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Featured Application

This study describes how coaches of high-performance swimmers can use load—velocity pro-
filing to prescribe individualized in-water resistance training based on velocity-decrement
zones to target specific adaptations.

Abstract

Elite 50 m freestyle performance demands targeted interventions for events that may
be decided by hundredths of a second. This case study assesses the effectiveness of an
individualised in-water resistance training intervention informed by load—velocity (LV)
profiling in both profiling metrics and competitive performance, while documenting the
training characteristics of an elite 50 m freestyle swimmer (male, 24.8 years) over the
18 months culminating in the Paris 2024 Olympic Games. A coach-led, six-week resisted-
swim intervention involved three sessions per week with prescribed velocity-decrement
zones targeting technical development, speed-strength, and power while preserving
the swimmer’s race stroke rate. Post-intervention LV outputs showed likely improve-
ments in maximal swim speed, of +3.4% and theoretical maximal load, of +13.6%, and
competition time improved by 1.3% with a 3.5% improvement in free swimming time
(15-45 m). Although limited to a single-athlete design, the observed improvements sug-
gest that individualised, LV-informed resisted swimming using accessible equipment may
contribute to enhancements in sprint swimming performance.

Keywords: biomechanics; performance analysis; sprint swimming; semi-tethered; male

1. Introduction

The 50 m freestyle is the shortest and fastest event in competitive swimming, with
current long-course world records standing at 20.91 s for men and 23.61 s for women [1].
At this elite level, marginal gains are critical, as illustrated by the men’s 50 m freestyle
final at the Paris 2024 Olympic Games, where the time separating 3rd and 8th place was
only 0.08 s [2]. In such a context, the ability to detect and capitalise on even the smallest
performance improvements can determine podium success. Following the announcement
that 50 m races across all four strokes—freestyle, butterfly, backstroke and breaststroke—
will be included in the Los Angeles 2028 Olympic Games [3], national governing bodies are
expected to place renewed focus on the optimal development of specialist sprint swimmers.
This highlights the growing improvement of extensive race analysis combined with regular
physiological and biomechanical assessment monitoring to detect small but meaningful
changes in performance.
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From a performance analysis perspective, the 50 m race is typically segmented
into the start (0-15 m), free swimming (1545 m), and finish (45-50 m) [4-7]. The start
phase, spanning from the starting signal to the 15 m mark, comprises the block, flight,
and underwater phases, each categorised by high magnitudes of horizontal force and
velocity [8-10]. Approximately two thirds of the total race time is spent in the free swim-
ming phase [11], making its optimisation a key focus for coaches. Understanding the time
and biomechanical demands of each segment and so identifying areas for the swimmer
to improve is essential for designing targeted interventions such as in-water resistance
training [12-15].

Although the 50 m race is described as a maximal, all-out effort [4,7], swimmers still
train to optimise their stroke length and stroke frequency to maximise swim speed [16].
Despite the event’s distinct demands, limited research exists on training strategies tailored
specifically to 50 m specialists. These athletes are frequently grouped with 100 m swimmers
under the broad “sprinter” classification [13,17], despite growing evidence that the two
events require notably different physical, technical, and tactical approaches. For example,
while the 100 m event necessitates greater pace control and strategic distribution of effort,
the 50 m race relies entirely on explosive power, neuromuscular precision, and maximal
velocity and typically involves limited breathing from start to finish.

Traditionally, swimming has followed a high-volume, low-intensity coaching phi-
losophy across all race distances [13], including for sprint specialists, with some models
suggesting that 80% of their training volume be spent in aerobic training zones [18]. How-
ever, given the majority of Olympic events are distances of 200 m or shorter and typically
completed in under 2 min 20 s [19,20], there has been growing advocacy for low-volume,
high-intensity training approaches. One such example, Ultra-Short Race-Pace Training
(USRPT) [21] has gained traction by challenging the traditional paradigm and contributing
to the ongoing debate around “quality versus quantity” in swim training [13,19,20,22].

As more swimmers specialise exclusively in the 50 m, their training must re-
flect its unique demands, in which modern sprint training focuses on intensity, resis-
tance/assistance protocols, specificity, technical efficiency, and recovery. This evolution is
evident in the practices of elite British swimmers, where significant differences in train-
ing content and load distribution have been observed between sprint and middle- and
long-distance swimmers. Sprint swimmers allocate more sessions focused on speed and
power development while middle- and long-distance specialists focus on energy system
development [23]. These findings reinforce the need for evidence-based, individualised
training programmes tailored specifically to 50 m specialists, an area that, despite its
growing relevance, has yet to be thoroughly explored from a scientific perspective.

