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Featured Application

In competition, swimmers may experience prolonged transition phases, which can con-
tribute to a loss of body temperature and reduced readiness before performance. In the
present study, a dryland explosive re-warm-up protocol was associated with faster 100 m
freestyle performance than the control condition. Because this strategy is easy to implement
in different pool settings, it may represent a practical option for sprint swimmers during
competition. By contrast, the in-water, race-pace strategy did not significantly improve the
main performance outcomes under the present conditions, although it may deserve further
investigation in longer-distance events.

Abstract

The transition phase often causes athletes to lose the benefits of warm-up, so this study
aimed to assess the effects of two re-warm-up protocols and a control condition without
re-warm-up on 100 m freestyle performance and the kinematic variables (stroke length
(SL), stroke rate (SR), and stroke index (SI)), subjective perception of effort (RPE), and
physiological variables (heart rate (HR), temperature (T), and blood lactate concentration
(La−)). Twenty competitive-level swimmers completed a dryland and water warm-up,
followed by a 30 min transition phase and a 100 m freestyle simulation. Over 30 min, each
swimmer randomly performed one of three re-warm-up protocols: control (remaining
seated), dryland (explosive exercises), and water (race-pace series). The three experimental
re-warm-up protocols affected 100 m freestyle performance (p = 0.019; η2p = 0.189). Post
hoc comparisons showed that dryland was faster than control (−0.68%, p = 0.009), whereas
no significant difference was observed between water and control (−0.52%, p = 0.234).
No significant differences were observed between conditions for SR, SL, RPE, or La−,
whereas peak HR was lower in the control. Although water did not significantly improve
performance, swimmers reported more favourable sensations during the trial. In conclusion,
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the dryland protocol significantly improved 100 m freestyle performance, whereas the water
protocol did not produce significant performance benefits under the present conditions.

Keywords: warm-up strategies; sprint performance; swimmers; re-warm-up

1. Introduction
Warm-up is widely accepted within the sporting community for its essential role

in preparing the body for intense physical effort and in preventing injury. For this, the
warm-up consists of a set of activities performed before training or competition to prepare
the athlete for the subsequent physical and psychological demands. In swimming, perfor-
mance depends on multiple physiological, biomechanical, technical, and psychological
factors [1,2], meaning that even slight variations in readiness can significantly influence
performance [3,4].

The increase in core body temperature accelerates metabolic reactions, improves nerve
conduction and joint lubrication, and reduces muscle viscosity, favouring faster and more
efficient muscular contractions and contributing to injury prevention [2,5]. The cold tem-
perature influences athletes’ performance; for example, in a drop jump, a 1 ◦C variation
in muscle temperature can result in a 2% to 5% change in performance [6]. These effects
are significant in swimming, where thermal dissipation in the aquatic environment can
compromise the gains achieved during the initial warm-up [7,8]. Other essential aspects of
warm-up include cardiac activation, which improves blood circulation, muscle contraction
time, force production, and motor response speed [9]. Muscular efficiency and the force
production potential depend directly on adequate neuromuscular preparation [10]. The bal-
ance between the intensity and duration of warm-up is critical to avoid under-stimulation
or premature fatigue [11]. During competitions, one of the most significant challenges faced
by athletes and coaches is the transition phase—the interval between the warm-up and
the event, during which muscle temperature and physiological activation can dissipate.
To mitigate these negative effects, the concept of re-warm-up arises, whose objective is to
maintain the benefits initially gained and to prepare the body for the competitive effort,
especially during extended resting periods before competition, namely, between multiple
events [10,12].

The psychological dimension of the warm-up and re-warm-up should not be over-
looked. These moments allow the athlete to enter the “ideal competitive state”, promoting
focus, emotional control, and motivation [13]. Even in challenging logistical contexts,
engaging in adapted physical activities can help transform anxiety into useful energy for
the competition [4].

The warm-up can be carried out through active strategies—such as dynamic exercises,
muscle activation, or explosive work—or through passive strategies, such as thermal cloth-
ing, saunas, and hot baths. The adopted strategy depends on factors such as available time,
intended intensity, environmental conditions, and the athlete’s individual characteristics.
Strict control of variables such as the rest interval duration, exercise intensity, and event
logistics is crucial to ensure effectiveness, avoiding inducing fatigue [10,14,15].

In this sense, understanding the physiological, metabolic, and psychological effects of
the warm-up and re-warm-up, as well as the most effective strategies for their implementa-
tion, is crucial for optimising swimmers’ performance in competitions.

