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Abstract  

This study aimed to 1) identify what starting block outcome kinetics have the greatest 

relationship to 15 m start time; 2) investigate key mechanistic determinants of the block 

phase and how these forces are sequenced. One hundred and fifty-two high-level competitive 

swimmers were included in the study. Linear mixed modelling identified four on-block 

outcome kinetic variables (work, average power, horizontal take-off velocity (HTOV), and 

average acceleration) as having a very large relationship (R2 = 0.79 - 0.83) to 15 m start time, 

with average power having the most substantial impact. On-block force sequencing started 

with the rear leg, followed by upper limb grab forces and the front leg. Further exploration of 

underlying determinants was performed for average power and HTOV of the centre of mass. 

Multiple linear regression identified grab resultant peak force, rear resultant average force, 

front horizontal peak force, and resultant peak force as significant predictors of average 

power (R2 = 0.88). HTOV was predicted using the same variables, apart from the inclusion of 

rear horizontal peak force instead of rear resultant average force (R2 = 0.73). These findings 

may influence how strength and conditioning and skill acquisition interventions are designed 

to improve swim start performance. 

 

Introduction 

Competitive swimming races can be decided by the smallest of margins (Miller, Hay, & 

Wilson, 1984). As an example, at the 2016 Olympic Games, 0.01 seconds decided medal 

outcomes in the men’s 50 m freestyle, 100 m butterfly and 200 m backstroke events, along 

with the women’s 100 m freestyle, 100 m backstroke and 4x100 m medley relay. Given how 

close competitions results can be, swimmers must maximise performance in every aspect of 

the race to achieve success. Analysis of competition races generally divides the race into four 
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segments: the start, the free swim component, turns and the finish (Cossor & Mason, 2001; 

Mason & Cossor, 2000; Mason, Sacilotto, Hazrati, & Mackintosh, 2015). The swim start is 

defined as the time from the start signal to the swimmer’s head crossing the 15 m mark, with 

this segment further broken down into the block, flight and underwater phases (Cossor & 

Mason, 2001). Although a swimmer spends the highest percentage of the start in the 

underwater phase, the block phase is reported to have the most impact on the duration of the 

flight and subsequently the underwater phase (Slawson, Conway, Cossor, Chakravorti, & 

West, 2013). A block phase resulting in greater horizontal take-off velocity (HTOV) will tend 

to produce greater flight distance and a higher velocity on entry into the water (Mason, 

Alcock, & Fowlie, 2007; Welcher, Hinrichs, & George, 2008).  

The OSB11 (OMEGA, Zurich, Switzerland) features an adjustable kick plate angled at 30° to 

the front plate that can be placed in one of five different positions, each at a set distance (35 

mm intervals) along the length of the starting platform. This starting block led to the 

development of the kick start technique, which is currently used by swimmers in international 

competitions (Vantorre, Chollet, & Seifert, 2014). The rationale for this design was that the 

additional kick plate allows for an increased duration of horizontal force application on the 

blocks, which increases horizontal impulse and horizontal velocity at take-off, and a reduced 

time to 5 m and 7.5 m (Honda, Sinclair, Mason, & Pease, 2010).  

Much of the biomechanical research on the block phase has explored kinetic and kinematic 

outcome measures that relate to swimming start performance (García-Ramos et al., 2015; 

Mason et al., 2007; Slawson et al., 2013). In an attempt to determine the most important on-

block measures for swim start performance, Garcia-Ramos et al. (2015) examined 18 on-

block variables, identifying average horizontal force, HTOV, resultant take-off velocity and 

average horizontal acceleration as significantly correlated to time to 15 m in 21 competitive 

female swimmers. However, relatively little is known in terms of how the on-block kinetics 
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influences the kinematic descriptors of the block phase, such as HTOV and average 

horizontal acceleration (Takeda, Takagi, & Tsubakimoto, 2012).  

