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Abstract
Purpose The present study aims to evaluate the effects of intermittent sequential pneumatic compression (ISPC) in the 
short-term recovery of a repeated sprint interval exercise, including the assessment of power output performance, hematocrit, 
legs water, and perceptual recovery. 
Methods A randomized, counterbalanced, crossover design was conducted. Sixteen healthy trained individuals (F=7, M=9; 
27.7 ± 9.4 years; BMI 22.3 ± 2.9) performed two trials of a cycling fatiguing exercise, followed by a recovery phase (ISPC 
or Sham), and a subsequent performance assessment exercise to evaluate the effects of ISPC in post-exercise recovery.
Results There were no significant differences in cycling performance comparing both recovery modes. However, the decrease 
in the hematocrit levels after the recovery phase was less exacerbated in the ISPC condition compared to Sham (44.03 ± 
1.33 vs. 42.38 ± 1.33 %; p = 0.047; d = 0.310). Likewise, the total quality recovery (TQR) was higher after the recovery 
in the ISPC condition (15.94 ± 0.16 vs. 14.75 ± 0.12 points; p = 0.045; d = 2.125), although no differences were shown 
previously in power output performance (371.8 ± 22.2 [46.5] vs. 372.4 ± 21.8 [47.2] W; p = 0.986) and rating of perceived 
exertion (RPE) (17.69 ± 0.41 vs. 17.56 ± 0.31; p = 0.700).
Conclusions Contrary to our hypothesis, the application of intermittent sequential pneumatic compression after high-intensity 
exercise reduces the post-exercise hemodilution response and increases perceptual recovery. However, power output was 
similar between conditions, challenging the effectiveness of this recovery method in a short-term intervention.
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Introduction

Intermittent sequential pneumatic compression (ISPC) 
is a therapeutic strategy used in vascular medicine to 
prevent deep vein thrombosis and reduce the symptoms 

of lymphedema [1]. This device is thought to provide a 
mechanical “squeezing” of the limb to move swelling away 
from the extremity, reducing leg interstitial fluid accumu-
lation in the limbs through the increase in venous return 
and lymphatic drainage [2]. The sleeves inflate sequentially 
from distal to proximal through separate chambers, before 
deflating and repeating this process to provide a ‘milking’ 
like effect as used in massage [3]. High-intensity exercise 
causes many physiological changes in the body, including 
the increase in systemic blood pressure and hemoconcen-
tration [4]. Concomitantly, shifts in water, electrolytes, and 
metabolites between plasma volume and the extracellular 
compartment occur [5]. Intermittent sequential pneumatic 
compression is intended to enhance this physiological pro-
cess through the stimulation of a rhythmic gradient pressure 
along the limbs.

Post-exercise blood flow is redistributed causing blood 
viscosity and hemoconcentration changes in the lower limbs 

 * Iker García 
 iker.garcia@ub.edu

1 Department of Cell Biology, Physiology and Immunology, 
Faculty of Biology, University of Barcelona, Av. Diagonal, 
643, 08028 Barcelona, Spain

2 Department of Health Sciences, Research group 
in Technology Applied to High Performance and Health 
TecnoCampus, Pompeu Fabra University, Av. d’Ernest Lluch 
32, 08302 Mataró, Barcelona, Spain

3 Department of Physiological Sciences, Faculty 
of Medicine, University of Barcelona, Feixa Llarga s/n, 
08907 Hospitalet de Llobregat, Spain

http://orcid.org/0000-0002-1163-2113
http://orcid.org/0000-0002-9591-4897
http://orcid.org/0000-0003-4942-2346
http://orcid.org/0000-0002-2721-5904
http://crossmark.crossref.org/dialog/?doi=10.1007/s11332-024-01217-5&domain=pdf


1370 Sport Sciences for Health (2024) 20:1369–1377

[6]. The removal of edema is induced by a redistribution of 
skin blood flow, favoring the superficial capillary perfusion 
[7] and prompting the re-entering of most fluids into the 
bloodstream through the lymphatic network [8].