Strength and conditioning (5&C) is widely recognised as a fundamental compo-
nent in the physical preparation of swimmers from youth to elite level [24]. Often
referred to as “dry-land training,” methods can include strength training, Olympic
lifting, Pilates, prehabilitation exercises, circuit training, and other forms of physical
preparation [15,23,25-27]. While guidelines for applying S&C to swimmers are avail-
able [28-31], the transfer of dry-land strength to swim performance may be limited [15,32]
and the application of in-water resistance training will offer a better modality for targeting
swimming performance [12,14]. These methods typically involve equipment that applies
a resistance to the swimmer. Common examples are parachutes [33-37], drag suits [38],
elastic cords [39-42], hand paddles [33,43-48], a form of mechanical loading [49-54], or
dynamometry [55].

This range of in-water resistance equipment and the challenge of translating research
into practice are compounded by the lack of methods that accurately quantify intensity
relative to the individual. Training prescriptions also vary widely in terms of sets, rep-
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etitions, and distances. Typically, interventions are implemented two to three times per
week alongside regular swim training, with durations ranging from three to twelve weeks,
and positive findings have been reported across this spectrum. Nonetheless, the lack
of individualised resistance prescriptions and objective load monitoring remains a limi-
tation. A possible solution is the application of load—velocity (LV) profiling, which has
been shown to be a valid and reliable method for assessing a swimmer’s free swimming
performance [56—61]. While these studies use motorised resistance devices, LV profiling
principles can be applied to other equipment capable of quantifying load, such as towers
or pulley systems commonly used in high-performance environments. This approach
would help identify whether a swimmer is velocity- or load-deficient, allowing for the
prescription of individually tailored resistance training to target specific adaptations. Such
an approach also helps ensure that appropriate technique is maintained, optimising the
transfer to free swimming, as kinetics and kinematics have been shown to change when
performing semi-tethered resisted swimming [52,53]. LV profiling therefore provides a
robust basis for the design of targeted, individualised training interventions. However, to
the author’s knowledge, the prescription of in-water resistance training using this method
has yet to be investigated.

The aim of this case study is to assess the potential effectiveness of an individualised
in-water resistance training intervention informed by LV profiling on both profiling metrics
and competitive performance, with the broader goal of guiding future targeted strategies
to enhance sprint swimming performance. Additionally, this case study incorporated an
18-month longitudinal observation period that served as a reference baseline, allowing
the athlete to act as their own control when interpreting changes over the intervention.
It documents the training characteristics and performance development of an elite 50 m
freestyle swimmer over the 18 months leading up to the Paris 2024 Olympic Games.

2. Materials and Methods
2.1. Participant

At the first testing point (February 2023) the participant was a 24.8-year-old male
swimmer (height: 1.87 m; body mass: 83.2 kg; arm span 1.97 m) with a personal best
time of 22.28 s in the 50 m freestyle (World Aquatic Points 827; Level 2 [62]). The ath-
lete’s goal was to achieve the Olympic qualification standard of 21.96 s for the Paris
2024 Games. The swimmer was briefed on the purpose, procedures, and potential
risks of the study and provided written informed consent to participate. All data were
anonymized to ensure participant confidentiality. The study was ethically approved by
Ulster University (REC23/0017).

2.2. Procedures

This case study employed a partial observational design, incorporating retrospec-
tive analysis of training and performance data alongside a prospective, individualised
intervention guided by LV profiling.

The 18-month observation period, which preceded the intervention, included repeated
LV profiling and competition data collection under normal training conditions. This long-
term dataset established the athletes’s typical performance range and was used as an
internal baseline for within-subject comparisons.

2.2.1. Resisted Swimming Intervention
From February 2023, LV profiling was carried out on an observational basis as

part of a longitudinal study [63]. Following LV profiling on 5 February 2024, a
six-week window for implementing a resisted swimming intervention was identified,
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starting on 29 February 2024. This duration was selected to allow for sufficient training
exposure to elicit meaningful adaptations while aligning with the swimmer’s taper and
competition schedule to ensure the intervention would not compromise race readiness
ahead of the targeted Olympic qualification race on 25 May 2024. Follow-up LV profiling
was scheduled for 10 June 2024 following qualification outcome. Although the motorised
resistance device was not available for regular training use, it was used for baseline LV
profiling and performance testing due to its demonstrated validity and reliability of met-
rics [56,61,64]. The 1080 Sprint system (1080 Motion AV, Lidingt, Sweden) provided the
standardised, validated measured of velocity used to characterise the athelete’s LV profile
and subsequent changes over time. The training intervention was intentionally designed
using the Power Tower [65], a resistance tool more commonly accessible to coaches and
swim clubs, thereby enhancing its practical relevance and generalizability to applied set-
tings. The Power Tower served exclusively as a training stimulus delivery device, not a
measurement system; no velocity data from the Power Tower was analysed or compared
with 1080 Sprint outputs. Instead, the resistance stimulus was monitored using fundamen-
tal coaching principles, such as time to cover a fixed distance, speed, speed decrement, and
observed stroke rate, consistent with standard high-performance swim coaching practice.
Resistance was applied in the form of weighted plates or water placed inside the buckets.
A bucket of water was filled to correspond to a mass of 10 kg and then added to the tower.

