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Ventral svimminggtarts changesand recent evolution: A sysematicreview

Cambios y reciente evolucién de las salidas ventrales de natacion: revison sstemética
* SoniaTdadriz Blanco, ** BlancadelaFuente Caynzos, * Rall Ardlano Colomina
*Universidad de Granada (Espafia), ** Centro deAlto Rendimiento de SierraNevada, Granada (Espafia)

Abgtract. The purpose of this study was two-fold: to anayse the last changes produced in the swimming starts as a consequence of the implementation
of kick-gtart; and to present topics for future studies and guidance for coaches and swimmers. Fifty studies were reviewed: forty-eight related to the grab
dart, six focused on the track start and 14 studied the kick-start. Nine additiona studies were comparisons between the grab start and track dtart, six
compared the track start and kick-start and just one compared the three start techniques. The outcomes of the studies included in this review showed
clear advantages in the kick-start performance with respect to the grab start or track start. The back plate implementation enhanced the force
development on the block resulting in larger horizonta take-off velocities and shorter block times. These advantages induced significant improvements
in the flight phase with larger distance travelled in less time and shorter time to 5, 10 and 15 m. The use of flexibility training programs as well as lower
body strength and power are recommended for an improvement in kick-start technique.

Keywords: Biomechanics, performance, grab start, track start, kick-start.

Resumen. El propdsito de esta revision fue andizar 1os Ultimos cambios producidos en las sdidas de natacion debido a la gparicion de un nuevo poyete
implementado con un gpoyo posterior y presentar temas para futuras investigaciones y una guia para entrenadores y nadadores. Para llevar a cabo
dichos objetivos cincuenta estudios fueron revisados de los cudes cuarenta 'y ocho andizaron la salida de agarre, seis incluyeron la sdida de atletismo y
14 |a sdlida de atletismo con gpoyo pogterior. Ademés, una comparacion entre & rendimiento de la sdida de agarre y la sdida de atletismo fue llevada
a cabo en nueve de los estudios incluidos en esta revision, seis compararon la sdida de atletismo y la salida de atletismo con apoyo posterior y solamente
uno incdluy6 una comparativa entre |as tres técnicas. Los resultados de |os estudios mostraron claras ventgjas en d rendimiento de la sdlida con los nuevos
poyetes con apoyo posterior en comparacion a la sdida de agarre o la sdida de atletismo. La implementacion del apoyo posterior incremento la fuerza
generada en e poyete permitiendo obtener una mayor velocidad horizontal en € despegue y un menor tiempo de poyete. Estas ventgjas dieron lugar
amegoras en lafase de vudo (tiempo de vueo y digancia de vuelo) y en los tiempos de sdidaalos 5, 10 y 15 m. Parala meora de la sdida de atletisno
con apoyo posterior se recomienda a entrenadores y nadadores incluir programas de entrenamiento dirigidos a una mejor aplicacion de fuerza en €

poyete con apoyo posterior.

Palabras clave: biomecénica, rendimiento, sdida de agarre, salida de atletismo, salida de atletismo con gpoyo posterior.

Introduction

The swimming gart is the first component of a swimming race
followed by stroking, turning and finishing (Hay, Guimaraes, &
Grimgton, 1983). Throughout history, many definitions were used to
quantify theswimming start performance. Typicaly, itisquantitatively
measured by the elgpsed time between the start Sgnd and the moment
whentheswimmer’shead crassesanimeginary linesetat 10m. (Ardlano,
Brown, Cappaert, & Nelson, 1994) or 15 m. (Cossor & Mason, 2001,
Issurin & Verbitsky, 2002) from the edge of the swimming pool.
However, 5m., 7.5 m., 9m. or 12 m. wereaso used asthelocation to
st the finish of the sart phase, likewise the svimmer’s hip, toe or
handswereused asthereferencesegments(Ardlano, Moreno, Martinez,
& Ofig, 1996; Ayaon, Van Ghduwe, & Kanitz, 1975; Bid, Fischer, &
Kibele 2010; Lee, Huang, & Lee, 2012; Takeda, Takagi, & Tsubekimoto,
2012; Welcher, Richard, Hinrichs, & George, 2008).

The swimming dtart is consdered decisvein thefind race result
egpecidly inshort events. During theWorld Swimming Chempionships
held in Barcelona (2013), the start time, measured in 15 m, accounted
for 24%and 11%of thetotd timein50 mand 100 m. eventsrespectively
(Argudles-Cienfuegos& Del aFuente-Caynzos 2014). Therdevance
of thegtart phase on thetota swimming race performancegaveriseto
the devel opment of different start techniques over theyears. The most
popular techniques in the freestyle, butterfly and breaststroke events
are the Grab Start (GS), Track Start and Kick-Start (KS). The GS
appearedinthelate 1960sand ischaracterized by aparald postion of
thefeat in the garting block while the hands grab the front edge of the
gtating block. The TS gppeared in 1973 (Fitzgerald, 1973) but did not
gain popularity until the 1990s. This technique is characterized by
placing onefoot onthefront edge of the sarting block and the other on
therear part of thegtarting block. Bothtechniques(GSand TS) coexisted
for more than forty years due to disagreements over their advantages
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and disadvantages. Severd authors did not give priority to the use of
one technique over another, concluding thet the best dart is the one
mogt practiced by the swimmer (Blanksby, Nicholson, & Elliot, 2002;
Mason, Alcock, & Fowlie, 2007; Vantorre, Seifert, Fernandes, Vilas
Boas, & Challet, 2010a). Other invedtigationsgavepreferencetothe TS
over the GS (Isurin & Verbitsky, 2002) or vice versa (Kriiger, Wick,
Hohmann, El-Bahrawi, & Koth, 2003).

TheK Segppearedin 2009 after FINA (Federation Internationalede
Natetion) approved the use of a new garting block that features an
«adjustableand danted footrest» (FR.2.7. Sarting platformsin FINA's
rules). This starting block represented a dramatic improvement in the
swimming startsalowing theswvimmersasimilar sarting positionthan
theonesadoptedinthe TS, However, thistechniqueoffersto swimmers
the advantageto placetheir reer foot on astable and adjustable surface
depending of their preferences. Different investigations including the
KS were carried out to compare this technique with the TS (Bereticg
Duroviag & Okidiag 2012; Nomura, Takeda, & Takagi, 2010; Ozeki,
Sakural, Taguchi, & Takise, 2012), to determinethe correct or optimal
beck plateposition or to establishtheoptima body positionof svimmers
on the starting block with a back plate (Honda, Sinclair, Mason, &
Pease, 2010, 2012; Ozeki et d., 2012; Slawson, Conway, Cossor, &
Wegt, 2012). Despite its recent introduction, researchers found clear
advantegesof theK Simprovingthe15m. timeby .14 s inditecollegiate
swimmers (Ozeki et d., 2012).

Currently the KS has been adopted by most of swimmers in
international competitionsthankstowidespread useof thenew starting
block with beck plate. This fact supposed the dedinein GSand TS
popularity inlast years: competition. The dramétic changes happened
inthe gtart techniquesin the last years makeit necessary to review the
current knowl edge about thisphaseof theswimming race. Thepurpose
of the present review was two-fold: to anadyse the advantages of the
last changes produced in the svimming starts as aconsaquence of the
implementation of KS; and to present topics for future studies and
guidancefor coachesand svimmers Withthispurpose, thediscusson
of the results is divided into four phases: block phase, flight phase,
water phase and swim phase (Cosor & Mason, 2001, Guimaraes &
Hay, 1985; Tor, Pease, & Badll, 20145, Vantorreet d., 20108).
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Methods

Variables definition

For adetailed biomechanicd andysisof thesvimming artsseverd
definitions of tempord, kinematic and kinetic variableswere used. In
order to dlarify theinformation provided in this systematic review, we
show adefinition of themost commonly varigblesused in the different
Sudies (Table 1).

