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RESUMO

A aplicagdo do gelo (resfriamento) tem sido uma estratégia popular durante as atividades fisicas para aumentar o
desempenho. O objetivo deste estudo foi testar se diferentes locais de resfriamento podem aumentar o nimero de repeti¢des
(volume) durante o treinamento resistido com restri¢do do fluxo sanguineo (RFS). Dez mulheres se voluntariaram para este
estudo. A caracterizagdo da amostra é apresentada em média e desvio padrio: idade: 28,5 = 8,6 anos; estatura: 164,6 £ 8,3
cm; massa corporal total: 61,5 + 7,1; teste de forga muscular dindmica (1RM): 236,5 + 54,8kg; 30% 1RM: 71,6 £ 16,5; PAS:
124,7 £ 7,7 mm Hg; 1,3 x PAS: 161,8 £ 10,4 mmHg, participaram do estudo. Os sujeitos realizaram cinco sessdes de
exercicio resistido com RFS. Trés séries foram realizadas em cada sessdo, com a intensidade de 30% de 1RM até falha
muscular e 30 segundos de descanso entre as séries. Os locais de resfriamento foram: maos, pescogo e temperatura do tanel.
Uma sessdo sem resfriamento foi realizada e considerada como grupo controle. Ndo houve diferenga no numero total de
repetigdes entre as intervengdes, nem diferenca entre as intervengdes para percepgdo subjetiva de esforgo (P = 0,49).
Portanto, nds ndo recomendamos o resfriamento para manter um alto nimero de repeticdes durante o treinamento de forca
com restri¢do do fluxo sanguineo.

Palavras-chave: Fadiga. Kaatsu training. Treinamento de forca.

ABSTRACT

The ice application (cooling) has become popular during physical activities to improve performance. This study aimed to test
whether different cooling places could increase the number of repetitions (volume) during resistance training with blood flow
restriction (BFR). Ten women volunteered for this study. The sample characterization is presented in mean and standard
deviation: age: 28.5 + 8.6 years; height: 164.6 £ 8.3 cm; total body mass: 61.5 = 7.1 maximal dynamic strength test (1IRM):
236.5 £ 54.8 kg; 30% 1RM: 71.6 £ 16.5; SBP: 124.7 + 7.7 mm Hg; 1.3 x SBP: 161.8 = 10.4 mm Hg. The subjects performed
five sessions of resistance exercise with BFR. Three sets were held in each session, with the intensity of 30% of 1RM until
muscle failure; and 30-second rest period between sets. The cooling sites were: hands, neck, and tunnel temperature. One
session without cooling was done and considered as a control group. There was neither difference in the total number of
repetitions of repetitions among interventions, nor a significant difference among interventions for RPE (P = 0.49).
Therefore, we do not recommend cooling to maintain a high number of repetitions during strength training with BFR.
Keywords: Fatigue. Kaatsu training. Strength training.

Introduction

The strength training with blood flow restriction (BFR) is composed of light load
(20 to 50% of 1RM), short recovery period between sets (30 to 60 seconds), and sets
performed until muscle failure'”. This method is used to induce muscle hypertrophy and
strength’.

The total number of repetitions (volume) during resistance training is important to
improve muscle hypertrophy’. However, during a session of strength training with BFR
muscle fatigue is observed, decreasing the number of repetitions and, consequently time under
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tension’. Thus, we are interested in strategies that could sustain a high number of repetitions
during a strength training session.

The application of ice (cooling) has become popular during physical activities®
because this strategy could enable the increase of the total work performed. For strength
training, the cooling strategy could maintain a high number of repetitions and the time under
tension, favouring the muscle hypertrophy. Cooling techniques have improved performance in
resistance training in men’ and women® when applied to their hands, with a rest interval
between sets of 2.5 and 3 minutes. The cooling procedure might change afferent signals from
the body to the central nervous system (CNS), according to the Central Governor Model’.
However, the cooling method, location, size of the region, duration, type of exercise, and
protocol might influence the magnitude of the effect'®. Here we were not able to apply the
cooling in the active muscle because of the sphygmomanometer covering the muscle.