Zochowski et al. [11] studied the effects of two transition phases, 10 and 45 min, on
swimmers’ performance, showing that a 35 min increase in transition time leads to a loss in
performance. Similarly, West et al. [16] also obtained better results in the shorter transition
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phase when comparing 20 min and 45 min. Although these results may contribute to
improving swimmers’ performance, most of them do not fit within the typical competitive
context, since the transition time between the water warm-up and competition generally
ranges from 25 min to 45 min and can exceed 2 h [4,17], leading to the dissipation of the
benefits brought by warm-up [11].

There is a need to develop strategies to mitigate the loss of benefits from warm-up or
to regain that state of preparedness. In this sense, Cuenca-Fernández et al. [18] created the
definition of postactivation performance enhancement (PAPE) as an improvement in the
performance of voluntary movements, such as swimming, after a short, intense activity,
followed by a brief rest period (7–10 min). This structure fits the actual necessities of the
swimmers during the competition, raising doubts about what the best strategies are.

This study aimed to determine if postactivation strategies currently used in competi-
tion can cause performance enhancement. Thus, the effects of two re-warm-up strategies
and a control condition without re-warm-up were compared in experienced swimmers in
a simulated competitive setting. They were developed in collaboration with experienced
coaches, based on information from national- and international-level coaches, and repli-
cated as closely as possible the strategies currently used in competition [17]. The dryland
re-warm-up seems to be the one that sprinters use more during competitions, which leads
us to hypothesise that following the dryland re-warm-up during the transition phase would
improve 100 m freestyle performance compared to the other re-warm-ups.

2. Materials and Methods
2.1. Participants

An a priori sample size calculation was performed using G*Power software (ver-
sion 3.1.9.7; Heinrich Heine University Düsseldorf, Düsseldorf, Germany) for a repeated-
measures ANOVA within-factors design. The expected effect size was informed by previ-
ous studies in swimmers that used repeated-measures/cross-over designs and reported
meaningful performance improvements. Based on this literature, a moderate effect size
(f = 0.30) was assumed. With an alpha level of 0.05, a statistical power of 0.80, a correlation
among repeated measures of 0.50, and a nonsphericity correction of 1.00, the required
sample size was estimated at 20 participants. The study involved 20 male volunteer swim-
mers aged 16–27 years (mean = 18.30 ± 2.77). The participants had an average height of
175.26 ± 6.32 cm and a weight of 66.09 ± 8.899 kg. According to the Participant Classifi-
cation Framework [19], participants were classified as Tier 3 (Highly Trained/National
Level), had 5–17 years of training experience, and competed at national or international
levels. The swimmer’s level was indicated by 565.1 ± 96.981 points in the World Aquatics
100 m crawl event (long course). To be included in the study, participants had to be men
in good health, at least 16 years old, and trained at least 6 times per week. The University
of Beira Interior ethics committee approved the study in accordance with the Declaration
of Helsinki. Participants were informed about the experimental benefits and risks before
signing an informed consent form, and for those under 18, consent was obtained from
parents or guardians.

2.2. Experimental Approach to the Problem

In the present study, all participants completed 3 sessions, separated by 24 h each, fol-
lowing a randomised counterbalanced cross-over design. Testing was conducted one week
after the main competition of the season, during a recovery period with no intense training
loads. The experimental process followed the following structure: “dryland” warm-up,
consisting of mobility and dynamic flexibility exercises, individualised, similar to what
occurs in competition (10 min); “in water” warm-up of 1200 m, following the proposal by
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Neiva et al. [20] (20 to 25 min); transition phase, where athletes were required to change
into their competition suits (10 min); re-warm-up (5 min); and call room with tracksuit
(15 min), following the recommendations of World Aquatics, and time trial. During the
transition phase, all swimmers remained in their competition suits and tracksuits (trunks
and T-shirt) and followed the protocol designated for each session.

Sessions 1, 2, and 3 varied by re-warm-up, control, dryland, and water. In the control
session, athletes did not perform a warm-up and remained seated for 5 min. In the dryland
session, athletes completed 3 sets of 3 repetitions of 2 explosive exercises, with 1 min rest
between repetitions, following the adapted protocol proposed by [14] (3× medicine ball
(4 kg) throw downs and 3× tuck jumps, with 1 min rest). In the water session, athletes
carried out a water warm-up (50 m build-up, 20 m build-up, 20 m race pace, 10 A1, 25 A1,
15 m build-up, 10 m race pace, 50 m A1) every 1.30 min. The overall experimental design is
presented in Figure 1.

Figure 1. Timeline of project design.

