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ABSTRACT

Purpose. The aim of our study was to analyse the effect of a single-cycle ischaemic preconditioning (IPC) protocol on per-
formance in the 100-m front crawl swimming modality.

Methods. Overall, 16 swimmers were recruited: 8 female athletes (12.9 = 0.88 years) and 8 male athletes (13.1 + 0.88 years).
In a randomized crossover design, all participants performed a 100-m front crawl sprint preceded by an IPC or placebo cycle.
In the IPC trial, a pneumatic cuff was attached to the proximal thigh and was inflated at a pressure equivalent to 80% of
arterial occlusion and remained inflated for 5 min (ischaemia); in the placebo trial, the cuff remained inflated for the same
amount of time, but at low external pressure levels (20 mm Hg). The volunteers started the test 5 min after cuff pressure
release (reperfusion).

Results. It was not possible to verify significant differences within the time (seconds) required to complete the test between
the IPC and placebo interventions (75.68 + 7.2 and 75.75 = 8.1 s, respectively; p = 0.916).

Conclusions. Therefore, we can conclude that the tested IPC protocol does not seem to be sufficient to provide performance
improvement in 100-m front crawl in young athletes.
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Introduction

Competitive swimming encompasses 16 Olympic
swimming pool events with distances ranging from
50 to 1500 m [1]. Small details can be of considerable
significance in this type of sport, considering that the
short event (i.e., 100 m) results can depend on differ-
ences of a mere 0.04 s [2].

Therefore, sports science researchers have been
looking for ways to maximize swimmers’ performance
in competitive situations, such as, for example, ischae-
mic preconditioning (IPC) protocols [3-5]. IPC can be
defined as a process that exposes a given organ (e.g.,

skeletal muscle) to brief periods, usually 5 min, of
ischaemia (i.e., reduced blood flow) and reperfusion
(i.e., reoxygenation of tissue) (IR, ischaemia-reperfu-
sion). This method aims to reduce the deleterious ef-
fects promoted by future and prolonged ischaemic harm
[6]. The technique has been shown to be a potent stim-
ulator for releasing vasodilator substances [7], as well
as promoting changes in energy metabolism in animal
models (ATP preservation) [8], physiological changes
of interest for sports scientists [9].

From this perspective, IPC, performed through the
application of pneumatic cuffs to the thigh, was ini-
tially indicated to improve maximal oxygen uptake
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by 3% and energy production by 1.6% in an incremen-
tal cyclist test [9]. Other studies followed the IPC pro-
tocol, demonstrating beneficial effects in cyclists and
long distance runners [10, 11]. In fact, IPC seems to
have an ergogenic impact in aerobic modalities; how-
ever, the results are less conclusive when it comes to
tests with predominant anaerobic metabolism [4, 5,
12, 13], reflecting the need for a greater number of in-
vestigations.

Most studies employ 3-4 cycles of IR before physi-
cal testing, totalling 30-40 min [14], although it has
been shown that a threshold for the effects of IPC is
reached with only 5 min of blood flow occlusion, re-
gardless of the number of cycles used [15]. Furthermore,
Beaven et al. [16] found an improvement in perfor-
mance 24 hours after a protocol consisting of two
3-min cycles of thigh blood flow occlusion. Therefore,
short-term IPC protocols seem to result in improved
human performance, being a more advantageous op-
tion for coaches and athletes [17]. In this sense, our
study aimed to analyse the effect of a protocol com-
posed of 5 min of vascular occlusion (VO) in the lower
limb followed by 5 min of reperfusion on the perfor-
mance in 100-m crawl sprint. We hypothesized that
the tested protocol would be able to improve the per-
formance of the time trial.

Material and methods
Participants

The sample was composed of 16 young national
level swimmers, 8 boys (13.1 = 0.88 years; 49.8 +
10.2 kg; 165.5 + 7.9 cm; fat percentage: 18.8 = 5.3%)
and 8 girls (12.9 + 0.88 years; 49.8 = 10.2 kg; 161.1 =
8.04 cm; fat percentage: 22.8 + 6.06%). Evidence con-
cerning the influence of gender on ergogenic effects of

IPC is controversial [12, 18]; however, it has previously
been found that men and women have distinct physio-
logical responses (i.e., lactate concentrations) in 100-m
crawl sprint [19]. Therefore, we performed the analysis
of the total group and after stratification by gender. As
inclusion criteria, the volunteers should have practiced
the sport for a period of at least 4 years (frequency of
training: more than 3 times a week), should not have
used substances with the capacity to optimize sports
performance (i.e., dietary supplements, drugs), should
not have had recent osteomioarticular lesions, and
should have had normal blood pressure values at rest
(medium value: 108.7 = 7.5 and 72.3 + 10.2 mm Hg for
systolic and diastolic blood pressure, respectively).

