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Abstract

This study aimed to analyse recent changes in the kinematic parameters of the kick start. Following PRISMA guidelines,
a systematic review was conducted using Web of Science, Scopus, PubMed, and EBSCO. The primary search term kick
start was combined with swimming, swimming start, biomechanics, and performance. After screening 665 studies and
applying the inclusion criteria, 18 studies analysing kick-start kinematics were included. This research is part of VEGA
project No. 1/0462/22, titled “The effect of starting block configuration on the kinematic parameters affecting starting
performance in swimming.” The review highlights differences across the block, flight, underwater, and swim phases by
gender, swimming style, and performance level. Across studies, block time ranged from 0.68—0.91 s in junior swimmers,
0.66—0.72 s in senior swimmers, and 0.59-0.72 s in elite swimmers. Elite swimmers also achieved take-off horizontal
velocities of 4.37-4.58 m-s™". The start performance at 15 m was 6.31-6.72 s in senior and 6.33-6.41 s in elite swim-
mers compared with 6.94-7.09 s in junior competitive swimmers, with women being approximately 1 s slower. Tech-
nique modifications associated with faster early-race performance consistently included kick-plate settings 3—4 and
neutral-/rear-weighted set positions; a narrow stance improved time to 5 m by 0.08 s compared with a wide stance, and
faster starters demonstrated a higher hip position at the start signal (1.56+0.05 m vs. 1.45+0.05 m). Findings provide
valuable insights for swimmers and coaches, aiding in technique refinement. Given its use in elite competitions, opti-
mising the kick start can lead to measurable performance gains, reinforcing the need for targeted training approaches.
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Introduction

Performance in sprint swimming disciplines is continu-
ally advancing, resulting in new milestones such as the 50-me-
ter freestyle, where, for the first time in swimming history,
Jordon Crooks from the Cayman Islands completed the race
in under 20 seconds (19.90 s), setting a new world record at
the 2024 World Championships in Budapest (WA, 2024). The
swimming start is defined as the interval from the start signal
to the moment the swimmer’s head crosses the 15-meter mark
(Cossor & Mason, 2001). A key aspect of this performance is
the start (the first 15 meters), which is continuously evolving
in the search for the optimal starting technique that allows
swimmers to achieve the shortest possible time, particularly
in sprint disciplines (Barlow et al., 2014; Tor et al., 2015). The
technical execution of the swimming start is closely linked to
the history of swimming performance and to the moderni-
sation of starting blocks at elite swimming events (Taladriz
Blanco et al., 2017). Initially, swimmers used the grab start
technique, followed by the track start, and currently, with the
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introduction of the new Omega OSBI11 starting block (since
2009), which features an adjustable kick plate, swimmers use
the kick start technique. This new starting block offers a po-
sition similar to the track start, with the advantage of placing
the rear lower limb on a stable kick plate (adjustable to posi-
tions 1-5), which each swimmer can customise according to
their preferences (Rundik et al., 2022; Swiss Timing, 2019).
Ozeki et al. (2012) report a shorter time to 15 meters (0.14
s) in elite swimmers using the kick start technique than with
the track start. Since the kick-start technique is now used at
all major competitions, the grab-start and track-start tech-
niques are becoming obsolete. Some studies have focused on
evaluating the start without undulation and the first swim-
ming movements at 5 meters (Matus et al., 2022; Matas$ et
al., 2024b; Silveira et al., 2018). These studies aimed to assess
the effectiveness of the basic position on the starting block
in relation to time at 5 meters. Other studies have evaluated
the start at 10 meters (Djurkovic et al., 2019) and 15 meters
(Qiu et al., 2021; Rudnik et al., 2021; Rudnik et al., 2023; San-
chez et al,, 2021; Shepherd et al., 2023), where at 15 meters,
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the start as a whole was assessed in terms of the individual
phases that follow one another — above-water phase (block
and flight phase), underwater phase, and swim phase. The
swim phase varies by stroke, with breaststroke swimmers
exhibiting a longer underwater phase than freestyle swim-
mers (Matus$ et al., 2024a; Matus et al., 2024c¢). In the block
phase, various studies have focused on the basic position on
the starting block (Matus et al., 2020; Matu$ & Kandra¢, 2020;
Rudnik et al., 2022; Wardzyk et al., 2022). Optimisation has
mainly focused on the basic setting of the kick plate and the
swimmer’s body position. In terms of phase duration, this is
the second-shortest phase contributing to performance at the
start, but it is also the initial phase that can influence perfor-
mance in subsequent phases (Tor et al., 2014). Some studies
recommend setting the kick plate to the 3-4 level with a neu-
tral- or rear-weighted basic position (Matus et al., 2020; Matu$
et al., 2022; Mati$ & Kandra¢, 2020). Other studies suggest
placing the stronger or non-preferred lower limb on the kick
plate (Burkhard et al., 2020; Matus et al., 2022), as swimmers
with their preferred lower limb placed at the front edge of the
starting block achieved a shorter time to 5 meters (Matus et
al., 2022). In Matus et al. (2024b), narrow and wide positions
were evaluated, with performance swimmers achieving short-
er times to 5 meters in the narrow position. In the above-wa-
ter phase, block time and take-off velocity were identified as
reliable parameters for start-ups at 15 meters (Burkhard et al.,
2020). Djurkovic et al. (2019) also reported a positive effect of
block time on 10-meter time. The underwater phase, in terms
of time, is one of the longest phases of the start (Tor et al,
2014). Djurkovic et al. (2019) noted the impact of underwater
time on 10-meter time, where, in freestyle on the 50 meters,
intersex differences were more evident in underwater time
(p<0.01) than in underwater distance (p<0.05). Swimmers at
depths of -0.9 to -1.1 meters achieved shorter times at 5 and
15 meters. The kinematic outcomes of the swimming start
may vary across swimmer characteristics and race demands.
However, evidence on kick-start kinematics is currently frag-
mented across studies that assess different distances (e.g., 5,
10, and 15 m), apply inconsistent phase definitions, and re-
port heterogeneous outcome measures, which limits direct
comparison and clear practical interpretation. Therefore, an
up-to-date synthesis is needed to systematise the available
findings and identify consistent patterns and remaining gaps
in the literature. This study aimed to analyse recent changes
in kinematic parameters of the kick-start technique. Based on
this objective, 18 studies analysing kinematic parameters in
the kick start were selected and reviewed. With this aim, the
results in the discussion were divided into four phases - block,
flight, underwater, and swim phase — from the perspectives of
sex, stroke type, and performance.