After the 20 min camera call, they performed a time trial of up to 100 m.
The study protocol was carried out in a 25 m pool, with a temperature range of 27 ◦C

to 28.5 ◦C and an ambient temperature range of 28 ◦C to 30 ◦C.
At the end of the experimental protocols, all participants completed an online ques-

tionnaire in which they expressed their opinions on the re-warm-up strategies and how
they felt during the protocols.

2.3. Trial Test

The times were initially recorded by experienced coaches using a manual stopwatch
and were subsequently confirmed through video analysis of the trials. This procedure was
adopted to reduce potential timing errors and to improve the consistency of performance
assessment. The trials were filmed to obtain start time, turn time, swim time, and kinematic
variables (SR, SL, and SI) at 12.5 and 16 m, using 2 Samsung Galaxy S23 Ultra smartphones
(Samsung Electronics Co., Ltd., Suwon, Republic of Korea) at 60 fps. Stroke rate (SR)
was obtained from video analysis using the stopwatch stroke-rate function by timing
3 complete stroke cycles from the moment the swimmer’s hand entered the water. In
each lap, the analysis started at the 3rd stroke after the 25 m and 75 m marks. Mean
swimming velocity over the analysed section was calculated by dividing the distance
covered by the corresponding time. Stroke length (SL) was then calculated as the ratio
between swimming velocity and stroke rate, and stroke index (SI) was calculated as the
product of swimming velocity and stroke length. Tympanic temperature was measured
using a tympanic thermometer (Beurer GmbH, Ulm, Germany), before warm-up, after
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warm-up, before re-warm-up, after re-warm-up, before the trial, after the trial, and 4 min
after the time trial. Capillary blood samples were collected by finger pricking, and blood
lactate concentration (La−) was measured using a Lactate Pro 2 analyser (ARKRAY Inc.,
Kyoto, Japan), before warm-up, before re-warm-up, after re-warm-up, before the trial,
1 min post-trial, and 4 min post-trial (peak La− was calculated using the higher of the last
two collections). Heart rate was monitored throughout the test using the Polar OH1 (Polar
Electro Oy, Kempele, Finland). RPE was assessed using CR10 proposed by Borg [21], which
was applied after re-warm-up, before, and after the trial. The timeline of data collection
and measurement moments is presented in Figure 2.

Figure 2. Timeline of data collection.

2.4. Anthropometry

On the day of the first data collection, the anthropometric measurements of the
swimmers were taken. Following recommended and standardised protocols [22], the
subjects were measured only in underwear, and a single observer collected the data. Height
was measured with a stadiometer (Harpenden model 98.603, Holtain Ltd., Crosswell, UK),
and body mass was measured with bioimpedance equipment (InBody 770, InBody Co.,
Ltd., Seoul, Republic of Korea).

2.5. Statistical Analysis

The analyses were conducted using SPSS software (version 29.0.1.0, SPSS Inc., Chicago,
IL, USA) with significance set at p ≤ 0.05. The 100 m freestyle time was considered the
primary outcome, whereas the biomechanical, physiological, and perceptual variables were
treated as secondary/exploratory outcomes. Bonferroni-adjusted post hoc comparisons
were applied within each analysis when appropriate. The Shapiro–Wilk test and Q-Q
plots were used to verify the normality of the variables and the residuals. Sphericity was
assessed using Mauchly’s test for repeated-measures factors with more than two levels.
In all cases, the assumption of sphericity was met; therefore, no Greenhouse–Geisser or
Huynh–Feldt corrections were required. Whenever the assumptions were met, a two-way
repeated-measures ANOVA was conducted between condition (control, water, and dry-
land) and moment (50m1 and 50m2; La−_Pre-trial and La−_Peak_Post-trial; HR_pre and
HR_Max; Temp_Post_Re-warm-up and Temp_pre_trial) as factors. For the 100 m time
trial, baseline measures, initial tympanic temperature, initial La−, and initial heart rate, a
one-way repeated-measures ANOVA was used to analyse differences across conditions, as
the assumptions were satisfied. Partial η2p was used as a measure of effect size and inter-
preted according to the general guidelines [23], although these thresholds were considered
only as descriptive references and interpreted with caution, given the repeated-measures
cross-over design.
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When the required assumptions for a repeated-measures ANOVA were not met (RPE
post-re-warm-up, pre-trial, and post-trial), the nonparametric Friedman test was used.
Kendall’s Coefficient of Concordance (W) was used as a measure of effect size, and the
classification criterion adopted was based on previously proposed thresholds [24], (values
between 0 and 0.3 indicate a low effect, values between 0.3 and 0.5 indicate a medium effect,
and values larger than 0.5 indicate a strong effect).