Aiming to evaluate the hemoconcentration and the legs 
water, some studies have chosen sprint interval exercises, 
which may favor the accumulation of plasma volume in the 
interstitial space in the legs due to the increase of systemic 
blood pressure and the subsequent local vasodilation during 
the recovery between bouts [9, 10].

Hematocrit (Hto) and bioelectrical impedance can be 
used to evaluate hemoconcentration and segmental legs 
water content (LWC), respectively. Hematocrit is widely 
used in exercise assessment, providing information on 
hemodilution or hemoconcentration. In addition, it is known 
that acute exercise is associated with an increase in Hto 
increasing blood viscosity. This increase in Hto is caused 
because some fluids from the plasma volume are shifting 
from the bloodstream to the interstitial space, which causes 
an increase of the proportion of red blood cells within the 
total volume of plasma. In case of an excessive increase in 
blood viscosity, the increased wall shear stress may stimulate 
nitric oxide production by endothelial cells to decrease vas-
cular resistance and increase tissue perfusion by vasodilatory 
compensation [11]. On the other hand, bioelectrical imped-
ance represents a useful and still underused evaluation tool 
in lower limb edema formation [12], and it may assess total 
and segmental water distribution, evaluating the percentage 
of LWC after high-intensity exercise [13].

To the best of our knowledge, the application of ISPC 
has shown positive effects on flexibility [14, 15], muscle 
swelling [16], and lactate removal rate [9], but not on sub-
sequent athletic performance [15, 17] and muscle soreness 
[18]. The present study aims to compare the effects of ISPC 
vs. Sham in the post-exercise recovery of repeated sprint 
exercise, assessing power output performance in Watts (W), 
Hto, LWC, and perceptual responses to exercise (rating of 
perceived exertion (RPE) and recovery (total quality recov-
ery (TQR). This study hypothesizes that ISPC enhances 
the redistribution of locally accumulated flow in higher 
activity areas, reducing the Hto and the percentage of LWC 
compared to control and passive recovery placing the same 
device without the inflation and deflation mode (Sham).

Methods

Participants

An a priori power analysis was conducted using G*Power 
3.1.9.7 for F-test (ANOVA: Repeated measures, within-
between interaction), using an effect size of 0.3, for 2 
groups, and 2 measurements indicated a sample size n = 

12 per group at 90% actual power. Then, a sample size of 
16 participants was determined to be sufficient to detect a 
meaningful change. Post-hoc analysis agreed with the pre-
liminary power analysis, with a correlation between repeated 
measurements higher than 0.85. Sixteen participants were 
recruited, consisting of 7 females (33.5 ± 10.8 years; 168.1 
± 6.2 cm; 63.1 ± 14.6 kg; BMI 22.2 ± 2.7) and 9 males 
(26.3 ± 7.5 years; 181.7 ± 7.7 cm; 73.2 ± 7.1 kg; BMI 22.2 
± 3.2). All participants were healthy and trained, regularly 
engaging in high-intensity interval exercise, including mar-
tial arts, team sports, and running with at least three sessions 
per week.

Design

The experimental design of the study is described in Fig. 1. 
A randomized counterbalanced crossover design was uti-
lized to compare the effectiveness of ISPC in improving 
post-exercise recovery compared to a passive recovery con-
dition (Sham).

Participants reported to the University research labora-
tory on two separate occasions. They completed two trials 
of exercise, recovery, and exercise to evaluate the effect of 
ISPC in post-exercise recovery and subsequent performance. 
During the recovery protocol, participants were randomly 
assigned to either ISPC or a Sham recovery condition using 
simple randomization. The visits were scheduled seven days 
apart, at the same time and day of the week, to minimize any 
potential diurnal variations. Participants were instructed to 
arrive in a rested, hydrated, postprandial state (> 2 h), hav-
ing abstained from caffeine, alcohol, and strenuous exer-
cise in the 24 h preceding a session. Water intake was not 
allowed during the experimental procedures. They were also 
advised to maintain normal dietary habits throughout the 
study and replicate their 24 h diet for subsequent visits.