Table 1.
Variables definition

VARIABLE DEFINITION AUTHORS
Time5m(s) Starting signal--head crossthe5m_ Arellano et al. (2000)
Time7.5m(s) Starting signal--head crossthe 7.5 m _Biel et d. (2010)
Time10m (s) Starting signal--head crossthe 10 m _ Arellano et al. (2000)

Issurin & Verbitsky (2002); Ozeki et al.
(2012); Ruschel et d. (2007); Seifert et
a. (2010); Ventorre et d. (2011);
Vantorre et a. (2010b); Vantorre et a.
(2010); West et . (2011)

Barlow et al. (2014); Blanksby et a.
(2002); Mason et d. (2007)

Arellano et a. (2000); Beretic et a.
(2012); Issurin & Verbitsky (2002);
Nomura et a. (2010); Ozeki et a.
(2012); Ruschel et d. (2007); Seifert et
d. (2007); Seifert et a. (2010);
Vantorre et a. (2010b); Vantorre et al.
(2010)

Mason et al. (2007)

Timeto1l5m(s) Start signal--head crossthe 15m

Starting signal--first sensible

Reaction time (s) movement

Starting signal--feet separation from

Blockime(g)  Paform

Starting signal--total vertica force fell

to zero.
Horizontal/ hip /block edge Galbraith et a. (2008)

Arellano et a. (2000); Beretic et a.
Horizontal/center masslblock edge  (2012); Nomura et a. (2010); Ozeki et

al. (2012); Vantorre et al. (2011)
Resultant velocity vector/horizontal  Nomura et al. (2010)

Armg/Trunk and body/hori zontal Vantorre et al. (2010)
Ankle/hip/hori zontal Seifert et a. (2010)

Take-off angle (°)

C:[:é;"ga Magnitude of the horizontal, vertical  Arellano et a. (2000); Galbraith et al.
resultant take-off and resultant vel ocity of the CoM (2008); Nomura et d. (2010); Ozeki et
velocity (mis) vector at take-off al. (2012); Mason et . (2007)
Angular Product of the momentum of inertia  Vantorre et a. (2011); Vantorre et &.
momenturm and angular velocity (2010)
(kg.m?/s)
Knee angle (°) Hip/knee/ankle at the set position (BZ%T%I)C e a. (2012); Nomura et d.
Ankleangle (%) Knee/ankle/finger toe at the set Beretic et al. (2012); Nomura et a.
position (2010)
Hip angle () Ankle/hip/shoul der Seifert et d. (2010)
CoM legs/hip/shoulder Vantorre et al. (2011)
Arellano et a. (2000); Beretic et a.
(2012); Blanksby et a. (2002); Nomura
Take-off--entry hands et al. (2010); Seifert et al. (2010);
Flight time () Vantorre et a. (2010b); Vantorre et al.
(2010)
Take-off--head making contact with  Ruschel et al. (2007); Seifert et d.
the water (2007)

Beretic et a. (2012); Blanksby et a.
(2002); Galbraith et a. (2008); Nomura
et a. (2010); Ozeki et al. (2012);
Seifert et a. (2010)

Vantorre et al. (2010)

Beretic et al. (2012); Ozeki et d. (2012)
Ruschel et a. (2007)

Seifert et a. (2010)

Barlow et d. (2014)

Ozeki, Sakurai & Taguchi (2008)

Flight distance (m) Take-off--hands touch the water

Trunk/Horizontal

CM/ horizontal /hands
Trunk/horizontal /head
Wrist/hip/horizontal
Horizontal/fingertips/hip joint
Angle of attack (°) Velocity vector CoM/CoM/Hands

Entry angle (°)

Data Search and Sudy Sdection

Literaturesearcheswereperformedinthe PubMed, Web of Science
(WOS), Scopus, and SPORT Discusdatabases. We screened for sudies
that performed a biomechanica andyds of the most popular sart
techniques used in competition in the last years (GS, TS and/or KS).
Consequently, the main search term keyword used was «Smmming
Sart». Moreover, this keyword was combined (using the connectors
«AND» «OR») with the terms biomechanics, performance, grab start,
track gtart and kick-gtart such as the search terms were: «swimming
start AND biomechanics», «swimming start AND performance»,
«awimming start AND (grab start OR track start OR kick-start)».

In addition to the database searches, we a so conducted asearch of
the Proceedings of the ISBS (www.isbs.org), the «International
Symposium of Biomechanics in Swimming» and the «International
Symposiumon Biomechanicsand Medicinein Swvimming. Additiondly,
other documentary sources (booksor web pages) werecheckedin order
toinvolveadl rdevant sudies about svimming garts.

The searchwas medein December 2015 and was restricted based
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on the publishing year. Only studies from 1% January 2000 to 21¢
December 2015wereindudedinthisreview. Thetotd databasesearches
produced 161 resultsin the PubMed database, 766 resultsin the Web
of Sciencedatabase, 375 resultsin the Scopusdatabase and 367 results
inthe SPORTDiscusdatabase. Proceedingsof international congresses
on biomechanicsand other documentary sourcesreported atota of 98
results (Figure 1).

|

Literature search
Databases: Pubmed (161}, Web of Science (766), Scopus (375), SPORTDiscus (367}
Other sources: meeting abstracts (ISBS, BMS) (n = 92) and books’ web pages (n = &).

Records identified through Additional records identified
database researching through other sources
n= 669 n =98

Identification

—l{ 1588 excluded after checking the title and abstract

Exclusion: No ventral stant techniques (n = 696),
Records afler checking the no human participants (n = 373), populations with
inclusion criteria > discases or pathologies (n = 18), no high
n=179 competitive level (n = 34), no  access 1o the full

text (n = 239), no English language (n = 28).

Sercening

4’{ 106 excluded after checki:

Full-text articles assessed for
eligibility
n=73

—

I

23 full text articles excluded ]

Eligibility

Exclusion: Without experimental analysis
{n =3), no ventral start techniques (n = 11)
and no high competitive level (n=9).

Studies included in quantitative
synthesis
n=50

Included

[ Grab start (n =14) i | Girab start vs track start (n = 9) I

[ Track start (n = 6) i | Girab start vs kick-start (n = 1) I

L | f Kick-start {n = 14) I | Track start vs kick-start (n h}l

Figure 1.
PRISMA diagram adapted describing the search protocol used in our review (Liberati et al., 2009).

Inclusion criteria

e Papers with an experimental analysis, which reported
quantitative results of the analysed varigbles.

e Studiesinvolved the swimming sport reporting resultsof ven-
tral start techniques.

e Human participants. All studies indluding robots or animd
pecieswereexcluded.

e Studiesfocusad on populationswithout diseesesor pathologies.

e Highcompstitiveleve of thesample(nationd, international or
diteswimmers). Only sudieswherewasensurean enough experience
in the svimming starts performance for al participantswereincluded
inthisreview.

o Referenceswith accesstothefull text.

o SudiespublishedintheEnglishlanguage.

After finishing the literature search we proceed to dismiss the
papers basad on the title and abdtract aswell asthe inclusion criteria
Then, ascreening based on therepeated resultsand adetail ed reading of
thecompletearticlewascarried out. Two different reviewersexamined
the articles retrieved for incluson in this review. Furthermore, athird
reviewer evaluated the articles and determined the inclusion when
discrepancies between the firgt ones reviewers happened. Findly, a
totd of 50 papers were included in this review. Figure 1 display the
diagram of theliterature search and the paper selection process.

Results

Theliteraturesearch disclosed 50 sudies, betweenthem, 14 gudies
indudedthe GStechnique, six the T Stechniqueand 14 theK Stechnique.
Moreover, 16 studies reported a comparison between some of these
techniques: nine compared TS and GS, six TS and KS and just one
compared the three techniques (GS, TS and KS). Table 2 shows a
summary of each udy including the sample size, the objectives, the
gtart technique and the main results.
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Table 2.

Summary of each study included in the review.