3. Results
3.1. Baseline Data

Baseline measures were obtained to confirm that participants started each trial under
comparable physiological conditions.

There were no significant differences in the baseline values of the variables across the
different conditions (p > 0.05) (Table 1). Likewise, none of the initial physiological measures
differed significantly between conditions, indicating comparable starting conditions across
trials: initial temperature (F = 0.94, p = 0.401, η2p = 0.047), baseline lactate concentration
(F = 0.12, p = 0.890, η2p = 0.006), and initial heart rate (F = 0.98, p = 0.384, η2p = 0.049). These
findings suggest that participants began the trials under similar physiological conditions.

Table 1. Comparisons of baseline data (temperature, La− and HR) across different conditions.

Control Water Dryland F (p #1) η2p

Temperature 36.75 ± 0.39 36.65 ± 0.45 36.69 ± 0.40 0.936
(0.401) 0.047

La− 2.3 ± 0.68 2.39 ± 0.87 2.28 ± 0.93 0.117
(0.890) 0.006

HR 69.85 ± 14.85 72.45 ± 12.94 69.85 ± 13.25 0.981
(0.384) 0.049

#1—One-way repeated measures ANOVA.

3.2. Performance Times

Overall swimming performance outcomes, including total time and split times, are
presented below to examine whether the different re-warm-up strategies influenced race
performance and pacing.

According to the results presented in Table 2, there was a significant main effect of
condition on 100 m performance (F = 4.44, p = 0.019, η2p = 0.189). Post hoc pairwise
comparisons indicated that this effect was attributable to significantly faster 100 m times
in the dryland condition compared with the control (p = 0.009). No significant differences
were observed between control and water or between water and dryland.

Table 2. Comparisons of 100 m time performance across different conditions.

Conditions Mean ± SD F
(p #1) η2p Multiple

Comparison p #3

100 m

Control 56.36 ± 3.25

4.439
(0.019) 0.189

Control vs.
Dryland 0.009 *

Water 56.07 ± 3.16 Control vs.
Water 0.234

Dryland 55.98 ± 2.96 Dryland vs.
Water 1.000

#1—One-way repeated measures ANOVA; #3—Bonferroni multiple comparison test * p < 0.05.
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According to Table 3, there was a significant main effect of condition on 50 m perfor-
mance (F = 4.31, p = 0.021, η2p = 0.185). A significant main effect of trial was also observed,
with swimmers performing the second 50 m significantly slower than the first (F = 312.89,
mboxemphp < 0.001, η2p = 0.943). However, the condition × trial interaction was not
significant (F = 0.94, p = 0.399, η2p = 0.047), indicating that the change in performance
from the first to the second 50 m was consistent across conditions. Only the control and
dryland conditions differed significantly, with the dryland trial producing faster 50 m times
(p = 0.011). No significant differences were found between control and water or between
water and dryland (p > 0.05).

Table 3. Comparisons of the 1st and 2nd 50 m performance across different conditions.

Conditions
50m1 50m2 Condition Moment Condition × Moment Multiple Comparison

p #3
Mean ± SD Mean ± SD F (p #2) η2p F (p #2) η2p F (p #2) η2p

Control 26.99 ± 1.54 29.36 ± 1.80

4.308
(0.021 *) 0.185

312.894
(<0.001 *) 0.943

0.941
(0.399) 0.047

Control vs.
Dryland 0.011 *

Water 26.95 ± 1.62 29.12 ± 1.60 Control vs.
Water 0.250

Dryland 26.82 ± 1.68 29.16 ± 1.68 Dryland vs.
Water 1

#2—Two-way repeated measures ANOVA; #3—Bonferroni multiple comparison test. * p < 0.05.

3.3. Kinematic Analysis

This section presents the main kinematic variables across conditions and race halves
to describe how swimming mechanics and efficiency changed between the first and second
50 m and whether these patterns differed by condition.

3.3.1. Stroke Rate

According to Table 4, no significant interaction between conditions and moments (the
first and second 50 m of the race) was found for SR (F = 0.77, p = 0.171, η2p = 0.089). The
SR in the second 50 m was significantly lower than in the first 50 m (F = 10.12, p = 0.005,
η2p = 0.348). No significant differences were found across the conditions (F = 1.85, p = 0.469,
η2p = 0.039).

Table 4. Comparisons of the SR of the 1st and 2nd 50 m across different conditions.