Procedures

Participants were described for height, weight, and body 
fat at the beginning of the study. Baseline measures of Hto 
and LWC were collected after 5 min of a resting period in 
a horizontal position. Following baseline measurements, 
the cycle ergometer seat height and position were adjusted 
for each subject before starting the exercise. Exercise pro-
tocol 1, consisted of 8 sets of 20 s to maximal with 60 s 
of passive recovery between sets. After the exercise, par-
ticipants rated their perceived exertion on the RPE scale, 
and a second measurement of Hto and LWC was taken 
before starting the recovery phase. The RPE scale ranged 
from 6 (very, very light) to 20 (very, very hard) [19]. In 
the recovery phase, either the ISPC or the Sham condition 
was applied for 30 min in a resting, supine position. Par-
ticipants were informed that leg sleeves could be activated 
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or not. The ISPC condition provided 30 min of pneumatic 
compression, while the Sham condition involved 30 min 
of an equally resting and supine position with the ISPC 
device placed in a deflated mode, as has been done in 
other studies [9, 20]. This protocol was employed to con-
trol for any thermogenic effect of wearing the legs sleeves 
as heat loss from the legs is likely relevant during the 
30-min recovery phase. Another measurement of Hto 
and LWC was taken at the end of the recovery phase, and 
participants rated their perceived recovery on the TQR 
scale before starting exercise protocol 2. The TQR scale 
ranged from 6 (very, very poor recovery) to 20 (very, very 
good recovery) [21]. Then, exercise protocol 2 consisted 
of 3 sets of 20 s to maximum with 60 s of passive recov-
ery between sets to evaluate cycling performance and the 
effectiveness of ISPC during the recovery.

Hematocrit

Hematocrit concentrations were measured to evaluate the 
blood viscosity in relation to exercise and recovery. Two 
samples were taken from the earlobe, punching with a safety 
lancet and collecting the blood with a microhematocrit capil-
lary tube before the first exercise, immediately after the first 
exercise, and after recovery, to obtain a reliable measure. 
The position was standardized for all the Hto measurements 
in a seated position. Hematocrit was determined by cen-
trifuging the blood for 8 min at 8000 rpm and 1000 g. A 
blinded technician read the samples in a randomized manner 
to avoid bias in the lectures. An additional cardiovascular 
assessment during the post-exercise recovery of the experi-
ment is presented by Artés et al. [22].

Bioelectrical impedance

Bioelectrical impedance (bioelectrical impedance analy-
sis; multi-frequency segmental body composition analyzer 
(MC-780U; Tanita, Tokyo Japan) was used for the measure-
ment of body water composition. It is based on the ability 
of biological tissue to impede electric current the so-called 
resistance which is caused by total body water and reactance. 
The segmental LWC was measured by direct segmental 
multi-frequency impedance analysis which has been cor-
related with edema swelling [23]. In this sense, bioelectrical 
impedance has been previously used to provide sensitive 
information on lower limb edema [13, 24, 25].

Exercise protocol 1

All testing was performed on the same cycle ergometer 
(Concept2, Inc., Morrisville, VT, USA). The repeated sprint 
exercise consists of a training named sprint interval train-
ing (SIT), which is a type of training that consists of a short 
period of exertion (≤ 30 s) of near maximal (all-out) inten-
sity, equal or less to 12 sets [26, 27]. Aiming to evaluate the 
legs water and the hemoconcentration, it was considered that 
this kind of exercise would favor the accumulation of fluid 
volume in the interstitial space of the legs due to the increase 
of systemic blood pressure by maximum and short exertion, 
and due to the secondary local vasodilation during the recov-
ery between bouts of exercise. The warm-up protocol con-
sisted of a warm-up of 5 min at 1 W/kg, followed by 3 min 
at 1.5 W/kg and 2 min at 2 W/kg. Then, the main exercise 
consists of 8 sets of 20 s to maximal with 60 s of passive 
recovery between sets. The damper setting of this bicycle 
works on a scale from 1 to 10, which can be modified using 

Fig. 1  Schematic representation of the experimental design of the study
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the lever on the side of the flywheel cage. The warm-up was 
performed with a level of 4, always that a minimum of 70 
revolutions per minute was established. During the sprint 
repetitions, a damper setting of 8 was selected. After the 
bout of exercise, there was no cool down to avoid an active 
recovery phase and participants went directly to lie down on 
the stretcher to receive the randomized recovery procedure.

