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Abstract 4 

Background: The block phase in the swimming start requires a quick reaction to the starting 5 
signal and a large take-off velocity that is primarily horizontal in direction. Due to the 6 
principle of specificity of training, there is a potential benefit of performing a greater 7 
proportion of horizontal force production exercises in a swimmer’s dry-land resistance 8 
training sessions. Therefore, the purpose of this pilot study was to provide an insight into the 9 
effects of a horizontal- (HF) versus vertical-force (VF) training intervention on swim start 10 
performance.  11 

Methods: Eleven competitive swimmers (six males (age 20.9 ± 1.8 years, body mass 77.3 ± 12 
9.7 kg, height 1.78 ± 0.05 m) and five females (age 21.4 ± 2.0 years, body mass 67.5 ± 7.4 13 
kg, height 1.69 ± 0.05 m)) completed two weekly sessions of either a horizontal- or vertical-14 
force focused resistance training program for eight weeks. Squat jump force-time 15 
characteristics and swim start kinetic and kinematic parameters were collected pre- and post-16 
intervention.  17 

Results: Across the study duration, the swimmers completed an average of nine swimming 18 
sessions per week with an average weekly swim volume of 45.5 ± 17.7 km (HF group) and 19 
53 ± 20.0 km (VF group), but little practice of the swim start per week (n = 9). Within-group 20 
analyses indicated a significant increase in predicted 1RM hip thrust strength in the HF 21 
group, as well as significant increases in grab resultant peak force but reductions in resultant 22 
peak force of the block phase for the VF group. No significant between-group differences in 23 
predicted 1RM hip thrust and back squat strength, squat jump force-time and swim start 24 
performance measures were observed after eight weeks of training. Significant correlations in 25 
the change scores of five block kinetic variables to time to 5 m were observed, whereby 26 
increased block kinetic outputs were associated with a reduced time to 5 m. This may be 27 
indicative of individual responses to the different training programs.  28 

Discussion: The results of this current study have been unable to determine whether a 29 
horizontal- or vertical-force training program enhances swim start performance after an eight-30 
week training intervention. Some reasons for the lack of within and between group effects 31 
may reflect the large volume of concurrent training and the relative lack of any deliberate 32 
practice of the swim start. Larger samples and longer training duration may be required to 33 
determine whether significant differences occur between these training approaches. Such 34 
research should also look to investigate how a reduction in the concurrent training loads 35 
and/or an increase in the deliberate practice of the swim start may influence the potential 36 
changes in swim start performance. 37 

 38 

Introduction 39 

The important role that muscular strength and power play in enhancing swimming 40 
performance has led to the widespread adoption of dry-land resistance training modalities 41 
into a concurrent training model for competitive swimmers (Aspenes et al. 2009; Crowley et 42 
al. 2017; Haycraft & Robertson 2015). While much of the swimming strength and 43 
conditioning research has been on the free swim portion (Crowley et al. 2017), there is now a 44 
greater focus on starts and turns since swimmers have to rapidly apply large forces on the 45 
starting block or wall to increase horizontal impulse and velocity (Born et al. 2020; Jones et 46 
al. 2018; Rebutini et al. 2014).  47 
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Changes in the starting block and starting technique may have further increased the 52 
importance of lower body strength and power for swim start performance. The OSB11 start 53 
block, which was introduced by the International Swimming Federation in 2010, has an 54 
angled kick plate at the rear of the block that enables the swimmer to adopt a kick start 55 
technique (Tor et al. 2015a). The additional kick plate allows for an increased duration of 56 
effective force application (i.e. greater horizontal force component) on the blocks, which can 57 
increase horizontal impulse and take-off velocity (Honda et al. 2010).  58 

With the new OSB11 start block and kick start technique, the swim start may share some 59 
similarities to the sprint start in track and field regarding the starting position, importance of a 60 
quick reaction to the starting stimulus, and the need to produce large horizontal impulse on 61 
the starting blocks (Čoh et al. 2017; Harland & Steele 1997). Analysis of the force-time 62 
characteristics of swimmers performing the squat jump has identified concentric impulse as a 63 
strong predictor of swim start performance as assessed by time to 5 m and 15 m (Thng et al. 64 
2020). Further, near perfect correlations (r > 0.90) between countermovement jump height or 65 
take-off velocity and very large correlations for measures of maximal strength (r = 0.7-0.9) to 66 
swim start performance have been reported in a recent systematic review (Thng et al. 2019). 67 