The intervention began with a Power Tower-based profiling session. Following a
competition warm up and changing into their competition suit, the swimmer completed an
unresisted, maximal sprint of 20 m from a push. The 5 to 20 m segment was manually timed
by the coach using a stopwatch and pre-marked pool indicators, allowing swim speed to
be calculated as distance divided by time. This timing procedure was implemented solely
to monitor and regulate the training stimulus during the intervention (e.g., maintaining
stroke rate and effort intensity) and was not included in the dataset analysed for the
study’s statistical outcomes. The same evaluator performed all timing procedures using
a consistent start—stop protocol to maintain within-tester consistency. This test was then
repeated with progressively increasing resistance applied via the Power Tower, by adding
one 10 kg bucket at a time, until the swimmer could no longer maintain their target stroke
rate (61-63 strokes/min). Given that both kinetics and kinematics have been shown to
change with increasing load [52,53,66], maintaining the swimmer’s race stroke rate was
considered essential to mitigate the risk of technique degradation. The resulting velocity
decrements, calculated relative to the unresisted swim speed, were plotted against the
corresponding loads. Training zones were then defined using a modified adaptation of
the load prescription model from Cahill et al. [67]. Four zones were identified to target
different physiological adaptations:

Velocity decrement of <10%: technical competency;
Velocity decrement of 10-30%: speed-strength;
Velocity decrement of 30—40%: power;

Velocity decrement of 40-70%: strength-speed.

These thresholds were selected to represent progressive increases in external load
that shift the emphasis from high-velocity, low-fatigue technique development to higher
force, strength-specific work, consistent with prior research on velocity-based load per-
scription [67,68]. While Cahill et al. [67] recommend velocity decrements of 60-100% to
target strength-speed development, the upper threshold was capped at 70% in this protocol
to better preserve stroke mechanics, which has been suggested for ensuring transfer to
in-competition swim performance [52,53].

Using the velocity-decrement thresholds described above, individualised loads and
target times were calculated for the swimmer. These values were used to monitor progres-
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sion and inform training intensity, in line with velocity-based training principles [69]. In
collaboration with the swim coach, a review of the athlete’s current resisted swimming
sessions indicated a bias of loads representing strength-speed. This prescription had been
based following comparison of LV profiles from similar elite sprinters that identified the
participant as velocity-dominant and deficient in absolute and relative load capabilities
(Figure 1 and Table 1). As a result, following a training phase focused on heavier resis-
tances, the intervention emphasised a shift toward lighter, higher-velocity loads to better
reflect preparation for competition demands. In agreement with the coach, three Power
Tower sessions were incorporated into the weekly programme, each with a distinct focus:
technical competency, power, and speed-strength.
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Figure 1. Comparison of study participant’s (Case) profiling outcomes to other elite sprinters
(1 and 2) when plotting absolute load and velocity (a) and relative load as a percentage of body mass
and velocity (b).

Table 1. Comparison of study participant’s (Case) 50 m performance and LV profiling results to other
elite sprinters (1 and 2).

Swimmer 50 m PB (s) Vi (m/s) Lo (kg) rLg (%)
Case 22.28 2.06 31.9 39.0
1 22.10 2.05 34.6 38.2
2 21.68 1.91 34.9 41.6

Examples of each session type designed by the head coach are provided in Table 2.
Each session would consist of a warm up and a main set that would consist of three rounds.
Within each session, loads and target times were specified based on the focus for that
session and the athlete’s performance in the Power Tower-based profiling session.
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Table 2. Example of resisted swim sessions designed in collaboration with the head swim coach as

part of the in-water intervention.