The only instruction given to participants was to per-
form the entire exertion as maximally as possible. Power 
output performance was assessed during the repeated sprint 
exercise. The number of W was blindly monitored in every 
subject and every sprint performed. At exactly 5 min after 
the end of the exercise, the ISPC or Sham recovery method 
began. Ratings of perceived exertion (Borg’s 6–20 scale) 
were asked at the end of the exercise.

Intermittent sequential pneumatic compression

An intermittent sequential pneumatic compression device 
(Recovery Air 3 PRO, Therabody, Los Angeles, CA, USA) 
was used for the ISPC condition. The ISPC device consists 
of 2 separate “leg sleeves” which contain 4 circumferen-
tial inflatable chambers (arranged linearly along the limb) 
encompassing the leg from the feet to the hip. The “leg 
sleeves” are connected to an automated pneumatic pump at 
which target inflation pressures for each zone and the duty 
cycle can be controlled. The compression modality used was 
‘sequential’, where pneumatic pressure is applied to parts 
of the limb in sequence (normally distal to proximal) with 
4 overlapped chambers per sleeve, creating a negative gra-
dient of 80, 79, 78, and 77 mmHg from distal to proximal. 
Each cycle consisted of inflating and deflating completely 
the sleeves once per minute for 30 min. Upon completion of 
the recovery period, the sleeves were cleaned and disinfected 
to remove sweat from each participant. After two minutes 
following the recovery period, the participant was seated on 
the ergometer ready for cycling bout two.

Exercise protocol 2

After the recovery phase, another bout of exercise consisting 
of 3 sets of 20 s to maximal with 60 s of recovery between 
sets was performed to evaluate cycling performance after a 
fatiguing exercise and an acute recovery modality. Partici-
pants were instructed to do the exercise as maximum they 
could just after the measurement in the body composition 
analyzer to assess cycling performance.

Statistical analysis

Statistical analyses were performed using the Statistical 
Package for Social Science (V. 25.0, SPSS Inc., Chicago, 
IL). Descriptive statistics are shown as means ± standard 

error of the mean [95% CI]. The normality of the data for 
all measures was confirmed by the Kolmogorov-Smirnoff 
test. A two-way repeated measures ANOVA was used to 
determine differences between groups (ISPC and Sham) and 
time (pre, post-exercise, and post-recovery intervention) for 
change in power output performance (W), LWC, Hto, RPE, 
and TQR. In the case of detecting statistical effects (p < 
0.05), Bonferroni comparisons were performed. Effect size 
(Cohen d) was calculated to estimate the magnitude of the 
difference between group means, with d = 0.1, 0.3, 0.5, 0.7, 
and 0.9 reflecting small, medium, large, very large, and 
extremely large effect sizes, respectively.

Results

The order of the interventions (ISPC and Sham) was con-
sidered in the statistical model, and no statistically sig-
nificant differences were found regarding the order of the 
interventions.

Performance

Figure 2 shows the evaluation of the power output perfor-
mance (W) between ISPC and Sham conditions during the 
exercise protocols. For exercise protocol 1, the test re-test 
intraclass correlation between the exercises performed in 
both conditions (ICC 3, 1) was 0.976 before starting the 
recovery phase.

During exercise protocol 1, no significant differences 
were observed between the ISPC and Sham conditions in 
mean power output from the 8 sprints (371.8 ± 22.2 [46.5] 
vs. 372.4 ± 21.8 [47.2] W; p = 0.986). Relative mean 
power output was 5.08 and 5.09 W/kg, respectively. The 

Fig. 2  Changes in the power output performance (W) produced dur-
ing the first (1–8) and the second (9–12) set of repeated sprint exer-
cises in 16 healthy trained participants. Data shows the comparison 
between ISPC (dotted lines, hollow symbols) and Sham (solid line; 
filled symbols) conditions
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comparison between repetition 1 vs. 8 shows a decrease of 
18.8 % for ISPC and 17.7 % for Sham condition.