Despite the strength of this cross-sectional literature (Thng et al. 2019), there is relatively 68 
little research quantifying the chronic effects of resistance training on swim start 69 
performance. Three studies have utilised jump and plyometric exercise programs (Bishop et 70 
al. 2009; Rebutini et al. 2014; Rejman et al. 2017), two studies (Breed & Young 2003; 71 
Garcia-Ramos et al. 2016) used a more general resistance training program, and one study 72 
(Born et al. 2020) compared the effects of maximal strength resistance training to 73 
plyometrics. The three plyometric studies included adolescent (Bishop et al. 2009) and 74 
national level swimmers (Rebutini et al. 2014; Rejman et al. 2017) who performed six to nine 75 
weeks of plyometrics, twice a week. Significant improvements in time to 5 m and 5.5 m, 76 
take-off velocity and horizontal forces and impulse were observed as a result of these 77 
plyometric exercise programs (Bishop et al. 2009; Rebutini et al. 2014; Rejman et al. 2017). 78 
In contrast, the remainder of these plyometric and resistance training studies typically 79 
reported no significant changes in time to 5 m or 15 m, or any block phase kinetic or 80 
kinematic characteristics (Born et al. 2020; Breed & Young 2003; Garcia-Ramos et al. 2016). 81 
The only exception to this was the significant improvements in time to 5 m and 15 m 82 
observed for the subset of under 17-year-old swimmers who performed maximal strength 83 
training, with no such effects reported for the under 17-year-old plyometric group (Born et al. 84 
2020).  85 

A possible explanation for the uncertainty regarding whether jump/plyometric or more 86 
general resistance training programs produces greater improvements in swim start 87 
performance may reflect the direction-specific nature of resistance training. In a review by 88 
Randell et al. (Randell et al. 2010) on the specificity of resistance training to sports 89 
performance, it was proposed training adaptations may be direction-specific, and that athletes 90 
who are required to apply forces in the horizontal plane should perform several exercises 91 
containing a horizontal component. More recently, this directional specificity of training has 92 
been referred to as the force-vector theory (Fitzpatrick et al. 2019), with the hip thrust and 93 
prowler push/heavy sled pull being two of the most commonly used horizontal-force 94 
exercises (Contreras et al. 2017; Fitzpatrick et al. 2019; Morin et al. 2017; Winwood et al. 95 
2015). A study by Contreras et al. (Contreras et al. 2017) using the hip thrust significantly 96 
improved 10 m and 20 m sprint running times (-1.05% and -1.67%, respectively) compared 97 
to the front squat, which is a vertical-force exercise (+0.10% and -0.66%, respectively). The 98 
prowler push, which requires the athlete to push a loaded sled in the horizontal plane, has 99 
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been shown to closely mimic the horizontal plane power requirements of sprinting (Tano et 108 
al. 2016). A study involving 30 sub-elite rugby players observed that a horizontal-focused 109 
resistance training program including the prowler push significantly improved performance in 110 
a number of strength, sprinting, and change of direction tests (Winwood et al. 2015). 111 
However, no significant between-group effects were observed between the horizontal-112 
focused and traditional resistance training programs (Winwood et al. 2015). 113 

The potential direction specificity of resistance training exercises for improving aspects of 114 
swim start performance has been examined in two jump and plyometric training studies 115 
(Rebutini et al. 2014; Rejman et al. 2017) and two acute training studies utilising post-116 
activation potentiation (PAP) (Cuenca-Fernandez et al. 2015; Cuenca-Fernández et al. 2018). 117 
Rebutini et al. (Rebutini et al. 2014) and Rejman et al. (Rejman et al. 2017) observed a 10.4% 118 
and 13.8% increase in take-off velocity in the swim start post nine- and six-weeks of 119 
plyometric training, respectively, that included a variety of horizontal jumps. Acute 120 
improvements in time to 5 m (Cuenca-Fernandez et al. 2015; Cuenca-Fernández et al. 2018) 121 
and 15 m (Cuenca-Fernandez et al. 2015) after performing PAP protocols that were 122 
biomechanically similar to the foot position in the kick start on the OSB11 start block have 123 
also been observed. However, out of these four plyometric and PAP studies, only one 124 
(Cuenca-Fernandez et al. 2015) utilised the OSB11 start block and the kick start technique 125 
currently used by high performance swimmers.  126 