Material and methods

The systematic review adhered to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) guidelines (Haddaway et al., 2022). This systematic re-
view was registered in the International Prospective Register
of Systematic Reviews (PROSPERO) under registration num-
ber CRD420251268896.
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Search strategy

Data acquisition and processing consisted of several
steps. The first step was to search the available resources re-
lated to our review study. The search was made in November
2024 and was restricted based on the publishing year. To ob-
tain information concerning selected kinematic characteris-
tics of kick start, was used scientific articled registered in data-
bases: Web of Science, Scopus, PubMed, Ebsco. Consequently,
the main search term keyword was kick start together with
the following keywords and their combinations: swimming,
swimming start, biomechanics, performance.

Inclusion and exclusion criteria

The results of the database searches were entered into
the web-based programme Rayyan.ai (Ouzzani et al., 2016),
which was used to screen the abstracts independently by all
authors. The inclusion criteria for studies included in the sys-
tematic review were as follows: (a) the study was published
in 2019-2024; (b) paper with an experimental analysis, which
reported quantitative results of the analyzed variables; (c)
studies involved the swimming sport reporting results of kick
start techniques; (d) high competitive level of the sample, elite
or international and national swimmers;(e) human partici-
pants without diseases of pathologies (f) written in English.
Articles were excluded for the following reasons: (a) data aside
kinematic characteristic; (b) irrelevant data for analysis; (c)
unavailable full text; (d) duplicates; (e) systematic review. The
included studies analysed the start performance by examining
the block, flight, underwater, and swim phases, with respect to
sex, stroke type, and performance level.

Data extraction, quality assessment and risk of bias

Two independent reviewers performed the search,
screened the titles and abstracts from the search results us-
ing the web-based programme The Rayyan.ai (Ouzzani et al,
2016) and reviewed the selected full texts before inclusion.
The sample size, the objectives and the main results of the ki-
nematic characteristic of kick start were extracted from each
selected study. Quality assessment was performed by two re-
viewers (K.N.; T.E.). A third reviewer was consulted to resolve
any disagreements (I.M.).

The methodological quality and risk of bias of the in-
cluded studies were independently assessed by two reviewers
using the National Institutes of Health (NIH) Quality As-
sessment Tool for Observational Cohort and Cross-Sectional
Studies. This tool consists of 14 items evaluating key sources
of bias, including clarity of the research question, study pop-
ulation definition, participant selection, sample size justifi-
cation, outcome measurement validity and reliability, and
appropriateness of statistical analyses. Each item was rated as
“Yes”, “No’, or “Cannot determine/Not reported/Not applica-
ble”. Based on the overall assessment, studies were classified as
good, fair, or poor quality, reflecting their overall risk of bias.
Any disagreements between reviewers were resolved through
discussion. When consensus could not be reached, a third re-
viewer was consulted.
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Variables definitions

Several definitions of temporal, kinematic and kinetic
variables have been used for a detailed biomechanical anal-
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mation provided in this systematic review, a definition of the
most common variables used in the different studies was pro-
vided (Table 1).

ysis of the swimming kick-start. In order to clarify the infor-

Table 1. Variables definition

Phase Variables

Units Definition

Front knee angle FKA ° Hip/ankle at the set position
Front ankle angle FAA ° Knee/ankle/finger toe at the set position
Rear knee angle RKA ° Hip/ankle at the set position
Rear ankle angle RAA ° Knee/ankle/finger toe at the set position
Hip angle HA ° Ankle/hip/shoulder
Block time BT s Starting signal—feet separation from the platform
N The time interval between the starting signal and a change in starting
Reaction time RT s . -
block reaction force curve as a result of the initial movement
Hands take- off HTo s The t|mg interval bet_ween the starting signal and the last contact of the
hands with the starting block
o Hands take- off: HTR s The time interval between the starting signal and the last contact of the
_&‘G reaction time hands with the starting block, reduced by the reaction time
:— Rear foot take off RET s The time |n.terval betwgen the starting signal and the last contact of the
8 rear foot with the starting block
o Rear foot take off: RETR s The time interval between the starting signal and the last contact of the
reaction time rear foot with the starting block, reduced by the reaction time.
Front foot support FFS s The time interval between the last contact of the rear foot with the
PP starting block and the moment when total vertical force fell to zero
. The time interval from the first visible change in starting block reaction
Movement time MT S . .
force curve and the instant when total vertical force fell to zero
I:Eecﬁ;f horizontal Vx m/s  Magnitude of the horizontal velocity of the CoM vector at take-off
I:Il;eci(:;f vertical Vy m/s  Magnitude of the vertical velocity of the CoM vector at take-off
Take off velocity Vit m/s '(I)'Pfe total velocity of swimmer’s centre of mass at the instance of take-
Entry angle EA ° Horizontal/fingertips/hip joint
Entry velocity EV m/s The horizontal velocity which the swimmer travels through the air during
the entry phase.
o Take-off angle TA ° Ankle/hip/horizontal
8  Takeoff head
< o HP m  Water surface/head
- position
f» Timeto2m T2 s Starting signal/head crosses the 2 m
L Flight time FT s  Take-off/hand entry
Flight distance FD m  Take-off/hands touch the water
. . Mean horizontal head velocity at time from loss of contact with starting
Flight velocity FV m/s . !
block to submersion of head in water
Glide time GT s Hand entry/head crosses the 5m
Glide distance GD m Hands touch the water/head crosses the 5m
Glide velocity GV m/s  Mean horizontal head velocity during glide phase
o Maximal depth MaxH m  Head reaches the maximum depth
_E‘@ Time to 5-m T5 s Starting signal—head crosses the 5 m
o First kick time KT s Time from the swimmer's fingers first touching the water to the moment
% they completed the first underwater down kick.
2 . . . The horizontal distance between the wall and swimmer's head when
S First kick distance FKD m .
g they completed the first underwater down kick.
5 Underwater time UWT s The time of the first contact of the swimmer’s hands with the surface of
the water until the swimmer’s head breaks the surface of the water.
Underwater The distance of the first contact of the swimmer’s hands with the
distance UWD m  surface of the water until the swimmer’s head breaks the surface of the

