

Interestingly, anthropometric variables such as body
height, leg length, and arm length did not significantly dif-
fer between groups, underscoring the morphological diver-
sity inherent in breaking and the non-prescriptive nature of
its physical demands.l-2 The only significant difference was
seated height, with elite breakers being shorter than recre-
ational athletes. These findings suggest that while break-
ing does not appear to impose strict anthropometric con-
straints, certain body proportions may nevertheless offer
biomechanical advantages for specific movement patterns.
Thus, anthropometry may influence the efficiency of par-
ticular techniques without representing a strict prerequi-
site for participation or success. Prior research by Ruscello
et al.® reports that breakers in the Italian national squad
tend to be shorter than athletes from other dance styles,
which may benefit moves involving level changes, such as
go-downs, as well as moves requiring body rotation and dy-
namic balance, such as flares (similar to the pommel horse).
Comparable patterns are seen in gymnastics, where smaller
athletes are often advantaged in body rotational skills,27-
28 and lower stature has been linked to higher performance
rankings.2?

Mobility tests yielded some of the clearest group-level
distinctions. The Jefferson Curl emerged as a particularly
sensitive indicator, with elite breakers demonstrating sig-
nificantly greater flexibility than both developmental and
recreational peers. Similarly, the Knee-to-Wall tests re-
vealed greater ankle mobility in elite athletes, particularly
when compared to developmental breakers. Interestingly,
Lindner et al.” reported that elite breakers emphasized mo-
bility training, while developing breakers focused more on
endurance - potentially explaining the superior flexibility
in elite athletes. These findings align with the movement-
specific demands of breaking, where a high degree of joint
and muscular flexibility is essential for performing acro-
batic elements, transitions, and footwork.12 As such, mo-
bility appears to be a critical differentiator of performance
level and may represent a trainable and diagnostically valu-
able attribute in breaking. Future research should incorpo-
rate additional mobility tests, focusing on the shoulder for
freezes and power moves, and on the hip for both power
moves and footwork.

In contrast to mobility, most neuromuscular perfor-
mance metrics, such as CMJ, IMTP or core strength, did
not significantly differentiate between performance levels.
Only DJ30 ground contact time distinguished elite athletes,
who exhibited shorter contact times than both comparison
groups, reflecting superior reactive strength and neuro-
muscular efficiency. Interestingly, DJ30 RSI did not differ
significantly between groups. In fact, the majority of break-
ers in both the developmental and recreational groups pro-
duced ground contact times exceeding 200 ms. While these
trials were retained in the statistical analyses, contact
times above this threshold indicate slower stretch-short-
ening cycle behavior and do not reflect fast stretch-short-
ening cycle performance. The stretch-shortening cycle is
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commonly classified as ‘fast’ when ground contact time is <
250ms.30 In practice, however, elite athletes often demon-
strate substantially shorter contact times, frequently below
200ms, particularly in tasks involving reactive strength.3!
Accordingly, a considerable proportion of trials in the pre-
sent sample may be more representative of slower stretch-
shortening cycle actions, which should be considered when
interpreting RSI outcomes. Against this background, and
based on previous literature on reactive jump performance,
a threshold of < 200 ms was adopted as a practical indicator
of highly efficient fast stretch-shortening cycle function.30:
31 The shorter contact times observed in elite breakers may
reflect necessary neuromuscular qualities relevant for rapid
transitions and explosive movements in breaking. However,
as contact times exceeding 250 ms were retained in this
exploratory analysis for descriptive purposes, the resulting
RSI values should be interpreted with caution. The lack of
consistent group differences in other strength and power
metrics may stem from the high variability in training back-
grounds and individual styles within breaking. Unlike many
sports, where athletes follow structured programs under
professional supervision, most breakers are self-taught and
train without coaches.®> Skill development often occurs
through the community-based principle of ‘each-one-
teach-one’, in which techniques and experiences are shared
peer-to-peer.32 This approach fosters highly individual
repertoire, as breakers aim to develop distinctive styles and
create original moves.?

Therefore, these traditional tests, while validated in
other sports contexts,23-25 may lack specificity for captur-
ing the unique movement patterns and performance de-
mands of breaking. Moreover, because breakers frequently
improvise transitions during training, they continually re-
hearse novel movement patterns,> which may further limit
the transferability of conventional strength tests to break-
ing performance. According to Arundale and colleagues,
breakers are unique in that they can be classified as both
overhead athletes and reverse chain athletes,3 due to their
frequent use of upper-extremity-supported, inverted, and
spinal-extension-dominant movements.> However, this
dual demand profile was not strongly reflected in the pre-
sent data. While upper-body strength and grip parameters
(e.g., pull-ups, grip strength, seated medicine ball push) did
not display notable inconsistencies or functional deficits,
they also did not distinguish performance levels. More
strikingly, the IMTP results revealed rather modest values
across all groups, particularly when compared to bench-
marks from other strength and power-based sports.33-37
This may suggest a lack of maximal posterior chain
strength development, or it may reflect breaking’s priori-
tisation of fluid, dynamic motor control over high force
production in constrained positions. The overhead com-
ponent, while central to many moves (e.g., handstands,
air power moves, air freezes), was not directly assessed by
the test battery, which may explain the absence of up-
per-body performance asymmetries or compensation pat-
terns typically observed in overhead sport populations.38-40
These findings highlight the need for further investigation
into the neuromuscular profiles specific to breaking, as well

as the development and validation of appropriate perfor-
mance assessment tools. This should ideally include over-
head stability tests for one-handed moves and freezes, as-
sessments of dynamic trunk extension capacity under load,
and open-chain strength tests for hip strength in power
moves. While the DJ30 test demonstrates similarities to
breaking movements, further adaptations could enhance
its relevance, such as implementing a single-leg CMJ (e.g.,
triple jump variations) or developing modified assessments
that reflect the demands of breaking-specific elements. In
addition, short-term endurance tests may provide valuable
insights into the anaerobic capacity of breakers, particu-
larly in the lower extremities.