Therefore, the primary aim of this pilot study was to gain some preliminary insight into the 127 
comparative effects of a horizontal- versus vertical-force resistance training program on swim 128 
start performance and squat jump (SJ) force-time characteristics. A secondary aim of the 129 
study was to better understand how changes in certain SJ force-time characteristics may be 130 
correlated with the changes in swim start performance in competitive swimmers. 131 

 132 

Materials & Methods 133 

Experimental design 134 

An eight-week training program sought to examine how a horizontal-force (HF) compared to 135 
vertical-force (VF) oriented emphasis resistance training program would potentially alter 136 
swim start performance. Participants were randomly assigned to either a HF or VF training 137 
group (HF: n = 6, VF: n = 7), with each group performing two resistance training sessions per 138 
week.  139 

 140 

Participants 141 

Thirteen participants (8 males (age 21.0 ± 1.6 years, body mass 78.6 ± 8.3 kg, height 1.80 ± 142 
0.06 m), and 5 females (age 21.4 ± 2.0 years, body mass 67.5 ± 7.4 kg, height 1.69 ± 0.05 m)) 143 
volunteered to participate in this study. Participants were national level swimmers with at 144 
least four years’ experience in competing in national championships and at least one year of 145 
land-based resistance training experience that included the barbell back squat and hip thrust 146 
under the supervision of a strength and conditioning coach. Participants with any known 147 
contraindication to maximal training performance and/or injuries that would interfere with 148 
their ability to complete the study or compromise their health and wellness were excluded. 149 
Prior to participating in this study, participants were briefed on the experimental design and 150 
gave written informed consent to participate in the study. This investigation was conducted in 151 
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accordance with the Declaration of Helsinki and approved by Bond University Human 165 
Research Ethics Committee (00088).  166 

Assessments were conducted at baseline (week one) and the end of the training program 167 
(week nine). Participants were instructed to maintain their nutritional and sleep habits, and to 168 
avoid alcohol and caffeine consumption for at least 24 hours before testing sessions. All tests 169 
were performed on the same day of the week between 7:00 am and 11:00 am. Participants 170 
reported to the gymnasium to perform the squat jump test prior to the swim start performance 171 
test.  172 

 173 

Training intervention 174 

The training program was organised into two phases. In the first phase (weeks one to four), 175 
each group performed three HF and VF lower body exercises, respectively. A direction 176 
specific lower body jump was added in the second phase for each group (weeks five to eight) 177 
(Table 1). The HF training group was prescribed a “start jump,” which is a jump for 178 
horizontal distance initiated from a mimicked swim start position (Fig. 1), while the VF 179 
training group performed the squat jump. When performing the jumps, the HF group were 180 
instructed to jump as far forward as possible, while the VF group were instructed to jump as 181 
high as possible with each jump.  182 