water.
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(continued from previous page)
Table 1. Variables definition

Phase Variables

Units Definition

Time to 10-m T10 s Starting signal-head cross the 10 m
Time to 15-m T15 s Starting signal-head cross the 15 m
The time interval between the moment when the head crossed the 5-m
Time 5- 10-m T5-10 s mark and the moment when the head reached the 10 m distance from
° the starting line
@ T10- The time interval between the moment when head crossed the 10-m
S Time10-15-m 15 S mark and the moment when the head reached the 15-m distance from
£ the starting line
& The time of the swim from the time the swimmer's head crosses the
Swim timeto 15 m ST s surface of the water until the swimmer’s head has again crossed the 15
m distance
Swim distance to The distance of the swim from the time the swimmer’s head crosses the
15m SD m  surface of the water until the swimmer’s head has again crossed the 15
m distance.
Results inclusion criteria, 18 studies were included in the systematic
. . iew. Th i d selecti h i
Data search and characteristics of the studies ;el‘g’f:evl € Screctiing and selection processes are shown In
A total of 665 studies were screened; after applying the
M
z
=]
5 Total records identified from databases: 665
e (WoS: n = 264; Scopus: n = 275; PubMed: n = 99;
E EBSCO: n = 27)
=z
w
=)
‘ > Duplicate records (n = 281
l [ p ( ) }
( )
( ) Records screened
(n=384)
N\ J
o l > [ Reports excluded (n = 21) ]
% s N
w Reports sought for retrieval
e (n=363)
n - J ( ~
i > Reports not retrieved (n = NA)
e M x Y
- Reports assessed for eligibility
(n=363) ( R
—\ J Reports excluded: 345
‘ Improper article type (n = 204)
> Articles do not contain necessary
l information (n = 43)
a Irrelevant subjects (n = 98)
= Studies included in the review N\ J
] (n=18)
=z
N
Figure 1. Prisma Flow diagram
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Quality of the Studies

The methodological quality of the included studies was
generally high. According to the NIH Quality Assessment
Tool, 12 studies were rated as good quality and 6 as fair
quality. No study was classified as poor. The most common
sources of potential bias were the absence of sample size jus-
tification, relatively small sample sizes, and limited reporting

KICK START ANALYSIS | LMATUS ET AL.

of assessor blinding. In contrast, outcome measurement bias
was considered low, as the majority of studies used validat-
ed biomechanical measurement systems (e.g., force plates,
high-speed cameras, and 3D motion analysis). Overall, the
risk of bias across studies was judged as low to moderate and
was unlikely to substantially affect the main conclusions of
this review (table 2).

Table 2. Methodological quality and risk of bias assessment of included studies (NIH tool)

Study

Study design

NIH score (0-14)

Quality rating

Overall risk of bias

Djurovic et al. (2019)
Burkhardt et al. (2020)
Cicenia et al. (2020)
Matus et al. (2020)
Matus$ & Kandrac (2020)
Qiu et al. (2021)
Matus et al. (2021a)
Matus et al. (2021b)
Séanchez et al. (2021)
Matus et al. (2022)
Rudnik et al. (2022)
Wardzyk et al. (2022)
Hyodo & Wada (2023)
Rudnik et al. (2023)
Shepherd et al. (2023)
Matus et al. (2024a)

Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional

Cross-sectional

Matus et al. (2024b) Cross-sectional

Matus et al. (2024c) Cross-sectional

10 Good Low—moderate
11 Good Low

9 Fair Moderate
10 Good Low-moderate
10 Good Low-moderate
11 Good Low

10 Good Low-moderate
10 Good Low—moderate
11 Good Low

9 Fair Moderate

11 Good Low

9 Fair Moderate

8 Fair Moderate

11 Good Low

10 Good Low-moderate
11 Good Low

10 Good Low-moderate
11 Good Low

Summary of included study

The studies focused on the start, block, flight, underwa-
ter, and swim phases, considering factors such as sex, stroke
type, and performance level. A detailed summary of each in-

DOI10.26773/smj.260220

cluded study is presented in Table 3.

Tables 4 and 5 present detailed values of individual ki-
nematic parameters in the block, flight, underwater and swim
phases by sex.
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Discussion

The purpose of this systematic review was to synthesise
recent evidence on kinematic determinants of the swimming
kick start by integrating findings from 18 eligible studies. The
evidence was organised according to the main start phases
(block, flight, underwater, and swim) and interpreted with re-
spect to key moderators reported in the literature, including
sex, stroke type, performance level/age category, and starting
block/platform configurations. Across studies, start perfor-
mance (typically assessed at 5-15 m) was most consistently
associated with above-water parameters, including block
time/reaction-related measures, take-off horizontal velocity,
and flight distance/entry characteristics. In comparison, the
underwater phase accounted for the largest proportion of
time from 15 m and was particularly influential in stroke-spe-
cific contexts (e.g., breaststroke). However, direct comparabil-
ity between studies is constrained by methodological hetero-
geneity (tested distance, phase definitions, and starting block
models), which should be considered when translating these
findings into applied settings.