Session Focus

Warm Up

Main Set—Round 1

Main Set—Round 2

Main Set—Round 3

3 x 1 bucket swim
to15m

Repeat Round 1 with

. 300 m choice, 8 x 50 m 2 reps technical focus 1/2 bucket of water Repeat Round 2 with
Technical choice skill 1 rep speed focus added 1/2 bucket of water
Competence roeression (Time Target) 3 x 20 m fast swim added
Prog 3 x 20 m fast swim with fins and
with fins on 80 s paddles on 80 s
200 m recovery
3 X 2 bucket swim
to15m Repeat Round 1 with
300 m choice, 8 x 50 m 2 reps technical focus 1 bucket of water Repeat Round 2 with
Speed-Strength choice skill 1 rep speed focus added . 1 bucket of water
pee & . Time Target) 3 x 20 m fast swim
progression ( &Y. 1 added
3 x 20 m fast swim with fins and
with fins on 90 s paddles on 90 s
200 m recovery
1 x 3 bucketswimto 3 x 3 bucketswimto 2 x 3 bucketswim to
15 m on 2 min 15 m on 2 min 15 m on 2 min
3 x 20 m fast swim 1 x 20 m fast swim 2 x 20 m fast swim
Power 800 m choice with fins and paddles with fins and with fins and
(Time Target) paddles (Time Target) paddles (Time Target)

1 x 25 m distance per
stroke focus
175 m recovery

1 x 25 m distance
per stroke focus
175 m recovery

1 x 25 m distance
per stroke focus
175 m recovery

2.2.2. Load-Velocity Profiling

Profiling sessions were conducted within two weeks of scheduled competitions (inter-
national or national, based on the athlete’s plan as prescribed by the head coach). The LV
profiling and data processing procedures followed that of the longitudinal, observational
investigation [63]. The study was performed in a 25 m indoor swimming pool with water
and air temperatures of 27 °C & 1 °C and 28 °C £ 1 °C, respectively. The participant was
asked to complete their individual competition warm-up on land and in water, then change
into their competition suit.

The LV protocol required the swimmer to perform three 10 m front crawl sprints
usings prescribed loads of 1, 5, and 9 kg of external resistance provided by a motorised
resistance device (1080 Sprint, 1080 Motion AV, Liding6, Sweden). The device was mounted
onto a start block and the height recorded for horizontal correction of the output data.
The device was set to isotonic resistance, and eccentric and concentric velocity of 0.05 and
14 m/s, respectively. The participant was required to scull to the 5 m mark before sprinting
with maximal effort for 10 m; 4-5 min of passive recovery between trials was prescribed,
and the swimmer was encouraged to refrain from breathing to mitigate changes in swim
kinematics [70].

Position, force, and speed data, sampled at 333 Hz, were extracted for further analysis
within a customised script (MATLAB R2023a, MathWorks, Natick, MA, USA). Velocity
was extracted from the final 5 m of data collection and plotted against the corresponding
load. A linear regression line was established and extended to intercept the axes and
identify maximal swim velocity (V) and the maximal theoretical load expressed as absolute
(Lp) and as a percentage relative to body mass (rLp). The steepness of the absolute and
relative slope was calculated as —V /Ly, and —V(/rL, respectively. Active drag (AD) was
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calculated using a modification of the velocity perturbation method [71] proposed by Gonjo
and Olstad [64]:
Fata X Vaaa X Vg

3 _ y3
VO Vadd

AD =

where V) is derived from the LV relationship; F,44 and V,4q are the mean force and velocity
extracted from the trial with the second heaviest load, which has been shown to exhibit
higher reliability [64]. The reliability of the LV protocol and data processing method has
been reported as CV 2.8-9.3% and ICC 0.57-0.84 [57].

2.2.3. Competition Performance

All competition performances were video-recorded by an experienced (>10 years)
performance analyst using a fixed camera (Sony FDR-AX53, Sony, Tokyo, Japan) positioned
at mid-pool and elevated on the public-viewing stands. Footage was captured at 50 frames
per second and analysed using Dartfish Pro (Dartfish, Fribourg, Switzerland) performance
analysis software. Research using a similar set up found inter-rater variability to range
from 0.02 to 0.06 s [72]. Alongside the official race time, performance metrics gleaned
from the post-race analysis included split times for each segment (start, 0-15 m; free swim,
1545 m; and finish, 45-50 m). For each half of the race, stroke length (average distance
the swimmer travels from right-hand entry to the next right-hand entry [73]), stroke rate
(average number of strokes that would occur per minute during free swimming [73]),
and swim velocity (calculated from the product of stroke rate and stroke length [16])
were reported.

2.2.4. Training Data Collection

Training session content and volume were prescribed by the head coach and tailored
to the athlete’s specific performance goals. Alongside the swim sessions, the swimmer
followed a comprehensive dry-land training programme led by an experienced S&C coach.
While the focus of this case study is on in-water training and performance, dry-land
performance measures, including countermovement jump metrics (ForceDecks, VALD,
Brisbane, Australia) and strength assessment by one repetition maximum in back squat,
bench press, and chin up data were also collected to provide additional context to the
swimmer’s physical development.