Previous kinetic research examining force production on the starting block has highlighted 

the different roles that the front and rear leg have during the block phase (Ikeda et al., 2016; 

Slawson et al., 2013; Takeda, Sakai, Takagi, Okuno, & Tsubakimoto, 2017). Slawson et al. 

(2013) observed higher horizontal and vertical peak forces were associated with better block 

performance, as assessed by shorter block time, higher take-off velocities and greater entry 

distances. In addition, Ikeda et al. (2016) and Takeda et al. (2017) identified the early 

development of large force impulses from the hands and rear leg contributed towards the 

HTOV off the blocks.  

Current limitations of previous studies are the relatively small sample sizes (n = 11 – 46), and 

the examination of either the relationship of mechanistic variables to block performance 

measures (Ikeda et al., 2016; Slawson et al., 2013; Takeda et al., 2017) or outcome block 

kinetic measures to start performance in female swimmers (García-Ramos et al., 2015) but 

not both elements within the same population incorporating both sexes. A deeper 

understanding of the underlying kinetic and temporal sequencing of these forces on the 

starting block in a larger sample of competitive swimmers (than the 11 - 46 used in previous 

studies) may assist in the assessment of swim start performance as well as the prescription of 

technical drills and/or strength and conditioning programmes to improve starting 

performance. 

Therefore, the two aims of this study were: 1) Identify what block outcome measures have 

the greatest impact on front crawl 15 m kick start time in a large sample of both male and 

female high-performance swimmers; 2) Identify and describe the sequencing of key on-block 

mechanistic variables that contribute to block outcome measures identified in part one and 
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how these forces are sequenced. We hypothesised that 1) HTOV would be the strongest 

predictor of 15 m start time and 2) average force (impulse) values would be more important 

than peak forces in determining contributions of the rear leg, front leg, and arms to on-block 

performance with these relationships existing independent of sex.  

 

Methods 

Study design 

A cross-sectional study design was conducted to quantify the relationship between starting 

block outcome measures from instrumented force plates to swim start performance as 

assessed by 15 m start time.  

Participants 

One hundred and fifty-two athletes with at least two years of competitive experience were 

included in the study. To contextualise the level of participants studied, state developmental 

level was comprised of swimmers who competed at the most recent national championships. 

Elite level comprised of swimmers who had competed internationally in either the Olympics, 

Commonwealth Games or World Championships. All participants provided written informed 

consent to participate in the study, which was conducted in accordance with the Declaration 

of Helsinki and approved by the Bond University Human Research Ethics Committee. 

Methodology 

Ventral starts were selected from a database of start trials tested between December 2015 and 

December 2019 using the Kistler Performance Analysis System – Swimming (KiSwim, 

Kistler Winterthur, Switzerland; Kistler 2020). Participants performed maximal 15 m ventral 

starts with their main swim stroke (front crawl, butterfly, breaststroke). Trials were started as 
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per competition conditions and swimmers were instructed to swim to a distance past the 15 m 

mark, to ensure that representative 15 m start times were obtained (Barlow, Halaki, 

Stuelcken, Greene, & Sinclair, 2014).  

In Section 1, to avoid the potential confounding influence of speed differences in both the 

underwater and swim phases of the butterfly and breaststroke, only front crawl was included 

in the time to 15 m analysis as it comprised majority of the participants (n = 101) (Thng, 

Pearson, Rathbone, & Keogh, 2020). Multiple trials were included in the analysis, with a total 

of 53 males (22.6 ± 3.2 years, 78.7 ± 9.6 kg) and 48 females (21.0 ± 3.8 years, 64.7 ± 6.1 kg) 

performing a total of 758 front crawl swim starts. As the block phase for all ventral starts are 

similar, front crawl (n = 56), breaststroke (n = 19), and butterfly (n = 19) were included in 

Section 2. Swimmers had to have at least three starts to 15 m in the database, with the fastest 

three swim starts of each swimmer selected for analysis. Forty-nine males (23.5 ± 2.9 years, 

80.5 ± 7.0 kg) and 45 females (23.5 ± 3.7 years, 66.3 ± 5.7 years) with a total of 282 swim 

starts were included in the analysis in Section 2. 