Start

Author Subjects technique Objective Main results and conclusions
Grab Start Toimprovethe swimmer'sstarting  Negative vertical force before at take-off hands. Progressive increase in horizontal force.
Arellano et al. (2000) 17 swimmers technique integrating force and video  Correlation between horizontal force on the block and timeto 10 m. (r = -.522).
datafrom al the starting phases. Correlation between resultant vel ocity at handsentry andtime to 5 m. (r = -.56).
To identify the key features at take-off
Berjanuvatraet al. 16 females (9elite, 7 Grab Start g]a(i\?:;mtlr;esﬂ:trs;g?a:zse and Signif_icantly higf_\er horizontal_impulseand shorte_' time t(_) 5and 15 m. ?n the_elite s:vim_mers.
. N X ¥ . Negative correlation between time to 5 m. and horizontal impulse for elite swimmers (r = -.701)
(2007) trained) four different jumping (CM J height, Lack of relationships between the grab start and jumping performances.
SQJheight, CMJ distance, SQJ :
distance).
To determine the swimmers’ loss of . . . . . .
_ ) speed and the factors and the motor The_ sream_l ined position should be held _untll 5.63-6._0:!. m. to avoid create hydrodynamic resstance.
Elipot et al. (2009) 8 swimmers Grab Start AN N " A kinematical synergy of the shoulder, hip and knee jointsis determinant for the best streamlined position
coordination influencing this |ossof and to minimize the hydrodynamic resistance.
speed during the underwater phase. |
To determine the motor coordination
Elipot et al. (2010) 12 maes Grab Start  produced during the underwater The best underwater undulatory swimming is dependant on asynergic action of the hip and ankle.
phase.
. To determine the relevant factorsin -~ The swimmers should maintain the gliding phase until the 5.5 m. distance.
Houd et al. (2010) 12 swimmers Grab Start the underwater phase performance.  An optimal underwater undul atory swimming only depends on the legs and feet propul sion.
To estimate the vel ocity of the Swimmer should stay in a streamlined position until to reaches6 m.
swimmer's CoM and hip during the  The decrease of the angle of attack of the trunk and the foot was related with an improvement in the CoM
Houel et al. (2013) 10 swimmers Grab Start  underwater phase and define the and hip horizontal velocities. Angles of attack directly influence drag and lift coefficients of the body.
determinant factors in the underwater During the underwater |eg kicking, the swimmer can improve the velocity by increasing kick frequency and
phase performance. maintaining large kick amplitude.
To investigate the pattern of muscle
contraction and to compare to the Different pattern of muscle contraction between grab start, squat jump and countermovement jump. The set
Leeetal. (2001) 5(4mdes, 1femae) Grab Start squat jump and countermovement posture and the direction of movement made a more complex movement for grab start.
jump.
Leeet al. (2002) 8 males Grab start To daer_mlne the effect of muscular Muscul ar-pretension reduces the block time and increases the take-off vel ocity.
pre-tension strategy.
Ruschel et al. (2007) 4 swimmers Grab Start I;méﬁ;hggﬁhh:;mgg Sign_ificanl oorrelati_on between timeto 15 m and_ flight_disance (r =-.482), entry angle (r = .512),
maximum depth (r = .515) and underwater velocity (r = -.645).
underwater phases.
. To analysethe kinematics and Significant correlation between time to 15 m and the time in the underwater phase (r = -0.716) and short
Seifert et al. (2007) 11 males Greb Start coordination of the breaststroke start. swim phase (r = .716).
Positive correlation between entry distance (r = .38), flight time (r = .36) and block time.
Positive correlation between take-off angle (r = 0.61), entry angle (r = .45) and flight time.
Positive correlation between entry angle (r = 0.57), height (r = .39) and power devel oped during the CMJ (r
Seifert et al. (2010) 11 males Grab Start  To andysethe aerial start phase. =.40) and take-off angle.
Positive correlation between entry angle and hip velocity at water entry (r = .49).
Negative correlation between take-off angle (r = -.43), entry angle (r = -.47), entry distance (r = -.36), block
time (r =-.51), flight time (r = -.69) and the 15 m. time.
Vantorreet . (2010) 5 males Grab Start ;?galj;g‘ryﬁ)?::gr:ﬁg ihhe(; Significa_vntly less rotation _gengrated at take-off induced aflgt aeria trgjectory allowing enter into the water
" . more quickly. The arm swing increases the quantity of rotation.
mediolateral axis.
. Elite swimmers generated higher values of resultant impulse with similar block time. Consequently, they
Vantorreet . (2010b) 11 males Grab Sart ;z?gﬁiﬁgﬁ?;;gﬁggﬂﬂg left the bl_ock with high vdo_citiaand cover greater distance in less time during the flight phase. The
and trainer swimmers. raijllanl_ impulseincrease vylth _the am swing. o
Elite swimmers spent lesstime in the aerial phase and more timein the underwater phase.
To analysethe influence of the Correlation between block time and time to 15 m. (r = -.596).
Vantorre et al. (2010c) 15 males Grab Start starting actions up to 25 m distance. Correlation between flight time (r = -.504), entry time (r = -.436) and time to 15 m.
Correlation between underwater time and time to 15 m. (r = .293).
Fischer and Kibele 16 males Track Start To examine the kinematic differences Negative correlation between the hip angle at water entry (r = -.72), horizontal velocity during the
(2014a) in elite svimmers underwater phase (r =-.72), the maximal depth (r = -.69) and thetimeto 7.5 m.
To derive key parameters for the Three patterns were identified at water entry: flat dive, pike dive with aquick deflection and pike dive with
Fischer and Kibele 46 (28 males, 18 Track Start analysis of the entry phase and to adelayed deflection movement.
(2014b) females) identify different movement strategies Pike dive with aquick deflection presented larger angle of attack and entry hole as well as an optimal depth
for the entry phase. (.94 + .18).
Track Start Higher advantages in total to 10 m., horizontal and vertical peak force for the track start.

Galbraith et al. (2008)

12 (5 males, 7 females) One-handed

To compare the track start and one-

Block time and flight time influenced the time to 10 m.

track start handed track techniques. Peak horizontal force of the lower limbsinfluenced the flight distance and time to 10 m.
Vertical take-off velocity influenced the flight distance.

" To determine the rel ationship between . . . . "
GarciaRamos et a. 21 females Track Start  block phase and the times to 5, 10 and The horizontal take-off velocity a?nd the average horizontal accel eration were the two best predictors of start
(2015) 15m performance at 5, 10 and 15 m. distance.

To investigate the effect of different . . . .
. Negative correlation between time to 15 m. and entry velocity (r = -.543).
Ozeki et dl. (2008) 17 males Track Start ?;rgntmrfgﬁ:eon the performance of Positive correlation between time to 15 m. and angle of attack (r = .581).
West et al. (2011) 11 males Track start To identify and examine the variables Significant correlation between peak power (r = -.85), jump height (r = -.69), relative power (r = -.66), lower

that determine start performance.

body strength (r = -.56) of the land test and time to 15 m.

Barlow et a. (2014)

10 (7 males, 3 females) Kick-start

To investigate differences and
advantages between front, neutral ,
and rear-weighted kick-start.

Front-wei ghted kick-start showed shorter movement time, block time than neutral and rear weighted kick-
sart.
Rear-weighted kick-start showed shorter timeto 5 and 15 m.

To determine the rel ationships

Positive correlations between the peak forces measured during the land tests and the peak forces on the back

Cossor et a. (2011) 6 males Kick-start  between land tests and starting and main plate.

performance. Greater peak forces measured on |and were associated with longer flight distance.

To compare the effects of two . . . . . . .
CuecaFerenieret MU0 e 4 o oy PRGSOl postastvation Fecoumyof B minutc before tho s St incroee e i zota ke f ety and ot e bock
a. (2015) females) potentiation (PAP) on swim start Y 4

performance.

time, timeto5and 15 m.

Hondaet al. (2012)

18 (9 males, 9 females) Kick-start

To determine the performance effects
of different back plate positions and
starting positions.