 183 

Please insert Figure one about here 184 
 185 

Participants performed the training program utilising sets and repetition ranges typically used 186 
for developing maximal strength (Bird et al. 2005). Participants followed two 4-week 187 
mesocycles using a 3:1 loading paradigm, with a progressive increase in load for the first 188 
three weeks followed by a reduction in load in the fourth week (Turner 2011). This was 189 
considered important as the swimmers were still maintaining high volumes of swimming 190 
training throughout the intervention. As the majority of propulsive forces in the free swim 191 
phase comes from the upper body (Morouço et al. 2015), both groups also performed three 192 
sets of several upper body exercises including pull-ups, bench pull or seated row; and three 193 
sets of exercises for the abdominals/lower back region, as successfully used by Contreras et 194 
al. (Contreras et al. 2017) in a previous horizontal- versus vertical-force direction study. Sets 195 
were separated by a one-minute rest period (Ritchie et al. 2020). Training records were kept 196 
for each participant to analyse the load progression of the training program. Predicted one 197 
repetition maximum (1RM) of the hip thrust and barbell back squat was calculated pre- and 198 
post-intervention using the Brzycki equation: Predicted 1RM = weight lifted /1.0278-199 
0.0278(no. of repetitions) (Brzycki 1993). Repetition ranges used in the predicted 1RM was 200 
performed during the first training session (estimated from eight repetitions) and at the last 201 
training session (estimated from four repetitions). Participants were asked to refrain from 202 
performing any additional resistance training and to maintain their current diet for the course 203 
of this study. 204 

Please insert Table one about here 205 

 206 
Squat jump test 207 
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The SJ test was collected as previously described by Thng et al. 2020. All participants 212 
completed a standardised dynamic warm-up consisting of a predetermined series of dynamic 213 
joint ranges of motion of the upper and lower body under the supervision of a strength and 214 
conditioning coach. Participants were then given two practice SJs before the test was 215 
conducted. All SJs were performed on a force platform (ForceDecks FD4000, London, 216 
United Kingdom), with a sample rate of 1000 Hz. Participants started in an upright standing 217 
position with their hands on their hips and were instructed to keep their hands on their hips to 218 
prevent the influence of any arm movements for the jump trials. All participants were 219 
instructed to adopt a squat position using a self-selected depth that was held for 3 seconds 220 
before attempting to jump as high as possible (Mitchell et al. 2017). A successful trial was 221 
one that did not display any small amplitude countermovement at the start of the jump phase 222 
on the force trace (Sheppard & Doyle 2008). All participants performed three maximal effort 223 
SJs with a 30-second passive rest between each effort. The SJ trial with the highest jump 224 
height was kept for data analysis. Jump height was determined by the flight-time method 225 
(Jump height = g*t2/8, where g is the acceleration due to gravity and t is the flight time) 226 
(Linthorne 2001). Ground reaction force data from the SJs were analysed using the 227 
commercially available ForceDecks software (ForceDecks, London, United Kingdom). Out 228 
of the 46 variables that are provided by ForceDecks, the SJ variables that were identified by 229 
Thng et al. (Thng et al. 2020) as significant predictors of swim start performance were 230 
extracted for analysis. 231 

 232 

Swim start performance test 233 

Swim starts were collected using methods as described by Thng et al. 2020. Prior to the swim 234 
start test, all swimmers completed a pool-based warm-up based on their usual pre-race warm-235 
up routine. Participants then performed three maximal effort swim starts to 15 m with their 236 
main swim stroke (front crawl (n = 8), butterfly (n = 3), or breaststroke (n = 2)) and preferred 237 
kick plate position, which was recorded to ensure consistency between testing sessions. Trials 238 
were started as per competition conditions and swimmers were instructed to swim to a 239 
distance past the 15 m mark, in order to ensure that representative values at the 15 m distance 240 
were obtained (Barlow et al. 2014). Two-minutes of passive recovery were given between 241 
each trial (Tor et al. 2015b). The start with the fastest 15 m time was selected for further 242 
analysis. Swim starts were collected using a Kistler Performance Analysis System – 243 
Swimming (KiSwim, Kistler Winterthur, Switzerland), which utilises a force instrumented 244 
starting block, constructed to match the dimensions of the Omega OSB11 block (KiSwim 245 
Type 9691A1; Kistler Winterthur, Switzerland). Time to 5 m and 15 m were collected using 246 
five calibrated high speed digital cameras operating at 100 frames per second, synchronised 247 
to the instrumented KiSwim starting block. One camera was positioned 0.95 m above the 248 
water and 2.5 m perpendicular to the direction of travel to capture the start and entry of 249 
swimmer into the water, while the other three cameras were positioned 1.3 m underwater at 5 250 
m, 10 m and 15 m perpendicular to the swimmer to capture the time to 15 m. The times to 5 251 
m and 15 m were defined as the time elapsed from the starting signal until the apex of the 252 
swimmer’s head passed the respective distances (Tor et al. 2015b). An Infinity Start System 253 
(Colorado Time Systems, Loveland, Colorado, USA) provided an audible starting signal to 254 
the athletes and an electronic start trigger to the KiSwim system. Kinetic and kinematic 255 
variables of block performance extracted for analysis were identified by Thng and colleagues 256 
as key predictors of time to 5 m and 15 m (Thng et al., unpublished data). A description of 257 
the SJ and swim start variables analysed are provided in Table 2. 258 