2.3. Statistical Analyses

Data normality was assessed using the Shapiro-Wilk test. Absolute and percent-
age change were used to reflect performance outcomes. Where relevant, results are
presented as mean £ SD. Changes in LV performance and intervention effectiveness
were evaluated using the smallest worthwhile change (SWC) calculated as 0.2 x the
between-subject SD [74] based on male front crawl specialists [56]. Typical error (TE),
derived from a subset of male front crawl specialists in performing repeated measures [57],
using the SD of change scores (SDg;f), was calculated as SDg;/ /2 for each variable.
Given the single-athlete design, traditional inferential statistics or time-series models were
not appropriate. Instead, TE and SWC were used to quantify within-athlete variabil-
ity and practically meaningful change, consistent with established single-case monitor-
ing frameworks in applied sport science [75,76]. To determine the likelihood of a true
change occurring, a customised spreadsheet using 80% confidence intervals was used [75],
which provided the percentage chance of a true meaningful decrease, trivial change, or
improvement. All statistical analyses were performed using R (version 4.4.2) through
Rstudio (version 2024.09.1).
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3. Results
3.1. Resisted Swimming Intervention

The 6-week intervention involved the swimmer performing 7 + 1 swim sessions per
week, covering a mean weekly swim volume of 12.6 = 2.4 km, alongside 3 £ 0 dry-land
sessions. Pre- and post-intervention results from the LV profiling are presented in Table 3.
Very likely and possible improvements were observed in all LV outputs.

Table 3. Pre- and post-intervention performance in LV profiling.

% Chance That True
Variable Pre- Post- % Change TE (%) SWC (%) Change Is De- Inference
crease/Trivial/Increase

Velocity at 1 kg

(m/s) 191 1.98 3.6 1.2 0.7 2/5/93 Very Likely Increase
Veloc(i;y /2; Sks 166 177 6.4 29 11 6/6/88 Possible Increase
Vel"c(iy /2; ks 134 146 9.2 35 2.0 4/7/89 Possible Increase

Vo (m/s) 1.99 2.06 34 1.8 0.6 8/7/85 Possible Increase

Loy (kg) 28.1 31.9 13.6 3.7 3.3 1/5/94 Very Likely Increase

rLg (%) 33.2 39.0 17.4 3.7 27 1/1/98 Very Likely Increase
Absolute Slope _0071  —0.064 9.0 40 32 86/11/3 Possible Trivial

(m/s/kg) Decrease
Retfrtll/vse /50/1‘)’?6 —0.060 —0.053 119 5.1 2.3 89/7/4 Possible Decrease
Active Drag (N) 1195 1405 17.5 6.1 39 3/7/90 Very Likely Increase

Abbreviations: Vy, theoretical maximum velocity; Ly, theoretical maximum load; rLy, theoretical maximum load
expressed as a percentage of body mass; TE, typical error; SWC, smallest worthwhile change.

3.2. LV Profiling

The swimmer completed seven LV profiling sessions across the 18-month observation
period with performance outputs, TE, and SWC displayed in Figure 2. The baseline results
were as follows:

e  Velocity at 1 kg, 1.96 m/s;

e  Velocity at 5 kg, 1.69 m/s;
Velocity at 9 kg, 1.41 m/s;
Vp,2.03m/s;

Ly, 29.4 kg;

rLg, 35.3%;

Absolute slope, —0.069 m/s/kg;
Relative slope, —0.057 m/s/%;
Active drag, 118.3 N.

3.3. Competition Performance

Across the pre-, intra-, and post-intervention phases, there were five competitions
with a 1.3% improvement in official race time observed. Competition performance and
segments of start, free swimming, and finish are presented in Table 4. Segmental analysis
identified a 3.5% improvement in free swimming time accompanied by increases in stroke
length of 6.5% and 5.7% in the first and second halves of the race, respectively. Overall,
the swimmer competed in nine competitions during the 18-month observation period,
including the Paris 2024 Olympic Games. A progressive improvement in race performance
was observed with qualification for the Olympics achieved on 25 May 2024 with a time of
21.94 s, representing a 0.17 s improvement from the swimmer’s personal best at the start of
the study.
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Velocity at 1 kg (m/s) Velocity at 5 kg (m/s) Velocity at 9 kg (m/s)
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Figure 2. LV performance across 18-month training programme. Error bars indicate the variable’s
typical error, the shaded region is the SWC, and the dashed vertical line indicates the intervention
start. Open circles indicate data point within the SWC; triangles indicate data point beyond the SWC.

Table 4. Breakdown of competition performance pre-, intra-, and post-intervention.