A backward position of the back plate produced significantly higher horizontal take-off velocity, resultant
and horizontal peak forces but no differencesin the block time and timesto 5 and 7.5 m.

Rear-weighted kick-start showed higher horizontal take-off velocity, flight distance but lower force
production and longer time to 5 m. than front-weighted and neutral-wei ghted kick-start.

To evaluate the variation of the stance

Forward and higher CoM position on the block with a narrow stance of the back plate and aforward and

Kibele et al. (2014) 14 females Kick-start  position in the swim start lower CoM position on the block with awide stance of the back plate showed the highest advantagesin the
performance. block time, horizontal peak force and timeto 5 m.
Improvementsin lower body power during a countermovement jump after a post-activation potentiation
. . To determine the effects of a PAP (PAP) and arecovery of 8 minutes.
Kilduff etal. (2011) 9 (7 males, 2females) Kick-start stimulus on time to 15 m. No significant differences in the time to 15 m between a swim start preceded by a specific warm-up and a
swim start preceded by a PAP stimulus.
Positioning the CoM as close as possible to the start line isimportant in reducing the CoM displacement on
To compare the start performance of the block and in creating agreater CoM velocity during the pushing phase.
Slawinski et al. (2010) 12 swimmers Kick-start dlite and well trained sprinters: The maximal acceleration was reached when the rear foot pushed on the rear block, inthan .15 s.
Therate of force development and the maximal force produced within a given contraction time are
important parameters to obtain higher velocity.
Slawson et al. (2011) f32 (17 males, 14 Kick-start Is g;:zx;h;gﬁmofmigi:tceﬁ; Narrow stance produce_s aive_\ntagas in the block time, hori zontal peak force, vertical peak force, horizontal
‘emales) take-off velocity and flight distance compared to the wide stance.
the start performance.
To explore the effect of rear knee Positive significant correlations between peak force vauesand the rear knee angle (r = .701- .688). Athletes
Slawson et al. (2012) 10 maes Kick-start performed better startswhen they adopted a high front knee angle, of 135°-145° and rear knee angle of 75°-

angle on starting performance.

85° at set-up.
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Table 2.
Summary of each study

included in the review.

Author Subjects S[a.n Objective Main results and conclusions
technique
Higher average force on the back plate and high horizontal and vertical peak forces are related to a better
Provides amethodology for start performance.
Slawson et al. (2013) 46 (27 males, 19 Kick-start categorising swimming start Lower average forces on the main and back plate produced shorter block times.
. females) performance based on pesk force Larger take-off vel ocities are dependent on medium to high vertical peak force off the footrest.
production. Higher average force on the main block and lower average force on the back plate are related with larger
entry distances.
. Significantly advantages were observed for the males on the block, flight and entry phase except in the
Toretd. (20140)  LA(1Limales 3 Kick-start Iﬁﬁ%ﬁtﬂzgﬁﬁn"fﬁsﬁn vertical take-off velocity and flight time.
. females) £ During the underwater phase the males obtained higher maximum depth, underwater velocity, breakout
performance. distance, average velocity andtimeto 5, 7.5, 10 and 15 m.
Tor & d. (2014b) 52 (29 males, 23 Kickstart To analysethe kick-start relativeto  Swimmers should hold their glide at approximately 6.6 m and achieve a maximum depth of approximately
i females) gender and different strokes. - 0.92 m to minimise the velocity lost during the underwater phase.
52 (29 males, 23 ) To determine which parameters will Horizomal take-off velocity account for 81% of tlhe variancein start performance. ) .
Tor et d. (20154) females) Kick-stat  affect overal start performancethe  During the underwater phase, the time to 10 m, time underwater in descent and the time underwater in
most, using the kick-start technique.  ascent have been shown to account for 96% of the varianceiin start time.
Toinvestigate the effect of thedragin
Tor & d. (2015b) 16 (11 males, 5 Kick-start the underwater phase and the changes Total drag increases as speed increases and as the swimmer travels closer to the water surface.
. females) produced with different depthsand ~ An 8%—24% decrease in drag at speeds above 1.9 m/s and .5-1.0 m. below the surface.
speeds.
Significantly lower movement time, block time, horizontal peak force, average vertical force, vertical
To examine differences between greb impulse and vertical and resultant take-off velocity for track start than grab start.
Benjanuvatraet a. Grab Start Grab start obtained significantly lower average horizontal force.

(2004)

16 (9 males, 7 females) Track Start

start and track start and quditatively
the force development strategies.

Grab start is characterized by a progressive devel opment of horizontal force. Peak force before at take-off.
Track start showed a faster devel opment of horizontal force with two peaks corresponding to the rear foot
and the front foot.

No significant differences in reaction time, movement time, block time, flight time, flight distance and time

Grab Start To compere the grab start, track and to 10 m between grab start and track start.
Blanksby et al. (2002) 12 (5 males, 7 females) Track Start hande dive Sarts, ! Correlation between movement time (r = .529), block time (r = .580) and time to 10 m.
Handle Start Correlation between reaction time (r = -.582), movement time (r = .712) and block time.
Correlation between flight distance (r = .882), CoM position (r = -.709) and flight time.
Significantly shorter block time for track start than grab start (p < .05).
Issurin & Verbitsky 303 (152 males, 151  Grab Start Timeto 15 m. tendsto be similar between both techniques.
(2002) females) Track Start To compare grab start and track start. Positive correlation between block time and time to 15 m.
The variability of thetimeto 15 m. for 21-50% is explained by variability of block time.
Significantly shorter time to 7.5 m. for grab start.
Kriger et al. (2003) 6 females Grab Start  To comparethegrab start andtrack ~ Similar curves of the horizontal and resultant force.
. Track Start ~ start. Higher impul se between take-off hand and take-off for grab start. And, higher accel eration and take-off
velocity.
Grab Start To investigate the on block Lower movement time, block time and peak power for track start than grab start.
Mason et d. (2007) 6 swimmers Track Start characteristics of thegrab startand ~ Track start shows bimodal curve power. The rear foot generated the greatest peak values.
track start. Grab start shows the peak power closer at take-off.
Significantly shorter block time for track start.
Takeda& Nomura, 12 swimmers Grab Start  To explain the kinematic differences  No significant differencesin the horizontal take-off velocity.
(2006) Track Start  between grab start and track start Track start showed agreat contribution of rotational component by the rear foot and led alower angular
displacement of the body angle.
Grab Start To compare the performance between Positive correlation between block time and timeto 15 m. (r = .31)
Vantorre et al. (2010a) 7 maes Track Start preferentia and non-preferential Positive correlation between flight time and time to 15 m. (r = .31)
techniques and its variability. Positive correlation between entry time and time to 15 m. (r =.43)
Grab Start  To andysethe influence of start Track start showed lower vertical impulse and higher centre of mass angular momentum and angular
Vantorreet dl. (2011) 5 mdles Track Start  preference on the aerial phase. momentum for the legs than grab start.
Vilas-Boaset a. Greb Start  To compare two variants of thetrack ~ Significantly higher impulse time, block time, entry time, horizontal, vertical and resultant impulses,
(2003) Track Start _ start technique with the grab start. horizontal take-off velocity and the total displacement for rear track start than for front track start.
Bedticetd. (2012) 27 swimmers Track Start ;;?ﬁg;srl;?;ﬁsgvl:?ﬁli_ Kick-start showed significantly lower rear knee angle and rear ankle angle, block time, flight time and time
Kick-start track start. to 10 m than the track start.
To examine lower body muscle force Correlation between maximum voluntary force (r = -.559), leg extensors specific level of rate of force
Track Start characteristics and create prediction  development (r = -.338), leg extensors relative val ues of maximum muscle voluntary force (r = -.727), leg
Bereticetal. (2013) 27 males Kick-start model to improve the start extensors relative val ue of specific rate of force development (r = -.402) and time at 10m.
performance. The best model to predict time to 10 m. included maximum voluntary force, specific rate of force
development, relative voluntary force and rel ative specific rate of force devel opment.
Significantly shorter block time was observed for men that for women.
GarciaHermoso et &. 1657 swimmers Track Start  To investigate the association between Swimmers had shorter block time with the starting block with back plate.
(2013) Kick-stat  block time and final performance. Block time wasrelated with the fina performance in the men’s 50 m. event with the old platformand in the
women's 100 m. event with the starting block with back plate.
Track Start  To compare the kick-start relativeto  Kick-start shows a shorter block time, timeto 5 and 7.5 m.
Hondaet al. (2010) 14 (9 males, 5 females) Kick-start  thetrack start. Significantly larger horizontal take-off velocity and average horizontal force for the kick-start.
. . Significantly smaller valuesin the horizontal and vertical CoM position, rear ankle angle, horizontal and
Nomuraetd. (2010) 10 males ziﬁfiﬁn ﬁzs::'gv:;ernaiva;;ﬁe: of the back vertica acceleration before at take-off, take-off angle and vertical take-off velocity for track start.
P 9 9. Significantly larger values in the front and rear knee angle and front ankle angle for track start.
Ozeki et al. (2012) 11 males Track Start To compare the track start and kick- Kick-start showed significantly higher horizontal take-off velocity and shorter block time and time to 15 m.
Kick-start  start performance.
Grab Start  To compare the kinematic take-off . . . . . : .
Biel et al. (2010) 7 maes Track Start from the new starting block and from aKnlsk ?azrtsg):anai shorter block time, higher horizontal velocity and shorter time to 7.5 m. than track start
Kick-start _the traditional starting block. 9 :