 259 

Deleted: were260 

Formatted: Highlight

Deleted: Following the warm-up, 261 
Deleted: p262 
Deleted: squat jumps (SJ)263 
Deleted: . They264 
Deleted:  265 
Deleted:  then266 

Deleted: is 267 

Commented [P2]: Should there be reference to Table 2 
here? 

Deleted: was 268 
Deleted: were 269 

Formatted: Highlight

Deleted: ’270 



7 
 

Please insert Table two about here 271 

Statistical Analysis 272 

Descriptive statistics are reported as mean ± SD for normally distributed continuous variables 273 
and frequencies for categorical variables. Normality was checked using histograms, normal 274 
Q-Q plots, and the Shapiro-Wilk test. A paired sample t-test was used to determine whether 275 
statistically significant differences were found between pre- and post-test means within each 276 
group. Independent t-tests were carried out to test for the difference in change in the outcome 277 
between intervention groups. Effect sizes (ES) with 95% confidence intervals (95% CI) were 278 
reported in standardized (Cohen’s d) units as the change in mean to quantify the magnitude of 279 
differences within (i.e. post-intervention – pre-intervention results) and between the two 280 
intervention groups (i.e. HF and VF). Criteria to assess the magnitude of observed changes 281 
were: 0.0-0.2 trivial; 0.20 – 0.60 small; 0.60 – 1.20 moderate; and > 1.20 large (Hopkins 282 
2002). Effect sizes were calculated using a program created by Lenhard and Lenhard (2016).  283 

To gain some preliminary insight into how changes in the SJ force-time characteristics may 284 
be correlated with the changes in swim start performance, the association between the change 285 
scores (calculated as the difference between each individuals’ pre- and post-test scores) for 286 
these outcomes were assessed by Pearson’s product-moment correlation coefficient (r). Data 287 
were analysed with SPSS version 23.0.0 (SPSS Inc., Chicago, IL). P-values < 0.05 were 288 
deemed to indicate statistical significance. 289 

 290 

Results 291 

Training compliance 292 

Of the 13 initial participants, 11 participants completed the training study (Table 3). Two 293 
participants were removed due to moving to another swim squad (n = 1) and non-adherence 294 
to the training protocol (n = 1). Participants completed a total of 14 ± 3 out of 16 training 295 
sessions, with the primary reasons for missed training sessions being short-term illness or 296 
domestic competitions. A summary of the within-group and between-group changes are 297 
provided in Table 4.  298 

 299 

Please insert Table three about here 300 

 301 

Within-group changes post-intervention 302 

Only three significant within-group differences were observed across both groups. For the HF 303 
group, a significant increase in predicted 1RM hip thrust strength (p = 0.04) was observed. 304 
The VF group had a significant increase in KiSwim grab resultant peak force (p = 0.007) and 305 
a significant decrease in KiSwim resultant peak force (p = 0.02).  306 

 307 

Between-group changes post-intervention 308 

There was a trend for the HF training group to have a greater increase in predicted 1RM 309 
strength (50 %) for the hip thrust than the increase in back squat strength for the VF training 310 
group (18 %) after 8 weeks of training. Moderate effect sizes were observed in two SJ force-311 
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time variables and five KiSwim variables (Table 4). Specifically, moderate effect size 319 
improvements in SJ jump height and three swim start kinetic measures were observed in the 320 
HF group. In the VF group, SJ concentric RPD and two swim start kinetic measures favoured 321 
moderate effect size improvements in the VF group. 322 