In exercise protocol 2, there were no significant differ-
ences between conditions, respectively ISPC and Sham 
(400.1 ± 27.3 [58.2] vs. 398.3 ± 24.6 [52.3] W; p = 0.845). 
Relative mean power output was 5.46 and 5.44  W/kg, 
respectively.

Hematological changes

Baseline measures of Hto show a test re-test intraclass cor-
relation between conditions (ICC 3, 1) of 0.850. The aver-
age of the three Hto measurements was not statistically sig-
nificant different between ISPC and Sham conditions, but 
a moderate effect was observed (46.14 ± 1.33 vs. 45.23 ± 
1.57 %; p = 0.060; d = 0.625; Fig. 3A). When comparing 
the end of exercise 1 and the end of the recovery phase, 
both ISPC and Sham conditions resulted in a decrease in 
Hto (49.06 ± 1.28 vs. 43.2 ± 1.28 %; p = 0.007; d = 4.578). 
Pairwise comparisons revealed that the ISPC condition had 
a significantly smaller decrease in post-recovery Hto com-
pared to Sham after the recovery protocol (44.03 ± 1.33 vs. 
42.38 ± 1.33 %; p = 0.047; d = 0.310; Fig. 3A), expressing 
a closer return to baseline values for the ISPC condition 
and a pronounced decrease in the hemoconcentration in the 
Sham condition.

Legs water content

Baseline measures of the LWC show a test re-test intraclass 
correlation between conditions (ICC 3, 1) of 0.988. There 
were no significant differences between ISPC and Sham con-
ditions at baseline (28.67 ± 0.78 vs. 28.72 ± 0.79 %; p = 
0.738; Fig. 3B), at the end of the exercise (28.95 ± 0.78 vs. 

28.89 ± 0.79; p = 0.647; Fig. 3B), and after the recovery 
phase (28.72 ± 0.79 vs. 28.47 ± 0.82; p = 0.071; d = 0.310; 
Fig. 3B). However, the comparison between conditions at 
the end of the recovery phase shows a moderate effect on the 
intervention. This suggests that ISPC could favor the reduc-
tion of legs compartmental water in both lower extremities 
after this recovery mode.

The potential correlation between delta changes in LWC 
and Hto from post-exercise 1 to post-recovery was evaluated 
by a Pearson correlation. However, there were no statisti-
cally significant associations in either ISPC (r = 0.185, p = 
0.493) or Sham condition (r = 0.018, p = 0.948).

Total quality recovery (TQR) and rating of perceived 
exertion (RPE)

The study found that there were no significant differences 
between ISPC and Sham conditions in the RPE after exercise 
protocol 1 (17.69 ± 0.41 [0.87] vs. 17.56 ± 0.31 [0.67]; p 
= 0.700) nor after exercise protocol 2 (14.94 ± 0.45 [0.96] 
vs. 15.38 ± 0.43 [0.77]; p = 0.184; Fig. 4), which indicates 
that both groups perceived the same exhaustion during the 
exercises. When comparing exercise protocols 1 and 2, a 
decrease of 2.47 ± 0.52 points (p < 0.001) was observed in 
the perception of fatigue in both groups, showing a higher 
perceptual exertion after the first and longer set of exercise. 
In terms of TQR, there was a significant difference between 
ISPC and Sham conditions after the recovery protocol, with 
ISPC showing a higher perception of recovery compared 
to Sham (15.94 ± 0.16 [1.34] vs.14.75 ± 0.12 [1.02]; p = 
0.045; d = 2.125). This shows that ISPC was more effective 
in promoting perceived recovery after exercise compared to 
Sham intervention.