Discussion

Thepurposeof thisstudy wasto andysethelast changesproduced
inthe swimming sartsasaconsequence of theimplementation of KS.
Withthisobjective, 5S0studiesandysngtheGS, TSand/or K Stechniques
were reviewed. The outcomes of the studies included in this review
showed important tempora advantages on the block and larger hori-
zontd, vertica and resultant take-off vel ocity for KS. Thisisbecauseas
a consequence of the asymmetrical position and the back plate
implementation svimmersare ableto enhancetheforce developed on
theblock without increesing theblock time. Theseadvantagesleadtoa
dramatic improvement of .14 s ontotd start performance (timeto 15
m.) rdativetothe TSand significant advantagesa 7.5m. distancethan

GS
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Block phase

Block phaseperformance

Theblock phaseisdefined asthetimed apsed betweenthegtarting
sgnd and theingant the svimmer’sfeet leave the starting block. The
time percentage contribution of this phase was shown corresponding
to an 11% of the total start performance (15 m) (Tor et d., 20143).
Previous studies agreement that block phase is not the mogt criticd
agpect of anoverdl gart performance. However, theswvimmer’smotion
on leaving the block will influence in the performance of later phases
(Masonetd., 2007). Furthermore, Issurin& Verbitsky (2002) reported
thet a21-50% of the variability at 15 m. timewas consequence of the
vaiahility in the block time. Consequently, to optimise and to define
thebest motion onleaving theblock wasthegod of themost of Sudies
including different start techniques.

Retos, nimero 32, 2017 (2° semestre)



The block phase performance s highly dependent on the type of
darttechnique. Themain differencesbetweenthe GS, TSand K Swere

found in the forces gpplied on the arting block. The asymmetrical
techniques (TSand KS) were characterized by abimoda force profile
corresponding to reer foot and front foot. In contragt, the GStechnique
showed a single pesk force before at take-off (Benjanuvatra, Lyttle,
Blanksby, & Larkin, 2004; Mason et d., 2007). As a consequence of
pushing theblock with both legstogether, the GS showed significantly
larger horizontal and resultant pesk forces, sgnificantly higher pesk
power, average vertical force and vertica impulse. Likewise, dightly
higher vertical pesk force, averageresultant forceand horizontal impul-
e vaues were obsarved for GS than TS (Benjanuvatra et d., 2004;
Kriger et d., 2003; Mason et d., 2007; Vantorre, Seifert, Fernandes,
VilasBoas, & Challet, 2010c). In contragt, Sgnificantly smdler average
horizonta force vaues were found for GS than for TS (Appendix;
Table2) (Benjanuvatraet d., 2004; Tekeda& Nomura, 2006; Vantorre
et d., 2010). Thisdisadvantage was associated with the negative hori-
zontd force values obtained for GS before at take-off hands, whereas
the gtart techniques with an asymmetrical position show aprogressive
horizonta force development aong the block phase (Ardlano et d.,
2000).

The back plate implementation supposed an improvement in the
asymmetrical techniquesby anincresse of theforcesdeveloped onthe
block. Therear foot support increased the stability of the swimmerson
the block and the capacity to develop larger forceswith thereer leg. In
this regard, different studies showed sgnificant larger vaues in the
horizonta peek force and the average horizontd force for KSthan for
TS, with differences of .04 BW and .03 BW, repectively (Appendix,
Table 2) (Honda, Sindair, Mason, & Pease, 2010). Unfortunately, a
kinetic comparison between the GS and KS was not carried out yet.

Theforcedeve opment ontheblock playsanimportant roleonthe
total block phase performance and thetotd start performance. Severd
studiesreported S gnificant correl ationsbetween theaveragehorizonta
acceleration, horizonta impulse, pesk vertica force, pesk power, ave-
rage horizonta forceand thetimeto 5, 10 or 15 m. Concerning to this,
average horizontd acceeration wasreaedtotimeto5 (r=-.71), 10(r
=-.65) and 15 m. (r = -.58) (GarciaRamos ¢ d., 2015); horizontd
impulse was associgted with timeto 5 (r = -.701) and 10 m. (r =-.52)
(Benjanuvatra, Edmunds, & Blankshy, 2007); pesk verticd forcewas
asociated with time to 10 m. (r = -.522) (Arelano, Pardillo, De La
Fuente, & Garcia, 2000); pesk power wasrelated totimeto 15m. (r =
-.85) (West, Owen, Cunningham, Cook, & Kilduf, 2011) andtheavera:
ge horizonta forcewas associated withtimeto 5m. (r =-.58), 10m (r
=-.70) and 15m. (r =-.62) (GarciaRamoset d., 2015).

Furthermore, the horizonta force development on the block has
highinfluenceonthehorizontd teke-off vel ocity, whichwasconsdered
the best predictor of the start performance. Mason et d. (2007) after
andyzing the differences between GS and TSindicated that the hori-
zontd take-off velocity isagood predictor of the starting ability when
thetake-off angleisa so cons dered. L ater, arecent sudy, which andyzed
the key parameters associated with the overal start performance for
K Stechnique, indicated the horizonta take-off vel ocity to account for
81% of the variancein thetotd start performance (Tor et d., 2015b).

In the start techniquees, larger horizontd take-off velocity permits
toswimmerstotravel grester flight distanceinlesstimeandtoenter into
thewater faster leaving shorter timeto 5, 10 and 15 m. (GarciaRamos
et d., 2015; Nomura et d., 2010; Vantorre et d., 2010b). The largest
horizontd take-off velocity va uesare dependent on the highest impul -
sedeve oped ontheblock that isdetermined by theforcedevel oped and
the block time. Consequently, studies comparing the GS and TS
highlighted the rlevanceto find an optimal balance between to spend
long time on the block to creste more force and a short block timeto
minimizethetimedeficit (Vantorreet d., 2010b; Vantorreet d., 2010c).