Conditions
50m1_SR 50m2_SR Condition Moment Condition × Moment

Mean ± SD Mean ± SD F (p #2) η2p F (p #2) η2p F (p #2) η2p

Control 49.09 ± 3.25 47.20 ± 4.32
1.85

(0.469) 0.039
10.12

(0.005 *) 0.348
0.77

(0.171) 0.089Water 48.18 ± 3.47 47.20 ± 3.35

Dryland 49.02 ± 3.66 47.19 ± 4.32
#2—Two-way repeated measures ANOVA; * p < 0.05; 50m1_SR, stroke rate 1st 50 m; 50m2_SR, stroke rate 2nd.

3.3.2. Stroke Length

As shown in Table 5, no significant interactions were found between the conditions
and the moments (first and second 50 m of the race) for SL (F = 1.19, p = 0.316, η2p = 0.059).
The SL in the second 50 m was significantly shorter than in the first 50 m (F = 30.78,
p < 0.001, η2p = 0.618). No statistically significant differences were found across the condi-
tions (F = 1.46, p = 0.246, η2p = 0.071).
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Table 5. Comparisons of SL of 1st and 2nd 50 m across different conditions.

Conditions
50m1_SL 50m2_SL Condition Moment Condition × Moment

Mean ± SD Mean ± SD F (p #2) η2p F (p #2) η2p F (p #2) η2p

Control 2.28 ± 0.20 2.19 ± 0.23
1.457

(0.246) 0.071
30.782

(<0.001 *) 0.618
1.189

(0.316) 0.059Water 2.33 ± 0.20 2.20 ± 0.19

Dryland 2.30 ± 0.21 2.20 ± 0.22
#2—Two-way repeated measures ANOVA; * p < 0.05; 50m1_SL, stroke length 1st 50 m; 50m2_SL, stroke length.

3.3.3. Stroke Index

As shown in Table 6, no significant interactions were found between the conditions
and the moments (first and second 50 m of the race) regarding SI (F = 0.50, p = 0.611,
η2p = 0.026). The SI in the second 50 m was significantly lower than in the first 50 m
(F = 243.81, p < 0.001, η2p = 0.928). No significant differences were observed between
conditions (F = 3.11, p = 0.056, η2p = 0.140), although the control condition presented the
lowest mean SI values.

Table 6. Comparisons of the SI of the 1st and 2nd 50 m across different conditions.

Conditions
50m1_SI 50m2_SI Condition Moment Condition × Moment

Mean ± SD Mean ± SD F (p #2) η2p F (p #2) η2p F (p #2) η2p

Control 4.25 ± 0.57 3.76 ± 0.56
3.105

(0.056 **) 0.140
243.809

(<0.001 *) 0.928
0.500

(0.611) 0.026Water 4.35 ± 0.59 3.80 ± 0.49

Dryland 4.31 ± 0.57 3.80 ± 0.52
#2—Two-way repeated measures ANOVA; * p < 0.05; ** p < 0.1; 50m1_SI, Stroke index 1st 50 m; 50m2_SI, Stroke
index 2nd.

3.4. Physiological Variables

3.4.1. La−

As observed in Table 7, no significant interaction between conditions and moments
(pre-trial and post-trial) was observed for the La− variation (F = 1.71, p = 0.195, η2p = 0.082).
A significant effect was found in the variation in La− between moments (F = 374.39,
p < 0.001, η2p = 0.952), with higher values in the post-trial. No significant differences were
found across the conditions (F = 1.49, p = 0.238, η2p = 0.073).

Table 7. Comparisons of La− pre-trial and La− peak post-trial across different conditions.

Conditions
La−_Pre-Trial La−_Peak_Post-Trial Condition Moment Condition × Moment

Mean ± SD Mean ± SD F (p #2) η2p F (p #2) η2p F (p #2) η2p

Control 2.77 ± 1.26 14.05 ± 3.47
1.489

(0.238) 0.073
374.386

(<0.001 *) 0.952
1.706

(0.195) 0.082Water 2.44 ± 0.97 13.78 ± 2.80

Dryland 2.67 ± 1.35 14.87 ± 2.92
#2—Two-way repeated measures ANOVA; * p < 0.05.

3.4.2. La− Net

Table 8 indicates that no significant differences were observed between the control,
water, and dryland conditions (F = 1.16, p = 0.323, η2p = 0.058), indicating that the La− Net
response did not differ across the three experimental conditions.
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Table 8. Comparisons of La− Net across different conditions.

Control Water Dryland F (p #1) η2p

La− Net 10.97 ± 3.74 11.34 ± 2.75 11.90 ± 2.85 1.164
(0.323) 0.058

#1—One-way repeated measures ANOVA, La− Net (La− peak − La− pre-trial).