Equipment 

The KiSwim utilises an instrumented starting block with three force plates, constructed to 

match the dimensions of the Omega OSB11 block (KiSwim Type 9691A1; Kistler 

Winterthur, Switzerland; Figure 1A). The force plates were constructed to collect front leg 

and arms (front plate) and rear leg forces (kick plate) separately (Figure 1B and 1C). The 

grab bar and the front plate were separated by a 2 mm gap to distinguish the grab forces from 

the arms and the front leg force production (Burkhardt et al., 2020). Time to 15 m was 

collected using a calibrated high-speed digital camera (100 fps) positioned 1.3 m underwater 

and perpendicular to the swimmer. The time to 15 m was defined as the period from the 

starting signal until the apex of the swimmers’ head passed the 15 m mark (Barlow et al., 

2014). An Infinity Start System (Colorado Time Systems, Loveland, Colorado, USA) 
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provided an audible starting signal to the athletes synchronised to the KiSwim system. All 

KiSwim variables are described in Table 1, with definitions provided in the supplementary 

material. 

 

Figure 1. (A) The KiSwim instrumented starting block with three force plates. The foot plate, 

front plate and grab bar allows assessment of the rear leg, front leg, and hand forces, 

respectively. (B) Starting position of a swimmer on the instrumented starting block and the 

force profile of the grab forces from the arms (solid orange line), rear leg (solid green line) 

and front leg forces (solid pink line) (C) Swimmer taking off from the starting block and the 

force profile of the horizontal front (solid pink line), vertical front (dashed pink line) leg 

forces and horizontal rear (solid green line), vertical rear (dashed green line) leg forces. 
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Table 1. Kinetic and kinematic parameters and split times derived from the KiSwim Performance Analysis System. 

Reaction time Key movement timing 

events (expressed as a 

percentage of block 

time) 

On-block force application (all 

variables are expressed per body 

mass and as a percentage of block 

time) 

On-block outcome kinetics and 

kinematics 

Performance times 

Time to 1st move (s) Hands off (s) Horizontal peak force (N) Average power (W/kg) Time to 5m, 7.5m, 10m,  

1st move rear (s) Toe off rear (s) Vertical peak force (N) Work/kg (J/kg) 15m (s) 

1st move grab (s)  Resultant peak force (N) Horizontal take-off velocity (m/s)  

1st move front (s)  Front horizontal peak force (N) Average acceleration (m/s/s)  

  Front vertical peak force (N) Resultant average force  

  Front resultant peak force (N) Vertical take-off velocity (m/s)  

  Front resultant average force (N) Resultant take-off velocity (m/s)  

  Rear horizontal peak force (N) Take-off angle (°)  

  Rear vertical peak force (N)   

  Rear resultant peak force (N)   

  Rear resultant average force (N)   

  Grab resultant average force (N)   

  Grab resultant peak force   

  Peak power (W/kg)   
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Statistical Analysis 

Descriptive statistics are reported as mean ± SD for normally distributed continuous variables 

and frequency (%) for categorical variables. Normality was checked using normal Q-Q plots 

and the Shapiro-Wilk test. In Section 1, a linear mixed model approach including sex, race 

suit and front crawl as fixed effects and participant as a random effect was used to predict 

time to 15 m with the four on-block kinetic outcomes (work, average power, HTOV and 

average acceleration). In Section 2, a multiple linear regression model was fit using a 

backward stepwise approach to predict two of the four on-block kinetic outcomes (i.e. 

average power and HTOV) using the on-block outcome kinetics variables in Table 1. The 

Akaike’s information criterion was used as a measure of goodness of fit for the resulting 

models which were then assessed for multicollinearity using variance inflation factor (VIF) 

values. Variables with VIF values > 5 were examined and values which were resultant forces 

were removed in preference for maintaining the vertical or horizontal components. The 

assumptions of normality, linearity and homoscedasticity of residuals were verified. Results 

of the regression modelling are presented in terms of unstandardised coefficients, the 95% CI 

and p-values, along with the R2 and residual standard error. Data were analysed with 

statistical software R version 3.5.3, with p-values < 0.05 indicating statistical significance. 