Date 16 February 2024 9 March 2024 12 April 2024 25 May 2024 21 June 2024
Stage of Intervention Pre- Intra- Post-
Official Time (s) 22.23 22.34 22.39 21.94 21.94
Race Segment—Start
0to15m (s) 5.52 5.62 5.60 5.48 5.58
Race Segment—Free Swimming
15 to 45 m (s) 14.46 14.02 14.34 14.02 13.96
Race Segment—Finish
45 to 50 m (s) 2.25 2.70 2.45 2.44 2.40
First 25 m Analysis
Stroke Length (m) 2.01 2.04 2.07 2.07 2.14
Stroke Rate (cycles/min) 63.8 62.1 59.6 62.5 61.2
Velocity (m/s) 2.14 2.11 2.06 2.16 2.18
Second 25 m Analysis
Stroke Length (m) 1.93 2.09 2.00 1.97 2.04
Stroke Rate (cycles/min) 62.9 62.1 62.5 64.3 62.1
Velocity (m/s) 2.02 2.16 2.08 2.11 2.11

3.4. Training Overview

Over the 18-month observation period (Figure 3), the swimmer completed a total
of 766 training sessions, comprising 535 swimming sessions (69.8%) and 231 dry-land
sessions (30.2%). A further 28 sessions were missed due to illness or injury. On average,
the swimmer performed 7 & 2 swim sessions per week, covering a mean weekly swim
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volume of 11.9 £ 5.1 km, alongside 3 £ 1 dry-land sessions. The highest recorded weekly
swim volume was 22 km, with the peak session frequency reaching 11 swim sessions
and 5 dry-land sessions in a single week. The annual plan was structured using a typical
periodized model incorporating phases of general preparation (GPP), specific preparation
(SPP), pre-competition, competition, and transition. Training weeks were further classified
by the head coach based on their primary objective, such as “speed development”, “speed
endurance”, “speed resisted”, “overspeed”, and “strength transfer”. The intervention
occurred during a period that would otherwise have aligned with general preparation
and was subsequently followed by specific preparation, pre-competition, and competition
phases. Dry-land assessments gathered during the observation period are presented in
Appendix A (Tables Al and A?2).
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Figure 3. The 18-month training overview starting February 2023, detailing number and type of
sessions, swimming volume (open circle), training phase, and focus per week. Competitions and
LV test points are included with key competitions shaded. Vertical long dash lines in February and
April 2024 indicate the start and end of the intervention. Abbreviations: ADAPT, adaptation; COMP,
competition phase; GPP, general preparation phase; INTER, intervention; OVRSPD, overspeed;
PRE-COMP, pre-competition phase; PREP, preparation; REGEN, regeneration; SPD DEYV, speed
development; SPD END, speed endurance; SPD RES, speed resistance; SPP, specific preparation
phase; TRANS, transition phase; TRANSFER, strength transfer.

4. Discussion

This case study aimed to assess the effectiveness of an individualised in-water resis-
tance training intervention informed by LV profiling. The results highlight improvements
in both profiling metrics and competitive performance, offering guidance for future tar-
geted strategies to enhance sprint swimming performance. Over the 18-month observation
period, the swimmer successfully qualified for the Olympic Games. Notably, a 1.3% im-



Appl. Sci. 2025, 15, 12790

11 0f 18

provement in competition performance was observed across the six-week intervention that
led to Olympic qualification. Regular LV profiling throughout the case study provided
insights into free swimming performance and subsequently informed the design of the
in-water resistance training intervention. This intervention, delivered using accessible
equipment and prescribed based on velocity decrements, was integrated into a periodized
swim programme and was associated with likely improvements in LV outputs, relative to
the athlete’s established baseline performance range over the previous 18 months.

The design of the in-water resistance training intervention, in collaboration with the
swim coach, revolved around three key principles to optimise transfer to swim performance:

(1) The athlete was encouraged to maintain their race stroke rate (61-63 strokes/min),
and this was monitored during resisted swimming to mitigate the risk of technical
degradation [52,53].

(2) Each resisted set was followed by non-resisted sprinting to reinforce neuromuscular
coordination and facilitate technical transfer [50,55].

(3) The speed of each repetition was monitored in real time to maximise athlete intent
and allow adjustments of resistance to ensure the athlete is training within the defined
adaptation zone. Resistance was prescribed in “bucket” increments to support real-
world applicability while coach monitoring allowed for within-session adjustments
based on fatigue or performance.

In alignment with these principles, the intervention design emphasised training quality
over quantity, based on established power development guidelines from the S&C literature,
which typically recommend 3-5 sets of 3-5 repetitions [77]. While this serves as a starting
guide, applying velocity-based training principles can further target specific adaptations
and monitoring velocity loss can prevent excessive fatigue, preserve technique, and opti-
mise neuromuscular adaptation [69]. This is achieved in the intervention by identifying
target swim times and monitoring progression, meaning that not only can the appropriate
load be selected but the coach can ensure that adequate rest and recovery is provided.
Should the athlete be unable to achieve the target times, the session can be adapted or
stopped to prevent maladaptation. The inclusion of technical focused reps, particularly
early in each main set, was intended to support movement quality and reinforce technique
under load. Additionally, fins and paddles were strategically used to manipulate resistance
and velocity, providing training variety [33,78].