3.5. RPE

The results presented in Table 9 showed that post-re-warm-up RPE did not differ
significantly across conditions (p = 0.054), with a small effect size (Kendall’s W = 0.146).
Similarly, pre-trial RPE showed no significant differences among conditions (p = 0.215),
with a small effect size (Kendall’s W = 0.077), indicating minimal variation in perceived
exertion before the start of the trial.

Table 9. Comparisons of RPE post-re-warm-up, pre-trial, and post-trial across the different conditions.

Conditions Mean ± SD Median χ2 p #4 Kendall’s W

Post-re-warm-up

Control 2.25 ± 1.12 2

5.833 0.054 0.146Water 2.90 ± 0.91 3

Dryland 2.90 ± 1.21 3

Pre-trial

Control 1.83 ± 1.37 1

3.073 0.215 0.077Water 2.15 ± 1.42 2

Dryland 1.75 ± 1.02 1

Post-Trial

Control 8.05 ± 1.05 8

1.227 0.541 0.031Water 8.25 ± 0.97 8

Dryland 8.15 ± 1.09 8
#4—Friedman test.

3.6. Heart Rate

The values reported in Table 10 show that the interaction between conditions and the
HR collection moments (HR pre and HR max) was not statistically significant (F = 1.50,
p = 0.235, η2p = 0.073). A significant effect was observed in HR variation, with higher values
during the trial than at the pre-trial moment (F = 420.56, p < 0.001, η2p = 0.957). The effect of
the conditions was significant (F = 5.45, p = 0.008, η2p = 0.223), indicating differences across
at least two conditions. The multiple-comparison analysis showed a difference between the
water condition and the control (p = 0.005), with higher HR values in the water condition.
Although the difference is not significant, the values tend to be lower in the control than in
dryland (p = 0.063 < 0.1).

Table 10. Comparisons of heart pre-trial and heart peak between them and across the different conditions.

Conditions
HR_Pre-Trial HR_Peak Condition Moment Moment × Trial

Comparison p #3

Mean ± SD Mean ± SD F (p #2) η2p F (p #2) η2p F (p #2) η2p

Control 114.20 ± 19.50 160.95 ± 11.91

5.450
(0.008 *) 0.223

420.563
(<0.001 *) 0.957

1.504
(0.235) 0.073

Control vs.
Dryland 0.063

Water 123.65 ± 15.40 163.1 ± 15.80 Control vs.
Water 0.005 *

Dryland 125.45 ± 15.90 164.45 ± 15.35 Dryland vs.
Water 1

#2—Two-way repeated measures ANOVA; #3—Bonferroni multiple comparison test; * p < 0.05.
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In Table 11, no statistically significant interaction between the conditions and the
moments (between HR_Baseline and HR_Peak) was found for heart rate (F = 0.65, p = 0.529,
η2p = 0.033). When analysing the effect of the moments, a significant effect was observed
(F = 67.90, p < 0.001, η2p = 0.972), with values being significantly higher at the trial peak
than at the protocol’s initial moment. No significant differences were observed across the
conditions (F = 1.00, p = 0.376, η2p = 0.050).

Table 11. Comparisons of the heart rate baseline and the heart rate peak across the different conditions.

Conditions
HR_Baseline HR_Peak Condition Moment Condition × Trial

Mean ± SD Mean ± SD F (p #2) η2p F (p #2) η2p F (p #2) η2p

Control 69.85 ± 14.85 160.95 ± 11.91
1.004

(0.376) 0.050
665.901

(<0.001 *)
0.972 0.647

(0.529) 0.033Water 72.45 ± 12.94 163.1 ± 15.80

Dryland 69.85 ± 13.25 164.45 ± 15.35
#2—Two-way repeated measures ANOVA; * p < 0.05.

3.7. Tympanic Temperature Data

In Table 12, the results show a significant interaction between condition and moment in
the temperature analysis (post-re-warm-up and pre-trial) (F = 53.52, p < 0.001, η2p = 0.738).
Bonferroni-adjusted multiple comparisons with the moment fixed are presented in Table 13.
Significant differences were observed between the control and water conditions (p < 0.001)
and between the dryland and water conditions (p < 0.001). The same pattern was observed
at moment 2, with significant differences between control and water (p = 0.010) and be-
tween dryland and water (p = 0.003). In this case, we observe that water presents lower
temperatures during both moments.

Table 12. Comparisons of post-re-warm-up and pre-trial temperatures across the different conditions.