In breaking, many movements are highly automated and
frequently repeated, suggesting that performers rely less on
active coordination during execution and more on well-es-
tablished motor routines.54! These routines, often devel-
oped through extensive repetition and procedural memory,
can resemble ‘overlearned’ sequences, allowing for efficient
and fluid performance with minimal conscious control.4!
As such, the coordination demands during actual perfor-
mance in a battle scenario may differ from those required
in a training setting. It can be suggested that breakers rely
on rhythm ability, adaptation ability, reaction ability and
orientation ability for battle performance, whereas other
coordinative abilities - such as differentiation ability, cou-
pling ability, and balance ability - may be more important
when learning new movement patterns in the training con-
text.? This may partially explain the lack of performance-
level differentiation in coordination-related tests such as
the YBT tasks or T-Agility test, which may not adequately
reflect the specific demands of different breaking environ-
ments (battle vs. training). None of the YBT parameters
yielded significant group differences, suggesting that stan-
dardized balance assessments may not capture the highly
specific balance skills developed in breaking.4? Similarly,
agility tests failed to distinguish between groups, although
correlations with relative strength measures indicate that
stronger athletes tend to perform better in this domain.
These findings further highlight the need for more break-
ing-specific assessments to capture the functional capaci-
ties most relevant to breaking performance.

LIMITATIONS

The cross-sectional design of the study precludes causal
inferences or statements about performance development
over time. Additionally, subgroup sizes, particularly among
elite female breakers, were relatively small, limiting statis-
tical power for some comparisons. An a priori power analy-
sis was not conducted, as the sample size was constrained
by the structural limits of the national squad system, which
defines a fixed number of elite and developmental squad
positions. Consequently, the findings should be interpreted
in light of the available population size within this specific
performance structure. Furthermore, the analyses were
based on unadjusted group comparisons. Because elite ath-
letes were older and more experienced than the other
groups and sex differences were present for several per-
formance measures, some observed group differences may
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partly reflect these factors rather than performance level
alone. Because testing was conducted across multiple de-
centralized training sites, some degree of measurement
variability cannot be fully excluded despite the use of stan-
dardized protocols, identical equipment, and supervision
by a qualified sport scientist.

Another limitation lies in the use of general sport motor
tests, which, while validated and easy to administer, may
not fully capture the specific performance characteristics
of breaking. It should also be considered that some assess-
ments used in the battery, such as vertical jump tests, in-
clude a technical component. Although familiarization tri-
als were provided, breakers may not regularly perform these
movements in their training routines. Consequently, per-
formance outcomes may partly reflect movement familiar-
ity in addition to underlying physical capacities. The ab-
sence of tests assessing reaction and adaptation abilities
to breaking-specific situations, as well as the lack of direct
competition outcomes or judging decisions, further limits
the predictive interpretation of test results. Future studies
should aim to link performance testing with competitive
success and training progression.

Although correlations between several neuromuscular
variables were explored using Spearman correlation analy-
ses (Supplemental Figure 3), additional multivariate ap-
proaches (e.g., regression models including covariates or
multivariate classification methods) may provide further
insights into the relative contribution of specific physical
characteristics to breaking performance. However, given
the exploratory nature of the present study and the limited
subgroup sizes, particularly within the elite cohort, such
analyses were not pursued in order to avoid overfitting and
unstable estimates. Finally, this analysis was limited to the
German breaking community, which may not be represen-
tative of the top international elite athletes.

Future research may benefit from developing a breaking-
specific performance testing framework integrating multi-
ple performance domains. Such a framework could include
(i) neuromuscular performance (e.g., reactive strength, up-
per-body force production), (ii) mobility and joint range
of motion, and (iii) coordination and rhythm-related abili-
ties relevant for transitions and footwork. Combining stan-
dardized physical tests with breaking-specific movement
assessments and performance evaluations may provide a
more comprehensive understanding of the determinants of
breaking performance.

CONCLUSION

The current findings offer valuable starting points for in-
tegrating performance testing into breaking practice. Tests
such as the Jefferson Curl, Knee-to-Wall and DJ30 ground
contact time may serve as effective and practical monitor-
ing tools for mobility and reactive strength, respectively.
While these tests differentiated between performance lev-
els, the predominantly cross-sectional design precludes
conclusions on long-term performance development. Thus,
although selected tests may serve as useful monitoring
tools within athlete development pathways, longitudinal

studies tracking athletes over time will be essential in eval-
uating the predictive validity of performance tests and in-
forming evidence-based talent development strategies.
Furthermore, the development and inclusion of breaking-
specific assessments appear essential to establish the bat-
tery as a reliable performance criterion for long-term ath-
lete development. Test procedures should be grounded in
standardized, evidence-based assessments to ensure reli-
ability and comparability of results. Given breaking’s
freestyle orientation, testing protocols should further be
complemented by creative implementations within individ-
ualized training settings, while acknowledging the inherent
challenges of making creative performance aspects mea-
surable. Importantly, the present study demonstrates that
standardized physical performance testing can be imple-
mented within the decentralized training structures typi-
cal of breaking, providing a foundation for future evidence-
based athlete monitoring in this dancesport.
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