Following the intervention, likely improvements in LV performance were observed,
with several variables showing changes that exceeded both the TE and SWC. Increases in L,
rLy, and Vj by 13.6%, 17.4%, and 3.4%, respectively, indicate likely beneficial adaptations
in both in-water speed and strength capabilities. These improvements were reflected
in competition performance, with a 1.3% reduction in official race time. Most notably,
free swimming time (15-45 m) improved by 3.5%, accompanied by increases in stroke
length of 6.5% and 5.7% and decreases in stroke rate of 4.1% and 1.3% during the first and
second halves of the race, respectively. The magnitude of these changes also exceeded
both the TE and SWC thresholds, and the 1.3% improvement in race time surpassed the
normal performance variability typically reported in elite sprint swimmers (~0.3-0.8%),
suggesting that the observed effects were meaningful beyond expected day-to-day or
seasonal fluctuations.

A 17.5% increase in active drag was also observed, which aligns with expectations
given that active drag is proportional to the square of swimming velocity [79]. In this
model, active drag increases nonlinearly with swimming velocity, being proportional to
the square of the free swimming velocity and adjusted by the difference between the cube
of the free and resisted velocities. As such, higher free swimming velocity inherently
produces a corresponding rise in calculated active drag, likely reflecting greater propulsive
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output rather than necessarily reduced efficiency. However, if propulsive efficiency does
not improve proportionally, higher drag could increase the energetic cost of swimming. In
the present case, concurrent improvements in stroke length and race performance suggest
that the increase in active drag reflected enhanced propulsion rather than detrimental
technical changes.

The literature presents more variable findings with regard to longitudinal changes in
stroke length and stroke rate that may be dependent on method of resistance applied. For
example, resistance bands and parachutes have been shown to increase stroke rate [35,39,40]
whereas using a fixed push off point system resulted in increased stroke length [55]. These
discrepancies highlight that changes in semi-tethered or resisted swimming do not al-
ways translate directly into improved competition performance [51,63]. When interpreted
alongside the present results, where performance improvements exceeded both techni-
cal and natural variability thresholds, this reinforces the multifactorial nature of sprint
swimming performance. The observed adaptations likely reflect an interplay of biomechan-
ical, physiological, and technical factors, underscoring the importance of individualised,
context-specific monitoring when evaluating the effectiveness of resistance-based interven-
tions. Beyond the intervention itself, there is limited consensus in the literature regarding
optimal training programmes for 50 m freestyle specialists. With a key focus on improving
sprint speed and the ability to sustain it, it is reasonable to suggest that there is a reduced
need for high volume, low-intensity training and therefore less mileage accumulated over
the training week. In this case study, the athlete’s weekly swim volume (11.9 £ 5.1 km)
was substantially lower than that described for elite British sprinters (43.2 £ 5.3 km) [23],
although it is important to note that the latter cohort included those swimming 100 m
events. This reinforces the need for swim programmes tailored specifically to 50 m special-
ists. While the volume and frequency of swim training will be dependent on the coach’s
training philosophy [19], there is general agreement that sprint training should prioritise
quality over quantity [13] with a greater prescription of in-water and dry-land resistance
training requiring strategies tailored to the individual to optimise recovery and reduce
neuromuscular fatigue.

General strength and conditioning development is a key area for swim perfor-
mance [24]; however, elite athletes will likely require more targeted, context-specific in-
terventions to progress [80,81]. The swim start is underpinned by lower-body strength
and power [82-84] while higher levels of upper-body strength are associated with swim
speed [85-87]. Given the small margins for performance gains at the elite level, novel
interventions such as post-activation potentiation [88,89] or exercise specificity [15,90] may
be needed to bridge the gap between gym-based improvements and in-water performance.
Furthermore, the use of swim-specific diagnostic tools like LV profiling may help to quantify
strength transfer more accurately.

The transfer of training between dry-land and aquatic environments depends on
shared neuromuscular and mechanical characteristics. Previous research suggests that
improvements in dry-land power do not always directly translate to swimming perfor-
mance unless force production is developed in water under similar biomechanical con-
straints [15,52]. The present findings support this principle, showing that individualised
in-water resistance aligned with load-velocity profiling can complement traditional dry-
land strength training by targeting propulsion under realistic movement conditions.