 323 

 324 
Please insert Table four about here 325 

 326 

When looking at individual changes across both groups, no significant correlations were 327 
observed between the change scores in any of the ForceDecks outcome measures and time to 328 
5 m or 15 m. Similarly, there were no significant correlations in the change score correlations 329 
between the KiSwim outcomes and time to 15 m. However, significant correlations between 330 
the change scores for five KiSwim outcomes and time to 5 m were observed. These were 331 
average acceleration (r = -0.82, p = 0.02), horizontal take-off velocity (r = -0.81, p = 0.03), 332 
average power (r = -0.77, p = 0.05), work (r = -0.74, p = 0.01) and rear resultant average 333 
force (r = -0.71, p = 0.02).  334 

 335 
Discussion 336 

The present pilot study was designed to provide some insight into the potential directional 337 
specificity of resistance training (now referred to as the force-vector theory) on swim start 338 
performance and squat jump (SJ) force-time characteristics in competitive swimmers. This 339 
was achieved by examining the within- and between-group training-related changes in swim 340 
start performance for two groups of competitive swimmers, who differed on whether they 341 
performed a horizontal- or vertical-force oriented emphasis resistance training program.  342 

Relatively few significant within-group changes in any outcome measures were observed, 343 
with the non-significant changes being trivial to small in their effect sizes. The three 344 
significant within-group changes included significant increases in predicted 1RM hip thrust 345 
strength for the HF group as well as significant increases in swim start grab resultant peak 346 
force but reductions in resultant peak force for the VF group. No significant between-group 347 
differences were observed between the HF and VF groups in predicted 1RM strength, SJ 348 
force-time and swim start performance measures post-intervention. However, seven moderate 349 
between-group effect size differences were observed, with four outcome measures favouring 350 
greater improvements for the HF group and three outcome measures favouring the VF group. 351 
As such, this current study has been unable to determine whether the inclusion of horizontally 352 
oriented exercises has any clear benefit to swim start performance over more conventional 353 
vertically oriented exercises.  354 

Possible explanations for our lack of significant within- or between-group improvements may 355 
include the small number of participants and short duration of the training intervention, 356 
inclusion of plyometric and non-plyometric jumps in only the last four of eight weeks of 357 
training, the interference effect due to concurrent training and the relative complexity of the 358 
swim start. Regarding the length of the intervention, the absence of any significant 359 
improvements in swim start performance in the current study was consistent with some 360 
studies involving 21 (Born et al. 2020) or 23 (Breed & Young 2003) participants performing 361 
6-8 weeks of resistance training, but inconsistent with other plyometric training studies of 6-9 362 
weeks involving nine (Rejman et al. 2017), 10 (Rebutini et al. 2014) or 22 (Bishop et al. 363 
2009) participants.  364 
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The potentially greater adaptations in swim start performance observed in previous 372 
plyometric studies may reflect the between study differences in plyometrics training volume. 373 
The present study only included 33 jumps, compared to previous successful plyometric 374 
studies (Bishop et al. 2009; Rebutini et al. 2014; Rejman et al. 2017), which included ~484–375 
883 jumps across the study. Interestingly, even though Born et al. (2020) included 376 
comparable volumes of plyometrics in their training study (~360–588 jumps) to those of the 377 
successful studies, the plyometric training group reported no significant improvements in 378 
swim start performance. While it cannot be discounted that the present study included an 379 
insufficient volume of plyometric exercise, the lack of any widespread changes in lower body 380 
force-time characteristics and swim start performance metrics observed in the present study 381 
and some of the literature (Born et al. 2020; Breed & Young 2003), may be indicative of the 382 
challenges coaches face in making any substantial improvements in strength and power 383 
characteristics that transfer to improved sporting performance within such short periods of 384 
concurrent training. 385 