Block phase

The block phase can be characterized as the time from
the start signal until the swimmer’s feet leave the starting
block. The percentage of this phase relative to the overall
start performance is 11% for men and 12% for women at
15 meters (Tor et al., 2014). For the 5-meter distance, this
phase accounts for 46-56% (Matt$ & Kandra¢, 2020). This
initial phase determines the flight phase and the subsequent
phases. Optimising movement on the starting block and the
kick start take-oft have been the focus of several studies ref-
erenced in our review. These studies utilized various starting
blocks or platforms, including Omega OSB11 (Matus et al.,
2024a, 2024c; Qui et al,, 2021; Wardzyk et al., 2022), Omega
OSB12 starting platform (Mat et al., 2021a, 2021b; Matus et
al., 2020; Matas et al., 2022; Matus$ et al., 2024b; Matas & Kan-
dra¢, 2020), Omega OSB14 (Rudnik et al., 2022; Rudnik et al.,
2023), SEIKO starting block (Hyodo & Wada, 2023), SO2-X,
Agle Timing (Djurovic et al., 2019), and KiSwim (Burkhardt
et al., 2020). All Omega starting blocks share the same sur-
face treatment and kick plate (adjusted the kick plate to posi-
tions 1-5) and are commonly used at major events such as the
Olympic Games. Starting blocks from other manufacturers or
their models may differ in this aspect, which could potentially
affect the resulting kinematic parameters in the block phase.
However, no study has specifically addressed this issue.

The swimmer’s initial set position may influence perfor-
mance in the kick-start block phase. Variations in arm place-
ment can shift the body’s centre of mass. At the same time, the
kick-plate setting can further modify the initial body configu-
ration and joint angles, which together may affect block-phase
mechanics. For descriptive purposes, we classify the set posi-
tion on the starting block as front-, neutral-, and rear-weight-
ed. Among junior swimmers, comparisons of these set posi-
tions revealed the most significant differences in block-phase
kinematics between the front- and rear-weighted positions
across all kick-plate settings. Moreover, the rear-weighted po-
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sition combined with kick-plate settings 3-4 was associated
with the fastest time to 5 m and characteristic set-position an-
gles (FKA 131-133° RKA 80-82°, trunk angle 40-43°) (Mat$
et al., 2020; Matds et al., 2021a; Matu$ & Kandrac, 2020).

Junior swimmers achieved similar angular values in the
basic position as male swimmers (Matu$ et al., 2021b). The
trunk angle at toe-off was correlated with starting perfor-
mance for both elite male and female swimmers (Shepherd
et al,, 2023). Wardzyk et al. (2022) divided swimmers into
two groups: fast swimmers (FS) and slow swimmers (SS). FS
swimmers achieved a higher hip position at the start signal
(p>0.05, 1.56£0.05 meters vs. 1.45+£0.05 meters). Other dif-
ferences were observed in the entry angle (23.89+6.50° vs.
35.12+3.43°). From this perspective, competitive swimmers
should focus on setting the kick plate, arm position, and in-
creasing hip elevation in the initial position, which may help
maximise horizontal take-oft velocity.

In terms of time parameters in the block phase, block
time ranged from 0.68-0.91 seconds in junior swimmers
(Matus et al., 2020; Matus et al., 2020c; Matus et al., 2021;
Matas et al., 2024a; Matds et al., 2024b; Matu§ & Kandrac,
2020; Wardzyk et al.,, 2022), 0.66 - 0.72 seconds in senior
swimmers (Djurkovic et al., 2019; Matas et al., 2024a, 2024b;
Sanchez etal., 2021), and 0.59 - 0.72 seconds in elite swimmers
(Rundik et al., 2022; Rudnik et al., 2023; Shepherd et al., 2023).
Differences in swimmer performance can correspond to a
0.09-second difference in block time. Elite swimmers achieved
a reaction time of 0.17-0.18 seconds (Rudik et al., 2022). Bur-
khardt et al. (2020) identified high reliability (ICC>0.75) for
block time from the start to 15 meters. Djurkovic et al. (2019)
reported a significant effect of block time (t=2.88; p=0.010)
on 10 meters. Women showed longer block times (p=0.002;
np>=0.18) and shorter reaction times than men (Matds et al.,
2021a; Matus et al,, 2021b; Matas et al., 2024a, 2024c; Rud-
nik et al., 2022; Rudnik et al., 2023). Cicenia et al. (2020) ob-
served differences in block time among elite swimmers (F
(2, 38)=4.264, p=0.026). Block time was shorter when the
kick plate distance was one shin’s length versus < shin length
(0.691+0.055 seconds vs 0.715+0.056 seconds) and > shin
length (0.691+0.055 seconds vs 0.698+0.056 seconds, p<0.05).
The results of the aforementioned studies indicate that reac-
tion time and block time depend on the starting position on
the block, with junior and elite swimmers achieving shorter
reaction times in a front-weighted position. In Rudnik et al.
(2022), elite female swimmers had the shortest block time and
reaction time when the kick plate was shifted one level back
from their preferred position. Across stroke types, swimmers
achieved shorter block times in freestyle than in breaststroke
(Matus et al., 2024a, 2024c¢). For the 50-meter and 100-meter
breaststroke starts, high correlations (r=0.76-0.91) were found
between block time and final time for both genders (Sanchez
etal., 2021).