 

Results 

For clarity, the results are separated into two parts. The first section details the results of the 

relationship of the on-block outcome measures outlined in Table 1 to time to 15 m. The 

second section consists of a multiple linear regression that describes which on-block kinetic 

variables are potential predictors of the outcome variables identified in Section 1.  
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Section 1 

The outcome kinetic variables were ranked by their marginal R2 value, with males having a 

faster start time to 15 m than females (p < 0.001) (Table 2). To illustrate which variables could 

affect a meaningful change in time to 15 m, a change of one standard deviation of each variable 

was applied and resulting change in predicted time to 15 m was calculated. All 4 outcome 

variables had a significant relationship to time to 15 m (R2 = 0.79 – 0.83) (Table 2). Both 

average power and average acceleration presented a quadratic relationship to time to 15 m, 

while HTOV and work had a linear relationship to time to 15 m. Modelling indicated that a one 

standard deviation increase in average power reduced time to 15 m by 0.20 s (3.2 %) and 0.17 

s (2.4 %) for an average male and female swimmer, respectively. In comparison, equivalent 

changes in the other three outcome variables examined are expected to produce improvements 

of 1.8 – 2.5 % for males and 1.7 – 2.1 % for females. 
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Table 2. Outcome kinetic variables ranked by marginal R2 value with male and female (means and standard deviations) with predicted change in 

time to 15m based on an addition of 1 standard deviation to each variable. 

  Males Females 

Block outcome 

variables 

  Predicted change in time to 15m 

based on an addition of 1 SD 

 Predicted change in time to 15m 

based on an addition of 1 SD 

Marginal 

R2 

Mean ± SD  - 1 SD Mean time 

to 15m 

+1 SD Mean ± SD - 1 SD Mean time 

to 15m 

+1 SD 

Work (J/kg) 0.83 15.61 ± 1.10 6.43 

 

6.28 

 

6.13 

 

13.44 ± 0.99 7.24 

 

7.11 

 

6.98 

 

Average Power (W/kg) 0.82 22.03 ± 2.37  6.50 

 

6.28 

 

6.08 

 

17.90 ± 1.64 7.30 

 

7.11 

 

6.94 

 

Horizontal take-off 

velocity (m/s) 

0.79 4.63 ± 0.20 6.39 

 

 

6.28 

 

6.17 

 

4.24 ± 0.20 7.23 

 

 

7.11 

 

6.99 

 

Average Acceleration 

(m/s/s) 

0.79 6.52 ± 0.56 6.45 

 

6.28 

 

6.12 

 

5.65 ± 0.47 7.27 

 

7.11 

 

6.96 
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Following the results in Section 1, average power and HTOV were chosen for the multiple 

linear regression models in Section 2 due to the following reasons: 

1) While all four variables had a very high marginal R2, when considering the 

influence of the same relative change (one standard deviation) on performance, 

average power had the greatest potential effect on time to 15 m.  

2) Horizontal take-off velocity has been consistently identified as an on-block 

variable that is most related to time to 15 m (García-Ramos et al., 2015; Tor, 

Pease, & Ball, 2015). Horizontal take-off velocity is also the most accessible 

block outcome metric examined in this paper that can be assessed in an applied 

training environment, whereby it can be determined using video analysis rather 

than requiring specialised force instrumentation. The combination of these two 

factors was justification for its inclusion in the second level of analysis. 