Concurrent training is complex in that both swim training and resistance training impose 386 
different acute stresses on the body that elicit distinct adaptations. In particular, the 387 
concurrent development of both muscular strength/power and aerobic endurance from 388 
resistance training and swimming training, respectively, can lead to conflicting 389 
neuromuscular adaptations (Garcia-Pallares et al. 2009). In the current study, participants 390 
were primarily middle to long distance swimmers, who performed nine in-water sessions 391 
weekly (HF: 45.5 km and VF: 53 km per week). The sessions had an average swimming 392 
volume of 5.1 km and 5.8 km for the HF and VF group per session, with two swimming 393 
sessions a day performed several days per week. In contrast, the resistance training program 394 
was only performed twice per week. The interference effect from concurrent training is more 395 
likely observed with ≥ three sessions of high volume endurance training weekly (Bishop et al. 396 
2019). Therefore, the high aerobic training volume for the participants in the present study 397 
likely attenuated any resistance training-induced adaptations. Consistent with this view, 398 
Haycraft and Robertson (Haycraft & Robertson 2015) recommend swim training volumes be 399 
reduced ≤ 5 km per day to enable maximal strength and power gains and minimise 400 
neuromuscular fatigue. 401 

It should also be acknowledged that the swim start is a discrete skill, requiring a quick 402 
reaction to the starting stimulus and the ability to effectively coordinate hand and foot forces 403 
to optimise horizontal impulse and take-off velocity. Unfortunately, the swimmers in the 404 
present study only performed a small number of swim starts per week (n = 9 ± 2), with this 405 
performed either during regular swim training or at the end of the session. It was also 406 
interesting to observe that Born et al. (2020) also reported a low volume of swim starts (n = 407 
16) performed per week. Breed & Young (2003) emphasised that a higher skill component is 408 
involved in executing the swim start in comparison to vertical jump. This may reflect the 409 
requirement for how the ankle, knee, and hip joint moments needs to be coordinated 410 
effectively with those of the upper body during the block phase to maximise horizontal take-411 
off velocity. Further, minimising the time to 15 m also requires a clean entry into the water 412 
and a streamlined glide position with undulatory leg kicks to minimise velocity loss while 413 
transitioning into the break-out of full swimming and stroking after 15 m (Vantorre et al. 414 
2014). The relative absence of deliberate practice of the swim start coupled with performing 415 
the starts in a fatigued state may also help explain the minimal transfer of the resistance 416 
training interventions to improved swim start performance in the current study and that of 417 
Born et al. (2020). However, significant correlations in the change scores of five block 418 
kinetic variables to time to 5 m were observed in the current study, whereby an increase in 419 
block kinetic variables was associated with a decrease in time to 5 m. Such correlations 420 
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suggest that the longitudinal tracking of individual swimmers’ SJ force-time characteristics 425 
may provide some insight into their potential improvements in swim start performance. 426 

Due to the demands of competitive swimming, it seems necessary that a targeted approach of 427 
both resistance training and deliberate practice of the swim start is required across the annual 428 
periodisation plan to improve swim start performance. This is especially important to 429 
minimise the potential adverse effects of concurrent training and maximise skill acquisition, 430 
particularly for swimmers who need to improve aspects of their swim start technique, given 431 
the complexity of the swim start. Practical recommendations include a targeted block of 432 
resistance training focused on improving the strength and power characteristics required for 433 
the swim start in a low swimming volume phase such as pre-season for a longer duration than 434 
used in the present study. Specifically, extended intervention periods > 6 months have been 435 
suggested for an optimal transfer of strength and power qualities to performance in well-436 
trained endurance athletes (Beattie et al. 2014). Incorporating greater amounts of deliberate 437 
practice of swim starts, especially at the beginning of each training session when the 438 
swimmer is mentally and physically fresh would appear to be beneficial for skill acquisition 439 
(Branscheidt et al. 2019).  440 

Conclusion 441 

There were very few significant differences observed, either within or between the HF and 442 
VF groups after an eight-week training intervention on swim start performance. Despite 443 
exploring the inclusion of a higher proportion of horizontally oriented exercises based on the 444 
force-vector theory, the current study did not observe a transfer to improved swim start 445 
performance. However, this should not discount the potential value of including horizontally 446 
directed exercises to improve swim start performance, given the results were similar to those 447 
from more traditional vertically oriented exercises. Future studies should consider an 448 
extended training intervention completed during a phase of lower swim training volume to 449 
enable strength and power adaptions to occur.  450 
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