Regarding the hands take-off, elite swimmers achieved
shorter times in forward and backward positions one level
from their preferred kick plate position, while hands take-off
reaction time was the same for all kick plate positions. Elite
female swimmers achieved the shortest times in the preferred
position (Rudnik et al., 2022). In the study by Hyodo and
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Wada (2023), the involvement of the upper limbs in body
velocity during the start jump was evaluated. Swimmers who
engaged their arms during the start jump from the starting
block achieved significantly higher vertical velocities (p>0.05)
at a smaller take-off angle than in starts without arm involve-
ment. This may affect the directional velocity.

Regarding the time characteristics of the lower limbs on
the Omega OSB14 starting block, elite swimmers achieved
the shortest rear-foot take-off and rear-foot take-oft reaction
times in the rear position of the kick plate, one level from the
preferred position (p>0.05). Conversely, in the front foot sup-
port, this was the slowest position (p>0.05). Similar results
were found for elite female swimmers. In this basic position,
the shortest block movement time was measured (0.55+0.05
seconds). Elite female swimmers had a more extended move-
ment time by 0.05-0.06 seconds. Regardless of the kick plate
position, swimmers achieved similar times on the starting
block. The forward position of the kick plate delayed rear-foot
take-off and shortened the duration of the front-foot stand
(Rudnik et al., 2022). Elite swimmers achieved a take-off hor-
izontal velocity of 4.37-4.58 m/s, a take-off vertical velocity of
-0.61 m/s, and a final take-off velocity of 4.63 m/s. For elite
junior swimmers, take-oft parameters were lower (Qiu et al.,
2021; Rudnik et al., 2023; Shepherd et al., 2023). Compared
to women, men achieved higher take-off velocities (p<0.001;
np>=0.29) (Rudnik et al., 2023). Shifting the kick plate one
level forward from the preferred position reduced rear-foot
take-oft and shortened the front-foot stand. A kick plate posi-
tion effect was observed for those variables, with larger effect
sizes in males, whereas in females, a change of approximately
two positions was required to achieve significance (Rudnik,
2022). Significant correlations (p<0.01) were also found for
elite junior female swimmers between take-off horizontal and
vertical velocity (Qiu et al., 2021) and time to 5 meters. Take-
off velocity was identified as a reliable kinematic parameter
(ICC>0.75) in the start to 15 meters (Burkhardt et al., 2020).

Other studies have explored lower-limb positioning in
the basic position, such as strong front vs. back (Burkhardt
et al., 2020), non-preferential vs. preferential (Mat$ et al.,
2021b), and wide vs. narrow (Matus et al., 2024b). Burkhardt
et al. (2020) recommend that swimmers (of varying perfor-
mance levels, men and women together) place their stron-
ger lower limb on the kick plate. On the other hand, Matus$
et al. (2021b) highlight the importance of lower limb dom-
inance and its placement on the OSB12 starting platform.
For most tested female swimmers, the optimal basic position
on the starting block was neutral- or rear-weighted, with the
kick plate set to positions 3—-4 and the right leg placed on the
front edge of the OSB12 platform. In the study by Matus et al.
(2024b), wide vs narrow basic positions on the starting block
revealed significant differences (p<0.05) in block time (0.02
second), time to 2 meter (0.05 second), flight and glide time
and distance, maximal depth, and time to 5 meter (0.08 s) in
favor of the narrow position. They recommend that starting
blocks or their platforms feature a central line to help swim-
mers better orient themselves and correctly position their feet
in the basic starting position.
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Flight phase

The flight phase can be characterised as the time from
the last contact of the lower limbs with the starting block to
the first contact with the water surface. At a distance of 15 me-
ters, this phase accounts for 4% in men and 5% in women (Tor
et al., 2014). For the 5-meter distance, the phase represents
19-22% (Matt$ & Kandrac, 2020). When determining differ-
ences in the selected flight phase parameters among junior
competitive swimmers, significant differences (p<0.05) were
found between the front-weighted start (kick plate in position
1) and other starts. The most extended flight phase (2.74-2.80
meters), ranging from 0.35 seconds to 0.37 seconds, was re-
corded when the takeoff angle was between 40° and 41°. The
head distance from the water surface ranged from 1.33 meters
to 1.38 meters, with subsequent water entry at 38° following
the rear-weighted start with the kick plate in positions 3 and
4. These parameters resulted in the shortest times to 5 meters
(Matu$ & Kandrac, 2020). With a higher hip joint position in
the basic position on the starting block, swimmers achieved a
more extended flight phase by 0.12 meters in a shorter time of
0.07 seconds and a smaller takeoff angle of 11.23° and entry
angle of 3.56° compared to swimmers with a lower position
(Wardzyk et al., 2022). Regarding flight time and distance,
junior swimmers achieved 0.27-0.41 seconds at 2.61-3.40 me-
ters, seniors 0.31 seconds at 3.25-3.60 meters, and elite swim-
mers 0.29-0.34 seconds at 2.83 meters. For juniors, the takeoft
angle ranged from 23° to 41°, and the entry angle was 36° to
39°, while elite swimmers had a takeoff angle of 34° and an en-
try angle of 37° (Matus et al., 2021a; Matus et al., 2022; Matus
etal., 2024a; Matus et al,, 2024c; Rudnik et al., 2022; Rudnik et
al.,, 2023; Sanchez et al., 202; Shepherd et al., 2023; Wardzyk et
al., 2022). Gender differences (p<0.01) were observed in wom-
en, with a shorter flight phase (p<0.001; np2=0.40), as well as a
shorter flight distance (Matus et al., 2021b; Matus et al., 2024a,
2024c¢; Rudnik et al., 2022; Rudnik et al., 2023). Among ju-
nior elite female swimmers, a significant correlation (p<0.05)
was found between the length of the flight phase, entry angle,
and time to 5 meters (Qiu et al., 2021). Djurkovic et al. (2019)
highlighted the impact of flight phase parameters on the final
time to 10 meters: entry velocity (t=-13.17; p=0.000), flight
time (t=9.54; p=0.000), flight distance (t=-2.67; p=0.016), and
flight velocity (t=2.53; p=0.021). The differences observed
during the flight phase are attributable to the swimmers’ start-
ing block position and performance levels. When comparing
swimming styles, swimmers in freestyle and breaststroke ex-
hibited similar flight-phase times. However, differences were
observed in flight distance, with swimmers in breaststroke
achieving up to 3.60 meters (Matus et al., 2024a, 2024c).