While the findings of this study offer valuable insights into elite sprint swimming
preparation, including detailed training records and the application of performance mea-
sures in both training and competition, the case study design introduces several limitations
that should be considered when interpreting the results. The single-subject design limits
the generalizability of the findings, and although the athlete demonstrated meaningful
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improvements relative to longitudinal baseline data, these outcomes may not be replicable
across the broader population of sprint swimmers. Furthermore, the timing of LV profiling
was constrained by the athlete’s competition calendar, resulting in a four-month interval
between pre- and post-intervention assessments, which may have obscured any acute
changes resulting from the intervention. Nevertheless, this case study lays the founda-
tion for future controlled trials using matched cohorts or crossover designs to evaluate
in-water resistance training more systematically. Moreover, it also supports the use of
individual change analysis, which is particularly important in elite athlete populations,
where group-level statistics may mask meaningful individual improvements [63].

5. Conclusions

This case study suggests that an individualised, in-water resistance training interven-
tion informed by LV profiling was associated with meaningful improvements in swim
velocity, stroke efficiency, and competition outcomes. These improvements appeared to
exceed the athlete’s typical performance variability, based on an 18-month baseline pe-
riod, suggesting a potential beneficial effect of the intervention. The study represents
the first application of an individualised, LV-informed model, validated in dry-land con-
texts to an in-water environment using accessible equipment, highlighting its novelty
and applied relevance. Furthermore, the case study highlights the preparation and per-
formance development of an elite 50 m sprint specialist in the lead-up to the Paris 2024
Olympic Games.

A central feature of the intervention was the application of velocity-decrement pro-
gramming to prescribe appropriate resistive loads using accessible equipment, offering a
practical and individualised method for enhancing sprint-swimming performance within
high-performance settings. From a practical standpoint, coaches can use simple in-water
resistance tools (e.g., Power Tower) guided by individualised LV profiles, to prescribe
precise training loads without requiring specialised equipment. Maintaining a race-specific
stroke rate while controlling velocity loss enables athletes to achieve targeted neuromus-
cular stimuli while minimising technical deterioration. This approach offers a feasible
bridge between scientific profiling and daily coaching practice. While further validation in
controlled experimental settings is warranted, this method offers a practical, individualised
strategy for improving sprint-swimming performance, with strong potential for adoption
across high-performance environments. Future research should extend this approach to
larger swimmer cohorts to evaluate its generalizability, inter-individual variability, and
potential to inform broader training prescription frameworks.

Author Contributions: Conceptualisation, RK. (Ryan Keating), RK. (Rodney Kennedy) and
C.M.; methodology, RK. (Ryan Keating), R.K. (Rodney Kennedy) and C.M.; formal analysis,
R.K. (Ryan Keating); investigation, R K. (Ryan Keating); data curation, RK. (Ryan Keating);
writing—original draft preparation, R.K. (Ryan Keating); writing—review and editing, R.K. (Ryan
Keating), RK. (Rodney Kennedy) and C.M.; visualisation, R.K. (Ryan Keating); supervision,
R.K. (Rodney Kennedy) and C.M. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by way of a Postgraduate Studentship for R.K. (Ryan Keating)
from the Department for the Economy in Northern Ireland.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Research Ethics Committee of Ulster University (REC/23/0017 on
14 March 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.



Appl. Sci. 2025, 15, 12790 14 0f 18

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: The authors would like to acknowledge the study participant and collaborators.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

AD Active drag

Ccv Coefficient of variation

ICC Intraclass correlation coefficient
GPP  General preparation phase

Lo Maximal theoretical load
LV Load-velocity
rLy Maximal theoretical load relative to body mass

SD Standard deviation

SDgiff Standard deviation of change scores
SPP Specific preparation phase

SWC  Smallest worthwhile change

TE Typical error

Vo Maximal swim velocity
Appendix A
Table A1. Results of select countermovement jump variables pre- and post-observation with percent-
age change.
. Start of End of o
Jump Variable Observation Observation Percentage Change (%)
Concentric Impulse (N.s) 265+ 3 257 + 3 -29
Contraction Time (ms) 683 + 15 738 + 3 +8.1
((;‘r’nu)ntermo"emem Depth 349 4+ 0.7 473431 +35.7
Jump Height (cm) 50.0 £ 1.1 50.7 + 0.9 +1.4
Peak Velocity (m/s) 3.25 + 0.03 3.28 £ 0.04 +0.9
Relative Mean Force (N/kg) 22.8 £ 0.1 21.8 + 0.3 —4.5
Relative Peak Power (W /kg) 674+ 1.0 67.1+1.7 —04
RSI-Modified 0.85 £ 0.01 0.83 £ 0.04 —-22

Table A2. Results of 1RM strength testing with percentage change.

Exercise Start of End of Percentage Change
Observation—1RM (kg) Observation—1RM (kg) (%)

Back 150 165 +10.0

Squat

Bench 110 115 +4.5

Press

Chin Up 60 67 +11.7
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