Studiesandyzing the differences between the TS and GS showed
similar horizontal take-off vel ocities between both techniques. In spite
of the TS developed larger average horizontd force, the GS, as a
conseguence of larger horizontal pesk force and longer block time,
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compensated thenegativeva ues of horizontd force obtained beforeat
take-off handsachieving Smilar horizontal teke-off velocity va uesthan
inTS(Benjanuvatraet d., 2004; Kriiger et d., 2003; Tekeda& Nomura,
2006). Unliked| previousstudies, theimplementation of theback plate
allowed block timeto bereduced without sacrificing horizontal impulse
(Hondaet d., 2010). Theblock timeobtained significant smdler vaues
for KSthanfor TS (Berdticeet d., 2012; GarciaHermoso et d., 2013;
Hondaet d., 2010; Ozeki et d., 2012) and it was Sgnificantly reduced
incomparisonwith GS(Bid et d., 2010). Moreover, higher horizontal
take-off velocity wasobtained for K Sthanfor GSand TSwith differences
ranged from .07 to .12 m/s. (Appendix, Teble 1) (Bid et d., 2010;
Hondaet d., 2010; Ozeki et d., 2012).

Theback plateincreased theforcedevel oped ontheblock reducing
theblock time(i.e. incresseof explosiveforce) and theresponsetimeto
thegtarting Signal and incressing the devel opment of the horizontal and
verticd accelerations(Bid et d., 2010; Hondaet d., 2010; Ozeki et d.,
2012). Nomuraet d. (2010) showed larger accd eration vaues 0.3 sjust
beforethetake-off for KSthan for TS, with differencesof .80 m/s*and
-.42 m/s? for horizontal and vertical component, respectively.
Furthermore, Sawinski et d. (2010) observed the pesk of acceleration
when the rear foot pushed on the back plate, in less than .15 s.
Consequently, svimmersareableto obtainlarger tempord advantages
before at take-off of the rear foot as well as higher horizonta force
which let shorter block time and larger horizontd take-off velocity
values. Later sudies related the ability to produce force quickly with
thetimeto 10 m. and the lower body strength and power with thetime
to 15m. (Beretiag Durovic, Okicic, & Dopsg), 2013).

Back plate and centre of mass position on the block for KS
technique

Thegreat advantages provided by the back plate and the different
configurations of this mobile surface (five different positions) hasled
some studies to focus ther investigations on the optima back plate
position (narrow, preferred or wide stance) (Honda et dl., 2012).
Moreover, most other studiesmessured different centreof masspostions
(CoM) on the block to provide differences in the KS performance.
Thesegudiesandysingthreedifferent variants Neutrd -weighted Kick-
Sart (NKS) characterized by a neutrd projection of the svimmer’s
CoM, theRear-weighted Kick-Start (RK S) with arear projection of the
svimmer’s CoM and the Front-weighted Kick-Sart (FKS), which
exhibitsafront projection of CoM in the set position (Barlow, Halaki,
Studcken, Greeng, & Sindair, 2014; Hondaet d ., 2012; Kibele, Bid, &
Fischer, 2014; Sawinski et d., 2010).

Theresultsof thesestudiesdifferedinthebiomechanicd advantages
observedfor thedifferent back plate configurationsand CoM positions
on the block. Relative to the back plate postion, awide stance of the
back plate, those pogtions further from the edge of the block, was
suggested to be optimd to obtain higher horizontd take-off velocity
and shorter block time. A narrow stance, those positions closer to the
edge of the block, dlowed to develop greater horizonta and resultant
peek forceswith therear leg (Hondaet d., 2012). In contragt, Kibeleet
a. (2014) showed larger advantagesin the block time and horizontal
peek force with a narrow stance. Similar contradictions were found
relative to the CoM postion on the block, Slawinski et d. (2010)
indicated that aCoM position doser tothedtart line (FKS) isimportant
in reducing the displacement of the CoM on the block aswell asiin
cregting a higher horizontd take-off velocity and shorter block time.
However, later studies showed lower block time, horizontal teke-off
velocity andflight distanceaswell aslonger timeto5and 15m.inFKS
thanin RKS(Kibeleet d., 2014).

Inagreement with Sawingki et d. (2010) and Seifert et d. (2012),
thecontradictionsin theresultsof thedifferent back plateconfigurations
and CoM positions could associate to changesin the knee angle. The
kneeangleisanimportant parameter intheblock performancebecause
isdirectly rdated withtheforceproduction a thestartingsignd (Sawson
etd., 2012; Sawson, Conway, Cossor, Chekravorti, & West, 2013). In
thisregard, for KSarear kneeangleapproximately at 75-85° and afront
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knee angle at 135-145° & set-position was shown the mogt effective
angles for a shorter time on the block and higher horizontal take-off
velocity (Sawsonetd., 2012, 2013). Inthisline, Savsonet d. (2012)
found that swvimmersadjusted their body position to accommodatethe
movement to the different back plate stances obtaining the same knee
anglevaues Likewise, Sawingki et d. (2010) associated theforward
CoM postionwithagreater rear kneeangle. Inthisregard, agreater rear
knee angle was shown to dlow a pogtion of the shoulder further
forward and to move the CoM closer to the start position. As a
conclusion, the optimal back plate position and the CoM position on
the block seems to be one that dlows swimmers to adopt an optimd
kneeangle

Flight phase

The flight phase is the time elapsed between the ingtant the
swimmer’sfeet leavethegtarting block and the swimmer’ sfirst contact
with thewater surface. An early sudy established thetime percentage
contribution of each phase of the gart (15 m.) reporting a 5% for this
phase (Tor et d., 20144). The flight phase performance is highly
influenced by the block phase. Furthermore, its small contribution in
theoverdl gart performanceledtofew sudiesincluding an andyssof
this phase. The most commonly parameters used for abiomechanica
andysisof theflight phase aretheflight time, flight distance and entry
angle. Hight time and flight distance were associated with the teke-off
angle(r=-.59andr=.88- .67, respectively) (Ardlano, Garcia, Gaviléan,
& Pardillo, 1996; Detanico, Heidorn, Da Pupo, Diefentheeler, & dos
Santos, 2011) and theblock time(r = .36) (Nomuraet d ., 2010; Vantorre
etd., 2010b). Moreover, theentry anglewassignificantly related with
theteke-off angle(r = .57) (Seifert et d., 2010).

The horizontd take-off velocity was dso shown an important
parameter for the flight phase performance. In agreement with early
studies, the highest horizonta take-off velocity dlows swvimmers to
cover gregter distances in lesstime during the flight (Vantorre et d.,
2010b). In this regard, the similar resultsin the flight time and flight
distance between GS and TS were related with the Smilaritiesin the
horizontal take-off velocity (Blanksby et d., 2002; Tekeda& Nomura,
2006; Vantorre et d., 2010c). On the contrary, the largest horizontal
take-off velocity vaues reported for KSthan for TS led to significant
tempora advantages but smilar distances travelled for the first one
(Beretize et d., 2012, Nomura et a., 2010; Ozeki et al., 2012).
Unfortunately, nowadays no study reported differences related to the
flight phase between the GS and KS. However, the largest horizontal
take-off velocity showedfor KSthanfor GS(Bid etd., 2010) suggests
that theK Sobtainssmilar advantagesfor GSthan the onesshowed for
TSdongtheflight.

Besides the flight time and flight distance, the swimmers' body
rotation during theflight phaseiscons dered animportant parameterin
thegtudy of svimming starts. Thisisbecauseisadeterminant factor on
thewater entry (Vantorreet d., 2010; Vantorre et d., 2011). The body
rotation depends on the angular momentum produced at take-off. In
thisregard, larger angular momentum values et teke-off will permit to
swimmerslarger rotational movement aong theflight and larger entry
angles (Vantorre e d., 2010). In spite of the reevance of the body
rotation in swimming garts, currently only one sudy measured the
angular momentum betweenthe GSand TS (Vantorreet d., 2011). The
resultspresented by Vantorreet d. (2011) reveded alarger digplacement
of thelower limbsin TSasaconsequenceof significantly larger angular
momentum for the legs aswell aslarger CoM angular momentum a
take-off obtained for TS than for GS. However, the impact of these
differenceson thewater entry was not measured. Asaconsequence of
the relevance of the angular momentum and the body rotation on the
water entry, afurther andys sinduding thisparameter would bereqguired
to observe the differences and the advantages provided to eech start
technique.