Underwater phase

This is one of the longest phases of the start phases. The
underwater phase can be characterised as the period from the
swimmer’s entry into the water until resurfacing to resume
swimming. Overall, this phase accounts for 61% in men and
52% in women for the start-to-15-meter phase (Tor et al,
2014). The underwater phase can be divided into gliding and
the first swimming movements, during which the swimmer
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reaches the water’s surface and begins swimming. For the first
5 meters, gliding contributes 30-33% to the final time (Matus
& Kandrég, 2020). In the 50-meter freestyle, the contribution
was 42% for men and 41% for women. In the 50-meter breast-
stroke, the contribution was 54% for men and 49% for women,
depending on the age category (Matas et al., 2024a; Matas et
al., 2024c). Performance in this phase can also be influenced to
some extent by performance in the previous phases (block and
flight). In studies in which performance was monitored only at
5 meters, competitive swimmers exhibited only gliding with-
out undulation (Matus et al., 2020; Matus et al., 2021a; Matu$
et al.,, 2021b; Matus et al., 2022; Matus et al., 2024b; Matt$ and
Kandrag, 2020). In these studies, glide time ranged from 0.52
to 0.55 seconds, glide distance from 2.27 to 2.39 meters, and
maximum depth from -0.89 to -0.92 meters. In the study by
Wardzyk et al. (2022), a shorter glide time and distance were re-
corded with a deeper maximum depth (-1.05 to -1.11 meters).
The authors point out that competitive swimmers with a higher
hip position at the start signal had a shorter glide time by 0.05
seconds. The differences between the studies were attributable
to methodological differences: in this study, swimmers per-
formed starts up to 15 meters, whereas in the other study, they
performed starts up to 5 meters. This means their glide distance
and time were shorter, as the subsequent first kick, undulation,
first arm movements, resurfacing, and swimming began. Elite
junior female swimmers reached a smaller maximum depth
of -0.73 meters, with the first kick occurring at a distance of
5.4040.48 meters (Qiu et al., 2021). Competitive junior female
swimmers also reached a smaller maximum depth (Matus et
al., 2021). Djurkovic et al. (2019) highlighted the impact of un-
derwater time on the final time to 10 meters (t=66.09; p=0.000).
In freestyle for 50 meters, inter-sex differences were more evi-
dent in underwater time (p<0.01) than in underwater distance
(p<0.05). Senior swimmers (both men and women) had a
more extended underwater phase than juniors. Similarly, this
was also the case in the breaststroke swimming style. A great-
er underwater distance was observed among swimmers in the
50-meter breaststroke discipline (Matus et al., 2024a, 2024c),
as this swimming style is not limited to 15 meters, unlike other
swimming styles. In the study by Sanchez et al. (2021), during
the 50-meter breaststroke start, senior swimmers achieved
a shorter distance (12.50+0.92 meters) than at the 100-meter
breaststroke start (13.37+1.28 meters). Women achieved ap-
proximately 1 meter shorter underwater distance. Regarding
the time to 5 meters, junior swimmers achieved a shorter time
when the rear support was at the 3rd or 4th level, with a neu-
tral or rear-weighted position (Matus et al., 2020; Matas et al.,
2021b, Matus et al., 2024; Matus and Kandrac, 2020), when the
hip joint position was higher during the start signal (Wardzyk
et al., 2022) and with a narrower basic position on the starting
block (Matus$ et al., 2024b). The key parameters determining
performance to 5 meters during the above-water phase include
rear knee angle, block time, take-off angle, and time to 2 meters
(Matus et al., 2021a).

Swim phase

The swim phase is the period following the underwater
phase, extending from the moment the swimmer’s head resur-
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faces to the water’s surface until the head reaches the 15-meter
mark. The percentage contribution of this phase to the total
time at 15 meters was 22% for men and 33% for women (Tor
et al, 2014). In the 50-meter freestyle, the contribution was
44% for men and 47% for women. In the 50-meter breast-
stroke, the contribution was 35% for men and 41% for wom-
en, depending on the age category (Matus et al., 2024a; Matas$
etal., 2024c).

Regarding performance in the 15-meter start, senior
(6.31-6.72 seconds) and elite (6.33-6.41 seconds) swimmers
recorded shorter times than junior competitive swimmers
(6.94-7.09 seconds) (Matus et al., 2024c¢; Rudnik et al., 2022;
Rudnik et al., 2023; Sanchez et al., 2021; Wardzyk et al., 2022).
Women recorded times approximately 1 second slower (Qiu
etal, 2021; Rudnik et al., 2022; Rudnik et al., 2023; Sanchez et
al.,, 2021; Shepherd et al., 2023). The time between T5 - 10 me-
ters was 2.35 seconds, and the time between T10 - 15 meters
was 2.56 seconds. For women, the times were slightly longer
(Rudnik et al., 2023). A shorter time to 15 meters was also in-
fluenced by the starting position on the block and the position
of the rear support (Rudnik et al., 2022; Wardzyk et al., 2022).