Fig. 3  Changes in hematocrit A and legs water content B from basal 
to post-exercise and post-recovery in 16 healthy trained participants. 
Data shows the comparison between ISPC (dotted lines, hollow sym-

bols) and Sham (solid line; filled symbols). Significant differences 
between the two conditions (p < 0.05) are denoted by an asterisk
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Discussion

The results of this study indicate that the use of ISPC follow-
ing high-intensity sprint interval exercise reduces post-exer-
cise hemodilution and improves perceptual recovery, without 
significant effects on LWC and subsequent cycling perfor-
mance. Our initial hypothesis was that ISPC would induce a 
faster recovery of the exercise-induced rise in hemoconcen-
tration (reflecting an increase in plasmatic volume due to the 
mobilization of previously accumulated fluids in the limbs 
), while Sham would have still a hemoconcentration higher 
than basal after the passive recovery. However, we found 
that the Sham condition had a more abrupt hemodilution 
response below baseline levels, while the ISPC condition 
showed a more accurate recovery of baseline hemoconcen-
tration parameters after a fatiguing bout of exercise.

To date, some studies have investigated the effects of 
ISPC on cycling performance after maximal intensity exer-
cise. Our study aligns with the findings of O’Donnell and 
Driller [3] who found that there were no significant dif-
ferences between ISPC and control conditions in triathlon 
performance and blood lactate concentration. In the same 
direction, Martin et al. [9] showed no significant differences 
in peak power, average power, and fatigue index in a healthy 
and active group of participants. However, they observed 
that blood lactate was significantly lower at 25 and 35 min 
of recovery for ISPC vs. Sham.

On the other hand, Haun et al. [20] reported a significant 
improvement in a time-to-exhaustion cycling test follow-
ing the use of a modified sequential pneumatic compression 
device for 1 h when compared to passive recovery. These 

results are consistent with other studies that suggest that 
ISPC may have positive effects on neuromuscular perfor-
mance and heart rate recovery immediately after the recov-
ery application [18, 28, 29]. Wiener et al. [28], found that 
using ISPC as a treatment of fatigued muscles after a sus-
tained exertion and provided higher mean power frequency, 
which is a well-established indicator at high levels of muscle 
activity, in comparison to passive recovery. Likewise, peak 
power and accumulative peak power increased by 11% and 
14% respectively throughout the trial [29].

Interestingly, these studies used longer bouts of exercise 
to evaluate the effect of ISPC on recovery and performance. 
In our study, participants showed similar mean power (W) 
in both conditions, indicating a lack of significant effects in 
consecutive cycling performance.

Regarding the changes in leg edema during the inter-
vention, and segmental LWC and Hto were evaluated. It is 
known that the rate of recovery of blood hemoconcentration 
may depend on the intensity and duration of the exertion 
[30], therefore at the end of the exercise, fluid accumulates 
in the muscles and the interstices [31]. After exercise pro-
tocol 1, all participants had an augmented hemoconcen-
tration (Fig. 3A) indicating that a high-intensity exercise 
was performed. The physiological underlying mechanisms 
are related to a set of factors such as venous obstruction, 
increased capillary permeability, or increased plasma 
volume secondary to sodium and water retention during 
exercise [32]. Khan et al. [33] also showed that heart rate 
recovery was higher when applying an 80 mmHg ISPC in a 
supine position after a submaximal running exercise. Some 
authors have described that ISPC could increase blood flow, 
venous return, cardiac output, and blood pressure and pro-
duce hyperemia up to 40 s after the release of the compres-
sion [34, 35]. Interestingly, we found a decrease in Hto on 
the Sham condition, meanwhile, the ISPC condition had a 
higher hemoconcentration after the recovery phase, being 
closer to baseline parameters. Further studies should evalu-
ate the unexpected higher post-exercise hemodilution in the 
Sham condition (below baseline), and its potential implica-
tions in the athletic recovery.

Regarding LWC, we did not find significant differences 
between ISPC and Sham in the percentage of water in the 
lower extremities after the recovery phase (p = 0,071). 
However, ISPC had a moderate effect (d = 0.310; Fig. 3B), 
indicating that they could remove faster interstitial fluid 
accumulation during the recovery. A larger sample size 
may be needed to support this finding. As has been shown, 
ISPC may prevent the formation of fluid in the interstitial 
space [36] and could generate drainage of intracellular water 
towards the vessels in relation to the localized swelling 
caused by plasmatic accumulation [16], which could explain 
our results. The results obtained give us indications that 
the ISPC helps to reduce the volume of legs water, which 