Experimental design

All volunteers made 3 visits to the laboratory. The
first meeting was used to collect anthropometric, hae-
modynamic, and body composition (X-ray dual emis-
sion densitometry [Lunar®/G.E PRODIGY - LNR
41.990, United States]) variables and to apply a familia-
rization test. Randomly, visits 2 and 3 were devoted to
placebo or IPC application (Figure 1). The tests took
place on different, non-consecutive days (7-day wash-
out) and at the same time (18:00-21:00). The volun-
teers were instructed to wear the same bathing suits in
the experimental and control tests. The performance
evaluation consisted of a 100-m crawl sprint, preceded
by the experimental protocol. All tests were performed
outside the competition period and the athletes had
been training 5 times a week for about 120 min. To
avoid any interference with the evaluations, the par-
ticipants were instructed to abstain from any vigorous
activity (including training sessions) and from con-
suming caffeine-containing foods or drinks within
72 hours prior to each trial.
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Figure 1. Experimental design of the study
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Determination of blood flow restriction pressure

Total occlusion pressure (TOP) was obtained by
using a highly sensitive portable vascular doppler
(MedPej®, DF-7001 VN, Ribeirdo Preto, Brazil), after
the individuals had rested for 5 min in the supine po-
sition on a stretcher. The probe was fixed above the
tibial artery, with the aim to capture the auscultatory
pulse. To obtain the pressure values (mm Hg) neces-
sary to promote total vascular limb occlusion (elimina-
tion of the wrist), a standard pressure cuff was attached
to the proximal part of the thigh and was inflated to the
point at which the auscultatory pulse disappeared [20].
Measurements were performed on both limbs, consid-
ering that bilateral differences in the lower limb TOP
levels were reported in a previous study [21], and were
always initiated with the right leg.

IPC and control protocol

The IPC protocol consisted of 5 min of ischaemia
and 5 min of reperfusion (10 min = 1 cycle). A pneu-
matic cuff (800 x 70 mm) was fixed below the inguinal
crease and inflated until reaching pressure values
equivalent to 80% of the TOP. Previously, it was dem-
onstrated that this relative pressure combined with low-
intensity exercise induced changes in neuromuscular
function [22]. The participants were asked every 1 min
to inform the researcher whether or not they could
complete the ischaemia protocol. The IPC conditions
were reproduced for the placebo trial, but a protocol
previously proposed was adopted in which the cuffre-
mained inflated at 20 mm Hg [3]. Both protocols were
performed with the subjects in the supine position.

Performance test (100-m crawl time)

The volunteers entered a 25-m pool at the end of
the IPC and placebo protocols and were instructed to
swim 100 m as quickly as possible (Figure 2). Before
the test, they performed dynamic stretching exercises
aimed at the upper and lower limbs (2 sets — 10 repeti-

Blood flow | H Tissue : 1 100-m crawl
restriction | 1 reperfusion T . sprint
5 min | | 5 min |

Figure 2. Outline of experimental sessions
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tions). The test started at the sound of a whistle, with
the participants beginning from inside the pool so that
their diving technique could not interfere with the re-
sults. The time required to complete the test was marked
by 3 skilled and experienced sports evaluators using
3 timers, and the mean of the times was used for analy-
sis [5]. None of the evaluators was aware of the type
of intervention applied (IPC or placebo) in the partici-
pants. In addition, athletes only had access to the test
time after the last collection. Immediately after the
performance test, the swimmers were instructed to
report their rate of perceived exertion (RPE) for that
task using the Borg category-ratio 10 (CR-10) scale with
visual and numerical indicators [23].

Statistical methods

Data normality was confirmed with the Shapiro-
Wilk test. Differences between the 2 exercise condi-
tions were investigated with paired samples ¢-tests
after confirming the Gaussian distribution of data with
a 5% significance threshold. The effect sizes (ES) were
calculated by Cohen’s d (trivial ES: < 0.2; small ES:
0.2-0.6; moderate ES: 0.6-1.2; large ES: 1.2-2.0; very
large ES: 2.0-4.0) [24].

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Decla-
ration of Helsinki, and has been approved by the Re-
search Ethics Committee of the Federal University of
Rio Grande do Norte (UFRN) (opinion: 3.464.925).

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.

Results

No significant differences were reported between
the placebo and IPC conditions in the 100-m crawl per-
formance for boys (t; = -0.576; p = 0.583; d = 0.08;
95% CI: -3.31 to 2.01), girls (t = -0.737; p = 0.485;
d =0.11; 95% CI: -1.13 to 2.13), or the total group
(tas) = 0.108; p = 0.916; d = 0.09; 95% CI: -1.32 to
1.46). For RPE, significant differences were identified
in the total group (tqs = -2.406; p = 0.02; d = 0.58;
95% CI: -1.65 to —0.10), but not after stratification by
sex (t; = 1.433; p = 0.195; d = 0.5; 95% CI: -0.56 to
2.31 and t; = 1.986; p = 0.08; d = 1.18; 95% CI: -0.16
to 1.91, for girls and boys, respectively) (Figures 3 and 4).
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Discussion

The aim of our study was to determine the effect of
an [PC protocol composed of 5 min of VO, performed
on the lower limb by means of a pneumatic cuff, fol-
lowed by 5 min of reperfusion, on the subsequent per-
formance in 100-m crawl. In addition, we checked the
reported RPE right after the end of the time trial. It was
not possible to verify differences between the interven-
tions performed for the 100-m screening, but a higher
RPE was reported in the [PC condition.