This suggests that the acceleration gained during the un-
derwater and above-water phases gradually decreases during
the swim phase, as the swimmer transitions from the air to
the water environment, with the swimmer achieving the great-
est acceleration during the block phase. A significant correla-
tion was found between variables describing overall starting
performance (times to 5-meter, 10-meter, and 15-meter) and
variables commonly identified as determinants of starting per-
formance (block phase duration, take-off horizontal velocity,
and flight distance) in male swimmers (Rudnik et al., 2023).

Practical implications

The present synthesis suggests that coaches and swim-
mers should prioritise start-phase elements that were most
consistently linked to performance across studies. In practical
terms, this includes the systematic individualisation of the set
position (kick-plate setting, arm placement, and hip height) to
improve take-off mechanics (particularly horizontal velocity)
and to control entry characteristics that subsequently shape
the underwater trajectory. Given the stroke-specific contribu-
tion of the underwater phase (notably in breaststroke), start
optimisation should be aligned with the race demands and
the swimmer’s ability to maintain efficient underwater speed.
Where possible, practitioners should use repeated trials and
reliable kinematic indicators (e.g., block time, take-off veloc-
ity, flight distance) to monitor start changes over time rather
than relying on a single trial.

Strengths

A key strength of this review is the phase-based organ-
isation of the kick-start literature, which enables coaches
and researchers to interpret findings within a coherent per-
formance framework (block, flight, underwater, swim). By
summarising evidence across different populations (junior,
senior, elite; male and female) and stroke contexts, the review
provides an applied overview of which kinematic parameters
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most consistently relate to start performance and which ap-
pear more dependent on protocol and equipment.

Limitations and future directions

The conclusions of this review should be interpreted in
light of methodological heterogeneity across studies, includ-
ing differences in tested distances (e.g., 5 m vs. 15 m), phase
definitions, measurement systems, sample sizes, and starting
block/platform models. This limits direct quantitative compa-
rability and may partially explain conflicting results for some
parameters. In addition to methodological heterogeneity, the
overall quality and potential risk of bias of the included studies
should also be considered when interpreting the present find-
ings. The included studies were of good to fair methodological
quality with a generally low to moderate risk of bias. The most
common limitations were small sample sizes, lack of sample
size justification, and limited reporting of assessor blinding,
which are typical in biomechanical studies of elite athletes. Fu-
ture research should aim to standardise reporting (clear phase
definitions and consistent outcome metrics), directly compare
starting block models and kick-plate configurations under
controlled conditions, and include more stroke-specific and
sex-specific analyses. Longitudinal/intervention designs are
also needed to determine whether targeted changes in start
mechanics translate into meaningful improvements in com-
petition performance.

Conclusion

The results of the studies included in this review high-
light differences across the block, flight, underwater, and swim
phases with respect to sex, stroke type, and performance. The
reviewed evidence suggests that several technique modifica-
tions can optimise the kick start: a kick-plate setting at level
3 or 4; a narrow stance with a neutral- or rear-weighted set
position; and a higher hip position at the start signal, tailored
to sex, stroke, and performance level. Collectively, these ad-
justments were associated with improvements in above-water
and underwater execution, resulting in shorter times to 5 m,
10 m, and 15 m. Overall, the most consistent performance
benefits across studies appear to come from optimising the set
position and take-off mechanics to support an effective entry
and a faster underwater transition. Therefore, the start opti-
misation should primarily target the block-to-entry sequence
and the quality of the underwater phase, as these elements
most directly translate into faster early-race performance. In-
sights into the kick-start technique should assist coaches and
swimmers in achieving a more effective kick start, which is
commonly used in elite swimming competitions.

Acknowledgement

The research was funded by grant project VEGA 1/0462/22
entitled “The effect of starting block configuration on the kinematic
parameters affecting the starting performance in swimming"

Conflict of Interest
The authors declare that there is no conflict of interest.

Received: 05 May 2025 | Accepted: 04 January 2026 | Pub-
lished: 01 February 2026

DOI10.26773/smj.260220

KICK START ANALYSIS | LMATUS ET AL.

References

Barlow, H., Halaki, M., Stuelcken, M., Greene, A., & Sinclair, P. J. (2014).
The effect of different kick start positions on OMEGA OSB11
blocks on free swimming time to 15 m in developmental level
swimmers. Human Movement Science, 34, 178-186. https://doi.
org/10.1016/j.humov.2014.02.002

Burkhardt, D., Born, D., Singh, N. B., Oberhofer, K., Carradori, S., Sini-
staj, S., & Lorenzetti, S. (2020). Key performance indicators
and leg positioning for the kick-start in competitive swimmers.
Sports Biomechanics, 22(6), 752-766. https://doi.org/10.1080/
14763141.2020.1761435

Cicenia, A., Oster, C., & Mokha, M. (2020). Using shin length to deter-
mine kick plate position optimizes select swim start mechanics
in elite swimmers. ISBS Proceedings Archive, 38(1), 880.

Cossor, J. M., & Mason, B. R. (2001). Swim start performances at the
Sydney 2000 Olympic Games [Unpublished manuscript]. Austra-
lian Institute of Sport.

Burovi¢, M., Vranesi¢-Hadzimehmedovi¢, D., Paunovié, M., Stojanovic,
N., Madi¢, D., & Okici¢, T. (2019). The influence of starting param-
eters on time to 10 m in male sprint swimmers. In T. lancheva, S.
Djobova, & M. Kuleva (Eds.), Proceedings of the International Sci-
entific Congress “Applied Sports Sciences”, November 15-16,
2019, Sofia, Bulgaria (pp. 159-162). Sofia, Bulgaria: NSA.