Then, we cooled three different places (palm of hands; neck; tunnel of temperature),
in different days, aiming to improve performance. The choice of the palm was related to
positive results found in previous research on cooling and performance in strength training”*.
The cooling of the neck was because it is widely used in endurance sports''2. The
temperature tunnel through the vein and superior ophthalmic artery located in the cantal
projection eyelid is directly related to hypothalamic temperature'®, and this area is the key
region that controls metabolism'®, therefore, cooling this place could promote a refresh
sensation and influence the performance positively. Therefore, this study aimed to test
whether different cooling places could increase the number of repetitions (volume) in
resistance exercise with BFR.

Methods

Participants

Ten women volunteers provided written informed consent to participate in this
study, which was approved by the Ethics Committee of the Federal University of Sdo Paulo
under the number 1174/2016. The subjects volunteered after being fully informed of the
requirements and risks associated with the research. Subject characteristics (mean and
standard deviation) were: age, 28.5 + 8.6 years; height, 164.6 + 8.3 cm; total body mass, 61.5
+ 7.1; maximal dynamic strength test (1IRM), 236.5 + 54.8 kg; 30% 1RM, 71.6 £+ 16.5;
systolic blood pressure (SBP), 124.7 £ 7.7 mm Hg; 1.3 x SBP, 161.8 £ 10.4 mm Hg; and time
experience in the resistance training, 6.4 + 5.8 years.

Experimental design

A crossover design was used, with each volunteer serving as their control. The
subjects performed five sessions of resistance exercise with BFR. On the first session, we
measured volunteers’ body weight, height, systolic blood pressure at rest and maximal
dynamic strength test (IRM) in the leg press 45° exercise. From 2™ to 5" sessions, the
interventions were randomized, but unbalanced because of the number of participants. We
gave them 48-hour of rest interval between sessions to avoid performance decrement'®. Three
sets were held in each session, with the intensity of 30% of 1RM'® until muscle failure; and
30-second rest period between sets because previous studies recommended a rest period
between 30 and 60 seconds when applying BFR on resistance exercise'’. The BFR was
performed in both thighs with a sphygmomanometer and placed on the proximal thigh
portion; the pressure applied was according to the protocol described by Takano (2005) (i.e.,
resting systolic blood pressure x 1.3). The same BFR was kept during the rest intervals
between sets. The cooling places were: hands, neck, and tunnel temperature. One session
without cooling was done and considered as a control group. The cooling length had the same
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duration of rest interval between sets. We used a metronome to monitor the movement
cadence, with 2-seconds on the concentric phase and 2-seconds for eccentric. Immediately
after each set, the rating of perceived effort was obtained by adapted Borg scale (CR-10)"®.

Maximal Dynamic Strength Test (1RM)

The 1RM tests were performed on a Leg Press 45° machine, according to Brown and
Weir protocol'. Initially, the volunteers performed the leg press exercise with the metronome
to familiarize themselves with the interventions. The interval between trials during the 1RM
test was 3 minutes °. We determined the load of 30% of the maximum load for the
accomplishment of the BFR protocol after the IRM test™.

Protocol of Blood Flow Restriction

Initially, we measured the systolic blood pressure at rest (SBPR) on the left arm
through the electronic blood pressure monitor (Intellisense mark, JZK -002 models). The
value of the SBPR time 1.3 was used to determine the pressure used during a resistance
training session with BFR*’. We used the sphygmomanometer Premium Artery clamp with a
large range (35 to 51cm) to perform the partial occlusion. We placed a sphygmomanometer
on each of the volunteers’ thighs, followed by pressure adjustment to each set. After adjusting
the cuff pressure to each set, the volunteers did the maximum number of repetitions. We
stopped the set when subjects had a failure during concentric action or a mismatch with the
metronome. Subjects did not receive any verbal encouragement during protocols.

Borg Scale

All subjects were provided with scaling instructions and anchoring procedures for
the RPE scale (CR- 10) 10 points'®. The scaling instructions define the perceived exertion as
the subjective intensity of effort, strain, discomfort, or fatigue experienced during the exercise
in the active muscle. Immediately after 30 seconds of recovery between sets, with or without
cooling, the subjects answered the question "How hard was your set?" while looking at the
RPE scale to assess the level of effort of each set.