Atwater entry, theentry angleand hip angle were shown relevant
factorsfor the start performance asaconsequence of theimpact onthe
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water phase. Theentry anglewasshown to haveinfluenceonthedepth
of thegliding phaseand consequently onthedrag forceandtheaverage
velocity of the water phase (Elipot et d., 2009). The studies that
included this variable to compare the KS and TS or the GSand TS
showed Smilar resultsbetween them (Bereticeet d., 2012; Ozeki et d.,
2012; Vantorre et d., 2011). In this regard, the back plate and the
asymmetrical position seemsto not affect the water entry suggesting
that al techniques will obtain Smilar performance on the subsequent
phase (gliding phase). Concerning the hip angle, recently Fischer and
Kibee(2010) after examining thekinematic differencesrdativeto the
entry behaviour of Sxteen mae elite svimmersin the TS technique
found a strong relationship between the hip angle and the starting
performance (measured by thetimeto 7.5m.) (r=-.72). Thelargest hip
anglesat water entry seemed to minimizethelossinhorizonta vel ocity
by theuse of adolphin-kick after thefeet immersion. It wasshown that
larger angle of atack aswell asalarge entry hole are required to get
largest hip angles (Fischer & Kibele, 2014). However, no study
comparingtheGS, TSand K Sincluded thehipangle, angleof atack or
the entry hole.

Water phase

The water phase is defined as the time e apsed between the first
contact withthewater andtheswimmers heed re-surfacing. Toimprove
the anadysis of the starts, the water phase was divided into two sub-
phases: the glide phase defined as the time elgpsed between the first
contact with the water and the start of the swvimming movement; and,
theunderwater leg propulsion phase defined asthetime spent between
thefirst kick and thefirst stroke (Elipot et d., 2009). The water phase
isconddered themost important inthestart performancebecauseisthe
longest relaivetotheblock or flight phase (time percentage contribution,
56%), the fastest phase below the weter (Elipot et ., 2009; Tor et d.,
20143) and dso becauseit explainthegreatest proportioninthevariance
of the 15 m start time. However, it is important to note that the
performance of the water phase is affected to some extent by the
resulting parameters of the previous phases although the actions
performed during the gliding or underwater leg propulsion are not
dependent on the type of swimming starting technique (Mason et d.,
2007). Consequently, the god of the most of studies including start
techniqueswasto examine the characteristicsrequired to maintain the
advantages obtained on previous phases along the water phase and to
obtainthebest totd start performance without taketo account thetype
of gtart technique (Elipot, Dietrich, Hellard, & Houel, 2010; Elipot et
a., 2009; Houd, Elipot,André, & Hellard, 2013; Houd, Elipot, Andrée,
& Helard, 2010; Tor, Pease, & Bdl, 2014b, 20153).

The main objective during the water phase was shown to reduce
the drag force acting on the svimmers with the objective to avoid an
excessve loss of velocity (Cossor, Slawson, Shillabeer, Conway, &
West, 2011; Tor et d., 2014b, 2015b). With thispurpose, it wassuggested
thet the swvimmers should: 1) to get to travel between .50 and .92 m.
deepfor aslong aspossblewithvel ocitiesbe ow above 1.9 mi/s. (Elipot
etd., 2009; Houd et al., 2013; Houd et d., 2010; Tor et d., 20153); 2)
tomaintaintheve ocitiescreated during theimpulsonand aerid phase
as long as possible (Elipot et d., 2010). With this purpose, it was
indicated that the swimmersshould to keepthebest Sreamlineposition
duringthegliding pheseby an optimal combined action of theshoulder,
hip and knee to minimize the hydrodynamic resistance (Elipot et .,
2009; Houd etd., 2013; Houd et d., 2010); 3) tokeepthegliding phese
until the 5.5 m. and 6.6 m. (Elipot et d., 2009; Sefert, Vantorre, &
Challet, 2007); and, 4) to produce high propulsive force during the
underwater kicking through an optimal action of the hip and anklethet
permitsto incressetheleg amplitudewith not affect the drag (Elipot et
d.,2010; Elipot et d., 2009; Ruschd, Araujo, Pereira, & Roeder, 2007).

Themost commonly parametersused to comparethewater phase
of different gtart techniques included parameters related to the Start
performance(timeto5, 7.5, 10 or 15m). Concerning tothis, impercep-
tibledifferenceswereshownwhenthesvimmersreached 5, 7.5and 15
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m. distance between the GSand TS (Benjanuvatraet d., 2004; Mason
etd., 2007; Vantorre et d., 20108). However, tempora advantages of
.04, .15and .14 s werereportedinthe’, 10and 15m. time, repectively,
fortheKScomparedtothe TS (Beretiaeet d., 2012; Hondaet d ., 2010;
Ozeki et d., 2012). Moreover, Significant advantagesfor KSweredso
observedinthe 7.5 mtimerdativetothe GS (Bid et d., 2010).

Swim phase

The swim phaseisthetime following the water phase, defined as
theinterva from head resurfacesuntil thecentreof theheed reached the
15m. mark (Cossor & Mason, 2001). Thetimepercentage contribution
of this phase was shown corresponding to an 28% of the totd dart
performance (15 m. time) (Tor et d., 2014a). However, to our best
knowledge no study incdluded the swim phase for the andysis of the
swvimgarts Thisisbecausepreviousstudiesreved ed postivecorrdation
between the swim phase and thetimeto 15 m. for trainer and nationa
swimmers (r = .716 and r = .673, respectively). In thisregard, shorter
swim phases seem to be more property to the best start performance.
Similar conclusionsweresupported by Cossor & Mason (2001). These
authorsfound negetivecorrdlation between thedistanceof theunderwater
phase and the 15 m. time (1 = -.942- (-.646)).

Conclusions

The results of the studies included in this systematic review
demondtrated thet the KS is a superior technique due to the larger
gpplication of force on the block, mainly when therear foot is pushing
the back plate, and the shortest block time. As a consequence of the
increase of the force developed on the block and the reduction on the
timeinvested ontheblock, K Sobtainslarger horizontd take-off velocity
which supposeadecreasein theflight timeand similar flight distances
relative to older techniques (GS or TS). These advantages and the
similarities observed between the GS, TSand KS & water entry let to
important advantages in the KS performance, with shorter time to 5,
75,10and15m.

Practical applicationsfor coach and svimmers

Based ontheresultsof thedifferent studies, threeobjectivescanbe
caried out for theimprovement of kick-gtart technique: 1) toincrease
the development of force on the block in ashorter time (i.e. explosive
force). With this purpose Slawinski et a. (2010) recommended a
resgtance training program with different practicd methods, a power
training, power and strength training followed by speed training and
speed training methods. Likewise, dthough vertica jumpsperforman-
ce(Squat Jump and Counter Movement Jump) wereshown not directly
trandferred to the grab start performance (Benjanuvatra et d., 2007;
Lee, Huang, Lin, & Lee, 2002; Lee, Huang, Wang, & Lin, 2001) for
asymmetrical techniques, the 15 m time was related with Counter
Movement Jump height and relative power (West et d., 2011). These
results emphasized the use of training programs designed to improve
the lower body strength and power. Moreover, to include a post-
activation potentiation protocol (PAP) with an adequate recovery in
the warm-up was shown to improve thelower body power (Kilduff et
d., 2011). Concerning to this, arecent study showed that PAPinduces
sgnificantly improves in pesk forces (Cuenca-Fernandez, Lopez-
Contreras, & Ardlano, 2015). Inagreement with theseauthors, awarm-
up including a dynamic stretching followed by the PAP stimulus of
fourmaximd repetitionsontheYoYo suet flywhed deviceeght minutes
beforetheswimraceincressethehorizontd take-off velocity and decrease
theblock time, timeto5and 15m. of theK Stechnique; 2) toinvesttime
inatechnicd traningwiththeaimto determinethebest starting position;
based on the study of Sawson et d. (2012, 2013), to adopt an optimal
et pogtion that permits afront and rear knee angle approximately at
135-145° and 75-85°, repectively, is akey factor for quickest block
timeand horizontd take-off vel ocity. Consequently, coachand svimmers
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should to invest time determining the best back plate postion and
CoM position on the block with the objectiveto reech an optima knee
angle. A biomechanicsspeciaist isal so recommended to determinethe
best svimmer’s body postion on the block. Moreover, a flexibility
training of the hamstring wasrecommended tofacilitatetheuseof these
angles, and, 3) to improve the water entry and water phase. At water
entry, an increase in the angle of attack and the hip angle was shown
essentia to minimize the loss in horizontal velocity by the use of a
dolphin-kick after the feet immersion (Fischer & Kibele, 2010).
Moreover, to increase the power kicking during the underwater leg
kicking phase, theamplitudeand frequency wasa so shownrelevant to
improvethewater phase (Elipot et d., 2010; Elipot et d., 2009; Ruschdl,
Araujo, Perdira, & Roeder, 2007). With these objectives, flexibility
training and agtrength trai ning wererecommended withtheobjectiveto
reach an hyperextended hip position a water entry and to develop a
power dolphin-kick after thefeetimmersion, to get an optimal action of
thehipandankleduringthelegkicking phaseand toincreasethe power
kicking.