Hyodo, H., & Wada, T. (2023). 3D motion analysis of kick start mo-
tion-Effects of upper limb movements on the body when leaving
the platform-. Electronics and Communications in Japan, 106(2).
https://doi.org/10.1002/ecj.12400

Matus, I, & Kandrag, R. (2020). Kinematic analysis of the kick start
from OSB12. Physical Activity Review, 8(2), 86—96. https://doi.
org/10.16926/par.2020.08.25

Matus, |, Kandrag, R, Vadasova, B., Cech, P, & Ruzbarsky, P. (2020).
Changes in the front and rear knee angles depending on the body
and kick plate positions during the kick start. Journal of Phys-
ical Education and Sport, 20(Supplement issue 6), 3323-3329.
https://doi.org/10.7752/jpes.2020.s6450

Matus, I, Ruzbarsky, P, Vadasov3, B., & Cech, P. (2021). Leg domi-
nance and OSB12 kick start performance in young competitive
swimmers. International Journal of Environmental Research
and Public Health, 18(24), 13156. https://doi.org/10.3390/
ijerph182413156

Matus, I., Ruzbarsky, P, Vadasovg, B., & Czarny, W. (2022). Horizon-
tal and vertical jumping abilities and kick start performance in
competitive swimmers. Journal of Physical Education and Sport,
22(1), 273-280. https://doi.org/10.7752/jpes.2022.01035

Matus, 1., Ruzbarsky, P, & Vadasova, B. (2021). Key parameters af-
fecting kick start performance in competitive swimming. Inter-
national Journal of Environmental Research and Public Health,
18(22), 11909. https://doi.org/10.3390/ijerph182211909

Matus, I., Vadasova, B., Elia$, T., Czarny, W., Labudovd, J., & Grzndr,
L. (2024). Swim start and performance in 50 m freestyle in
different age categories of competitive swimmers. Pedago-
gy of Physical Culture and Sports, 28(1), 33-42. https://doi.
org/10.15561/26649837.2024.0104

Matus, |, Vadasova, B., Elias, T, Rydzik, ., Ambrozy, T., & Czarny,
W. (2024b). Foot placement in the basic position on the start
block 0SB12 of young competitive swimmers. Sports, 12(2), 42.
https://doi.org/10.3390/sports12020042

Matus, I, Ruzbarsky, P, Vadasovg, B., Elias, T., Czarny, W., & Ném§,
K. (2023). Gender-related differences in kinematic parameters
of the start and performance in a 50m breaststroke swimming.
Journal of Kinesiology and Exercise Sciences, 34(106), 28-37.
https://doi.org/10.5604/01.3001.0054.2946

Qiu, X., Veiga, S., Lorenzo, A, Kibele, A., & Navarro, E. (2021). Differ-
ences in the key parameters of the individual versus relay swim-
ming starts. Sports Biomechanics, 23(5), 598-610. https://doi.or
9/10.1080/14763141.2021.1878262

Rudnik, D., Rejman, M., Machado, L., Fernandes, R. J., & Vilas-Boas,

193



KICK START ANALYSIS | LMATUS ET AL.

J. P. (2022). Does the back plate position influence swimming
start temporal characteristics? International Journal of Envi-
ronmental Research and Public Health, 19(5), 2722. https://doi.
0rg/10.3390/ijerph19052722

Rudnik, D., Rejman, M., Machado, L., Fernandes, R. J., & Vilas-Boas,
J. P. (2022b). Does the back plate position influence swimming
start temporal characteristics? International Journal of Envi-
ronmental Research and Public Health, 19(5), 2722. https://doi.
org/10.3390/ijerph19052722

Rudnik, D. M., Rejman, M., & Vilas-Boas, J. P. (2023). The kinematic
profile of ventral swimming start: sex diversity. Frontiers in Physi-
ology, 14. https://doi.org/10.3389/fphys.2023.1157359

Sanchez, L., Arellano, R., & Cuenca-Fernandez, F. (2021). Analysis
and influence of the underwater phase of breaststroke on short-
course 50 and 100m performance. International Journal of Per-
formance Analysis in Sport, 21(3), 307-323. https://doi.org/10.1
080/24748668.2021.1885838

Shepherd, I, Lindley, M. R., Logan, O., Mears, A, Pain, M. T. G., & King,
M. (2021). The effect of body position and mass centre veloc-
ity at toe off on the start performance of elite swimmers and
how this differs between gender. Sports Biomechanics, 22(12),
1659-1668. https://doi.org/10.1080/14763141.2021.1919750

194

Silveira, R. P, Stergiou, P, Figueiredo, P, Castro, F. S., Katz, L., & Stefa-
nyshyn, D. J. (2018). Key determinants of time to 5 m in different
ventral swimming start techniques. European Journal of Sport
Science. https://doi.org/10.1080/17461391.2018.1486460

Swiss Timing Ltd. (2019). 0SB11 - Swimming starting block (Data-
sheet; OSB11 anTiSlip_V3/03-2019). https://www.swisstim-
ing.com/fileadmin/Resources/Data/Datasheets/DOCM_AQ_
0SB11_anTiSlip_0519.pdf

Taladriz Blanco, S., de la Fuente Caynzos, B., & Arellano Colomina,
R. (2017). Ventral swimming starts, changes and recent evo-
lution: A systematic review. Retos: Nuevas Tendencias en Edu-
cacidn Fisica, Deporte y Recreacidn, (32), 279-288. https://doi.
org/10.47197/retos.v0i32.49535

Tor, E., Pease, D. L., & Ball, K. A. (2015). Comparing three underwa-
ter trajectories of the swimming start. Journal of Science and
Medicine in Sport, 18(6), 725-729. https://doi.org/10.1016/j.
jsams.2014.10.005

Wadrzyk, t., Staszkiewicz, R., Kryst, £, & Zegler, M. (2021). Kinematic
analysis of above- and underwater swim start phases of male
swimmers aged 16-18 years. Human Movement, 23(4), 123~
132. https://doi.org/10.5114/hm.2021.105573

Sport Mont 24 (2026) 20: 179-194