 

Section 2 

A multiple linear regression including rear resultant peak force, front horizontal peak force, 

grab resultant peak force and rear resultant peak force explained 88 % of the variance in 

average power (Table 3). The model for HTOV mainly used the same variables, apart from 

the inclusion of rear horizontal peak force instead of resultant peak force for a slightly lower 

proportion of the variance explained (73 %). 

 

 

 

This is an Accepted Manuscript of an article published by Taylor & Francis in Sports Biomechanics on 5 March 2021 
available online: http://www.tandfonline.com/10.1080/14763141.2021.1887342



13 
 

Table 3. Multiple linear regression models to predict average power (W/kg) and horizontal 

take-off velocity (m/s) 

  Beta coefficient  

(95% CI) 

p-value 

Average 

power (W/kg) 

Grab resultant peak force 

(N/BW) 

2.04 (1.47 to 2.61) < 0.001 

Rear resultant average force 

(N/BW) 

17.83 (15.67 to 19.99) < 0.001 

Resultant peak force  

(N/BW) 

4.17 (3.62 to 4.72)  < 0.001 

Front horizontal peak force 

(N/BW) 

7.65 (6.13 to 9.16) < 0.001 

Constant - 4.97 (- 6.24 to - 3.71)  < 0.001 

R2  0.88  

Residual standard error 

(degrees of freedom) 

1.01 (277)  

    

Horizontal 

Take-off 

velocity (m/s) 

Grab resultant peak force 

(N/BW) 

0.30 (0.22 to 0.37) < 0.001 

Rear resultant average force 

(N/BW) 

1.14 (0.83 to 1.45) < 0.001 

Rear horizontal peak force 

(N/BW) 

0.62 (0.45 to 0.79) < 0.001 

Front horizontal peak force 

(N/BW) 

0.72 (0.49 to 2.60) < 0.001 

Constant 2.44 (2.27 to 2.60) < 0.001 

R2  0.73  

Residual standard error 

(degrees of freedom) 

0.14 (277)  

 

 

Figure 2 depicts the relative timing of the five key deterministic kinetic variables described in 

Table 3. Rear resultant average force, which represents total force application from the rear 

leg, initiates first at ~ 15 % of block time, continuing through to rear toe-off at ~ 80 % of 

block time. Grab resultant peak force, observed between 25 – 50 % of block time, is the other 

key variable occurring in the first half of the block phase. Rear horizontal peak force and 

resultant peak force occur in sequence between 60 – 80 % of block time, aligned with late 
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rear leg drive. Front horizontal peak force occurs between 88 – 95 % of block time, during 

single leg drive following rear toe-off.  

 

Figure 2. Sequencing of key on-block kinetic predictors identified in the multivariate regression 

models, presented as a percentage of total block time. Bars represent the range of time in which 

each variable is typically observed. 

 

Discussion and implications 

Section 1 

This study identified all four on-block outcome kinetic variables (work, average power, 

HTOV, and average acceleration) as having a very large relationship (R2 = 0.79 – 0.83) to 

swim 15 m start time. The very high shared variance between all the on-block outcome 

variables examined and time to 15 m further supports how important the on-block phase is, 

despite only accounting for 11 % of the total time to 15 m (Slawson et al., 2013; Welcher et 

al., 2008). These results partially support our hypothesis of HTOV as the strongest predictor 

to start time to 15 m. Although all four variables had strong relationships to performance, it 

was notable that the time-relative measures (average power and average acceleration), had a 

larger relative effect on start performance than the measures for which rate of development is 

not a factor (total work and HTOV).  
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As the swim start aims to translate the body over a set horizontal distance in the shortest 

amount of time (i.e., a swimmer must perform a specific amount of work in the desired 

direction in the least possible time), it seems relatively intuitive that the ability to produce 

power (move the centre of mass anteriorly in the shortest amount of time) would be an 

essential determinant of swim start performance. Average power provides a measure that 

accounts for a swimmer’s change in velocity and the time taken to achieve this change (i.e., 

rate of change in kinetic energy; Bezodis, Willwacher, & Salo, 2019), with the time-relative 

nature being an important differentiation from other block performance variables such as total 

work and take-off velocity. However, these findings are somewhat at odds with previous 

research, which identified both average acceleration and HTOV as significant predictors of 

time to 15 m, with HTOV having a much stronger relationship than average acceleration (80 

% and 58 % respectively; García-Ramos et al., 2015; Tor et al., 2015). These differences may 

be linked to the different samples included in the studies, such as participant number, 

performance level of the swimmer or technical proficiency in the swim start.  