Previously, it was found that brief periods of ischae-
mia interspersed by reoxygenation of muscle tissue
were able to maximize physical performance. Most
often, 3-4 IR cycles are applied with a duration of
5 min, totalling 30-40 min [5, 9-11]. Some authors use
this number owing to the responses observed in ani-
mal models [9]. However, Beaven et al. [16] indicated
an improvement in physical performance within 24
hours after the execution of an IR protocol consisting
of 2 x 3-min VO cycles applied unilaterally through
pneumatic cuffs on the lower limbs. Therefore, shorter
protocols seem to have an ergogenic effect, being a more
advantageous option for technicians and athletes.

Jean-St-Michel et al. [4] found a significant im-
provement in 100-m swimming performance using
the athlete’s best stroke style after applying a 40-min
upper limb IPC protocol (4 ischaemia cycles inter-
spersed with 4 reperfusion cycles). In addition to the
duration of the protocol and place of application, the
study in question differs from ours in the amount of
time established between the IPC and the physical tests
(45 min vs. immediately after). Although there is no
consensus on the ideal time for IPC to exert an ergo-
genic effect, some authors have reported no improve-
ment [12, 13] and even reduced performance [25] in
interventions that use short periods between IPC and
anaerobic physical tests.

These findings can be justified by metabolic changes
(i.e., reduction of phosphocreatine, ATP, total adenosine
nucleotide content) caused by IPC in the main muscles
involved in exercise [14]. When considering that the
effects of [PC appear to be systemic, Salvador et al. [14]
point out that [PC applied remotely may be a more ad-
vantageous option, as the athlete would benefit from
the systemic effect, without the negative metabolic
changes inherent in the technique. Within this per-
spective, we opted for the occlusion of the lower limbs,
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since they exercise less amount of work during the
crawl swim [26] and proved to be capable of inducing
improved performance during 50-m crawl [5]. But still,
no difference between the conditions tested was ob-
served, which may indicate the need for a longer time
window between performing IPC and the physical
effort of anaerobic nature.

We postulate that the time established between the
IPC and the physical test also explains a higher RPE in
the IPC condition. It was demonstrated that IPC applied
to the lower limb (15 min of ischaemia + 15 min of
reperfusion) had no effect on RPE reported after water
sprints; however, a minimum period of 30 min was
established between the thigh blood flow occlusion
protocol and performing the physical test [5]. The short
time spent after the limb VO manoeuvre could provide
an additional stimulus to exacerbate RPE, considering
the theoretical model based on afferent feedback [27].
In accordance with this theory, feedback from affer-
ents in groups Il and IV (i.e., nerve endings sensitive
to chemical and mechanical changes) would be the
stimulus responsible for an increase in RPE [27]. There-
fore, it is plausible that the accumulation of metabolic
factors from the ischaemic [28] condition may have
modulated RPE via afferent feedback.

Moreover, a relevant aspect of the current study is
the fact that this is the first work with a sample com-
posed exclusively of adolescent athletes, who present
distinct physiology than adults [29]. For example, ado-
lescents exhibit lower activity of certain glycolytic en-
zymes than their adult counterparts [29]. This charac-
teristic should be considered, as the hypoxic condition
stimulates the release of the hypoxia-induced factor 1,
an agent capable of increasing the glycolytic rate through
overregulation of glycolytic metabolism enzymes [30],
which can be interesting in sprint activities [31]. There-
fore, the immaturity of glycolytic metabolism observed
in adolescents may limit ergogenic effects in short-term
activities. In addition, adolescents have lower percent-
ages of type II fibres than adults [29], an aspect that
could limit a possible post-activation potentiation ef-
fect (PAP) generated by the limb VO, as reported in
another study [32]. Strengthening this theory, Ara-
batzi et al. [33] verified an impact of age on the effect
of a PAP protocol when they found that adolescents
did not benefit from a PAP protocol, but their adult
peers did.

Our study has some limitations that need to be
highlighted: (i) A specific heating was not used and
although it has been previously suggested that heating
can mitigate the effect of IPC, this procedure is present
in the competitive environment. (ii) The absence of
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a study that would evaluate the effect of IPC in samples
composed exclusively of adolescents limits our discur-
sive capacity. (iii) We tested the application of IPC in the
lower limbs; considering the hypothesis that the im-
mediate benefits of IPC are local, the ergogenic effect
of the technique could be obtained by applying the
method on the arms, which perform a greater amount
of work in the crawl swim.

Conclusions

The completion of 1 cycle of IPC (i.e., 5 min of VO
+ 5 min of reperfusion) was not able to exert an im-
medjiate ergogenic effect on the performance in 100-m
crawl in a sample composed of adolescents. We suggest
that further studies should be performed with this pop-
ulation analysing the same protocol, but with a longer
time between the IPC manoeuvre and physical effort.
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