Conditions
Temp_Post_Re-Warm-Up Temp_Pre_Trial Condition Moment Condition × Trial

Mean ± SD Mean ± SD F (p #2) η2p F (p #2) η2p F (p #2) η2p

Control 36.53 ± 0.48 36.68 ± 0.43
146.553

(<0.001 *) 0.885
144.590

(<0.001 *) 0.884
53.523

(<0.001 *) 0.738Water 34.49 ± 0.51 36.31 ± 0.48

Dryland 36.41 ± 0.53 36.76 ± 0.42

#2—Two-way repeated measures ANOVA; * p < 0.05.

Table 13. Bonferroni multiple comparison fixing the moment.

Moment Condition Condition p #3

1
1

2 <0.001 *

3 1.000

2 3 <0.001 *

2
1

2 0.010 *

3 0.970

2 3 0.003 *
#3—Bonferroni multiple comparison test; * p < 0.05.

3.8. Psychological Variables
Questionnaire: Self-Reported Preferences and Sensations

Fourteen athletes indicated that warming up in the water was their favourite method,
reporting a greater feeling of activation, increased sensitivity in the water, a better swim-
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ming sensation, and less fatigue during the final stretch. The same athletes indicated dry
warming as the second most effective, often providing the same feeling of activation but
without the fatigue. Five athletes said they preferred the warm-up, saying they felt more
active and explosive, and that it was more practical and feasible in all race situations, and
two athletes said they were already used to this warm-up. In the control area, athletes said
it was the least active method, making them feel very relaxed and tired; only one athlete
reported preferring not to warm up, but did not justify their opinion.

4. Discussion
Previous studies have demonstrated that additional activation strategies implemented

during prolonged transition phases may enhance subsequent swimming performance,
particularly when dryland exercises are combined with passive heating interventions. Mc-
Gowan et al. [14,25] and Knight [26] reported performance improvements ranging from ~0.7
to 2.0% following combined re-warm-up strategies, with the largest effects observed when
plyometric or explosive dryland exercises were associated with passive heating. Specifi-
cally, Knight [26] observed a 2.0% improvement (~1.15 s), whereas McGowan et al. [25]
and McGowan et al. [14] reported improvements of ~0.8% (~0.50 s) and 1.05% (~0.80 s),
respectively. Together, these findings suggest that active re-warm-up strategies may be
beneficial during prolonged transition phases. In the present study, however, this resulted
in a significant improvement in 100 m freestyle performance compared with the control
condition (~0.68%). Although the water condition also produced a numerically faster
performance (~0.52%), this difference did not reach statistical significance. Therefore, un-
der the conditions of the present study, only the dryland protocol demonstrated a clear
positive effect on performance. However, these findings should be interpreted within the
methodological context of the study. Although performance times were initially recorded
manually, all trials were subsequently verified through video analysis to enhance mea-
surement accuracy. Furthermore, the inclusion of well-trained national-level swimmers
provides relevant applied insight, although caution should be exercised when generalising
these findings to elite international athletes.

As expected, when analysing the 50 m splits of the trial, we observed that the first
part of the race was faster than the second part in all conditions, probably due to factors
such as muscular fatigue [27], explosive start from the block, energy management, and
technique [28]. In the present study, only the dryland condition was significantly faster than
the control in the split analysis. No significant differences were observed between water
and control or between water and dryland. Therefore, the split results support dryland as
the only protocol associated with a significant improvement in sprint performance under
the present conditions.

All stroke metrics (SR, SL, and SI) showed a reduction in the second 50 m compared
with the first 50 m, which is consistent with the fatigue-related changes expected during
a 100 m effort. No differences were found between conditions; however, the results of
our study showed a trend for the values of SI in the water condition to be less variable
during the trial, suggesting that this condition may enhance technical patterns and their
maintenance during the race. As Morais et al. [29] state, the SI is strongly correlated with
performance and technical efficiency, serving as an indirect measure of efficiency.

The La− Net values reflect the metabolic intensity achieved during the trial, reporting
the difference between La-peak and La-pre-trial. All conditions achieved comparable
metabolic intensities, with no differences observed in this variable. Generally, the greater
the anaerobic glycolytic activity required, the greater the accumulation of La− during
the test, and a higher glycogen capacity contributes to better results in short-duration
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events [30]. In the present study, La− increased by an average of 407% from pre-trial to
post-trial in La−, indicating that the athletes exerted very intense effort across all conditions.

The RPE results also did not show differences between conditions, reinforcing the idea
that, despite the effort felt and applied by the athletes being similar across conditions, the
trial times differed, probably due to physiological and technical factors arising from the
different warm-up protocols.