An additional finding of note from the current analysis, which may relate to the issue of 

technical ability, is the different overall relationship between the time-relative block outcome 

measures (average power and average acceleration), and those not rate-adjusted block 

outcome measures (work and HTOV). Our analysis identified that while work and HTOV 

displayed a linear relationship with time to 15 m, average power and average acceleration 

exhibited a quadratic relationship. This pattern meant that at the average start performance 

levels observed in this study, a swimmer would expect a bigger improvement in time to 15 m 

from the same relative change in average power or acceleration than from work or HTOV. 

These results suggest that rate of force development during the block phase should be a key 

focus for most high-level swimmers if they wish to reduce their start times. However, given 

the nature of quadratic relationships, there may be a leveling off effect towards the outer 
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ranges of average power and average acceleration production, whereby greater levels of these 

time-relative block outcome measures may not necessarily lead to large reductions in the 

swimmers’ time to 15 m performance.  

Section 2 

The purpose of this study was not only to establish the most appropriate approach to assess 

overall block performance but also to provide some mechanistic understanding of how forces 

on the block are sequenced. As identified earlier, this next layer of the investigation was 

performed using two of the block outcome measures: average power, as the strongest 

predictor of time to 15 m, and HTOV, as the most practical measure in an applied setting. 

Based on this, grab resultant peak force, rear resultant average force and front horizontal peak 

force were identified as significant predictors of both average power and HTOV, since 

multiple linear regression models explained 88 % and 73 % of the variation in average power 

and HTOV, respectively. The inclusion of resultant peak force in the model for average 

power and the integration of rear horizontal peak force in the HTOV model was the point of 

differentiation between the two outcome variables.  

Based on the impulse-momentum relationship, in which the impulse (product of force and 

time of force application) will determine the change in velocity, it was hypothesised that 

average rear leg, front leg and arm forces may be more important than their peak forces in 

determining block performance. Consistent with our findings, the literature suggests that a 

mixture of average (Ikeda et al., 2016) and peak forces (Slawson et al., 2013) are key 

determinants of block performance. Such results may reflect the complexity of the swim start 

and indicate that while the ability to produce large forces and impulses on the starting blocks 

is a key aspect of block performance, swimmers may utilise different movement strategies to 

optimise their block performance. 
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The findings in the current study highlight the importance of specific force metrics of the 

block phase for optimising performance in the swim start, with improvements in such force 

metrics made possible through technical and/or force generation (strength) development. 

From a technical perspective, another finding of this current study with potential applications 

to technical and strength training is how these different forces are sequenced. Rear resultant 

average force, which represents total force application from the rear leg drive, initiates first at 

~15% of block time, with this continuing through to rear toe-off at ~ 80 % of block time. This 

long duration of force application from the rear leg demonstrates the importance of the rear 

leg’s role as one of the primary contributors to start performance (Ikeda et al., 2016; Slawson 

et al., 2013; Takeda et al., 2017). For example, higher rear leg forces have been associated 

with better swim start performance as assessed by the shortest time on the block, fastest 

HTOV, and furthest entry distance (Slawson et al., 2013).  