Fig. 4  Violin plots showing the changes in the rating of perceived 
exertion after exercise protocol 1 (RPE-1), the total quality recovery 
after the recovery phase (TQR), and the rating of perceived exertion 
after exercise protocol 2 (RPE-2) in 16 healthy trained participants. 
Data shows the comparison between ISPC (hollow areas) and Sham 
(grey-filled areas) conditions. The median is shown with a dashed 
line and the 1st and 3rd quartiles with dotted lines. Significant differ-
ences between the two conditions (p < 0.05) are denoted by an aster-
isk
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suggests that it may help to send more fluid from the muscle 
to the vessels [35].

Regarding TQR, our analysis showed an increase in per-
ceptual recovery after the recovery phase in the ISPC condi-
tion, while RPE was similar after both, the first and second 
exercise bouts. The perceptual recovery was described as 
reduced stiffness and comfort, suggesting that fluids may 
have been mobilized in a thixotropic manner. The increased 
perceptual recovery is aligned with other authors, who found 
that ISPC could reduce subjective muscular fatigue scores 
with immediate subjective benefit acutely and after 24 h [37, 
38] and a reduction of muscle tenderness and muscle stiff-
ness [15]. On the contrary, other studies showed only a trend 
towards a positive effect of the ISPC over the TQR after an 
interval exercise of longer duration than our protocol [3, 18] 
and others did not obtain significant differences in relation 
to TQR or blood lactate concentration [39].

Mechanisms associated with improved perceived recov-
ery remain unclear. Despite the differences found between 
studies in relation to the objective parameters, it must be 
taken into consideration that the level of fatigue perception 
is an essential psychological component to face an exertion, 
therefore, not only increasing performance but improving 
perceptual recovery may be beneficial by influencing the 
athlete’s decision-making on subsequent exertions. Provid-
ing subjective ratings of recovery (TQR) when not blinded 
to the treatment is subject to potential placebo effects. There-
fore, the increases in perceived recovery with ISPC must 
be taken with caution in comparison with passive supine 
recovery. The placebo effect has neurobiological underpin-
nings and actual effects on the brain and body [40], which 
are based on classical conditioning and expectancy [41]. 
Devices such as ISPC are supported by wellness companies 
in social media which can affect the belief of the participant. 
However, despite the increase in TQR after the fatiguing 
exercise 1 after using ISPC, there were similar mean power 
output in exercise 2, which could suggest that ISPC could 
have a placebo effect on the athlete's psychology, without 
relevant impact on subsequent physiological performance.

It is relevant to acknowledge the limitations of this study 
to provide a comprehensive interpretation of the findings. In 
this case, the authors recognize that the lack of assessment of 
fatigue and potential recovery 24–72 h after the exertion is a 
relevant limitation. This factor is interesting given that the 
perception of short-term recovery may be biased by using 
the material, causing a placebo effect in the participants with 
the ISPC recovery protocol in the short-term recovery. The 
authors also note that muscle damage biomarkers were not 
assessed, which may have impacted participants’ baseline 
and post-exercise status. Finally, there was no comparison 
with post-exercise active recovery, which provides a skel-
etal muscle pump for vasodilated vasculature, also being a 
natural and freely accessible recovery method to improve 

hemodynamic recovery after high-intensity exercise. Despite 
these limitations, the study provides interesting insights into 
the potential benefits of ISPC on short-term physiological 
and perceptual recovery in athletes.

Conclusions

The application of intermittent sequential pneumatic com-
pression after a sprint interval exercise may have beneficial 
effects on recovery. Specifically, the use of ISPC reduces the 
exacerbated hemodilution response observed at the end of 
the high-intensity exercise and improves perceptual recov-
ery in comparison with passive recovery. However, ISPC 
does not improve power output performance in a subsequent 
exercise, thus challenging the short-term effectiveness of 
this recovery method. These results may have significant 
implications for enhancing readiness and training tolerance 
in competitive sports. Further studies in ISPC should include 
an ‘active recovery group’ when hemodynamic measure-
ments are collected to provide a more valid ecological 
method.
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