Cooling Techniques

The application of cooling was during the rest period between the 1% and 2" sets,
and the 2™ and 3™ sets of the completion of the leg press 45° exercise, lasting 30 seconds each
cooling. Participants were submitted to the following trials for cooling: hands, neck, and
temperature tunnel. Cooling was done by two gel ice packs called “Keep Pack,” with a size of
13 x 12 cm. An evaluator applied the ice packages to cool the specifics places.

Statistical Analysis

We used the number of repetitions as a main output for the sample calculation,
obtaining power of 0.79. The data of repetitions and RPE of the first sets were discarded from
the analysis since the interventions with cooling were performed after the first sets. Data are
presented as a mean and standard deviation. We applied the Shapiro-Wilk test, assuming data
normality for repetitions. We applied the Mauchly’s test to verify the data sphericity and
Greenhouse — Geiser for correction when sphericity was violated. Moreover, we applied
ANOVA for repeated measures. For RPE, we applied the Levene test, assuming homogeneity.
The Friedman test was used to verify if there was any difference between the interventions.
For each intervention, a coefficient of variation (CV) of total volume was determined. It was
accepted level 0<0.05. The effect size (ES) was calculated for total volume and RPE (control
group x interventions) using Hedge's g, with their results classified according to Rhea®'. The
ES was calculated by subtracting the mean of the control group performance from the mean of
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the experimental group and divided by the pooled weighted standard deviation (Square root of
the weighted pooled variance)””. We used Magnitude-Based Inference (MBI) to determine
practical significance. The threshold values for Cohen’s d statistical power were considered as
>0.2 (small), >0.5 (moderate), and >0.8 (large)*>. Cohen’s unit of 0.2 was used to determine
the smallest worthwhile value of change. Using Microsoft Excel® spreadsheet designed for
sports science research®’, mean effects and the 90% confidence limits were estimated to
establish the percentage likellhood of each experimental condition having a
positive/trivial/negative effect on performance.

Results

Figures 1 and 2 are shown in the mean and standard deviation of the total number of
repetitions and RPE, respectively.

Although the coefficient of variation (CV) is too high in comparison with traditional
resistance exercise, the value is similar among interventions with hands 48.9% (4.6 — 7.2),
neck 49.2% (4.6 — 7.2), temperature tunnel 56.3% (4.7 — 7.7) and control 65.3% (4.6 — 8.3),
and with other studies of resistance exercise with BFR.

There was neither difference in the total volume of repetitions among interventions
(P=1.00), nor a significant difference among interventions for RPE (P = 0.49).
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Figure 1. The mean and standard deviation of the total number of repetitions in strategies

with cooling and control
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Figure 2. The mean and standard deviation of the perceived exertion in strategies with

cooling and control
Source: Authors

The criteria to interpret the magnitude of the ES were 0.0-0.35 trivial, 0.36-0.80
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small, moderate 0.81-1.50, and large >1.50 (19). The effect size was classified as trivial for
total volume and RPE when compared with control. The ES for total volume was: hands 0.15
(IC: - 1.4/1.7), neck 0.14 (IC: - 1.6/1.8) and temperature tunnel 0.06 (IC: -1.4/1.6). The effect
size for RPE was: hands 0.00 (IC: -0.4/0.4), neck -0.23 (IC: -0.6/0.1) and temperature tunnel -
0.23 (IC: -0.6/0.1).

The MBI analyses revealed an unclear output for all treatments. Therefore, the cooling
strategies used here did not have an ergogenic effect.

Table 1. The Magnitude Based Inference for a number of repetitions across cooling strategies

Treatments Control (4) Hands (B) Neck (C) Tunnel (D)
Repetitions (mean =+ SD) 13£5.1 11.9+4.6 124+£53 11.9+33
TtB-Tr A TtC-TrA TtD-Tr A
Substantially positive 13 18 6
Trivial 37 43 45

0,
Substantially negative Chances (%) 50 39 50

Classification Unclear Unclear Unclear

Source: Authors

Discussion

This study is the first that tested whether the cooling under conditions of resistance
exercise with BFR could improve performance (number of repetitions). In this study, the
interventions with cooling between sets during a resistance exercise with BFR neither the
improved number of repetitions nor decreased the rating of perceived exertion (RPE) when
compared to the control group, as well as among them. These data are the opposite of our
initial hypotheses. Therefore, for this method applied during resistance exercise with BFR, the
cooling strategy does not have any advantage to maintain the number of repetitions and
consequently the time under tension.