Identification of the grab resultant peak force in the present study is consistent with the 

findings of Takeda et al. (2017), who identified the vital involvement of the upper limbs in 

contributing to HTOV in 11 competitive swimmers. Our results extend these findings by 

demonstrating that the upper limb forces on the front of the starting block are maximised in 

the first half of block time (25 – 50 %), during a period of early force development from the 

rear leg and initiation of the forward movement of the centre of mass. In a study examining 

the effects of an isometric pre-tension on jump performance, the use of an isometric pre-

tension recorded significantly higher peak forces and rate of force development than a 

countermovement jump (Pearson, McElroy, & Blanksby, 1999). The timing and importance 

of this peak grab force highlight the likely importance of the upper limbs’ role in initiating 

movement by not only pulling on the starting blocks, but also by creating muscular pre-

tension throughout the entire kinetic chain early in the swim start that may augment the lower 

body contribution to total force production.  

This is an Accepted Manuscript of an article published by Taylor & Francis in Sports Biomechanics on 5 March 2021 
available online: http://www.tandfonline.com/10.1080/14763141.2021.1887342



18 
 

Resultant peak force is the combination of forces measured from the front and back force 

plates, with this parameter occurring between 60 – 80 % of block time. During this period, 

both legs are driving hard on the blocks, with the front leg now being able to produce a 

posteriorly directed force that can assist in increasing the swimmer’s horizontal impulse and 

take-off velocity. Forces from the front and rear leg have been found to be significantly 

different in the swim start (Ikeda et al., 2016; Peterson Silveira et al., 2018; Takeda et al., 

2017). The front leg’s primary propulsive role is in the final period of acceleration, with front 

horizontal peak forces occurring at ~ 88 % of block time. The latent production of forces of 

the front leg highlights the requirement in maintaining a strong push off from the rear leg to 

the front leg through till toe-off. Furthermore, the identification of peak horizontal forces 

from the front leg further emphasises the direction specificity of force production not only 

from the rear leg but also the front leg throughout the block phase. Another question of 

interest to strength conditioning coaches and sport scientists is how the different joints 

contribute to this sequential force production. Quantification of joint torques have identified 

that in the rear leg, extension torques at the hip and knee joint are initially produced, followed 

by ankle plantar flexion torque and a proximal to distal triple extension of the front leg 

(Sakai, Koike, Takeda, & Takagi, 2016). This sequencing of force outputs and joint torques 

has important implications for sports scientists and swim coaches undertaking technical work 

with swimmers, as well as for strength and conditioning coaches who may look to develop 

and incorporate resistance training exercises that better match the directional and sequencing 

requirements of the block start. 

Practical Applications 

For an optimal block performance, swimmers should set themselves on the block by creating 

tension throughout the entire kinetic chain in the setup. Shortly after the start signal, high 

forces should be produced as quickly as possible on the rear kick plate. These high rear leg 
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forces need to be maintained for as long as possible until the rear foot leaves the kick plate, 

with these rear leg forces complemented by the sequential activation of the upper body on the 

grab plate and finally the front leg on the front plate. Our results suggest a requirement for 

both technical ability and physical capability in swimmers, with the magnitude, direction, and 

timing of these forces important to optimise start performance. Due to the curvilinear 

relationship that average power has with time to 15 m, the relative benefits of continuing to 

improve this may have diminishing returns on performance at higher output values. For 

example, swimmers who have lower power-generating ability, improving this should have a 

substantial effect. However, for highly trained swimmers who are already able to produce 

high levels of average power (a product of resultant forces, irrespective of orientation), 

focusing on orienting force application more horizontally on the starting blocks might be 

more beneficial. 

 

Conclusion 

In summary, this study has identified four block outcome kinetic variables (work, average 

power, average acceleration and HTOV) as strong predictors of swim start performance in a 

substantially larger sample of high-performance swimmers than assessed in previous studies. 

The underlying kinetic and temporal sequencing of forces on the starting block identified in 

this study for average power and HTOV highlights the direction and temporal specificity of 

force application on the starting block, with the rear leg having the highest contribution to 

block performance. Swim coaches and sport scientists may use these results to inform the 

development of strength and conditioning and/or skill acquisition approaches that better 

develop swim start performance in high-performance swimmers.  
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