Future directions

Ingpiteof therecent gopearanceof theK Stechnique, theadvantages
in respect to older techniques (GS or TS) are convincing. However,
many questions and contradictory results were found in the studies
including this technique. Concerning to this, future sudies will be
interesingtoimprovethekick-gart techniqueand thebest underganding
of its performance:

e The main advantages observed for KS in respect to the TS
wereassod ated with theforcedeve oped ontheblock. Asaconsegquence
of the back plate implementation, the KS dlows to swimmers larger
forcedeve oped ontheblock reducing theblock time. However, kinetic
comparison between the KS and GS were not carry out yet. In this
sense, studies comparing both techniques seemto berequired with the
objectiveto determinethedifferencesand advantagesfor KS.

o ForKS, severd sudiesweremadewiththe objectiveto deter-
mine the best back plate configuration as well as an optima body
position on the block. Concerning to this, contradictory results were
observed with respect totheadvantagesprovided to svimmers. Different
sudiesassociated these contradi ctionsto differencesin thekneeangle,
which was shown an important parameter in the force production on
the block. In this regard, an analysis about the advantages and
disadvantagesof different back plate configurationsand CoM postion
incdluding thekneeangleasan angular parameter seemsto berequired.

e During the flight phase, the body rotation was shown a
determinant factor for thegtart performance becauseitsinfluenceonthe
water performance. Severd studiesincuding the angular momentum
were performed comparing the GS and TS. However, to our best
knowledge this variable was not measured for the KS technique.
Consequently, studies including the angular momentum and body
rotation for KS seem to be required with the objective to andyse its
influencein the water entry and water phase.

o Atentry into thewater, the hip anglewas dso determined an
important parameter for an optima start performance. Thisisbecause
larger hipanglesa water entry wereassociated tolower lossinhorizon-
tal velocity by the use of a dolphin-kick after the feet immersion.
Moreover, hip angle was shown influenced by theangle of atack and
the entry hole. In spite of the rlevance of this parameter, few studies
includedthisparameterinther andyss Furthermore, to our knowledge
nostudy andysing theK Stechniqueinduded thesevariables Concerning
to this, an andysis about the entry into the water for KS technique is
requiredincluding thehip angle, angle of attack and entry hole.

Acknowledgments
Theauthorswish to acknowledge the support of the group «Sport

and Physical Activity in the Aquatic Environment» (CTS-527) in
providing access to their own library and ingtitutional publication

- 285 -



Appendix

Table 1.
Mean and standard deviation values of the biomechanical variables on the bl ock obtained comparing the grab start, track start and kick-start techniques.
Start Technique BT (9 Vx (m/s) Vy (m/s) Vr (m/s) Ax (M/s) Ay (M/s?)
Kriiger et a (2003) Grab Start 91+.14
Track Start 91+.10
Benjanuvatraet a. (2004) Grab Start .94 +.04* 423+ .51 3.04 + .86* 527+ .61*
Track Start .89 +.07* 419+ .37 2.07 +.75* 472+ 52*
Takedaet d. (2006) Grab Start .78 +.03* 438+ .13
Track Start 71* 4.26
Vantorre et d. (2010a) Grab Start .98 +.09
Track Start .89+.07
Beretic et al. (2012) Track Start 76 + .05
Kick-Start .73 +.04*
Hondaet a. (2010) Track Start .80 +.01* 4.41+ 03*
Kick-Start 77 +.01* 448+ .04*
Nomura et al. (2010) Track Start .78 +.03 4.38+.22 -.81 + .45* 447+ .30 7.96 + .79* -.58+.79*
Kick-Start .76 +.04 4.34 + .26 -.65 + .45* 441+ .32 8.76 + .87* 16+ 1.13*
Ozeki et d. (2012) Track Start .74 + .04* 429+ 12* 448+ 18"
Kick-Start .70 +.04* 441+ 18* 458+ .26*

*Significant differences (p <0.05)

Note: BT: Block Time; Vx: Horizontal Take-off Velocity; Vy: Vertica Take-off velocity; Vr: Resultant Take-off Velocity; Ax: Horizontal Acceleration during 0.3 s before the take-off; Ay: Vertical Acceleration

during 0.3 s before the take-off.

Table 1.
Continued
Start Technique Fx peak (N) Fx (N) Fy (N) 1x (N.) ly (N.g)
Benjeruatract . (2004) Grab Start 92543+ 238.28* 397.64 % 108.90° 984.60 £176.05° 308,51+ 84.08 765.06 + 146.06"
! : Track Start 609.22 + 136.10* 428,68 + 103,23 919.11 + 104.50¢ 304.51 + 75.60 655.15+ 151.94*
Grab Start 21044286 937.2+ 138.1*
Vantorreetdl. (20103) Track Start 21844245 835.8+87.8
Track Start 1.09+.04BW 57+ .01* BW
Hondaetdl. (2010) Kick-Start 113+ .04BW 60+ .01* BW

*Significant differences (p <0.05)

Note: Fx peak: Peak Horizontal Force; Fx: Average Horizontal Force; Fy: Average Vertical Force; Ix: Horizontal Impulse; 1y: Vertical Impulse.

Table2.

Mean and standard deviation for the biomechanical variables during the flight phase obtained comparing grab start, track start and kick-start techniques.

Start Technique Flight time (s) Flight distance (m) Entry angle (°)
- Grab Start .33+ .05
Kriiger et a. (2003) Track Start 34+ 08
Grab Start 3.25+.20
Takedaet d. (2006) Track Start 3.15
Grab Start .29+ .05
Vantorre et d. (2010a) Track Start 30+ .05
. Track Start 1.07 + .06* 241+ .15 4241+324
Bereticetal. (2012) Kick-Start 1.02+ 07* 2.37+.15 42.22+ 5,66
Track Start 3.00+.19
Nomura et al. (2010) Kick-Start 2.99+.18
. Track Start 2.69+.23 39.3+22
Ozeki et a. (2012) Kick-Start 2.69+.20 385+24

*Significant differences (p <0.05)

Table3.

Mean and standard deviation for the biomechanical variables during the water phase obtained comparing grab start, track start and kick-start techniques.

Start Technique Timeto5m (s) Timeto7.5m (s) Timeto 10 m (s) Timeto 15 m (s)
. Grab Start 3.36+.21*
Kriiger et a. (2003) Track Start 3.56 + .35*
Vantorre et d. (20108) Teck St S6s 3
" Track Start 3.99 +3.84*
Beretic et al. (2012) Kick-Start 3.84+.27%
Track Start 1.66 + .01* 273+ .02
Hondaet a. (2010) Kick-Start 1.62+ .01* 269+ .02
. Track Start 6.92+ .34*
Ozeki et . (2012) Kick-Start 6.78+ .33*

*Significant differences (p <0.05)
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