The results of this study contrast with previous studies that demonstrated improved
performance with cooling between sets during resistance training’*, and decreased RPE’. This
ergogenic effect is justified by “The Gate Control Theory.” This theory consists of a "Close
the Gate" for pain transmission, where peripheral stimuli such as cooling can close this "gate"
by raising the pain threshold'’. However, in our study, the cooling strategy did not improve
performance. Perhaps the short time of recovery is insufficient to “close the gate.”

To our knowledge, this is the first study with cooling in resistance training
combined with BFR. In this study, we searched for interventions based on strategies adopted
in sports, where cooling is not applied to the exercised muscle. This strategy aims at greater
excitability and muscle activity for possible performance enhancement”~°. However, we
showed that the cooling strategies did not present any ergogenic effect when resistance
training was associated with BFR.

A subjective way to monitor the changes in peripheral (afferent) and central
(efferent) signals is through the rating of perceived exertion (RPE), expressing the intensity of
effort for a particular activity quantitatively”’. In our results, there was no decrease in the RPE
(P = 0.49) in any of cooling techniques compared to control or among interventions, nor
improvement in the total volume of repetitions (P = 1.00). Thus, through conventional
inferential statistics, all the cooling interventions were not able to decrease the central fatigue
and, consequently, did not alter the performance.

Thereby, we calculated the CV, ESzS, and MBI® to assess the accuracy of the results
providing the researcher with a better interpretive analysis for the magnitude of a treatment
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effect and the relevance for intervention practices. The CV of the repetitions on the present
study was higher than other studies under both cooling and non-cooling conditions,
respectively, being 35.6% and 46.8%’, and 28.2% and 26.9%". The higher CV showed here
might be due to a greater individual pain sensation caused by BFR*". The treatments had no
positive effect as we can see through effect size analyses. The disappointing result was found
in Kwon® study with an ES of 0.29, thus reinforcing no influence of cooling on the RPE.
However, for performance, higher ES was shown (0.78) and (0.60)'° compared to our study,
where the cooling interventions did not cause any ergogenic manifestation, obtaining a trivial
ES in hands (0.15), temperature tunnel (0.14) and neck (0.06). The idea of the MBI concept is
to verify the true effect of treatment or training programs. So, our results through MBI were
presented as unclear. The high coefficient of variation could explain the unclear output
because of large confidence intervals. The MBI also shows that 30 seconds of cooling
between sets on the resistance exercise with BFR is not an effective strategy to increase the
number of repetitions.

The duration, protocol, and type of cooling can influence performance.
We did not find studies with cooling time in resistance training with less than 2.5 minutes. We
hypothesized that the time of 30 seconds for recovery between sets might not have been
enough to result in an ergogenic effect because of BFR, once it is known that vascular
occlusion may overestimate the feeling of RPE and consequently decrease performance®®'.
This is due to possible mechanical deformation in the afferent nerves caused by the
sphygmomanometer used for vascular occlusion, changing the afferent signals from the
peripheral to the CNS and negatively interfering with performance™. Therefore, we can
hypothesize that one of the hypotheses for the ergogenic effect in the Kwon® study called The
Gate Control Theory may not occur in 30 seconds of cooling with BFR. The cooling time was
adopted in this study according to the Kaatsu training methodology with time around 20 to 30
seconds'?, being shorter than the studies Kwon’* which was 3 minutes.

Conclusion

Therefore, we concluded that the 30 seconds of cooling between sets in resistance
exercise with BFR was neither able to promote the increase in the number of repetitions, nor
to reduce the RPE. For this reason, we do not encourage the use of the same cooling strategies
to increase the number of repetitions during resistance training with BFR.
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