Neiva H. [3] reported that warm-up in water could improve performance without
increasing La− values or perceived effort, as was the case in our results, in which no
differences were found between conditions in La− values or RPE. However, differences in
athletes’ performance were observed. Thus, considering that the control condition showed
100 m times worse than those in the dryland condition, we can suggest that the control
condition may have caused a sub-warm-up and a lack of metabolic readiness compared to
the dryland condition, maintaining the effort level of the other conditions but resulting in
worse times in the trial.

The HR values were lower in control than in water in the pre-trial and peak-trial
comparison, with a significant condition effect in this analysis. This finding may indicate a
lower level of physiological activation in the control condition before the trial. However,
given that not all pairwise comparisons were significant, this interpretation should be ap-
proached with caution. There was a significant increase in baseline and pre-trial HR leading
up to the peak HR during the trial, once again demonstrating that, despite differences
between protocols and results, the trials reflected high levels of effort by the athletes [31].

The water condition showed lower temperatures than the other conditions in both
the post-re-warm-up and pre-trial phases, likely due to the body’s immersion for 5 min
during the re-warm-up. Due to the water’s high thermal conductivity, which ranged from
27 ◦C to 28.5 ◦C, body temperature decreased [32]. However, from the post-re-warm-
up to the pre-trial, this temperature increased by an average of 1.82 ◦C, with the water
condition becoming very close to the temperature of the other conditions, likely because
even though the temperature drops due to water immersion, during the transition phase,
the temperature rises again due to heat accumulation in the body resulting from the physical
effort induced by re-warm-up and the use of clothing. The dryland condition also showed
an increase in temperature from post-re-warm-up to pre-trial, possibly due to the effort
exerted during the re-warm-up activity, as this increase in heat is a universal response to
intense muscular activity [33].

Overall, the present results indicate that dryland was the only protocol associated
with a significant improvement in 100 m freestyle performance. Although swimmers
subjectively preferred the water strategy and reported more favourable sensations during
the trial, these perceptions were not accompanied by significant improvements in the main
performance outcomes. Therefore, the water protocol should be interpreted cautiously
and may be better viewed as a strategy for future investigation rather than as a confirmed
performance-enhancing intervention.

A larger sample size could have provided stronger support for the present findings,
which should be acknowledged as a limitation of this study. In addition, although all
participants were experienced competitive swimmers, not all were specialists in the 100 m
freestyle event and stroke. Furthermore, because the sample comprised competitive athletes
assessed in a real training context, care was taken to avoid disrupting the normal training
process, which necessarily reduced experimental control over the athletes’ psychophysio-
logical state at the time of testing. Another limitation was that the primary performance
outcome was not measured using an official electronic timing system, as such a system
was not available in the testing setting. Performance times were recorded manually by
experienced coaches and subsequently confirmed through video analysis, which helped
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reduce potential timing errors. Nevertheless, the small differences observed between con-
ditions should still be interpreted with caution, and future studies should prioritise the use
of official electronic timing systems whenever possible. Although Bonferroni adjustments
were applied to post hoc pairwise comparisons within each analysis, the number of sec-
ondary and exploratory outcomes analysed may have increased the overall probability of
type I error. Therefore, findings related to secondary variables should also be interpreted
with caution. Finally, the 24 h interval between sessions was chosen because testing took
place one week after the main competition of the season, during a recovery period without
intense training loads. Moreover, the participants were well-trained swimmers accustomed
to competing in multiple events across several sessions and consecutive competition days.
For this reason, 24 h was considered a reasonable recovery interval within the ecological
context of the study, although residual fatigue cannot be completely excluded. Future
studies should consider larger samples, longer washout periods, and official electronic
timing systems.

5. Conclusions
The dryland condition appears to be beneficial for 100 m freestyle performance, pro-

ducing faster trial times than the other conditions. This effect seems to be mainly related to
the first 50 m, where differences between conditions were observed. Therefore, explosive
dryland exercises targeting swimming-specific movement patterns may induce physiologi-
cal and mechanical changes that are advantageous for short-distance events. In contrast, the
water condition produced times close to those observed in the dryland condition, but these
differences were not statistically significant. Although this condition showed a tendency
toward a higher SI, and swimmers reported more favourable sensations during the trial,
these findings should be interpreted with caution. Therefore, rather than indicating a
confirmed performance benefit, the present results suggest that this strategy may deserve
further investigation, particularly in longer-distance events such as the 400 m, 800 m, or
1500 m, where swimming economy may play a more important role.
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